
   

सरकारी कायाªलयहŁको भौितक पूवाªधार र  

Öतरीकृत िवÆयास– २०८३  

 

 

 

 
 

 

 

 

नेपाल सरकार 

पूवाªधार िवकास मÆýालय 

िसंहदरबार, काठमाडŏ  

 

 

 



 

सरकारी कायाªलयहŁको भौितक पूवाªधार र Öतरीकृत िवÆयास– २०८३                                                                                                                                ii 

 

 

 

िवषय सूची 

 

१. ÿÖतावना: .................................................................................................................................................................................. 1 
पåर¸छेद – १: ÿारिÌभक ................................................................................................................................................................... 2 

१. संि±Į नाम र ÿारÌभ ............................................................................................................................................................... 2 
२. पåरभाषा ............................................................................................................................................................................... 2 

पåर¸छेद – २: आधारभतू िसĦाÆत तथा साझा मापदÁड ........................................................................................................................... 2 
१. Öथान छनोट तथा पहòँच ............................................................................................................................................................ 3 
२. भवन संरचना ........................................................................................................................................................................ 5 
३. कायाªÂमक िवÆयास ................................................................................................................................................................. 5 
४. समावेशी पहòँच ...................................................................................................................................................................... 7 
५. सूचना तथा ÿिविध पूवाªधार .................................................................................................................................................... 11 
६. ÖवाÖÃय तथा सरसफाइ .......................................................................................................................................................... 13 
८. वातावरणीय िदगोपन............................................................................................................................................................. 15 
९. Öतरीकृत िडजाइन ................................................................................................................................................................. 16 
१०. सहकायª र उÂपादकÂवको कायªसंÖकृित ÿवĦªन ......................................................................................................................... 16 

पåर¸छेद ३: सरकारी कायाªलयहŁमा हòने ÖथानहŁ ................................................................................................................................. 19 
१. सरकारी कायाªलय भवन िभý हòनुपन¥ ÖथानहŁ ............................................................................................................................. 19 
२. सरकारी कायाªलय पåरसरिभý हòनुपन¥ बाĻ Öथानहł तथा सुिवधाहł .............................................................................................. 24 

पåर¸छेद ४: िविवध ........................................................................................................................................................................ 27 
अनुसूची १: कायªक±को वगêकरण र मापदÁड ..................................................................................................................................... 29 

क) उपÿधानमÆýी/मÆýी/राºयमÆýीको कायªक± ......................................................................................................................... 29 
ख) सिचव (िविशĶ ®ेणी) को कायªक± ................................................................................................................................... 30 
 ग) रा.प. ÿथम(सहसिचव) ®ेणीका िवभागीय ÿमुख/महािनद¥शक/आयोजना/कायाªलय ÿमुखको कायªक± ............................................ 31 
घ) सहसिचव (रा.प. ÿथम ®ेणी) को कायªक± .......................................................................................................................... 32 



 

सरकारी कायाªलयहŁको भौितक पूवाªधार र Öतरीकृत िवÆयास– २०८३                                                                                                                                iii 

 

 

 ङ) उपसिचव (रा.प. िĬतीय ®ेणी) वा अिधकृत (रा.प. ततृीय) ®ेणी को आयोजना ÿमखु/ कायाªलय ÿमुखको कायªक± ........................... 33 
च) उपसिचव (रा.प. िĬतीय ®ेणी)को कायªक± .......................................................................................................................... 34 
छ) अिधकृत (रा.प. ततृीय ®ेणी) को कायªक± .......................................................................................................................... 35 
ज) ना.सु वा सो सरहका कायाªलय ÿमुखको कायªक± ................................................................................................................. 36 
झ) अÆय कमªचारीहŁ- ना.सु. र खåरदार (रा.प. अनङ्िकत) को कायªक± ......................................................................................... 36 
ञ) कायाªलय सहयोगी/चालकको कायªक± .............................................................................................................................. 37 

अनुसूची २: हåरत भवन मापदÁड (Green Building Guidelines) ...................................................................................................... 38 
अनुसूची ३: मागªदशªन (Signage) ÿयोगको मापदÁड ......................................................................................................................... 226 
 



 



 

सरकारी कायाªलयहŁको भौितक पूवाªधार र Öतरीकृत िवÆयास– २०८३                                                                                                                                1 

 

 

१. ÿÖतावना: 

नेपालको सावªजिनक ÿशासन र सवेा ÿवाहलाई जनमखुी एवं नितजामखुी बनाउन तथा कायाªलयहŁको उĥेÔय हािसल गनª राÕůसेवक 

कमªचारीहłका लािग पयाªĮ, सरुि±त, सहज, ÓयविÖथत र सÌमानजनक कायªÖथल हòन ुआवÔयक छ। एकाितर, जनतासगँ ÿÂय± 

सरोकार हòन ेसरकारी कायाªलयहłमा अÂयिधक भीडभाड हòन ेगदªछ भने अकाªितर  कायाªलयिभý पयाªĮ सङ्केत िचĹ र मागªदशªनको 

अभावमा Âयहाँ पगुेका सवªसाधारणहł अलमल भई  सेवा ÿाĮ गनª िनकै किठनाइ हòन ेगदªछ।  कहाँ जान,े कसलाई भेट्न ेर के ÿिøया 

अपनाउन ेभÆने िवषयमा जनसाधारण ÿायः अÆयोलमा रहन ेगदªछन। अकाªितर, कमªचारीहłको अिधकांश समय कायाªलयमै Óयतीत 

हòन ेभए तापिन हाल सरकारी कायाªलयहłको भौितक पवूाªधार, कायªक±को ±ेýफल र उपलÊध सिुवधाहłमा एकłपता नहòँदा 

कायªसÌपादन र सेवा ÿवाहमा ÿÂय± असर पåररहेको छ। तसथª सरकारी कायाªलय भवनहŁ  सवªसाधारण नागåरक तथा कमªचारीहł  

दवुै सÌबĦ प±हŁका लािग उपयĉु हòन आवÔयक हòÆछ । 

समान तह र समान िजÌमेवारीमा रहेका पदािधकारी एवं कमªचारीहł बीच कायªक±को ±ेýफलमा रहकेो िवīमान असमानतालाई 

øमशः हटाई समतामलूक कायªÖथलको अवधारणालाई पणूªतः आÂमसाथ गनुª आजको आवÔयकता हो। आधिुनक समयको माग 

अनुłप सरकारी सेवालाई ÿिविधमैýी बनाई इ-शासन (िडिजटल गभन¥Æस) को ममªलाई Óयवहारमा उतानª तथा उपलÊध भौितक ąोत 

र Öथानको व²ैािनक एव ंअिधकतम उपयोग गरी ÿशासिनक खचªमा िमतÓयियता कायम गनुª अपåरहायª देिखएको छ। सब ैÿकारका 

सरकारी कायाªलयहłको कायªÿकृित र सेवाúाहीको चाप एउटै नहòन ेहòदँा, राºयको सीिमत ąोतसाधनको उ¸चतम सदपुयोग गनª सब ै

भवनहłलाई एउटै ढाँचामा ढािलनुको सĘा कायाªलयहłको ÿकृितअनुसार समहूीकरण गरी सोही अनुłपको भौितक पवूाªधार र 

Öतरीकृत िवÆयास तय गनुª आवÔयक छ ।  

सरकारी कायाªलयहłमा Öतरीकृत िवÆयास (Standard Layout) र मापदÁडयĉु भौितक पवूाªधारको सुिनिĲतता गदाª कायाªलयको 

िविशĶ संÖथागत पिहचान कायम हòने, कायªÖथल पारदशê हòन ेर सेवाúाहील ेसलुभ एवं िछटो-छåरतो सेवा ÿाĮ गन¥ वातावरण िनमाªण 

भई सशुासनको ÿÂयाभिूत हòनेछ। साथै, भौितक सिुवधाहłको Æयायोिचत र सÆतुिलत िवतरणल ेपदािधकारीहŁको सावªजिनक छिव 

र कमªचारीहłको कायª±मतामा समेत अिभविृĦ पµुने देिखएकोल;े तथा नेपाल सरकारका िविभÆन मÆýालय, िवभाग र अÆतगªतका 

कायाªलय तथा आयोजनाहłमा कायªरत पदािधकारी र कमªचारीहłको तहगत आवÔयकता, पदको गåरमा र कायªÿकृित अनुसार 

कायªक±को ±ेýफल र भौितक सिुवधाहłमा एकłपता Ðयाउन वा¼छनीय भएकोले; पवूाªधार िवकास मÆýालयĬारा तयार गåरएको 

यो "सरकारी कायाªलयहłको भौितक पवूाªधार र Öतरीकृत िवÆयास– २०८३" नेपाल सरकार (मिÆýपåरषद)् बाट Öवीकृत गरी लाग ू

गåरएको छ। 
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पåर¸छेद – १: ÿारिÌभक 

१. संि±Į नाम र ÿारÌभ 

 

१) यस मापदÁडको नाम "सरकारी कायाªलयहłको भौितक पवूाªधार र Öतरीकृत िवÆयास– २०८३" रहकेो छ । 

२) यो मापदÁड Öवीकृत भएको िमितबाट लाग ूहòनेछ । 

२. पåरभाषा 

िवषय वा ÿसङ्गल ेअकō अथª नलागेमा यस मापदÁडमा ÿयोग गåरएका िनÌन शÊदको अथª िनÌनानुसार हòनेछ: 

क) "मÆýालय" भÆनाल ेनेपाल सरकारका मÆýालयलाई सÌझनु पदªछ । 

ख) "िवभाग" भÆनाल ेमÆýालय अÆतगªत िविभÆन िवभागहŁ सÌझन ुपदªछ । 

ग) "आयोजना कायाªलय" भÆनाले िवभाग मातहतका आयोजना कायाªलयहŁलाई सÌझनु पदªछ । 

घ) "पदािधकारी" भÆनाले नेपाल सरकारको मÆýी, राºयमÆýी भÆने सÌझनु पदªछ ।  

ङ) "सेवाúाही" भÆनाल ेकायाªलयको सेवा माग गन¥ वा उपभोग गन¥ Óयिĉलाई सÌझनु पदªछ ।  

च) "कायाªलयको कायªÿकृित" भÆनाल ेसÌबिÆधत िनकायल ेसÌपादन गन¥ मु́ य कायª (जÖतै: ÿÂय± सावªजिनक सेवा ÿवाह, नीित 

िनमाªण, ÿािविधक आयोजना कायाªÆवयन, अनुसÆधान आिद) र सो कायाªलयमा दैिनक łपमा आउने सेवाúाहीको चापको 

अवÖथालाई सÌझनुपदªछ।  

छ) "®ेणी" भÆनाल ेÿचिलत िनजामती सेवा ऐन बमोिजम तोिकएका राजपýाङ्िकत वा राजपýअनङ्िकत कमªचारीका दजाª /®ेणीहł 

सÌझनु पदªछ र सो शÊदल ेसो सरहका तह वा Öतरलाई समेत जनाउँछ।  

ज) "मापदÁड" भÆनाले यस "सरकारी कायाªलयहŁको भौितक पवूाªधार र Öतरीकृत िवÆयास– २०८३" लाई सÌझनु पदªछ। 

 

पåर¸छेद – २: आधारभूत िसĦाÆत तथा साझा मापदÁड 

सरकारी कायाªलयहłमा सावªजिनक सेवा ÿवाहलाई ÿभावकारी, नितजामखुी र पारदशê बनाउनु यसको मु́ य उĥेÔय हो। साथ,ै 

कायªÖथललाई सरुि±त, ÓयविÖथत, समावेशी र आधिुनक ÿिविधमैýी बनाई कमªचारीहłको कायª उÂपादकÂव बढाउन उÂकृĶ 

वातावरण ÿदान गनुª यसको अकō लàय हो। 

सरकारी कायाªलय भवन तथा पåरसरलाई सेवाúाही मैýी बनाउन र समावेशी अनुभव ÿदान गनª केही आधारभतू िसĦाÆतहłको 

आवÔयकता पदªछ। हरेक सरकारी कायाªलयको Öथान, आवÔयकता र वातावरण फरक-फरक हòने हòँदा एउटै समÖयाको समाधान 

िविभÆन आिकª टे³ट वा इिÆजिनयरल ेफरक-फरक ढङ्गल ेिदन स³छन् । यसै तÃयलाई Åयानमा रा´दै, िडजाइन कायªमा आिकª टे³टलाई 

पणूª ÖवतÆýता िदइएको छ। िडजाइनरको िसजªनशीलतामा कुन ैरोकावट नआओस ्भनेर यसमा पवूª-िनधाªåरत न³साहł रािखएका 
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छैनन्। बŁ, िडजाइनरको कला र Óयावसाियकताको सÌमान गद,̈ तोिकएका मापदÁडिभý रहेर आवÔयकता अनुसारको उÂकृĶ 

िडजाइन तयार गनª ÿोÂसाहन गåरएको छ।  

सरकारी भवन िनमाªण र आÆतåरक िवÆयास गदाª िनÌन १० वटा आधारभतू ÖतÌभहŁलाई पालना हòन ुपन¥छ । 

 

१. Öथान छनोट तथा पहòँच  

सरकारी कायाªलयको लािग Öथान छनोट गदाª देहाय अनुसारको ±ेý छनोट गनुªपन¥छ ।  

१.१ सावªजिनक यातायात तथा सावªजिनक खलुा ±ेýबाट सिजल ैपµुन सिकन ेÖथान हòनुपन¥छ । आगजनी, भकूÌप तथा अÆय िवपदक्ो 

समयमा सरकारी कायाªलयमा कायªरत कमªचारी तथा सो भवनमा रहेका सेवाúाहीहłको तÂकाल िनकासको लािग सावªजिनक खलुा 

±ेý निजक भएमा जोिखम Æयनू गनª स³न ेभएकोल े Öथान छनोट गदाª  सावªजिनक खलुा ±ेýको दरूी समेतलाई Åयान िदन ुपन¥छ । 

यसो गदाª, सावªजिनक खलुा ±ेý कायाªलयको पåरसर िभý वा बािहर माÆन बाधा पµुन ेछैन।  

 

१.२ भौगोिलक वा ÿािविधक łपमा असÌभव भएको अवÖथामा बाहेक सडक स¼जालमा िविभÆन मागªहł एक-अकाªसगँ जोिडन े

वा बाटो काट्न ेिबÆदहुł (ůािफक नोडहł) निजक पन¥ Öथान हòनपुन¥छ। सेवाúाहीको सहज पहòँच र िहड्ँने दरूी कम गनªका लािग 

सरकारी कायाªलयहł मु́ य ůािफक नोड वा ůािÆजट िवÆदकैु निजक हòन ुआवÔयक छ। यīिप, सडकको कोलाहलल ेकायाªलयको 

आÆतåरक वातावरणमा बाधा नपगुोस ्भÆनका लािग भवनलाई सडकको  िबÐकुलै छेउमा भने िनमाªण गåरनहुòँदैन। यिद सडक िकनारम ै

िनमाªण गनुªपन¥ अवÖथा रहेमा, भवनको वाÖतुकला िडजाइन तयार पादाª न ैबािहरी Åविन ÿदषूणलाई Æयनूीकरण गन¥ वा छे³न ेउपयĉु 

ÓयवÖथा िमलाउनुपन¥छ। 

 
१.३ सब ैनागåरक, िवशेषगरी फरक ±मता भएका Óयिĉहłका लािग पहòचँयोµय Öथान हòनुपन¥छ, वा सहज ैपहòचँयोµय बनाउन सिकन े

ÿकृितको हòनुपन¥छ। कायाªलयलाई िĽलचेयरमैýी बनाउन रािÕůय भवन संिहता (NBC 206) को खÁड ५ अनुłपका मापदÁड लाग ू

Åविनको ąोत  Åविन िनयÆýक कायाªलय भवन  

िचý १: सडकबाट अित निजकका कायाªलयमा Åविन िनयÆýण ÿणालीको नमुना   
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गनुªपन¥छ। साथ,ै ŀिĶिवहीन सेवाúाहीको सिुवधाका लािग सहजै छाÌन सिकन ेÖथानहłमा भइुँबाट १.२ िमटर दिेख १.६ िमटरको 

उचाइमा āेल िलिपमा कायाªलय तथा कायªक±हłको नाम तथा Öपशªमखुी मागªिनद¥शक िचĹहł(Tactile Signage) रा´न े

ÓयवÖथा िमलाउनुपन¥छ।   

 

१.४ कायªरत कमªचारी र सेवा िलन आउन ेसेवाúाहीहłका लािग पयाªĮ र छुĘाछुĘ ैसवारी िबसौनी (पािकª ङ)को ÓयवÖथा हòन स³न े

Öथान छनोट गनुªपन¥छ। कायाªलयको सेवा ÿवाहको ÿकृितलाई मÅयनजर गद ̈मालवाहक सवारीसाधन, चार पाङ्ú,े दईु पाङ्ú े र 

साइकलसमेत पािकª ङ गनª िमÐन ेगरी आवÔयक Öथानको ÿबÆध गनुªपन¥छ। पािकª ङ सिुवधा आवÔयकता र जµगाको उपलÊधता 

अनुसार कायाªलय पåरसरिभý, बािहर वा भवनको भिूमगत (Underground) तÐला मा िनमाªण गनª सिकनेछ। साथ,ै ÓयवÖथापन 

गåरन ेसब ैपािकª ङ Öथलहł सरुि±त र ÓयविÖथत हòन ुपन¥छ। 

 
१.५ सरुि±त र बाढी/भकूÌप जोिखम Æयनू ±ेý हòनुपन¥छ ।  

सरकारी कायाªलय भवन िनमाªणका लािग भकूÌप, पिहरो र बाढीजÖता ÿाकृितक ÿकोपको Æयनूतम जोिखम भएका सरुि±त 

Öथानहłलाई माý ÿाथिमकता िदनुपन¥छ। ÿचिलत ‘बÖती िवकास, सहरी योजना तथा भवन िनमाªण सÌबÆधी आधारभतू िनमाªण’ 

सÌबिÆध मापदÁडका सरुि±त Öथल छनोट सÌबिÆध ÓयवÖथा बमोिजमका Öथल छनोट गनुªपन¥छ । 

 १.६ जµगा िवकास आयोजना भÆदा बािहरका िनमाªणयोµय जµगाहł छनोट गदाª, जµगा िवकास तथा साइट तयारीमा लाµन ेखचªलाई 

िवशेष Åयान िदनुपन¥छ। सरकारी ąोतको िमतÓययी उपयोग सुिनिĲत गनª, जµगा सÌयाउने वा िवकास गन¥, कÌपाउÁड वाल लगाउने, 

पहòचँ मागª िनमाªण गन¥ आिद समेतको जÌमा खचª ÿÖतािवत भवन िनमाªणको कुल लागतको बीस ÿितशत भÆदा बढी हòनु हòदनै। तर, 

िवगतमा नै Öथािपत कायाªलयको सरंचना अपगु भई कायाªलय पåरसर िभý थप संरचना िनमाªण गदाª यो सीमा लाग ूहòन ेछैन  ।  

िचý २: कमªचारी र सेवाúाही सवारी िबसौनी को नमनुा   

P(पािक« ग) 
कमªचारी  

P(पािक« ग) 
सेवाúाही  
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२. भवन संरचना  

भवन संरचनाहŁ िडजाइनदिेख न ै ÿचिलत भवन ऐन, नेपाल रािÕůय भवन संिहता, भवन मापदÁड   लगायतका अिनवायª 

मापदÁडहłको पणूª पालना गरेर माý भवनको िडजाइन तथा िनमाªण गनुªपन¥छ।  

साथ,ै कायाªलय भवनको िभýी तथा बािहरी संरचनाको िडजाइन गदाª सवेाúाही र कमªचारीको ÖवाÖÃय, सुर±ा, सहजता र उÂपादकÂव 

अिभविृĦलाई ÿाथिमकता िदनुपन¥छ। ÖवÖथ र आरामदायी कायª-वातावरण सिुनिĲत गनª उिचत ÿकाश, हावा र Åविनको ÓयवÖथापन 

हòने गरी »याल-ढोका तथा भवनको बािहरी आवरण िनमाªण गदाª उपयĉु ÿिविध र िनमाªण सामúीको छनोट गनुªपदªछ। यसल ेÖथानीय 

समदुायको समú सौÆदयª र पåरवेशमा पान¥ ÿभावलाई िवशेष Åयान िदनुपदªछ। भवन पåरसर र िभýी क±बाट बािहरी ŀÔय कÖतो 

देिखन ेर वरपरका कुन प±लाई दखेाउन ेवा नदेखाउन ेभÆन ेकुराको पवूª-आकंलन िडजाइन ÿिøयामै गåर िनमाªण Öथल अनुसारको 

हòनुपछª। कायª-सÌपादनमा तीĄता र संरचनागत एकłपता Ðयाउन नमनुा िडजाइन (Type Design) लाई ÿाथिमकता िदइए तापिन 

िनमाªण Öथल अनुसार भवनको िदशा, ÿवेश, िनकास आिदमा आवÔयक पåरमाजªन गनुª पन¥छ, भवनलाई Öथानीय पåरवेशसँग जोड्न 

यसको बािहरी आवरण तथा मु́ य देिखन ेभागमा Öथानीय मौिलक कला र वाÖतुकलालाई ÿितिविÌबत गराउन ÿाथिमकता िदनुपन¥छ 

।  

३. कायाªÂमक िवÆयास  

सावªजिनक सेवा ÿवाहलाई þुत, सहज र ÿभावकारी बनाउन कायाªलयको कायाªÂमक िवÆयास सेवाúाही र कमªचारी दवुैको अनुकूल 

हòनुपन¥छ। कायाªलयको आÆतåरक िवÆयास मु́ यतया सेवा ÿवाहको ÿभावकाåरता, कमªचारीको उÂपादकÂव, सरु±ाको तहगत 

संवेदनशीलता र उपलÊध ąोतको उ¸चतम उपयोग जÖता आधारभतू िसĦाÆतमा आधाåरत हòनपुन¥छ। यसका लािग मु́ य ÿवेशĬारम ै

नागåरक वडापý र सोधपछु काउÆटरहł रा´न सिकनेछ। सÌपणूª सेवा एकै ठाउँमा(one stop solution) ÿदान गनª सिकन ेगरी 

सेवाúाहीको चाप, उमेर र शारीåरक ±मतालाई ŀिĶगत गरी पयाªĮ ±ेýफलसिहतको ÿती±ालय वा ÿती±ाक±को िनमाªण हòनुपन¥छ। 

सेवा ÿवाहलाई नागåरक मैýी बनाउन ÿÂय± जनसÌपकª  हòन ेसेवा क±हł अिनवायª łपमा भइुँतलामा नै िवÆयास गरी आÆतåरक 

कायª±ेýमा सवªसाधारणको अनावÔयक आवतजावत मागª िनयÆýण गåरनेछ। 

यसैगरी, कायªÖथल कामको ÿकृितअनुसार ÓयविÖथत हòनपुन¥छ। कायª-गोपनीयता, आपसी छलफल र औपचाåरक वा अनौपचाåरक 

बैठकका लािग छुĘाछुĘ ै क±हłको िवÆयास गåरनपुन¥छ। पयाªĮ Öथान अभाव भएको अवÖथामा भन े एउटै क±लाई 

आवÔयकताअनुसार बहòउĥेÔयीय łपमा ÿयोग गनª सिकन ेगरी लिचलो तथा पनुस«रचनायोµय िडजाइन अवलÌबन गनुªपन¥छ। भौितक 

पहòचँका अवरोधहł हटाई अपाङ्गता भएका Óयिĉ, ºयेķ नागåरक र बालबािलकाका लािगसमेत सहज पहòँच सिुनिĲत हòन ेगरी 

सवªÓयापी समावेशी िडजाइनका आधारमा आÆतåरक पवूाªधारको िवÆयास हòनपुन¥छ। समúमा, कायाªलयको िडजाइन पणूª łपमा 

कायªÿवाह र सरु±ा संवेदनशीलतामा आधाåरत हòनपुन¥छ। 



 

सरकारी कायाªलयहŁको भौितक पूवाªधार र Öतरीकृत िवÆयास– २०८३                                                                                                                                6 

 

 

सरकारी कायाªलयहłको भौितक संरचना िनमाªण तथा आÆतåरक िवÆयास गदाª बजेटको उ¸चतम सदपुयोग, कायªद±ता र सेवा 

ÿवाहको ÿभावकाåरता सिुनिĲत गनª कायाªलयहłको कायªÿकृित र सेवाúाहीको चापका आधारमा दहेायबमोिजम ितन समहूमा 

वगêकरण गरी सोही अनłुपको वाÖतुकला र Öथान िविनयोजन गनुªपन¥छ: 

क) समूह 'क': उ¸च जनसÌपकª  र ÿÂय± सेवा ÿवाह गन¥ कायाªलयहł 

यस समहु अÆतगªत िजÐला ÿशासन कायाªलय, राहदानी िवभाग, रािÕůय पåरचयपý तथा प¼जीकरण िवभाग, कÆसलुर सेवा 

िवभाग, मालपोत कायाªलय, नापी कायाªलय, यातायात ÓयवÖथा कायाªलय, वैदेिशक रोजगार िवभाग, ®म कायाªलय, आÆतåरक 

राजÖव कायाªलय तथा करदाता सवेा कायाªलय, भÆसार कायाªलय, िवĵिवīालयका परी±ा िनयÆýण कायाªलयहł जÖता उ¸च 

जनसÌपकª  र ÿÂय± सेवा ÿवाह गन¥ कायाªलयहŁ पन¥छन । यÖता कायाªलयहłको िडजाइन एकल िबÆद ुसवेा केÆþ (One Stop 

Service Center) को अवधारणा बाट गनुªपदªछ | सेवाúाहीको ÿवाहलाई सÌभव भए सÌम एकतफê र रेखीय (ÿवेश 

→पालो(ÿती±ालय) →सेवा →बिहगªमन) बनाई भीड ÓयवÖथापन गन¥ गरी आÆतåरक िवÆयास गनुªपन¥छ। भइुतँलामा अिनवायª 

łपमा खलुा र पारदशê बहृत ्एकल िबÆद ुसेवा हल, पालो ÿणाली सिहतको आवÔयकता अनुसारको फरािकलो र हावादार 

ÿती±ालय, पयाªĮ सावªजिनक शौचालय र भीडभाड ÓयवÖथापन गनª आवÔयकता अनुसार फरािकलो कåरडोर तथा अवरोधरिहत 

िनकासको ÓयवÖथा गनुªपन¥छ। साथ,ै सेवा ÿवाहलाई ÿिविध मैýी बनाई छåरतो सेवा िदन यÖता कायाªलयमा Öवचािलत टोकन 

ÿणाली, िडिजटल नागåरक बडापý, अिडयो सÆुन सिकन ेबडापý, िडिजटल फारम भनाªको लािग वाइफाई इÆटरनेट ÓयवÖथा 

आिदको समेत ÓयवÖथा गनª सिकनेछ ।  

ख) समूह 'ख': ÿािविधक, वै²ािनक र िविशĶीकृत कायाªलयहł  

यस समहू अÆतगªत पवूाªधार िवकास मÆýालय अÆतगªतका िबिभÆन िबभाग मातहतका आयोजना तथा कायाªलयहŁ,  जलąोत तथा 

िसँचाइ मातहतका आयोजना तथा कायाªलयहŁ, ÿयोगशालाहł (गणुÖतर, नापतौल, फोरेिÆसक आिद), सचूना ÿिविध तथा डाटा 

केÆþ, कृिष तथा वन अनुसÆधान केÆþहł, जल तथा मौसम िव²ान कायाªलयहł जÖता ÿािविधक, वै²ािनक र िविशĶीकृत कायª गन¥ 

कायाªलयहł पन¥छन्। यÖता कायाªलयहłको िवÆयास गदाª ÿशासिनक कायªको तुलनामा कामको ÿािविधक िविशĶता, ÿािविधक 

उपकरणहłको भौितक सुर±ा, स¼चालन सहजता आिद लाई केÆþमा राखी सोही अनुłपको सरुि±त र वै²ािनक संरचना िनमाªण 

गनुªपन¥छ। आवÔयकता अनुसार भारी उपकरण धाÆन स³न ेभइु,ँ आवÔयकता अनुसार वातानुकूिलत र आवÔयकता अनुसार तÃयाङ्क 

केÆþ वा सभªर क±, र अनुसÆधानकताªहłका लािग Åविन िनयिÆýत शाÆत कायªक±हłका साथ ैकायª िविशĶताका आधारमा थप 

क±/ सिुवधा को ÓयवÖथा गनुªपन¥छ। 
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ग) समूह 'ग ': अÆय  कायाªलयहł  

यस समहू अÆतगªत मÆýालयहł, िवभागका केÆþीय कायाªलयहł, िनद¥शनालयहł जÖता सेवाúाहीको ÿÂय± भीडभाड कम हòन ेतर 

नीित िनमाªण तथा ÿशासिनक कायª गन¥ कायाªलयहł पन¥छन्। यÖता कायाªलयहłमा कमªचारीहłको उÂपादकÂव बढाउन  िभिý 

कायªÖथल  र खलुा कायªÖथल लाई ÿाथिमकता िदई कायª-गोपनीयता तथा आÆतåरक सरु±ा सŀुढ हòने गरी कायाªलयको िडजाइन र 

आÆतåरक िवÆयास गनुªपन¥छ। नीितगत छलफलका लािग आधिुनक ÿिविधसिहतका साना तथा ठूला बैठक र सÌमेलन क±हł, 

िविशĶ पाहòनाका लािग Öतरीय िविशĶ अितिथ क±, िविशĶ पदािधकारीका लािग सहायक क±सिहतको कायªक±, र महßवपणूª 

सरकारी दÖतावेजहł सरुि±त रा´न आगो तथा िचÖयान ÿितरोधी सुरि±त केÆþीय अिभलेखालयको ÓयवÖथा गनुªपन¥छ। 

४. समावेशी पहòँच  

सरकारी कायाªलयहłले ÿवाह गन¥ सेवामा उमेर, िलङ्ग, शारीåरक वा मानिसक ±मता तथा अवÖथाको पवाªह नगरी सÌपणूª 

नागåरकको समान पहòँच सिुनिĲत गनª, सबलै े सरुि±त र सÌमानपवूªक ÿयोग गनª स³न े समावेशी भौितक वातावरणको िनमाªण 

गåरनुपन¥छ। कायाªलय भवनको समú वाÖतुकला िवशेषगरी अपाङ्गता भएका Óयिĉ, ºयेķ नागåरक, गभªवती मिहला, बालबािलका 

र अÖथायी शारीåरक समÖया भएका Óयिĉहłमैýी हòनपुदªछ। यसका लािग िडजाइन चरणदेिख न ै'पहòचँयुĉ भौितक संरचना तथा 

स¼चार सेवा िनद¥िशका, २०६९' र नेपाल रािÕůय भवन संिहता (NBC 206) ल े तोकेका मापदÁडहłको पणूª łपमा पालना 

गåरनुपन¥छ  । 

िचý ३: भवन िभý ÿयोग हòन ेÖपशªमखुी पदमागª (टयाकटाईल पेिभंग)को नमनुा 
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साथ,ै सरकारी कायाªलयलाई समावेशी, पहòचँयोµय बनाउन देहायबमोिजम ÓयवÖथा गनुª पन¥छ:  

क) ŀिĶिवहीन तथा Æयनू ŀिĶ भएका कमªचारी वा सेवाúाहीहłलाई कायाªलयिभý ÖवतÆý र सरुि±त łपमा िहँडडुल गनª सहज 

होस् भÆन ेउĥेÔयल ेÖपशªमखुी पदमागª(Tactile Walking Surface Indicators - TWSI) को आवÔयकता अनुसार ÓयवÖथा 

गनुªपन¥छ। सेतो छडी वा खĘुाको Öपशªबाट पिहचान गनª सिकन ेयस ÿणालील ेसेवाúाहीलाई आÂमिनभªरता ÿदान गदªछ। यसका 

लािग कायाªलयको मु́ य मागª, गÐली र सेवा क±हłसÌम पµुन िदशा देखाउन ेरेखायĉु ढाँचा (Directional / Line type) को 

आवÔयकता अनुसार ÿयोग गनुªपन¥छ। Âयसैगरी, दघुªटनाबाट बचाउन तथा सतकª  गराउन िसँढी, िलÉट र सडक øिसङ जÖता 

िचý ४: भवन बािहर ÿयोग हòने ट्याकटाईल पेिभंगको नमनुा 
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Öथानहłको अगािड थोÈलायĉु ढाँचा (Warning / Dot type) को ट्या³टाइल िब¹याउनुपन¥छ। 

 
ख) िविभÆन शारीåरक तथा संवेदी (Sensory) कमजोरी भएका सेवाúाहीहłलाई लि±त गरी कायाªलय भवन वा सावªजिनक 

Öथानहłमा बहò-संवेदी सङ्केत ÿणाली आवÔयकता अनुसार ÓयवÖथा गåरनपुन¥छ। ŀिĶ, ®वण र Öपशª जÖता िविभÆन 

इिÆþयहłमाफª त जानकारी ÿदान गन¥ यस ÿणालील ेिवशेषगरी ŀिĶिवहीन, ®वणशिĉ कमजोर भएका तथा अÆय अपाङ्गता भएका 

Óयिĉहłलाई सरुि±त र सहज łपमा कायाªलयको वातावरण ब»ुन र सेवा लेनदेन गनª मĥत पöु याउँछ। यस ÿणाली अÆतगªत कायाªलय 

भवनमा मु́ यतया दईु ÓयवÖथा, एक;  ŀिĶिवहीन तथा Æयनू ŀिĶ भएका Óयिĉहłलाई आवाज माफª त कायाªलयको Öथान, िदशा र 

सेवा ÿवाह हòन ेक±हł सÌबÆधी जानकारी ÿदान गनª ®Óय न³सा वा Åविनमय उĤोष ÿणालीको आवÔयकता अनुसार ÓयवÖथा 

गनुªपन¥छ। दोąो, ®वणशिĉ कमजोर वा नĶ भएका सेवाúाहीहłलाई आपतकालीन अवÖथामा सतकª  गराउन वा पवूªचेतावनी िदन 

उºयालो वा चिÌकन ेब°ी (Flashing lights) सिहतको ŀÔयमलूक चेतावनी ÿणाली आवÔयकता अनुसार जडान गनुªपन¥छ। 
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ग)सरकारी कायाªलयहłमा Öतनपान गराइरहकेा आमाहłका लािग आमा क±को आवÔयकता हòन स³दछ, यसल े कामकाजी 

आमालाई गोपनीयता, आराम, पहòचँयोµयता सहज र सÌमानजनक वातावरण ÿदान 

गदªछ। तसथª, ५० जनासÌम कमªचारी सं´या भएका कायाªलयहłमा कÌतीमा ५ 

वगªिमटर ±ेýफल भएको आमाक± र सो भÆदा बढी कमªचारी सं´या 

कायाªलयहłमा िशश ु Öयाहार क± समेतको आवÔयकता अनुसार ÓयवÖथा गनª 

सिकनेछ । यÖतो क± अिनवायª łपमा भइुँतलामा, बािहर िनÖकन सहज हòने गरी, 

ÿाकृितक ÿकाश आउने र बालबािलकालाई चोट नलाµन ेनरम भइु ँतथा सरुि±त 

घेराबार भएको हòनुपन¥छ।  

 घ) ºयेķ नागåरक तथा गभªवती मिहलाहłलाई भीडभाडमा लामो समय ÿती±ा 

गनुª नपन¥ गरी सरुि±त र सÌमानजनक सेवा ÿदान गनª िवशेष ÿाथिमक सेवा ÓयवÖथा 

लाग ू गनुªपन¥छ। यसका लािग िपउने पानी, पयाªĮ हावा-ÿकाश र आरामदायी 

कुसêसिहतको छुĘ ै ÿती±ालय िनमाªण गनुªका साथ ै तÂकाल सवेा िदन छुĘ ै

ÿाथिमकता काउÆटरको ÓयवÖथा िमलाउनुपन¥छ।  

ङ) कायाªलयमा सेवाúाहीको Łपमा वा अÆय सेवाúाही को साथमा बालबािलका 

समेत आगमन गनª स³न ेबालबािलका समेत लाई Åयानमा राखी िडजाइन गनुª पन¥छ 

। िवशेष गरी कायाªलयको सोधपछु क± र शौचालय िडजाइन गदाª िवशेष Åयान िदनु पन¥छ ।  

 

 
  

िचý ६: बालमैýी पुŁष शौचालयको नमुना (फरक फरक उचाईका िपसाबदानी(युåरनल) देखाइएको) 

िचý ५: आमा क±को नमुना 
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५. सूचना तथा ÿिविध पूवाªधार  

सरकारी कायाªलयमा सचूना तथा ÿिविध पवूाªधारलाई अिभÆन अङ्गको łपमा आवÔयकता अनुसार समावेश गनुªपन¥छ । सचूना 

तथा ÿिविधलाई ÿभावकारी बनाउन देहाय बमोिजम गनुª पन¥छ: 

५.१ सरकारी कायाªलयहłको कायªसÌपादनलाई ÿिविधमैýी र ÿभावकारी बनाउन भवन िनमाªणको िडजाइन चरणमै सचूना तथा 

ÿिविध योजनालाई अिभÆन अङ्गको łपमा समावेश गनुªपन¥छ। ÿÂयेक सरकारी भवनको वाÖतुकला (Architectural) तथा 

िवīतुीय (Electrical) िडजाइन तयार गदाª आवÔयकता अनुसार सचूना तथा ÿिविध िवÆयास िडजाइनसमेत तयार गरी िवÖततृ 

पåरयोजना ÿितवेदनमा समावेश गनुªपन¥छ। यसका साथै, भवन िनमाªणको कायª सŁु हòनुअगाव ैआवÔयकता अनुसार ÓयविÖथत तार 

जडान ÿणाली, सभªर Łम, सीसीटीभी, वाइफाइ कभरेज तथा पावर Êयाकअपको योजना तयार गनुª पन¥छ। 

५.२ भवनिभý खलुा तार को ÿयोगलाई िनषेध गद ̈सब ैसरकारी भवनहłमा Æयनूतम Cat-6 वा Cat-6A Öतरको ÓयविÖथत तार 

जडान ÿणालीको ÿयोग गनुªपन¥छ। भवन िनमाªणकै चरणमा तार िब¹याउने मागª (Cable Tray) तथा पाइप (Conduit) को ÓयवÖथा 

िमलाई मु́ य स¼जाल (Backbone Network) का लािग फाइबर अिÈटक केबलको ÿयोग गनुªपन¥छ। ÿÂयेक कायªक± वा डेÖकमा 

Æयनूतम दईुवटा डाटा पोटª र एउटा Ëवाइस पोटªका साथ ै आवÔयकता अनुłप वाइफाइ ए³सेस पोइÆटको ÿावधान रा´नुपन¥छ। 

भिवÕयमा हòन स³न ेपवूाªधार िवÖतारलाई मÅयनजर गद ̈केबिलङ र नेटवकª  ÿणालीमा कÌतीमा तीस ÿितशत अितåरĉ ±मता (Spare 

Capacity) सिुनिĲत गनुªपन¥छ। 

५.३ कायाªलयको आवÔयकता अनुसार कÌतीमा एउटा Öतरीय सभªर कोठा िनमाªण गनुªपन¥छ, जसलाई कुनै पिन अवÖथामा भिूमगत 

तलामा रा´न िनषेध गåरएको छ । सभªर Łममा चौिबस ैघÁटा अठारदेिख चौिबस िडúी सेिÐसयस तापøम कायम रहन ेिविशĶकृत 

तापøम िनयÆýण ÿणाली (Dedicated Temperature Control System), Öवचािलत अिµन िनयÆýण ÿणाली, पहòचँ िनयÆýण, 

Êयाकअप र सीसीटीभी िनगरानीको ÓयवÖथा हòनपुन¥छ। सभªर याªक तथा Èयाच Èयानलको िवÆयास तोिकएको मापदÁड अनुłप 

िचý ७: बालमैýी शौचालयको नमुना (फरक फरक उचाईका धारा देखाइएको) 
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हòनुपन¥छ भने संवेदनशील डाटा रहने कायाªलयहłमा छुĘै िमनी तÃयाङ्क केÆþ Öथापना गनुªपन¥छ। सभªर Łममा िÖथर िवīतु-रोधी 

(Anti-static) तथा उचािलएको भइुँको ÓयवÖथाका साथ ैउपकरणहłको उिचत अिथªङ गåरनपुन¥छ र यसका सरुि±त कोठा, अिµन-

ÿितरोधी पखाªल र ढोकाहł रािÕůय भवन संिहता (NBC 107) अनुłप िनमाªण गनुªपन¥छ। 

५.४ सरुि±त तथा भरपदō स¼चारका लािग सरकारी कायाªलयहłमा आवÔयकता अनुसार उ¸च गितको फाइबर इÆटरनेट र सेवामा 

अवरोध नआओस् भÆनका लािग कÌतीमा दईुवटा फरक सेवा ÿदायक (ISP) सिहतको वैकिÐपक तथा िनरÆतर स¼जाल 

(Redundant Network) ÿणाली आवÔयकता अनुसार रा´नुपन¥छ। कोर िÖवच र Ìयानेºड नेटवकª  ÿणालीको ÿयोग गद ̈

कायाªलयको आÆतåरक नेटवकª  र अितिथका लािग ÿयोग हòने नेटवकª  (Guest Wi-Fi) लाई भचुªअल लोकल एåरया नेटवकª  

(VLAN) माफª त छुĘाछुĘ ैÓयवÖथा गरी केÆþीकृत वाइफाइ ÓयवÖथापन ÿणाली लाग ूगनª सिकनेछ। साथ,ै Ìयानेºड िÖवच, राउटर र 

फायरवालको úाउिÆडङ ÓयवÖथा रािÕůय भवन संिहता (NBC 207) अनुसार हòनुपन¥छ। 

५.५ बिलयो साइबर सरु±ा पवूाªधारलाई Æयनूतम आवÔयकताको łपमा Öथािपत गनª नेटवकª  सुर±ा ÿणाली संÖथागत फायरवाल 

जडानका साथ ैसÌपणूª उपकरणहłमा एिÆटभाइरस तथा एÆडपोइÆट संर±ण ÿणाली रा´नपुन¥छ। ÿणालीमा अनिधकृत पहòचँ रो³न 

बहò-चरणीय ÿमाणीकरण ÿणाली लाग ूगनुªपन¥छ भने डाटा भÁडारणका लािग सरकारी ³लाउड वा सरकारबाट Öवीकृत तÃयाङ्क 

केÆþ भएमा सो को माý ÿयोग गरी िनयिमत डाटा Êयाकअप, ÿितकृित र िवपद ्पनुःबहाली ÿणालीसमेत Öथापना गनुªपन¥छ। 

५.६ िवīतुीय सरु±ा र िनरÆतरतालाई Åयानमा रा´द ैसचूना तथा स¼चार ÿणालीका लािग छुĘ ै िवīुतीय पåरपथ (Dedicated 

Electrical Circuit) को ÓयवÖथा गनुªपन¥छ। िवīत्ु आपिूतªका लािग दईु देिख चार घÁटासÌम Êयाकअप िदन स³न ेअनलाइन 

यपूीएस ÿणालीको ÿयोग गद ̈यसलाई जेनेरेटर Êयाकअपसँग आवÔयकता अनुसार जोड्नुपन¥छ। भोÐटेजको उतारचढावबाट उपकरण 

बचाउन िवīतुीय उतारचढाव िनयÆýक र उिचत अिथªङको ÓयवÖथा िमलाउनुपन¥छ। 

५.७ सरकारी कायाªलयहłलाई øमशः आधिुनक तथा ÿिविधमैýी (Öमाटª) कायाªलयमा łपाÆतरण गनª आवÔयकता अनुसार िविभÆन 

ÿिविधहł लाग ूगनुªपन¥छ। यस अÆतगªत िभिडयो कÆĀेिÆसङ हल, Öमाटª ÿदशªन यÆý (िडÖÈल)े सिहतको िमि®त(हाइिāड) बैठक 

क±, िवīतुीय हािजरी तथा बायोमेिůक पहòँच ÿणाली, र कागजरिहत ÿशासनका लािग ई-फाइल तथा कागजात ÓयवÖथापन ÿणाली 

वा सो सरहको ÿणालीको  ÿयोग गनुªपन¥छ। साथ,ै सेवाúाहीको चाप हòने कायाªलयहłमा One stop solution को पåरकŊपनालाइ 

साकार पानª अितिथ ÓयवÖथापन, लाइन वा भीडभाड ÓयवÖथापन, सावªजिनक उĤोषण ÿणाली  र फाइल िनगरानी (ů्यािकङ) 

ÿणालीको समेत ÓयवÖथा गनुªपन¥छ। 

५.८ सरु±ा संवेदनशीलतालाई ŀिĶगत गरी सरकारी कायाªलयहłमा एकìकृत सरु±ा ÿणाली लाग ूगनुªपन¥छ। सÌपणूª भवन पåरसरमा 

आईपी (IP) आधाåरत सीसीटीभी जडान गनुªपन¥छ, जसको रेकिडªङ ±मता कÌतीमा ३० िदनको हòनुपन¥छ। िवशेषगरी मु́ य ÿवेशĬार, 

सभªर Łम र सावªजिनक सेवा ÿवाह हòने ±ेýहłमा सीसीटीभी िनगरानी को ÓयवÖथा गनुªपन¥छ। 

५.९ भवनको अिµन िनयÆýण ÿणाली लाई सचूना तथा स¼चार ÿणालीसँग समÆवय र एकìकृत गनुªपन¥छ। यसका लािग सङ्केतमखुी 

अिµन पवूªचेतावनी ÿणाली (Addressable Fire Alarm) र सभªर क±मा अिµन िनयÆýण ÿणाली (Fire Suppression 
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System)को ÿयोग आवÔयकता अनुसार गनुª पन¥छ । आपÂकालीन अलामªलाई सेवाúाही उĤोषण(पिÊलक एűेिसङ)ÿणाली सगँ 

जोड्नुपन¥छ भने वातानुकूलन (HVAC) ÿणाली र फायर ड्याÌपर ÿणालीलाई फायर अलामªसगँ इÆटरलक गनुªपन¥छ। साथ,ै सÌपणूª 

अिµन िनयÆýण तथा िवīतुीय उपकरणहłको जडान रािÕůय भवन संिहता (NBC 207) को पणूª łपमा पालना हòने गरी गनुªपन¥छ। 

 

६. ÖवाÖÃय तथा सरसफाइ  

६.१ कायाªलय पåरसरमा कमªचारी र सेवाúाहीको चाप/सं´यालाई मÅयनजर गद ̈मिहला, पŁुष र अपाङ्गता भएका Óयिĉहłका 

लािग सहज पहòँचयुĉ, पयाªĮ र सफा शौचालयको ÓयवÖथा गनुªपन¥छ। शौचालयको िडजाइन तथा िनमाªण नेपाल रािÕůय भवन संिहता 

(NBC 206 र NBC 208) को मापदÁड बमोिजम हòनुपन¥छ। 

६.२ कायाªलय भवनको िडजाइन गदाª ÿितÓयिĉ ÿितिदन Æयनूतम पैतँालीस िलटर पानीको आवÔयकता पन¥ अनुमानका आधारमा 

पानीको आपिूतª ÿणाली तय गनुªपन¥छ। कायाªलयमा सबैको सहज पहòचँ हòन ेगरी ÿÂयेक तलामा पराब§गनी र åरभसª ओसमोिसस (UV 

तथा RO) ÿिविध जिडत िपउन ेशĦु पानी उपलÊध गराउन े मेिसन ÓयवÖथा गनुªपन¥छ। उपलÊध गराइन े िपउन ेपानीको गणुÖतर 

अिनवायª łपमा नेपाल सरकारको रािÕůय खानेपानी गणुÖतर मापदÁड अनुकूल हòनुपन¥छ। 

६.३ कायाªलय पåरसरमा िनयिमत सरसफाइ र फोहोरको वै²ािनक ÓयवÖथापन ÿणाली अिनवायª łपमा अवलÌबन गनुªपन¥छ। 

फोहोरलाई ąोतमै वगêकरण गनª सिजलो हòन ेगरी देहाय बमोिजमका रङ्गका डÖटिबनहłको ÓयवÖथा गनुªपन¥छ: 

● हåरयो: कुिहन ेफोहोरका लािग। 

● िनलो: नकुिहन ेतर पनुः ÿशोधन/ÿयोग गनª सिकने (ÈलािÖटक, कागज आिद )फोहोरका लािग। 

● रातो: जोिखमपूणª तथा खतरनाक फोहोरका लािग। 

६.४. िबिúएका िवīतुीय उपकरण, Êयाůी र तारहłको सरुि±त भÁडारण तथा ÓयवÖथापनका लािग कायाªलय पåरसरमा छुĘ ै

िवīतुीय फोहोर सङ्कलन क±को ÓयवÖथा गनª सिकनेछ । 

६.५ ÿयोगकताªको सं´या र आवÔयकतालाई ŀिĶगत गरी मिहला शौचालयमा सेनटेरी Èयाड उपलÊध गराउन ेमेिसनको ÓयवÖथा 

गनुªपन¥छ। साथ,ै ÿयोग गåरएका Èयाडहłको सुरि±त िवसजªनका लािग मिहला शौचालयिभýै भÖमीकरण यÆý (Incinerator) वा 

अÆय उपयĉु ÿिविध आवÔयकता अनुसार जडान गनुªपन¥छ । 



 

सरकारी कायाªलयहŁको भौितक पूवाªधार र Öतरीकृत िवÆयास– २०८३                                                                                                                                14 

 

 

६.६ फोहोर पानी ÓयवÖथापनका लािग भवनको ±मता अनुसार फोहोर ढल ट्याङ्कì (सेिÈटक ट्याङ्क), सोसकुवा (सोक िपट) वा 

ढल ÿशोधन ÿणालीको िनमाªण नेपाल रािÕůय भवन संिहता (NBC 208) तथा ÿचिलत Öथानीय मापदÁड बमोिजम गनुªपन¥छ। ढल 

िनकास ÿणाली र आकासे पानी िनकास ÿणालीलाई अिनवायª łपमा छुĘाछुĘै ÓयवÖथा गनुªपन¥छ। 

 ७. सुर±ा ÓयवÖथा  

सरकारी कायाªलय र यसका पåरसरहłलाई िविभÆन ÿाकृितक तथा मानव िसिजªत ÿकोपबाट सरुि±त रा´न दहेाय बमोिजमका सरु±ा 

मापदÁडहł पालना गनुªपन¥छ:  

७.१ सरकारी कायाªलयको पåरसर तथा भवनहłमा नेपाल रािÕůय भवन संिहता (NBC 107 र NBC 206) को पणूª पालना गद ̈

उपयĉु अिµन ÿितरोध तथा िनयÆýण ÿणाली जडान गनुªपन¥छ। भवनमा फायर अलामª, धवुा ँ सूचक यÆý , अिµन िनयÆýक पाइप 

ÿणाली र हाते अिµन िनयÆýक यÆý को ÓयवÖथा दहेायका बमोिजम सिुनिĲत हòनपुन¥छ:  

क) भवनको ÿÂयेक तलामा ÿित २०० वगªिमटर ±ेýफल बराबर १ वटा वा अिधकतम १५ दिेख २० िमटरको पैदल दरूीमा भेिटन े

गरी पोट¥बल फायर एि³Öटङ्गइुसर रा´नुपन¥छ। सामाÆय कायाªलय ±ेýका लािग Æयनूतम ४.५ िकलोúाम ±मताको ए.बी.सी. 

ÿकारको(ABC Type) र िवīतुीय क± तथा सभªर क±मा लघ ुपåरपथ (सटª सिकª ट)बाट हòने आगलागी िनयÆýण गनª Æयनूतम ४.५ 

िकलोúाम ±मताको काबªन डाइअ³साइड अिµन िनयÆýक (एि³Öटङ्गइुसर) वा ि³लन एजेÆट µयाँस ÿणाली ÿयोग गनुªपन¥छ। 

ख) १५ िमटरभÆदा अµला वा ठूला सावªजिनक तथा सरकारी भवनहłमा आÆतåरक फायर हाइűाÆट ÿणालीको ÓयवÖथा अिनवायª 

हòनेछ। ÿÂयेक हाइűाÆट Öटेसनले ९२६ देिख १००० वगª िमटर ±ेýफल समेट्ने गरी आपÂकालीन भö याङ वा अिµन सरुि±त क± को 

निजक सहज पहòँच हòने Öथानमा जडान गनुªपन¥छ। ÿÂयेक हाइűाÆट आउटलेटमा Æयनूतम ३ देिख ३.५ िकलोúाम ÿित वगª सेिÆटिमटर 

(३०–३५ िमटर हेड) को िनरÆतर चाप (Residual Pressure) कायम हòनपुन¥छ। भवनको छत मा एयर भÐभ र परी±ण भÐभ 

हòनुपन¥छ। ÂयÖत;ै ÿÂयेक हाइűाÆट Öटेसनमा Æयनूतम २० िम.िम. Óयास र ३० देिख ३६ िमटर लÌबाइ भएको रबर होज तथा ६३ िम.िम. 

को ÐयािÆडङ भÐभ, ६३ िम.िम. Óयास भएका १५ िमटर लÌबाइका दईुवटा 'Reinforced Rubber Lined' पाइप, आवÔयक 

कपिलङ र १२ िम.िम. नोजल भएको āाÆच पाइप जÖता उपकरण हòनुपन¥छ । 

ग) ÿणालीमा मु́ य िवīतुीय पÌप, Öट्याÆडबाइ पÌप (िडजेल इिÆजन वा जेनेरेटरबाट चÐने) र जकì पÌप जडान गनुªपन¥छ। ÿणालीमा 

पानीको चाप घट्दा पÌप Öवचािलत हòन ेहòनुपन¥छ। फायर पÌप क±लाई Æयनूतम २ घÁटासÌम आगो ÿितरोध गनª स³न ेसंरचनािभý 

सरुि±त गनुªपन¥छ। अिµन िनयÆýणको ÿयोजनका लािग माý NBC 208 मा तोिकएको ±मताको छुĘै पानी ट्याङ्कì को ÓयवÖथा 

गनुªपन¥छ। ठूला भवनहłको हकमा जोिखम मÐूयाङ्कनका आधारमा ±मता विृĦ गनुªपन¥छ। यो ट्याङ्कì दैिनक ÿयोग हòन ेखानेपानी 

आपिूतª ÿणालीबाट भौितक łपमा पणूªत: अलग हòनपुन¥छ। 

घ) अिµन िनयÆýक उपकरणहłको ÿÂयेक मिहना िनयिमत िनरी±ण र उÂपादकको िसफाåरस अनुसार पनुः भरण तथा जलिÖथर 

परी±ण (हाइűो-टेिÖटङ) गराउनपुन¥छ। यसको सÌपणूª अīाविधक िववरण ममªतसÌभार लगबुकमा अिनवायª łपमा ÿिवĶ गनुªपन¥छ। 
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यसका साथ,ै कायाªलयमा कायªरत कमªचारीहłको सहभािगतामा ÿÂयके छ मिहनामा कÌतीमा एक एक पटक अिµन सुर±ा अËयास 

अिनवायª łपमा स¼चालन गनुªपन¥छ।  

 ७.२ िवपदक्ो समयमा सुरि±त िनकासका लािग ÓयविÖथत आपÂकालीन िनकास योजना तयार गरी भवनका मु́ य गÐली तथा 

कोåरडोरहłमा ÖपĶ łपमा टाँÖन ुपन¥छ। आपÂकालीन िनकासका लािग िनकास(exit) िचĹहł अँÅयारोमा पिन चिÌकने र ÖपĶ 

देिखन ेगरी रा´नपुन¥छ। भवनका मु́ य कोåरडोरहłमा "तपाई ंअिहल ेयहाँ हòनुहòÆछ" भÆने सङ्केत र बािहर िनÖकन ेिदशा देखाउन े

न³सा टाँिसएको हòनपुन¥छ। आपÂकालीन ढोकाहł सधै ँबािहरितर खÐुन ेहòनुपन¥छ र ितनलाई किहÐय ैपिन ताÐचा लगाएर बÆद गåरनु 

हòँदैन। यÖता आपÂकालीन ढोकाहłमा िभýबाट हÐका धकेÐन ेिबि°कै सहजै खÐुन ेआपÂकालीन चकुुल अिनवायª łपमा जडान 

गåरएको हòनुपन¥छ।   

७.३ कायाªलय पåरसरको भौितक सरु±ा, अनुिचत ÿवेश िनयÆýण र िनगरानी ÿणालीका लािग आवÔयकता अनुसार सरु±ा गाडª र 

गाडª चौकìको उिचत ÓयवÖथा िमलाउनुपन¥छ। सुर±ा गाडª तथा िनगरानी ÿणालीलाई थप ÿभावकारी बनाउन सीसीटीभी जÖता जाँच 

ÿणालीसँग आबĦ गनुªपन¥छ।        

७.४ भकूÌप, आगलागी वा अÆय कुनै पिन िवपदक्ो समयमा भवनिभý रहेका सÌपणूª Óयिĉहł सरुि±त łपमा जÌमा हòन स³न ेगरी 

भवन बािहर खलुा र सरुि±त ±ेýको अिनवायª łपमा ÓयवÖथा गरी ÖपĶ łपमा सङ्केत िचĹ रािखएको हòनुपन¥छ।  

७.५ भवनको संरचनाÂमक सरु±ा सिुनिĲत गनª िनमाªण Öथलको माटोको भारवहन ±मताको आवÔयकता अनुसार िवÖततृ परी±ण 

गरी सो को आधारमा सरुि±त र िवपद ्ÿितरोधी भवन संरचना िनमाªण गनुªपन¥छ।  

८. वातावरणीय िदगोपन 

सरकारी कायाªलयका भवनहłलाई पयाªवरणमैýी, ऊजाª िमतÓययी र िदगो बनाउन िनमाªणदिेख स¼चालन अविधसÌम 

देहायबमोिजमका मापदÁडहł पालना गनª अनुसचूी २ मा उिÐलिखत हåरत भवन मागªदशªन (Green building Guidelines) 

अनुसार गनुªपन¥छ: 

क) भवनको िडजाइन Öथानीय हावापानी र जलवाय ुअनुकूल हòनपुन¥छ। सयूªको िदशा र हावाको बहावलाई Åयानमा राखी ÿाकृितक 

ÿकाश र हावाको ÿवाह को अिधकतम उपयोग हòने िडजाइन गनुªपन¥छ। कम ऊजाª खपतमा पिन भवनिभý उपयĉु तापøम कायम 

रा´न गारो, छाना, ढोका र »यालहł िनमाªण गदाª इÆसलुेसन सिहतका ऊजाª द± ÿिविध र सामúीको ÿयोग आवÔयकता  अनुसार 

गनुªपन¥छ। 

ख) कायाªलयका ब°ी, कÌÈयटुर, सभªर र अÆय िवīतुीय उपकरणहłलाई िनरÆतर स¼चालन गनª भवनको छत वा खलुा Öथानमा 

सौयª ऊजाª ÿणाली आवÔयकता अनुसार जडान गरी Öव¸छ तथा नवीकरणीय ऊजाªको भरपदō ÓयवÖथा गनुªपन¥छ। 

ग) िनमाªण सामúी छनोट गदाª भवनको सÌपणूª आयभुåरको स¼चालन तथा ममªत खचª Æयनू हòने गरी िटकाउ र िदगो सामúीको छनोट 

गनुªपन¥छ। वातावरणमा पन¥ असर Æयनूीकरण गनª Öथानीय Öतरमा उपलÊध, पनुः ÿयोग गनª िमÐन,े र Æयनू कम काबªन उÂसजªन भएका 
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िनमाªण सामúीलाई ÿाथिमकता िदनुपन¥छ।  मानव ÖवाÖÃय र वातावरणमा असर पन¥ हािनकारक रसायनको ÿयोग Æयनूीकरण गद ̈

Æयनू रासायिनक उÂसजªन भएका रङ, टाँÖन ेपदाथª र फिनªचरको ÿयोगलाई ÿाथिमकता िदनुपन¥छ। 

घ) कायाªलयको छाना तथा खलुा ±ेýमा परेको आकाशे पानी संकलन गनª रेनवाटर हाभ¥िÖटङ ÿणाली जडान गनुªपन¥छ। यसरी 

संकिलत पानीलाई ट्याङ्कìमा भÁडारण गरी शौचालय Éलस गनª र बगैचँामा िसँचाइ गनª ÿयोग गन¥ वा जिमनमिुनको पानी पनुभªरण 

गराउन ेÓयवÖथा गनुªपन¥छ। 

ङ) िनमाªण सामúी छनोटदिेख भवन स¼चालनमा आइसकेपिछको अवÖथासÌम काबªन उÂसजªन, Åविन र धलुो ÿदषूण Æयनूतम हòन े

नीित अपनाउनुपन¥छ। पानीको कम खपत, फोहोरको Æयनूीकरण र वातावरणीय संर±णका लािग हåरत भवनका अनुसचूी-२ का 

ÓयवÖथालाई भवनको िडजाइनम ैपणूª łपमा समावेश गनुªपन¥छ। 

९. Öतरीकृत िडजाइन 

देशभरका सरकारी कायाªलयहłमा एकłपता कायम गनª, संÖथागत पिहचान झÐकाउन र सेवाúाहीलाई जनुसकैु कायाªलयमा जाँदा 

पिन पåरिचत अनुभिूत ÿदान गनª भौितक पवूाªधार र आÆतåरक िवÆयासमा दहेाय बमोिजम गनुªपन¥छ: 

क) समान तह र िजÌमेवारी भएका पदािधकारी तथा कमªचारीहłको कायªक±को ±ेýफल दशेभरका सब ैसरकारी कायाªलयमा 

एकłप हòन ेगरी अनुसचूी १ मा भएका ÓयवÖथा अनुŁप माý िनमाªण वा ÓयवÖथापन गनुªपन¥छ।  

ख) सब ैनागåरकलाई सहज łपमा सेवा ÿवाह गनª एकल िबÆद ुसेवा डेÖक र Öवागत डेÖकको मु́ य भागको अिधकतम उचाइ ९०० 

िम.मी. कायम गनुªपन¥छ। साथ,ै बालबािलका, िĽलचेयर ÿयोगकताª सेवाúाही र होचा कद भएका ÿयोगकताª सेवाúाहीलाई समेत 

सहज हòन ेगरी डेÖकको बाँकì भागको उचाइ अिधकतम ७५० िम.मी. कायम गनुªपन¥छ। 

ग) सेवाúाही ÿती±ालयको िसट िडजाइन, नागåरक बडापý, र सचूना पाटीहł नेपाल सरकारल ेतोकेको िनिĲत र साझा ढाँचा मा 

माý िनमाªण तथा जडान गनुªपन¥छ। मागªिनद¥शन गन¥ सङ्केतहł अनुसूची ३ को ÓयवÖथा अनुसार गनुªपन¥छ । 

घ) कायाªलय भवनको िभýी तथा बािहरी आवरणमा ÿयोग हòन े रङहł अिनवायª łपमा 'सावªजिनक भवनहłमा ÿयोग हòन े

रङसÌबÆधी िनद¥िशका, २०६९' बमोिजम हòनपुन¥छ। साथ,ै सरकारी लोगो र संÖथागत सङ्केत ÿणालीहł तोिकएको मापदÁड अनुłप 

देशभर एकłपता कायम गनुªपन¥छ । 

 १०. सहकायª र उÂपादकÂवको कायªसंÖकृित ÿवĦªन  

सरकारी कायाªलयहłमा परÌपरागत, एकाÆतमखुी र सÖुत कायªशैलीलाई िवÖथािपत गद ̈ आधिुनक, गितशील र पåरणाममखुी 

कायªवातावरण िनमाªण गनुªपन¥छ। भौितक पवूाªधार तथा आÆतåरक िवÆयासल ेकमªचारीको मनोिव²ान र कायª±मतामा ÿÂय± ÿभाव 

पान¥ हòँदा, कमªचारीहłको शारीåरक तथा मानिसक ÖवाÖÃय, सÆतुिĶ र आपसी समÆवय अिभविृĦ गनª कायाªलयको समú कायª-

वातावरणलाई देहायबमोिजम ÓयविÖथत गनुªपन¥छ:  
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१०.१ कमªचारीहłको ĵासÿĵास सÌबÆधी ÖवाÖÃय अवÖथालाई सुरि±त रा´न र कायª±मता अिभविृĦ गनª कायाªलय भवनिभý 

शĦु हावाको िनरÆतर ÿवाह र तापøमको व²ैािनक ÓयवÖथापन दहेायबमोिजम गनुªपन¥छ:  

क) कायाªलयिभý पयाªĮ अि³सजनको माýा कायम रा´न र हावा गिुÌसन निदन काबªन-डाइअ³साइडको Öतर अिधकतम एक हजार 

पीपीएम भÆदा बढी हòन निदन ेसिुनिĲत गनुªपन¥छ। 

ख) कमªचारीको शारीåरक सहजताका लािग कायªक±को तापøम सामाÆयतया बाईस िडúी सिेÐसयस देिख छÊबीस  िडúी सेिÐसयस 

िभý र सापेि±क आþªता चालीस ÿितशत देिख साठी ÿितशतको बीचमा िनरÆतर कायम हòन ेÓयवÖथा गनुªपन¥छ। 

ग) कायाªलय भवनमा HVAC जडान गदाª िभýकै परुानो हावा माý घमुाउन ेÿिविधको सĘा बािहरको शĦु हावा िभý ताÆन ेÿणाली 

आवÔयकता अनुसार जडान गनुªपन¥छ। 

घ) सÌभव भएसÌम कृिýम ÿणालीमािथको िनभªरता कम गनª ÿाकृितक हावाको ÿवाह सहज łपमा हòन े गरी »याल तथा 

भेिÆटलेटरहłको उपयĉु िडजाइन र ÓयवÖथा गनुªपन¥छ। 

ङ) शौचालय, खाजाघर, छपाइ क± र सभªर क± जÖता िवशेष Öथानहłमा ÿाकृितक भेिÆटलेसनको अभाव भएमा वा दगुªÆध, 

हािनकारक µयास र तातो हावा उÂपÆन हòन ेअवÖथामा Âयसलाई तÂकाल बािहर फाÐन छुĘै दिूषत हावा बािहर फाÐन े(Exhaust 

Ventilation) ÿणाली जडान गनुª पन¥छ । 

१०.२ कायाªलयको कायª-वातावरणलाई शाÆत, बाधा रिहत र आँखाका लािग अनकूुल बनाउन Åविन र ÿकाशको व²ैािनक 

ÓयवÖथापन देहायबमोिजम गनुªपन¥छ:  

क) सामाÆय कायª±ेýिभýको Åविन Öतर (Noise Level) अिधकतम ४० दिेख ४५ डेिसबल (40–45 dB) िभý सीिमत रा´न े

ÓयवÖथा गनुªपन¥छ। कायाªलय बािहरको हो-हÐलाले काममा बाधा नपरोस ्भÆनका लािग भवनको बािहरी आवरण तथा »यालहłमा 

आवÔयकताअनुसार दोहोरो िससायĉु »याल (Double-glazed window) वा Åविनरोधी िससाको ÿयोग गनुªपन¥छ। बैठक क± र 

गोÈय कायªक±हłमा Åविन बािहåरन वा िभिýन निदन Åविन रो³ने ÿिविध  सिहतको पािटªसन वा िभ°ा Èयानल को ÿयोग गनª सिकनेछ 

। ÂयÖत,ै सÌभव भएसÌम जेनेरेटर, HVAC, िÿÆटर जÖता Åविन उÂपादन गन¥ मेिसनहłलाई मु́ य कायª±ेýभÆदा छुĘ ैसिुवधा ±ेý 

(सिभªस जोन) मा रा´नपुन¥छ। साथ,ै आवाज गिुÆजन ेसमÖया कम गनª िसिलङ र िभ°ाहłमा आवाज सोÖन ेसामúीको ÿयोग गनª 

सिकन ेछ । 

ख) कायाªलयको सामाÆय कायª±ेýमा आँखामा पन¥ तनाव (Eye strain) र ŀिĶĂम कम गनª ÿकाशको Öतर ३०० देिख ५०० ल³स 

(300–500 Lux) कायम गनुªपन¥छ। सÌभव भएसÌम कृिýम ब°ीको ÿयोग कम गन¥ र ÿाकृितक ÿकाशको अिधकतम उपयोग हòन े

गरी वकª Öटेसनको िवÆयास िडजाइन गनुªपन¥छ। कÌÈयटुर िÖøनमा काम गदाª आँखा नथा³न ेर िÖøनमा ब°ी नटिÐकने गरी कायª±ेýमा 

नटिÐकन ेÿकाश ÿणाली (Anti-glare lighting) को ÓयवÖथा गनुªपन¥छ।  

१०.३ सहकायª तथा अÆतरिøयाÂमक कायªÖथलको ÓयवÖथा: 
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कमªचारीहłबीच आपसी समÆवय, िछटो छलफल र समहूगत कायª ÿवĦªन गनª कायाªलयको आÆतåरक िवÆयास देहायबमोिजम 

हòनुपन¥छ: 

क) परÌपरागत łपमा बÆद कोठाहł बनाउन े ÿविृ°को सĘा खलुा कायªÖथलको अवधारणालाई ÿाथिमकता िदनुपन¥छ। खलुा 

कायªÖथलको िवÆयास (Layout) गदाª संवेदनशील तÃयाङ्क तथा डाटामा काम गन¥ कमªचारीको कÌÈयटुर िÖøन सेवाúाही वा 

बािहरी Óयिĉले िसध ैदे´न नस³न ेगरी ŀÔयगत गोपनीयता कायम गåरनेछ। साथ,ै कायाªलयको आवÔयकता वा कायªÿकृित का 

आधारमा कायª Öथललाई समहूीकरण गरी सहयोगाÂमक कायªवातावरण िनमाªण गनुªपन¥छ। 

ख) छोटो छलफल र समहूगत अÆतरिøयाका लािग कायª±ेýकै निजक स-साना खलुा वा अधª-खलुा Öथलहłको ÓयवÖथा गनुªपन¥छ।  

ग) औपचाåरक बैठक क±हłलाई िभिडयो कÆĀेिÆसङ लगायतका अÂयाधिुनक स¼चार ÿिविध जडान गरी Öमाटª बनाउनुपन¥छ। 

साथ,ै िवशेष सरु±ा संवेदनशीलता भएका कायाªलयमा संवेदनशील तथा गोÈय कायª वा छलफलका लािग Åविन बािहर नजान े

ÿिविधसिहतको छुĘ ै'गोÈय बैठक क±' को ÓयवÖथा गनª सिकनेछ। 

घ) कायªÖथलको िवÆयास िडजाइन गदाª कमªचारीहłबीच ŀÔयाÂमक सÌपकª  कायम हòने गरी फिनªचर र पािटªसनको उचाइ ÓयवÖथापन 

गनुªपन¥छ। साथ,ै कायª±ेýिभý कमªचारीहłको सहज, सुरि±त र बाधारिहत आवागमनका लािग िहँड्न ेबाटोको चौडाइ रािÖůय भवन 

संिहता अनुसार  कायम गनुªपन¥छ। 

 

१०.४ कायªÖथलको Óयिĉगत वातावरण िनयÆýण:  

कमªचारीहłको शारीåरक तथा मानिसक ÖवाÖÃय, कायª±मता र सÆतुिĶ अिभविृĦ गनª उनीहłको ÿÂय± कायª±ेýको ÿकाश, 

तापøम र फिनªचरमा उनीहłकै सहजता अनुłप िनयÆýण गनª सिकन ेगरी िनÌन ÓयवÖथा गनुªपन¥छ: 

क) कायाªलयको सामाÆय ÿकाश बाहेक, कमªचारील ेआÉनोआवÔयकता अनुसार ÿकाशको माýा र िदशा िमलाउन िमÐन ेगरी ÿÂयेक 

वकª Öटेसनमा एडजÖटेबल टाÖक लाइिटङ को ÓयवÖथा गनª सिकनेछ। 

ख) »यालको निजक वा बािहरी ÿाकृितक ÿकाश िसध ैपन¥ कायª±ेýमा कÌÈयटुर िÖøनमा पन¥ टÐकाइ रो³नका लािग सहजै खोÐन, 

बÆद गनª र ÿकाशको माýा िमलाउन िमÐन,े समायोजन गनª िमÐन ेउपयुĉ पदाª (Adjustable Blinds) को ÓयवÖथा गनुªपन¥छ। 

ग) एच.भी.ए.सी ÿणाली जडान गदाª एउटै तापøम परैू भवनलाई लाग ूगनुªको सĘा ±ेýगत िनयÆýण ÿणाली (Zonal Control 

System) अपनाउनुपन¥छ। यसल े गदाª कमªचारीले आÉनो कायª±ेýिभý सहजता अनुसार तापøम केही हदसÌम तलमािथ गनª 

स³नेछन्। साथ,ै एच.भी.ए.सीबाट आउन े िचसो वा तातो हावा सोझ ैकमªचारीको शरीरमा नपन¥ गरी िडÉयजुर को िदशा र Öथान 

ÿािविधक łपमा िमलाउनुपन¥छ। 

घ) लगातार बसरे काम गदाª हòन ेशारीåरक थकान र हाडजोनêको समÖया कम गनª कमªचारीको उचाइ र बसाइ अनुłप िमलाउन िमÐन े

एगōनोिमक कुसêको ÿयोग आवÔयकता अनुसार गनुªपन¥छ।  
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पåर¸छेद ३: सरकारी कायाªलयहŁमा हòने ÖथानहŁ 

पåर¸छेद – २ मा उिÐलिखत आधारभतू िसĦाÆत तथा साझा मापदÁडमा रही िडजाइन गदाª सरकारी कायाªलय पåरसर िभý  िविभÆन 

ÖथानहŁको आवÔयकता हòÆछ । यÖता ÖथानहŁ कायाªलय भवनहŁमा भवनको िभý वा  बािहर हòन स³नछेन ।  

१. सरकारी कायाªलय भवन िभý हòनुपन¥ ÖथानहŁ  

सरकारी कायाªलय भवनको िडजाइन गदाª सेवाúाहीको सहजता, कायªसÌपादनको ÿभावकाåरता र कमªचारीको सिुवधालाई Åयानमा 

राखी िनÌनअनुसारका Öथानहłको उिचत ÓयवÖथापन गåरनपुन¥छ:  

१.१ सावªजिनक अÆतरिøया ±ेý 

यस ±ेýले सेवाúाही वा आगÆतुकलाई ÿÂय± सेवा ÿदान गन¥ र उनीहłसँग अÆतरिøया हòन ेमु́ य Öथानलाई जनाउँछ। 

कायाªलयको ÿकृित (पåर¸छेद २ को वगêकरण) अनुसार यसको िडजाइन िनÌनानुसार गåरनुपन¥छ: 

vक) सेवाúाही वा आगÆतुकल ेकायाªलयको मु́ य ÿशासिनक तथा आÆतåरक कायª±ेýमा ÿवेश नगरी सेवा वा जानकारी ÿाĮ गनª 

सकून् भÆनका लािग यस ±ेýलाई भवनको मु́ य ÿवेशĬार निजकै ÓयवÖथा गåरनुपन¥छ। 

ख) उ¸च जनसÌपकª  हòन ेकायाªलय (समहू 'क') एकल िबÆद ुसेवा केÆþको अवधारणाबाट िडजाईन गनुª पदªछ जसमा सेवाúाहील े

आवÔयक िविभÆन सेवाहł एउटै Öथानबाट ÿाĮ गनª स³न ेसिुवधा हòÆछ| यसका लािग 'एकल िबÆद ुसेवा हल': सेवाúाहीको अÂयिधक 

चाप हòन ेकायाªलयहłमा उपयĉु ±मताको एकल िबÆद ुसेवा हल िनमाªण गåरनपुन¥छ। जसको भौितक िवÆयास देहायबमोिजम हòनेछ: 

सुपरभाइजर वा मािथÐला अिधकारीहł  

सेवा काउÆटरहŁ  

ÿती±ालय  

सेवा सहजीकरण क± 

िपउने पानी  

ÿाथिमक उपचार  

भö याङ / 
गÐली  

शौचालय 

फारम डेÖक   

ब§क डेÖक  

गुनासो सुÆने/ सूचना 
अिधकारी क±  

 

     ÿवेश  िनकाश   

अÆय ±ेý  

 
 

िचý ८: एकल िबÆद ुसेवा क±को नमनूा ढाचा  

टोकन    

फोन चाजª     

अÆय ±ेý  

आमाक± 

आपतकालीन 
िनकाश   
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○ सेवा सहिजकरण क±: ÿवेशĬार निजकै मागªदशªन/सोधपछु सहायता/सहजीकरण क± हòनपुन¥छ। आवÔयकता 

अनुसार क± निजकै टोकन िलन,े फारम भन¥ डेÖक जÖता सिुवधा समेत को ÓयवÖथा गनुª पन¥छ। यÖतो क±मा  

मु́ य ÿवेशĬारबाट पÖन े िबि°कै िसध ै देिखन े गरी संÖथाको गåरमा झÐकाउन े Óयावसाियक ढाँचा िनमाªण 

गåरनुपन¥छ।  

○ खलुा काउÆटर: बÆद कोठाको सĘा खलुा काउÆटर िनमाªण गरी कायªÿवाहको øम (जÖतै: फारम Łज,ु दताª, 

राजĵ) अनुसार िमलाएर रा´नुपन¥छ। काउÆटरहłमा सेवाúाही र कमªचारीबीचको संवाद सरुि±त रा´न र 

Óयिĉगत गोपनीयताको सÌमान गनª काउÆटरहłबीच गोपिनयता र±कको Łपमा काउÆटरको डेÖक सतहबाट 

मािथ कÌतीमा ६०० िम. िम.को उचाइका अधª-पारदशê (Semi-transparent) Èयानल रा´नपुन¥छ वा उिचत 

ÓयवÖथा गनुª पन¥छ, जसल ेगदाª कायाªलयको खलुापन (Openness) र गोपनीयता दवु ैकायम रहनेछ। साथ,ै 

राजÖव संकलन जÖता नगद कारोवार हòनका लािग छुĘाईएका  काउÆटरको अगािडको भागमा (सतहबाट मािथ) 

आवÔयक ठाउँमा पारदशê िससा जडान गनª सिकनेछ। Âयसो गरेमा सेवाúाही र कमªचारीिबच ÿÖट कुराकानी 

हòन स³न ेगरी बोÐन ेÈवाल(Speak-hole) वा िĬ-मागê स¼चार साधन (Two-way Intercom) माइक ÿणाली 

जडान गनुªपन¥छ।  

िचý ९: एकल िबÆद ुसेवा क±को नमनुा  
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○ यÖता, काउÆटरमा सङ्कलन भएका फाइलहł तुŁÆत ै Łज ु र सदर गनªका लािग काउÆटरको िठक पछािड 

िनणªयकताª तहको कमªचारी बÖन ेिभिý कायाªलय वा सपुरभाइजर क± पारदशê िससाको पािटªसन गरी िनमाªण 

गनª समेत सिकनेछ।  

○ ÿती±ालय: हलको काउÆटरहłको अगािड वा बीचमा आरामदायी आसन, िपउन े पानी, सूचना िडÖÈले, 

मोबाइल चािजªङ Öटेसन र सझुाव पेिटका सिहतको ÿाकृितक ÿकाश आउने ठूलो एकìकृत ÿती±ालय िनमाªण 

गनुªपन¥छ। ÿती±ालयको ±ेýफल िनधाªरण गदाª सो कायाªलयको सबैभÆदा बढी भीड हòने समयको सेवाúाहीको 

चाप र सेवाको ÿकृितका आधारमा ÿित Óयिĉ Æयनूतम १.२ देिख  १.५ वगª िमटर ±ेýफलका दरल ेगणना गरी 

Âयसको २० ÿितशत िहÖसा आवागमन र अÆय ÓयवÖथापनका लािग थप गनुªपन¥छ । यÖतो ÿित±ालयबाट 

गनुासो सÆुन ेअिधकारी, सुचना अिधकाåरको क± र अपाङ्ग मैýी सिहतको शौचालय र अÂयावÔयक हòदा 

कायाªलय ÿमखु तथा अÆय कमªचारीको क± आिदसÌम जान ेÓयवÖथा समेत हòनुपन¥छ । 

○ ÿिविध र सहायक सेवा: पालो ÓयवÖथापन, आवÔयकता अनुसार ब§िकङ/राजĵ काउÆटर, फोटोकपी सिुवधा 

आिद सेवा हलकै पåरिधिभý ÓयवÖथापन गनुªपन¥छ। 

ग) कम जनसÌपकª  हòने कायाªलय (समहू ख, ग) का लािग Öवागत तथा सहजीकरण क±: आम नागåरकको ÿÂय± भीडभाड कम हòन े

कायाªलयहłमा ठूलो सेवा हलको सĘा दहेायबमोिजमको सहजीकरण क± िनमाªण गरे पµुनछे: 

 
○ मु́ य ÿवेशĬारबाट पÖनिेबि°कै िसध ैदेिखने गरी संÖथाको गåरमा झÐकाउन े Óयावसाियक ढाँचाको Öवागत 

डेÖक िनमाªण गåरनुपन¥छ। 

िचý १०: सेवा úाही Öवागत तथा सहजीकरण क±को नमुना  
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○ यस क±बाट आगÆतकु दताª, आवÔयकता अनुसार पास िवतरण, सÌबिÆधत अिधकारीसगँको भेटघाट 

ÓयवÖथापन र सामाÆय सोधपछुको कायª हòनेछ। 

○ आगÆतुक वा अितिथलाई केही समय कुनªका लािग पयाªĮ ÿकाश भएको, आरामदायी सोफा/कुसê र 

पýपिýका/सचूना सामúी सिहतको सानो तर ÓयविÖथत ÿती±ालयको ÓयवÖथा गåरनुपन¥छ। 

○ कुन शाखा वा अिधकारी कुन तलामा छन भनी ÿÖट बुझाउन ेन³सा वा िडिजटल िडÖÈल ेÖवागत क±सँगै देिखन े

गरी रािखनुपन¥छ। 

घ) यो समú ±ेý पणूª łपमा समावेशी हòनपुन¥छ। यसका लािग ö याÌप, िĽलचेयर घÌुन स³न ेपयाªĮ Öथान, पहòँचयुĉ उचाइका सेवा 

काउÆटर/डेÖक र ÖपĶ सङ्केत पाटी को अिनवायª ÓयवÖथा गåरनुपन¥छ। 

 

१.२ औपचाåरक तथा भेटघाट कायªøम स¼चालन Öथल 

सरकारी कायाªलयमा हòन ेबैठक, तािलम, छलफल, पýकार सÌमेलन तथा अÆय औपचाåरक कायªøम स¼चालन गनªका लािग 

आवÔयकता अनुसार छुĘ ैकायªøम Öथलको ÓयवÖथा िनÌनअनुसार गåरनुपन¥छ: 

क) कायªøम Öथलको िडजाइन गदाª कायाªलयको दैिनक ÿशासिनक कायª र सेवा ÿवाहमा कुन ैपिन ÿकारको Åविन वा भीडभाडल े

अवरोध नपन¥ गरी छुĘ ैवा एकाÆत ±ेýमा गåरनपुन¥छ। 

ख) आवÔयकताअनुसार सभा क±, ÿिश±ण क± वा सÌमेलन क±को łपमा पåरमाजªन गरी ÿयोग गनª सिकने फिनªचर र पािटªसनको 

ÓयवÖथा हòनुपन¥छ। 

ग) क±िभý आवÔयकता अनुसार उपयĉु Åविन िनयÆýण, ÿाकृितक तथा कृितम ÿकाश ÓयवÖथा, ÿाकृितक भेिÆटलेसन, आवÔकता 

अनुसार वातानुकूिलत ÿणाली, आधिुनक िडिजटल ÿÖतुतीकरण ÿणाली र भरपदō इÆटरनेट सिुवधा हòनपुन¥छ। 

घ) ठूलो ±मताका कायªøम क±हłमा आपतकालीन िनकास, अिµन सरु±ा ÿणाली र बािहर िनÖकँदा जÌमा हòने खलुा Öथान को 

ÓयवÖथा हòनुपन¥छ। साथ,ै यस ±ेý निजकै छुĘ ैÿती±ालय र शौचालयको ÓयवÖथा िमलाउनुपन¥छ। 

 

१.३ सहकायª ±ेý 

िविभÆन शाखा वा िवभागका कमªचारीहłबीच आपसी समÆवय, समहूगत कायª र नवीन सोचको िवकास गनª कायाªलयिभý एक 

छुĘै सहकायª ±ेýको ÓयवÖथा गåरनुपन¥छ: 

क) कमªचारीहłल ेअनौपचाåरक łपमा छलफल गनª, िवचार-िवमशª गनª र अÆतर-िवभागीय समÆवय गनª स³न ेगरी खलुा वा अधª-

खलुा Öथानको िनमाªण गåरनपुन¥छ। 

ख) यस ±ेýमा सहज िकिसमका मोड्यलुर फिनªचर, गोलो टेबुल, सेतो पािट र िÿिÆटङ/फोटोकपी जÖता साझा सिुवधाहł 

रािखनुपन¥छ। 
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ग) साना समहूका लािग भचुªअल बैठक गनª वा कÌÈयटुर जोडी  िÖøन साझा गनª िमÐन ेगरी Èलग-पइÆट र वाइफाइ (Wi-Fi) को 

उÂकृĶ ÓयवÖथा हòनुपन¥छ। 

घ) यस ±ेýलाई मु́ य ÿशासिनक कायª±ेýको निजकै तर शाÆत काम गन¥ कमªचारीलाई हÐलाले असर नगन¥ गरी उपयĉु Åविन 

अवशोषक सामúी ÿयोग गरी िनमाªण गåरनुपन¥छ। 

 

१.४ कायाªलयका सहायक सुिवधाहł 

कायाªलय भवनिभý कमªचारीहłको कायª±मता अिभविृĦ गनª, शारीåरक तथा मानिसक ÖवाÖÃयलाई सÆतुिलत रा´न र 

सेवाúाहीको सिुवधालाई Åयानमा राखी िनÌनअनुसारका सहायक सिुवधाहłको ÓयवÖथा गåरनपुन¥छ: 

क) कायाªलय भवनमा आवÔयकता अनुसार चमेनागहृ, खाजा क± , ÿाथिमक उपचार क± तथा आराम क±, Öतनपान तथा िशशु 

Öयाहार क±, शĦु िपउन ेपानीको Öटेसन र कमªचारीहłका लािग छुĘ ैशौचालय को ÓयवÖथा हòनुपन¥छ। 

ख) साइकल ÿयोग गरी कायाªलय आउने कमªचारीहłलाई ÿोÂसाहन गनª साइकल मैýी भौगोिलक अवÖथामा रहेका कायाªलयमा 

शौचालय संग ैकिÌतमा एक नुहाउने क± र लगुा फेन¥ सुरि±त लकरको ÓयवÖथा गनुªपन¥छ।  

ग) यी सिुवधाहłलाई कमªचारी तथा सेवाúाहीको सहज पहòचँ पµुने तर कायाªलयको मु́ य ÿशासिनक तथा दैिनक कामकारबाहीमा 

कुनै िकिसमको Åविन वा अÆय अवरोध नपन¥ Öथानमा रािखनपुन¥छ। 

घ) कमªचारीको मानिसक तथा शारीåरक थकान कम गनª उपयĉु िव®ाम क±, खलुा बसाइ ±ेý र सÌभव भएसÌम हåरयाली समावेश 

गåरएको हòनुपन¥छ। यी ±ेýहłमा पयाªĮ ÿाकृितक ÿकाश, भेिÆटलेसन र उ¸च Öतरको सरसफाइ सुिनिĲत गåरनुपन¥छ। 

ङ) कायाªलयको कुल ±ेýफल, कायªरत कमªचारीहłको सं´या र दैिनक łपमा आउन ेसेवाúाहीको चापको सàूम िवĴेषण गरी सोही 

अनुपातमा सुिवधाहŁ को ±मता र पåरमाण िनधाªरण गåरनुपन¥छ। 

च) पåरवतªन क± (Changing Room) 

● कमªचारीका लािग आवÔयक परेमा कपडा पåरवतªन गनª सिकन ेसरुि±त, Öव¸छ र गोपनीयता सुिनिĲत हòन ेपåरवतªन क±को 

ÓयवÖथा गåरनपुन¥छ। 

●  मिहला र पŁुषका लािग छुĘाछुĘै वा आवÔयकता अनुसार एकल ÿयोग गनª िमÐने क± हòनपुन¥छ। उĉ क± पयाªĮ ÿकाश, 

भेिÆटलेसन तथा ढोका–ताÐचा सिहत गोपनीयता सुिनिĲत हòने गरी िडजाइन गåरएको हòनपुन¥छ। 

●  पåरवतªन क±मा बÖन े िसट, ऐना, हòक/कपडा झÁुड्याउन े ÓयवÖथा तथा सरसफाइ सामúी रा´न े Öथानको ÓयवÖथा 

हòनुपन¥छ। साथ ै अपाङ्गता भएका Óयिĉहłका लािग सहज पहòचँयोµय हòन े गरी (barrier-free access) िडजाइन 

गåरनुपन¥छ। 

● पåरवतªन क±को Öथान कमªचारी शौचालय निजक तर ÿÂय± ŀÔयबाट सरुि±त दरूीमा रहने गरी उपयĉु łपमा िनधाªरण 

गåरनुपन¥छ। 
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१.५ आवागमन ±ेý 

भवनिभý मािनस, सामúी तथा सेवाको सरुि±त, सहज र ÓयविÖथत आवागमन सुिनिĲत गनª आवागमन ±ेý को िडजाइन िनÌन 

मापदÁडका आधारमा गåरनपुन¥छ: 

क) आवागमन ±ेýको चौडाइ भीडभाडको समयमा पिन सहजै आवतजावत गनª सिकन ेगरी पयाªĮ हòनुपन¥छ। सावªजिनक, अधª-

सावªजिनक र आÆतåरक/िनजी ±ेýहłबीचको आवागमन मागª ÖपĶ łपमा नबािझन ेगरी छुट्याइएको हòनुपन¥छ। 

ख) फरक ±मता भएका Óयिĉहłको ÖवतÆý र सरुि±त आवागमनका लािग 'यिुनभसªल िडजाइन' को िसĦाÆत पणूª łपमा पालना 

गåरनुपन¥छ। यसका लािग मापदÁड अनुłपको ö याÌप, अपाङ्गतामैýी िलÉट, भö याङ तथा ö याÌपमा उपयĉु ĻाÆडरेल र 

ŀिĶिवहीनहłको सहजताका लािग भइुँमा ट्या³टायल Éलोåरङको ÓयवÖथा हòनुपन¥छ। साथ,ै सब ै िलÉटहŁमा अिडयो (आवाज) 

सङ्केत जडान गनुª पन¥छ । 

ग) िवपद ्वा आपतकालीन अवÖथामा सरुि±त र िछटो बािहर िनÖकनका लािग 'रािÕůय भवन संिहता (NBC)' तथा 'अिµन सरु±ा 

मापदÁड' को पणूª पालना गद ̈आपतकालीन िनकास र भाµन ेमागª को ÖपĶ िडजाइन गåरनपुन¥छ। 

घ) कåरडोर, भö याङ तथा गÐली जÖता आवागमन ±ेýहł सÌभव भएसÌम ÿाकृितक ÿकाश र भेिÆटलेसनयĉु हòनुपन¥छ। यी ±ेýहł 

पणूªतया अवरोधरिहत र ऊजाª खपत कम गन¥ ÿिविधमा आधाåरत हòनुपन¥छ। 

 

२. सरकारी कायाªलय पåरसरिभý हòनुपन¥ बाĻ Öथानहł तथा सिुवधाहł 

सरकारी कायाªलयको बाĻ पåरसर सेवाúाहीको पिहलो सÌपकª  िवÆद ु भएकाले यसलाई सरुि±त, ÓयविÖथत, समावशेी र 

वातावरणमैýी बनाउन िनÌनअनुसारका पवूाªधारहłको ÓयवÖथा गåरनपुन¥छ: 

२.१ नागåरक बडापý 

कायाªलयको सेवा ÿवाहलाई पारदशê र सेवाúाहीमैýी बनाउन पåरसरिभý नागåरक बडापý रािखनुपन¥छ। यसको ÓयवÖथापन 

िनÌनअनुसार हòनुपन¥छ: 

क) सेवाúाहील ेकायाªलय पåरसरमा ÿवेश गन¥िबि°कै सहजै दे´न र पढ्न स³न ेगरी मु́ य ÿवेशĬार वा सेवा ÿवाह हòन ेभवनको 

अúभागमा रािखनपुन¥छ। 

ख) बडापýमा उपलÊध सेवाहł, आवÔयक कागजात, लाµन ेसमय, शÐुक, सÌबिÆधत शाखा र गनुासो सÆुन ेअिधकारीको िववरण 

ÖपĶ łपमा खलुाइएको हòनपुन¥छ। 

ग) बोडª घामपानीबाट निबिúन े सामúीबाट िनमाªण गåरएको हòनुपन¥छ। िववरणहł ÖपĶ बुिझन े नेपाली भाषामा हòनुपन¥छ भन े

आवÔयकताअनुसार अंúेजी भाषा र ŀिĶिवहीनहłका लािग āेल िलिप समेत समावेश गनª सिकने ÓयवÖथा िमलाउनुपन¥छ। साथ ै

आवÔयकता अनुसार,  िडिजटल िडÖÈल ेर अिडयो (सुÆन सिकन)े बडापýको समेत ÓयवÖथा िमलाउनपुन¥छ।  
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२.२ सङ्केत िचÆह 

पåरसरिभý सहज आवागमन र Öथान पिहचानका लािग ÖपĶ सङ्केत िचÆहहłको ÓयवÖथा िनÌनअनुसार गåरनुपन¥छ: 

क) ÿवेशĬार, पािकª ङ, सावªजिनक शौचालय, आपतकालीन िनकास, ÿती±ालय, िविभÆन शाखाहł र िलÉट/ö याÌपतफª  िनद¥श गन¥ 

सङ्केतहł उपयĉु Öथानमा रािखनुपन¥छ। 

ख) सङ्केत पाटीहł नेपाली, अङ्úेजी र आवÔयकता अनुसार सÌबिÆधत Öथानीय मातभृाषामा समेत हòनुपन¥छ । ŀिĶिवहीन तथा 

फरक ±मता भएका Óयिĉका लािग Öपशª सङ्केत र िĽलचेयरबाट पिन सहजै देिखन ेउचाइमा रािखनपुन¥छ। राितको समयमा समेत 

ÖपĶ दिेखन ेगरी ÿितिविÌबत वा ÿकाशयĉु सामúीको ÿयोग गåरनुपन¥छ। 

२.३ सुर±ा क± / गाडª पोÖट 

पåरसरको सरु±ा ÓयवÖथापन र ÿवशे िनयÆýणका लािग मु́ य ÿवेशĬार निजकै गाडª पोÖटको िनमाªण िनÌन अनुसार गåरनुपन¥छ: 

क) सुर±ा क±बाट मु́ य ÿवेशĬार र बािहåरन े±ेý पणूª łपमा र ÖपĶ देिखन ेहòनपुन¥छ। 

ख) सरु±ाकमêका लािग पयाªĮ कायªÖथान, स¼चार सिुवधा, िवīतु् आपिूतª र सीसीटीभी मिनटर तथा सरु±ा उपकरण रा´न ेÓयवÖथा 

हòनुपन¥छ। 

ग) आगÆतुक दताª, सवारी ÿवेश िनयÆýण र आकिÖमक अवÖथाको ÓयवÖथापन सहजै गनª सिकन ेगरी यसको िडजाइन गåरनुपन¥छ। 

२.४ सावªजिनक शौचालय 

कायाªलय बािहर वा पåरसरमा रहने सेवाúाही तथा कमªचारीका लािग पयाªĮ ±मताको सावªजिनक शौचालय िनÌनअनुसार िनमाªण 

गåरनुपन¥छ: 

क) पŁुष, मिहला तथा फरक ±मता भएका Óयिĉहłका लािग छुĘाछुĘै र पणूª łपमा अपाङ्गतामैýी शौचालय िनमाªण गåरनुपन¥छ। 

ख) शौचालय भवनबाट सहज पहòचँमा हòनपुन¥छ, तर Âयसको दगुªÆध वा सरसफाइको असर मु́ य ÿशासिनक वा सेवा ±ेýमा नपन¥ 

गरी उपयĉु दरूीमा रािखनपुन¥छ। 

ग) िनयिमत पानी आपिूतª, हात धनु ेबेिसन, ÿाकृितक तथा कृिýम भेिÆटलेसन, पयाªĮ ÿकाश र फोहोर ÓयवÖथापनको उिचत ÿबÆध 

हòनुपन¥छ। यसको िडजाइन 'रािÕůय भवन संिहता (NBC)' को सरसफाइ मापदÁडअनुसार हòनपुन¥छ। 

२.५ खुला Öथान / उĦार ±ेý 

िवपदक्ो समयमा सुरि±त रहन र बाĻ वातावरण खलुा रा´न िनÌनअनुसारको खलुा Öथान ÓयवÖथा गåरनुपन¥छ: 

क) भकूÌप वा आगलागी जÖता िवपĪा मािनसहł भेला हòन भवनको संरचनाÂमक जोिखमबाट सरुि±त दरूीमा रहने गरी  भेला हòन े

Öथानको ÖपĶ रेखाङ्कन गåरनुपन¥छ। 

ख) भवनको आपतकालीन िनकास मार ्बाट िनÖकेर िसध ैयस खलुा Öथानमा पµुन सिकन ेगरी अवरोधरिहत बाटो हòनपुन¥छ। 

ग) िवपद ्बाहेकको सामाÆय अवÖथामा यस ±ेýलाई हåरयाली, बÖन ेÖथान वा सामदुाियक कायªøमका लािग ÿयोग गनª सिकन ेगरी 

िडजाइन गåरनपुन¥छ। 
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२.६ सवारी िबसौनी (पािकª ङ) 

सवारी साधनको ÓयविÖथत पािकª ङका लािग िनÌन ÓयवÖथा गåरनपुन¥छ: 

क) दईु पाङ्ú,े चार पाङ्ú,े कायाªलयका सवारी र फरक ±मता भएका Óयिĉहłका सवारीका लािग ÖपĶ łपमा छुट्याइएको पािकª ङ 

±ेý हòनपुन¥छ। कुल पािकª ङ ±मताको Æयनूतम १०% देिख २०% Öथानमा िवīतुीय सवारी चािजªङ पोइÆटको ÓयवÖथा गनुªपन¥छ ।  

ख) पािकª ङ ±ेýले मु́ य ÿवशेĬार र पैदल मागª लाई अवŁĦ गनुª हòँदनै। सवारी साधन ÿवेश गन¥ र बािहåरन ेमागª ÖपĶ łपमा िचिÆहत 

गåरनुपन¥छ। 

ग) पािकª ङ ±ेýमा वषाªको पानी तकाªउन ेिनकास, पयाªĮ ÿकाश र आवÔयकताअनुसार छहारीको ÓयवÖथा िमलाइनुपन¥छ। 

२.७ भÁडारण याªक / सुरि±त दराज 

क) सेवाúाहीका झोला वा Óयिĉगत सामúी रा´न सरु±ा क± वा ÿती±ालय निजकै भÁडारण याªक वा सरुि±त दराजको ÓयवÖथा 

गåरनुपन¥छ। 

ख) यÖतो Öथानले मु́ य आवागमन मागª अवŁĦ गनुª हòँदनै। सरुि±त दराजहł आþªता , आगलागी र चोरीबाट सुरि±त हòने िकिसमका 

हòनुपन¥छ। 

२.८ िवīुतीय तथा सेवा क±  

क) ůाÆसफमªर, जेनेरेटर, इÆटरनेट नेटवकª  उपकरण, फायर फाइिटङ पÌप हाउस र पानी आपिूतªका उपकरणहł रा´न पåरसरको एक 

कुनामा वा छुĘ ैÊलकमा सेवा क± िनमाªण गåरनुपन¥छ। 

ख) यÖता क±हł सवªसाधारणको पहòचँभÆदा बािहर हòनुपन¥छ र अिधकृत ÿािविधकलाई माý ÿवेशको ÓयवÖथा हòनुपन¥छ। यहाँ पयाªĮ 

भेिÆटलेसन, ताप िनयÆýण, र अिµन िनयÆýण उपकरण रािखनुपन¥छ। 

२.९ बाĻ वा अधª-बाĻ ÿती±ालय  

क) भवनिभý पÖनुअिघ वा बािहरै सेवा िलन ेसेवाúाहीका लािग घामपानीबाट सरुि±त हòन ेगरी बाĻ वा अधª-बाĻ ÿती±ालयको 

ÓयवÖथा गåरनपुन¥छ। 

ख) यस ±ेýमा बÖन ेिसट, िपउन ेपानी, सचूना ÿदशªन बोडª, टोकन िडÖÈले र ÿाकृितक हावा ÿवाह को पयाªĮ ÓयवÖथा हòनुपन¥छ। 

२.१० हåरयाली तथा भू–सौÆदयêकरण  

क) पåरसरिभý अÂयिधक कंøìटको ÿयोगलाई िनŁÂसािहत गद ̈पयाªĮ अनुपातमा हåरत ±ेý कायम रा´नुपन¥छ। 

ख) Öथानीय हावापानी सहुाउँदो व±ृारोपण, घाँस ेमैदान र वषाªको पानी संकलन/पनुभªरण ÿणालीलाई भ-ूसौÆदयêकरणसँग एकìकृत 

गåरनुपन¥छ। 

ग) भ-ूसौÆदयêकरणल े गमê िनयÆýण, धलुो Æयनूीकरण र सेवाúाही तथा कमªचारीमा सकाराÂमक मनोवै²ािनक ÿभाव पान¥ गरी 

पैदलमागª र बÖन ेÖथानहłसँग समÆवय गåरएको हòनुपन¥छ। 
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पåर¸छेद ४: िविवध 

१. िनद¥शन िदन स³न:े  

मÆýालयल े मापदÁडको कायाªÆवयनका सÆदभªमा आवÔयक िनद¥शन िदन स³नछे । ÂयÖतो िनद¥शनको पालना गनुª मÆýालय 

अÆतगªतका िवभाग, कायाªलयहŁ तथा भवन िनमाªण कायªमा संलµन सब ैमÆýालय तथा अÆतगªतका िनकायहŁको कतªÓय हòनेछ । 

२. दिुवधा भएमा गन¥: 

यस मापदÁडको कायाªÆवयनमा कुन ैदिुवधा भएमा पवूाªधार िवकास मÆýालयबाट भएको िनणªय माÆय हòनेछ । 

३. कायª सीमा: 

क) यस मापदÁडल ेसंवैधािनक िनकायका ÿमखुहŁको कायªक±, नेपाली सेना तथा नेपाल ÿहरी, सशľ ÿहरीका पदािधकारीहŁको 

कायªक± र ÖवाÖÃयोपचार सÌबÆधी कायªक±हŁ समेटेको छैन । उपरोĉ पदािधकारीहŁको कायªक±को िनमाªण गनª छुĘ ैअÅययन 

गराई िनधाªरण गåरन ेछ । 

ख) यस मापदÁडमा उिÐलिखत कयªक±को ±ेýफलका अंकहŁमा पåरिÖथित अनुसार तथा िडजाइनको आवÔयकता अनुसार १५ 

ÿितशत सÌम थपघट गनª सÌबिÆधत सावªजिनक िनकायका ÿमखुले स³नेछ । 

ग) यस मापदÁड नेपाल सरकारका सङ्घीय मÆýालय, िवभाग र अÆतगªतका कायाªलयहłका लािग बाÅयकारी हòनेछ। ÿदेश सरकार 

तथा Öथानीय तहहłले आÉना सरकारी भवनहł िनमाªण वा ÖतरोÆनित गदाª यस मापदÁडलाई मागªदशªनका łपमा úहण गरी Öथानीय 

आवÔयकता अनुसार पåरमाजªन गरी लाग ूगनª स³नछेन्।  

घ) यस मापदÁडमा आवÔयकता अनुसार नेपाल सरकार मिÆýपåरषदक्ो िनणªयबाट संशोधन गनª स³नेछ  । 

४. िवīमान सरकारी भवनहłको ÖतरोÆनित र समायोजन: 

यस मापदÁड लागू हòनुअिघ िनमाªण भई स¼चालनमा रहेका सरकारी कायाªलय भवनहłलाई यस ैमापदÁड अनुłप łपाÆतरण तथा 

समायोजन गनª सÌबिÆधत िनकायले दहेायबमोिजमको ÿिøया अवलÌबन गनुªपन¥छ: 

क) कुनै पिन िवīमान भवनमा ÖतरोÆनित वा सधुारको कायª ÿारÌभ गनुªअिघ सÌबिÆधत िनकायल ेभवनको आवÔयकता तथा वतªमान 

अवÖथा सÌबिÆध ÿितवेदन तयार गåर कायाªलयको कायª िववरण अनुसार सेवा ÿवाहको ÿभावकारी Óयवथापन गनुªपदªछ। यसका 

लािग आवÔयकता अनुसार िनÌनअनुसारको सुधारको कायªहŁ गनुªपदªछ:  
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● उ¸च जनसÌपकª  हòन े(समहू क) का कायाªलयहŁमा एकल िबÆद ुसेवा केÆþ (One Stop Service Center) को 

अवधारणाबाट सेवा ÿवाह गनª ÿवÆध िमलाउन े। 

● कायाªलयमा सहज आवागमन र Öथान पिहचानक लािग ÖपĶ संकेत िचÆह रा´ने । 

● सरुि±त तथा भरपदō संचारका लािग आवÔयकता अनुसार उ¸च गितको फाइबर इÆटरनेट रा´ने तथा एकल िबÆद ुसेवा 

(One Stop Service Solution) का लािग सावाªजिनक उĬोषण (PA) ÿणाली र फाइल िनगरानी (Tracking 

System) को ÓयवÖथा गन¥।  

● कायाªलयको सेवा ÿवाहलाई पारदशê र सेवाúाही मैýी बनाउन नागåरक बडापý रा´न े। 

● कायाªलय पåरसरमा सेवाúाही तथा कमªचारीका लािग पŁुष, मिहला र फरक ±मता भएका Óयिĉहłका लािग छुĘाछुĘै 

तथा पणूª łपमा अपाङ्गतामैýी शौचालयको पयाªĮ ÓयवÖथा गन¥। 

●  कायाªलय पåरसरमा सेवाúाही तथा कमªचारीका लािग Öव¸छ िपउन ेपानीको ÓयवÖथा, उपयĉु भेिÆटलेसन तथा शĦु 

हावाको ÿवाह सिुनिĲतता, पयाªĮ फोहोरदानी (dustbin) को ÿबÆध, र आपतकालीन ÿयोगका लािग सहज पहòँचयोµय 

Öथानमा ÿाथिमक उपचार बाकस (first aid box) को ÓयवÖथा अिनवायª łपमा गन¥ । 

ख) हाल स¼चालनमा रहेका सरकारी कायाªलय ऐितहािसक, सांÖकृितक वा परुातािßवक महßवको भवनमा रहेको भएमा, ÂयÖता 

भवनको मौिलक वाÖतुकला र सरंचनामा ÿितकूल असर नपन¥ गरी परुातßव िवभागको समÆवयमा माý आÆतåरक िवÆयास, 

ममªतसÌभार तथा ÿिविध जडानका कायªहł गनª सिकनेछ। 

५. भाडामा िलइन ेभवन सÌबÆधी ÓयवÖथा: कायाªलय ÿयोजनका लािग भाडामा िलइन ेिनजी भवनहłको हकमा यो मापदÁडको 

शतÿितशत पालना गनª सÌभव नभए तापिन, Æयनूतम łपमा अपाङ्गतामैýी ÿवेशĬार, पयाªĮ उºयालो/हावाको ÿवाह र सरुि±त 

आपÂकालीन िनकास भएको भवनलाई माý भाडामा िलन ÿाथिमकता िदइनेछ । 

 

 

 

 

 



 

सरकारी कायाªलयहŁको भौितक पूवाªधार र Öतरीकृत िवÆयास– २०८३                                                                                                                                29 

 

 

अनुसूची १: कायªक±को वगêकरण र मापदÁड  
क) उपÿधानमÆýी/मÆýी/राºयमÆýीको कायªक±  

 

 
 
 

 

 

 

 

 

 

 

ø.सं. िववरण ±ेýफल (वगª िमटर) 
१. कायªक± ३३ 
२. बैठक क± ७८ 
३. Öवकìय सिचव क± (िनजी) ३० 

४. Öवकìय सिचव क± (ÿशासिनक) १४.५ 

५. सुिवधा क± १० 

६. शौचालय ३.५० 

 जÌमा ±ेýफल १६९ 

ø.सं. िववरण फिनªचर िववरण (िम.मी x िम.मी.) सं´या 

१. कायªक± काम गन¥ टेबुल-२०००x१००० १ 
  टी-टेबुल १ -४५०x९०० २ 
  टी-टेबुल २- ४५० Êयास  २  
  सोफा- २/३ जना बÖने  ३  
  सहायक टेबुल-४५०x४०० ४ 
  दराज-५२५x१२०० १ 
  कुसê १-६००x५४० १ 
  कुसê २-३९०x५०५ २ 
  सोफा – १ जना बÖने  २  
  फाइल दराज-१३००x३७५ १ 

२. बैठक क± बैठक टेबुल-७३००x२२५० १ 
  कुसê-५५०x५५० ४५ 
  कÌÈयुटर टेबुल-९००x५२५ १ 
  टेिलिभजन / Öøìन टेबुल-७५०x६०० १ 

३. पी.ए.(ÿती±ालय 
सिहत) (िनजी) 

काम गन¥ टेबुल-२८००x६०० १ 

  कुसê १ -५५०x५५० २  
  कुसê २-३९०x५०५ २ 
  सहायक टेबुल-४५०x४०० १  
  सोफा – २/३ जना बÖने  ३  
  दराज-५२५x१२०० २  
  टी-टेबुल १ -४५०x९०० १  

४. िप.ए.(ÿशासिनक) काम गन¥ टेबुल-२२००x७५० १ 
  कुसê-५५०x५५० १  
  दराज-४५०x९०० १  
  सोफा – २ जना बÖने  १  
  सोफा – १ जना बÖने  २  

५. सुिवधा क± सोफा – २/३ जना बÖने  २  
  सोफा – १ जना बÖने  १  

  टी-टेबुल-४५०x९०० १ 
  सहायक टेबुल-४५०x४०० २  

कायªक± 
(३३ वगª िमटर) 

बैठक क±  
(७८ वगª िमटर) 

सुिवधा क±  
(१० वगª िमटर) 

शौचालय  
(३.५ वगª िमटर) 

Öवकìय सिचव 
क± (ÿशासिनक) 
(१४.५ वगª िमटर) 

Öवकìय सिचव 
क± (िनजी)  

(३० वगª िमटर) 

िचý ११: उपÿधानमÆýी/मÆýी/राºयमÆýीको कायªक±को 
नमूना न³सा  
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ख) सिचव (िविशĶ ®ेणी) को कायªक± 

फिनªचर िववरण  

 
 

 

 

 

 

 

ø.सं. िववरण ±ेýफल (वगª िमटर) 

१. कायªक± ३० 

२. शौचालय ३.५ 

३. बैठक क± ३९ 

४. पी. ए.  क±(ÿती±ालय सिहत ) २० 

५. सुिवधा क± १० 

 जÌमा ±ेýफल १०२.५० 

ø.सं िववरण फिनªचर िववरण (िम. मी x िम.मी ) सं´या 

१. कायªक± काम गन¥ टेबुल-२०००x१००० १ 

  टी-टेबुल-४५०x९०० २ 

  सोफा – २/३  जना बÖने  ३   

  सोफा – १ जना बÖने  १   

  सहायक टेबुल-४५०x४०० १ 

  दराज-५२५x१२०० १ 

  कुसê १-६००x५४० १ 

  कुसê २-३९०x५०५ २  

  फाइल दराज-१४००x३७५ १ 

२. बैठक क± बैठक टेबुल-३४७५x१६२५ १ 

  कुसê-५५०x५५०          २३ 

  कÌÈयुटर टेबुल-९००x५२५ १ 

  टेिलिभजन/ Öøìन टेबुल-७५०x६०० १ 

३. पी.ए.((ÿती±ालय) 
सिहत 

काम गन¥ टेबुल-२५००x६०० १ 

  कुसê १-५५०x५५० २ 

  कुसê २-४००x५०० २ 

  सोफा -३ जना बÖने  २  

  सहायक टेबुल-४५०x४०० १  

  सहायक टेबुल २ -९००x४०० १   

  दराज-४५०x९०० १ 

  टी-टेबुल-४५०x९०० १  

४. सुिवधा क± सोफा – २/३ जना बÖने  २  

  सोफा – १ जना बÖने  १  

  टी-टेबुल-४५०x९०० २  

  सहायक टेबुल-४५०x४०० १ 

कायªक±  
(३० वगª िमटर) 

सुिवधा क±  
(१० वगª िमटर) 

शौचालय  
(३.५ वगª िमटर) 

बैठक क±  
(३९ वगª िमटर) 

पी. ए.  
क±(ÿती±ालय 

सिहत)  
(२० वगª िमटर) 

िचý १२: सिचव (िविशĶ ®ेणी) को कायªक±को नमूना 
न³सा  
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 ग) रा.प. ÿथम(सहसिचव) ®ेणीका िवभागीय ÿमुख/महािनद¥शक/आयोजना/कायाªलय ÿमुखको कायªक± 

    

 

फिनªचर िववरण 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ø.सं. िववरण ±ेýफल (वगª िमटर) 

१. कायªक± ३० 

२. शौचालय ३.५ 

३. बैठक क± ३० देिख ७० (आवÔयकता अनुसार) 

४. पी. ए.क± (ÿती±ालय सिहत) २० 

५. सुिवधा क± १० 

 जÌमा ±ेýफल ९३.५ - १३३.५  

   

ø.सं िववरण फिनªचर िववरण (िम. मी x िम.मी ) सं´या 

१. कायªक± काम गन¥ टेबुल-२०००x१००० १ 

 टी-टेबुल-४५०x९०० २ 

 सोफा – २/३ जना बÖने  ३  

 सोफा – १ जना बÖने  १  

 सहायक टेबुल १ -४५०x४०० १ 

 सहायक टेबुल २ -९००x४०० १ 

 दराज-५२५x१२०० १ 

 कुसê १-६००x५४० १  

 कुसê २-४००x५०० २  

 फाइल दराज-१९००x३७५ १ 

२. बैठक क± बैठक टेबुल-३०००x१५०० १ 

 कुसê-५५०x५५० १५ -
३५ 

 कÌÈयुटर टेबुल-९००x५२५ १ 

 टेिलिभजन/Öøìन टेबुल-
७५०x६०० 

१ 

३. ÿित±ालय  काम गन¥ टेबुल-२५००x६०० १ 

 कुसê १-५५०x५५० १  

 कुसê २-४००x५०० २ 

 सोफा -२/३ जना बÖने  २  

 सहायक टेबुल १ -४५०x४०० २  

 सहायक टेबुल २ -९००x४०० २  

 दराज-४५०x९०० १ 

४. सुिवधा क± सोफा -२/३ जना बÖने २  

 टी-टेबुल-४५०x९०० १ 

 सहायक टेबुल-४५०x४०० १ 

 दराज-५२५x१२०० १ 

बैठक क±  
(३०-७० वगª िमटर) 

सुिवधा क±  
(१० वगª िमटर) 

शौचालय  
(३.५ वगª िमटर) 

कायªक± 
 (३० वगª िमटर) 

पी. ए.क± 
(ÿती±ालय सिहत) 

(२० वगª िमटर) 

िचý १३: रा.प. ÿथम(सहसिचव) ®ेणीका िवभागीय 

ÿमुख/महािनद¥शक/आयोजना/कायाªलय ÿमुखको कायªक±को नमूना 

न³सा 



 

सरकारी कायाªलयहŁको भौितक पूवाªधार र Öतरीकृत िवÆयास– २०८३                                                                                                                                32 

 

 

घ) सहसिचव (रा.प. ÿथम ®ेणी) को कायªक±  

 

 

फिनªचर िववरण 

 

 
 

 

 
 

ø.सं िववरण ±ेýफल (वगª िमटर) 

१. कायªक± २६ 

२. शौचालय ३.५० 

३. बैठक क± १२ 

४. ÿती±ालय           २०  

 जÌमा ±ेýफल ६१.५  

ø.सं. िववरण फिनªचर िववरण (िम.मी x िम.मी ) सं´या 

१. कायªक± काम गन¥ टेबुल-२०००x५२५ १ 

  टी-टेबुल-४५०x९०० २ 

  सोफा- २/३ जना बÖने  ३  

  सहायक टेबुल १ -४५०x४०० १ 

  सहायक टेबुल २ -९०० x४०० १ 

  दराज-५२५x१२०० १ 

  कुसê १-६००x५४० १  

  कुसê २-३९०x५०५ २  

  फाइल दराज-१३००x३७५ १ 

२. बैठक क± बैठक टेबुल-९७५x१५७५ १ 

  कुसê-४००x५०० ६  

३. ÿित±ालय  काम गन¥ टेबुल-२५००x६०० १ 

  कुसê १-५५०x५५० १  

  कुसê २-४००x५०० २ 

  सोफा- २/३ जना बÖने २  

  सहायक टेबुल १ -४५०x४०० १  

  सहायक टेबुल २ -९००x४०० १  

  दराज-४५०x९०० १ 

बैठक क±  
(१२ वगª िमटर) 

शौचालय  
(३.५ वगª िमटर) 

कायªक±  
(२६ वगª िमटर) 

ÿती±ालय  
(२० वगª िमटर) 

िचý १४: सहसिचव (रा.प. ÿथम ®ेणी) को कायªक±को नमूना न³सा 
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 ङ) उपसिचव (रा.प. िĬतीय ®ेणी) वा अिधकृत (रा.प. तृतीय) ®ेणी को आयोजना ÿमुख/ कायाªलय ÿमुखको कायªक± 

 

 

 

 

 

फिनªचर िववरण 

 

 

 

 

 

 

 

 

 

 

 

 

 

ø.
सं 

िववरण ±ेýफल (वगª िमटर) 

१. कायªक± १७ 

२. शौचालय ३.५० 

३. बैठक क± २५ 

४. ÿती±ालय  १६ 

जÌमा ±ेýफल                  ६१.५ 

ø.सं
. 

िववरण फिनªचर िववरण (िम. मी x िम.मी ) सं´या 

१. कायªक± काम गन¥ टेबुल-२००० x १००० १ 

 कुसê १-६००x५४० १ 

 कुसê २-४५०x४५० २ 

 सोफा - २/३ जना बÖने  १-२  

 दराज-४५०x१२०० १ 

 टी-टेबुल-४५०x९०० १  

 सहायक टेबुल २–९००×४०० १ 

२.  बैठक क± बैठक टेबुल–३०००×१२०० १ 

 कुसê १–४५०×४५० १० 

३. ÿित±ालय  काम गन¥ टेबुल–१२००×७५० १ 

 कुसê १–५५०×५५० १ 

 कुसê २–४५०×४५० ५ 

 सहायक टेबुल–४५०×४०० १ 

बैठक क±  
(२५ वगª िमटर) 

ÿती±ालय  
(१६ वगª िमटर) 

कायªक±  
(१७ वगª िमटर) 

शौचालय  
(३.५ वगª िमटर) 

िचý १५: उपसिचव (रा.प. िĬतीय ®ेणी) वा अिधकृत (रा.प. ततृीय) ®ेणी 

को आयोजना ÿमुख/ कायाªलय ÿमुखको कायªक±को नमूना न³सा 
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च) उपसिचव (रा.प. िĬतीय ®ेणी)को कायªक± 
 

 

 

 

फिनªचर िववरण 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ø.सं. िववरण ±ेýफल (वगª िमटर) 

१. कायªक± ९.५ 

२. ÿती±ालय ७.५ 

 जÌमा ±ेýफल १७ 

ø.सं. िववरण िववरण (िम. मी x िम.मी ) सं´या 

१. कायªक± काम गन¥ टेबुल-१८००x९०० १ 

  कुसê १-६००x५४० १ 

  कुसê २-३९०x५०५ २ 

  कुसê ३-४००x५०० १ 

  दराज-४५०x९०० १ 

२. ÿती±ालय सोफा – २/३ जना बÖने  २  

  टी-टेबुल-४५०x९०० १ 

िचý १६: उपसिचव (रा.प. िĬतीय ®ेणी)को कायªक±को नमूना 

न³सा 

कायªक±  
(९.५ वगª िमटर) 

ÿती±ालय  
(७.५ वगª िमटर) 
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छ) अिधकृत (रा.प. ततृीय ®ेणी) को कायªक± 

          

    फिनªचर िववरण (१ जना कमªचारीको लागी) 

 

 फिनªचर िववरण (१ भÆदा बढी कमªचारी संयĉु Łपमा बÖनको लागी) 

 

 

 

 

साथ,ै एउटै कोठामा एक भÆदा बढी कमªचारी रहने हकमा आवÔयकता अनुसार १५% देिख ३०% सहकायाªÂमक Öथान 
(Collaborative Space) िदनुपन¥छ र कुल ±ेýफलको Æयनूतम ८ % भÁडारण (Storage) ÿयोजनका लािग ÓयवÖथा गनुª पन¥छ 
वा आवÔयकता अनुसार छुĘ ैÖटोरको ÓयवÖथा गनª सिकनेछ ।  
 

ø.सं. िववरण ±ेýफल (वगª 
िमटर) 

कैिफयत 

१. कायªक± ११ १ जना कमªचारीको लागी (कायाªलय ÿमुख भÆदा 
एक ®ेणी तलका कमªचारी वा शाखा ÿमुख को 
हकमा ) 

२. कायªक± ७ ÿित Óयिĉ  १ भÆदा बढी कमªचारी संयुĉ Łपमा बÖनको लागी 
(अÆय कमªचारीको हकमा ) 

ø.सं. िववरण िववरण (िम. मी x िम.मी ) सं´या 

१
. 

कायªक± काम गन¥ टेबुल-१५००x७५० १ 

  कुसê १-६००x५४० १ 

  कुसê २-४५०x४५० २ 

  सोफा- १/२/३ जना बÖने  १ 

  दराज-४५०x१२०० १ 

ø.सं. िववरण िववरण (िम. मी x िम.मी ) सं´या 

१. कायªक± काम गन¥ टेबुल-१५००x७५० १(ÿितÓयिĉ) 

  कुसê १-६००x४५० १ (ÿितÓयिĉ) 

  कुसê २-४५० x४५० २ (ÿितÓयिĉ) 

  दराज ४- ४५०x ९०० १ (ÿितÓयिĉ) 

कायªक±  
(११ वगª िमटर) 

कायªक±  
(७ वगª िमटर ÿित Óयिĉ) 

िचý १७: अिधकृत (रा.प. ततृीय ®ेणी) को एकल कायªक±को 

नमूना न³सा 

िचý १८ : अिधकृत (रा.प. ततृीय ®ेणी) को संयुĉ कायªक±को 

नमूना न³सा 
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ज) ना.स ुवा सो सरहका कायाªलय ÿमुखको कायªक± 

 

 

 

 

 

                    फिनªचर िववरण 

 

 

 

 

 

झ) अÆय कमªचारीहŁ- ना.स.ु र खåरदार (रा.प. अनङ्िकत) को कायªक± 

  

 
 

 

 

 

 

 

साथ,ै एउटै कोठामा एक भÆदा बढी कमªचारी रहने हकमा आवÔयकता अनुसार १५% देिख ३०% सहकायाªÂमक Öथान 
(Collaborative Space) िदनुपन¥छ र कुल ±ेýफलको Æयनूतम ८ % भÁडारण (Storage) ÿयोजनका लािग ÓयवÖथा गनुª पन¥छ 
वा आवÔयकता अनुसार छुĘ ैÖटोरको ÓयवÖथा गनª सिकनेछ ।  
 

ø.सं. िववरण ±ेýफल (वगª िमटर) 

१ कायªक± ११  

२ शौचालय ३.५  

ø.सं. िववरण िववरण (िम. मी x िम.मी )  सं´या 

१. कायªक± काम गन¥ टेबुल-१५००x७५० १ 

  कुसê १-६००x५४० १ 

  कुसê २-४५०x४५० २ 

  सोफा -१/२/३ जना बÖने  १ 

  दराज-४५०x१२०० १ 

ø.सं. िववरण ±ेýफल (वगª िमटर) कैिफयत 

१ कायªक± ४.५ ÿित Óयिĉ  एउटै कोठामा एक भÆदा बढी 
कमªचारी रहने हकमा 

ø.सं. िववरण फिनªचर िववरण (िम. मी x िम.मी ) सं´या 

१. कायªक± काम गन¥ टेबुल-१२००x७५० १ (ÿितÓयिĉ) 

  कुसê १-६००x४५० १ (ÿितÓयिĉ) 

  कुसê २ -४५०x४५० २ (ÿितÓयिĉ) 

  दराज ४- ४५०x ९०० ०.२५-१ 
(ÿितÓयिĉ) 

कायªक±  
(११ वगª िमटर) 

शौचालय 
 (३.५ वगª िमटर) 

िचý १९ : ना.सु वा सो सरहका कायाªलय 

ÿमुखको कायªक±को नमूना न³सा 

िचý २० : अÆय कमªचारीहŁ-ना.सु. र खåरदार (रा.प. अनङ्िकत) 

को कायªक±को नमूना न³सा 

कायªक± 
 (४.५ वगª िमटर ÿित Óयिĉ) 
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ञ) कायाªलय सहयोगी/चालकको कायªक± 

ø.सं. िववरण ±ेýफल(वगª िमटर) कैिफयत 

१. कायªक± २(ÿित कमªचारी) १ भÆदा बढी कमªचारी संयुĉ Łपमा बÖनको लागी 

 

ø.सं. िववरण फिनªचर िववरण (िम. मी x िम.मी ) सं´या 

१. कायªक± टेबुल आवÔयकता अनुसार  

  कुसê -४५०x४५० आवÔयकता अनुसार  

 

 

þĶÓय:  

१. यस अनुसचूीमा उिÐलिखत ±ेýफल भÆनाल ेÿयोगयोµय खदु ±ेýफल अथाªत ्काप¥ट एåरया (Carpet Area) लाई जनाउनेछ। 

पखाªल, िपलर वा Èयासेजल ेओगट्ने ±ेýफल यसमा समावेश हòने छैन।  

२. कायªÿकृितका आधारमा िनरÆतर िफÐडमा खिटने वा सधै ँकायाªलयमा बÖनुनपन¥ कमªचारीहłका लािग छुĘाछुĘ ैटेबुलको सĘा 

एउटै टेबुल आवÔयकता अनुसार पालैपालो ÿयोग गनª िमÐन ेसाझा डेÖक (Shared/Flexible-desk) को अवधारणा लाग ूगरी 

कायाªलयको Öथान अनुकूलन गनुª पन¥छ।  
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अनुसूची २: हåरत भवन मापदÁड (Green Building Guidelines) 
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INTRODUCTION1
1.1 Title
This document shall be known as the “Green 
Building Guidelines of Nepal” (GBGN). It serves 
as a foundational document for the development 
of National Green Building Code. The guideline 
establishes a set of regulations that define minimum 
standards for compliance but is not intended to rate 
the implementation of green practices in buildings.

1.2 Objectives 
The “GBGN” aims to protect Nepalese communities 
from the impacts of climate change, reduce 
greenhouse gas (GHG) emissions, and safeguard 
public health and the environment. To achieve these 
objectives, the guidelines set standards for both 
residential and public buildings, addressing aspects 
such as site selection, planning, design, material 
quality, construction practices, indoor comfort, and 
operation and maintenance.

The guidelines promote sustainable building 
practices that include water conservation, energy 
evciency, renewable energy generation, improving 
indoor environmental quality, and reducing waste. 
Furthermore, they emphasize enhancing occupant 
productivity, encouraging evcient resource use and 
material reuse, and improving environmental and 
climate impacts of construction. Ultimately, these 
eworts aim to lower greenhouse gas emissions.

1.3 Scopes
The following are the scopes of the guidelines.

n The Green Building Guidelines (GBGN) provide 
information, recommendations, and guidance 
for integrating green and sustainable principles 
and practices not only during the planning 
and design stages of new buildings but also 
throughout the entire lifecycle of the building.

n The GBGN is intended to serve as a foundational 
document, paving the way for the development 
of the National Green Building Code. It owers 
detailed guidance and recommendations for the 
planning, design, construction, operation and 
maintenance (O&M), and renovation of green 
buildings.

n These guidelines should be used in conjunction 
with other acts, codes, regulations, and standards 
related to the built environment in Nepal, as well 
as with relevant environmental considerations.

n The primary audience for these guidelines 
includes architects, engineers, developers, 
builders, and other professionals in design teams 
who are contracted to design and construct 
buildings. Due to the straightforward structure of 
the chapters, these guidelines will also serve as 
an easy reference for building owners, operators, 
project managers, local authorities, building 
occupants, and the general public in Nepal.

n Additionally, the GBGN will act as a source 
of information for the development of the 
National Green Building Codes when they are 
implemented.

1.4 Terminologies 
The words, terms, and phrases  used in this Guideline 
shall have the meaning or definition as indicated in 
the preceding Glossary.

1.5 Green Building: Concept
The concept of green buildings is not new to this 
region; it has been practiced from time immemorial. 
The evolution of housing began with the use of 
natural materials such as stone, wood, and caves, 
which provided shelter against harsh environmental 
elements like sun, rain, and wind. According to 
Vedic philosophy, the methods were developed to 
maximize the use of pañcamahābhūta or the five 
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basic elements of nature: Jal (water), Agni (fire), 
prthvī (earth), vāyu (air), and ākāśa (space).

Figure 1: Pañcamahābhūta (Five elements)

Our ancient builders aimed to harmonize these five 
elements in their building design and construction, 
leveraging their benefits while minimizing negative 
impacts. As our ancestors revered these elements 
and developed methods to utilize them ewectively, 
the underlying principle of green building similarly 
emphasizes the optimal utilization and conservation 
of natural resources.

n Green buildings, often referred to as sustainable 
buildings, are designed to minimize the emission 
of greenhouse gases, consume less energy, use 
less water, produce less waste, and provide 
healthier environments for occupants compared 
to conventional buildings. The application of the 
green building concept extends to the planning, 
design, construction, operation, and eventual 
decommissioning of a building with minimal 
resource use. The primary objective is to reduce 
the negative environmental impacts of buildings 
through lifecycle planning, evcient resource 
utilization, and minimizing waste and pollution. 
The main objectives of the green building are to: 
Achieve human comfort and well-being.

n Maximize the use of natural energy sources such 
as sun, wind, biomass, and geothermal energy.

n Minimize environmental impacts.

n Minimize waste generation. 

n Optimize energy consumption.

n Optimize resource utilization. 

n Conserve water.

Based on the above-mentioned green building 
concept, UN-Habitat introduced Green Buildings 
in Nepal with the following five components for 
promoting sustainable housing in the cities of Nepal 
in 2013.

1. Green Construction Materials

2. Passive Solar Design

3. Energy Evciency

4. Water Conservation

5. Waste Management

1.6 Applicability of This Guideline
This document provides guidance for developing 
green building designs and developments in both 
urban and rural areas of Nepal in following ways:

n Guides developers, building designers, 
architects, landscape architects, builders and 
other professionals while designing green and 
sustainable private and public buildings.

n Assists planning professionals in local 
governments with strategic planning and in the 
preparation of local controls, design guidelines 
and the assessment of development proposals.

n Informs the community about the principles 
of green and sustainable design and planning 
practices for the development of residential 
places.

1.7 Relevant Codes, Regulations, and 
Legislation of Nepal
The list of the relevant codes, regulations and 
legislations of Nepal related to the Guidelines is 
presented in the Annex.
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Climate and the Site Study2
Buildings should be designed with a primary 
emphasis on the local climate to enhance occupant 
comfort, promote well-being, and reduce resource 
consumption. Thoughtful design has the potential 
to decrease greenhouse gas emissions, thereby 
contributing significantly to climate change 
mitigation eworts. By accounting for microclimates, 
which are influenced by factors such as topography 
and vegetation, designers can ewectively leverage 
natural energy sources, such as sunlight, for 
heating, lighting, and ventilation. Integrating 
climate-responsive passive design strategies, 
such as orientation and natural ventilation, with 
sustainable design practices can greatly enhance 
energy evciency. This approach can lead to 
energy savings of over 70%, while also supporting 
environmental sustainability and the health of 
occupants (Brainbridge & Haggard, 2011)

2.1 Climatic Zones in Nepal
Nepal’s diverse topography, ranging from 65 meters 
to 8,848 meters above sea level, results in a variety 
of climatic zones. These zones are influenced by 
factors like altitude, topography, latitude, local 

winds, and vegetation. According to the Köppen-
Geiger Climate classification, Nepal falls into four 
climate zones, while the Central Bureau of Statistics 
(CBS, 2019) categorizes the country into five zones: 
Tropical, Subtropical, Cool to warm temperate, 
Alpine & Subalpine, and Tundra & Arctic. For 
these guidelines, adjustments have been made to 
the classification of CBS. The term ‘tropical’ has 
been omitted as Nepal has no such climate with 
characteristics of ‘Tropical’ as defined by Köppen 
and other systems. Temperate climate has been split 
into cool temperate and warm temperate. Tundra 
and arctic climate have also been omitted from the 
consideration as there is no human settlement in the 
reason.

Nepal experiences two main seasons: winter 
(October to March) and summer (April to September), 
with the summer season further divided into a 
hot, dry period (April to mid-June) and a warm, 
rainy monsoon period (mid-June to September). 
Understanding these climatic variations is essential 
for designers to address potential climate-related 
challenges ewectively.

Table 1: Climatic zones in Nepal as per CBS (2019)

Climate ZonesElevation (m)Region
Average Annual 

Precipitation (mm)
Average Annual 
Temperature (°C)

High Himal Above 5000 Tundra & Arctic climate
3-10150-200

High Mountain 3000-5000 Alpine & Subalpine

Middle 
Mountain 

1000-3000 Cool to warm temperate
10-20275-2300

Siwalik 500-1000 Sub-tropical
20-251100-3000

Terai & Siwalik Below 500 Tropical
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Table 2 Climate Zones of Nepal adopted for the GBGN

AlpineCool temperateWarm TemperateSub-tropicalClimatic zone

Physiographic 
Region (ICIMOD)

MiddleHillsTerai & Siwalik
Mountain 

High Mountain 

Global 
coordinates 
(Long. Lat.) 

28° 48' N,

80° 33' E

27° 42’ N,

85° 22’ E

28° 48’ N,

 85° 18’ E

28° 45’ N,

83° 42’ E

3000-5000 m1000-3000 m500-1000 m0-500 mAltitude

Mean 
temperature

Winter: 15°C. 
Summer: >30°C

Winter: 10°C

Summer: 24 to 30°C

Winter: <5 °C

Summer: 20 °C

Winter: <0°C. 
Summer: 10 to 15 °C

ETDwcCwbCwaKoeppen's class

Winter and dryPrecipitation
summer:4to 
72mm

Monsoon – up 
to 550mm/
month

Annual avg.: 100 
to 200 mm

Winter and dry 
summer - 9-106 mm

Monsoon – up to 
365mm in average.

Annual average.: 
100 to 200 mm

Annual rainfall: 
2,000 mm

Annual avg.: 
150 mm

Annual average.: 25 
to 50 mm in Snow

Figure 2: Map of Nepal with climatic regions

Source: Paudel, et al., 2021

Sub-tropical 

Warm Temperate

Cool Temperate

Alpine

Tundra

Legend
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A. Sub-tropical climate

 Most of the Terai and Siwalik hills of Nepal with 
altitudes up to 1200m have a sub-tropical climate 
dominated by the monsoon (Koeppen: Cwa). 
This zone is divided into tropical and sub-tropical 
climates by CBS. It has hot dry, warm humid and 
cool dry seasons. During winter months, the 
mean temperature is about 15 °C. Summers have 
relatively hot days exceeding temperature well 
above 30 °C. During winter and the dry summer 
season, the monthly average precipitation is 
between 4 mm and 72 mm. When monsoon 
starts in June, the rainfall increases up to 550 
mm per month.

B. Warm temperate climate

 Most of the Hilly Region (Koeppen: Cwb) at 
altitudes of 1200-2100m has a warm temperate 
climate. It experiences a composite climate 
which changes from hot season to cold season 
with concentrated rainfall.  During summer, 
outdoor conditions are comfortable with average 
temperatures between 20 and 24°C. In winter 
the mean temperature drops  to around 10°C. 
In January, nighttime temperature can reach 
as low as 2°C. The dry season records monthly 
precipitation between 9 to 106 mm while during 
the rainy season, 365 mm is expected on 
average. 

C. Cool Temperate Climate

 The middle mountain region of Nepal at an 
elevation of 2,000 to 2500 m has a cool 
temperate climate (Koeppen: Dwc). In this zone, 
summers are significantly cooler than in hills 
while average winter temperatures are only 
slightly lower. However, Dhunche is considerably 
more humid with an annual rainfall of almost 
2,000 mm. The lowest precipitation occurs in 
November and December. Most the highest 
rainfall is recorded in July and August.

D. Alpine climate

 The mountain region in the northern part of Nepal 
at an altitude of 2500 – 5000m has a dry and 
cold alpine climate (Koeppen: Dwc). Unlike other 
zones, this has a very low annual precipitation.  
During winter, temperature drops below -10°C. 
In the summer season, the mean maximum 
temperature rises up to 21 °C. The region has 
short summer months from May to July. Monthly 

monsoon precipitation is only about one-tenth 
(44-67 mm) compared to the sub-tropical Terai.

 Within these climatic zones, a microclimate 
can vary significantly due to influences like 
topography, altitude, water bodies, local wind 
patterns, ground surface conditions, urbanization, 
and the surrounding environment (natural or built). 
These elements are essential to consider while 
selecting a construction site as well as  in the 
design and planning of buildings, as they  impact 
comfort, energy evciency, and sustainability.

2.2 Climate Parameters
The climatic parameters that directly impact 
buildings, built environment and human comfort are 
particularly important for the designers. The main 
climatic parameters influencing the design, planning 
and performance of a building are:
n Solar radiation;
n Air temperature;
n Humidity;
n Air Movement;
n Precipitation;

2.2.1 Solar Radiation:

Solar radiation is the primary driver of climate as 
it influences temperature and consequently other 
parameters. Passive solar design is one of the 
tenets within the climate-responsive design that 
refers to the evcient use of solar energy to achieve 
comfort in a building. Designers must be aware 
to use maximum solar energy in cold climate or 
during the winter season and protect solar radiation 
in warm climates or during the summer season. 
Designers should know about the geometry of solar 
movements in terms of solar angles and solar paths. 

Earth tilts at an angle of 23.5 degrees on its axis. 
It orbits the Sun in 365 days and completes one 
full rotation on its axis in 24 hours. Due to this axial 
tilt, rotation and revolution, the angle of sunlight 
changes continuously which leads to solstice and 
equinox conditions. This is the main reason for 
diwerent seasons like summer, autumn, winter and 
spring on the Earth (Figure 3).

According to solar geometry, the summer solstice is 
the longest day and shortest night on the 21st of June 
in the Northern Hemisphere. In Kathmandu, Pokhara, 
and Dharan (28°N), daylight lasts approximately 14 
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hours while nighttime lasts about 10 hours. The Sun 
rises around  5 a.m. and sets around 7 p.m. The 
Sun’s rays strike perpendicular to the line of Cancer 
(23.5°N) causing a high solar altitude angle in the 
Northern Hemisphere. It is nearly 84o solar altitude 
angle at 12 noon in Kathmandu, Dharan and Pokhara. 
Winter solstice i.e. 21st of December is the shortest 
day and longest night with nearly 10 hours of day 

and 14 hours of night time in Kathmandu Valley. Sun 
rises nearly 7 a.m. in the morning and sets nearly 
5 p.m. in the evening. Sun rays strikeperpendicular 
to the line of Capricorn (23.5°S) causing the lowest 
solar altitude angle in the Northern Hemisphere 
which is approximately 34° at noon in Kathmandu, 
Dharan and Pokhara.

Figure 4a: Solar radiation in solstice 
conditions on 21st June and 21st December

Figure 4b: Incidence of solar radiation in a building in different seasons

Figure 3: Positions of Solstice and Equinox along 

with seasonal variations
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Figure 4c: Diagram of light plane for calculation of 
building height (H) in front of road.

Figure 4d: Sun path diagram

Equation for the relation is Tan 63.5° =   

(Source: Bye-laws of Kathmandu, 2007)

Equinox Conditions occur on 21 March and 23 
September when the day and night durations are 
both 12 hours. In this condition, the Sun rises from 
an absolute East (90° from North) direction and sets 
absolute West. So, the sun rises at 6 a.m. and the 
sun sets at 6 p.m. Sun rays strike perpendicular to 
the Equator. During these conditions, it is nearly 
63.5° solar altitude angle at noon in Kathmandu, 
Dharan and Pokhara. Kathmandu Valley bye-laws 
have stated 63.5o as the light plane angle which is 
used for calculating the maximum allowable height 
of the building. The bylaws of a maximum building 
height of 45 feet in mixed old residential sub-zone 
(core city) areas of Kathmandu are also derived from 
this rationale. The use of the light plane to calculate 
building height (H) is illustrated in Figure 4.c.

Solar charts or Sun-path diagrams are used to 
determine how the sun awects the design context. For 
instance, once the sun’s position (that corresponds 
to a point on the chart) at a given monthly average 
day and hour has been found, it is possible to draw 
an imaginary line, ideally representing the sun’s 
rays, from this point to the building (Figure 4.d.). See 
Appendix 1 and 2 for details on the usage of this 
chart.

2.2.2 Air Temperature

Air temperature is awected by a variety of factors: 
geographical and topographical context as well 
as solar radiation and wind. Other factors such 
as altitude, surface texture, and urbanization 

contribute to local temperature variations. Typically, 
temperature exhibits cyclical patterns, reaching its 
lowest point just before dawn and peaking in the 
early afternoon.

i. ir Temperature Data: Commonly used values 
include monthly average daily temperatures and 
monthly mean maximum-minimum diwerences. 
This data is gathered at ground level, where the 
wind speeds are typically low.

ii. Topographical Factors: Altitude awects air 
temperature, generally decreasing by about 
0.5°C per 100 meters. Cold air pools in valleys 
and depressions, especially at night, can lead to 
smog in urban areas in such lowlands.

iii. Ground Surface Factors: Soil properties like color, 
texture, and vegetation influence temperature. 
Bare soil heats quickly, while vegetated areas 
moderate temperature and increase humidity.

iv. Site Surroundings: Urban areas absorb more solar 
radiation due to their structure and materials, 
creating urban heat islands with temperatures 
higher than rural surroundings. This ewect 
intensifies with city size and density.

Additionally, terrain slope impacts microclimate. 
Higher terrain points are windier and suitable for 
warm climates, while the southern and eastern 
slopes are sunnier, and western and northern areas 
are cooler.
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Figure 5: Daily temperature record of Kathmandu illustrating the cyclical variation

Legend Dry bulb temperature Range Average Dry bulb temperature

generated by CBE Clima tool; Available on: https://clima.cbe.berkeley.edu/)

2.2.3 Relative Humidity

Relative humidity and temperature exhibit an inverse 
trend during a clear day: when the temperature 
reaches its peak, humidity hits its lowest point, and 
vice versa. This is because the amount of water 
vapor in the air (grams of water per kilogram of dry 
air) is almost constant (Figure 6). Relative humidity is 
subject to cyclical fluctuations; it generally increases 
during the night and during the cold season, when 
air temperature is at its lowest.

At the local level, relative humidity is awected by 
various factors, such as vegetation, proximity to 
water bodies and solar exposure. The presence of 
vegetation, in particular, due to evapotranspiration, 
generally increases the relative humidity, so that 
values recorded in urban areas are typically lower 
than 5 - 10% compared to those recorded in rural 
areas. Humidity generally rises near forests, seas, 
lakes and rivers, due to evaporation.

Figure 6: Absolute Humidity and Temperature Plot for Kathmandu (RH = 50%)

absolute Humidiy

temperatureTime (hrs)

V
alues

2.2.4 Wind

Wind is the movement of air masses caused by 
diwerences in atmospheric pressure related to land, 
water and air temperature gradients. The first case 
refers to regional winds, while the second pertains to 
local winds. The key parameters which characterize 
wind are speed, direction and frequency which are 
represented by a wind rose diagram (See Figure 7).

A schematic representation of the three parameters 
is given by the wind rose. Presented in a circular 
format, the wind rose shows the frequency of winds 
blowing from particular directions. The length of 
each “spoke” around the circle corresponds to 
the frequency with which the wind blows from a 
particular direction over a given period (month, 
season, year) (Figure 7).

The ewect of topography on regional winds is 
remarkable and can be quantitatively assessed. 
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Figure 7: Wind rose

On flat ground, without obstructions, wind speed 
is influenced by two main parameters: surface 
roughness of the ground and height. Figure 8 
illustrates some examples of wind speed profiles 
showing that, at the same height,  wind velocity is 
greater in open countryside compared to areas with 
high building density. Wind is measured by weather 
stations, situated in a given topographical context.

2.2.5 Precipitation

Precipitation is a collective term used for rain, snow, 
hail, dew and frost, that is, for all forms of water 
deposited (‘precipitated’) from the atmosphere. 
It is measured using rain gauges, i.e. calibrated 
receptacles, and expressed in millimetres per time 
unit (mm/month, mm/day). Annual precipitation 
refers to the total rainfall and the estimated 
water equivalent of snowfall for a given year. The 
maximum recorded rainfall over 24 hours serves as 
a key indicator for flood prediction. For the surface 
drainage design(roofs, paved areas, gutters and 
downpipes) the maximum hourly rainfall intensity 
(mm/h) should be considered. This factor also helps 
determine whether  rain protection measures are 
required in the design.

Nepal has a monsoon climate, dominated by an 
extended wet season starting in June with the 
arrival of the South-west Summer Monsoon. Rainfall 
- varies greatly across the country with the general 
trend of wetter conditions in the east (Taplejung, 
1768 m altitude, receives an annual average rainfall 
of 2024mm) and drier in the west (Baitadi, 1635 m, 
receives 1037 mm). The average rainfall in Nepal is 

about 1600 mm, with about 80% falling between June 
and September (above 5500 m this falls as snow). 
The southern slopes of the Himalaya receive the 
highest rainfall (3477 mm in Pokhara, 850 m; 5550 
mm in Lumle, 1642 m), whilst the trans-Himalaya 
lands north of the main Himalayan range (Mustang, 
Dolpa, Manang and Jumla) are in rain shadow with a 
desert-like barren tundra, barely getting 250 mm of 
annual rainfall (Jomsom, 2650m, receives 255-295 
mm).

2.3 Human well-being and comfort
Human well-being and comfort, a state of physical 
ease or relaxation and freedom from distress is one 
of the important considerations in building design. 
Factors awecting comfort in buildings include 
personal factors, health and wellbeing, thermal 
comfort, indoor air quality, visual comfort, noise 
nuisance and ergonomics. With the relevance of 
Green Building Guidelines, thermal comfort is largely 
related to the climatic design hence it is dealt with in 
this section in detail. The rest of the factors belong 
to general comfort and hence will be dealt with in 
detail in chapter 11. (Gut & Ackerknecht, 1993, p. 27)

2.3.1 Thermal comfort

Thermal comfort plays a significant role in occupants’ 
health and productivity, influenced by the body’s 
thermal balance and its adaptations to temperature. 
A key goal in green building design is to maintain 
comfortable indoor temperatures while minimizing 
energy consumption. However, thermal comfort 
remains subjective, as preferences for warmth or 
coolness vary among individuals. Architects and 

Figure 8: Effect of height of structures to the 
Wind speed 
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designers generally aim to meet the thermal comfort 
needs of at least 80% of occupants to achieve an 
optimal balance.

2.3.1.1 Factors Affecting Thermal Comfort

Thermal comfort is the subjective experience of 
satisfaction with the thermal environment, influenced 
by body sensations. The human body must maintain 
a narrow temperature range for proper functioning. 
As illustrated by Zhang et al. (2021, cited in Li et al., 
2022), skin temperature significantly awects thermal 
comfort. In extreme cold (<30°C), people feel intense 
discomfort. When skin temperature nears 30°C, a 
cool and uncomfortable sensation arises. Thermal 
comfort is typically achieved between 32°C and 
34°C. As skin temperature rises above 34°C, warmth 
and sweating occur, while temperatures >37°C can 
lead to extreme discomfort and potential health 
risks.

The body constantly seeks thermal equilibrium with 
its environment, regulating heat through radiation, 
convection, and evaporation, with minimal heat loss 
through conduction. Thermal comfort is influenced 
by two key factors:

1. Environmental factors

a. Dry Bulb temperature (DBT) or Air temperature 
- It impacts whether heat loss can occur through 
evaporation and convection.

b. Relative humidity (RH): Together, RH and DBT 
of the air around us impact heat loss through 
evaporation. When RH is high (indicating high 
moisture in the air),  evaporation reduces leading 
to more sweating. Conversely, when RH is low 
(indicating low moisture in the air), evaporation 
increases.

c. Mean radiant Temperature (MRT) - MRT is 
an important factor in thermal comfort as it 
influences the amount of heat radiated from 
the surrounding surfaces to the body, and vice 
versa. A low MRT can make individuals feel cold 
even in warm air temperatures, while a high MRT 
can cause discomfort due to excessive warmth.

d. Air speed / Air movement - Elevated air speed 
can influence thermal comfort in a couple of 
ways. When air moves faster across the skin, 
it enhances heat transfer from the body to the 
environment through convection. This increased 
heat loss can create a cooling ewect and make 
individuals feel cooler than they would in the still 
air. However, if the air speed is too high, it can 
cause discomfort and make individuals feel cold, 
especially if the air temperature is already low.

2. Personal factors

a. Clothing (Clo) Value - The Clo value of clothing 
is important in determining how much heat is 
lost from the body to the environment, and it 
can be used to help determine the appropriate 

Figure 9: the relationship between human skin temperature and thermal comfort 
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temperature and humidity levels in a space 
to achieve optimal thermal comfort. In a cold 
environment, higher Clo values may help retain 
body heat and increase comfort. However, in a 
hot environment, a high Clo value can hinder 
heat dissipation from the body and lead to 
discomfort.

b. Metabolic rate - Higher metabolic rates, such as 
those experienced during physical activity, can 
increase heat production and cause individuals 
to feel warmer and less comfortable. Lower 
metabolic rates, such as those experienced 
during sedentary activities, may require less 
heat dissipation, and allow individuals to feel 
cooler and more comfortable.

Over time, various thermal comfort models and 
indices have been developed to predict and assess 
comfort. Recent standards, such as ANSI/ASHRAE 
Standard 55 (2020), incorporate models like the 
Heat Balance Model (including Predicted Mean Vote, 
PMV, and Predicted Percentage Dissatisfied, PPD) 
and the Adaptive Thermal Comfort Model, which are 
widely used today. In section 2.6: Climate Analysis 
provides an overview of tools useful for analyzing 
climate to support ewective thermal comfort design.

2.4 Principles Of Climatic Design
The principles of climatic design, or climate-
responsive/passive design, focus on adapting 
buildings and spaces to local climate conditions 
to maximize comfort, energy evciency, and 
sustainability. These principles rely primarily on 
passive strategies to meet comfort requirements, 
minimizing or even eliminating the need for 
artificial energy-consuming systems. When passive 
measures alone are insuvcient, active systems 
can be used as supplementary solutions that fills 
any remaining gaps. This approach can lead to 
significant reductions in operational costs. The key 
principles include: 

2.4.1 Understanding Local Climate

Understanding the local climate includingtemperature 
ranges, humidity levels, wind patterns, solar angles, 
and seasonal variations allows designers to identify 
climate-related challenges and develop ewective 
strategies to address them. Designers should 
consider the following steps:

n Location of the site and climate data – 
Determine the site’s location within specific 
physiological and bioclimatic zones to gain 
insights into general climatic characteristics and 
parameter values. For accurate climate analysis, 
gather representative climate data covering at 
least the last 10-15 years from relevant data banks 
or agencies (see 2.2.5 and Box 1 for guidance)

n Climate Analysis: Analyze and visualize the 
collected climate data to pinpoint design 
challenges and opportunities. This analysis 
informs strategies for energy evciency, thermal 
comfort, and passive design. Analysis tools such 
as the bioclimatic chart, Givoni’s Psychrometric 
Chart, PMV / PPD and Adaptive model can be 
used for this purpose. Provisions of ASHRAE 55 
are based on the PMV (Predicted Mean vote)/
PPD (Predicted Percentage of Dissatisfied) and 
Adaptive comfort model.

2.4.2 Defining design objectives

Based on the physiological needs, subjective 
perception of comfort and functional need, design 
objectives regarding thermal comfort, visual 
comfort, sound comfort, energy evciency, water 
evciency, safety and indoor environmental quality 
are defined. Tools such as Olgyay’s bioclimatic 
chart, Givoni’s psychrometric chart, and Mahoney 
table are commonly used for identifying climatic 
design strategies. (see 2.6 Climate Analysis)

2.4.3 Developing active and passive design 
strategies

To meet the design objectives of responding to the 
local climatic conditions, diwerent active and passive 
design strategies are formulated. The objective 
would be maximizing the passive means to achieve 
the design objectives to reduce the reliance on 
mechanical means. Only the deficits will be fulfilled 
by the active means. Above mentioned tools can be 
used to identify the appropriate strategies for the 
specific climate. 

2.5 Sources for Climate Data
Designers should acquire climatic data from 
authorized agencies such as the Department of 
Hydrology and Meteorology, the Central Bureau of 
Statistics, Airports and weather stations (Open Data 
Nepal, 2024). These data can be downloaded or 
purchased from the concerned agency. Besides, 
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climatic data of many locations in Nepal are freely 
available in online data banks. (see Box 1). If the data 
is not available for that specific location, data from 
the nearby location can be used if that is similar in 
characters complying with the following criteria.
- The geographical distance between the two 

locations should be ≤ 50 km.  

- The diwerence in the altitude between the two 
locations should be ≤ 100 m.

The .epw file is commonly used to perform climate 
analysis. The list of locations for which .epw files 
are available as per climate zone of Nepal is given 
in Table 2. If weather files for the location are not 
available, one may consider whether data files 
from various available web sources use statistical 
methods to generate the .epw file for the location.

of Givoni’s Psychrometric chart is available in 
Andrewmarsh.com (see Figure 16) and Climate 
consultant (see Figure 13).

Three other zones corresponding to diwerent 
strategies e.g. air-conditioning, humidification and 
artificial heating are not passive design strategies. 
So they are not discussed here. Climatic data 
(outdoor temperature and relative humidity) can be 
plotted directly onto the chart, and we can check 
which of the six zones of the chart those conditions 
fall into. The zones are defined in the Annex -.

Table 3: The places of Nepal with EnergyPlus Weather File (EPW) Format

AlpineCool TemperateWarm TemperateTropical

JumlaTaplejungPokharaNepalgunj

AmargadhiKathmanduSiddharthanagar

OkhaldhungaDipayalDhangadhi

DhankutaBiratnagar

DangSimara

Birendranagar

2.6.1 Olgyay’s bioclimatic chart

Bioclimatic chart (Figure 10) is a simple tool for 
analyzing the climate of a particular place. It 
indicates the zones of human comfort based on dry 
bulb temperature, relative humidity and wind speed. 
On the chart, dry bulb temperature is used as the 
ordinate and relative humidity as the abscissa. Based 
on the dry bulb temperature and humidity of a place, 
one can locate a point on the chart. If it lies within 
the comfort zone,  the conditions are comfortable. 
If a point falls outside this zone, adjustments are 
needed to ensure comfort.

2.6.2 Givoni’s psychrometric chart

Six zones for passive design strategies are identified 
on Givoni’s chart (Figure 11). The interactive tool 

Box 1: Climate data files

The data files available in STAT, EPW, DDY formats. Climatic variables are mainly temperatures, humidity, 
solar radiation, wind speed and direction, solar path parameters, precipitation. These weather files of the 
locations in Nepal as mentioned in Table 3 can be downloaded from the following website:

n Energy Plus Weather Data: https://energyplus.net/weather/simulation
n Climate One building: https://climate.onebuilding.org/default.html
n CBE Clima tool: https://clima.cbe.berkeley.edu/
n Ladybug: https://www.ladybug.tools/epwmap/

2.6 Climate Analysis
Available climate data need to be analyzed to get 
the findings which represent the climatic situations 
that need to be addressed. This provides the gap for 
meeting the requirements of comfort level in terms 
of thermal, visual and sound. This also quantifies 
the design measures to meet the requirements 
of energy evciency, water evciency, safety and 
indoor environmental quality. Climate analysis 
tools are available online which are listed in Box 2. 
The following three tools are commonly used for 
identifying climatic design strategies to achieve the 
above-mentioned objectives:
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Figure 10: Olgyay’s Bioclimatic Chart

Figure 11: Givoni’s Psychrometric Chart with suggested design strategies

Legends
1. Comfort zone;
2. Natural ventilation zone;
3. Evaporative cooling zone;
4. High Thermal mass;
5. High Thermal mass and night 

ventilation;
6. Passive heating.
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Figure 12: Givoni’s bioclimatic chart for four climate zones of Nepal
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Source: Bodach, et al., 2014
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Figure 13: Givoni’s Psychrometric Chart for Kathmandu from Climate Consultant.60

Source: https://www.sbse.org/resources/climate-consultant

Figure 14: Interactive Psychrometric Chart from Andrewmarsh.com

Box 2: Climate Analysis tools

There are various free online climate analysis tools available which help to analyze and visualize the 
climate. Some of the widely used tools are:

n Climate consultant: A simple-to-use, graphic-based computer program that helps designers to understand 
their local climate. https://www.sbse.org/resources/climate-consultant

n CBE Clima: A web-based application built to support climate analysis specifically designed to support the 
need of architects and engineers.

n Rhino + Ladybug: Ladybug Tools is a collection of free computer applications that support environmental 
design analysis. While the Ladybug plugin is free, Rhino is not a free software.

n CBE Thermal Comfort Tool: https://comfort.cbe.berkeley.edu/

Source: https://drajmarsh.bitbucket.io/psychro-chart2d.html
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2.6.3 Mahoney table

The Mahoney table is a set of reference tables that 
use monthly climate data of temperature, relative 
humidity and precipitation to calculate indicators 
for heat and cold stress as well as humid and arid 
conditions for each month. The combination of these 
indicators results in simple design recommendations, 
e.g. “reduce sun exposure”, “compact building 
layout’ or “medium-sized openings”.  This is a 
populer tool in architecture often used as a guide 
for climate-appropriate design, particularly in 
composite climates. Mahoney Table mainly consist 
of four tables: 

Table 1:  used to record the most essential climatic 
data

Table 2:  used for diagnosis of the climatic data and 
develop a series of climatic indicators.

Table 3: translates the above into performance 
specifications or sketch design 
recommendations.

Table 4:  recommends the design of building 
elements.

Step-by-step method of applying this table for 
designing is given in Appendix - 3.

2.6.4 PMV/PPD and Adaptive model

ASHRAE 55 is based on the PMV (Predicted Mean 
vote)/PPD (Predicted Percentage of Dissatisfied) 
and Adaptive Comfort Model (See Glossary in 
Appendices). There are several online tools which 
can be used to check the compliance of the thermal 
comfort as per diwerent comfort models and indices. 
Some of the useful tools are presented below: 

A. CBE thermal comfort tool 

It ensures compliance with ASHRAE 55 standards 
for the thermal comfort which allows the designer 
to check with several variables such as operative 
temperature, air speed, relative humidity, metabolic 
rate, clothing level. This tool can analyze the thermal 
comfort using PMV method and Adaptive thermal 
method.

B. Andrewmarsh.com

This provides several useful software for such 
analysis. Among them, interactive psychrometric 
chart 2D from Andrewmarsh.com is relevant for your 
analysis. This software tool enables the designer 
to check with diwerent comfort models overlay, 

namely Givoni Bioclimatic Chart, Outdoor Work heat 
Index, ISO 7730:2005 (PMV), ASHRAE 55-2017, 
EN 15251:2007. Besides, it also allows to change 
variables of thermal comfort (air speed, cloth level, 
metabolic level, mean radiant temperature. (See 
Figure 16)

2.10 Site Assessment and Site Analysis
Site analysis helps  identify opportunities or 
constraints that influence the urban and building 
design outcome.

1. Sun Path: Understanding the sun’s movement 
during the day and throughout the year allows for 
a qualitative analysis of the sunlight or shading 
of a site or part of a building. It is very useful 
for estimating the ewects of the neighboring 
buildings’ shading or sunscreen needs. The sun’s 
changing position in the sky throughout the year 
can be conveniently represented by the sun 
path diagram. It is represented by a coordinate 
system (altitude and azimuth) and can be read 
directly from the diagram at any time of the day 
and month. This summary of the solar position is 
useful for design considerations. The most used 
systems are the polar and the cylindrical sun 
path diagrams. For detailed calculations please 
refer to annex. 

2. Prevailing Winds: Knowledge of the speed and 
directions of the prevailing winds will facilitate 
natural ventilation. The main road should be 
oriented along the prevailing wind direction to 
promote natural ventilation and help remove 
dust from buildings. A compromise should be 
made if the prevailing wind direction conflicts 
with the sun’s path. A Wind Rose Diagram is used 
to show wind speed and direction for a particular 
location and analyses the characteristics of the 
wind by indicating its strength and frequency 
over a specified period (month, season and 
year). 

3. Site Topography: The existence of rivers, 
streams, valleys, hills, and mountains may assist 
or obstruct natural heating and cooling, wind and 
sun shading. Proper site analysis is required to 
maximize the use of the existing micro climate.

4. Vegetation and Existing site features: They 
help regulate temperature and reduce dust in 
urban areas. Trees function as windbreaks and 
produce oxygen through photosynthesis.
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5. Local architectural language and local 
materials: Local architectural and local materials 
(tangible and intangible)

6. Multi-hazard risk assessment: It is critical to 
assess the possible multiple disaster risks (e.g. 
floods, landslides, fire, lighting etc.)

Figure 15: Windrose diagram

Figure 16: CBE thermal comfort Tool

Source: https://comfort.cbe.berkeley.edu/

Figure 17: Interactive Psychrometric Chart from Andrewmarsh.com as per ASHRAE-55 with PMV 
model.
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Site Planning and Development

>> General Guidelines for the Sustainable Site Selection

>> General Guidelines for Sustainable Site Planning and development

>> Guidelines for Site Planning as per Climatic Zone

Chapter
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Site Planning  
and Development3

Site planning is the process of organizing the 
physical arrangement of a piece of land to achieve 
a particular purpose or set of goals evciently and 
ewectively. It involves the analysis, design, and 
coordination of various elements such as buildings, 
infrastructure, landscaping, and natural features 
within a site to create a functional, aesthetically 
pleasing, and sustainable environment. Site planning 
is an important phase in pre-design processes 
that precedes the subsequent planning, design, 
construction and operation. Generally, site planning 
includes the following key components: 

1. Site Selection: Selection of site for building 
construction is a crucial step which involves 
careful consideration of various environmental, 
social, and economic factors. If site selection 
is not proper, all the eworts done in other 
subsequent phase may become useless.

2. Site Study and Analysis: When urban planners 
or designers initiate to design a new building 
and settlement, they usually look for pre-existing 
landmarks, such as roads network, slope, rivers 
etc., and align the new buildings and streets 
accordingly. Very rarely do they look for the solar 
path and prevailing winds. These parameters 
like solar path, prevailing wind, slope orientation 
etc. are important in order to optimize the human 
comfort and wellbeing.

 The first step of sustainable urban design and 
site planning is to assess the site’s existing 
conditions, including topography, soil quality, 
vegetation, hydrology, climate, and surrounding 
context as mentioned in 2.10. 

 A specific building site is awected by the following 
factors: landform, vegetation, water bodies, 
street width and orientation, open spaces, 
density, height and built form. An understanding 
of these factors greatly helps in the preparation 
of the site layout plan. This provides the basis 

for understanding the site which helps planners 
make informed decisions about the site’s 
develoxpment.

3. Programming: Identifying the needs and goals 
of the project or development, including the 
intended land use, spatial requirements, user 
needs, and regulatory requirements.

4. Site Design: Creating a plan for the layout and 
organization of structures, circulation paths, open 
spaces, and other elements within the site. This 
may involve zoning, building placement, parking 
areas, pedestrian walkways, and landscaping 
design. Depending upon the nature of the 
project, it requires interdisciplinary collaboration 
among architects, engineers, landscape 
architects, urban planners, environmental 
specialists, and other professionals to create 
successful and sustainable environments. To 
prepare the sustainable site design the following 
considerations are necessary:

a. Environmental and Ecological Considerations: 
Ensuring that site planning minimizes 
environmental impact, promotes sustainability, 
and preserves ecological features such as 
water bodies, trees, and wildlife habitats etc. 
and their relationship.

b. Regulatory Compliance: Adhering to 
local zoning ordinances, building codes, 
environmental regulations, and other legal 
requirements governing land use and 
development.

c. Stakeholder Engagement: Involving relevant 
stakeholders such as property owners, 
community members, government agencies, 
and developers in the planning process 
to gather input, address concerns, and 
build consensus. This will ensure the social 
ownership, fitness to the context and 
minimization of the conflicts.
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3.1 General Guidelines for the sustainable 
site selection
a) Minimal impact to the environment: The 

building site should be selected to minimize 
the overall impact of the built environment 
on the natural surroundings. For this, the 
environmentally sensitive areas should be 
avoided, and previously developed land should 
be chosen. EIA or IEE may need to be conducted 
as per the Environment protection Act (EPA) and 
Environmental Protection Regulation (EPR) of 
Nepal.

b) Location and topography: The site should be 
assessed for the solar access, wind pattern, 
flora and fauna etc. Parameters such as location, 
slope, aspects of the slope should be noted that 
determines the microclimatic condition. These 
parameters directly impact on the human comfort 
and building energy evciency which maximize 
the utilization of daylight, natural ventilation and 
solar radiation.

c) Feasibility of the site: In addition to all the above-
mentioned parameters, site should be evaluated 
for its feasibility. Vulnerable steep slope  should 
be avoided. Even if the slope is reasonably steep, 
a cost benefit analysis should be done if the site 
demands high investment in site development. 
Site without basic amenities (water supply, road 
access, electricity etc.) should be avoided. In 
case of unavoidable situation, a master plan 
needs to be prepared to ensure the availability 
of those amenities.

3.2 General Guidelines for Sustainable 
Site Planning and development
With the ultimate aim to minimize environmental 
impacts, site planning should consider the 
approaches to protect, restore, and enhance the 
natural features and environmental quality of the 
site. The followings are the general guidelines for 
sustainable site planning: 

1. Harmony with architectural context: Design 
the building in harmony with the context of the 
site, which minimizes the discordant appearance 
against the surrounding architectural language. 

2. Utilize existing structures and site conditions: 
The site planning and building design should 
be in harmony with those of beneficial site 

conditions and strive to save, reinforce, amplify, 
and improve on what is existing. 

3. Minimize disturbance in natural settings: 

n minimize site clearing to reduce cost

n Minimize slope disturbance that requires tall 
retaining walls; instead, the designer should 
opt for split-level designs.

n Minimize soil disturbance to prevent erosion.

4. Utilize natural site features: Site layout should 
be done taking full advantage of natural site 
features, such as topography, sunlight, shade, 
and prevailing breezes. 

5. Ecological consideration: Conserve ecological 
resources and develop strategies for ecological 
enhancement. Also, minimize disturbance to 
natural habitat enabling wildlife habitat to thrive.

6. Prevent soil erosion: Mitigate erosion to reduce 
topsoil loss and protect surface water quality. 

7. Existing and native vegetation: Preserve 
existing vegetation as that reduces landscape 
maintenance costs.  Prioritize preserving native 
vegetation which adds local character to the 
site. They also eliminate the waiting period for 
expensive new plantation to mature. 

8. Minimize Storm water runoQ: This can be done 
by applying the following techniques:

n Reduce impervious surfaces, paved surfaces.

n removing the center of your driveway so 
that only the tires of your car make contact 
withthe ground.

n Add plantings, lawns especially in areas 
where runow collects. Plants’ roots help 
absorb run ows and filter out pollutants.

9. Building Footprint and Open spaces: Minimize 
the building footprint within the site; protect and 
promote open spaces. This should not exceed 
50% of the total plot area (30 or 40%). The 
remaining area should be permeable (green) 
to ensure rainwater infiltration (natural draining) 
and avoid the Urban Heat Island (UHI) ewect.

10. Functional eRciency: Maximize factors that 
contribute to the health and productivity of the 
occupants, such as: thermal comfort, access 
to fresh air, acoustic privacy, aesthetic views, 
evcient functional flow, functional outdoor 
space.
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11. Reduce water and energy demand: Develop 
landscape plans to limit water and energy 
demand while preserving or enhancing the 
natural environment.

12. Sustainable parking design considerations 
(Refer to chapter 4 for more details)

13. Urban layout and external spaces - Urban 
layout should be designed in response to the 
conditions of climatic zone. The basic concerns 
are the ewective provision of shading and air 
movement. The layout and orientation of streets 
have a significant ewect on the microclimate 
around buildings.  The urban form cannot 
change the regional climate, but can moderate 
the microclimate and improve the human comfort 
conditions for the buildings. The influence of the 
climate on the layout of traditional settlements 

around the world is clearly illustrated by the 
following examples:

n settlements for hot-humid areas are laid 
out to make maximum use of the prevailing 
breeze. Buildings are scattered; vegetation is 
arranged to provide maximum shade without 
hindering natural ventilation (Figure 18.a);

n settlements for hot-arid climates are 
characterized by optimal protection against 
solar radiation by mutual shading, which 
leads to compact settlements, narrow streets 
and small squares. They are also shaded by 
tall vegetation (Figure 18.b);

n settlements for cool areas are generally laid 
out to make use of solar radiation during the 
coldest period and for protection from cold 
winds.

Figure 18: Settlement pattern for different climatic conditions

A. for Hot-humid region B. for Hot-Arid region

3.3 Guidelines for Site Planning as per 
climatic zone
3.3.1 Sub-tropical climate

This region has climate with hot and humid summer 
where the temperature reaches up to 45°C. The 
winter temperature ranges from 7°C to 23°C. This 
region mainly requires building to be cooled for long 
summer that lasts from late March to September 
especially during the day time where the outdoor 
air temperature is more than 30°C. In this type of 
climatic condition, protection from the sun is the 
most important strategy during warm seasons while 
allowing the solar access during the cool season of 

the year (December to February). The passive solar 
techniques should be used properly along with other 
possible active solar techniques to reduce the heat 
and maintain thermal comfort in the building. Since 
most of the warm seasons are humid, natural cross-
ventilation should be maintained.  The following 
measures should be considered for sustainable site 
design in this region: 

Site selection and layout 

1. Use Northern space for coolness: The site 
should have more open space on the north 
for courtyards and ventilation. In case of slope 
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land, an upward slope facing north, north-east or 
north-west is highly recommended. 

2. Use of Outdoor space: In sub-tropical climates, 
many of the activities associated with indoor 
spaces while in moderate or cold climates 
(washing, playing, working etc.) are most often 
performed outdoors. So, as the area adjoining 
the building becomes an extension of the indoor 
space, it must be treated with equal care by the 
designer.

3. Block planning - A site with detached free-
standing building is preferable for better natural 
ventilation. A sparse settlement pattern is ideal. 
However, the building performs best when 
arranged in cluster as each building gets shaded 
by neighboring buildings. It is preferable for 
the site to have a longer frontage facing South, 
South East and South West.

 The distance between buildings should be 
maintained to avoid hampering of natural light. 
For this region, a minimum distance of 3 m 
between buildings in urban areas is required to 
allow  wind to flow between them. 

4. Prioritizing area in slope terrain: In the case of 
slope terrain, higher lands should be used for the 
building activities to ensure good air movement. 
Besides, North or north western slope and low-
lying area are also preferable as they tend to be 
relatively cooler.

3.3.2 Warm temperate climate

This region has composite climate altering from hot 
summer to cold winter and monsoon. The monsoon 
season is generally warm with high humidity where 
ninety percent of rainfall occurs. The winter season 
lasts from December to February. The region 
experiences high solar radiation during summer 
and low in winter. Therefore, the buildings have to 
be heated in winter and excess sunlight needs to be 
cut ow during summer season. The building requires 
cooling mostly from May to September especially 
during the day time when the temperature is more 
than 30°C. Similarly, the building needs to be heated 
mostly from December to February when the 
temperature falls below 10°C especially at night time. 
The sun radiation needs to be stored in day time 
and released at night. The passive solar techniques 
should be used properly along with other possible 
active solar techniques to maintain thermal comfort 

in the building. (Also see B, pp -9) The following 
measures should be considered for sustainable site 
design in this region:

Site selection and layout

1. Site with maximum Sun: Choose a site that 
allows as much unshaded solar radiation as 
possible, particularly in the southern direction, 
to optimize natural heating and day lighting 
opportunities. Solar geometry should be 
addressed to maximize the use of sunlight to its 
fullest extent.

n In case of slope land, south facing upward 
slope is highly recommended.

n The site adjoining to the street that runs 
along East-West direction is preferable so 
that south facing in the plots gets maximum 
sunlight.

2. Prevent cold winds 

n Avoid Winter Breeze: Prevailing wind 
direction should be addressed. The streets 
should be in direction of summer breeze and 
avoid winter wind.

n Natural windbreaks: Select a location with 
minimal exposure to harsh winds, such as the 
northern or western sides of hills or slopes to 
provide natural windbreaks.

Figure 19: Good and Bad site as per aspect of 
the slope (SONA, 2023)
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3. Block planning:

n The site should be planned to provide more 
space on the south side to allow sunlight to 
enter. Courtyard planning is also desirable. 
Therefore, the building should be located 
towards northern side of the site. Measures 
(tree plantation, locating other blocks etc.) 
should be implemented to block east and 
west sun light or change the wind direction.

n It is preferable that the site have longer face 
towards South, South East and South West.

3.3.3 Cool temperate climate
Most of the features of the climatic conditions are 
similar to the warm temperate climate as mentioned 
in 3.3.2. The diwerence is only in the range of the 
temperature. This climate  zone has a colder winter 
that is  slightly longer than the warm temperate 
climate. Hence, design strategies stipulated in 3.3.2 
remains same in this zone in terms of site planning 
development. 

3.3.4 Alpine climate
This region experiences extreme weather condition 
with short summer and long winter that lasts from 
October to March. Therefore, the buildings have 
to be heated for long winter especially for night 
time. The solar radiation must be admitted in the 
building as much as possible during the day time 
and store in thermal mass for the heat to release 
during nights. The passive solar techniques should 
be used properly along with other possible active 
solar techniques to maintain thermal comfort in the 

building. (Also see D- pp. 9). The following measures 
should be considered for sustainable site design in 
this region: 

Site selection and layout 

1. Site with maximum Sun: Choose a site that allow 
as much unshaded solar radiation as possible, 
particularly in the southern direction, to optimize 
natural heating and day lighting opportunities. 
Solar geometry should be addressed to 
maximize the use of sunlight to its fullest extent.

n In case of slope land, south facing upward 
slope is highly recommended.

n The site adjoining to the street that runs 
along East-West direction is preferrable so 
that south face in the plots gets maximum 
sunlight.

2. Prevent cold winds

n Avoid Winter Breeze: Prevailing wind 
direction should be addressed. The streets 
should be in direction of summer breeze and 
avoid winter wind.

n Natural windbreaks: Select a location with 
minimal exposure to harsh winds, such as the 
northern or western sides of hills or slopes to 
provide natural windbreaks.

3. Compact planning: The site with compact cluster 
settlement planning is better to take advantage 
of solar radiation and prevent from cold breeze. 
The courtyard layout is also preferrable.

Figure 20: Preferable site slope and solar geometry
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External Development And Landscape

>> Strategic Landscaping

Chapter

Physical Infrastructure and Standardized Layout of Government Offices-2083 66 

ANNEX-II



GREEN BUILDING GUIDELINE OF NEPAL        

External Development 
and Landscape4

4.1 Strategic Landscaping
Strategic landscaping is the intentional planning 
and design of outdoor spaces to meet goals such 
as enhancing aesthetics, functionality, sustainability, 
and practicality. This approach is particularly valuable 
in urban areas with limited green spaces, where 
landscaping can help modify the microclimate and 
mitigate the urban heat island ewect. Thoughtfully 
designed landscapes around buildings can reduce 
heat absorption and create a cooler environment. 
Key strategies include: 

1. Maximizing Landscape Area: Expanding green 
spaces around the building helps reduce heat 
absorption, contributing to a cooler environment 
and promoting biodiversity.

2. Incorporating Aquascapes or Water Bodies: 
Adding water features such as ponds, fountains, 
or reflecting pools cools surrounding areas 
through evaporation and enhances the 
overall aesthetic, further aiding in temperature 
regulation.

Strategic landscaping not only improves building 
energy evciency but also enhances the surrounding 
environment, providing comfort and sustainability 
benefits for urban communities.

Measures for sustainable landscaping include the 
following:

1. Minimize hard paving: Amount of hard paving 
should be reduced as much as possible as it 
traps the heat around the building creating 
heat island ewect. Additionally, excessive hard 
paving accelerates stormwater runow, reducing 
moisture retention around the site. 

2. Permeable groundcovers:  Use permeable 
surfaces like permeable pavements or gravel 
in landscaping designs. This helps  reduce 

stormwater runow, allowing water to infiltrate the 
soil and replenish groundwater.

3. Erosion Control: Preventing soil erosion is 
essential for preserving landscape integrity 
and water quality. Techniques such as installing 
erosion control blankets, retaining walls, 
and stabilizing slopes with vegetation help 
reduce erosion and sedimentation, protecting 
waterways from pollution. 

4. Strategic Plantation: Tree and shrub plantations 
play an important role in defining wind flow and 
shades as well as sound barrier to obstruct the 
noise entering the building. Furthermore, the 
plants help decrease solar absorption of the 
hard surfaces thereby reducing  heat island 
ewect. So, the area around the building should 
be maximized for green landscape. There are 
three main kinds of plants and trees to consider 
in landscaping.

4.1 Evergreen trees:  Barrier from harsh wind, 
pollution such as noise and dust. 

4.2 Deciduous trees: This type of tree is 
excellent to provide partly shaded areas 
and partly sunny. In summer, the trees’ 
leaves shade the building, while in winter, 
the leaves fall allowing sunlight to access 
the building. These types of trees should 
be planted in south and west direction.

5. Windbreak trees: Evergreen trees work 
as windbreak trees; they help prevent fast 
temperature dropping. So, they should be 
planted in North West direction to shelter the 
building from winter wind.  

6. Shrubs and bushes: They should be planted 
against the building’s exterior walls to provide 
moisturized fresh breeze in the building.  

7. Water bodies as coolers: Water bodies act as 
natural coolers where the moisture from the 
water body can be used to cool the hot air 
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around the water body which in turn helps cool 
nearby buildings.  To maximize cooling in hot 
regions, water bodies should be strategically 
placed based on a study of wind direction. 

8. Natural Hydrology considerations: It involves 
all the issues of water such as quantity, source, 
movement, flooding, erosion, or waterlogging 
etc. The following measures are considered for 
the various objectives: 

8.1 Water Conservation: This includes using 
drought-tolerant plants, installing evcient 
irrigation systems such as drip irrigation 
or rainwater harvesting systems, and 
minimizing water runow through techniques 
like permeable paving and rain gardens.

8.2 Natural Drainage Systems: Mimicking 
natural drainage patterns helps maintain the 
site’s hydrological balance. Incorporating 
swales, berms, and contouring the land 
to direct water flow away from buildings 
and toward vegetated areas ewectively 
manages runow while promoting infiltration 
and groundwater recharge.

9. Native Plants and Biodiversity: Utilizing 
native plants in landscaping helps conserve 
water and maintain ecological balance. Native 
plants are adapted to the local climate and soil 
conditions which require less water, fertilizer, 
and pesticides. Additionally, diverse plantings 
support pollinators, wildlife habitat, and overall 
ecosystem resilience. 

10. Minimum intervention to existing Vegetation 
and Bio-diversity: Drastic landscape changes 
on a site may change its natural parameters. 
The idea is to minimize the environmental 
disturbance for conciseness, especially around 
the construction site. This involves thoughtful 
planning, using construction methods that don’t 
harm ecosystems, and adding landscaping that 
helps local plants and animals. By following 
these guidelines, green buildings help keep 
ecosystems healthy, support biodiversity, and 
enhance environmental sustainability. 

11. Don’t bulldoze! –Bulldozing can lead to 
increased soil erosion. By avoiding excessive 
clearing, natural vegetation can help stabilize the 
soil and prevent erosion, contributing to long-
term environmental sustainability. Ensure that 
site grading adheres to accessibility standards, 

providing barrier-free access to buildings 
and amenities for all users, including those 
with mobility challenges. Avoid unnecessary 
excavation and grading that could disrupt natural 
habitats and soil stability.

12. Ensure soil stability: Disturbing vegetation 
around a site may lead to soil instability. 
Therefore, a thorough study of soil type and its 
bearing capacity is essential to ensure structural 
integrity and prevent soil erosion. 

13. Climate appropriate plants: Use of climate 
appropriate plants for landscaping to minimize 
watering, pesticide use and maintenance. If a 
plant does not naturally grow and thrive in the 
local climate, it should not be planted.

14. EQective tree management – Ewective tree 
management in green building involves strategic 
decisions regarding tree retention, relocation, 
or replacement. Prioritizing the preservation 
of existing trees during construction, 
establishing protection zones, and integrating 
trees into site design are key practices. This 
comprehensive approach ensures sustainable 
tree management, supporting biodiversity, 
stormwater management, aesthetic appeal and 
overall environmental health within the built 
environment.

15. Green Roofs and Walls: Integrate green roofs 
and walls into the building design to enhance 
insulation, reduce the urban heat island ewect, 
and contribute to overall energy evciency. 

16. Sustainable Parking Design – All the strategies 
should aim  to minimize the parking requirements 
owering several benefits such as reduction of 
polluted surface water runow, increased ground 
water recharge, reduced heat island ewect 
and glare; and opportunities for creating more 
natural landscapes and pedestrian-friendly 
environments. Sustainable and green parking 
design may include the following features to 
reduce runow discharged into local water bodies:

n permeable paving

n natural drainage landscapes (Swales, rain 
gardens, and bioengineered planting strips 
that can improve water quality and reduce 
runow)

17. Storm-Water Management within the Site 
- Storm-water runow can change natural 
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hydrologic patterns, accelerate stream flows, 
destroy aquatic habitats, and elevate pollutant 
concentrations and loadings. Developing a site 
can significantly alter the hydrologic cycle for the 
property and surrounding area and may cause 
the following issues:

17.1 stormwater flow over impervious surfaces 
picking up pollutants along the way and 
washing them into our rivers and streams.

17.2 cause flooding and erosion, destroy 
habitat and contribute to combined sewer 
overflows (CSOs).

Measures for sustainable management of storm 
water include the following: 

i. Mimic nature - Storm-water management 
systems that mimic nature by integrating storm-
water into building and site development can 
reduce the damaging ewects of urbanization on 
rivers and streams. 

ii. Hydrologic Analysis - The storm-water 
management system design shall be based, in 
part, on a hydrologic analysis of the building site. 

iii. Not to redirect oQ-site discharge which harms 
- The storm-water management system shall 
not redirect or concentrate ow-site discharge 
that would cause increased erosion or other 
drainage related damage to adjoining lots or 
public property. 

iv. Directing runoQ to natural systems - 
Disconnecting the flow from storm sewers 
and directing runow to natural systems like 
landscaped planters, swales and rain gardens 

or implementing an eco-roof reduces and filters 
storm-water runow. 

v. Minimizing storm-water runoQ - Implementing 
following strategies for minimizing storm-water 
runow from the project site. 

n Limit the number of impervious surfaces in 
your landscape.

n Use permeable paving surfaces such as 
bricks, vernacular stone paving (chapani 

dhumgā), concrete lattice, permeable 
concrete blocks to allow water to soak 
into the ground. Permeable paving is a 
powerful tool for maintaining and restoring 
natural hydrological cycles on developed 
sites by allowing water infiltration rather 
than concentrating rainwater into runow. 
Permeable paving is not ideal for high travc/
high speed areas because it has lower 
load-bearing capacity than conventional 
pavement. Nor should it be used on 
stormwater “hotspots” with high pollutant 
loads because stormwater cannot be 
pretreated prior to infiltration.

n Where possible, direct runow from impervious 
surfaces across vegetated areas. 

n Allow “thick” vegetation or “buwer strips” to 
grow alongside waterways to filter and slow 
runow and soak up pollutants. 

n Plant trees, shrubs, and ground cover. They 
are ewective in absorbing up the rainwater 
that goes up to fourteen times more than 
a grass lawn does and they do not require 
fertilizer.

Figure 21a: Recharge Bed Figure 21b: Swales
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Figure 21c: Detail of recharge bed Figure 21d: Impervious Paving

Figure 22a: Deciduous tree during summer and 
winter

Figure 22b: Wind break trees

Figure 22d: Sustainable parking designFigure 22c: Illustration of strategic landscape
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Building Form and Orientation

>> Parameter Of Building Form

>> General Guideline for Selecting Appropriate Building Form

Chapter

Physical Infrastructure and Standardized Layout of Government Offices-2083 71 

ANNEX-II



GREEN BUILDING GUIDELINE OF NEPAL        

Building Form  
and Orientation5

Climatic factors awect the form of buildings which 
is readily observed in the formation of vernacular 
and traditional buildings. Traditional architectural 
principles can be studied and the knowledge from 
them can play an important role in the sustainable 
design of future buildings. For example, slope 
roofs of houses in rainy areas, choosing closed 
and low-opening forms in cold areas, and installing 
windbreaks in hot and dry or hot and humid areas.

The selection of the appropriate form and 
orientation for the building is an important initial 
step in designing sustainable buildings. These 
factors have important role in optimal use of solar 
energy and natural air movement. The form of the 
building determines the creation of shaded areas 
in hot seasons. Kazanasmaz et al. cited in (Del, et 
al., 2022) analyzed the thermal performance of the 
building, which showed that about 50% of energy 
consumption can be saved devising the building 
form. The important parameters for building form 
awecting thermal comfort are building shape, 
orientation, and window-to-wall ratio (WWR) of the 
building, density of blocks and height of buildings.

5.1 Parameter Of Building Form
5.1.1 Orientation of Buildings

To define the optimal orientation of a building, the 
following three factors have to be considered.

A. Sun orientation

Optimal sun orientation minimizes solar radiation 
during hot periods while allowing suvcient sunlight 
in cooler months. Figure 23.c shows that the roof 
receives the most heat because it is exposed 
to high levels of solar radiation for an extended 
duration. The west and east façades also receive 
significant solar radiation due to the low-altitude sun 
in the late afternoon and early morning, respectively. 
Therefore, these walls should be considered for 
shading or having smaller openings.

The term “aspect ratio” refers to the ratio of the longer 
dimension of an oblong plan to the shorter one. 
Ideally, the north and south walls should be longer 
than the east and west walls, with a recommended 
aspect ratio of about 1.3 to 2.0. The north façade 
receives the least amount of solar radiation, while 
the south façade also has reduced exposure due to 
the sun’s high altitude in the summer months.

In winter, buildings require more solar energy, and 
the sunlight angle is more inclined. Therefore, 
vertical surfaces are more ewective at capturing 
solar energy. In contrast, during summer, the 
sunlight is more vertical, so the roof of the building 
receives more energy. Preferably, buildings should 
be oriented with their longer facades facing north-
south.

B. Wind Orientation

Cooling through ventilation is typically preferred in 
building design. Therefore, it is important to orient 
buildings so that they align with the prevailing 
breeze. However, this orientation may not always 
align with the optimal direction for sun exposure. 
In such cases, a compromise should be reached, 
placing greater emphasis on the impact of solar 
radiation. It’s worth noting that the direction of the 
wind can be influenced to some extent by structural 
elements.

C. Topographical Orientation

The surface of the surroundings may store and reflect 
solar radiant heat towards the building, depending 
on the surface’s angle relative to the solar radiation 
and on the type of surface (geomorphology). Where 
this solar heat is not desired, the orientation of the 
building should be changed or the surface of the 
surroundings should be covered with greenery that 
improves the microclimate. The topography may 
also alter the prevailing wind and provide shade at 
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certain times of the day. Such elements should also 
be considered.

5.1.2 Shape of Building

The shape of the building also awects remarkably 
in thermal performance. Some of the generic shape 
forms and their attributes are explain below:

1. Elongated rectangular – In such form, the 
orientation of the long axis and short axis is 
important which is discussed in length in 5.1.1.A. 

2. L, H and C shaped configuration - L-shaped, 
H-shaped and U-shaped configurations ower 
enhanced shading to the courtyard which need 
to be cautiously planned in response to the solar 
path. 

3. Courtyard Plan – Internal courtyards are 
surrounded by one or two storied building 
volumes or partly surrounded by high perimeter 
walls. Attributes of these spaces are: 

�n These spaces provide suvcient daylight for 
various household activities that can be taken 
place outdoors. At the same time, courtyards 
constitute a significant source of daylight and 
natural ventilation to the building interiors. 

�n It is evident that the generally large size of 
the courtyards facilitates air movement which 
is of primary importance for hot and humid 
situation.

�n Smaller sized courtyards are particularly 
ewective in the hot dry climate, by providing 
enhanced protection from intense insolation 
to both indoor and outdoor spaces. 

4. Semi-open spaces - Semi-open spaces such 
as portico, rectangular or square-shaped pass-
through space, or semi-covered spaces in upper 
floors. This can be devised in green building for 
following benefits:

�n Protection against intense insolation through 
shading during the hot, summer period when 
the solar altitude angle is high. During the 
cold, winter period, due to the low solar 
altitude angle, it allows solar penetration to 
the building interiors.

�n Constitutes a key environmental feature 
of a dwellings and owers thermal adaptive 
opportunities for both hot, summer and cold, 
winter period.

�n Render the shaded and ventilated spaces.

�n Outdoor sleeping during night-time hours.

�n Moreover, the enclosure of this space on 
three sides owers protection from cold winds, 
resulting in a comfortable space for various 
activities during sunny winter days.

�n It may be covered with pergola to get the 
filtered solar radiation.

�n The predominant orientation of such semi 
open spaces is towards the south or towards 
the east.

�n If it is in entrance area, its protection the front 
door against rain and snow.

�n Semi-covered space on top of flat roofs 
reduces the heat absorbed by the roof.

5. Single-banked

�n Single banked plan forms are elongated 
room typologies with wide façade, shallow in 
width (usually 2.5–3 m wide).

�n The large exposed area of such rooms and 
their linear configuration contributes to 
excess heat losses and enhanced natural 
ventilation for fast cooling of the building 
interiors and removal of the excessive 
humidity during the summer period

�n It provides better potential for natural daylight 
penetration and distribution.

6. Double banked - It forms a double space room 
that help creating compact layout. Such layouts 
minimize the building envelope exposure to the 
exterior environment and thus reduces heat 
losses.

7. Glass enclosed Atriums Space – It results in 
more solar heat gain in summer that increases in 
discomfort time, while in winter the atrium acts as 
a solar collector and distributor, contributing to 
passive heating and decreased heating energy 
demand.

8. High-rise type – Since they have larger vertical 
surface relative to roof area, it is good for solar 
gain in winter time. 

9. Building Height – It is characterized by a floor to 
ceiling height. Larger height is preferred in hot 
and humid climate whereas lower is desirable in 
cold climate.
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Figure 23a: Generally, orientation with long 
axis in east-west direction is preferred

Figure 23b: solarreflectingTopography
radiation

�n High-ceilinged spaces reduce the ewect 
of high solar gains through the roof, while 
the air stratification below the ceiling 
enables occupants to benefit from lower 
air temperatures during the hot, summer 
period. However, it may be cheaper to do the 
insulation in the roof than high ceiling.

�n High ceilings enhance natural cooling 
ventilation potential which is essential during 
late afternoon and night-time hours in order 
to remove the heat stored inside the building 
mass during daytime.

Figure 23c: Solar Radiation Analysis (Summer month - June) in Kathmandu (BEEN, 2024)
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Figure 24a: Building Configuration

L-shaped withI-shaped
internal courtyard

U-shaped with 
internal courtyard

Figure 24c: Single Bank/double bank plan

Double bankedDeep planSingle banked
plan

Figure 24d: Semi open spaces

In the entrance

balconycovered pass 
entrance

Figure 24b: Storeys of the building

partially 
subterranean

Conventional two 
storeys

Conventional three 
storeys
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Figure 24e: Courtyard type

5.1.3 Roof form

The most important element is the roof. Not only 
does it protect the building from precipitation, but 
the strongest thermal impacts (heat loss and heat 
gain) occur here. The roof is the part of the building 
which receives most of the solar radiation, and its 
shading is divcult. Naturally, this applies to single-
storied buildings and the top floor of multi-storied 
buildings only.

The thermal performance of a building is significantly 
influenced by the roof’s shape and the design of its 
skin. It is essential to tailor the roof’s configuration 
to accommodate factors such as precipitation, 
solar exposure, and usage patterns, whether it be 
pitched, flat, or vaulted. In hot climates, incorporating 
a ventilated gap between the sloped roof and 
the ceiling of the uppermost floor can ewectively 
mitigate overheating.

5.1.4 Surface and Volume Ratio

The functional as well as socio-cultural requirements 
and particularly the climatic conditions define the 
form of the buildings. The form of the building can 
be interpreted in terms of shape and volume, and 
surface area to volume ratio. The shape could be 
defined by diwerent geometrical configurations 
such as elongated rectangular plan, square, circular, 
polygonal, L-shaped, U-shaped, courtyard or organic 
shape. The heat exchange between the building and 
the environment depends greatly on the exposed 
surfaces. A compact building gains less heat during 
the daytime and loses less heat at night. Therefore, 
the ratio of surface to volume is an important factor. 
A simple model calculation on diwerently arranged 
building units illustrates this.

Figure 25: Volume to surface ratio

(a) Diwerent roof forms

(b) Volume to surface ratio of diwerent forms

(c) Volume to surface ratio of diwerently 
arranged building unites
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In general, where little heat exchange between the 
interior and the environment is desired, the surface-
to-volume factor should be less. The temperature 
will be close to the average outdoor temperature. 
Where heat exchange is desired, for instance, to 
gain from cool nights in warm-humid areas, the 
surface-to-volume factor should be bigger. This also 
favors a higher ventilation rate. Particularly in severe 
climates, it is advisable to present the least surface 
area for a given volume. From this point of view, 
the hemisphere is the most evcient shape, but a 
compact plan is always better than a broken-up and 
spread-out arrangement.

5.1.5 Space with thermal effects

Space arrangements can be chosen as per the 
requirement of solar gain. For this, buwer zones can 
be used to help protect internal spaces from outside 
weather conditions. These are spaces which will not 
be regularly occupied and therefore temperatures 
outside thermal comfort levels are acceptable.

a. Functional plan - When designing the floor 
plan of a building, apart from the functional 
arrangements, room connections and privacy 
requirements, the following aspects should be 
considered: At what time of the day will the room 

12 building units of 7x7 m width and 3 m height are arranged as individual bungalows, as row houses or as a 
compact 3-story building. The volume-to-surface ratio changes drastically.

(sA) to (V) RatioSurface area (sA)Volume (V)

1764 ma.  as individual bungalows 3 1596 m2 1:1

1764 mb.  as row houses 3 1134 m2 1:1.6

1764 mc.  as compact 3-story building 3 700 m2 1:2.5

A similar phenomenon can be observed while comparing large buildings with small buildings of the same 
shape. This can be demonstrated by comparing cubes of diwering volumes:

(sA) to (V) RatioSurface area (sA)Volume (V)

27 ma.  cube 3x3x3m 3 45 m2 1:0.6

343 mb.  cube 7x7x7m 3 245 m2 1:1.4

8000 mc.  cube 20 x 20 x 20 m 3 2000 m2 1:4.0

Figure 26a: Buffer space shielding strategy Figure 26b: Use of heavy and light 
buildings parts as day and night space

Figure 26c: Orientation of space used 
in summer and winter
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be used? Is the room of prime importance or is 
it an auxiliary space? Important rooms should be 
located at places with climatic advantages. For 
instance, in hot climates, a bedroom is preferably 
located on the east side where it is relatively cool 
in the evening, whereas the living room is placed 
on the northern side. Auxiliary functions should 
be located on the disadvantaged sides as buwer 
space, mainly on the western side. Rooms with 
high internal heat load, such as kitchens, should 
be detached from the main rooms. Such buwers 
could include shaded balconies and circulation 
spaces around buildings. 

b. Separate day and night zone - Separate day 
and night zones may be incorporated in the 
house. The day zone would be a heavy structure 
retaining the coolness of the night and oriented 
towards the west. The night zone would be a 
light structure which cools down quickly after 
sunset and is oriented towards the east. Similarly, 
variation in living spaces used in summertime 
or in wintertime could be provided - a concept 
which is feasible mainly in temperate zones.

c. Immediate external space - In tropical and 
subtropical regions the outdoor space is actively 
used. A major part of the social life and the daily 
routine work takes place there. Depending 
on the climatic conditions, various forms of 
courtyards, protected niches and alcoves are 
common. Such elements should be carefully 
designed. Trees and other plants are important 
elements of immediate outdoor spaces. They 
are inexpensive elements which regulate and 
improve the climate. At the same time, they add 
to the attractiveness of this space. (See chapter 
4)

d. Vertical space arrangement - The ground and 
the top floor levels create a thermal buwer for the 
intermediate floor level which accommodates 
the main living area. The ground floor was used 
as storage of food products as well as animal 
shelters. Animals kept in these spaces increase 

indoor temperatures of the main living spaces of 
upper floors during cold or winter periods due to 
their body heat and breath. 

e. Subterranean spaces – They provide protection 
from the cold winter winds and a greater 
dampening ewect of the outdoor temperature 
extremes due to contact with the earth mass 

5.1.6 Other parameters

(See Envelop, opening, Shading is in Chapter 6)

5.2 General Guideline for Selecting 
Appropriate Building Form

5.2.1 Sub-tropical Climate

Building form

n Plan form: An open elongated rectangular 
plan with a single-row room having both side 
openings for cross-ventilation is preferable.

n Roof form: Roof form may be either slope or flat. It 
is recommended to use false ceilings and natural 
hot air ventilation. These ventilation openings 
should be protected by a net to prevent insects, 
rodents and other kinds of infestation.

n Floor height – It should be as high as possible 
to escape hot air, ideally more than 9 feet in a 
residential building.

Internal Space Arrangement

n Living Spaces away from the Sun: To optimize 
comfort and energy evciency, it is essential to 
position main living areas and openings in a way 
that minimizes solar radiation during the summer 
months. Key spaces such as bedrooms, living 
rooms, kitchens, and dining areas should ideally 
be oriented towards the North, North-East, or 
North-West. This strategic placement helps to 
create a naturally cooler environment.

n BuQer space in South: It is advisable to position 
buwer areas such as stairs, bathrooms, passages, 
and balconies in the western and southwestern 
directions (see Figure 27).
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Building Orientation 

n The building should orient with the long axis in 
east-west direction so that the longer façade 
face north-south direction. (see Figure 23a)

n The building should orient in northern direction 
to prevent the heat gain during long hot season. 

n The building should be placed in southern side 
of the site to create open space in north.

n The longer face of the building should face 
windward direction to allow natural ventilation.

n Buildings can be oriented at an angle of 0° to 30° 
with respect to the prevailing wind direction.

5.2.2 Warm and Cool Temperate Climate

Building form

n Elongated rectangular plan with singly loaded 
corridor and proper cross-ventilation is desirable.

n Roof can be either flat or slope but it should have 
good insulation.

n Windows on two sides of the space should be 
provided for better light and ventilation.

Internal space arrangement

n The living spaces such as bedroom, living room, 
ovce room, kitchen, meeting rooms should be 

located in South, South East and South West 
direction to maximize the benefit of sun light.

n The service core, including lift, staircase, store 
room, toilets can be located at the north, north 
east and north west side of the building.

n Ensure that the workstations and frequently 
occupied areas have access to daylight and 
outside views promoting occupant well-being 
and productivity.

Building Orientation 

1. Axis - The building should orient with the long 
axis in east-west direction so that the longer 
façade face north-south direction. The building 
should orient in southern direction facing 27 
degrees southeast to gain proper sunlight but 
with proper sun shading devices to keep the 
building cool during summer season.

2. Minimize wind exposure: The longer façade of 
building should not face the windward side.

3. Gap between blocks: There should be minimum 
gap of 2H-3H between the buildings in north-
south direction where H is the height of the 
building.  The setback between the buildings 
should be maintained so that light plane is not 
blocked. (see Figure 28.a)

Figure 27: Buffer space

Located main living spaces like 
bed, living, kitchen, dining, etc. 
towards North, North East and North 
West direction to create cooling 
environment and buwer spaces like 
stair, bath, passage, balcony in South 
direction (Koenigsberger et al. 1973)

Figure 28a: Distance between blocks Figure 28b: Internal layout
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Figure 29: Placement of rooms considering solar path

Source: Mato Ghar, Budhanilkantha designed by Ar. Prabal Thapa

5.2.3 Alpine Climate

1. Compact built form: The building’s surface 
should be exposed as little as possible to the 
cold external temperature. Furthermore, the 
building should retain the heat in the building in 
winter. For this, compact and clustered planning 
is preferred to block the cold wind breeze 
however building blocks should not block the 
solar radiation to another building.

2. Floor height: The floor height should be as 
minimal as possible. For a residential building, a 
height of around 2.4m would be optimal.

3. Internal space arrangement: Plan the habitable 
rooms on the southern side and non-habitable 
rooms on the northern side.

�n The living spaces such as the ovce rooms, 
kitchens, and meeting rooms should be 
located in the South, South East and South 
West directions to maximize the benefit of 
sunlight.

�n Ensure that the living space, workstations 
and frequently occupied areas have access 
to daylight and outside views, promoting 
occupant well-being and productivity.

�n The service core, including the lift, staircase, 
store room, and toilets can be located on the 
northern side of the building.

4. Insulation - The primary considerations for 
building design in cold regions focus on internal 
heat retention ensuring thermal comfort within 
living spaces. To achieve this, buildings must 

incorporate ewective insulation in the exterior 
walls, use double or triple-glazed windows, 
and provide insulated roofs. Additionally, it 
is advisable to include buwer spaces on the 
northern side to serve as a barrier between 
the frigid external environment and the warmer 
southern living areas.

5. Roof

�n Roofs can be either flat or slope depending 
upon the harshness of climate. In areas with 
heavy snowfall, a slope of the roof not less 
than 1:12 is recommended.

�n Since the area experiences low rainfall, 
a sloped roof with a gentle angle or a flat 
roof designed to collect rainwater would be 
suitable options.

6. Building Orientation

�n Axis - The building should orient with the 
long axis in the east-west direction so that 
the longer façade faces the north and south 
directions. It allows orienting living spaces 
towards the southern side to gain maximum 
solar heat.

�n Minimize wind exposure: The longer façade 
of the building should not face the windward 
side. 

�n Gap between blocks: There should be 
a minimum gap of 2H-3H between the 
buildings in the north-south direction where 
H is height of the building.
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Building Envelope Design

>> Modes of heat transfer through the building envelope

>> Factors influencing heat transfer in building through envelope

>> Components of building envelope

>> General Guidelines for building envelope design in diwerent 

climatic zones of Nepal

Chapter

Source: https://abari.earth/mpp

Project: Madan Puraskar Pustakalaya (MPP), Patan Dhaka, Patan

Designers: Nripal Adhikary, Kamal Maharjan, Pranathi, Karit Maharjan
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Building  
Envelope Design6

Building envelope is comprised of external walls, 
roof, floor, ceilings and openings. It acts as barrier 
between the internal and external environment. 
The envelope is considered as the boundary to 
understand its thermal interactions with the external 
environment through convection, conduction and 
radiation.

6.1 Modes of heat transfer through the 
building envelope
Heat transfer through conduction happens through 
building envelope materials while convective heat 
transfer occurs due to the motion of air in buildings. 
Radiation exchange occurs between surfaces 
with diwerent temperatures. Similarly, short-wave 
radiation from the sun enters buildings through glass 

used in buildings. Long-wave radiation heat gain or 
loss inside a building happens depending on the 
inside surface temperatures of the building surfaces 
and it depends on the insulation of the surface. As 
seen in the Figure 31, there are specific conditions 
when each of these modes of heat transfer apply.

6.2 Factors influencing heat transfer in 
building through envelope
6.2.1Thermal conductivity

Thermal conductivity is a property that describes 
the ability of a material to conduct heat. It is a 
measure of how easily heat can pass through a 
substance. More specifically, it quantifies the rate at 
which heat is transferred through a unit area (1m²) 
and unit thickness (1 m) of material when there is 

Figure 30: (a) Components of Building envelope; (b) Three methods of heat exchange

(b) Three methods of heat exchange in buildings

(a) Components of Building envelope

RadiationConvectionConduction
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Figure 31: Heat transfer in building envelope

a temperature diwerence of one degree (1 K or 1° 
C) across it. Further, it is typically denoted by the 
symbol “k” and is expressed in units of watts per 
meter-kelvin (W/m. K). It is denoted by the equation 
below.

Where,

k = thermal conductivity (W/(m·K)) 

Q = amount of heat transferred (W) 

d = distance between the two isothermal planes (m) 

A = area of the surface (m²) 

∆T = diwerence in temperature (K)

6.2.2 Thermal transmittance (U-Value)

Thermal transmittance is the rate of transfer of 
heat through a building structure. The thermal 
transmittance of any building structure (such as 
wall, roof, floor etc) is expressed as a U-value. The 
U-value is the reciprocal of air-to-air resistance. 
The values of surface conductance and surface 
resistance are given in Appendix -5B. U- Values for 
everyday constructions are given in Appendix 5C, 
The U-value of any particular composition can be 
computed with the following formula. 

U = 

Where, 

asd

Where,

Figure 32: Cavity wall

f0= outside surface conductance (m²K/W)
fi = inside surface conductance (m²K/W 
Rb = summation of resistances of all the materials 
used (m²K/W)
An example of the calculation of the U-value is given 
in Appendix - 9

6.2.3 Thermal Resistance (R-value)

Thermal resistance is the ability of a material to 
prevent the passage of heat. It is the thickness 
of the material divided by its conductivity.  This is 
expressed as m²K/W. The R-value is the reciprocal 
of the U-value.

6.2.4 Thermal mass 

It is the property of the mass of a building that 
enables it to store heat, providing “inertia” against 
temperature fluctuations. Building materials 
can retain some of the thermal energy passing 
through them depending on their mass, thickness 
and specific heat capacity. High thermal mass is 
beneficial in places conditioned with high diurnal 
variation of temperature. During daytime, walling 
materials with high thermal mass store heat as it 
tries to flow indoors. However, during nighttime, 
the stored heat is then released slowly, helping 
to keep the indoor temperature more stable and 
comfortable. Heat stored in a thermal mass can be 
calculated from the following equation:

Q = m x c x ∆T
Where, 
Q = Heat Stored (J) 
m = Mass (kg) 
c = specific heat capacity (J.kg/K) 
∆T = temperature diwerence (K)
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Table 4: Relevant matrix for building envelope elements in terms of heat transfer (Rawal, R., 2021)

Parameter Metric Building envelope element
Thermal�ConducƟ Rvity �value�-�U�value Walls

• Internal
• ExternalThermal Mass SpeciĮc�heat�capacity

Thermal�ConducƟvity
(Frames and Glass) R�value�-�U�value FenestraƟon

• Windows
• Skylights
• DoorsSolar�Gains Solar�Heat�Gain

Coeĸcient
Visible�Light�TransmiƩ VLTance

Thermal�ConducƟ Rvity �value�-�U�value Roofs
Floors
FoundaƟonsThermal� SolarEmissivity �ReŇectance

6.2.5 Solar reflective index (SRI)

Solar Reflective Index (SRI) value is a combined 
metric used to indicate the reflectance and 
emissivity values of solar irradiation of roofing 
materials. High SRI value correlates to a desirable 
combination of high reflectance and emissivity in 
the context of cooling-dominated climates. Higher 
solar reflectance (Rsol) reduces solar heat gain and 
higher emissivity (E) enhances thermal radiative 
cooling.

6.2.6 Solar heat gain coefficient (SHGC)

SHGC is the fraction of solar radiation admitted 
through a glass-either transmitted directly and/or 
absorbed- and subsequently released as heat inside 
a home. SHGC ranges from 0 to 1, with a lower value 
indicating less solar heat gain and a higher SHGC 
means that a window or glazing system allows more 
solar radiation to pass through, resulting in more 
heat gain inside the building.

6.2.7 Visible light transmission (VLT)

One of the key purposes of the window is to provide 
daylight inside the space. The glass property to 
indicate the amount of visible light entering through 
the glass inside the space is known as Visible Light 
Transmission (VLT). VLT is expressed in a number 
from 0 to 1. Higher the VLT, the greater the amount 
of light passing through the glass, and vice versa.

6.3 Components of building envelope
6.3.1 Walls

Due to large surface areas, walls are the biggest 
source of conductive heat transfer. The heat flux 

through wall depends upon thickness, temperature 
diwerence and thermal conductivity of the material. 
The R-value or U-value of all external walls 
determine how the heat transfer through the wall in 
the buildings.

6.3.1.1 Thermal insulation of wall

Insulation in walls can be categorized into three 
types: external, intermediate, and internal, based on 
where the insulation is located in the wall assembly. 
Common insulation materials include polystyrene 
foam, rock wool, glass wool, aerated concrete, and 
expanded perlite. Natural options like cellulose 
and straw can also be used. With their high thermal 
resistance value, they act as ewective barriers to 
heat exchange between the exterior and interior. 
Placing the insulation on the outside of a wall 
(external insulation) is generally considered better 
than installing it on the inside (internal insulation) 
as it owers superior energy evciency, minimizes 
disruption to interior space, and reduces the risk of 
condensation issues, although external insulation 
might be more expensive to install initially.

6.3.1.2 Air cavities

Air cavity walls are also used as insulation. Cavity 
walls consist of two separate walls, called skins or 
leaves, with a cavity or gap in-between. Skins are 
commonly masonry such as brick or concrete block 
constructed for giving better thermal insulation to 
building. They also prevent dampness from entering 
and act as sound insulation. Size of cavity varies 
from 4-10 cm. Inner and outer wall should not be less 
than 10 cm each (half brick).  If an air space or cavity 
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is enclosed within a body, through which the heat 
transfer is considered, this will ower another barrier 
to the passage of heat. It is measured as the cavity 
resistance, (Rc). An unventilated cavity is a good 
insulator (R = 0.15 m2degC/W), equal to about 180 
mm brick wall (Koenigsberger, et al., 1973). Cavities 
can be filled with other insulation materials to obtain 
greater insulation value.

6.3.2 Roof

The heat transferred through roofs can be 
considered similar to walling material in terms of 
thermal conductivity and the relevance of U-value. 
However, to reduce heat gains in a sub-tropical 
climate, the roof surface exposed to the outdoors 
can be treated with coatings that increase solar 
reflectance. The roof is, without a doubt, the most 
important component of the entire building surface. 
Out of all the components of a building envelope, 
the roof experiences maximum quantity of solar 
radiation incident on a building. There are various 

passive measures to regulate heat gain through the 
roof such as shading the roof, insulating the roof, 
roof garden, roof pond, reflective roof etc.

6.3.2.1 Shading the roof

In a sub-tropical climate, the most ewective method 
for shading the roof is to construct a second roof 
over the first with an attic space (double roof), as in 
the traditional buildings. Since the outer roof gains 
heat through radiation and reaches a very high 
temperature, it is imperative to separate it well from 
the main roof, allow heat dissipation from the space 
between the two roofs, and use a reflective surface 
on both. The surface of the lower roof should be 
reflective for the low temperature (long infra-red) 
radiation, emitted by the upper roof.

6.3.2.2 Insulating the roof

Roofs can be insulated either over the deck or 
under the deck. Generally over deck insulation is 
preferred.

Table 5: Comparision of U Value of Brickwork Wall Assembly

U-value (W/mBrickwork Wall Assembly 2. K)

230 mm brick wall with 12.5 
mm plasterwork in both side

2.19

50 mm cavity with 110mm 
outer wall and 230 mm inner 
brick wall with 12.5mm 
plasterwork in both sides.

1.36

50 mm cavity filled with 
thermocol with 110 mm 
outer wall and 230mm inner 
brick wall with 12.5 mm 
plasterwork in both sides.

0.52
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6.3.2.3 Roof pond

The basic concept of a roof pond is to use water 
as an ideal thermal mass as it is cheap, non-toxic 
and has a large volumetric heat capacity for passive 
heating and cooling. From diwerent passive cooling 
techniques, evaporation has been identified as the 
most evcient way to reduce internal temperature in 
sub-tropical climates. The same procedure is used 
in roof ponds where the water absorbs the heat 
contributing to the reduction of internal temperature 
and cooling the internal spaces. However, proper 
care should also be given to waterproofing and 
structural safety. 

6.3.2.4 Reflective roof

Due to the absorptance property of roofing finishes, 
their surface temperatures tend to be significantly 
higher than surrounding air temperatures in hot 
climates. Some of the heat absorbed by the roof 
surface may be lost to the outdoor air through 
convective heat transfer from winds. However, 
prioritizing the removal of remaining heat will 
prevent its transfer to indoors through conduction. 
This can be achieved by using roofing and/or roof 
coating materials with high emissivity values. Roof 
coating materials such as paints, tiles, sheets with 
high reflectance and emittance values are available. 
They are usually termed as products with high Solar 
Reflective Index (SRI) values. Solar Reflectance 
Index (SRI) indicates the roof’s ability to reject solar 
heat, and is the combined value of reflectivity and 
emittance. High SRI value corelates to desirable 
combination of high reflectance and emissivity in 
the context of cooling-dominated climates. Based 
on several studies, roughly 88% of UV rays are 
reflected ow a white silicone roof compared that 
with a 17% average for non-reflective roofs. Some 

Figure 33a: Double roof

of the most popular materials used for cool roofing 
are terracotta or clay tiles, reflective metal roofing 
like aluminum, steel and copper, painting light 
colors in roof, concrete tiles, membrane roofing 
(made from flexible, sturdy, waterproof combination 
of polyester, felt or fiberglass and connected with 
asphalt, polymer or synthetic rubber), solar panels 
etc. This principle can be implemented in sub-
tropical climate.

6.3.2.5 Green roof

The use of vegetation on roofs of buildings is 
a common practice in the architecture of older 
buildings in countries like Iceland, Scandinavia, 
Switzerland, Germany and Tanzania hitherto 
known as green roofs to protect from the wind and 
provide insulation for winter warmth, shade and 
cooling during hot summers evapotranspiration, 
and to enhance the aesthetic value of the building. 
Modern advancement has opened for the use of a 
wide range of vegetative systems in the green roof. 
Green roof systems can be broadly categorized into 
two types: intensive and extensive, based on the 
depth of the soil substrate. Intensive green roofs 
typically have a soil substrate depth exceeding 150 
mm, while extensive green roofs have a soil depth 
ranging from 25 mm to 150 mm. When evaluating 
green roofs, it is essential to consider both their 
advantages, such as radiative cooling, and their 
disadvantages, including high costs, weight, and 
maintenance requirements.

6.3.3 Fenestration

It typically involves optimization of window wall 
ratio, enhancing window airtightness, and window 
thermal performance with inert-gas-filled multiple 
layered glazing, Low-emissivity (low-E) technologies, 

Figure 33b: Green roof
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Figure 33d: Properties of reflective roof 

Figure 33c: Interaction of roofing materials and surfaces with incident solar radiation.

etc. The orientation of windows and glass sections 
should account for various amounts of light entering 
the building from the east, west, north, and south to 
meet the heating and cooling requirements of the 
building. For this, windows can be installed with:

n Double or multiple-layered glass pan

n Low emissivity

n Inert gas fill (Argon etc.)

n Insulative spacers

n Insulated frames, thermal breaks

For fenestration systems, conductive heat gains 
are determined by the U-values of the window 
assemblies including skylights. Moreover, solar heat 
gains through fenestration are awected by the type 
of glazing. SHGC of the glazing will determine the 
amount of heat transfer through the transparent 
glass surfaces whereas VLT determines the amount 
of daylight entering the space. Hence, glass with a 
higher VLT value is desirable for naturally-lit spaces. 

High-performance glazing can contribute to 
optimizing energy usage and at the same time 
enhance light penetration. It has low U-value, low 
shading co-evcient and high VLT (Visual Light 
Transmittance) and is the ideal choice for today’s 
energy-stressed buildings. The shading coevcient 
indicates the extent of direct solar heat gain. 
Generally, for SHGC, we multiply the solar coevcient 
by 0.87. Typical values of high-performance glass 
are shown in the table below.

Table 6: Typical values of high-performance 
glass (CAMTECH, 2009)

RangeProperty

0.1 - 0.4Shading coefficient

1.7-3.0 W/mU-value 2 . K

40%-60%Visual light transmittance

6.3.3.1 Window to wall ratio:

Another passive design strategy to control the heat 
ingress in buildings through glazing is optimizing 
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Figure 34: Movable shading device

Figure 35a: Shading by overhangs Figure 35b: Overhang design for shading

Figure 35d: Vertical shading devices Figure 35e: Egg-crate devices

Figure 35c: Horizontal sun shading device
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Figure 36a: Different shading devices

 

Figure 36b: Use of vegetation to naturally cool buildings during summer and provide shelters from 
prevailing winter winds

Figure 36c: Deciduous trees allow sun 
penetration in winter and blocks sun access 
during summer

Figure 36d: Shading by vegetation

Shading Device Plan & Side View Comments

Compound types are 
combination of  
horizontal and vertical 
types.�Most�e�ective�in�
hot climates on east  
and west exposures.

Compound with  
slanted�vertical��ns� 
(slant toward north).  
Most�e�ective�in�hot� 
climated on east and  
west exposures.

Compound with  
rotating horizontal  
louvers.�Most�e�ective� 
in hot climates on east  
and west exposures.
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the ratio of glazed area to total wall area referred 
to as window-to-wall area ratio (WWR). Determining 
the WWR helps to bring accuracy to predictions of 
the contribution of radiative heat transfer through 
windows towards the total cooling or heating load 
of the building.

6.3.3.2 Shading devices

The devices that are used to block the solar radiation 
incident on the exposed surfaces of a building, 
consequently reducing heat gain, are called shading 
devices. Shadings are normally done in the openings. 
Shading strategies for the glazed components of 
building façade also ower reduced cooling loads 
for the buildings which can be achieved by layout 
(getting shadow from surrounding buildings, etc.), 
architectural form (getting shadow from arcade, 
balcony, etc.), building shading components (outside 
building or inside building), and plants (Yi & Bing, 
2017). Movable shading, shutter and reflection can 
help in the reduction of solar penetration of windows 
and other glass areas. Large roof projection not 
only prevents from monsoon rain but also helps in 
avoiding summer sun. Similarly, perfectly designed 
shading device also prevents summer sun. The 
diwerent types of shading devices are discussed 
below.

a) Internal sun shading devices

�n The internal devices may be Venetian blinds, 
roller blinds and curtains.

�n Internal shading devices only limits the glare 
resulting from solar radiation but not the heat 
coming into the room through the windows.

�n Usually are adjustable and allow occupants 
to regulate the amount of direct light entering 
their space.

b) External sun shading devices

�n The external shading devices are much more 
ewective than the internal arrangement as 
they control the amount of radiation entering 
the building externally.

�n It is true that more than 90% of heating ewect 
of solar radiation through window glass is 
possible to eliminate with evcient use of the 
shading devices. 

�n Overhangs and projections should be such 
that it allows winter sun to penetrate into 
the building and reduce overheating during 
summer.

�n They can be any mechanical equipment 
(like movable device), projections (chajjā), 
cantilevers, louvres, fins, jālis, or even textiles. 

�n They can be fixed, manual and automatic 
moveable.

The thumb rule for providing horizontal shading 
device in latitude less than 28°N is projection (L) is 
half the window height (H) (NGBG, 2015).

They should be provided above window openings.

�n Fixed or movable shading devices can be 
chosen depending on the trajectory of sun 
and direction of the façade. Shutters, jālis, 
and vertical screens can also act as ewective 
shading strategies to reduce radiative heat 
transfer (BEE, 2021).

�n Horizontal devices are to shade a window 
during hot summer months, but to allow 
sunlight to shine through a window in the 
winter, to help warm a building.

�n Vertical devices are primarily useful for east 
and west exposures because of the low 
incident angle of sun. However, this type of 
shading devices is useful in south direction 
as well in sub-tropical climate to cut ow the 
direct solar radiation from the window.

�n Egg-crate devices are the combination of 
vertical and horizontal shading elements 
commonly used in hot climate regions 
because of their high shading evciencies. 
The horizontal elements control ground glare 
from reflected solar rays. The device works 
well on walls.

c) Shading by vegetation

�n Plantation of deciduous trees facilitates 
blocking summer sun and permit winter sun 
into the building.

�n Provision of soft ground surface in the 
surrounding that helps to absorb solar 
radiation and reduce heat island ewect.

�n Trees should be planted within a distance 
of 1.5m -6m from the building depending on 
their height and species (Vasiu, 2013).

�n Creation of green corridor to direct prevailing 
summer wind into the building.

�n Similarly, during winter, the trees should act 
as shelter from intrusive winds.
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�n Planting trees either in concave or convex 
shape relative to that of the building provide 
viable solutions for both deflecting and 
damming the wind.

�n Plantation of deciduous trees to allow winter 
sun and avoid summer sun and also to allow 
cool breeze into the building.

�n Provision of soft ground surface in the 
surrounding that helps to absorb solar 
radiation and reduce heat island ewect.

�n Implementing green roof design or plantation 
on roof to reduce heat island ewect.

6.3.3.3 Windows design for natural ventilation

Natural ventilation is defined as the provision of 
fresh air and removal of stale air using the naturally 
occurring forces of wind and buoyancy to drive 
airflow through intentional openings in the building 
envelope. In hot climates, it can also improve thermal 
comfort by removing heat from inside the building. 
Approximately. Ventilation improves thermal comfort 
by:

n Cooling of indoor air by replacing or diluting it 
with outdoor air as long as outdoor temperatures 
are lower than the indoor temperatures.

n Cooling of the building structure i.e., Thermal 
mass of the building.

n Providing a direct cooling ewect over the human 
body through convection and evaporation.

Natural ventilation can be induced by wind pressure 
or in the form of a stack ewect resulting from 
temperature-induced pressure diwerences between 

indoor and outdoor air. When outside and indoor 
temperatures are closer, these forces are small, 
presenting a challenge for NV design. Typically, 
NV systems are designed to ensure that buoyancy 
forces alone can provide adequate NV flow rates in 
the absence of winds. Since moving air or wind is 
obstructed by the building, on the windward side, 
higher pressure is created. Further, as the air moves 
over and around the building towards the leeward 
side, the pressure gradually reduces and air speed 
increases. The pressure diwerences generated 
between indoors and outdoors drive ventilation 
flow. Additionally, exterior pressure increases with 
height, providing design flexibility and allowing 
variations in fenestration details on various floors of 
the residential building.

Inside a space, warm air rises and forms a layer of 
buoyant air near the ceiling. The buoyant air creates 
a hydrostatic pressure in the area. Compared to this 
pressure, the outside pressure at the same height 
is lower. Hence, the buoyant force moves hot air 
outdoors from the inside space at heights near the 
ceiling. Closer to the floor,  openings at the lower 
level allow cooler outside air to enter the space 
where the pressure balance is inverse to that near 
the ceiling.

Wind-driven:

n Relies on wind pressure to drive air movement.

n When wind hits the windward facade, it creates 
a positive pressure on the facade. Similarly, as 
it flows away from the leeward facade, a region 
of lower pressure will be created. This pressure 
diwerence will force air movement.

Figure 37: Position of overhangs and louvers to improve the ventilation

�
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Buoyancy driven:

n Describes the natural movement of air through 
a building resulting from diwerences in vertical 
pressure developed by temperature diwerences 
in the air.

n This occurs in a building by warm air escaping 
from openings at a substantial height on the 
building envelope, which draws in colder, denser 
outside air through the lower openings of the 
building.

General guidelines for natural ventilation

n Orienting the window in a favorable wind 
direction.

n Casement windows provide more operable area 
than a sliding window of the same size (90% 
openable areas in casement window and 50% 
openable area in sliding window).

n Position of overhangs, louvres etc. can be used 
to direct the air inside at the required level and 
area Improving side ventilation with mosquito 
net. The reduction in air volume flow due to the 
application of mosquito nets should be taken 
into account. 

6.3.4 Surface finishes

Surface treatment and the selection of surface 
materials will also influence the thermal behavior of 
the building and can help in reducing the heat load. 
Light-colored or shiny external surfaces will reflect 
a large part of the incident solar radiation; thus, 
much less heat will enter the building fabric. On the 
other hand, darker colors absorb more heat, which 
can be beneficial in colder climates. The texture 
of a material can also impacts its solar radiation 
absorption. Rough texture material is found to 
absorb more solar radiation for longer periods and 
results in heat gain while smooth surface reflects 
solar radiation and hence reduces heat by building. 
So, when considering the texture of a material, it’s 
important to evaluate its potential impact on solar 
radiation absorption.

6.4 General Guidelines for building 
envelope design in different climatic 
zones of Nepal
6.4.1 Sub-tropical climate 

In the sub-tropical region, our main target is to: 

n reduce solar radiation falling on the building 
envelope.

n reduce external heat gains through the building 
envelope.

n remove excess heat that has built up inside 
through ventilation

For this, diwerent components of the building need 
to be designed accordingly. 

Walls:

n The surface area of the wall should be minimized 
in the east and west directions.

n Wall assembly should have a low U-value. 
Which can be achieved by providing air cavity, 
insulation or thermal mass.

n Wall should be shaded as much as possible from 
the direct sunlight by vegetation (See details in 
section 6.3.1).

n The insulation should be provided in the east and 
west walls to mitigate the ewects of substantial 
solar radiation which causes these walls to heat 
up considerably.

Roofs:

n Roof assembly should have a low U-value to 
reduce conduction heat gains and loss through 
the roof. This can be achieved by providing 
insulation and high SRI value of roofing materials.

n Green roof recommended.

Fenestration:

n Fewer windows in the east and west directions.

n Window to wall ratio as recommended by the 
Mahoney table i.e. 25-40% at body height.

n Glass with lower U-value (can be achieved by 
providing double glazed) to reduce conduction 
heat gains and loss through the glass. Low SHGC 
and high VLT are recommended.

n Windows should be shaded properly from 
unwanted direct solar radiation by providing 
horizontal, vertical and egg-crate shading 
devices (Refer to the details in section 6.3.1). (See 
Appendix 2 for the calculation method).

n Should have natural ventilation provision either 
wind-driven or buoyancy-driven.

Surface finishes:

n Light color and smooth textures of the wall is 
recommended.
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6.4.2 Warm Temperate Climate

In the sub-tropical region, our main target is to:

n reduce solar radiation falling on the building 
envelope in summer.

n reduce external heat gains through the building 
envelope in summer.

n remove excess heat that has built up inside 
through ventilation in summer.

n optimize solar access inside the building during 
winter.

For this, diwerent components of the building need 
to be designed accordingly.

Walls:

n The surface area of the wall should be minimized 
in the east and west direction.

n Wall assembly should have a low U-value. 
Which can be achieved by providing air cavity, 
insulation or thermal mass.

n Wall should be shaded as much as possible from 
the direct sunlight by vegetation (see details in 
section 6.3.1).

n The insulation of the east and west walls is 
crucial due to significant solar radiation, which 
causes these walls to heat up considerably.

Roofs:

n Roof assembly should have a low U-value to 
reduce conduction heat gains and loss through 
the roof. This can be achieved by providing 
insulation and high SRI value of roofing materials.

n Green roof recommended.

Fenestration:

n Fewer windows in the west direction.

n Window to wall ratio as recommended by the 
Mahoney table i.e. 25-40% at body height.

n Glass with lower U-value (can be achieved by 
providing double glazed) to reduce conduction 
heat gains and loss through the glass. Low SHGC 
and high VLT are recommended.

n Windows should be shaded properly from the 
direct sunlight in summer (see details in section 
6.3.1).

n natural ventilationhaveWindows should
orwind-driventhrougheitherprovision

buoyancy-driven.

Surface finishes:

n Light color and smooth textures of the wall is 
recommended

6.4.3 Cool temperate climate

In warm and cool temperate regions our main target 
is to:

n reduce solar radiation falling on the building 
envelope during summer.

n reduce external heat gains through the building 
envelope during summer.

n remove excess heat that has built-up inside 
through ventilation during summer.

n rptimize solar access inside the building during 
winter.

n reduce heat loss from inside to outside through 
the building envelope in winter.

For this, diwerent components of the building need 
to be designed accordingly.

Walls:

n The surface area of the wall should be minimized 
in the east and west direction.

n Wall assembly should have a low U-value. 
Which can be achieved by providing air cavity, 
insulation or thermal mass.

Roofs:

n Roof assembly should have a low U-value to 
reduce conduction heat gains and loss through 
the roof. Which can be achieved by providing 
insulation.

n Green roof is recommended.

Fenestration:

n Fewer windows in the west direction.

n Window-to-wall ratio as recommended by the 
Mahoney table i.e. 25-40% in north and south 
walls at body height.

n Glass with lower U-value (It can be achieved by 
providing double glazed) to reduce conduction 
heat gains and loss through the glass. High 
SHGC and high VLT is recommended.

n Windows should be shaded properly from the 
direct sunlight by providing horizontal shading 
devices (to let in winter sun inside the room) (see 
details in section 6.3.1). Which can be calculated 
as in appendix - 2.
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n Natural ventilation as much as possible either 
through wind driven or buoyancy driven.

Surface finishes:

n Light color and smooth textures of wall is 
recommended

6.4.4 Alpine climate

In Alpine climate our main target is to:

n optimize solar access inside the building during 
the day.

n reduce heat loss from inside to outside through 
the building envelope

n prevent cold draughts in the building.

For this, diwerent components of building need to 
be designed accordingly.

Walls: 

n Surface area of wall should be maximized in 
south direction.

n Wall assembly should have low U-value which 
can be achieved by providing air cavity, insulation 
or thermal mass.

Roofs:

n Roof assembly should have low U-value to 
reduce conduction heat gains and loss through 
the roof which can be achieved by providing 
insulation.

Fenestration:

n Less window or no window at north and windward 
direction.

n Window to wall ratio as recommended by the 
Mahoney table i.e. 25-40% in south direction.

n Glass with lower U-value (can be achieved 
by providing double glazed) to reduce loss 
through the glass. High SHGC and high VLT is 
recommended.

Surface finishes:

n Dark color and rough textures of wall is 
recommended.
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Chapter

Sustainable Building Material

>> Sustainable building materials

>> Need of Green and Sustainable Construction Materials

>> APPROACH to Consider When Selecting Sustainable Building Materials

Bayalpata Hospital, Accham by Sharon Davis Design in 2019 in Rammed earth

Source: https://architizer.com/idea/3082345/
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Bayalpata Hospital, Accham by Sharon Davis Design in 2019 in Rammed earth
(Source: https://architizer.com/idea/3082345/)

Mato Ghar, Budhanilkantha, Kathmandu
Material: Rammed Earth, Adobe, cob, bamboo; Concept: Prabal Thapa, Hemendra Bohora
Engineering contractors: ABARI (Bamboo works), Adarsha Nirman, Ghampani Urja
(Source: https://prabalthapaarchitects.com.np/mato-ghar)
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Sustainable  
Building Material7

Building materials play a crucial role in sustainable 
building design, influencing extraction, processing, 
and transportation throughout the building’s 
lifecycle. They impact greenhouse gas emission, 
heat flow, energy storage, and overall thermal 
performance of the building. In Nepal, traditional 
materials are still popular due to their availability, 
low cost, and compatibility with the local climate 
as well as being managed by skilled local labor. 
However, there is a growing shift towards modern, 
imported materials which tend to have a higher 
environmental footprint. 

The chapter highlights the importance of balancing 
traditional materials and practices with innovative 
approaches, recommending the integration of 
alternative sustainable materials and optimized 
building designs that can reduce costs and 
resource use while improving comfort, health, and 
environmental performance. 

7.1. Sustainable building materials
Sustainable building materials (SBM), often called 
green or eco-friendly materials, are designed to 
ower environmental, social, and economic benefits 
throughout their lifecycle— from the extraction of 
raw materials to manufacturing, usage, and final 
disposal. Despite extensive research on material 
selection, a universally accepted definition for 
“sustainable building materials” has yet to be 
established (Franzoni, 2011; Saghafi & Teshnizi, 
2011). This lack of consensus can complicate the 
development of guidelines and principles needed 
to standardize sustainable materials in construction.

Sustainable building materials are characterized by 
their ability to conserve resources, reduce waste, 
and minimize their ecological footprint. These 
materials aim to meet construction needs without 
compromising environmental quality or human 
health. Key attributes of SBM include:

1. Low Embodied Energy

2. Local Availability

3. Predominantly Renewable Source

4. Construction techniques compatible with local 
knowledge and skills

5. Reusability and Recyclability

6. Evcient use of resources during manufacturing 
and construction

7. Durable and Low Maintenance

8. Awordable/Cost-Ewectiveness

9. Safe and reliable structural integrity and suitable 
for various construction needs.

10. Easy to use and socially acceptable

11. Non-toxic (avoid releasing pollutants), 
contributing to a comfortable and healthy indoor 
environment,

12. Minimal Pollution in the entire lifecycle

Figure 38: Key attributes of SBM

Renewable Sources

ReducƟon�in�air�land�&� 
water�polluƟon

Indigenous or locally  
available

Natural�&�plenƟful
Durability�&�life�span

Aids�Energy�e񏿿ciency� 
in building

Reusable or Recyclable

Green 
Materials & its 
Technologies Biodegradable

Low embodied energy

Resource reuse and  
upgradaƟon
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By incorporating these materials, the construction 
industry can reduce its impact, conserve resources, 
and improve overall resilience while supporting 
healthier, more sustainable built environments

7.2. Need of Green and Sustainable 
Construction Materials
Construction materials have evolved continuously 
from traditional, locally sourced zero energy options 
like stone, wood, and mud to modern materials such 
as cement, steel, aluminum, glass, plastics and other 
smart and nano materials (See Figure 39). While this 
shift has delivered benefits in terms of durability, 
low maintenance, and convenience, it has also 
introduced environmental challenges.

buildings that align with environmental goals and 
enhance human health. Prioritizing sustainable 
and locally sourced materials contribute to more 
ecologically responsible buildings that align with 
environmental goals and enhance occupant health 
and well-beings.

The key reasons emphasizing the needs of SBM are: 

n Improve Human Health and Well-being: Green 
construction materials enhance indoor air quality 
and thermal comfort, reducing harmful emissions 
and improving occupants’ health and quality of 
life.

n Environmental Impact Reduction: Sustainable 
materials lower carbon footprints and minimize 
waste, helping to mitigate the environmental 
ewects of construction activities.

n Resource Conservation: Sourced from 
renewable resources, green materials decrease 
reliance on finite materials and promote 
energy and water evciency, leading to a more 
sustainable future.

n Enhancing Resilience to Multi-Hazards: These 
materials improve resilience to climate change 
and local environmental conditions, aiding in 
disaster preparedness and recovery.

n Socio-Economic Benefits: The use of sustainable 
materials generates economic advantages, 
including long-term cost savings and local job 
creation, supporting a transition to a sustainable 
construction sector.

n Supporting Decarbonization and SDGs: Green 
materials support national and international 
commitments, contributing to the United Nations 
Sustainable Development Goals (SDGs) by 
reducing carbon emissions and promoting 
sustainable practices essential for a resilient 
future

7.3 APPROACH to Consider When 
Selecting Sustainable Building Materials 
In selecting sustainable building materials, it is 
essential to integrate optimization strategies and 
assess environmental impacts across the lifecycle of 
each material. The following approaches highlight 
the key considerations for choosing materials 
that promote sustainability and minimize the 
environmental impact of construction.

Figure 39: Evolution of Building Materials in 
history

Prior to 4000 BC

Zero-energy materials

• Soil,�stones,�reeds/ 
thatch,�Sun�dried 
bricks/adobe, 
unprocessed 
Ɵmber

Medium-energy materials

4000 BC-1800 AD
• Burnt�clay�bricks, 

lime,�cast�iron 
products,�lime- 
pozzolana�cement

High-energy materials

1800 AD- to date
• Aluminum,�steel, 

glass,�Portland 
cement,�plastics, 
other�smart 
materials,�nano- 
materials,�etc

Modern materials often require energy-intensive 
production and negatively impacting natural 
resources. They can emit harmful volatile organic 
compounds (VOCs) that jeopardize occupant health 
and possess poor thermal properties, leading to 
discomfort and reliance on artificial climate control 
systems. This dependency raises energy demands 
and costs, counteracting energy evciency eworts. 
Thus, these imported modern materials increase 
both initial and operational costs with their high 
environmental footprint and toxicity, further 
heightening resource consumption and undermining 
sustainable building initiatives

Given the urgent need to address climate change, 
resource depletion, and promote resilient, 
environmentally responsible infrastructure and 
sustainable urban development, it is crucial to 
re-evaluate the materials used in construction. 
Prioritizing sustainable and locally sourced 
materials, we can create ecologically responsible 
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Figure 40: Life Cycle of Building Materials

7.3.1 Optimization and alternative materials

Green building practices require a focus on 
optimizing material use and incorporating 
sustainable alternatives to minimize environmental 
impacts throughout a building’s lifecycle. This 
involves evcient sourcing, use, and management 
of materials from construction through to 
deconstruction. Key Strategies for Material 
Optimization and Alternatives:

n Optimize resource use to minimize waste, 
energy consumption, and carbon footprints.

n Employ design strategies like evcient 
structural systems, prefabricated components, 
and lightweight materials to reduce material 
consumption and embodied energy (the 
total energy used in material production, 
transportation, and assembly).

n Recognize that materials with high embodied 
energy, such as cement and steel, are crucial for 
structural strength and seismic safety; therefore, 
optimize their use to achieve maximum strength 
with minimal consumption.

n Consider adopting load-bearing systems over 
reinforced concrete frames to reduce cement 
and steel usage, and optimization of materials 
thereby minimizing environmental impacts.

7.3.2 Life Cycle Analysis (LCA)

Life Cycle Assessment (LCA) of building materials 
intends to assess the degree of sustainability of 
building material and its technology and the process 
of choosing SBM based on the three pillars of 
sustainability; environment, social and economic.

As per ISO 14040:2006 and ISO 14044:2006 
standards, LCA quantifies the potential 
environmental impact of a product or a service. 
This is a technique for assessing environmental 
impacts associated with every stage of the entire 
life cycle of a material, from cradle to grave (see 
Figure 40) i.e., from raw material extraction through 
processing, manufacture, distribution, use, repair 
and maintenance, to disposal or recycling of 
the materials. LCA can provide quantitative and 
comparative values for the environmental impacts of 
various building materials and technologies (Singh et 
al 2011; Zabalza Bribián et al 2011; Takano et al 2015). 
It provides valuable insights into It provides valuable 
insights for architects, engineers, policymakers, and 
other stakeholders to compare and make informed 
decisions for selecting sustainable building materials 
options that reduce the environmental footprint of 
buildings

This comprehensive analysis for selecting the 
most appropriate sustainable building material 
from various alternatives can be conducted using 
multi-criteria decision-making (MCDM) methods. 
Accordingly, LCA evaluates multiple relevant criteria 
and factors, including:

1. Embodied Energy

Embodied energy is a major factor in the LCA of 
building materials. Reducing embodied energy is 
a key priority in selecting sustainable materials, as 
it directly influences the overall carbon footprint 
of a building. In any building construction, the use 
of materials with low embodied energy should be 
considered. Energy for manufacturing is almost the 
same in all over the world. Transportation to the 
factory and from the factory to the site can vary 
from place to place. The following table (Table 6 
from National Building Code of India, 2017) provides 
a classification of building materials based on 
embodied energy. 

2. Greenhouse Gas Emissions

LCA quantifies the carbon emissions associated 
with each stage of a material’s lifecycle. Choosing 
materials with lower CO2 emissions should be 
considered in any building construction to reduce 
the overall environmental impact of a building.

Extraction of  
raw materials

Natural 
resources

Incineration and 
land�lling

Recycling of  
building materials

Recycling to  
other industries

Construction 
and�retro�tting

Reuse

maintenance

Demolition

Disposal and 
treatment

Use and

Processing and 
manufacturing

Rec
ov

er
y

Transportation

Physical Infrastructure and Standardized Layout of Government Offices-2083 99 

ANNEX-II



        GREEN BUILDING GUIDELINE OF NEPAL

Over the lifetime, a building’s carbon footprint 
consists of the embodied carbon from the 
manufacture and processing of building materials 
and construction, as well as the operational carbon 
from the energy use of its operations. Whole-life 
carbon is described as a sum of operational carbon 
and embodied carbon, as calculated over the whole 
life cycle of the building (Figure 40)

The guideline focuses on the embodied carbon 
from the manufacture and processing of building 
materials. Appendix 6.B presents the embodied 
carbon of certain materials. (Anderson, n.d.)

3. Indigenous or locally available

Materials should be selected locally or regionally 
available which save energy and resources for 
transportation of materials to the construction site.

4. Naturally plentiful and Resource Depletion

To minimize resource depletion and ensure long-
term availability for future needs, eworts should 

focus on using materials that are naturally abundant 
and sustainably harvested, reducing the reliance on 
finite resources. This approach promotes a balance 
between development and conservation, supporting 
more sustainable building practices

5. End-of-Life Impact

LCA also considers how materials can be reused, 
recycled or safely disposed of at the end of their 
lifecycle. Materials with high recyclability or potential 
for reuse can significantly reduce the environmental 
burden associated with demolition and waste 
management.

By using LCA to guide material choices, the 
construction industry can create buildings that 
are not only resource-evcient but also aligned 
with global sustainability goals, helping to reduce 
the sector’s contribution to climate change and 
environmental degradation. The details procedure 
of quantitative Multi-criteria Life Cycle Assessment 
(MCLCA) are presented in Annex -9.

Table 7 : Classification of Materials Based on Energy Intensity [NBC 2017, India, Clause 9.1.4 (a)]

SI No.
(1)

Category of 
Material

(2)

Energy Intensity 
(Range) GJ/t

(3)

Examples
(4)

Very high 
energy

>50 Aluminum, stainless steel, plastic, copper, zinc

5-50High energy Cement, steel, glass, bitumen, solvents, cardboard, paper 
and lead

Medium 
energy

1-5 Lime, gypsum plasterboard, burnt clay brick, burnt clay 
brick from improved vertical shaft kiln, aerated block, 
hollow concrete block, gypsum plaster, concrete block, 
timber, wood products, particle board, medium density 
fiber board, cellulose insulation, in-situ concrete. 

Low energy <1 Sand, aggregate, fly ash and fly ash-based products, 
cement stabilized soil block, straw bale, bamboo, stone

While comparing the embodied energy of building materials, the total quantity by mass of the1.
material times the embodied energy value per unit mass (energy intensity) of the material to be 
installed for the same surface area of the building may be compared.

The values given in the table are comparative values, and in case of substantial difference in2.
the transportation component of the materials in question, the same should also be taken into 
account while calculating the embodied energy.
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Figure 41: CO2 emissions from the cement industry in Nepal

(b)(a)

CO2 emission

2%

54%
44%

a) for the 1987-2019 period and b) contribution of different emission activities during the cement production to the net CO2 
emissions in 2019/2020 (Thakuri, S. et al. 2021)

7.4 Recommended Sustainable Materials
For the required quality of the building materials 
reference should be made National building code of 
Nepal. General guidelines and recommendations for 
use of diwerent alternative materials for sustainable 
construction are presented as follows:

7.4.1 Structural Materials

7.4.1.1 Cement concrete

Concrete is a widely used strong and durable 
material which provides good thermal mass 
for buildings. However, cement and concrete 
production contribute significantly to greenhouse 
gas emissions, particularly CO2, necessitating 
urgent decarbonization eworts (Barbhuiya, S. et 
al., 2024). Cement production is known for its high 
energy consumption, which occurs during various 
processes such as raw material preparation, clinker 
production and grinding. In addition, extraction 
and mining of aggregates also results in natural 
resources depletion and natural habitat destruction 
results in huge environmental impacts.

Enhancing energy evciency not only helps 
to minimize greenhouse gas emissions but 
also improves the overall competitiveness and 
economic viability of cement manufacturing. By 
reducing carbon emissions from these industries, 
we can make substantial progress in addressing 
the global climate crisis. Decarbonization aligns 
with international agreements and targets, such 
as the Paris Agreement, which aim to limit global 
temperature rise and combat the adverse ewects of 
climate change

Strategies for decarbonizing cement production 
involve a range of approaches aimed at reducing 
carbon emissions and promoting sustainability. 
They are:

1. use of alternative cementitious materials, such 
as fly ash, slag and pozzolans, which can partially 
replace traditional clinker and reduce carbon 
intensity.

2. carbon capture and storage (CCS) technology 
- capturing CO2 emissions from cement plants 
and storing them underground.

3. improving energy evciency in cement 
manufacturing through process optimization, 
waste heat recovery and energy-evcient 
technologies is also critical.

The development of low-carbon cements, including 
blended cements and novel binders, owers greener 
alternatives. Circular economy approaches, such as 
recycling concrete waste and utilizing alternative 
fuels, further contribute to decarbonization eworts in 
the cement industry.

Several approaches and technologies are being 
developed to make cement and concrete more 
sustainable:

A. Alternative Cementitious Materials: The 
following alternative materials can be used to 
replace or supplement Portland cement, which 
is the primary binder in conventional concrete:

�n Fly Ash: A byproduct of coal combustion, 
fly ash can be used as a supplementary 
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cementitious material, reducing the need 
for ordinary Portland cement and lowering 
carbon emissions. It can be mixed in concrete 
to help increase its workability. At the same 
time, it also makes concrete more durable 
in the long-haul so it reduces instances of 
cracking, bleeding, and permeability.  Fly 
ash is an excellent option for a more cost-
ewective material compared to cement, 

�n Slag Cement: Ground granulated blast 
furnace slag, a byproduct of steel production, 
can replace a portion of Portland cement 
in concrete, owering similar performance 
properties while reducing environmental 
impact. These alkali-activated binders 
ower similar or even superior mechanical 
properties compared to traditional cement 
and have demonstrated durability in various 
applications (Barbhuiya, S. et al., 2024)

�n Rice Husk Ash: Rice husk ash is a waste 
product of rice milling that is known for 
its high silica content. It can be used for 
increasing the strength of the concrete 

�n Silica Fume: A byproduct of silicon metal or 
ferrosilicon alloy production, silica fume is a 
pozzolanic material that improves concrete 
strength and durability while reducing 
cement content.

�n Calcined Clays: Calcined clay, such as 
metakaolin, are natural or a by-product of 
various industrial processes that can be 
readily available that it can be used as a 
partial substitute for clinker, resulting in 
reduced energy consumption and CO2 
emissions, owering performance benefits and 
environmental advantages The incorporation 
of calcined clay also enhances the properties 
of the cement, such as improved durability 
and strength (Barbhuiya, S. et al., 2024)

�n Hempcrete: A bio-composite material 
combined with concrete, making it an 
excellent choice for reducing carbon 
emissions and enhancing energy evciency. 
Made from hemp fibers, lime, and water, 
Hempcrete sequesters carbon, significantly 
contributing to its carbon-reducing properties. 

It is also a great option for increasing 
thermal performance while keeping energy 
consumption low. It is useful across several 
diwerent climates as well.

B. Alternative Binders: New binders that do not 
rely on Portland cement, such as:

�n Geopolymer Binders: Geopolymers are 
inorganic polymers formed by the reaction 
of aluminosilicate materials with alkaline 
activators. They ower high strength and 
durability with lower environmental impact 
compared to Portland cement.

�n Calcium Sulfoaluminate (CSA) Cement: 
CSA cement, also known as calcium 
sulfoaluminate cement or expansive cement, 
is an alternative binder that owers rapid 
strength development and reduced carbon 
footprint compared to Portland cement. 

�n Alternative Aggregates: Alternative 
aggregates, such as recycled concrete 
aggregate, industrial byproducts, and 
natural materials like crushed volcanic rock 
or recycled glass, should be intended to be 
used to reduce the environmental impact of 
concrete production.

C. Low-Carbon Concrete Mixtures: Engineers are 
optimizing concrete mixtures to reduce cement 
content, increase the use of supplementary 
cementitious materials, improve aggregate 
grading, and enhance workability and durability 
while minimizing carbon emissions. Recycled 
aggregates, sourced from demolished structures, 
ower an eco-friendly alternative, while locally 
obtained aggregates reduce transportation 
distances, further diminishing environmental 
impact1 Innovations in concrete technology, 
leveraging chemical admixtures and additives, 
result in high-performance mixes requiring less 
cement content, thereby reducing the overall 
carbon footprint

D. Ready Mixed Concrete (RMC): RMC provides 
opportunity for use of pozzolanas and slag in 
greater quantities while maintaining strict quality 
control. RMC plants are equipped with pollution 
control measures, reducing environmental 

Developing a novel mix design methodology for slow hardening composite cement concretes through packing density1
approach (https://www.sciencedirect.com/science/article/abs/pii/S0950061821021498)
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pollution from dust, noise, and water runow. 
The precise batching and mixing process of 
RMC minimize material wastage, leading to cost 
savings and environmental benefits

E. Precast concrete elements: Precast concrete 
can be used in the construction in the form of 
building structure elements which are assembled 
at site and made monolithic by pouring in-situ 
concrete. The products can be more sustainable 
than traditional construction methods due 
to factors such as reduced waste, lower 
energy consumption, and the use of recycled 
materials in some cases. Many precast concrete 
manufacturers ower products that contribute to 
Leadership in Energy and Environmental Design 
(LEED) certification and other green building 
rating systems due to their sustainable attributes, 
such as recycled content, regional materials, and 
low-emission production processes.

F. Ferrocement: Ferrocement is a thin composite 
material made of cement mortar reinforced with 
closely spaced layers of continuous and relatively 
small-diameter wire mesh. Despite its relatively 
thin cross-section, ferrocement exhibits high 
strength and durability. The steel reinforcement 
provides tensile strength while the concrete 
matrix provides compressive strength, resulting 

in a material that can withstand considerable 
loads and stresses. Ferrocement typically 
requires less material compared to traditional 
concrete construction methods due to its thin 
cross-section and evcient use of reinforcement. 
This reduces the overall environmental impact 
associated with material extraction and 
transportation. Ferrocement production typically 
requires less energy compared to traditional 
concrete production processes, resulting in 
lower greenhouse gas emissions. Additionally, 
the lightweight nature of ferrocement can 
reduce the carbon footprint associated with 
transportation and construction activities.

G. Carbonation-cured Concrete: Carbonation 
curing is a process that accelerates the 
carbonation of concrete, converting CO2 into 
calcium carbonate and enhancing the material’s 
strength and durability while sequestering 
carbon.

7.4.2 Alternative Walls

1. Compressed Stabilized Earth Block/Brick 
(CSEB):

CSEBs are made from locally sourced soil, and sand 
or chemical soil stabilizers with lime/cement, owering 
an eco-friendly alternative by reducing dependence 

Figure 42: Compressed Stabilized Earth block/brick Manufacturing
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on scarce resources. CSEBs require less energy 
for production compared to traditional bricks or 
concrete blocks, as they involve minimal processing 
and transport of materials. Their earth-based 
composition contributes to carbon sequestration, 
further lowering their embodied carbon compared 
to materials like concrete and steel. CSEBs provide 
excellent thermal insulation, helping regulate indoor 
temperatures and reducing reliance on mechanical 
heating and cooling, resulting in energy savings 
and enhanced comfort. When properly stabilized2, 
they exhibit durability, resisting weathering, pests, 
and fire, making them a resilient long-term building 
option. CSEBs align with green construction 
principles, owering a sustainable, resilient, and 
comfortable solution for the built environment.

2. Stone

It is a traditional green and sustainable building 
material that has been used since ancient times. 
Detailed in the Nepal National Building Code (NBC 

202:2015), its widespread application in construction 
is attributed to its natural abundance, durability, and 
minimal environmental impact. Locally quarried 
stone minimizes transportation emissions and 
reduces reliance on non-renewable resources. Its 
inherent strength and longevity make it resistant to 
weathering, pests, and fire, ensuring that structures 
require minimal maintenance and repair over time. 
Moreover, stone’s thermal mass properties enhance 
thermal comfort by regulating indoor temperatures 
and decreasing reliance on heating and cooling 
systems. As a natural material, stone also has a 
lower embodied energy compared to manufactured 
alternatives like concrete or steel, further bolstering 
its sustainability credentials.

3. Stonecrete

Stonecrete3, a concrete blend that incorporates 
cobble, pebble, crushed stone, or gravel aggregates, 
serves as a sustainable alternative to traditional 
concrete. By reducing the cement content—one 

Figure 43: Stone as building material
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2 Three mode of stabilizers – physical, mechanical and chemical, More details refer Shrestha S & Watanabe I, 2016
3 Stonecrete Manual, Habitat for Humanity

of the primary contributors to CO₂ emissions—
stonecrete helps lower the carbon footprint in 
construction. It also owers an evcient substitute 
for labor and resource-intensive dressed stone, 
supporting resilient building construction.  The use 
of recycled aggregates, like crushed concrete or 
masonry rubble, further minimizes the demand for 
virgin materials and diverts waste from landfills. It’s 
enhanced durability due to the strength of stone 
aggregates results in long-lasting structures that 
require minimal repairs, promoting sustainability in 
the built environment. With thermal mass properties 
that aid in temperature regulation and energy 
evciency, and aesthetic versatility for architectural 
and landscaping uses, stonecrete supports greener 
construction practices and contributes to a resilient, 
sustainable built environment.

4. Adobe block

Adobe brick, also known as sun-dried brick, is a 
traditional, sustainable building material made 
from locally sourced earth, typically clay and sand, 
mixed with water and organic material like dung. 
Detailed in the Nepal National Building Code (NBC 
204:2015), adobe brick requires minimal energy for 
production, resulting in a low carbon footprint. Its 
natural insulation properties help regulate indoor 
temperature and humidity, reducing reliance on 
artificial heating and cooling. Adobe bricks are a 
timeless, sustainable choice that integrates resource 
evciency with environmental responsibility, 
harmonizing tradition with ecological principles.

5. Hollow concrete block (HCB)

HCBs are pre-cast concrete blocks with one or 
more large holes, made from cement, sand, and 
aggregates. Nepal Standard: 119/2042 specifies the 
minimum requirements for HCBs used in construction 
in Nepal. HCBs present several advantages in 
sustainable construction. While concrete production 
has environmental impacts, hollow blocks owset this 
by using less material and incorporating hollow cores 
that improve a building’s thermal performance. Their 
durability and resistance to weather, pests, and fire 
reduce the need for frequent replacements, thereby 

conserving resources and reducing waste. Many 
hollow concrete blocks also incorporate recycled 
materials, diverting waste from landfills and lowering 
their environmental footprint. Locally sourced 
and adaptable to various designs, they minimize 
transportation emissions and enhance construction 
flexibility. Though concrete production’s impacts 
should be considered, hollow concrete blocks, used 
thoughtfully, support more sustainable building 
practices.

6. Rammed Earth

Rammed earth wall construction is a traditional and 
environmentally friendly method deeply embedded 
in Nepal’s architectural heritage. Recognized in 
the Nepal National Building Code (NBC 204:2015, 
Clause 7.1.2), this technique uses locally available 
materials, including clay, sand, gravel, and 
stabilizers such as lime or cement, which minimizes 
transportation emissions and maximizes resource 
evciency. Rammed earth walls ower exceptional 
thermal mass, naturally regulating temperature 
and humidity to provide excellent indoor air quality 
and thermal comfort. Known for their durability and 
low maintenance, rammed earth buildings provide 
sustainable, resilient solutions that honor Nepal’s 
cultural heritage while promoting environmental 
responsibility. 

7. Straw bale

Straw bale construction is a sustainable building 
method that utilizes tightly packed straw or hay bales. 
These bales ower excellent insulation, reducing 
energy consumption for heating and cooling. As 
agricultural waste products, they promote resource 
evciency and reduce environmental impact. 
Straw bales are renewable, biodegradable, and 
often sourced locally, further enhancing their eco-
friendliness. Additionally, they provide versatility 
in design and construction while adding aesthetic 
appeal to buildings.  Overall, straw bale construction 
embodies sustainable building practices, owering 
energy-evcient, environmentally responsible, and 
aesthetically pleasing solutions for construction 
projects.
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and slag, which can make up 20-25% of the mix. 
This reduces the demand for virgin resources and 
enhances sustainability. Additionally, concrete 
masonry units with finished surfaces can eliminate 
the need for extra wall layers, saving on materials 
and energy. Options like sintered clays and glass 
blocks with recycled content further improve the 
eco-evciency of construction practices.

10. Precast and prefab panels

Precast and prefab panels are sustainable wall 
materials that ower numerous environmental 
benefits. Manufactured ow-site in controlled 
conditions, these panels minimize waste and 
energy consumption compared to traditional on-
site construction methods. Their standardized 
designs optimize material usage, further reducing 
environmental impact.

Incorporating recycled materials into their production 
enhances their sustainability. Prefabricated panels 
provide improved insulation, which lowers energy 
consumption for heating and cooling. Their quick 
installation reduces construction time and labor 
costs while minimizing disruption to the surrounding 
environment. Additionally, precast and prefab 

8. Autoclaved cellular concrete (ACC) block

AAC blocks are gaining popularity as an alternative 
for wall construction in Nepal, especially in infill and 
partition walls following the Gorkha earthquake. 
The IS 2185: Part 3 code in India and NS 573 in 
Nepal outline the properties and permissible values 
for AAC blocks. Composed of cement, lime, sand, 
and aluminum powder, these blocks undergo 
autoclave curing, resulting in a lightweight cellular 
structure that reduces dead load and facilitates 
design optimization.

AAC blocks ower excellent thermal insulation, 
helping to regulate indoor temperatures and 
decreasing reliance on heating and cooling 
systems, thereby enhancing energy evciency. 
They are also durable, fire-resistant, and resistant 
to pests and moisture, contributing to resilient 
and sustainable built environments with minimal 
maintenance needs. Additionally, their versatility 
allows for various applications, from load-bearing 
walls to partitions, enabling faster construction and 
reducing labor costs.

9. Brick and block products made up of 
recycled content

Figure 44: Sustainable Wall materials

(b) Hollow concrete block(a) Rammed Earth Wall

Bricks and blocks can be produced using recycled 
aggregates like crushed concrete, reclaimed bricks, 
fly ash from coal plants, blast furnace slag, rice husk 
ash, and waste wood fiber. These materials create 
an environmentally friendly construction option 
that emphasizes resource evciency and waste 
reduction.

Concrete blocks can incorporate materials such 
as fly ash which can replace up to 35% of cement, 

panels can be disassembled and reused, promoting 
circular economy principles and reducing waste 
generation. Overall, these panels support green 
building practices by owering evciency, durability, 
and environmental responsibility in construction 
projects.

11. Cob walls

Cob walls represent a traditional, sustainable 
building method, especially suitable for areas with 
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abundant clay-rich soil. Made from a mixture of 
clay-rich soil, sand, straw, and water, cob walls 
ower significant environmental advantages and 
excel in thermal mass, naturally regulating indoor 
temperatures and humidity, which creates health 
and comfortable indoor space. Additionally, cob 
construction supports cultural preservation and 
community involvement, as it employs traditional 
techniques passed down through generations. (See 
Chapter 6 and 10)

12. Timber

Timber is a versatile and traditional building 
material used in both structural and non-structural 
applications. It features low embodied energy, 
is renewable, and can be reused or repurposed, 
owering a long lifespan in indoor environments. 
Timber’s natural thermal properties provide 
insulation, enhancing indoor comfort. However, 
overharvesting can lead to negative environmental 
impacts, so it’s recommended to source timber from 
sustainably managed forests, social agroforestry, 
or reclaimed materials. Proper seasoning and 
preservative treatment are necessary to protect 
timber from fire, moisture, termites, and other pests, 
with a focus on using minimal toxic chemicals based 
on specific applications.

13. Bamboo

Bamboo is a traditional, sustainable building 
material known for its eco-friendly qualities and 
versatility which ower a lower environmental impact 
than traditional timber. As one of the fastest-
growing renewable resources, it has been widely 
used historically for shelters and structures. With 
the understanding of its physical and mechanical 
properties, bamboo is now seen as a viable 
engineering material for modern construction, 
compliant with standards such as Nepal’s NBC 
202:2015. With a remarkable strength-to-weight 
ratio that rivals steel, bamboo owers durability and 
structural integrity and can replace reinforced steel 
in tensile zones in certain applications and within 
limitations (National Building Code of India). Its 
natural flexibility supports a range of architectural 
uses, from frameworks to flooring and cladding. 
Additionally, bamboo sequesters CO₂ during 
growth, helping reduce greenhouse gas emissions. 
This combination of strength, renewability, 

and environmental benefits makes bamboo an 
exemplary choice for sustainable building practices.

7.4.3 Mortar

Mortar is a construction material used to bind 
building blocks and fill gaps, commonly made 
from cement, sand, and water, with lime or clay as 
potential alternatives. It owers structural support, load 
distribution, and protection against moisture and 
pests, with variations in composition to meet specific 
strength and durability requirements. Incorporating 
sustainable alternative binding materials and 
recycled, or renewable aggregates as specified in 
7.4.1.1 into mortar minimizes environmental impact 
by reducing resource use, energy consumption, 
and emissions typically associated with traditional 
mortar. Below are some sustainable mortar options:

a) Mud mortar: Mud mortar is an eco-friendly, 
sustainable building material composed 
of locally sourced earth materials like clay, 
sand, and organic additives such as straw or 
dung. With minimal processing needs, ease 
of application, and non-toxic composition, it 
provides excellent thermal performance and 
breathability, enhancing indoor air quality and 
creating healthier spaces. Mud mortar owers 
significant environmental, social, and economic 
benefits compared to conventional mortars. 
Furthermore, its biodegradability allows it to 
return to the earth at the end of a building’s life 
cycle, reducing construction waste. 

b) Lime mortar: Lime mortar is a sustainable 
choice in construction, made primarily from 
natural limestone, an abundant resource. Unlike 
cement-based mortars, lime mortar production 
generates significantly less carbon dioxide, 
making it an eco-friendly option. Its breathability 
allows moisture to escape from walls, reducing 
dampness and mold growth risk, which 
promotes healthier indoor environments. Lime 
mortar is also durable, recyclable, and highly 
compatible with historic structures, making it 
ideal for restoration and cultural preservation.  
These qualities position lime mortar as a green 
building material that supports environmental 
responsibility and long-term sustainability.

c) Cement mortar: Portland cement mortar is widely 
used for constructing load-bearing masonry walls 
due to its strength and impermeability compared 
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to lime mortar. However, cement production 
contributes significantly to greenhouse gas 
emissions and high embodied energy. To 
make cement mortar more sustainable, various 
strategies can reduce its environmental impact:

�n Supplementary Cementitious Materials: 
Replacing a portion of Portland cement with 
alternative cementitious materials specified 
in Section 7.4.1.1 can lower emissions while 
maintaining strength

�n Optimized Mix Designs: Adjusting mortar 
composition to use only the necessary 
cement volume reduces resource use 
without compromising durability.

�n Locally Sourced and Recycled Materials: 
Using locally available and recycled 
aggregates and binders minimizes 
transportation emissions and reduces the 
demand for new resources and diverts waste 
from landfills

�n ERcient Water Use: Monitoring water 
consumption in mixing and application 
conserves water resource

Conducting a life cycle assessment evaluates the 
environmental impacts of mortar throughout its 
life cycle, guiding improvements for enhanced 
sustainability. 

a) Surkhi –Lime pozzolana mortar: Surkhi-lime 
pozzolana mortar is a traditional building material 
often used in construction, especially in areas 
where lime and surkhi (burnt clay) are abundant. 
This mortar combines lime, surkhi, and water, 
with pozzolanic materials like fly ash or volcanic 
ash added to enhance its properties. It owers 
improved workability, reduced shrinkage, and 
greater durability compared to pure lime mortar, 
as the pozzolanic materials react with lime to 
form additional binding compounds, resulting in 
a stronger mortar. Commonly used for masonry, 
plastering, and rendering, surkhi-lime pozzolana 
mortar supports sustainable building practices 
while preserving traditional construction 
techniques

7.4.4 Roofing Materials

Monolithic concrete slabs and CGI roofing are 
commonly used as roofing materials in Nepal but 
have poor thermal performance which is hot in 

summer and cold in winter. Meanwhile, eco-friendly 
traditional roofing systems like slate, mud, and 
local tile roofing are declining in usage, putting 
vernacular roofing technologies at risk of extinction 
due to reduced patronage. When choosing roofing 
materials for a green building, it is essential 
to prioritize sustainability, resource evciency, 
durability, and environmental impacts. In the case of 
concrete slabs and CGI roofing, adequate insulation 
should be added that helps reduce heat input from 
the roof. Applying insulation on the roof externally 
(with proper waterproofing) performs better. Some 
of the available options for roofing materials are: 

a) Burnt clay tiles: A traditional material still 
very suitable today, with quite good thermal 
properties. Although heavier than sheet roofs, 
their thermal mass is not great enough to store 
heat during the day and release it at night if a 
ventilated void is provided. They are relatively 
heavy and require a strong support structure. 
They are permeable to air through the gaps 
between the tiles.

b) Slate or Flagstone: Slate or Flagstone is a natural 
material that has a low environmental impact. It 
is durable, fire-resistant, and requires minimal 
maintenance. Additionally, these materials are 
recyclable and can be salvaged for reuse. Slate 
has similar properties as clay tiles but somewhat 
reduced heat resistance depending on the 
thickness and the surface (brightness).

c) Thatch roofing: While thatch roofing owers 
unique benefits and adds to the cultural heritage 
of many regions, its suitability for modern green 
building practices may depend on factors such 
as local climate, building codes, maintenance 
capabilities, and aesthetic preferences. It can 
be a sustainable option when properly managed 
and maintained, but it may not be suitable for all 
environments or building types.  

d) Cool Roofs: Cool roofs are designed to reflect 
more sunlight and absorb less heat than standard 
roofs. They are typically made from highly 
reflective materials such as white membranes, 
tiles, or coatings. Cool roofs can help reduce 
urban heat island ewects and lower energy 
consumption for cooling.

e) Wood Shingles or Shakes: Wood shingles 
and shakes are renewable and biodegradable 
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roofing materials. They are often made from 
sustainably harvested wood species such as 
cedar or redwood. While wood roofs require 
more maintenance than other materials, they 
can have a lower environmental impact when 
sourced responsibly.

f) Solar Tiles or Shingles: Solar tiles or shingles 
integrate photovoltaic cells into the roofing 
material, allowing homeowners to generate 
electricity from sunlight. While initially more 
expensive than traditional roofing materials, 
solar roofs can provide long-term energy savings 
and reduce reliance on fossil fuels.

g) Vegetated (Green) Roofs: Green roofs are 
covered with vegetation, which provides 
insulation, reduces stormwater runow, and 
improves air quality. They can help mitigate 
the heat island ewect in urban areas. Green 
roofs require proper structural support and 
waterproofing but ower numerous environmental 
benefits.

7.4.5 Surface Materials

Selecting surface materials in green building 
projects requires a focus on sustainability, durability, 
indoor air quality, and minimizing environmental 
impact throughout the material’s lifecycle. 
Prioritizing materials that are resource-evcient 
and environmentally friendly not only contributes 
to healthier indoor environments but also reduces 
the overall ecological footprint of buildings. Indoor 
surface materials should allow water vapor diwusion 
with a low Diwusion resistance factor (µ) value. Key 
surface material options commonly used in green 
buildings include:

A. Floor and Floor covering:

�n Bamboo Flooring: Bamboo is a rapidly 
renewable resource that grows much faster 
than hardwood trees. Bamboo flooring is 
durable, eco-friendly, and available in various 
styles and finishes

�n Linoleum Flooring: Linoleum is made from 
natural materials such as linseed oil, cork 
dust, and wood floor. It is biodegradable, 
low in volatile organic compounds (VOCs), 
and available in a wide range of colors and 
patterns

�n Cork Flooring: Cork flooring is a sustainable 
material known for its renewable nature and 
eco-friendly harvesting methods. Harvested 
from the bark of cork oak trees without 
harming the trees, cork production supports 
forest health and biodiversity while minimizing 
waste and energy use. Cork is also durable, 
ensuring a long lifespan that reduces waste 
from frequent replacements. Additionally, 
cork flooring provides comfort and health 
benefits, improving indoor air quality, 
making it a popular choice for eco-conscious 
consumers seeking environmentally friendly 
flooring options.

�n Reclaimed Wood Flooring: Reclaimed wood 
from old buildings, barns, or other structures 
can be repurposed for flooring, adding 
character and warmth to a space while 
reducing the need for new lumber.

�n Natural Stone Flooring: Stone materials like 
slate, granite, or limestone are durable, long-
lasting, and available in a variety of colors 
and textures. Choosing locally sourced stone 
reduces transportation emission

B. External and Internal Wall finishes

�n Natural Plaster: Natural plaster is made of 
natural ingredients like clay, sand, straw, and 
sometimes lime. It is non-toxic, biodegradable, 
and has a minimal environmental impact 
compared to conventional alternatives. 
Natural plaster ewectively regulates 
indoor humidity, creating a healthier living 
environment and improving indoor air 
quality by absorbing odors and pollutants. 
Its excellent thermal mass properties provide 
ewective insulation, helping to maintain 
comfortable indoor temperatures and 
promoting a healthy, comfortable building 
atmosphere. With its versatility, durability, 
and aesthetic appeal, natural plaster is an 
excellent choice for green building projects. 

�n Lime plaster: Lime plaster is a traditional 
and eco-friendly building material made 
from limestone (calcium carbonate) that is 
burned and slaked with water. It is non-toxic, 
breathable, and antimicrobial, promoting 
a healthy indoor environment. As it cures, 
lime plaster absorbs carbon dioxide, making 
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it carbon-negative over its lifespan. Its 
durability, flexibility, and resistance to 
cracking ensure long-lasting protection 
for surfaces. Additionally, its high pH level 
discourages mold growth, enhancing indoor 
air quality. 

�n Clay plaster: Clay plaster is being used for 
centuries in various cultures around the 
world. Made primarily from clay-rich soils, 
sand, and sometimes straw or other natural 
fibers. It is non-toxic, biodegradable, and 
has low embodied energy compared to 
synthetic alternatives. It regulates indoor 
humidity levels by absorbing and releasing 
moisture, creating a healthier and more 
comfortable indoor environment. It also 
has excellent thermal properties, providing 
natural insulation and helping to regulate 
indoor temperatures, which can contribute 
to energy evciency and reduce heating 
and cooling costs. With its natural aesthetic, 
versatility, and durability, clay plaster is an 
attractive choice for eco-conscious builders. 

�n Gypsum plaster (Plaster of Paris): Although 
it may not be as eco-friendly as natural 
alternatives like lime or clay plaster, it can 
still contribute to green building when used 
responsibly. Made from gypsum, a naturally 
occurring mineral, it typically requires less 
energy to produce than cement-based 
materials. Gypsum plaster owers good fire 
resistance and can improve indoor air quality 
when combined with low-VOC additives. Its 
versatility and ability to be recycled or reused 
at the end of its lifespan help reduce waste. 

C. Cladding: Some of sustainable cladding 
materials for protecting and enhancing building 
exteriors are:

a. Timber Cladding: A renewable and 
biodegradable material, timber cladding adds 
natural warmth and insulation to building 
exteriors. Responsibly sourced timber can 
also capture and store carbon, reducing 
overall emissions.

b. Stone Cladding: Stone is a durable, low-
maintenance option that provides excellent 
thermal mass. Locally sourced stone cladding 
minimizes transport emissions and connects 

buildings with the regional environment and 
aesthetics.

c. Wallpapers: Eco-friendly wallpapers made 
from recycled or natural fibers can be a 
sustainable choice for interiors, especially 
when paired with non-toxic adhesives. They 
are available in diverse textures and colors, 
contributing to both design and indoor air 
quality.

d. Gypsum Board: Often used for interior 
wall cladding, gypsum board is recyclable, 
lightweight, and ewective for sound and 
thermal insulation. Gypsum’s low embodied 
energy and recyclability make it a sustainable 
choice for green buildings.

e. Fiber Cement Board: Combining cellulose 
fibers with cement, fiber cement boards 
ower durability, resistance to moisture, and 
minimal maintenance. They provide a fire-
resistant alternative to wood and are often 
made with recycled content, supporting eco-
friendly building practices.

Each of these cladding options supports green 
building goals, including durability, low environmental 
impact, and improved indoor environmental quality 

D. Low-VOC Paints and Finishes

Conventional paints and finishes often contain 
volatile organic compounds (VOCs) that release 
harmful chemicals into the air, adversely awecting 
indoor air quality. Low-VOC or zero-VOC paints 
and finishes provide a sustainable alternative, 
designed to reduce or eliminate these emissions, 
thereby supporting healthier indoor environments 
and reducing health risks for occupants. In green 
building projects, all paints, coatings, adhesives, 
and sealants applied indoors or in non-ventilated 
spaces should contain zero VOCs or meet specified 
VOC limits suitable for human health, as detailed 
in Table 7.1. Compliance can be verified through 
Material Safety Data Sheets (MSDS) provided by 
suppliers and other certifications that confirm 
adherence to the permissible VOC levels outlined 
in the guidelines.

7.4.6 Building Fenestration Materials

A. Glazing: Glazing, which refers to the transparent 
or translucent material used in windows, doors, 
and skylights, plays a crucial role in green and 
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sustainable building design. Opting for glazing 
systems with advanced insulation properties 
like low U-values and high solar heat gain 
coevcients (SHGC) can significantly reduce 
heating and cooling demands while maximizing 
natural daylighting. Materials sourced from 
recycled content or renewable resources 
contribute to sustainability, as do frames 
made from responsibly managed forests or 
recycled sources. Innovative technologies like 
dynamic glazing ower adaptability to changing 
environmental conditions, optimizing energy 
performance and occupant comfort. Thoughtful 
design considerations, such as proper 
orientation and shading strategies, further 
enhance daylighting while minimizing unwanted 
heat gain. By prioritizing glazing options that 
align with these principles, green buildings can 
achieve energy evciency, occupant well-being, 
and reduced environmental impact throughout 
their lifecycle.

B. Door and window frames: 

            See Section 6……

7.4.7 Climate Controls Materials

Green building practices emphasize a holistic 
approach that takes into account local climate 
conditions to maximize energy evciency, minimize 
environmental impact, and enhance occupant 
comfort and well-being. Climate-controlling 
materials are those responsive materials that are 
engineered to respond dynamically to changes in 
temperature, humidity, light, or other environmental 
factors.

Figure 46: Classification of insulation materials

InsulaƟon�Materials

Organic Materials Inorganic Materials
e.g.�Mineral�Fiber,�Glass� 

wool,�Rockwool,� 
Perlites,�etc.

SyntheƟc�Materials
e.g.�Polystyrene,� 

polyurethane,�etc.

Natural Materials
e.g.�Cork,�CoƩon,�Wool,� 

Straw,�Hemp,�etc.

A. Thermal Insulation material

Thermal insulation materials, which are poor 
conductors of heat and have low thermal 
conductivity, are generally categorized into organic 
and inorganic groups based on their raw materials. 
Organic materials can be further divided into two 
subgroups: more environment-friendly natural 
materials and less environmentally friendly synthetic 
materials (see Figure 48).

i. Glass wool: A popular, cost-ewective insulating 
material made from silica sand, limestone, boron, 
recycled glass (about 70%) and acrylic resin. It is 
widely used in walls, attics, and floors, owering 
good thermal resistance (R-value). However, 
exposure to glass wool fibers can cause skin 
irritation, itching, eye damage, and respiratory 
issues, necessitating proper safety measures 
and barriers. Due to health concerns, its use has 
been restricted or banned in some countries, 
particularly in Europe.

ii. Mineral Wool (Rock Wool/Slag Wool): It is a 
lightweight high embodied energy artificial 
material - Rockwool made from natural minerals, 
like basalt or diabase under high heat and Slag 
wool, is made from blast furnace/slag (the scum 
that forms on the surface of molten metal). 
Provides excellent fire resistance, thermal 
conductivity and soundproofing properties. It 
is denser and higher R-value and fire-resistant 
than Glass wool.  However, similar to glass wool, 
it causes health hazards if handled without 
protective gear.

iii. Expanded Polystyrene (EPS) and Extruded 
Polystyrene (XPS): These materials are light 
in weight and have very high R-value per 
unit thickness. While EPS has good moisture 
resistance and high compressive strength. 
XPS has low compressive strength and is not 
moisture resistant.

iv. Spray Foam Insulation: It Expands to fill gaps, 
creating an airtight seal. It is more ewective than 
many other types but also more expensive.

v. Cellular fibers: Made from recycled paper 
treated with fire retardants, it’s an eco-friendly 
option with good thermal properties

vi. Cotton: Made from natural fibers or industrial 
waste from recycled cotton textile. It is also a 
good sound insulation and non-toxic, but high-
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water absorption so should be protected by 
moisture-protected barriers.

vii. Natural wool: Sheep and other livestock wool 
are a recycled and renewable material, making 
it an ideal choice for sustainable insulation 
materials It does not contain harmful chemicals 
or emit toxic gases. It is also a fairly fire-resistant 
material, making it safe for use in the home.

B. Thermally Efficient Building Materials

Materials that naturally provide better thermal 
resistance or mass can help manage temperature 
variations:

n Hempcrete: A mix of fibers, lime, and water.

n Straw Bale: Straw bale walls have good thermal 
insulation properties. See section 7.4.2

n Rammed Earth: made of mud with good thermal 
mass properties, suitable for climates with 
significant temperature variations See 7.4.2.

n Aerated Autoclaved Concrete (AAC): 
Lightweight concrete with good thermal and 
acoustic properties. (See 7.4.2.) 

n Cavity wall Insulation: (See section 6.3.1.2)  

n Vernacular techniques:

 Inverted Earthen Pot Insulation: Shading 
the roof-top with inverted earthen pots is a 
traditional, easy, and cost-ewective method 
to reduce solar gain. By virtue of the air 
trapped within these pots, they provide good 
insulation. Earthen pots painted white further 
reduce heat gain. Earthen pots are recyclable 
and locally or regionally available materials. 

 Mud Layer: In this traditional technique, a 
layer of mud containing excess clay or sand, 
free from gravel, stones, and other vegetable 
and foreign matter, is mixed with grass straw. 
This mixture is then applied over a sand-
bitumen waterproofing layer, consolidated, 
and plastered with cow dung mortar. 

 Brick Bat Layer: This technique involves 
a layer of mortar with broken bricks as 
aggregate, using lime or cement as the 
binding matrix. A thick layer of brickbats 
provides good thermal insulation for the roof 
of the building.  

C. Low-E (Low-Emissivity) Glass and Glazing 
Systems

�n Low-E Coatings: These are applied to glass 
surfaces to minimize infrared and ultraviolet 
light passing through windows without 
compromising visible light. This helps keep 
heat out in the summer and inside during the 
winter.

�n Double or Triple-Glazed Windows: Consists 
of two or three glass panes with air or inert 
gas (like argon) between them, providing 
better insulation.

�n Smart Glass: Glass that can change its 
transparency or heat-blocking properties 
with electricity, allowing for dynamic control 
of light and heat in a building

D. Moisture and Air regulating material: 

Moisture and air-regulating materials in sustainable 
buildings are essential for better indoor air quality, 
creating healthy and comfortable sustainable 
housing, and protecting buildings and building 
components from damage. These materials help 
maintain a comfortable indoor environment by 
controlling humidity levels and ensuring proper air 
circulation.

Materials such as clay plaster and wood naturally 
regulate humidity by absorbing and releasing 
moisture, while vapor-permeable membranes and 
breathable wall wraps prevent moisture buildup 
and improve the building envelope’s performance. 
Insulation materials like sheep wool and cellulose 
also contribute by managing moisture without 
compromising thermal evciency.

Airtight construction materials, such as sealants and 
prefabricated panels, minimize air leakage, while 
natural options like bamboo and compressed earth 
blocks promote passive ventilation. Additionally, 
smart ventilation systems, such as Mechanical 
Ventilation with Heat Recovery (MVHR), ensure 
proper airflow and prevent dampness.

These materials, when combined with climate-
adapted designs and durable, low-carbon solutions, 
create resilient, comfortable, and environmentally 
friendly living space
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Water ERciency

>> Water Demand Assessment

>> Water Evcient Approach

>> Strategies for Water Conservation

Chapter
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Water७E�ciency8

Essential for the survival of humans, plants and 
animals, water has always been a finite resource. 
This has been becoming more acute due to rapid 
population growth and urbanization. Through the 
ewective management and conservation of water, it 
is expected that water consumption can be reduced 
by at least 20% below baseline levels.

8.1 Water Demand Assessment 
The water usage in buildings encompasses various 
activities, including drinking, cooking, bathing, 
washing, cleaning, maintenance, watering lawns, 
gardening, and flushing toilets. This collective need 
is referred to as water demand, typically measured 
in liters per capita per day (LPCD). According to NBC 
208:2003, recommended water requirements vary 
for diwerent types of buildings (see Annex 1). Water 
usage is influenced by factors such as climatic 
conditions, living standards, human behavior, water 
availability and quality, as well as the age group of 
the population. The following table presents the 
varying water requirements in SAARC countries.

As per this table, Nepal’s urban per capita water 
demand is the lowest among SAARC countries 

Table 9: Water consumption

%Use

5%Drinking

5%Cooking

40%Bathing

20%Washing

30%Flushing

100TOTAL

while its rural water demand is relatively higher. 
Daily water demand is calculated as follows: 

Total Daily Water Demand = No. of users X LPCD

8.2 WATER Efficient Approach
The design of buildings refers to both the initial 
design process before construction and during 
refurbishment. Water consumption can be reduced 
by up to 20-30% by evcient plumbing, use of 
rainwater, and reuse of greywater. Some of the 
key considerations for water conservation while 
designing buildings are as follows:

n Develop a water optimization design.

n Use water-evcient techniques and technologies.

n Water Optimization through reduction, reuse, 
and resource

8.3 STRATEGIES for Water Conservation
Water conservation is a process of prudent management 
that involves various techniques and technologies 
including water source protection, the use of alternative 
sources of water, reuse/recycling of water, and 
reduction in water consumption. These are some 

Table 8: Water requirement standards in SAARC Countries

SourceRuralUrbanCountrySN

NBC 201640-70 LPCD135-150 LPCDIndia1

Bangladesh National50-100 LPCD100-150 LPCDBangladesh2
Building Code 2020

Pakistan Building Code40-70 LPCD135-225 LPCDPakistan3

Sri Lanka National Water60-100 LPCD120-150 LPCDSri Lanka4
Supply and Drainage 
Board Guidelines

NBC 208100 LPCD100 LPCDNepal5

Bhutan Building Code50-80 LPCD100-120 LPCDBhutan6

Maldives Building Code80-100 LPCD150-180 LPCDMaldives7
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of the most sustainable solutions to address the 
growing challenges in water conservation. In 
green housing, eworts are made to reduce water 
consumption by at least 20%.

8.3.1 Reduction of water consumption

Reduction of water consumption can be achieved 
through the installation of water-saving fixtures and 
promoting changes in water usage behavior.

8.3.1.1 Use of Water saving fixtures

Water-saving fixtures play a crucial role in reducing 
water consumption significantly. There are several 
types of water-saving fixtures available in the market 
and it is important to make a prudent choice of them 
during the design phase. Some of the water-saving 
fixtures are listed below:

n Low-flow toilets: It is high-evciency toilets that 
use less water per flush than traditional toilets.

n Dual flush toilets: It is a toilet having two flush 
buttons, allowing users to choose diwerent 
amounts of water to flush. This design aims to 
reduce water usage by providing a smaller flush 
for liquid waste and a larger flush for solid waste.

n Pressure-Assisted Toilets: Uses pressurized 
air to enhance the flushing power, allowing for 
ewective waste removal with less water. Typically 
uses 3 to 6 liters per flush and is highly evcient 
in clearing waste, reducing the need for multiple 
flushes.

n Gravity-Assist Toilets: Rely on the natural force 
of gravity and a siphoning action to remove 
waste. Modern designs are optimized to use 
as little as 4.8 liters per flush while maintaining 
ewective waste removal.

n Waterless toilets: Composting Toilets and nano 
membrane toilets are waterless toilet that uses 
no water to flush the waste. Compost toilets 
decompose human waste into compost using 
aerobic processes. Similarly, nano membrane 
toilet operates under a heating system and 
converts human waste to water and ash.

n Low-flow sink faucets: These faucets reduce 
the amount of water used per minute  without 
compromising the functionality that we expect 
from them. 

n Faucet aerators:  It is often found at the tip of 
modern water  faucets. Aerators create a non-

splashing stream and can reduce water usage 
by up to 30%.

n Water-saving showerheads:  This uses air 
bubbles to reduce water pressure and hence 
reduce the consumption of water without 
compromising the user’s expectation.

n Tankless water heaters:  Tankless water 
heaters heat water instantaneously without the 
use of a storage tank. It uses less water and 
energy than tank models. 

n Pressure-reducing valves: These valves 
regulate water pressure and can reduce water 
waste. 

n Recirculating pumps:  It keeps hot water 
circulating through the plumbing system, 
ensuring that hot water is available all the time 
as users turn on the tap.

n Plumbing fixtures and fittings: In the case of 
green buildings, the following performance of 
Plumbing fixtures (water closet and urinals) and 
fittings (faucets, showerheads, sprays, etc.) with 
correct water pressure required for the building 
to avoid water wastage (because of high flow 
rates in taps and showers) is recommended. 
Use orifice flange or pressure-reducing values. 
Maintain uniform pressure restricted to 25-30 m/
head or 200Kpa.

n Sensor-based fixtures: This uses a sensor to 
detect changes and control the flow of water. It 
is touchless plumbing fixture that also reduces 
the risk of germs transfer via the fixture. 

n Water-Saving Appliances: Appliances such as 
washing machine, dishwasher etc. use less water 
than hand washing without compromising the 
quality of the wash. Also, top-loading washing 
machines typically use 40% to 50% more water 
than front-loading washing machines even 
though there is no diwerence in the cleaning 
action. In addition, the appliances with ENERGY 
STAR-rated use less water than the normal ones.

n Smart Irrigation Systems: Irrigation using smart 
ways consumes less water without compromising 
its output. Sensor-based watering, Sprinkler, and 
dripping are the smarter ways of irrigation.

�The watering schedules are adjusted 
using sensors that work based on weather 
conditions and soil moisture levels.
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�A sprinkler is used to apply water in a 
manner similar to rainfall therby using water 
judiciously.

�In drip irrigation, water is delivered directly to 
the roots of plants, reducing water waste.

n Leak Detection Systems: Smart leak detectors 
alert users to the leakage in the plumbing 
system.

8.3.1.2 Change the water use behaviors 

Water use behavior is the way people use water in 
their daily life activities, and it can highly impact on 
water consumption.  It can be influenced by many 
factors such as Culture, Socio-economic factor, 
Water scarcity, Cost of water, Awareness, Education 
etc. Some examples of water use behaviors that can 
significantly reduce consumption are:

 Fix Leaks: Check for and repair leaks in faucets, 
toilets, and pipes. Fixing leaks: Leaks can waste 
a lot of water over time, so it’s important to check 
for and repair them regularly.

n Shorter Showers: Reduce the time you spend in 
the shower.

n Turn OQ Taps: Don’t leave water running or use a 
mug of water while brushing teeth, shaving. The 
flowing tap causes waste of water considerably. 

n Full Loads: Using dishwashers and washing 
machines with full loads  

�Taking showers instead of baths 

�Washing a car/bike/vehicle less often

�Choosing drought-tolerant plants

n Timing: Watering the garden in the morning or 
evening

n Reuse: Wastewater generated from vegetable 
cleaning, bathing, washing, water basin can be 
reused for gardening and cleaning purpose with 
or without treatment.

n Multiple Use of Water: There is a well-known 
approach called Multiple Use Water Schemes 
(MUS) that provides water for both domestic 
needs and high-value agricultural production, 
including livestock. It is low-cost and technique 
for optimum use of water. Overflow from tank is 
used for livestock and irrigation. 

8.3.2 Rainwater Harvesting 

Rainwater is one of the purest sources of water 
accessible from roofs and hardscapes in locations 
with regular or intermittent rainfall. One of the most 
ewective methods to implement green eworts is to 
require rainwater harvesting for domestic use and 
groundwater recharge in all green housing programs. 
Rainwater is collected and stored for potable (after 
treatment) and non-potable applications such as 
toilet flushing, irrigation etc.

Rainwater harvesting is an old/traditional practice in 
Nepal. Collection of rainwater in ponds or vessels for 
future use or ground water recharge has been done 
for many years. In Kathmandu Valley, the traditional 
towns have ponds, which collect rainwater, feed 
the stone spouts and wells, and provide water for 
drinking and other domestic purposes as well as 
emergencies.

8.3.2.1 Basic Method of Rainwater Harvesting

Rainwater can either be harvested for instant use 
or future use, which suggest two diwerent methods 
of harvesting i.e. storage system or recharge 
system respectively. It is essential to consider the 
design appropriate harvesting methods based on 
subsurface properties and intended use of water. 
Depending on the groundwater levels, solutions 
such as groundwater recharge can be explored for 
low groundwater levels, while rainwater storage 
systems can be considered for shallow groundwater 
tables. Similarly, the storage system is for instant use 
of water while recharge system adopted if the use of 
water is intended for future. 

a. Rooftop Rainwater Harvesting: This is rainwater 
storage system. Rainwater is collected from 
rooftops via gutters and downpipes and stored 
into a tank which can be instant use. The initial 
rainfall is usually discarded as it may contain 
dust, leaves, bird droppings, and the water 
collected afterward can be used following basic 
filtration.

b. Rain Gardens: It is a recharge system. Rain 
gardens are good for managing stormwater 
and recharge groundwater. Rain gardens 
should be developed in low-lying areas where 
water naturally collects, soil should be of good 
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permeability for higher water absorption. The 
native shrubs, perennial plants enhance the 
water absorption capacity of the surface.

The rainwater harvesting system should be provided 
with the first flush mechanism to remove pollutants 
in the first few showers.

8.3.2.2 Assessment of Rainwater Availability

Calculate the potential rainwater capture based 
on local rainfall data and roof area. Estimate the 
seasonal variability of rainfall. 

Calculating annual rainwater, harvesting potential 
from the roof of a house.

Q=A*R*C

Where,

Q = Potential Amount of rainwater harvesting

A = Catchment area

R = Average annual rainfall

C = Roof type-based Runow coevcient. The runow 
coevcient accounts for losses due to evaporation, 
spillage, etc.

8.3.2.3 Major components of Rainwater 
harvesting

Components of the rainwater harvesting system 
mainly include catchment and conveyance systems.

a. Catchment

The catchment is the simple surface that receives 
rainfall directly and contributes water to the system. 
The following are the general classifications of 
catchment based on:

n Structure: roof catchment and ground catchment

n Nature of surface: paved surface, unpaved 
surface and semi-paved surface

Diwerent catchment areas have their runow 
coevcient (Refer to Annex 2). It is the quantity of 
rainwater that is collected into the conveyance 
system and is very much instrumental in the design 
of the rainwater harvesting system.

b. Conveyance system

Conveyance systems include gutters and 
downspouts that direct water flow from the 
catchment area to the storage or recharge area. 

Properly designed conveyance systems can divert 
more than 90% of the rainwater that falls over the 
catchment area, mainly the roof.

b.1. Gutter: Gutter is the first component of the 
conveyance system provided at the edges of the 
CGI roof. It collects water from the roof and conveys 
it into the downspout. The gutter can be semi-
circular or rectangular and made up of galvanized 
iron or PVC. The rectangular gutter is commonly 
used compared to the circular one.

b.2. Downspout: Downspout is a piping network 
that transports water to storage. Normally PVC and 
HDPE pipes are used for delivery. The size of the 
pipe depends upon the rainfall intensity and roof 
surface area; however, inadequate number and 
size of downspouts causes overrunning/loss of 
rainwater. The following table represents the size of 
the downspout:

c. Rainwater Storage

Rainfall varies temporally and spatially. In Nepal, 
80% of the rainfall occurs within 4-5 months which 
may require a huge investment to collect the entire 
potential amount of rainfall. Sometimes space may 
not be available for the huge tank. Thus, the design 
of storage is further challenging in the case of Nepal, 
and it should be estimated prudently. The design of 
storage is mainly governed by the following factors:

n Rainfall intensity pattern

n Run-ow coevcient of catchment

n Water demand

n Space availability

n Fund availability

Sizing the rainwater storage tank can be done 
using the monthly water demand method. In this 
approach, the total water demand during the 
dry period and the total potential for rainwater 
harvesting are calculated. If the water demand 
exceeds the available rainwater collection, the 
maximum volume of rainwater that can be collected 
is used as the required storage volume. However, 
if the rainwater collection exceeds the demand, 
the water demand is taken as the required storage 
volume. (See Appendix 9: Sample calculation for 
rainwater harvesting design)
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d. Recharge system

Groundwater aquifers can be recharged by various 
methods ensuring percolation of rainwater into the 
ground instead of draining away. Commonly used 
recharging methods are as follows. 

n Recharging of borewells/dug wells: Rainwater 
collected from the rooftop of a building is 
diverted through to a borewell. It is passed 
through a settling or filtration tank so that the 
filtered water will be recharged.

n Recharge pits: Recharge pits are small, 
masonry-walled pits with weep holes, designed 
to recharge groundwater. It is covered with 
perforated lids and filled with filter material. 
The size pit depends upon the catchment area, 
rainfall, and permeability of soil. Typically, 1-2 
meters wide and 2-3 meters deep, are ideal for 
refilling shallow aquifers for small dwellings.

n Recharge trenches: Recharge trenches are 
constructed in areas with shallow impervious 
soil. The trench is filled with porous materials 

like pebbles, rocks, or brickbats. Borewells 
may be installed within the trench to enhance 
percolation. The length of trench depends on 
the runow quantity, and it is typically 0.5–1.0 m 
wide and 1.0–1.5 m deep. This method is ideal 
for smaller homes, parks, playgrounds, and 
roadside drains.

8.3.3 Water Source Protection

Water source protection is the safeguarding of 
water sources i.e. lakes, rivers, or underground 
aquifers from potential contamination and overuse. 
Watershed Management ensures that water sources 
remain clean and abundant by controlling land use 
and reducing pollution in the surrounding areas. 
Implementing erosion control, reforestation, and 
sustainable agriculture practices helps maintain the 
natural filtration process.

n Enforcement of regulatory instruments: 
Develop and Enforce regulatory instruments 
such as pollution control laws, land-use planning, 
and sustainable water management policies to 

Table 10: Sizing of gutter for various catchment areas.

Gutter size (mm)Roof Area (Sqm)Type of Gutter

Half-round Dia 10025

Dia 10035

Dia 10050

Molded (Rectangular) Depth 100* Width 7550

Depth 125* Width 10090

Depth 150* Width 125

Table 11: Sizing of rainwater pipes for roof drainage.

Dia of Pipe (mm)

Average rate of rainfall in mm/h

2001501251007550

rea (m2)Catchment A

3.34.45.36.68.913.450

6.08.09.612.016.024.165

10.213.616.320.427.040.875

21.328.534.242.757.085.4100

40.053.564.380.7--125

62.783.6----150
 
source: NBC 208:2003
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protect water sources. Regulate proper treatment 
of industrial waste that reduces pollutants like 
chemicals, heavy metals, and pesticides from 
entering water sources.

n Source protection chamber:  Provide a masonry 
and concrete chamber or platform to protect the 
source from contamination from its immediate 
surroundings.

n Fencing: Fences built around the water source 
precisely mark the inner protection zone and 
prevent animals and people from entering, 
defecating or destroying installations. Fencing 
is mainly applied for springs, as they are more 
susceptible to superficial contamination. 
However, shallow wells may also need protection 
zones. It is advised to use barbed wire, solid 
hedge of bushes or solid wall for fencing.

n BuQer Zones: Establishing buwer zones around 
water bodies (rivers, lakes, etc.) with vegetation 
or natural barriers to filter out pollutants before 
they reach water sources.

n Pollution Prevention and Control: Ensure that 
solid waste is not landfilled or fecal sludge /
wastewater is not disposed of near to the water 
source, as it can leaching into and contaminate 
both surface and underground water source.

n Septic tank Management: Promote standard 
septic tank and retrofit the existing improper 
septic tank to protect leakage of wastewater into 
ground water.

n Sustainable Land Use Practices: Encourage 
sustainable farming, forestry, and urban 
development to avoid overuse or pollution of 
land and water resources. Promote organic 
farming techniques and agroforestry and reduce 
pesticide and chemical fertilizer use.

n Plantation: Plantation of shrubs and trees in 
the catchment area enhances soil stability and 
improves infiltration and boosts the moisture 
retaining capacity of soil. This helps reduce 
surface runow, erosion, landslide risk while 
promoting higher water source recharge 
rates. The selection of shrub species, planting 
methods, and integration with other measures 
should be carefully tailored to local conditions.

n Water Ponding and trenching: Promote natural 
recharge ponds, trenching and check dams 
to increase infiltration, to reduce surface flow 
velocity and to minimize the landslide/erosion.

8.3.4 Water Storage

Availability of water storage provides significant 
benefits for a building by reducing the strain on 
water supply and providing a continuous water 
supply. Water storage also conserves the potable 
water for the building. Water can be stored in a non-
corrugated structure. The provision of water storage 
also reduces the dependence on a  motorized 
system and energy consumption. Considerations to 
be considered while developing water storage

n Use construction techniques that minimize soil 
erosion, water pollution, and habitat destruction. 
Employ erosion control measures such as silt 
fences and sediment basins.

n Design storage structures to blend with the 
natural landscape. Use natural materials and 
colors that match the environment. Incorporate 
landscaping around storage facilities to enhance 
visual appeal.

n Utilize gravity storage to minimize energy 
consumption. Gravity-fed systems do not 
require continuous energy input. Gravity storage 
provides a reliable water supply during periods 
of high demand or when renewable energy 
sources are intermittent (e.g., cloudy or windless 
days).

n In the gravity water storage system, water storage 
be placed on an elevated area or on the rooftop 
of the building through gravity system as per 
local plumbing standard.

n Smaller tanks are easier to screen with natural 
features and landscaping, reducing visual impact. 
Hence it would be wise to opt for multiple smaller 
tanks rather than one large tank as they ower 
operational flexibility, allowing for maintenance 
without disrupting the entire system.

By implementing these strategies, water storage 
methods can be designed to minimize environmental 
impact, maintain aesthetic quality, and ensure 
evcient, reliable operation using renewable energy 
sources.
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8.3.5 Water Treatment

8.3.5.1 Water quality

The quality of water is as crucial as its quantity, 
and often even more. Therefore, it is imperative 
to evaluate drinking water quality in line with the 
physical and chemical standards established by 
Nepal Drinking Water Quality Standard (NWQS) (See 
Annex 3).

8.3.5.2 Treatment system

Before deciding on the water treatment system, the 
following considerations should be made: 

n Source-Based Treatment: Conduct thorough 
water quality assessments to determine the 
contaminants present in the water source. Design 
the treatment process based on the source type 
(groundwater, surface water, or rainwater) and 
the specific contaminants identified during the 
assessment.

n Environment-Friendly Groundwater Treatment: 
Nature-based treatment systems like aeration, 
and sand filtration are highly recommended, 
which do not require chemicals or high energy 
input.

n Hierarchy: Water treatment can be done 
centrally and at the household level. Unless the 
entire water supply system is ensured that there 
is no cross-contamination, household water 
treatment cannot be skipped.

Stormwater Management 

In the site’s natural state, most stormwater would 
infiltrate and be absorbed by the vegetation and 
soft, open ground. However, as water flows along 
hard, paved surfaces the water can no longer 
infiltrate which increases the flow rate and quantity 
of stormwater being released from a site. This can 
cause or exacerbate flooding and the associated 
damage, especially in properties near rivers. Methods 
of capturing, retaining, and filtering stormwater 
on-site and releasing it slowly to municipal or 
ecological systems should be incorporated into the 
design of the building site and landscaping. This 

is also explained in the previous chapters as well. 
(Sustainable Urban Drainage Systems).

On-site strategies for stormwater management, 
which can be designed include (designed by the 
calculated amount of stormwater for average rainfall 
and storm events):

n Permeable paving: Increased permeable paving 
and surfaces which allows stormwater to infiltrate 
the ground.

n Infiltration pits/soak pits: These are usually 
excavated pits that are packed with coarse 
aggregate where water is directed to a specific 
permeable portion of the site where it is detained 
and slowly infiltrates the ground.

n Green roof: Designing a green roof where 
the roof of a building is planted with low-
maintenance vegetation. Green roofs retain and 
filter rainwater thereby releasing cleaner water 
more slowly.

n Screens and traps: When placed on-site at a 
point in the stormwater system before water 
is released from the building site, this help to 
reduce the amount of solid particle pollution, 
grease, and oil released into the stormwater 
system which can clog pipes and harm rivers 
and wetlands and their wildlife. This can be 
especially important in vehicle parking lots, 
vehicle mechanic workshops, and petrol stations 
where there is often a high concentration of toxic 
oils present on the paving surfaces.

8.3.7 Landscape water conservation

Landscaping has been explained in detail in previous 
sections. In most cases landscapes consume 
considerably more water which can be saved 
through proper design, irrigation, use of technology, 
proper selection of plant species, selecting soil 
quality and irrigation control system. Judicious and 
evcient irrigation practices (like using drip irrigations 
and sprinkler methods) and appropriate planting 
can reduce the use of irrigation water by 50%–
70%. Planting native species promotes ecological 
balance and enhances water quality.
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Waste Management9
Waste generation is unavoidable and is generated 
from every human activity but it needs to be 
managed properly. The U.S. Environment Protection 
Agency (EPA) has developed a Waste Reduction 
Model which suggests management practices, 
including source reduction, recycling, composting, 
anaerobic digestion, combustion and landfilling. The 
most sustainable way of waste management is to 
link with the circular economy. Unlike the traditional 
linear economy, a circular economy aims to minimize 
waste and make the most of available resources. 
Key principles of a circular economy include:

1. Design for Longevity: design products to be 
durable, repairable and easy to reuse.

2. Keep Products and Materials in Use: repair, 
refurbish or reuse the products and recycle or 
upcycle into new products.

3. Minimize Waste: reduce waste by keeping 
resources in continuous use.

4. Use Renewable Resources: prioritize the use of 
renewable or biodegradable materials.

Waste segregation at the source is a 
fundamental step in waste management (SWM). It 
involves separating waste into diwerent categories, 
such as biodegradable and non-biodegradable, 
recyclable, non-recyclable, hazardous etc. Waste 
segregation at the source can help:

n Reducing waste: Reducing the amount of waste 
that needs to be disposed of in landfills 

n Recovering recyclables:  Making it easier to 
extract recyclable materials 

n Reducing occupational hazards:  Reducing the 
risk of hazards that can occur during waste 
separation

9.1 Sanitation Service Chain
Various types of waste are generated from buildings: 
solid waste, wastewater, hazardous waste, and 
construction waste both during construction and 
after occupation, all of which need to be managed 
properly. 

n During construction: manage construction waste 
properly to be reused and promote the use 
of environmentally friendly building materials 
such as non-virgin, renewable and recyclable 
materials to help reduce the use of non-
renewable resources 

n During occupation: managing solid waste 
properly by the development of garbage 
recycling programs, organic waste composting, 
hazardous waste management, conversion of 
waste to energy and finally proper management 
of wastewater and its disposal.

Figure 47: Sanitation Service Chain

(b) For solid water management(a) For Wastewater Management

Capture CaptureStorage StorageEmptying EmptyingTreatment
Sewer�Network

TreatmentSafe�Disposal/Reuse Safe�Disposal/Reuse
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The entire sanitation service chain must be in place 
and functioning for proper waste management. The 
sanitation service chain is a series of processes that 
ensure the safe management of waste.  The chain 
includes the following steps: 

n Capture: The initial collection of waste

n Containment: The keeping of waste in a secure 
location

n Emptying:  The removal of waste from its 
containment

n Transport: The movement of waste to a treatment 
or disposal site

n Treatment: The process of making waste safe 
for reuse or disposal

n Safe reuse or disposal:  The final step in the 
chain where waste is either reused or disposed 
of safely

The sanitation service chain is a complex system. 
All the steps are interlinked and a weakness in 
one link can awect the entire chain. For example, if 
solid waste isn’t collected or processed, it can end 
up in open drains, limiting their capacity to handle 
rainwater runow.

9.2 Solid Waste Management
Solid waste refers to any non-liquid and non-
gaseous waste. Waste is commonly classified as 
biodegradable, non-biodegradable and other waste 
based on its nature. In Nepal’s cities, around 4,900 
tons of municipal solid waste are generated daily. 
However, it is estimated that less than half of this 
waste is collected from urban areas (World Bank, 
2020). A waste management baseline survey 
reveals that, on average, each municipality collects 
approx. 6.1 metric tons of waste per day, which 
totals approximately 1,787 metric tons of waste 
collected daily across urban areas in Nepal. (CBS 
Nepal, 2021). The estimated daily per capita waste 
generation of Nepal is approximately 0.30 kg and is 
lower than that of India (0.52 kg), Bhutan (0.52 kg) 
and Sri Lanka (0.34 kg) and similar to Bangladesh 
(0.28 kg) (World Bank, 2020).

9.2.1 Biodegradable Waste Management 

Biodegradable waste refers to organic materials 
that can naturally decompose over time through the 

action of microorganisms. This type of waste typically 
includes food scraps, garden waste, paper, wood 
and other materials that originate from plants or 
animals. Out of total waste generation, organic waste 
shares 56% (World Bank, 2020) while household 
waste consists of 66% organic (ADB Nepal, 2013). 
Biodegradable waste is safely managed through 
composting and digestion technologies. 

9.2.1.1 Biodigester

Bio-digestion is an anaerobic process that produces 
biogas, compost and water. A biodigester is an 
airtight container that facilitates the anaerobic 
digestion of biodegradable waste. It produces biogas 
which are collected at the top of the container. The 
digested slurry, called digestate, is discharged from 
its outlet which is then dried and used as compost. 
The digestate is rich in organic nutrients, almost 
odorless and pathogens are partly inactivated. The 
hydraulic retention time (HRT) of biodigester should 
be at least 15 days in hot climates and 25 days in 
temperate climates. Normally, biogas reactors are 
operated at a mesophilic temperature range of 30 
to 38 °C.

9.2.1.2 Composting

Composting is a technique that turns, by an 
aerobic process, organic waste into a nutrient-rich 
material called compost which is used in agriculture 
as a soil stabilizer. Under favorable conditions, 
microorganisms decompose biodegradable waste. 
It is a sustainable practice that can reduce waste 
volume, eliminate pests and create beneficial 
material. The entire composting process takes 3-6 
months to complete. It works best with a balance 
of green (nitrogen-rich) material, brown (carbon-
rich) materials, air, water and temperature. Design 
criteria for composting are CN ratio: 25-30:1, 
Temperature pH value: 6.5-8, Moisture content: 40-
65% temperature: 55-60O C (Mishra R.V., 2003).

The size of particles and the pile itself awect airflow, 
water retention and microbial activity in composting. 
Smaller pieces increase surface area, allowing 
microorganisms to break down material more 
evciently and larger particles improve air and water 
flow by reducing compost density. A balance of 
small and large particles optimizes compost density 
and porosity. There are a few popular techniques of 
composting such as,
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a) Pile (Conical/Winrow) composting

Pile composting is a simple method that requires 
periodical turning for proper aeration. It is conical 
and windrow in shape and useful for both household 
and community scales. For a larger volume of waste, 
a windrow is preferable. The ideal size of the pile is 
1.2-1.5 m in height and 1.5-4 m at the base. However, 
its length can be extended as needed, depending 
on the volume of waste and the availability of land. 
A porous base is provided to improve the drainage 
system, with a perforated pipe of diameter 110 mm 
minimum, a network beneath it to collect leachate.

b) Container composting

Container composting is  a process of turning 
organic waste into compost using a container. 
Typically, it is done by using either a bin or a box 
chamber. The containers have holes in the walls to 
allow air circulation inside. Bin composting is usually 
designed for household use, while box composting 
is meant for processing larger amounts of waste. 
The ideal size of the box composting is 1 cubic 
meter.. It is recommended to have a dimension 
of aerated box chamber 1-1.5 m wide, 1-1.2 m high 
and 2-3 m long to make the composting process 
easier and ewective. In the case of higher depth and 

length, it may become challenging to turn waste and 
manage the overall operation. Higher depth causes 
a problem for proper aeration.

In Nepal, plastic compost bins are commonly 
available with a normal size owering a 60-100 liters 
capacity.

c) Pit composting

It is a traditional method widely used in rural settings 
at a household scale. Normally the size of the pit is 
1-1.5 m wide, 1 m high and 2-3 m long.

d) Vermi composting

It is a method that uses earthworms for composting 
organic waste. Earthworms can consume practically 
all kinds of organic matter and waste equal to their 
body weight per day, e.g. 1 kg of worms can consume 
1 kg of organic waste every day. It excretes as 
compost which is rich in nutrients. A moist compost 
heap of size 2.4 x 1.2 x 0.6 m can accommodate 
more than 50,000 worms. Worms cannot survive 
in high temperatures and waterlogged conditions. 
Worms require dark environments for their higher 
activity.

Figure 48: Methods of Pile composting

a. Window Composting

d. Pit Composting

b. Bin Composting

e. Vermi Composting

c. Box Composting
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9.2.2 Non-degradable waste management

Non-degradable waste refers to materials that 
cannot be decomposed by natural processes. This 
type of waste typically includes metal, plastic, glass, 
electronic waste, hazardous waste etc. Out of total 
waste generation, non-degradable waste shares 
44% (World Bank, 2020) while household waste 
consists of 34% (ADB Nepal, 2013). Municipal waste 
consists of 16% glass, 13% plastic, 8% paper, 3% 
textile, 3% metal and 1% other (World Bank, 2020).

Non-biodegradable waste is further classified into 
reusable, recyclable/up cyclable, non-recyclable, 
construction, and hazardous. Non-biodegradable 
waste is safely managed mainly through the 
following methods:

n Reuse: This involves finding new applications for 
waste/discarded material, without changing the 
original form or intent. Reuse of shopping bags, 
water jars, bottles of various drinks etc. This is 
the easiest way to manage waste.

n Upcycling: Upcycling is the art of transforming 
waste/discarded materials from their current 
state into new or products with a new purpose. 
It does not consume energy in the process. This 
is the most preferred process among creative 
individuals. Use of a jerrycan, bucket, water jar 
as a flowerpot; carpet as door mat; vehicle tyres 
as shit and table are a few examples of creative 
use of waste.

n Recycling: Recycling is the process of collecting 
and reprocessing materials that would typically 

be discarded as waste and transforming them 
into new products. This helps to reduce pollution 
and conserve natural resources benefiting 
communities. It diwers from upcycling in the 
consumption of energy during the process. For 
example, making water bottles, toys, bags, and 
ropes from plastic waste.

n Incineration: Incineration is a process where 
waste/discarded materials are burned at high 
temperatures in a controlled environment (called 
an incinerator) to significantly reduce their 
volume and mass (up to 95%). The process often 
generates heat that can be used to produce 
electricity, making it a form of “waste-to-energy” 
technology. However, concerns remain regarding 
potential air pollution from emissions produced 
during incineration if not properly controlled.

n Landfill: A landfill is a designated area where 
waste/discarded materials are disposed of in 
a controlled manner, typically by burying it in 
layers designed to minimize environmental 
contamination and protect groundwater through 
proper management and monitoring; it is 
considered a last resort in waste management 
due to its potential environmental impacts. As a 
part of sustainable management, these landfills 
can be operated to produce methane gas from 
decomposition and use it as an energy source. 
This method is priparily adopted to manage 
waste typical which cannot be reused or 
recycled.

Figure 49: Example of upcycling of unused tyres
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9.3 Construction Waste Management
Building construction activity produces large 
quantities of waste and diverting it to landfill sites 
is becoming a major challenge. However, many 
construction waste materials (bricks, concrete, 
steel, wood, stone etc.) are reusable. It is often 
sorted and reused or sold to scrap vendors. It 
is essential to develop an ewective construction 
waste management plan as a part of construction 
management.  An ewective construction waste 
management strategy should focus on aspects for 
ensuring proper disposal. 

a. Waste Reduction: Careful planning and accurate 
measurements are essential to optimize material 
use and prevent unnecessary waste. Whenever 
possible, it is beneficial to use prefabricated 
components that are made ow-site which helps 
reduce on-site waste and ensures more evcient 
use of resources.

b. Segregation: It is required to sort the waste 
materials every day or week right at the 
construction site, making it easier to recycle. For 
this, workers should be trained regularly. 

c. Tracking and Reporting: It is important to 
regularly track the amount of waste produced 
and managed. Accurate record-keeping helps to 
evaluate how well the strategy is working and 
identify areas for improvement.

d. Improvement Plan: Periodic reviews are 
necessary to know about the progress and 
improve waste reduction and recycling practices.

9.4 Health Care Waste Management
Healthcare waste can contain microorganisms, 
including drug-resistant microorganisms that 
can infect patients, health workers, and the 
public.  According to the WHO estimation, among 
the total amount of HCW generated, 80% is 
general HCW, 15% is pathological waste and 
infectious waste, 1% is sharp waste, 3% is chemical 
or pharmaceutical waste and less than 1% special 
waste such as radioactive or cytotoxic waste, 
pressurized containers or broken thermometers and 
used batteries. Thus, a very less amount of HCWs 
is hazardous if it is properly managed. However, 
HCW is often not separated into hazardous or non-
hazardous waste making the quantity of hazardous 
waste much higher. 

The Ministry of Health (MoH) report 2003 reveals 
that the HCW generation is 1.7 Kg/person/day. Out 
of which, 26 % of the waste is hazardous. In the 
Nepalese context, the categorization should entirely 
depend on the nature of healthcare institutions 
and the availability of treatment techniques and 
technology, considering the geographic and climatic 
variation of the country. Based on the amount and 
categories, it is recommended that the non-risk HCW 
should not be mixed with other HCW. Non-risk HCW 
should at least be separated into bio-degradable 
and non-biodegradable waste. Hazardous HCW 
should be separated into at least into six categories 
as follows: 

n Pathological Waste 

n Infectious waste 

n Sharp waste 

n Cytotoxic waste 

n Pharmaceutical waste 

n Other hazardous waste

Healthcare waste management (HCWM) is  the 
process of handling and disposing of waste 
generated from healthcare institutions to prevent 
potential health risks and environmental pollution. 
It’s an essential part of infection prevention 
practices and helps to protect the patients, staw, 
and the community.  The following basic steps are 
considered essential for proper waste management: 

n Waste minimization

n Waste segregation

n Waste collection and storage

n Waste transportation

n Waste treatment and disposal

9.5 Wastewater Management
Wastewater refers to the liquid waste produced from 
various human activities such as drinking, cooking, 
washing, cleaning, and bathing. It is estimated that 
approximately 80% of the total water consumed 
ultimately becomes wastewater. This highlight 
treated wastewater as a valuable resource, and 
its reuse supports the circular economy model of 
wastewater management, significantly reducing the 
demand for potable water. However, it is essential 
to ensure proper treatment before wastewater 
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can be safely reused or discharged back into the 
environment. The treatment process should be 
informed by factors such as the type of wastewater, 
the intended use of the treated water, land 
availability, and the necessary enuent standards. 
Generally, wastewater is categorized into grey water 
and black water.

n Grey water – Grey water refers to wastewater 
that is generally free from fecal contamination, 
primarily generated from activities such as 
washing, cleaning, bathing, and brushing. It 
constitutes the largest portion of total wastewater 
production, accounting for approximately 50-
80% (Sandec, 2006).

n Black water – In contrast, black water is 
wastewater that contains fecal contamination, 
typically originating from toilets. It poses 
a significant risk to public health and the 
environment if not properly treated, as it can carry 
harmful pathogens. In households, black water 
comprises about 10-30% of total wastewater 
production.

Typically, a simpler treatment system is employed 
for processing greywater, whereas black water 
necessitates a more advanced level of treatment. 
The treatment process must adhere to national 

enuent quality standards. Wastewater is generally 
treated through both natural and electromechanical 
systems. For small-scale wastewater treatment, 
nature-based systems are often adopted, while 
electromechanical methods are used when required 
for larger scale. Furthermore, wastewater with a 
higher concentration of pollutants demands more 
complex treatment methods.

9.5.1 Biological Treatment System

The biological wastewater treatment system utilizes 
natural forces and processes to evciently treat 
wastewater to specified standards. Its popularity 
has surged, especially in developing nations, due 
to its cost-ewectiveness in both construction and 
operation. The advantages and disadvantages 
of the biological treatment system are outlined as 
follows.

Natural treatment systems are site-specific, 
influenced by factors such as treatment goals, 
availability of space and other site characteristics. A 
biological wastewater treatment system comprises 
several essential components: a Bar Screen, 
Settler, Anaerobic Bane Reactor, Anaerobic Filter, 
Constructed Wetland, and Polishing Pond. These 
components work together, utilizing natural forces 
and processes to ewectively treat wastewater 
sustainably and evciently.

Figure 50: Schematic diagram of biological waste treatment system

Table 12 : Advantages and disadvantage of the biological treatment system

DisadvantagesAdvantages

1. Requires larger land area1. Low operation and management cost

2. High initial investment2. Long operational lifespan

3. Cannot treat toxic pollutant3. Basic training is enough for operation

4. Low operational flexibility4. Highly stable sludge
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The biological treatment system is mainly adopted 
for rural areas where the volume of wastewater is 
low, electricity is not available or/and availability of 
electromechanical spare parts are challenging. This 
system is especially ewective for treating non-toxic 
wastewater, as the presence of toxic substances 
can impede microbial activity. Additionally, since 
it depends on microbial processes, the system 
operates more evciently in warmer climates.

9.5.2 Electro-mechanical Treatment System

The treatment system uses a range of 
electromechanical components, including pumps, 
conveyors, rotating screens, and aerators. These 
units are systematically organized to achieve the 
desired end products. In contrast to biological 
systems, the mechanical system operates on 
electricity but occupies a relatively small footprint. 
Figure 51 highlights the essential components of 
the mechanical wastewater treatment system that 
include a screen, grit chamber, screw press, aeration 
tank, clarifiers and a sludge digester, among others. 
The advantages and disadvantages of this system 
are given in Table 12.

As the mechanical treatment systems require less 
space, it is especially beneficial in urban areas where 
land is limited and costly. Also, mechanical systems 
are more suitable for wastewater containing toxic 
chemicals. Thus, they are commonly used to treat 
industrial wastewater.

Table 13 : Advantages and Disadvantages of Electromechanical System of Waste Management

DisadvantagesAdvantages

1. High operation and maintenance cost1. Land requirement is less

2. Possibility of noise2. Less impact by climatic factors  

3. Require electricity and chemicals3. High operational flexibility

4. Require skilled operator4. High treatment consistency

Figure 51: Schematic diagram of Electro-mechanical Treatment System

9.6 Environment-friendly household 
technologies
The environmental-friendly household technologies 
are a fully nature-based and sustainable approach 
to waste management. It operates without the 
use of external energy, relying entirely on natural 
processes. Twin pits, Dry Ecosan, Biogas digesters 
and septic tanks are commonly used technologies 
in Nepal. Septic tanks are more suited to urban 
areas, while the other technologies are suitable for 
in rural settings.

9.6.1 Twin pit

This technology consists of two alternating pits 
connected to a pour-flush toilet. Wastewater, 
primarily from the toilet, is collected in these pits and 
allowed to gradually infiltrate the surrounding soil. 
Once one pit is filled, the other is used. Over time, 
the solids in the first pit are adequately dewatered 
and composted, allowing for manual removal with a 
shovel for reuse as compost. This alternating system 
enables the sludge in one pit to decompose and 
dry out while the other pit is in operation, providing 
valuable nutrients for crops.

9.6.2 Dry Ecosan

This system is similar to twin pit technology, but 
the chamber is constructed above the ground and 
no water is used for flushing. Urine and feces are 
collected separately through a specially designed 

Pretreatment Unit Treatment Unit Disinfection Unit

Reuse/Safe 
Disposal

Raw 
Wastewater
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Figure 52: Schematic sketch of twin pit

Figure 53: Dry Ecosan toilet

Figure 54: Bio Digester plant

Leach pit

seal

Leach pit
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toilet pan or commode. It operates with alternating 
chambers with one chamber being used at a 
time. Once a chamber is full, the other chamber is 
used. The waste in the filled chamber undergoes 
gradual digestion, transforming into compost that 
can be easily repurposed for farming. Additionally, 
the collected urine serves as a liquid fertilizer for 
agricultural fields.

9.6.3 Biogas Digester

A biogas digester is an airtight container designed 
to allow the anaerobic digestion of biodegradable 
waste such as animal manure, domestic waste, 
black water or sludge and produce biogas and 
digestate. The biogas is then conveyed using pipe 
and used to produce energy. Biogas digesters can 
be installed on diwerent scales like domestic and 
commercial scales. Domestic-scale biogas digester 
is mostly used in rural areas while large-scale 
biogas digester is commonly used in urban context 
for waste recycling.

9.6.4 Septic tank

A septic tank (ST) is a primary treatment unit that has 
major features as follows:

a) Watertight: the outer wall must be watertight.

b) Two chambers: The chamber at the inlet side 
should be 2/3 of the following chamber.

c) Outlet connected with soak pit or sewer.

Firstly, the process involves settling solids from 
wastewater, which subsequently undergoes 
decomposition over time. Once the designed period 
is over or the system is filled, the sludge is removed 
and transported to a centralized treatment facility 
for safe disposal. Generally, the system achieves 
a removal evciency of 30 to 50% for Biological 
Oxygen Demand (BOD) and 40 to 60% for Total 
Suspended Solids (TSS). The evciency of the 
system is primarily influenced by hydraulic retention 
time and temperature.

Figure 55: Typical septic tank design
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Energy ERciency

>> Energy Saving Design Approach

>> Heating Ventilating and Air-conditioning (HVAC) System

>> On-site Renewable Energy System

>> Integrated Design

>> Electrical System

>> Energy Evcient Technologies, Equipment, and Appliances

>> LED Lamp

>> Day Lighting system

Chapter

Zero energy house, at Institute of Engineering, Pulchowk

source - http://mech.pcampus.edu.np/zero-energy-house-ioe-pulchowk/
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Energy७E�ciency10
Energy-evcient building design is a major 
component of green building design as energy 
consumption is directly related to the greenhouse 
gas ewect. Therefore, it is obvious that less energy 
consumed by building is better for controlling 
global warming as the building sector is liable for 
consumption of about 40% of global energy. In 
the Nepalese scenario, the picture is diwerent 
as electricity generated in our country is from 
Hydropower, which counts to be much more cleaner 
energy generation system (24 gCO2 eq per kWh). 
This stands third in rank preceded by nuclear power 
(12 gCO2 eq per kWh) and Wind power (11 gCO2 
eq per kWh). In contrast, the  CO2 emission from 
Coal Power Plant is 820 gCO2eq per kWh and from 
natural gas power plant is 490 gCO2eq per kWh.

By conserving energy, we reduce the overall demand 
on energy resources. We we always must remember 
that energy we save is energy we produce. Energy 
evciency calls for the adoption of evcient practices, 
designs, methods and technologies that reduce 
energy consumption ultimately resulting in cost 
savings. Ewectiveness is the capability of producing 
a desired result or the ability to produce desired 
output, whereas evciency refers to ratio of benefits 
to expenses. Therefore, energy evciency describes 
the ratio between the benefit gained and energy 
used. It is the ewective use of energy to support 
economic growth and social development, while 
also improving occupants’ health and well-being, 
with little or no adverse ewect on the environment 
(Speer & Miller, 2015).

10.1 Energy Saving Design Approach 
Energy-saving design is applicable for both the 
construction of new buildings and the retrofitting 
of existing structures. In either scenario, it is meant 
to achieve a climate-responsive building envelope, 
and energy evciency in heating, cooling, lighting 
and usage of appliances. In addition, it integrates 
renewable energy sources to meet energy demands. 

For buildings in Nepal, about 60% energy evciency 
can be achieved by adopting a combination of the 
following strategies:

n Orienting the longer faces toward the south and 
north.

n Appropriate external shading of windows 
suitable for the specific orientation

n Insulating the external walls, roof and ground 
floor

n Installing air-tight double-glazed windows

n Provision of applying cross ventilation when 
required.

The most ewective combination of these strategies 
will depend on the climate and building usage.  (To 
learn more about it, please refer to Chapters 3 to 6.)

Hence, we must incorporate energy evciency 
first principle in design. This means prioritizing an 
energy-evcient building design and envelope 
through appropriate site planning, landscaping, 
proper building form and orientation, and climate-
appropriate building envelope design. 

Thereafter, apply evcient building services: space 
heating/cooling and domestic hot water, mechanical 
ventilation with waste heat recovery, evcient air 
conditioning if and where needed evcient lighting, 
and any other electrical services (e.g., for vertical 
and horizontal transportation) and for any electrical 
infrastructure equipment (transformers, switchgear, 
etc.), as well as advanced systems for building 
management and automation (e.g., building energy 
and management systems). Applying the energy 
evciency-first principle makes it possible to reduce 
the need for any delivered energy from utilities to 
a minimum and to minimize the size and capacity 
of mechanical and electrical building services. 
The third step, after reducing energy demand and 
implementing energy-evcient services, is to cover 
as much of the reduced energy requirement as 
possible from renewable sources.
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energyreducehelpactionsThe following
consumption: 

i. At the beginning of the planning process, a 
determination should be made to avoid energy-
intensive or unnecessary operations.

ii. The design proposal should consider 
incorporating measures to minimize energy use 
by design and operation.

iii. Application of the best principles of siting and 
architectural design to reduce energy demands 
by passive solar design.

iv. Natural lighting should be used wherever 
possible.

v. Installing evcient appliances and taking 
measures to minimize the need and use of 
energy-consuming utilities (air-conditioning, 
water heaters, high-level artificial lighting).

vi. Lighting design should be based on standards of 
reduced general lighting with task lighting and 
highlighting for specific functional considerations 
rather than lighting all areas equally.

vii. Feasibility of the use of primary renewable 
energy sources such as solar, wind, biogas, 
and geothermal to satisfy the justifiable energy 
needs.

viii. Use of energy meters to monitor and illustrate 
energy consumption to aid in conservation.

10.2 Heating Ventilating and Air-
conditioning (HVAC) System
This chapter aims to ensure that HVAC systems 
are designed, installed, and operated evciently, 
while also providing adequate ventilation and 
maintaining indoor air quality. It addresses various 
aspects of HVAC systems, including the selection, 
installation, operation, maintenance of equipment 
and systems. Moreover, it provides guidelines for 
ductwork, piping, insulation, and HVAC controls and 
monitoring systems. 

HVAC systems are vital to a building’s energy use, 
accounting for about 30-40% of the total energy 
consumption in centrally air-conditioned buildings. 
Thus, designing and installing energy-evcient and 
sustainable HVAC systems in is crucial. The design 
consultant plays a key role in ensuring compliance 
with the code and applying all energy-evcient 
techniques to the HVAC system to minimize energy 
consumption. By following the guidelines, building 
owners and occupants can enjoy improved indoor 
air quality, enhanced thermal comfort, and lower 
energy bills. Therefore, adhering to the provisions 
of this section is essential for achieving energy 

Figure 56A: PRINCIPLES OF ENERGY EFFICIENT BUILDING DESIGN
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evciency and sustainability in building design and 
construction.

10.2.1 Climatic Conditions

Nepal has a wide range of climate zones and weather 
patterns, as described in detail in previous chapters. 
Local climatological data should be obtained from 
the Department of Hydrology and Metrology or CBE 
Tool. 2.0% temperature values must be added to 
define the maximum ambient design temperature 
for load calculations.

10.2.2 Indoor Design Condition

The size of a heating or cooling system for a 
building is determined on the basis of the desired 
indoor conditions that must be maintained based 
on the outdoor conditions that exist at that location. 
The desirable ranges of temperatures, humidity, and 
ventilation rates constitute the typical indoor design 
conditions. Thermal comfort is a mental state that 
conveys contentment with the interior surroundings. 
It is very  crucial  to consider both physiological 
(physical) and psychological (mental) aspects when 
deciding on appropriate thermal comfort levels. 
The following four environmental parameters 
are important while designing the HVAC system 
because these are directly controllable by an HVAC 
system:

a) Air temperature (ºC),

b) Radiant temperature (ºC),

c) Air speed (m/s), and

d) Relative humidity (percent).

In addition to the above four environmental 
parameters, there are two personal or behavioral 
parameters that also awect thermal comfort but are 
not controllable by the HVAC system and they are 
as follows: 

1) Activity rate (W/m2), and

2) Clothing insulation (m².K/W).

A number of secondary parameters are also 
important in defining thermal comfort conditions such 
as radiative temperature asymmetry, temperature 
gradient, and draught rate. Air conditioning systems 
for interior spaces shall not be sized more than 26°C 
for cooling and no lower than 18°C for heating at the 
occupied level.

10.2.3 Heating/Cooling Load Calculations

The cooling load is determined using the 
Summer Design Dry Bulb temperature and the 
Mean Coincident Wet Bulb temperature. These 
temperatures are used to determine the supply air 
requirements for the HVAC system. On the other 
hand, the heating load is calculated based on the 
winter Dry Bulb temperature. In essence, this means 
that the HVAC system is designed to deliver the 
necessary cooling or heating capacity according to 
the anticipated temperature conditions during the 
summer and winter seasons.

Design load calculations are the basis of energy 
evciency; these shall be done using appropriate 
software. All energy conservation elements 
techniques shall be applied to make the project not 
only energy evcient, sustainable to provide comfort 
as required. Design consultant will prepare an 
energy consumption model for both Electrical and 
thermal.

10.2.4 System Design

HVAC systems are very critical and can be designed 
in many ways. They are the lungs and arteries of 
green buildings circulating and refreshing air to 
ensure a healthy and comfortable indoor climate. 
Once the heating and cooling load calculation is 
completed, the design consultant shall compare the 
energy and cost comparisons for various system 
types.

HVAC design should be modular where part of the 
building system can work independently to cope 
with after-normal working hours needs and part of 
the building operation can conserve energy. Energy 
recovery should be considered where feasible and 
smart thermostats and controls should be utilized 
for optimized energy usage based on occupancy 
and outdoor conditions.

A life cycle cost analysis shall be done to show 
which system is not only energy evcient but also 
cost-ewective during its life cycle. Proper system 
evaluation should be based not just on initial cost 
but also on long-term operational evciency and 
maintenance.

The following strategies are recommended to 
reduce active cooling/heating loads.
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n Demand Control Ventilation

n Evcient Systems- Pumps, Economizers, Cooling 
Towers

n Controls-Timeclock, Temperature, Occupancy, 
Fan and Dampers

n Centralized Demand Shed Controls

n Supply Air Temperature Reset

n Chilled Water Temperature Reset

n Piping and Ducting Insulation

n System Balancing

10.2.5 HVAC System Types

The key to achieving energy-evcient mechanical 
solutions lies in the selection of highly evcient 
equipment. High-evciency equipment is designed 
to consume less energy over time compared to 
conventional alternatives while performing the 
same function. The following guidelines are strongly 
recommended:

n Minimize the Building’s Overall Energy 
Consumption: Prioritize products and equipment 
with high-evciency ratings, verified by industry 
standards, which support a holistic building 
design approach.

n Specify Energy-ERcient Equipment and 
Technologies: Select products and equipment 
with recognized energy-evciency certifications, 
ensuring they meet the desired performance 
standards.

n Educate Building Owners, Operators, and 
Occupants: Provide training on the operation 
and functionality of installed technologies to 
maximize energy savings and performance.

In line with Nepal’s sustainability goals, highly 
evcient mechanical equipment should be installed, 
featuring:

n High Energy Evciency Ratio (EER)

n Reputable Manufacturers

n Certified Equipment

n Safe Accessories

n Lower Operating Costs

n Long Equipment Lifespan

n Ozone-Friendly Refrigerant

Most common air-conditioning systems in Nepal can 
be broadly classified into two types:  unitary systems 
and central air-conditioning systems.

To ensure that buildings are energy-evcient, 
HVAC equipment, including chillers, unitary air 
conditioners, split air conditioners, packaged air 
conditioners, and boilers, must meet or exceed the 
minimum evciency standards outlined in ASHRAE 
90.1. This standard provides comprehensive 
guidelines for energy-evcient building design, and 
adherence to these requirements helps reduce 
energy consumption and environmental impact. 
Equipment not specifically listed in the standard’s 
reference tables try to comply with ASHRAE 90.1 
to contribute to the overall energy evciency of the 
building.

10.2.6 Low-Energy Comfort System

10.2.6.1 Evaporative cooling

Evaporative cooling is one of the simplest methods 
of cooling air, and its principle remains a cost-

Figure 56B: Different types of air conditioning systems
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ewective approach. The process relies on water 
evaporation to achieve substantial cooling with very 
low energy consumption and no use of CFCs. This 
system is applicable only in warm or hot climates 
and performs better when the relative humidity is 
low.

In this system, water evaporates directly into the 
airstream, reducing the air’s dry bulb temperature 
while humidifying it, which can lead to significant 
energy conservation. In direct evaporative cooling, 
outside air is blown through a water-saturated 
medium, typically cellulose honeycomb cooling 
pads, and cooled by evaporation, with the cooled 
air circulated by a blower. This process adds 
moisture to the airstream until it nears saturation, 
lowering the dry bulb temperature while the wet 
bulb temperature remains unchanged. By cooling 
the air through evaporation rather than mechanical 
refrigeration, this method can significantly reduce 
the energy required for air conditioning, owering 
an environmentally friendly and cost-ewective 
alternative.

10.2.7 Radiant heating and cooling

Radiant heating and cooling technologies use 
convection and radiation to exchange heat with the 
environment. Unlike conventional HVAC systems 
that mainly rely on air circulation, radiant systems 
focus on radiation, complemented by convection 
and conduction. Radiant heating warms a space 
through heat emitted from surfaces like floors, walls, 
or ceilings, rather than heating the air directly. 

Radiant cooling uses cooled surfaces to remove 
sensible heat primarily through radiation, with 
some convection. Systems such as hydronic radiant 
cooling circulate cooled water through pipes in 
panels on floors or ceilings. These systems can be 
more energy-evcient than traditional all-air cooling 
systems. The also ower additional benefits in certain 
applications.

Types of radiant heating & cooling systems 

n Air-heated Radiant system

n Electric Radiant heating systems

n Hydronic Radiant heating systems

n Hydronic Radiant cooling systems

Figure 57: Different type of low energy comfort 
system
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(b) Radiant technology Cooling

(c) Portable Evaporative Cooler
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Benefits of Radiant Heating and Cooling 
Systems:

1. Energy ERciency: Radiant cooling systems 
can save up to 30% in energy compared to 
conventional systems, with savings ranging from 
17% in cooler, humid regions to 42% in hotter, 
arid areas.

2. Comfort: Radiant systems provide more 
consistent comfort by factoring in radiant 
temperature, which traditional air systems often 
overlook. They create a more comfortable 
environment by aligning with human heat 
emission patterns.

3. Cost Savings: Lower operating and maintenance 
costs are achieved because radiant systems, 
especially those with piping embedded in 
concrete slabs, require minimal upkeep.

4. Design Flexibility: Radiant systems allow for 
more creative architectural designs by reducing 
the need for bulky equipment and ducts. They 
can also handle direct solar loads ewectively, 
making them suitable for spaces with high 
ceilings.

Disadvantages of Radiant Heating and Cooling 
Systems:

1. Longer installation time: It requires relatively 
longer time and civil works for installation.

2. Higher initial cost: The system cost is higher 
due to the additional civil and labor cost.

3. Not ideal for retrofitting: It will require to 
dismantle existing floor, wall, or ceiling and 
requires additional civil works and duct routes, 
which incurs hefty cost and prolonged installation 
time.

4. Can cause condensation: Radiant cooling 
systems don’t remove moisture from the air, so it 
might need to install a dehumidifier.

5. Less eQective on thick carpeting: Thick 
carpeting can insulate the floor, making radiant 
heating/cooling less ewective.

6. Can be diRcult to find skilled professionals: 
Because radiant cooling systems aren’t widely 
used, it can be hard to find skilled professionals 
for installation and maintenance. 

10.2.8 Ground Source Heat Pump/Geothermal

A Ground Source Heat Pump (GSHP) is an eco-
friendly and renewable heating solution that uses 
geothermal energy to provide heating and hot 
water. By extracting natural heat from the ground 
through geothermal collectors or probes, GSHPs 
ower evcient, year-round climate control, including 
cooling during summer.

GSHPs can operate through open or closed-
loop systems, with closed-loop systems further 
categorized into horizontal ground loops and 
vertical boreholes.

As more homeowners seek sustainable energy 
solutions, ground-source heat pumps are gaining 
popularity due to their environmental benefits and 
cost savings. They can significantly reduce carbon 
footprints and energy bills, especially when paired 
with other renewable energy sources like solar 
panels. Therefore, it is evident that the GSWP 
system will become more popular in future.

Benefits of Ground Source Heat Pumps:

n Eco-Friendly: They utilize natural heat with 
minimal electricity, making it greener than gas 
heating. Enhanced environmental benefits can 
be achieved by combining with solar panels or 
other renewable energy sources.

n Energy ERciency: GSHPs are highly evcient, 
with potential evciencies over 400%, compared 
to about 95% for gas boilers.

n Dual Function: They provide both heating and 
cooling by reversing its operation.

n Cost Savings: Despite higher electricity costs, 
GSHPs can be cheaper to run annually compared 
to gas boilers.

n Performance in Low Temperatures: They are 
ewective even at temperatures as low as -20°C, 
suitable for the Nepal climate.

n Low Maintenance: They require minimal upkeep, 
only needing an annual service.

Drawbacks of Ground Source Heat Pumps:

n Higher initial cost: Ground source heat pumps 
are more expensive to install than traditional 
heating and cooling systems.
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n Tedious installation process: The installation 
process can be disruptive, requiring digging up 
the premises and installing pipes.

n Possibility of water contamination: Open-loop 
heat pumps can potentially contaminate the 
water that leads to the building, if necessary, 
precautions are not taken.

n Larger space required: It demands larger sized 
outdoor space which is not feasible in the all 
buildings

10.2.9 Earth Air Tunnel (EAT)

Earth Air Tunnel is a tunnel designed to pass a 
calculated amount of air for the purpose of Heating 
Ventilating and Air Conditioning (HVAC) of a space 
using natural heat of the earth, four meters below 
earth surface. It is  well-established fact that the 
temperature of earth below approximately four 

meters remains constant throughout the year unless 
there is significant water movement underground. 
Because the ground temperature remains constant, 
any medium, such as air, when pumped in the 
appropriate amount and allowed suvcient contact 
time, will attain the same temperature as the ground 
temperature. It is to be ensured here that the 
amount of pumped medium is such that suvcient 
time is allowed for the heat transfer from the ground 
to the medium. For all practical purposes we may 
assume ground to have been infinite heat capacity 
such that heat transfer to the air does not decrease 
the temperature of the surrounding earth. When this 
condition is met, the air attains the same temperature 
as the earth temperature.

The system consists of 50- to 75-meter-long air 
tunnel of diameter 0.3 to 0.9 meter at a depth of four 
meter from the ground surface. One end of the tunnel 

Figure 58: Ground Source Heat Pumps Technology
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Figure 59: Earth Air tunnel system

(a) Schematic diagram of Earth Air Tunnel (EAT) System

(b) Hybrid of EAT and Solar Air Heating system implemented in ovce building of Butwal Power 
Company at Kathmandu.
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terminates on the fresh air intake above ground with 
25 µm filters on four sides of the intake grills while 
the other side terminates in the Air Handling Room. 
The Air Handling Unit can be a conventional type of 
AHU, used in comfort air conditioning applications, 
but without cooling and heating coil. Because of 
the need to dehumidify the air coming out of the 
tunnel, the tunnel outlet is not connected directly to 
the AHU. The air is first directed into the AHU room 
where it is dehumidified with the help of portable 
dehumidifiers. It is then distributed to the rooms 
through a system of standard GI ducts and diwusers. 
It is advised to place a dehumidifier at tunnel intake 
where atmospheric conditions have high humidity in 
order to minimize condensation inside the EAT, as 
high moisture contain inside EAT may cause mold 
and bacteria growth, which is injurious to health of 
the occupants.

The air after picking up the heat load from the room 
or after releasing the heat into the room, depending 
on whether the system is used for cooling or 
heating, is allowed to pass to solar chimney through 
return air grills and GI ducts.  The solar chimney 
can be designed as an integral part of the building 
architecture. It should face south and absorbs solar 
energy. The solar chimney warms the return air and 
increases the buoyancy of the air to facilitate its 
exhaust through the roof outlet. In order to further 
assist the movement of the air, wind driven ventilator 
can be installed at the top of the solar chimney. 
Conventional exhaust blowers can be used to drive 
the stale air out of the room after it completes its 
heat transfer.

10.2.10 Hybrid of Earth Air Tunnel (EAT) and 
Solar Air Heating (SAH) System.

In Warm Temperate Climate zone and above, where 
winter temperature drops around 0°C and where 
humidity is high, merely EAT system cannot achieve 
comfortable indoor condition. In order to achieve 
a comfortable indoor environment during winter 
in these areas, it is advised to use Hybrid of EAT 
and SAH System. In this system the treated air from 
the EAT (around 15°C in Kathmandu) is used as 
preheated air supply to SAH System, which in turn 
boost the supply air temperature up to 32°C.

10.2.11 Air Source Heat Pump

An air source heat pump (ASHP)  system is similar 
to ground source heat pump (GSHP) system. Major 
diwerence is an ASHP uses outdoor air as a heat 
source instead of heat underneath ground like in 
GSHP. An ASHP system also uses a refrigeration 
system to move heat from the outside air into a 
building. ASHP also can be used for heating and 
cooling. A ground source heat pump is typically more 
evcient than an air source heat pump, however, a 
ground source heat pump is more expensive to buy 
and install at the outset. In contrast, air source heat 
pumps are easier and more awordable to install, 
especially where space is limited, making them 
a popular choice. There are two types of ASHP 
system:

n Air-to-water: It moves heat from the outside air 
into the central water heating system.

n Air-to-air: It moves heat from the outside air into 
the building using fans.

Advantages of Air Source Heat Pumps:

n ASHPs are energy evcient and can be combined 
with other energy evcient technologies.

n Low initial cost.

n Easy to install.

n They don’t require a naked flame or combustible 
gases.

Drawbacks of Air Source Heat Pumps:

n ASHPs may lose some of their heating capabilities 
in very cold weather.

n ASHP requires periodic maintenance.

n Some properties may not have the right space to 
install an ASHP.

Air source heat pump system is similar to VRF of VRV 
type AC system. However, an air source heat pump 
is typically a smaller, single-zone system, while a VRF 
system is designed for large buildings with multiple 
zones, allowing for precise temperature control in 
diwerent areas through its ability to adjust refrigerant 
flow individually to each zone, making it significantly 
more complex and potentially more energy evcient 
in large buildings with diverse cooling and heating 
needs.
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10.2.12 Mechanical Ventilation

Mechanical ventilation should be avoided, whenever 
possible, by opting for passive ventilation strategies. 
However, there are instances where it becomes 
necessary. In such cases, every mechanical 
ventilation system, whether for supply or exhaust, 
should include an easily accessible switch or 
alternative method to shut ow or reduce ventilation 
when full operation is not needed. The system must 
also be equipped with automatic or gravity dampers 
that close when not in use, for both outdoor air 
intake and exhaust. Additionally, any dampers used 
to shut ow ventilation should be designed to provide 
a tight seal to minimize air leakage. Furthermore, 
to optimize energy evciency in these spaces, the 
following factors should be considered:

n Spaces should be located as near as possible to 
an external wall in order to minimize the distance 
air has to be extracted.

n Ducting design and fan specification should be 
carried out to minimize energy consumption.

n Controls such as movement sensors, CO2 
monitors and timers should be used to ensure 
that spaces are not over-ventilated when not in 
use.

The Ventilation rates provided to each occupied 
space should meet the requirements specified in the 
ASHRAE 62.1 Standard, based on the type of space, 
to ensure acceptable indoor air quality. For ovce 
spaces, the simplified table below can be used as 
general guidance as per ASHRAE 62.1 standard. The 
total fresh air volume is calculated as follows:

Total fresh air volume = (per person rate × number of 
occupants) + (area rate × area)

Fresh air rates for a typical ovce building (Source: 
ASHRAE 62.1)

Per person rate  
m3/h(cfm)

Area rate  
m3/h/m2(cfm/m2)

1.030.0

Figure 60: Types of Mechanical Ventilation

(a) Extract ventilation system

(b) Supply ventilation system

(c) Balanced ventilation system

(e) Spot ventilation

(d) Balanced heat recovery ventilation system
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The following types of mechanical ventilation system 
can be used to maintain indoor air quality

10.2.12.1 Extract ventilation systems

Extract ventilation systems operate by depressurizing 
the building. The system mechanically removes 
indoor air, lowering the internal air pressure below 
the external pressure. This pressure diwerence 
allows fresh air from outside to enter the building 
through leaks and intentional passive openings.

10.2.12.2 Supply ventilation systems

Supply ventilation systems operate by pressurizing 
the building. Fresh outside air is forced into the 
building, causing stale indoor air to exit through the 
building’s shell, openings, bathroom and kitchen 
ventilation ducts, and other intentional outlets.

10.2.12.3 Balanced Ventilation Systems

Balanced ventilation systems, when properly 
designed and installed, maintain equal pressure 
between indoor and outdoor environments, 
preventing pressurization or depressurization of 
the building. These systems work by bringing fresh 
outdoor air inside while exhausting polluted indoor 
air outside.

Typically, a balanced ventilation system consists 
of two fans and two duct systems that ensure 
ewective distribution of fresh air by strategically 
placing supply and exhaust vents. Although vents 
can be installed in every room, traditional balanced 
systems are designed to supply fresh air to areas 
where people spend most of their time, like 

bedrooms and living rooms, while exhausting air 
from spaces where humidity and contaminants are 
commonly generated, such as kitchens, bathrooms, 
and laundry rooms.

10.2.12.4 Balanced heat recovery ventilation 
system

The basic design of a balanced ventilation system 
is enhanced by incorporating heat-recovery units. 
These units help reduce heating and cooling costs by 
transferring heat between the exhaust air and fresh 
supply air as needed. They also improve comfort by 
moderating the temperature of the incoming air and 
minimizing drafts before the air is delivered.

10.2.12.5 Spot ventilation

Using localized exhaust fans, such as those in 
kitchens and bathrooms, is crucial for enhancing 
air quality, whether you’re relying on natural or 
whole-house ventilation strategies. Spot ventilation 
improves the evciency of ventilation systems by 
removing contaminants at their source as soon 
as they are produced. It should be an essential 
component of any building’s ventilation design.

10.2.12.6 Displacement ventilation 

Displacement ventilation is a type of HVAC system 
that delivers cool air near the floor level, creating a 
natural convection current that improves air quality, 
reduces noise, enhances thermal comfort, and saves 
energy. This system is particularly ewective in high-
ceiling spaces as it targets the occupied area and 
prevents heat or cool air loss to unoccupied zones.

Figure 61: Displacement Ventilation

Air supply plenum [pressurized]
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10.2.13 Controls

10.2.13.1 System Control

All mechanical cooling and heating systems can 
be controlled by automated systems, preferably 
integrated into a building management system using 
Direct Digital Control (DDC). The DDC system must:

1. Maintain the required indoor temperature and 
humidity levels.

2. Manage the system’s operation according to 
various schedules for diwerent days, usage 
types, and times of the week.

3. Retain programming and time settings for at 
least 10 hours during a power outage.

4. Include an accessible manual override for 
temporary system operation.

Additionally, the system should:

a) Report maintenance needs of the components 
through a Maintenance Management System.

b) Monitor, alarm, and report on energy 
consumption.

c) Communicate with the facility’s fire systems.

10.2.13.2 HVAC Systems Zone Set Points 
(Temperature Control)

Zone set points are critical for ewective temperature 
control within a building. These set points define the 
desired temperature for diwerent zones or areas, 
ensuring that each space maintains an optimal and 
comfortable environment. The adjustability of zone 
set points allows for customization based on various 
factors such as occupancy patterns, time of day, 
and specific comfort needs. Modern HVAC systems 
often incorporate advanced control mechanisms 
that utilize sensors to monitor and dynamically 
adjust these set points as well as ensure precise 
temperature management. This not only enhances 
occupant comfort but also contributes to energy 
evciency by reducing unnecessary heating or 
cooling. By tailoring temperature control to individual 
zones, HVAC systems improve both comfort and 
operational evciency thereby impacting overall 
building performance and energy consumption.

10.2.13.3 Variable-Speed Equipment

HVAC systems with variable-speed control should be 
programmed to automatically reduce the maximum 

speed of the equipment to 90% of its design speed 
during automated demand response (DR) events. 
Additionally, any adjustments to airflow must ensure 
that the supply airflow rate remains above the 
level necessary to meet minimum outdoor airflow 
requirements and avoid causing negative ewects on 
building pressurization.

10.2.13.4 Fault Detection and Diagnostics (FDD) 

A fault detection and diagnostics (FDD) system is 
recommended for installation in new buildings to 
oversee the HVAC system’s performance and detect 
faults. The FDD system should: include permanently 
installed devices to monitor HVAC operations; 
sample system performance no more than once 
per hour; automatically identify, display, and report 
faults; notify service personnel of identified issues; 
provide prioritized repair recommendations based 
on data analysis; track and record the history of 
faults from identification through repair completion; 
and report any increases in energy usage.

10.2.13.5 Smart Building Integration and 
Automation: 

Smart building systems integrate various 
technologies, such as HVAC, lighting, security, and 
energy management, into a unified, automated 
system. This integration allows for real-time data 
analysis and decision-making, enabling precise 
control of building operations. By automatically 
adjusting settings like temperature, lighting, and 
ventilation based on occupancy patterns and 
environmental conditions, smart building systems 
reduce energy waste and optimize overall evciency 
which leads to substantial energy savings.

10.2.13.6 Occupancy Sensors and Demand-
Controlled Ventilation:

Occupancy sensors detect the presence of people 
in diwerent areas of a building and adjust lighting 
and HVAC systems accordingly. When spaces are 
unoccupied, lights can be dimmed or turned ow, 
and HVAC systems can reduce ventilation and 
heating/cooling, saving energy. Demand-controlled 
ventilation (DCV) further optimizes energy use by 
adjusting ventilation rates based on occupancy 
levels or indoor air quality. Integrating these 
technologies reduces energy consumption as it 
ensures that energy is only used whenever and 
wherever it is needed.
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10.2.13.7 Energy Monitoring and Management 
Systems: 

These systems provide real-time data on a 
building’s energy consumption, allowing facility 
managers to identify inevciencies and track energy 
usage patterns. By monitoring energy use across 
various systems and devices, these systems enable 
targeted interventions to reduce consumption, such 
as adjusting operational schedules, fine-tuning 
equipment settings, or identifying areas for retrofit or 
upgrade. Integrating energy monitoring with smart 
building automation and occupancy sensors creates 
a cohesive approach to energy management, further 
reducing overall energy consumption and promoting 
continuous improvement in energy evciency.

10.2.14 Piping and Ductwork

Design, layout and insulation of HVAC piping and 
ductwork is crucial for minimizing heat loss or gain, 
reducing operating costs, and improving overall 
system performance. Here are some ewective 
strategies:

10.2.14.1 Insulation:

n Proper Insulation: Use high-quality insulation 
materials with appropriate R-values based on 
the system’s operating temperature and local 
climate.

n The ‘Glass Wool’ should not be used, as it is 
injurious to health (eye and lungs). Instead ‘Rock 
Wool and ‘Mineral Wool’ can be used. Following 
insulation materials can be used depending 
upon requirement of R-value, density, moisture 
resistance, fire resistance, and pricing: XLPE 
(Cross-linked Polyethylene), Fiberglass blanket 
insulation, Foam glass, Expanded Polystyrene 
(EPS) foam insulation, Extruded Polystyrene 
(XPS) foam, Spray foam, Calcium Silicate, 
Fiberboard, Polyurethane foam insulation, 
Phenolic foam,  Ethylene Propylene Diene 
Monomer (EPDM) rubber insulation, Hemp-wool, 
and Hempcrete.

n Continuous Coverage: Ensure the insulation 
covers the entire length of the piping and 
ductwork, with no gaps or breaks.

n Weather Protection: Protect insulation exposed 
to outdoor elements with weather-resistant 
coverings to maintain its ewectiveness.

10.2.14.2 Design and Layout:

n Minimal Length: Keep piping and ductwork runs 
as short as possible to reduce heat transfer and 
pressure losses.

n Avoid Obstacles: Minimize the number of bends, 
elbows, and other obstructions that can increase 
friction and energy consumption.

n Proper Sizing: Ensure piping and ductwork 
is sized appropriately to match the system’s 
capacity and avoid excessive pressure drops.

10.2.14.3 Materials:

n Low-Friction Materials: Use materials with low 
friction coevcients, such as smooth-walled 
pipes and ductwork, to reduce pressure losses 
and energy consumption.

n Corrosion-Resistant Materials: Choose materials 
that are resistant to corrosion because corrosion 
can reduce pipe and ductwork evciency and 
lead to leaks.

10.2.15 System Balancing

System balancing is a crucial process that ensures 
optimal performance, energy evciency, and comfort 
in HVAC systems. By adjusting airflow or water 
distribution rates, balancing optimizes the system’s 
operation, leading to lower energy consumption, 
improved thermal comfort, longer equipment 
lifespan, and reduced operating costs. All HVAC 
systems shall be balanced in accordance with 
established engineering standards.

10.2.15.1 Air System Balancing

Air System Balancing involves adjusting airflow 
rates within HVAC systems to ensure each space 
receives the intended amount of air. This is achieved 
by manipulating dampers, splitter vanes, extractors, 
or automatic controls like constant or variable air 
volume boxes.

Balancing is essential to verify system performance 
and optimize evciency. Proper balancing devices 
should be installed at every supply air outlet and 
zone terminal to allow for adjustments. These 
devices, typically shown on the mechanical plans, 
must be verified during installation.

Design options for improving air distribution 
evciency include:
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n Variable-air-volume systems

n VAV diwusers

n Low-pressure-drop duct design

n Low-face-velocity air handlers

n Fan sizing and variable-frequency-drive motors

n Displacement ventilation systems

10.2.15.2 Hydronic System Balancing

Hydronic System Balancing involves adjusting 
water flow rates within heating and cooling systems 
to ensure even distribution to all devices. This is 
achieved by manually adjusting valves or using 
automatic flow control devices.

A balanced hydronic system delivers equal water 
flow to all components, resulting in optimal evciency 
and reduced energy consumption. It minimizes 
pressure drops, allowing for consistent performance 
without needing to adjust supply temperatures for 
individual zones.

Hydronic systems must be balanced to prioritize 
minimizing throttling losses. Then, the pump impeller 
should be trimmed or its speed adjusted to achieve 
the desired flow rates.

10.2.16 Economizers

Economizers are energy-saving devices that utilize 
cooler outdoor air to reduce the building’s cooling 
load. They consist of dampers, sensors, actuators, 
and logic controls that work together to determine 
the optimal amount of outside air to bring in.

When the outside temperature is lower than the 
inside, the economizer shuts down the compressor 
and introduces outside air through the economizer 
louvers. This can result in significant energy 
savings, often up to 10% of a building’s total energy 
consumption. The ewectiveness of an economizer 
depends largely on the local climate and the 
building’s internal cooling needs.

10.2.16.1 Air Economizer

An air economizer is a system that harnesses the 
natural cooling power of outdoor air to reduce or 
eliminate the need for mechanical refrigeration in 

HVAC systems. It typically consists of a ductwork 
arrangement, dampers, and an automatic control 
system. By strategically introducing cooler outdoor 
air into the building, an air economizer can 
significantly lower energy consumption during mild 
or cold weather conditions.

10.2.16.2 Water Economizer:

A water economizer is a system that indirectly cools 
the supply air of an HVAC system using water as an 
intermediary. The water itself is cooled through heat 
or mass transfer to the environment, bypassing the 
need for mechanical refrigeration. This approach 
can be particularly ewective in regions where there’s 
a reliable source of naturally cool water, such as 
groundwater or nearby bodies of water.

10.3 On-site Renewable Energy System
On-site renewable energy systems are energy 
systems that use renewable energy sources like 
solar, wind, or geothermal power to generate 
energy on the same property where it is used. They 
can be used for a variety of applications including 
electricity, heating, and cooling.

10.3.1 Solar Energy System

Solar energy is most abundant, popular, and widely 
used in diwerent dispositions:

n Solar Room Heating/Cooling System

n Solar Water Heating System

n Solar Electricity Generation System

10.3.1.1 Solar Room Heating/cooling System

There are two types of solar room heating systems:

n Active System

n Passive System

A. Active Solar Heating System

Active solar heating system comprises of solar air 
heating panels and mechanical ventilation system. 
Panels are usually installed on roof orienting south 
with 40° inclination. It is also mounted on wall to 
function similar to the Trombe Wall System.
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B. Passive Solar Heating System

A passive solar design has five elements (Williams, 
n.d.) which are as follows:

a. Aperture/Collector: Aperture is the glass area 
through which sunlight enters the building. The 
aperture(s) should face within 30 degrees of 
true south and should not be shaded by other 
buildings or trees from 9a.m. to 3p.m. daily 
during the heating season.

b. Absorber: The hard, darkened surface of the 
storage element. The surface, which could be 

Figure 63: Five elements of passive building design

Figure 62: Solar air heating panel

(a) Panels installed on the roof (b) Ducting and AHUs

(c) Wall mounted solar air collector system.
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a masonry wall, floor, or water container, sits in 
the direct path of sunlight. Sunlight hitting the 
surface is absorbed as heat.

c. Thermal mass: Materials that retain or store the 
heat produced by sunlight. While the absorber 
is an exposed surface, the thermal mass is the 
material below and behind this surface.

d. Distribution: Method by which solar heat 
circulates from the collection and storage points 
to diwerent areas of the house. A strictly passive 
design will use the three natural heat transfer 
modes- conduction, convection and radiation.

e. Control: Roof overhangs can be used to shade 
the aperture area during the summer months. 
Other elements that control overheating include 
electronic sensing devices, such as a diwerential 
thermostat that signals a fan to turn on; operable 
vents and dampers that allow or restrict heat 
flow; low-emissivity blinds; and awnings.

B.1. Types of passive solar heating techniques

B.1.1. Direct gain system

The actual living space functions as a solar collector, 
heat absorber and distribution system. South facing 
glass admits solar energy into the house where it 
strikes masonry floors and walls, which absorb and 
store the solar heat, which is radiated back out into 
the room at night as shown in figure. These thermal 
mass materials are typically dark in color in order to 
absorb as much heat as possible. The direct gain 
system utilizes 60-75% of the sun’s energy striking 
the windows. For a direct gain system to work 
evciently, thermal mass must be insulated from the 
outside temperature to prevent collected solar heat 
from dissipating. Heat loss is especially likely when 
the thermal mass is in direct contact with the ground 
or with outside air that is at a lower temperature 
than the desired temperature of the mass.

B.1.2. Indirect gain system

In an indirect gain of solar passive heating system, 
thermal mass is located between the sun and the 
living space. The thermal mass absorbs the sunlight 
that strikes it and transfers it to the living space by 
conduction. The indirect gain system utilizes 30–
45% of the sun’s energy striking the glass adjoining 
the thermal mass. The examples of indirect gain 
system are as follows.

B.1.2.1. Trombe wall

Figure 64: Trombe wall system

In indirect gain solar passive heating system, Trombe 
wall absorbs and stores heat during the day. Excess 
heat is carried out by passage air between wall 
and glass through thermosyphon principle into the 
indoor space as shown in Figure. At night Trombe 
wall vents are closed and the storage wall radiates 
heat into the indoor space.

The first design strategy to increase the ewectiveness 
of Trombe Walls is painting the outside surface 
of the wall to black (or a dark color) for the best 
possible absorption of sunlight. A typical Trombe 
wall consists of a 4 to 16in (10 to 41cm)-thick, south-
facing masonry wall with a dark, heat-absorbing 
material on the exterior surface and faced with a 
single or double layer of glass. The thickness of the 
thermal mass depends on the type of material used. 
Trombe walls are usually made of solid materials, 
such as concrete, brick, stone, or adobe.

The glass is placed from ¾ to 2 inches (2 to 5 cm) 
from the masonry wall to create a small airspace 
(Torcellini & Pless, 2004). However, the minimum 
4-inch gap between the glass and the mass allows 
cleaning the glazing and the insertion of a roll-down 
radiant barrier as needed.

Natural daylight is lost in the full-height Trombe 
walls unless the system is combined with a direct-
gain system or windows are introduced. Properly 
sized roof overhangs shade the Trombe wall during 
the summer. Shading the Trombe wall can prevent 
the wall from getting hot during the time of the year 
when the heat is not needed.
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B.1.3. Isolated gain

An isolated passive solar heat gain system has its 
integral parts separated from the main living area 
of a house. Isolated gain involves utilizing solar 
energy to passively move heat from or to the living 
space using a fluid, such as water or air by natural 
convection or forced convection. A few examples of 
isolated gain are as follows:

B.1.3.1 Sunroom

It integrates a combination of direct gain and indirect 
gain system features. Sunlight entering the sunroom 
is retained in the thermal mass and air of the room. 
Sunlight is brought into the house by means of 
conduction through a shared mass wall in the rear of 
the sunroom or by vents that permit the air between 
the sunroom and living space to be exchanged by 
convection.

Figure 65: Solar space

(a) View of Sunroom/Solar space

(c) Space heating during Summer (d) Space heating during Winter

(b) Sunroom/Solar space in day and night

C. Passive cooling system

Passive solar cooling systems work by reducing 
unwanted heat gain during the day, exchanging 
warm interior air for cooler exterior air when 
possible, and storing the coolness of the night to 
moderate warm daytime temperatures. Passive 
cooling systems are the least expensive means of 
cooling a home which maximizes the evciency of 
the building envelope without any use of mechanical 
devices. It relies on natural heat sinks to remove 
heat from the building. They drive cooling directly 
from evaporation, convection, and radiation without 
using any intermediate electrical devices. The 
passive cooling systems are as follows:

C.1. Landscaping

Landscape plays a crucial role in maintaining the 
microclimate of the site. Landscaping involves the 
deliberate change of the contours of the earth, and 
the planting of trees and other vegetation. It  plays 
a major role in protecting the building from cold 
winter winds and from the hot summer sun. Plants 
can be used ewectively around a building to reduce 
energy consumption. For the details, please refer to 
Chapter 4.

C.2. Solar shading

Solar shading is an ewective approach to passive 
cooling techniques. Shading can reduce summer 
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temperatures by blocking up to 90 percent of direct 
sunlight and therefore helps improve comfort and 
save energy (Ecosis, 2010). For the details refer to 
section 6.3.

C.3. Induced ventilation techniques

C.3.1. Solar chimney

Solar chimneys are particularly ewective for creating 
a draft in hot, humid climates that have very few 

options for cooling. The chimney unit consists of 
external glazing, absorber plate, insulation board, 
vents. The incident solar radiation is absorbed by 
black painted surface on the chimney. Heated air 
rises up and passes through internal vent to room 
during winter. After heating the room, cool air 
passes to chimney and repeat the process. The 
solar chimney system is very easy to maintain, its 
installation cost is very low and operation cost is 
almost zero.

Figure 66: Solar Chimney

(a) Solar Chimney in summer and winter conditions

(b) South Facade of the Regional Educational Directorate Building at Hetauda.
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In this system, once the air inside the solar chimneys 
(painted in matt black color) is heated by solar rays, 
the hot air will flow upwards. This action in turn will 
develop a draught system for creating pleasant 
breezing in rooms below. It is preferable to provide 
deep shaded verandahs as cooling zone at the 
west and east end of the building. At first stage, 
hot air outside will start cooling down once it enters 
shaded cooling zone and at second stage the air 
continues to cooling down with breezing ewect 
inside rooms as it flows through louvers at partition 
wall to next room. The height of the Solar Chimney 
has to be worked out such that it will create natural 
air draft system in the rooms at night. From midnight 
untill early morning, the air temperature will drop 
significantly. Due to the chimney ewect (caused by 
the height diwerence)  cool air flow will flow through 
and cool down walls, floor, ceiling and furniture 
in the ovce room. As a result, the thermal mass 
ewect will keep the ovce room cool untill the early 
afternoon hours. During winter, the solar chimney 
can be closed with a trap door.

10.3.2 Solar Water Heating System

Solar water heating systems are divided into two 
types:

1. Active Solar Water Heating System

2. Passive Solar Water Heating System

10.3.2.1 Active Solar Water Heating System

An active solar water heater system uses the sun’s 
energy to heat water by using collectors, pumps, 

and valves to move water from the collectors to a 
storage tank. This system is much more flexible in 
terms of placement of cold-water tank, hot water 
tank, and solar collector itself. Thus, it provides an 
Architect to achieve more aesthetically pleasant 
exterior design of a building. It is possible to hide 
both the tanks inside the building and place solar 
collectors amalgamating with slope roof of the 
building. The functions of various components of 
the active solar heating system are as follows:

i. Collectors: Capture solar radiation

ii. Pump: Activates the circulation of the water or 
working fluid

iii. Storage system: Stores the hot water

iv. Back-up system: Provides additional electrical 
heating elements when the solar system can’t 
provide enough

v. Controls: Regulates the system’s operation

vi. Sensor: Give the level of real-time solar radiation 
available to the controller

Factors that affect solar heat production

i. Collector design

ii. Surface area of collector

iii. Type of working fluid or water

iv. Local climate and site conditions

v. Insulation - The storage tank and piping 
connections should be well insulated to prevent 
heat loss.

Figure 67: Section drawing Regional Educational Directorate Building
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10.3.2.2 Passive Solar Water Heating System

Passive Solar Water Heating System is similar to the 
active one, except it does not comprise pump and 
control devices. The system works on gravitational 
flow from the cold-water tank, which should be 

positioned at least 7’-0” above the bottom level of 
the solar collector. Height diwerence between the 
hot water tank and top level of the solar collector 
should be minimum as the circulation here is based 
upon thermodynamics of water (hot water flows up 
and cold water flows down).

Figure 68: Solar Water Heating System

(a) Active solar water heating system diagram. (b) Controllers

(c) Active solar water heating system installed on slope roof. (d) Hot and cold-water tanks

Figure 69: Passive Solar Water Heating System
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10.3.3 Wind Energy System

Wind energy system also is divided into two types:

1. Active Wind Energy System

2. Passive Wind Energy System

10.3.3.1 Active Wind Energy System

Wind energy used for the generation of electricity 
by wind turbines is referred to as the Active Wind 
Energy System. The use of wind energy is gaining 
popularity worldwide as it is the cleanest form of 
energy production (11.0 gCO2 eq per kWh). There 
are several potential sites for the development of 
wind energy in Nepal. Places above the Churiya 
range in Nepal experience 15-17 hours of wind 
every day. Mustang, Dhading, Galchhi and Bhorlini 
are some of those places that provide favourable 
conditions for electricity generation. 

There are two basic types of wind turbines:

1. Horizontal-axis turbines

A horizontal-axis wind turbine (HAWT) turns wind 
energy into electricity using the aerodynamic force 
from the rotor blades, which work like an airplane 
wing or helicopter rotor blade. When wind flows 
across the blade, the air pressure on one side of 

the blade decreases. The diwerence in air pressure 
across the two sides of the blade creates both lift 
and drag. The force of the lift is stronger than the 
drag and this causes the rotor to spin. The rotor 
connects to the generator, either directly (if it’s a 
direct drive turbine) or through a shaft and a series 
of gears (a gearbox) that speed up the rotation 
and allow for a physically smaller generator. This 
translation of aerodynamic force to the rotation of a 
generator creates electricity. Small-sized horizontal-
axis turbines are used in building projects. However, 
large-sized horizontal-axis turbines are more 
popular for large-scale projects and wind farms.

2. Vertical-axis turbines.

A vertical-axis wind turbine (VAWT) is a type of wind 
turbine where the main rotor shaft is set transverse 
to the wind while the main components are located 
at the base of the turbine. This arrangement allows 
the generator and gearbox to be located close to 
the ground, facilitating service and repair. VAWTs 
are not as scalable as HAWTs, which makes them 
less suitable for large-scale wind farms. They are 
better suited for smaller installations, such as for 
residential or commercial use. VAWT are less prone 
to accidents during high velocity wind/storm.

Figure 70: Solar Water Heating System

(a) Horizontal Axis wind turbine

(b) Side elevation of Horizontal Axis wind(c) Various type of vertical axis wind turbines

low-speed shaft

gear box

nacelle

generator

high-speed shaft

tower

rotor

blades

Physical Infrastructure and Standardized Layout of Government Offices-2083 152 

ANNEX-II



        GREEN BUILDING GUIDELINE OF NEPAL

10.3.3.2 Passive Wind Energy System

Passive wind energy systems are divided into the 
following types:

A. Wind driven roof ventilator

Wind driven roof ventilators are getting popular 
in our country day by day due to their simplicity in 
installation and operation. The turbine ventilator 
operates by utilizing the velocity energy of the 
wind to induce air flow by centrifugal action. The 
centrifugal force caused by the spinning vanes 
creates a region of low-pressure area which draws 
air out through the turbine. Air drawn out by the 
turbine is continuously replaced by fresh air from 
the outside.

The slightest breeze will cause the turbine to spin 
and even after the breeze has stopped, the fly wheel 
ewect of the rotor cage will use its stored energy to 
continuously remove air giving rise to ventilation. 
Suction is maintained even at low wind velocities. 
Hot air becomes lighter and accumulates at the 
center apex of the shed.

Due to the ease of installation and the versatility 
of the system, turbine ventilators have multiple 
applications in the home, the ovce, and on an 
industrial scale. They’re a low cost and environment-
friendly alternative to air conditioning and, as 
they extract damp, condensed air, they support 
the integrity of the building’s structural materials, 
such as the roofing tiles, ceiling boards and 
wooden roof beams. They are also clean, green 
commercial suction machines that remove fumes, 
dust, smoke and chemicals to create healthy, more 
productive work environments in the manufacturing, 
engineering, chemical, pharmaceutical and 
hospitality industries. Turbine roof ventilators are 
fresh, completely natural ventilation solutions with 
an array of benefits, some of which are:

i. Quick and easy installation

ii. Economical

iii. Quiet, clean and eco-friendly

iv. Maintenance free

v. Operate 24/7

vi. Do not require electricity

vii. Available in a variety of sizes, materials and 
models

B. Cross ventilation and stack ventilation

Cross ventilation involves creating air inlets on 
opposite sides of the building to allow fresh air to 
flow through. It is ewective in areas with regular wind 
patterns, and you should choose cross ventilation 
if your building is oriented to take advantage of 
prevailing winds. This strategy is particularly useful 
in moderate to windy climates.

Passive stack ventilation relies on the principle 
of warm air rising and cool air entering lower 
openings. It ewectively  utilizes the stack ewect to 
promote natural airflow, and you should choose 
this strategy if your building has vertical shafts or 
well-designed interior pathways that can channel 
warm air upwards. Passive stack ventilation works 
well in various climates, including both cold and hot 
regions.

Figure 71: Turbine roof Ventilator
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10.3.4 Biogas

Microorganisms who thrive in the absence of air 
digests the organic material and releases a mixture 
of gases. The gases thus produced contain mostly 
methane along with other gases like Carbon dioxide, 
Nitrogen and Hydrogen Sulphide in small quantities. 
This process is known as anaerobic digestion. 
Methane is a colorless and odorless gas and is highly 
flammable. Methane is not poisonous.   There are 
many types of Biogas Production System developed 
all over the world. In contrast to firewood, cooking 
with Biogas also does not produce any harmful 
smoke. The digestate from the systems can be used 
as biological fertilizer which improves agricultural 
yields. In Nepal, following two types of Biogas Plant 
are in use:

10.3.4.1 Domestic Biogas Digesters

The Biogas Digester or Biogas Plant is a device 
which helps us in collecting this gas and use it as 
fuel. The operation of biogas systems reduces the 
demand for non-sustainably used firewood and at 
the same time reduces CO₂ emissions as a result 
of deforestation and combustion of the wood. The 
installed dome-shaped systems are developed in 
Nepal and provide enough energy for a family with 
at least two cows or buwaloes. The cattle manure 
is mixed with water and added to the system. 
Anaerobic decomposition of the organic matter 
promotes the formation of biogas, which is fed 
into the kitchen via pipe connections and used for 
cooking.

10.3.4.2 Food Waste Biogas Plant

Biogas generation using food waste anaerobic co-
digestion with activated sludge provides a cleaner 
addressable system, an excellent solution to global 
challenges, the increasing energy demands, fuel 
charges, pollution and wastewater treatment. 
Anaerobic digestion is an emerging technology 
that is already competing for the place of the most 
evcacious multipurpose technology of the century. 
It addresses the two most challenging problems 
of waste disposal and clean renewable energy 
generation synergistically. The biogas which is 
produced from the anaerobic digestion contains 
about 65–75% methane (CH4) and about 35–45% 
carbon dioxide (CO2). This can be converted for 
fuel application as compressed natural gas (CNG). 
Anaerobic digestion is a direct interspecies electron 
transfer (DIET) system, where synergistic microbial 
consortia work and thrive together. There are 
four distinct phases during anaerobic digestion: 1) 
Hydrolysis, 2) Acidogenesis, 3) Acetogenesis and 
4) Methanogenesis carried out by a consortium of 
various microorganisms.

At recent years, Plastic Stacked Barrel Biogas Plant 
getting popular in Nepal, as it is simple and easy to 
operate. It can be installed on rooftop or at corner 
of garden. 

Basics of the Plastic Stacked Barrel Biogas Plant is 
as follows:

n The Biogas plant consists of a digester tank, 
where the organic material is stored, and the 
microorganisms work on them and release gas.

Figure 72: Cross ventilation and stack ventilation

(a) Hot air rises due to buoyancy, and its low 
pressure sucks in fresh air from outside

(b) Ovce Building of Department of Electricity Development at Sano 
Gaucharan, Kathmandu. Pyramid shaped solar space is designed to 
enhance stack ewect. Hot air developed at solar space will create 

better draught ewects.
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n The gas produced is collected in a tank known 
as gas collector. In a floating type model, this 
tank is floating in the slurry and moves up and 
down based on the amount of gas stored in it.

n A guide pipe helps the gas collector tank to 
move up-and-down inside the digester tank.

n Waste is fed through feed pipe inside the 
digester tank.

n The fully digested slurry drains out through the 
outlet pipe. This can be collected, diluted and 
used as fertilizer for plants.

n A gas pipeline from the Gas collector tank helps 
in utilizing the gas for cooking and lighting

n A simple thump rule for biogas plant for home 
use is 5 kilograms of waste (daily) needs a 
1,000.00-liter capacity digester. A 500-liter gas 
holder tank filled with gas can be used for about 
an hour in one burner.

10.4 Integrated Design
The current design process typically follows a 
linear sequence of four stages: architectural 
design, structural design, building services design 
(encompassing water and sanitary systems, 
electrical systems, and HVAC systems for buildings 
with air conditioning), and finally construction (Figure 
74 A). However, architects, due to their specialized 

Figure 73: Bio gas plant

(b) Plastic stacked barrel biogas plant.(a) Typical biogas plant diagram

(c) Schematic diagram of Plastic stacked barrel biogas plant.
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training, often have limited knowledge of complex 
structural design and building physics. As a result, 
architectural decisions frequently compromise 
the building’s safety, resource evciency, energy 
performance, and occupant comfort. Consequently, 
each design step is often carried out independently, 
which can lead to incompatibilities between 
diwerent design elements. These disconnects can 
result in significant challenges during construction 
and negatively impact the overall performance and 
functionality of the building

To overcome these challenges, there is a growing 
need to shift the design methodology and adopt an 
integrated design model (Figure 74 B). The integrated 
design approach brings together architects, 
engineers, energy experts, and other stakeholders 
early in the design process. This collaboration 
ensures that decisions made throughout the design 
phase are in line with the building’s sustainability 
goals

10.5 Electrical System
Electrical system of Green Building Design consists 
of utility power supply, backup supply, renewable 
energy, control panels, distribution feeders, internal 
wiring, and control switches, etc. During the design 
safety and reliability shall be considered and local 
and international standard must be followed. The 

electrical system of a green building is designed 
to be energy-evcient and reduce the building’s 
environmental impact.

10.5.1 Energy efficient consumption behavior

Understanding and changing household energy 
consumption behavior are considered as 
ewective ways to improve energy evciency and 
promote energy conservation. With the increasing 
penetration of conventional and emerging 
information and communication technologies in the 
energy sector, traditional energy systems are also 
being digitized in our country. This data provides 
a new way to analyze and understand individuals’ 
energy consumption behavior and improve energy 
evciency and promote energy conservation.
Energy-evcient consumption behavior is  a way of 
living that reduces unnecessary energy use and 
promotes sustainable energy practices. Here are 
some examples of energy evcient behaviors:

i. Curtailment: Turning ow appliances when not in 
use, such as lights, fans, and AC, etc.

ii. Maintenance: Keeping appliances and 
equipment in good working order.

iii. Buying energy-eRcient products:  Purchasing 
products that use less energy and have a lower 
environmental impact

Figure 74: Design processes

(A) Usual design process

(B) Integrated Design process
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iv. Lifestyle changes: Setting thermostats higher in 
the summer and lower in the winter

v. Transportation: Walking, cycling, or taking public 
transportation instead of driving

vi. Using appliances during oQ-peak hours: 
Reducing energy costs and strain on the grid by 
using appliances during less busy times.

10.5.2 Lighting power density

Lighting power density (LPD) measure the amount 
of energy a building or space uses for lighting per 
unit of area. It’s typically measured in watts per 
square foot or square meter. LPD is used by energy 
codes to determine compliance by comparing the 
designed energy per square foot to the amount 
allowed by code. LPD includes the power used by: 
Light fixtures, Ballasts, Controls, and Transformers. 
LPD is often associated with the lighting power 
allowance (LPA) permitted by the building’s energy 
code. To reduce lighting loads, more evcient light 
sources and fixtures need to be considered. These 
can also reduce cooling loads for the same amount 
of visible brightness.

10.5.3 Electric power distribution

Electrical power distribution in a green building is 
a significant component in ensuring the building’s 
sustainability, energy evciency, and environmental 
performance. Here are some key considerations for 
electrical power distribution in green buildings:

a) Lights, appliances and controls - Use of High-
Evciency Lighting, Lighting Controls, and 
Energy-Evcient Appliances and Equipment 
result into reducing energy consumption. 
Hence, it contributes towards minimizing load in 
an electric power distribution system.

b) Renewable Energy Integration: Renewable 
energy integration in Green Building is getting 
common practice these days. Its large-scale 
successful implementation in several European 
countries shows very much promising positive 
result on minimizing load on Electric Power 
Distribution system. Solar photovoltaic (PV) 
panels and Wind turbines are commonly 
integrated into the design of green buildings 
to generate electricity as renewable sources, 
whereas geothermal system is getting popular 
recently. A building’s electrical distribution 

system must be equipped with inverters, grid 
connection systems, and battery management 
systems to handle the variable and decentralized 
nature of renewable energy. These systems 
can be grid-tied, ow-grid, or hybrid systems, 
depending on the building’s energy needs and 
local regulations.

c) Smart Grid and Smart Building Technologies - 
Smart grids and smart buildings are technologies 
that work together to improve the evciency, 
reliability, and security of the power grid. 
Smart Grid use digital technologies, sensors, 
and software to balance electricity supply and 
demand in real time, whereas Smart Building use 
smart devices to improve energy evciency and 
reduce energy bills. These devices can include:

�n Smart Meters and Energy Monitoring: Green 
buildings often incorporate smart meters to 
monitor energy consumption in real time, 
helping building owners and managers 
identify inevciencies, track energy use, and 
make informed decisions about energy-
saving measures.

�n Demand Response Systems: Smart power 
distribution systems can adjust energy 
consumption based on grid demand or 
pricing signals, optimizing energy use and 
reducing costs.

�n Building Management Systems (BMS): A 
centralized BMS can control lighting, HVAC, 
and other systems for energy optimization, 
ensuring that the building operates at peak 
evciency while maintaining occupant 
comfort.

d) Distributed Generation and Microgrids - 
Distributed generation is a small-scale energy 
source like solar power, wind power, batteries, 
biogas, and biomass that can power a single 
structure, whereas Microgrid is a localized 
electric grid that can operate independently from 
the main grid. Microgrids can be found at major 
industrial facilities, military bases, and large 
college campuses. Peltric electricity generation 
system, which is very popular in remote area of 
our country is also considered to be a Microgrid 
system.

e) Grid Connectivity: A green building’s power 
distribution system must be designed for 
evcient grid connectivity, allowing for the import 
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and export of power between the building and 
the utility grid.

f) Energy Storage and Backup System - Energy 
storage systems (such as Flooded lead-acid 
batteries, Lithium-ion batteries or Advanced 
flow batteries) are integral to green buildings for 
storing excess power generated from renewable 
sources and for providing backup power 
during grid outages. Critical systems, such as 
computers, IT, elevators or emergency lighting, 
critical health care systems, may require UPS 
systems to ensure continuous operation during 
power interruptions.

g) Voltage and Power Quality Management 
- Green buildings need to consider voltage 
regulation to ensure stable operation of all 
electrical equipment, reducing the risk of 
equipment damage or malfunction. Portable 
voltage stabilizer can be considered to each 
sensible equipment like computer, IT system, 
Audio-video system, and refrigerator. If the 
project site area has a very poor voltage supply, 
then the central voltage stabilizer should be 
installed. A building’s electrical system should 
aim to maintain a high-power factor to ensure 
that energy is used evciently and reduce losses 
in the distribution system. It can be achieved by 
Power Factor Correction (PFC). The details of 
PFC are dealt in Chapter 10.6.5.

h) Sustainable Electrical Materials - Electrical 
distribution materials like cables, switches, and 
transformers can be selected based on their 
environmental impact. Green buildings should 
prioritize materials made from recycled or 
sustainably sourced materials. Use of low-EMF 
(electromagnetic fields) and low-toxic wiring, 
such as halogen-free cables, is increasingly 
common in green buildings to promote healthier 
indoor environments.

i) Electric Vehicle (EV) Charging Infrastructure 
- Many green buildings include electric vehicle 
charging stations to support the use of electric 
cars, reducing carbon emissions associated with 
transportation. The electrical power distribution 
system must accommodate the additional load 
from multiple EV chargers, with considerations 
for capacity, safety, and user accessibility.

j) Resilience and Redundancy - Green buildings 
should be designed with electrical power 

resilience in mind, ensuring that the electrical 
system can handle disruptions from external 
events (e.g., natural disasters or grid failures) 
without compromising occupant safety and 
building operation. Critical systems (e.g., life-
safety systems, HVAC, and data centers) should 
have built-in redundancy, such as backup 
generators or dual power feeds, to ensure 
reliable operation.

k) Code Compliance and Standards - Electrical 
systems should also comply with local electrical 
codes and safety regulations which may have 
specific requirements for renewable energy 
integration, energy storage systems, and grid 
interconnection. However, designer can opt to 
standards requirements for energy performance, 
sustainable materials, and system integration 
set by international standards of green buildings 
such as LEED, BREEAM, or the Living Building 
Challenge.

10.5.4 Voltage-drop

The design should ensure minimal voltage drop 
reducing energy waste, improving the lifespan 
of electrical equipment, and maintaining the 
intended operation of systems. Followings are the 
consideration which should be taken in account to 
reduce voltage drop:

a) Energy ERciency: Voltage drop represents a 
loss of electrical energy as current flows through 
conductors, such as wires and cables. A higher 
voltage drop means more energy is lost as 
heat, which is inevcient. For green buildings, 
minimizing voltage drop helps reduce overall 
energy consumption, contributing to lower 
operational costs and a smaller carbon footprint.

Properly designed electrical systems ensure 
that devices and appliances receive the 
correct voltage. Voltage drop can reduce 
the ewectiveness of energy-evcient devices, 
lighting systems (e.g., LEDs), HVAC systems and 
Elevators making it harder to meet sustainability 
goals.

b) Electrical System Design: To minimize voltage-
drop, electrical conductors must be properly 
sized. Larger conductors have less resistance 
and, therefore, experience less voltage drop. 
Green building designs often incorporate longer 
cable runs due to the expansive nature of 
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modern, energy-evcient layouts. This requires 
careful calculation of conductor size to meet 
voltage drop standards.

Voltage drop should be accounted for when planning 
distribution panels and circuits. An ewective 
design will balance the length of wire runs with 
appropriate wire sizes, ensuring that voltage 
drop stays within acceptable limits (typically no 
more than 3% for the entire system and no more 
than 2% for feeder circuits).

c) Renewable Energy Systems: Renewable 
energy systems, such as solar panels or wind 
turbines require evcient power conversion and 
distribution. Excessive voltage drop can reduce 
the ewectiveness of these systems, causing a 
loss of generated energy before it reaches the 
building’s electrical load

d) Smart Grid Integration: Many green buildings 
are designed to integrate with smart grid systems 
for energy management. These systems rely on 
stable voltage levels to optimize performance. A 
high voltage drop can lead to voltage instability, 
which negatively impacts smart grid functionality 
and the overall energy management system.

e) Voltage Drop Calculations: The voltage drop is 
influenced by several factors:

 Conductor Material: Copper and aluminum 
are commonly used for conductors, with 
copper being more evcient due to its lower 
resistance.

 Wire Length: Longer wire runs result in 
higher voltage drop.

 Current Load: The higher the current, the 
greater the voltage drop.

 Common formulas used to calculate voltage 
drop: Vdrop=2×L×I×R/1000

 where:

 Vdrop = voltage drop in volts

 L = one-way length of the conductor in meter

 I = current in amperes

 R = resistance of the conductor per 1000 m 
(depending on material)

f) LEED and Other Green Building Standards 
– International green building standards have 
emphasized voltage drop by including it in 
energy credits and life cycle assessments.

g) Building Automation and Control Systems: 
Green buildings often incorporate automation 
systems that manage lighting, HVAC, and other 
critical functions to optimize energy use. Voltage 
drop can interfere with the proper operation of 
these systems, causing them to malfunction or 
become less responsive. Similarly, Smart lighting 
systems depend on stable voltage levels to 
function evciently. A voltage drop in the circuit 
could lead to dimming or erratic behavior which 
reduces the ewectiveness of these energy-
saving technologies.

h) Consideration for Electric Vehicles (EVs) - With 
the rise of electric vehicles, green buildings often 
include EV charging stations. These stations can 
cause significant voltage drops if not designed 
properly, especially if charging multiple vehicles 
simultaneously. Ensuring that the wiring and 
electrical panels are capable of handling the 
increased load without excessive voltage drop is 
important to maintain the evciency of both the 
charging stations and the building’s electrical 
system.

i) Voltage Monitoring: Incorporating voltage 
monitoring systems into the building’s electrical 
network allows for the early detection of voltage 
drop issues. If voltage levels start to fall outside 
of specified ranges, it can signal a potential 
problem in the system, such as overloading or 
degraded wiring.

j) Energy Audits: Regular energy audits are often 
a part of green building maintenance programs. 
These audits can identify excessive voltage 
drops and recommend upgrades or corrective 
actions to improve energy performance.

10.5.5 Power factor correction

Power Factor Correction (PFC) in green buildings 
is a critical aspect of improving energy evciency. 
Power Factor (PF) is a measure of how ewectively 
electrical power is being used in a system. It is the 
ratio of real power (measured in watts) to apparent 
power (measured in volt-amperes). A power factor 
closer to 1 indicates evcient power use, while a 
lower power factor indicates that a portion of the 
electrical energy is wasted. In the context of green 
buildings, improving power factor is not only about 
optimizing energy use but also reducing energy 
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losses and improving the performance of electrical 
systems. 

10.5.5.1 Understanding Power Factor: 

Following are the terminologies related to the power 
which need to be understood

a) Real Power (Active Power): The actual power 
that performs useful work, such as running 
motors or lighting.

b) Reactive Power: Power that oscillates back and 
forth, often due to inductive loads like motors, 
transformers, and other devices that create 
magnetic fields.

c) Apparent Power: The combination of real and 
reactive power. Apparent power is the total 
power supplied to the system, but not all of it 
does useful work.

A poor power factor (typically below 0.8) indicates 
a lot of wasted energy, which can lead to higher 
electricity costs, overloading of transformers and 
other electrical equipment, and reduced system 
evciency.

10.5.5.2 Why Power Factor Correction Matters 
for Green Buildings

a) Reduce Energy Wastage: By correcting the 
power factor, energy losses in the electrical 
system are minimized, resulting in less wasted 
electricity.

b) Lower Utility Bills: Poor power factor can lead to 
higher electricity bills, as many utility companies 
in several countries charge extra fees for low 
power factor. Correcting this can save on energy 
costs.

c) Optimize Electrical System Performance: High-
quality electrical systems run more evciently, 
reducing the load on equipment, transformers, 
and other infrastructure. This results in a 
longer lifespan for the equipment and fewer 
maintenance costs.

10.5.5.3 How Power Factor Correction Works

Power factor correction typically involves the 
addition of capacitors or synchronous condensers 
to the electrical system. These devices provide 
reactive power locally, compensating for the 
inductive loads (such as motors and transformers) 
that cause the power factor to drop.

a) Capacitors: These are the most common form 
of power factor correction. Capacitors owset the 
inductive ewect of loads by supplying leading 
reactive power to the system. This reduces the 
overall amount of reactive power drawn from the 
grid.

b) Synchronous Condensers: These are rotating 
machines that can adjust the amount of reactive 
power they supply or absorb, owering more 
dynamic control over power factor correction.

c) Active Power Factor Correction (APFC): This 
is a more sophisticated technique that involves 
electronic devices (such as power factor 
correction controllers) that dynamically adjust 
the power factor by controlling the amount of 
reactive power in real-time.

10.5.5.4 Power Factor Correction in Green 
Buildings

a) Energy-eRcient Design: Green buildings often 
incorporate energy-evcient lighting (e.g., LED 
lights), HVAC systems, elevators, and motors. 
While these devices are energy-evcient, they 
can still create a low power factor if they are not 
managed properly. Including PFC as part of the 
electrical system design helps balance this.

b) Smart Metering and Monitoring: Modern green 
buildings often use smart building systems 
to monitor energy consumption and adjust 
operations dynamically. This data can be used to 
identify areas with poor power factor and trigger 
corrections in real time.

c) Renewable Energy Sources: Green buildings 
that incorporate solar or wind power may 
have variable power generation. Power factor 
correction can help balance the supply of power 
from these renewable sources with the building’s 
demand, ensuring evcient energy use.

d) Building Automation Systems (BAS): BAS can 
optimize power factor by regulating electrical 
loads based on real-time consumption and 
demand, reducing peak power consumption, 
and adjusting power factor correction equipment 
as necessary.

10.5.5.5 Challenges and Considerations

While power factor correction is highly beneficial, 
there are a few considerations:
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a) Overcorrection: Excessive power factor 
correction (more than necessary) can lead to 
problems like voltage instability or resonance, 
which could damage equipment.

b) Cost: Initial investment in power factor correction 
equipment, particularly if high-end active power 
factor correction devices are needed, could be a 
consideration in the budget.

c) Ongoing Monitoring and Maintenance: To 
ensure continued optimal performance, PFC 
equipment may require ongoing monitoring, 
maintenance, and adjustment.

10.5.6 Load balancing

Electrical load balancing refers to distributing 
the electrical load evenly across all phases of 
the electrical system (especially in three-phase 
systems), ensuring no single phase is overloaded. 
In the context of green buildings, load balancing is 
integral to integrating energy-evcient technologies, 
renewable energy systems, and energy storage 
systems without causing strain on the building’s 
electrical infrastructure. Electrical load balancing 
is crucial in green buildings to optimize energy 
use, enhance evciency, and integrate sustainable 
technologies. The goal is to evenly distribute the 
electrical demand across the system to avoid 
overloading circuits, reduce energy waste, and 
minimize costs, while also supporting the building’s 
environmental objectives.

10.5.6.1 Key Components of Load Balancing

a) Smart Meters and Load Monitoring: Smart 
meters enable real-time tracking of energy 
consumption. These systems can monitor 
loads at diwerent times and locations within the 
building, allowing for better distribution.

b) Advanced Control Systems: Use of Energy 
Management Systems (EMS) to control when 
and how electrical loads are drawn from the grid 
or renewable sources. These systems optimize 
load balancing by adjusting lighting, HVAC, 
appliances, and other electrical systems in 
response to real-time demand.

c) Energy Storage Systems: Batteries or other 
forms of energy storage (like thermal storage) 
can smooth out fluctuations in energy demand 
and supply. They store excess energy when 
demand is low and discharge when demand 
spikes.

d) Variable Frequency Drives (VFDs): VFDs control 
the speed of motors (such as in pumps or fans) 
to adjust electrical consumption based on the 
current demand. This can help balance loads 
across diwerent times of the day.

10.5.6.2 Integration of Renewable Energy 
Sources

a) Solar Power: Solar panels generate electricity, 
reducing the reliance on grid power. Load 
balancing systems can manage the flow of 
energy from solar panels, either by using it 
directly or storing excess energy in batteries for 
later use.

b) Wind Power and Other Renewables: For 
buildings with wind turbines or other renewable 
sources, load balancing can adjust energy 
consumption based on the availability of power, 
ensuring evcient use of renewable energy.

10.5.6.3 Demand Response Programs

In some regions, buildings can participate in 
demand response programs, where they adjust 
their load based on grid signals (like when there’s 
a peak demand in the grid). Load balancing within a 
green building can be designed to allow for flexible 
load reduction or shifting, helping the grid maintain 
stability while saving the building owner money.

10.5.6.4 Energy Management Software

a) Building Management Systems (BMS): BMS 
integrates all of the building’s electrical systems 
and uses data analytics to optimize energy 
consumption. These systems can implement 
advanced algorithms to predict demand and 
make real-time adjustments, automatically 
balancing loads.

b) AI and Machine Learning: Advanced AI systems 
can learn patterns of energy use within the 
building and forecast peak demand periods. 
This allows the building to adjust its electrical 
load dynamically to minimize the chance of 
overloading circuits or wasting energy.

10.5.6.5 Electric Vehicle (EV) Charging 
Integration

With the rise of electric vehicles (EVs), many green 
buildings now include EV charging stations. Smart 
load balancing systems can ensure that the addition 
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of EV charging does not overwhelm the building’s 
electrical system by coordinating when and how 
much electricity is used for EV charging in relation 
to other loads.

10.5.6.6 Designing for Load Balancing

a) Zoning and Circuit Design: Properly zoning the 
building’s electrical load and designing circuits 
that are capable of supporting diwerent zones 
can help balance demand. For example, critical 
systems like lighting and HVAC can be placed on 
separate circuits from non-essential systems.

b) Sub-metering: Sub-metering involves tracking 
the electrical usage of individual systems or 
sections of the building, helping to pinpoint 
areas where load balancing is needed or where 
energy-saving improvements can be made.

10.5.6.7 Future Trends and Technologies

a) Microgrids: A microgrid is a localized energy 
grid that can operate independently or in 
coordination with the main grid. In green 
buildings, microgrids can help balance energy 
loads between the building, its energy storage 
system, and renewable energy sources.

b) Energy-as-a-Service (EaaS): With the advent of 
EaaS platforms, building owners can optimize 
energy use, including load balancing, through a 
subscription-based service. These platforms use 
cloud-based solutions to manage and distribute 
energy evciently.

10.5.6.8 Benefits of Load Balancing in Green 
Buildings

a) Reduced Energy Consumption: Load balancing 
minimizes wasteful energy usage, lowering 
electricity consumption and helping the building 
meet sustainability goals.

b) Extended Equipment Life: By preventing 
overloading and reducing peak demand spikes, 
load balancing can extend the life of electrical 
equipment, reducing maintenance costs and 
downtime.

c) Cost Savings: Optimal load management can 
help reduce energy costs by avoiding peak 
demand charges and optimizing energy use 
during ow-peak hours.

d) Enhanced Grid Stability: For buildings 
participating in demand response or using 

renewable energy, load balancing can support 
grid stability by reducing the strain on the local 
electrical grid.

10.5.7 Harmonic Distortion:

Harmonic distortions are the distortion of sinusoidal 
waveform of current and voltage in electrical system. 
Total Harmonic Distortion (THD)% is generally used 
to describe how badly the waveform is distorted. 
Higher the THD%, more the ewects in electrical 
system.

10.5.7.1 Causes of harmonic distortions:

Modern buildings, especially, critical and commercial 
facilities such as Hospitals, Data centers, Airports, 
Hotels, and ovces are now flooded with electronic 
non-linear loads and controls for example LED lights, 
VFDs, UPS, drivers etc. Those non-linear loads draw 
current in non-linear way and causes distortion in 
current waveform then further causing distortion in 
voltage waveform of the overall electrical system.

10.5.7.2 Effects of harmonic distortion in 
electrical systems:

A significant level of harmonic distortion in the 
electrical system of the facility can create a whole 
range of problems and some of them ae as follows:

n Overheating of Transformers, Cables, Circuit 
breakers, Capacitor banks, Motors, and Fuses 
wasting significant amount electrical energy to 
heat. Premature failure and reduced lifespan of 
electrical devices because of the overheating. In 
worst cases, risk of fire hazards also possible.

n Nuisance trip of breakers and fuses due to the 
added heat and harmonic loading questioning 
the reliability of protection system.

n Unstable operation of backup generators and 
generator overload due to harmonic overloading.

n Unstable operation sensitive electronic devices 
that require a pure sinusoidal AC wave especially 
in hospital facilities.

n Flickering of lights.

10.5.7.3 Harmonic Distortion corrective 
measures:

The best solution is achieved with harmonic 
mitigation technologies that are able to mitigate 
the harmonic distortion below (5% THDv) & (10% 
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THDi) acceptable harmonic distortion by most of the 
electrical standard IEEE (519-2014 table1&2). During 
design phase these mitigation techniques results 
most beneficial

n Selection of electrical equipment’s that 
generates less harmonic distortion (<5%)

n Oversizing of electrical equipment’s to handle 
the harmonic loading such as oversizing of 
power cables (Ref. IS 732 annex-v), backup 
generators etc.

n If non-linear load is more than 20% of total 
load, a harmonic analysis is recommended and 
installation of harmonic filters is suggested.

10.6 Energy Efficient Technologies, 
Equipment, and Appliances
There is tremendous development in energy 
evcient technologies, equipment, and appliances 
during past few decades due to awareness of 
people and market economy, as well. Depending 
upon the requirement of the project/client, available 
budget, and considering long-term economy, there 
is disposal of array of energy evcient technologies, 
equipment, and appliances to choose from. The 
following are the latest development in energy 

evcient technologies, which are gaining popularity 
day by day: Solar panels, Cool roofs, High-tech 
fenestration, Exterior insulation, Air sealing, home 
energy management systems (HEMS), Smart plug 
load controllers, Smart motion sensors, LED lights, 
Smart thermostats, Energy-evcient insulation, 
Smart HVAC vents, High-evciency heat pumps, 
Smart appliances, and Electric vehicle (EV) chargers.

The given piecharts illustrate the energy usage in 
residential and commercial buildings. It shows about 
half of the portion of the energy consumption in 
commercial buildings is in HVAC system whereas 
one third of it is in lighting. Similarly, in residential 
sector, it is apparent that the energy consumption 
lies in water heating and space heating/cooling i.e. 
70% of the total consumption. Due to this weightage, 
energy evcient design for HVAC and Lighting 
should be taken as major concern which are already 
dealt in previous sections. Besides, Washing & 
Drying Machines; Refrigerators; Dishwashers; and 
Cooktops comes in next row of the appliances 
which consumes much energy. Hence, these 
appliances also should be chosen from the energy 
rated products that helps saving remarkable amount 
of energy and resources. 

In recent years, unhealthy competition has developed 
in this sector. The manufacturers, entrepreneurs, 
and private sector organizations have started 
to greenwash the technology, equipment, and 
project as a whole. Greenwashing is ae practice of 
making false or misleading claims about a product, 
service, or company’s environmental impact.  The 
term is a combination of “green”, which implies 
environmental benefits, and “whitewashing”, which 
means glossing over wrongdoings. Therefore, 
we must be very careful when choosing  energy-
evcient technologies, equipment, and appliances. 
In this connection, the Energy Rating System can be 
very helpful in achieving the true energy evciency 
of the project.

10.6.1 Energy Rating

To ensure energy evciency of the electrical 
appliances, designer should select the appliance 
considering the energy ratings. An energy 
evciency rating is  a score that measures how 
well a building or appliance uses energy. An 
energy rating label  provides information about an 

Figure 75: Energy consumption pattern
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appliance’s energy evciency and running costs. 
More and more countries are recognizing the 
many benefits of energy evciency standards and 
labelling (EES&L) programs to ewectively reduce 
energy bills, drive product innovation, create jobs 
and reduce CO2  emissions cost. EES&L programs 
for appliances and equipment now operate in more 
than 120 countries around the world and provide the 
cornerstone of most national energy evciency and 
climate change mitigation programs. Followings are 
three popular energy rating system:

Figure 76: Popular Energy rating systems

a) Energy Star, USA.

b) Energy Label, EU 
& UK

c) BEE Star Label, India.

a) ENERGY STAR is the trusted, US government-
backed symbol for energy evciency of 
appliances. Generally, a product is with star or 
non-star. Products that earn the ENERGY STAR 
label meet strict energy-evciency specifications 
set by the U.S. Environmental Protection Agency 
(EPA).

b) EU Energy Lebel is energy consumption labelling 
scheme established by EU Directive. The energy 
evciency of the appliance is rated in terms of 
a set of energy evciency classes from A to G 
on the label, A being the most energy evcient, 
G the least evcient. The labels also give other 
useful information to the customer as they 
choose between various models. In an attempt 
to keep up with advances in energy evciency, 
A+, A++, and A+++ grades were later introduced 
for various products; since 2010.

c) The Bureau of Energy ERciency (BEE) in India 
implemented 2006 the Standard & Labeling Pro-

gramme of BEE Star. The rating is based upon 
1 to 5 stars. It is recommended to use at least 
a 3-star rated appliance, with the best being a 
5-star rating. The BEE Star labelling is also very 
popular in Nepal.

10.7 LED Lamp
Lighting systems are a significant part of a building’s 
energy load; therefore, selection of an energy 
evcient lamp also plays pivotal role on achieving 
energy evciency of a building design. Design 
considerations should aim at minimizing this load 
through strategic placement of lighting fixtures, use 
of low-power LED (Light Emitting Diode) lamps, and 
employing automatic controls. IEC 62471 provides 
guidelines on safe use of LED lighting, while ASHRAE 
90.1 specifies lighting power density (LPD) limits for 
various building types. For instance, the LPD for an 
ovce building is capped at 0.82 W/sq.ft.

These days, the use of LED lamp is getting pretty 
common. We can hardly buy CFL or incandescent 
lamp in market. Therefore, it is high time to stop 
advocating that we have to use LED light instead 
of CFL or incandescent lamp to achieve energy 
evciency. Instead, we have to pay attention towards 
quality of LED bulb, illumination calculation as per 
function of the premises, and use of lighting controls 
with various type of sensors.

In order to choose good quality LED luminaire 
components, some of the important considerations 
are as follows:

n LED Chips are  made up of semi-conductor 
layers that allow the protons and electrons to 
flow freely,  converting electrical current into 
light. LED chips is the primary component of a 
lamp and should be chosen among well-known 
manufacturers. The reliability of LED chips 
is very important, and they should also ower 
higher evciency for better energy evciency and 
balanced brightness. 

n LED driver is a power regulating circuit, which 
is responsible for regulating and supplying 
the ideal current to the LED. The LED driver 
rectifies the AC and lowers the level to suit the 
requirements. This means converting the high 
AC mains voltage which ranges from 120 Volts 
to 277 Volts, to the required low DC voltage. 
LED drivers may be either internal or external. 
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An internal LED driver is housed inside the bulb 
assembly. An external driver, on the other hand, is 
housed in a separate location. The compatibility 
of the LED driver with the LED chips and the 
design of the luminaire is also very important; in 
case there is no compatibility, the performance 
of the light may deteriorate. The evciency of the 
LED driver is very important factor. A good LED 
driver should have high evciency, which means 
that it converts the input power to LED lights with 
minimal losses. The evciency of the LED driver 
is measured in terms of a percentage, and it 
is important to choose an LED driver with high 
evciency to ensure energy evciency and cost 
savings. Generally, LED driver evciency can be 
95-98%.

n The heat sink should be made out of materials 
that ower good thermal conductivity so that the 
heat is ewectively dissipated, and it helps in 
increasing the lifespan of LEDs.

n The optics and lenses of the luminaire should 
also be made of high-quality material, and they 
should ower the desired light coverage based on 
the pattern of light distribution.

n The housing materials should be made of 
material that is durable and owers corrosion 
resistance. Also, to ensure that the luminaire has 
the right IP rating, the materials should be up to 
the mark so that the luminaire is protected from 
dust and moisture.

n The color perception of the LED lights must be 
accurate, and to ensure that LEDs that have a 
high CRI (Color Rendering Index) need to be 
chosen. CRI is  a measurement of how natural 
colors render under an artificial white light 
source when compared with sunlight. The index 
is measured from 0-100, with a perfect 100 
indicating that colors of objects under the light 
source appear the same as they would under 
natural sunlight.

n During selection of LED luminaires, it is 
necessary to verify their compliance with the 
technical Certification like Energy Star, CE 
(Conformite Europeenne), and UL (Underwriters 
Laboratories) and Code (Harmonized System 
code, Photometric code, and Arduino code). 

n The brand or manufacturer the LED luminaries 
is very important. It is required to check that it 
carries a history of manufacturing reliable and 
high-quality LED lights with a good reputation.

It is recommended to select an LED light and other 
electrical appliances based upon the labeling of 
the product. One can choose from 3-star to 5-star 
or from C class to A+++ class, depending upon the 
requirement of the project and budget.

10.8 Day Lighting system
Use of daylight is one of the pivotal components of 
the Green Building Design, as it is directly related to 
electrical energy saving and occupant’s comfort. On 
the one hand, we have to strive to achieve maximum 
use of daylight, but on the other hand, we have to 
be very careful that it may lead toward overheating 
of a building. It is very important to follow ‘window 
to wall ratio’ (WWR) and ‘wall to floor ratio’ (WFR) 
considering climatic condition of the building site. 

The use of daylight in buildings by diwerent sunlight 
applications/systems, whether passive (traditional) 
or active (innovative), is more than just an alternative 
or supplement to electric lighting, as it has many 
benefits in terms of economic, environmental, 
and health that cannot be gained from artificial 
lighting. Properly designed day lighting system 
can achieve an energy saving of 10 to 40 %. The 
applications of daylighting strategies can also 
maintain the occupants of interiors in a good health. 
The replacement of artificial light with natural 
light can improve the psychological well-being. It 
can enhance productivity by 15%, and reduce the 
absenteeism by 15%. On the physical side, natural 
light can improve vitamin D, visual system, and 
sleep quality, reduce the possibility of cancer and 
abnormal bone formation, to being able to make 
the brain produce serotonin hormone (responsible 
for relieving pain, providing energy and making us 
feel happy) and melatonin hormone (responsible 
for regulating the body’s internal clock or circadian 
rhythm).

10.8.1 Factors Affecting Daylight

a) Latitude: Determines the sun’s angle and 
daylight hours, influencing the design of shading 
devices.

b) Climate: Awects the availability of sunlight; 
cloudy regions will rely more on diwused skylight.

c) Building Orientation: Optimal positioning and 
orientation of a building can maximize daylight 
exposure while minimizing heat gain.
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10.8.2 Measuring Daylight

a) Lux: A unit of illuminance measuring light 
intensity as perceived by the human eye. It is 
equal to one lumen per square meter.

b) Foot-candles: An older unit of illuminance, 
equivalent to one lumen per square foot.

c) Daylight Factor (DF): The ratio of indoor 
illuminance to available outdoor illuminance, 
expressed as a percentage. A well-lit ovce 
space, classroom kitchen typically has a daylight 
factor of 2%, lobbies, lounges, living room: 1%, 
and corridors, bedrooms: 0.5%. 

d) Useful Daylight Illuminance (UDI): Range of 
daylight levels that are useful and comfortable 
for occupants, typically between 100 and 2000 
lux.

10.8.3 Key Principles of Daylighting Design

a) Window Placement and Design: Proper window 
design and placement are critical in maximizing 
natural daylight while controlling glare and heat 
gain. Please refer to APPENDIX 2 for ‘Design 
Method of Shading Devices for Openings’

b) Optimal Window-to-Wall Ratio: A balanced ratio 
ensures suvcient daylight penetration without 
excessive heat loss or gain.

c) High-Performance Glazing Options:

i. Tinted Glass: Reduces glare and solar heat 
gain.

ii. Low-Emissivity (Low-E) Glass: Minimizes heat 
transfer while maximizing light transmission.

iii. Electrochromic Glass: Adjusts transparency 
dynamically to control glare and heat.

10.8.4 Daylighting strategies

There are two types of daylighting strategies: 
Passive (Traditional) and Active (Innovative).

10.8.4.1 Passive (Traditional) Day Lighting 
System

Passive Day Lighting System is a common 
daylighting strategy which includes windows, 
skylights, laylights, atriums, and more. As the name 
suggests, passive daylighting strategies are static, 
non-moving features that do not require the use 
of mechanical components or systems to collect 
and reflect light into a building. Passive daylighting 

encompasses some of the oldest lighting strategies 
and may be realized in a variety of ways:

A. Windows & Doors

i. Of all the passive daylighting strategies, 
windows are the most widespread. Windows 
vary considerably in the amount of daylight 
they admit depending on glaze type (which 
dictates the window’s visual light transmittance), 
treatment, and the grade of glass, as well as 
the physical positioning and orientation of the 
window itself.

ii. Clerestory windows are one of the most useful 
types of windows for passive daylighting 
purposes, as they sit high up on a wall—above 
eye level—and allow ambient sunlight to reach 
deeper into a room. When opened, clerestory 
windows also serve as passive ventilators and 
can help better regulate interior temperatures.

iii. To a lesser extent, doors may serve as daylighting 
devices, provided they are composed primarily 
of glass (such as those found in most commercial 
structures).

B. Atriums

Traditionally, atriums can be glass-walled or glass-
roofed—are designed to illuminate large, centralized 
spaces in buildings. Atriums are typically several 
stories high and provide both daylight and a visual 
link to the outside world, resulting in a dynamic 
lighting feature that is both impressive and practical. 
Atriums ower some measure of daylight to adjacent 
areas not directly beneath them, but this is largely 
restricted to the uppermost floors. Atria can help 
to illuminate lower stories, but only if the floor and 
walls are capable of reflecting light.

C. Skylights

Another popular form of daylighting is skylights—
or those large glass panes that may be used to 
form all or a portion of a building’s roof space. 
Skylights permit light to enter a structure and also 
ower protection from the elements. Depending on 
the type of skylight, they may also serve ventilation 
purposes. Operable skylights, for example, feature a 
hinged sash and can be opened in much the same 
way a traditional window may be opened. This is 
also true of retractable skylights, which sit on steel 
tracks that allow them to roll open.

Physical Infrastructure and Standardized Layout of Government Offices-2083 166 

ANNEX-II



        GREEN BUILDING GUIDELINE OF NEPAL

Figure 77A: Example of Traditional Daylighting Method

– Walid Aniss Aissa, Aswan University

D. Translucent Walls

In terms of daylighting strategies, there are two 
main types of translucent walls: glass brick and 
panels. Glass brick walls are the oldest form of 
translucent wall and are composed of thick glass 
blocks stacked atop one another. Color and level 
of translucency can vary depending on how the 
blocks are prepared. Alternatively, large translucent 
panels—be they glass or polycarbonate—may 

be used to form or cover walls on a larger scale. 
Translucent panels are favored due to the fact that 
they diwuse the sunlight they receive into glare-
free daylight that can be used to illuminate interiors 
(while also providing privacy in the process).

While designing Atrium, Skylight, and Translucent 
wall, we have to be very careful that excess area 
can lead towards overheating of the premises.  
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E. Light Tubes

These devices function similarly to skylights as they 
are installed on rooftops to harvest sunlight, transfer 
it through a highly reflective tube, and distribute 
it evenly throughout an interior space by way of a 
diwuser.

10.8.4.2 Active (Innovative) Day Lighting 
System:

As the name indicates, this system is mechanical 
in nature and use mechanisms to actively track or 
follow the sun throughout the day to collect and 
provide sunlight. Most active daylighting systems 
use a series of mirrors and lenses to direct and 
concentrate light into distribution tubes. There are 
two types of active solar tracking systems:

A. Closed-loop Systems

A closed-loop daylighting system uses sensors 
or lenses to track the sun throughout the day. 
Designed to be fully illuminated at any given 
moment, the sensors are directed at the sun and 
have a very limited field-of-view—when the sun 
moves and a sensor becomes shaded, the system 
moves accordingly.

B. Open-loop Systems

Open-loop daylighting systems do not rely on 
sensors to track the sun. Instead, they use a pre-
programmed mathematical sun chart that details 
the sun’s location at any given date and time for a 
specific localion.

Using this information, the system follows the sun 
throughout the day without the aid of external 
factors.

Figure 77: Innovative daylighting
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Indoor Air Quality and Comfort

>> Nature of Problem

>> Sick Building Syndrome (SBS) and Building Related Illness (BRI)

>> Magnitude of the problem

>> Reasons for IAQ Problem

>> Preventive Strategies for maintaining Indoor Air Quality

>> Recommended environment criteria

>> Interdisciplinary approach

Chapter

Source: https://www.isomat.eu/company/quality-innovation/technical-articles/sick-building-syndrome/
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Indoor Air Quality  
and Comfort 11

Indoor air quality refers to the condition of the air 
inside a building directly impacting occupants’ 
comfort and health. Before the COVID-19 pandemic, 
the intent of GBD was to provide a basic level of 
indoor air quality that would support the health and 
well-being of building users. In this post-pandemic 
era, the value of Indoor Air Quality has increased, as 
viruses and bacteria can easily transmit through air. 
The GBGN aims to achieve high indoor air quality 
throughout a building’s lifetime by employing diverse 
strategies including source elimination or reduction, 
active and passive building design and operation 
strategies and human behavior interventions. 

11.1 Nature of Problem
People spend approximately 90% of their time in 
enclosed spaces such as  homes, ovces, schools 
or other building environments. During this time, 
inhalation exposure to indoor air pollutants can lead 
to a variety of negative short- and long-term health 
and well-being outcomes that can vary in severity. 
Maintaining Good IAQ benefits in many ways: it 
reduces the risk of respiratory issues, allergies, and 
other health problems, enhances occupant comfort 
by providing a pleasant indoor environment, 
improves productivity and performance, and 
extends the life span of building materials and 
HVAC systems.

11.2 Sick Building Syndrome (SBS) and 
Building Related Illness (BRI)
A sign of an SBS and BRI is that  occupants are 
experiencing health issues, such as frequent 
coughs, headaches, itchy skin, watery eyes, and 
other problems. In most cases, the ‘syndrome’ or 
problem originates from the building’s indoor air 
quality (IAQ), i.e., the air is serving as a pathway to 
causing those health issues. The ewect of a sick 
building also depends on personal factors such 
as immunity. However, even a  with person with 
higher immunity may feel discomfort or reduced 
productivity when one enters a building with SBS 
due to the foul atmosphere. SBS is a complex 

phenomenon, and although a number of potential 
contributory factors have been suggested, much 
of the evidence is circumstantial. SBS may result 
from the simultaneous combination of a number of 
contributory factors that include: (HSE, 1992)

(1) Physical aspects, such as inadequate ventilation;

(2) Thermal  discomfort;

(3) Low humidity, 

(4) Air pollution including airborne organic matter; 

(5) Poor lighting flickering lights, glare etc.; and

(6) Others are personal factors, such as low 
morale and general dissatisfaction with working 
conditions, immunity etc.

Certain features of the indoor environment might 
contribute to SBS including high temperatures, low 
or high relative humidities, inadequate ventilation, 
insuvcient fresh air supply, poor lighting and a lack 
of negatively charged ions.

Air quality also influences thermal comfort, i.e. 
people’s perception of satisfaction with an indoor 
climate. This encompasses aspects such as room 
temperature, humidity, air velocity, radiant heat, 
clothing and level of activity. The link between sick 
building syndrome and thermal comfort lies in the fact 
that poor thermal conditions indoors can increase 
the risk of SBS symptoms occurring. If the room 
temperature is too high or too low, if the humidity 
level is too high or too low or if there is a strong 
draught, it can lead to problems. The probability of 
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sick building syndrome symptoms increases when 
people spend time in an environment where there 
is poor thermal comfort.

11.3 Magnitude of the problem
Apart from the above-mentioned minor health 
issues, more severe health outcomes can include 
asthma attacks, infection with Legionella bacteria 
and carbon monoxide poisoning. Exposure to air 
pollutants, such as Volatile Organic Compounds 
(VOCs), ozone, particulate matter, carbon monoxide 
and others has been shown to increase the risk of 
respiratory and cardiovascular diseases, in addition 
to causing thousands of cancer deaths annually. 
Besides, random exposure is the second leading 
cause of lung cancer, after tobacco use.

11.4 Reasons for IAQ Problem
The IAQ problem could result from one or a 
combination of factors. These can be categorized 
as follow: 

1) Chemical contaminants: Most indoor air 
pollution originates from sources inside the 
building. For example, adhesives, carpeting, 
upholstery, manufactured wood products, copy 
machines, pesticides, and cleaning agents 
may emit volatile organic compounds (VOCs), 
including formaldehyde. Environmental tobacco 
smoke contributes high levels of VOCs, other 
toxic compounds, and respirable particulate 
matter. Research shows that some VOCs 
can cause chronic and acute health ewects 
at high concentrations, and some are known 
carcinogens. Low to moderate levels of multiple 
VOCs may also produce acute reactions. 
Combustion products such as carbon monoxide, 
and nitrogen dioxide, as well as respirable 
particles, can come from unvented kerosene 
and gas space heaters, woodstoves, fireplaces 
and gas stoves. Other contaminants are lead 
paint, settled lead dust, VOC (Volatile Organic 
Compound) in building construction materials, 
and asbestos matter. 

 Outdoor air  entering a building can be a source 
of indoor air pollution. For example, pollutants 
from motor vehicle exhausts; plumbing vents, 
and building exhausts (e.g., bathrooms and 
kitchens) can enter the building through poorly 
located air intake vents, windows, and other 

openings. In addition, combustion products can 
enter a building from a nearby garage. 

2) Biological contaminants: Bacteria, molds, pollen, 
and viruses are types of biological contaminants. 
These contaminants may breed in stagnant 
water that has accumulated in ducts, humidifiers 
and drain pans, or where water has collected on 
ceiling tiles, carpeting, or insulation. Sometimes 
insects or bird droppings can be a source of 
biological contaminants. Physical symptoms 
related to biological contamination include 
cough, chest tightness, fever, chills, muscle 
aches, and allergic responses such as mucous 
membrane irritation and upper respiratory 
congestion. Legionella, an indoor bacterium has 
caused both Legionnaire’s Disease and Pontiac 
Fever.

3) Dampness: The majority of dampness is from 
the ground due to poor damp proofing at the 
plinth level. Other damp penetration is from the 
roof and wall.

11.5 Preventive Strategies for maintaining 
Indoor Air Quality
1) Monitoring indoor air quality: The quality of 

indoor air should be monitored continuously. 
Humidity and temperature can be monitored 
using a hygrometer. Special VOC measurement 
devices are used to measure VOCs while the 
CO2 concentration is monitored by means of 
CO2 measurement devices.

2) SuRcient ventilation: This includes bringing in 
outdoor air and exhausting indoor air to dilute 
and remove indoor contaminants. Ensuring 
that there is suvcient ventilation, ventilation 
systems and air filters should be maintained and 
cleaned on a regular basis in order to ensure 
good air quality. ASHRAE Standard 62.1-2019, 
“Ventilation for Acceptable Indoor Air Quality,” 
provides guidelines and requirements to ensure 
acceptable indoor air quality, focusing on 
ventilation and contaminant control.

3) Source control: Building materials, furnishings 
and cleaning products chosen should be ones 
that only release low emissions of VOCs and 
other harmful chemicals. Potential sources of 
contaminants that cause sick building syndrome 
should be cleaned or removed.
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4) Humidity management: Indoor humidity can 
be influenced in the short term by carrying out 
regular ventilation. For a permanently positive 
ewect, various air-conditioners can be used to 
ensure a healthy level of humidity. If the level 
of humidity is constantly too high, dehumidifiers 
can help. If the level of humidity is too low, 
humidifiers are the right choice.

5) Air filtration: Air cleaning filters are designed to 
remove pollutants from indoor air. By properly 
filtering the facility’s air of harmful particles, it can 
improve the indoor environment and breathe 
cleaner air. It also reduces pollen and other 
allergens, which can cause asthmatic attacks 
and allergic reactions. Air filters serve several 
essential functions within air conditioning 
systems, contributing to:

i. Improved indoor air quality,

ii. Protection of HVAC equipment, 

iii. Enhanced energy evciency.

 Air filtration is another method that can assist in 
reducing indoor virus concentration when the 
existing ventilation system cannot provide an 
adequate air change rate. Air filtration methods 
are divided in to the followings:

i. In-duct devices (filters): In-duct devices work 
for the entire house but function only during 
the operation of an air-handling system 
where they are installed. 

ii. Portable air cleaners (PACs): PACs can be 
operated and positioned in a room with the 

flexibility to target the problem areas and 
have received increasing attention in recent 
years. PACs are devices designed to clean 
and sanitize the air in a home. They remove 
impurities in the air, including dust, smoke, 
odors, and other air pollutants.

 The particle-removal performance of air filtration 
devices is evaluated by the clean air delivery 
rate (CADR), which is the product of the single-
pass evciency and airflow rate. According to 
particle filtration evciency, air filters are divided 
into four types:

I. Pre filter: The filtering material is mounted 
on the outer frame made of stainless steel, 
aluminum alloy or galvanized frame. The 
pre-filter material includes glass fiber filter or 
other metal mesh.

II. Medium filter: The filtering material is 
mounted on the outer frame made of 
aluminum alloy, galvanized, plastic or paper 
frame. The medium-evciency filter material 
includes glass fiber, chemical fiber and PP 
(polypropylene).

III. High-ERciency Particulate Air (HEPA) filter: 
The filtering material is mounted on the outer 
aluminum alloy frame, multi-layered frame 
or galvanized steel frame. Mostly glass fiber 
and chemical fiber are used for the filtering 
medium. Latest development of HEPA filter 
medium is PTFE (polytetrafluoroethylene) 
fiber.

Figure 78: Air filtration

b) Portable air cleanersa) In-duct filter

Return  
Air Grille  
Filter

Fresh Air  
Intake  
with Grille  
Filter

Supply  
Air

Physical Infrastructure and Standardized Layout of Government Offices-2083 172 

ANNEX-II



        GREEN BUILDING GUIDELINE OF NEPAL

Among these, HEPA filters have shown excellent 
performance in removing expiratory aerosols and 
are most widely adopted in the market. It has at 
least 99.97% evciency for removing particles in the 
range of 0.15 to 0.2 µm, which is the most penetrating 
particle size (MPPS) due to the combined ewect 
of diwerent mechanisms of particle capture. (HSE, 
1992) & (EPA, 1991)

11.6 Recommended environment criteria
1) Fresh air supply: Most forced ventilation systems 

operate with a large proportion of extracted air 
being recycled after conditioning; i.e. filtered, 
heated or cooled or humidified as necessary. 
A proportion of fresh/make-up air is always 
required. The source of fresh air supply should be 
sited such that it is not contaminated by external 
sources such as road travc, industrial processes 
and other ventilation system discharges.

 Fresh air supply rates of 8 liters per second 
per person would be suvcient for respiratory 
and odor-dilution needs. Supply rates ranging 
from 12 liters per second per person for some 
smoking, to 32 liters per second per person 
for areas of heavy smoking, are necessary 
to maintain acceptable atmospheres. Where 
high fresh air supply rates are required but the 
existing ventilation system is incapable, without 
excessive modification, of supplying the higher 
rates, then provision of a separate dedicated 
smoking area/rest room with an integral extract 
ventilation system may be a reasonable solution.

2) Air movement: Lack of perceptible air movement 
within the workplace can promote a feeling of 
stuvness, whereas excessive air movement will 
produce complaints of draughts. Air velocities 
should normally be approximately 0.1 to 0.15 
meters per second and up to 0.25 meters per 
second during the summer.

3) Healthy relative humidity: A key factor in 
maintaining healthy indoor air is regulating 
relative humidity within optimal ranges. High 
humidity levels, above 70%, can foster mold 
growth, which is associated with allergic 
reactions and respiratory conditions such as 
asthma [1]. On the other hand, very low humidity, 
below 40%, can lead to dry indoor air, causing 
discomfort and health issues like respiratory 
infections, including tonsillitis, pharyngitis, or 

bronchitis. Extremely low levels, under 20%, 
may exacerbate problems such as skin irritation, 
eye discomfort, and static electricity buildup, 
indirectly contributing to poor air quality through 
ow-gassing and the presence of airborne dust 
and fibers.

 To promote healthy indoor environments, it is 
recommended  to maintain relative humidity 
levels between 40% and 70%, with adjustments 
toward the lower end of this range at higher 
temperatures to ensure comfort and health. 
Sustainable building practices prioritize the use 
of breathable materials, which naturally regulate 
indoor humidity and help mitigate condensation 
and mold risks. When combined with evcient 
ventilation systems and proper insulation, these 
materials  contribute to maintaining optimal 
indoor air quality, supporting both occupant 
well-being and energy evciency. Sustainable 
buildings designed with these principles not 
only reduce health risks but also foster a more 
resilient and comfortable living and working 
environment.

11.7 Interdisciplinary approach
The GBGN seeks to implement holistic design 
strategies to promote clean air and minimize human 
exposure to harmful contaminants, in order to 
maximize benefits to productivity, well-being and 
health. It can be achieved by fostering collaboration 
among HVAC, Sanitary, Electrical, and Civil engineers 
to mitigate IAQ problem at the very beginning of the 
design phase. 

It is important to define indoor air quality levels 
that minimize risk to human health. The World 
Health Organization (WHO) and other regulatory 
bodies, such as the U.S. Environmental Protection 
Agency (EPA) identify a list of “criteria” air pollutants. 
They have established permissible levels for such 
criteria pollutants based on epidemiological studies 
showing the relationships between concentrations 
of these pollutants, duration of exposure and 
health risks. Achieving the goal of clean indoor air 
as defined by permissible levels, requires the joint 
eworts of both professionals and building users in 
the implementation of adequate approaches. (WELL 
V-2, International WELL Building Institute, California, 
US)
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Sustainable Construction Practices

>> Pre-construction

>> During construction

>> Post construction

Chapter

Source: https://greensutra.in/sustainable-construction-practices
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Sustainable 
Construction Practices12

The term ‘construction practices’ refers to all 
the activities in construction ranging from pre-
construction stage (site selection, preparation of 
design and specifications, tendering) to construction 
and post-construction stage. Since all the aspects 
relating to the designing and decision making 
prior to on-site activities are mostly covered by 
previous chapters, this section mainly focuses on 
the activities which includes green procurement, 
construction site preparation and management, 
construction operation to site clearance and 
handover. The following are the objectives of 
sustainable construction practice:

n It reduces the environmental impact of 
construction activity on the environment and 
people maintaining high level of evciency in 
operation. 

n It applies green construction technologies.

n It ensures Health and safety. 

n Construction of waste management.

n Energy evciency in the work place and site 
operations. 

n Water evciency in construction.

12.1 Pre-construction
12.1.1 Procurement

The green building design concept should be 
primarily incorporated into the design documents 
which will be materialized through the builder. 
Ewective execution of the design is possible only if 
the procurement of the construction contractor is 
proper. Hence, it is crucial that all the risks and issues 
be considered during the procurement process for 
successful execution of the green building projects. 
Strategies for hiring contractors, construction 
managers, sub-contractors and vendors should be 
as follows:

12.1.1.1 Selection of Contractors/sub-
contractors

n Highlight all the requirements for sustainable 
green practices in construction works on-site 
within the tender documents.

n Include selection criteria to identify capable 
contractors for executing green building projects. 

n Allow sub-contractor in bidding asking for the 
specific qualification requirement that the firm 
has successfully completed work on sustainable/
green projects in the past. This criterion for 
selection helps mainstream the green thinking 
among the contractors.

n Arrange regular training sessions to the 
contractors and sub-contractors on Green 
Building Construction and facilitate the 
registration of  trained contractors.

12.1.1.2 General Conditions for Bidding

n Require submission of detailed safety plan from 
contractors/sub-contractors implementing key 
items.

n Allow only non-toxic cleaning agent for building 
final cleaning activities.

n Require detailed site recycling plans, including 
incentives/penalties to ensure execution. 

n Allow no smoking on-site during construction.

n Require ‘kick-ow” sustainable construction 
education for all on-site work force.

n Incorporate works for green/sustainable building 
in specifications.

n Provision for joint SCP monitoring event and 
require attendance at its meetings by all site 
personnel.

n Require periodic education training sessions for 
both engineers and workers.

n Implement incentives for site staw for 
implementation of sustainable practices.
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n Green/Sustainability focal person requirement 
from each team (i.e. contractor/sub-contractor/
designer etc.)

n Require Energy Star for temporary and 
permanent building equipment.

12.1.2 Site and Environment

n Know the site – Identify vegetation, wildlife 
habitat, climate, solar pattern, temperature, 
prevailing wind direction, humidity, precipitation 
and dominant weather patterns peculiar to the 
site. 

n Preserving the natural environment of the 
site complying with the prevailing environment 
regulations. 

n siteConstructiondetailedPrepare
management plan with thoughtful consideration 
for following aspects:

 − facilitiesWorkers’ Infrastructures-
(accommodation, dining, toilets etc.) for 
workers

 − On-site drainage Plan

 − Waste management plan

 − Plan for transportation and vehicular 
movement

n Site security – Necessary measures for site 
security such as site barricading, safety signage, 
surveillance system, guard’s facility etc. 

12.2 During construction
12.2.1 Demolition and abatement

n Disassemble buildings to maximize the 
materials salvaged. Outline the dedicated area 
for de-construction and disassembly. 

n Prevent contamination - Take proper precaution 
to prevent contamination of the site during 
demolition and removal of hazardous materials. 

12.2.2 Site works

n Existing site conditions

 − Maintain the existing topography and terrain. 
Minimize the area to be cleared or graded.

 − Minimize the removal of trees and vegetation. 
Mulch or compost on-site vegetation that has 
been removed from site.

 − Sell lumber of trees needing to be cleared. 
Do not slash and burn.

 − Plant areas cleared or graded with native 
species of the site.

n Preserve pervious land

 − Reduce the size of impervious areas. 
Disconnect them when possible.

 − Limit equipment travc and staging locations 
to areas that will eventually be paved.

n Logistic management

 − Organize lay down material in order of use 
(i.e. next material to be used, closest to work 
activities)

 − Protect materials from rain and groundwater 
(use tarps, stage under protected structures 
etc.)

 − Stage materials and equipment on non-
pervious surfaces. 

 − Place hot kettles and other fume producing 
equipment with concern for wind direction 
and neighboring environments. 

n Storm water management

 − Assess stormwater flow prior to any 
construction milestones as well as when any 
significant changes are made to the site.

 − Disperse stormwater according to the site 
work plans. Maintain the natural drainage of 
the site as per the initial site analysis.

 − Manage erosion control measures by slowing 
down surface water (e.g., maintain wetlands, 
construct sediment ponds, pervious 
pavement etc.)

 − Treat wastewater before it leaves the site to 
maintain the water quality.

n Atmosphere

 − Dust control - Use proper dust control 
measures along circulation path such as 
watering, dust control polymers, dust barriers 
etc.

 − Noise control - Apply Noise control 
measures if noise had to be prevented from 
the sensitive areas in surroundings.

n TraRc management

 − Design proper circulation plan for material 
movement and management
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 − If it is in public building where service is 
being provided during construction, clear 
demarcation of service route and construction 
route should be planned.

 − Designate truck and vehicle cleaning area.

n Prevent erosion and ground failure

 − By predicting changes in the site’s pervious 
surface throughout the construction. Develop 
an erosion and sediment pollution control 
plan. 

 − Implement dewatering and erosion control 
methods during underground work.

 − Protect perimeter of building with metal 
plates or some other appropriate forms of 
ground protection.

n Prevent contamination

 − Eliminate any and all possibilities of 
contamination to site’s natural water resource 
(chemical, runow pollution, spillage etc.).

 − Check equipment and vehicles for hazardous 
leaks frequently throughout the project.

 − Re-fuel equipment only in dedicated areas. 
Protect against spillage.

 − Use eco-friendly hydraulic fluid in elevators. 
Apply proper waterproofing in elevator pits 
to protect ground contamination.

n Apply green construction technologies

 − Prefab assemblies - Give preference to ow-
site prefabricated assemblies (e.g. precast 
concrete) over site-fabricated assemblies 
which require more space for assembly and 
increase site disturbance.

 − Construction equipment – In the projects 
with larger site area, give preference to tower 
cranes with large booms and controlled 
positions over mobile cranes. Reduce the 
site impact of machinery and cranes.

n Electrical works

 − Protect conduit trenches against storm water 
and erosion.

 − A full cutow lighting fixture, one with no direct 
up light at all, and with essentially no glare. 
In such fixture, all the light is used, none is 
wasted, hence energy is conserved. This 

also prevent adverse ewect of bad lighting 
and light pollution.

n Health and safety

 It is to ensure health and safety of the 
construction workers at site which construction 
managers have to consciously plan to improve 
the quality of life of construction workers. For 
this, the following should be considered:

 − Minimize the use of harmful products on-site 
to reduce harmful ewects on workers.

 − Increase awareness of harmful products and 
ingredients in order to protect workers and 
minimize use.

 use of personal safety− Increase the
apparatuses.

 − Avoid using asbestos, lead based paint, mold 
etc. which are harmful to workers, occupants 
and the environment.

 − Use respiratory protection when necessary.

 − Take appropriate measures to minimize and 
eliminate mold.

 − Be aware of the danger of carbon monoxide 
poisoning from running gas-powered 
engines in enclosed spaces.

 − Minimize products containing VOC and other 
ow-gassing material including glues, solvents, 
cleaning materials, and aerosol sprays.

 − Allow adequate ventilation during activities 
such as painting, laying carpeting and other 
activities where workers are exposed to high 
concentrations of ow-gassing materials.

 − Make it  mandatory for the the contractor to 
prepare and implement site safety survey, 
plan and an emergency action plan. Besides, 
it should include a fire control plan, safety 
patrol, regular meeting plan and a plan for 
educating workers on health and safety, etc. 

n Energy eRciency in the work place and site 
operations.

 − Maximize the use of photovoltaic panels for 
construction and warning signage where 
applicable.

 − Shut ow temporary lighting systems when not 
in use.

 − Use energy evcient lamps and other 
electrical appliances.
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n ERcient technologies

 Use of sustainable technology reduces paper 
waste for on-site work activities and generates 
evcient project communications. These 
technologies save time and ewort during on-site 
work.

 − Use of electronic devices such as e-paper for 
reading documents, CCTV camera, mobile 
field devices, short-range radio technology, 
web conferencing system, digital signature 
system etc. 

 − Use evcient software for material tracking, 
electronic punch lists, and pocket version of 
CAD.

n Water eRciency in construction

 Construction sites can be made more water-
evcient by using water-saving devices, 
monitoring water usage, and educating the 
workforce:

 − Water-saving devices: Install low-flow taps, 
sensor-controlled taps, dual-flush toilets, and 
hoses with triggers, andwaterless urinals in 
site ovces.

 − Monitor water usage: Install water meters to 
track the amount of water being used.

 − Educate the workforce: Encourage staw to 
report leaks and wastage.

 − Use rainwater: Collect rainwater for storage 
and reuse in tanks, ponds, dams, swimming 
pools, or underground tanks. Rainwater can 
also be used for flushing toilets and cleaning 
floors.

 − On-site treatment: Re-use enuent on site 
rather than discharging it.

n wastedemolitionandConstruction
management

 throughproducedscrapsand− Waste
construction work should be disposed 
properly with application of the principle of 
recycle and reuse.

 − Monitor waste and recycling designated 
areas to enforce responsible practices.

12.3 Post construction
 − Regular maintenance with proper plan and 

budget.

 − Implement waste reduction programs during 
use of the building.

 − Performance monitoring: Monitor the 
building’s performance in terms of green 
building parameters (energy, water use, and 
indoor air quality).

 − Restoration of dereliction caused to the site. 
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Commissioning and Building Performance Tracking 

>> Building Commissioning

>> Building Performance Tracking

>> Building Performance Tracking complements Commissioning

Chapter
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Commissioning and Building 
Performance Tracking 13

Commissioning and building performance tracking 
are two distinct processes but are crucial and 
closely interlinked to ensure the achievement  
envisioned by the project. This section provides a 
brief introduction to commissioning and building 
performance tracking, and their procedures.

13.1 Building Commissioning
Commissioning is defined as “a quality-oriented 
process for achieving, verifying, and documenting 
that the performance of facilities, systems, and 
assemblies meets defined objectives and criteria.” 
(Kubba, 2010). It is a holistic process that begins 
at a project’s inception, i.e., the beginning of the 
design process, and proceeds through design, 
construction, startup, inspection, testing, balancing, 
acceptance, training, and an agreed warranty 
period. Commissioning is a quality assurance-based 
process that provides preventive and predictive 
maintenance plans, tailored operating manuals, 
and training procedures for users to follow. The 
main function of the commissioning process is to 
ensure that the HVAC & R systems and associated 
controls, domestic hot water systems, lighting 
controls, renewable energy systems (e.g., PV, wind, 
solar) and other building systems meet the owner’s 
performance requirements and operate at maximum 
evciency. Successful project commissioning can 
significantly reduce operating and maintenance 
costs, provide healthier occupant conditions, and 

facilitate upgrades. Commissioning usually begins 
with reviewing the documentation and design intent 
for reference. Performance testing of components is 
conducted upon first arrival at the job site and again 
after installation is complete. Providing maintenance 
training and manuals is typically the final step of 
commissioning.

13.1.1 Types of Commissioning

There are basically three types of commissioning.

a) Initial commissioning: This is for new buildings, 
ensuring systems are designed, installed, 
and calibrated to run according to the project 
requirements and design specifications from the 
very start.

b) Re-commissioning: Aimed at buildings that 
have previously undergone the commissioning 
process, re-commissioning is conducted to 
ensure that a building continues to meet its 
original design and operation objectives, usually 
after a significant change in use, occupancy, or 
major system upgrades.

c) Retro-commissioning: This process applies to 
buildings that have never been commissioned. 
It seeks to improve the evciency of an existing 
building’s systems to reduce energy consumption 
and costs, enhance system controls, and improve 
occupant comfort.

Figure 79: Outline of commissioning process
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13.1.2 Commissioning Authority

The owner should appoint a commissioning 
authority who plays key role in the process. He/she 
leads the commissioning team comprising senior 
specialists who direct and oversee the process. The 
commissioning authority should be retained early in 
the programming phase of the project.

13.1.2.1 Commissioning Authority 
Qualifications and Certification

It is strongly recommended that an independent 
party be the Commissioning Authority, i.e., neither 
the contractor, A/E, nor the CM. The Commissioning 
Authority should be motivated solely by the needs 
of the owner and the facility user and should not 
normally be competitors of the A/E or contractors. 
Chosen individuals should be highly specialized 
in the types of facilities and systems to be 
commissioned. Because of the level of technical 
oversight that is expected, individuals should be a 
licensed professional engineer, or have applicable 
experience in specialized systems/facilities being 
installed, in addition to extensive experience in the 
design, optimization, remediation, and acceptance 
testing of applicable systems, as well as training and 
building manual preparation.

13.1.2.2 Commissioning Authority’s 
Responsibilities
A. Construction Phase
a) Conduct Commissioning meetings.

b) Review relevant project documentation such as 
shop drawings, reports, product data, record 
drawings, O & M data, etc. for compliance and to 
ensure system functionality.

c) Installation to be monitored and periodically 
inspected.

d) Review and approve startup checklist forms.

e) Attend progress meetings as required to observe 
progress and assist other parties, facilitate the 
Commissioning process, and help expedite 
completion. The Commissioning Authority 
however does not direct work nor approve/
accept materials, systems, or equipment if it is 
separate agent.

f ) Compile O & M information and systems 
overview and format the O & M manuals.

g) Witness selected test startups and equipment 
training sessions.

B. Acceptance Phase

a) Verify, test, adjust, and balance by spot check 
all lab reports, control component. Calibration 
and equipment performance certifications (test 
100 percent of key systems or test sample 
percentage). 

b) Analyze all trend logs. 

c) Test systems and equipment to verify correct 
system operation and that they are functioning 
as per specifications, including failure and safety 
modes.

d) Review training plan and coordinate training 
activities between the O & M staw and the 
contractors/vendors to assure the training is 
appropriate for the staw. 

e) Record commissioning procedures and 
provide Commissioning report with testing 
documentation.

f) Verify that contractors/vendors provide proper O 
& M material (fan curves, pump curves, operating 
parameters, etc.), and not just equipment 
mounting information.

g) Follow through to ensure that commissioning 
issues are resolved.

C. Warranty Phase

a) Talk with building users to identify any problem 
areas that have developed after building 
acceptance.

b) Assist owner in resolving outstanding issues 
with contractor and design firms.

c) Provide follow-up training to O & M staw, 
especially if new staw that was assigned to 
the building did not previously receive vendor 
training.

d) Check building performance and conduct 
seasonal testing on systems.

13.1.3 The Commissioning Team

The commissioning team is a joint team consisting 
of individuals (representative of owners, users, 
occupants, design professionals, contractors, 
operations and maintenance staw) who, through 
coordinated actions, are responsible for 
implementing the commissioning process and are 
led by the Commissioning Authority.
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13.1.4 The commissioning plan

The commissioning plan provides guidance in 
the execution of the commissioning process and 
preferably commences early in the design process. 
It forms part of the bid and contract documents and 
is binding on the contractor; it also outlines many 
of the contractor’s responsibilities, procedures, and 
tasks throughout the Commissioning process.

A sample of the structure of the commissioning plan 
is shown below which should be customized to the 
specific projects.

13.1.5 Commissioning Checklist

It is the checklist prepared based on the standards 
and guidelines stipulated in above sections. It  can 
be developed for all three stages: Pre-construction, 
Construction and Completion. Two clauses in 
the checklist will be designated mandatory and 
obligatory. Mandatory clauses are checked during 
any sign-ow stage whereas obligatory clauses will 
be checked only during the evaluation process for 
green rating.

13.2 Building Performance Tracking
Building performance tracking is a process of 
continuous improvement. At its core, it  monitors 
how evciently a building meets its occupants’ 
needs, which includes maintaining: 

n comfortable temperatures and humidity,
n ventilation requirements,
n lighting requirements.

It is a long-term strategy fueled by the hardware, 
software, people, and processes that make 
optimization a regular part of building management. 
The fundamental process consists of four steps: 

1. collect data and track performance,

2. detect performance issues

3. diagnose issues and identify solutions.

4. fix issues and verify results.

Figure 80: Fundamental 4-step process of 
building performance tacting
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During the tracking, diwerent instances such as 
sensors drifting out of calibration, changes in 
building use, and adjustments in control sequences 
might awect how well systems work together. This 
can result in occupant complaints and increased 
energy costs. Hence, it is a proactive strategy for 
maintaining up-to-date occupant comfort. Besides, 

Table 14 : A sample of the structure of the commissioning plan

Purpose and general summary of the plan.Introduction

General Project 
Information

Overview of the project, emphasizing key project information and delivery 
method characteristics.

Commissioning 
Scope

The commissioning scope including the building assemblies, systems, 
subsystems, and equipment  that will be commissioned on this project.

Project specific commissioning team members and contact information.Team Contacts

Communication Plan 
& Protocols 

Documentation of the communication channels to be used throughout the 
project.

Commissioning 
Process

Detailed description of the project specific  tasks to be accomplished during the 
planning, design, construction and tenant occupancy stages with associated 
roles and responsibilities.

Commissioning 
Documentation

List of commissioning documents required to identify expectations, track 
conditions and decisions, and validate/certify performance.

Commissioning 
Schedule

Specific sequences of events and relative timeframes, dates, and

durations.
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it provides evidence of how well the building is 
performing.

Building performance tracking is done to address 
two main elements:

1) System Tracking – HVAC, lighting systems etc.

2) Resource Tracking – Electricity, water, gas etc. 
keeping submeters.

13.3 Building Performance Tracking 
complements Commissioning
Building performance tracking serves as an ideal 
complement to building commissioning (existing 
and retro- and re-commissioning). These tracking 
helps verify the system performance and their 
achievements of goal which is one of the most 
important functions of the building commissioning. 
Data and its analysis results provide the basis for 
further actions during commissioning, such as  repair 
and maintenance, replacement, training, updating 
documentation,  system upgrade, etc.

To implement this, the three Ps ‘People, Process and 
Performance’ tracking tools need to ensured.

1. People - Commitment from all building 
management stakeholders at all levels of 
the organization. Without people instituting 
goals and rewards, and managing day-to-day 
performance, tools may fall into disuse making 
success divcult.

2. Process – It is the management processes 
that support building performance tracking. It 
includes:

�n Allocation of the financial and labor resources

�n Well-defined reporting and accountability

�n Specific language to support building 
performance tracking in contracts with 
tenants and service providers

�n Incentives for building performance tracking 
job execution

3. Performance Tracking Tools - Software tools 
and the associated hardware are the backbone 
of building performance tracking. Performance 
tracking tools range from simple manual 
recording and free online benchmarking tools to 
sophisticated portfolio management tools.

a. Sensors: Install sensors to measure 
temperature, humidity, CO2 levels, 
brightness, and presence. These sensors 
can be connected to a management system 
to adjust environmental conditions according 
to occupant needs.

b. Data loggers: Data loggers are electronic 
instruments that record measurements at 
set intervals over a period of time. They 
have data storage and one or more sensors 
which can be deployed indoors, outdoors 
or underwater. They can record data for up 
to years at a time, unattended. The stored 
data can be downloaded and accessed for 
visualization through software/apps.

Figure 81: Datalogger equipment

c. Submeter – To measure the consumption of 
electricity, water, gas and other resources,  
submeters should be used in diwerent 
sections of the system.

d. Air quality sensors: Monitor, measure, and 
report environmental factors like temperature, 
humidity, pressure, and air pollutants.

e. Digital panel meters: Track humidity, 
pressure, and more. They can also monitor 
electrical equipment performance by 
displaying voltage and current information.

f. Occupancy sensors: Detect people’s 
presence to regulate temperature control or 
air conditioning usage.

g. Air velocity sensors: Measure air velocity, 
temperature, humidity, and pressure.

h. Thermometers: Provide accurate 
temperature readings.

i. Humidity indicator strips or color cards: 
Innexpensive humidity-monitoring devices.
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APPENDIX

Appendix 1:
Solar Chart Diagram for latitude 28º N/S
[Nepal is located at between 26° and 30° north latitude; therefore, this solar chart is applicable across the 
entire Nepali territory]

Figure 1: Solar chart

(Koenigsberger, Ingaersoll, Mayhew, & Szokolay, 1973)
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Appendix 2:
Design Method of Designing Shading 
devices for openings
Solar radiation is one of the most important 
parameters awecting thermal comfort. The amount 
of solar radiation and visible light transmitted 
inside a building depends on the orientation of the 
opening, type of glazing used, and the fenestration 
design. This solar radiation penetration can be 
favorable or extremely unfavorable depending on 
the prevailing climatic conditions, season, time of 
day, building function and space use (occupant’s 
activity). Therefore, in hot tropical climates, it is 
necessary to minimizee the penetration of solar 
radiation into buildings through strategies such as 
appropriate building orientation (along the east–
west axis), adequate sizing of openings (window to 
wall ratio), proper location of openings (facing north 
and south), careful selection of glazing properties 
and appropriate solar protection using  shading 
devices. 

Too avoid unwanted heat gains and glare, windows 
should ideally be shaded throughout daylight hours 
in the tropics. However, this may lead to impractical 
overhang and fin designs especially in the early 
morning and late afternoon hours when the sun is 
low in the sky. Hence, more practical and reasonable 
design solutions must be developed. Solar control 
through shading devices is most ewective when 
designed specifically for each façade as the time 
and duration of solar radiation vary with the sun’s 
position in the sky —its altitude and azimuth.

To control heat gain and provide adequate shading, 
it is important to have a good understanding of solar 
geometry, solar radiation and solar energy in various 
hours of the day and across diwerent seasons is 
essential. This knowledge is important for designing 
passive heating and cooling strategies, orienting 
buildings ewectively, understanding seasonal 
changes within the building and its surroundings, 
and developing appropriate shading devices. This 
section explains how to use solar charts and sun 
path diagrams and defines the sizes of shading 
devices for windows on diwerent orientation in 
diwerent latitudes at selected cut-ow times.

Solar Geometry

The earth’s movement around the sun creates 
diwerent solar paths characterized by variable 
heights and lengths depending on the time of the 
year and latitude. The sun’s apparent movement 
follows an east-to-west trajectory. Its position at 
diwerent times of the year can be found though two 
angular coordinates namely (Figure 55):

n Solar altitude β, represented by the angle 
between the line joining the center of the sun 
with the observation point and the horizontal 
plane

n Solar azimuth α, which is the angle measured 
on the horizontal plane, from the north-pointing 
coordinate axis to the projection of above joining 
line.

Figure 2: Angular coordinates of the sun

Sun Path Diagrams

Sun path diagrams conveniently represent the Sun’s 
changing position in the sky throughout the year. 
These diagrams are projected onto a horizontal 
plane, on which the four cardinal points (North, South, 
West and East) are marked. The plane consists of  
concentric circles and radial lines (Figure 2). The 
Sun’s position at any time of the day can be plotted 
on the horizontal plane. It is, therefore, possible to 
develop specific diagram for any latitude.
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The values of solar altitude β are represented by 
the circumferences (outermost corresponds to β = 
0°, horizon, while the center corresponds to β = 90°, 
zenith). The values of solar azimuth α are indicated 
by the radial lines, and can be read out as the 
angular distance from the north-pointing coordinate 
axis. Sun Path Diagrams are available online (See 
Box 2).

Design steps

The following steps may be used to determine the 
appropriate size of the shading devices:

1. Determine the overheated period - The dates 
and times when shading is desired is determined 
using average hourly temperature data of 
the place. Several online tools can be used to 
determine this parameter as shown in Error! 
Reference source not found.. Time and month 
that have temperatures beyond comfort zone 
and needs shading is marked on the Sun path 
diagrams (Solar charts can be acquired from 
weblinks as shown in Box 1).

2. Find out azimuth and altitude of the Sun - Use 
the appropriate Sun path diagram (suitable for 
the location in question) to obtain the azimuth 
and altitude of the Sun at each time of the cut-ow 
periods.

3. Calculate Horizontal shadow Angle (HAS) and 
Vertical Shadow Angle (VSA) - Determine the 
HSA and VSA using equation 1 & 2 or using the 
solar protractor.

4. Design the shading device: Calculate the size 
of overhands and fins using the equation 3 to 
satisfy the performance specifications.

1.1.1 Design of Shading Divice

When attempting to shade a window, two important 
shadow angles must be considered: the horizontal 
shadow angle (HSA) and vertical shadow angle 
(VSA). These angles express the sun’s position in 
relation to a building façade at a given orientation 
and can be used to show the performance of a given 
shading device based on the shade it produces.

Horizontal Shadow Angle (HSA) - The horizontal 
shadow angle (HSA) describes the performance of a 
vertical shading devices. It is the diwerence in azimuth 
between the sun’s position and the orientation of 
the building façade under consideration (Figure 5.a). 
It can be calculated using the following equation: 

HSA = Azimuth angle (α) – Wall azimuth (equation 1)

Wall azimuth is the angle between the face of the 
wall of the building and the north direction. (Figure 
5.a)

Figure 3: Method of using Sun Path diagram

Azimuth 
Angle

Altitude Angle

Time of the day

Months
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Figure 4: Time table plot from Climate Consultant

This is the time table plot from Climate Consultant. Climate Consultant is a free software available for download. This plot has 
months in X-axis and time of the day on Y-axis. The blue portion of the plot is cold and cyan colour is the comfort level whereas red 
colour indicates the overheated period. As an example, this plot indicates that sun shading is required from 11pm to 4pm from the 
month of May to September.

Download link: https://climate-consultant.informer.com/6.0/

Figure 5b: Designing vertical shading deviceBox 1: Web Sources for getting Sun ath diagram

https://clima.cbe.berkeley.edu/

https://www.suncalc.org/

https://drajmarsh.bitbucket.io/sunpath3d.html

https://drajmarsh.bitbucket.io/sunpath2d.html

https://www.sunearthtools.com/dp/tools/pos_
sun.php?lang=en

Figure 5c: Designing shading deviceFigure 5a: Azumuth angle and wall azumuth angle
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Vertical Shadow Angle (VSA) - The vertical shadow 
angle (VSA) is required for (or cast by) horizontal 
shading devices. It is the angle between a horizontal 
plane of the building façade under consideration 
and a tilted plane which contains the sun or the edge 
of the shading device (Figure 5.c). The following 
equation can be used to calculate VSA.

Tan (VSA) = Tan β x Sec (HSA)

(Equation 2)

Calculating Shade dimensions

These two angles, HSA and VSA, can then be used 
to determine the size of the shading device required 
for a window. The depth of the overhang, its width 
(additional projection from the side of the window 
and the fins can be determined using the following 
equations

(Equation 3)

Appendix 3:
Design Example of applying Mahoney 
Table in Gorkha town of Nepal
Mahoney Table mainly consists of the following 
four tables. This section explains the step-by-step 
method of using Mahoney Table in identifying 
climatic design strategies with an example of the 
Gorkha Town:

Used to record the most essential climaticTable 1:
data

Table 2:  Used for diagnosis of the climatic data and 
develop a series of climatic indicators.

Translates the above into performanceTable3:
designsketchorspecifications

recommendations.

Table 4:  Gives recommendation for the design of 
building elements

Step-wise methodology

1. Step 1 – Collect the climatic data from the 
data banks (Department of Hydrology and 
Meteorology)

2. Step 2

a. Fill in the 1st section of table 1 with the monthly 
mean temperature data.

b. Calculate Monthly mean range (MMR), Annual 
mean temperature (AMT) and Annual mean 
range (AMR).

c. Fill in the 2nd section of table 1 with monthly 
mean relative humidity.

d. Calculate average relative humidity and 
identify humidity group.

e. Fill in the 3rd section of the table 1 with rainfall 
and wind data.

3. Step 3

a. Fill in the first part of table 2 comparing the 
mean temperature with the comfort limits 
to identify the thermal stress with three 
variables: Hot (H), O (comfortable) and C 
(cold).

b. Identify occurrence of six pre-defined 
indicators in each month and count them to 
get total figures.

4. Step 4 

a. Fill in the table 3 & 4 using the total 
numbers of the indicators and identify the 
recommended specifications and detailed 
recommendations.
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Design example: 

First Part of Table 1: Temperature

Altitude: 1000mLatitude: 84.7°Longitude: 28.3°Location: Gorkha

AMTHighDecNovOctSepAugJulJunMayAprMarFebJanAir temp.°C

Monthly 
mean max.

27.932.520.724.828.630.731.331.232.532.131.528.62420.6

Monthly 
mean min.

4.5223.48.9612.91822.423.223.422.52017.714.210.67.75

Monthly 
mean range

AMRLow11.811.910.68.318.067.759.961213.814.513.312.8

Second Part of Table 1: Humidity

DecNovOctSepAugJulJunMayAprMarFebJan

Monthly 
mean max am

96.196.194.592.591.591.285.58074.976.988.693.3

Monthly 
mean min pm

78.979.678.28079.478.770.161.953.655.36268.4

87.587.886.386.385.584.977.870.964.266.175.380.9Average

Humidity 
group

444444443344

1. Fill in the title block (location identification)

2. From meteorological records, enter the monthly mean maximum and mean minimum air temperature 
values in the first two lines.

3. Find the mean range for each month by deducting the mean minimum from the maximum values (second 
line from the first) and enter these in the third line.

4. In the separate box on the right, enter the highest of the twelve maxima and the lowest of the twelve 
minima respectively.

5. By adding these two values and dividing it by two, find the annual mean temperature and enter this value 
in the box marked AMT. 

6. Find the diwerence between the lowest mean minimum value and the highest mean maximum value. Write 
it down in the box marked AMR (Annual Mean range).

1. From meteorological records, enter the monthly mean maxima (early morning readings) and minima 
(early afternoon readings) of relative humidity (RH) as the first two lines.

2. Find the average humidity for each month by adding the above 2 values and dividing it by two. Enter 
these averages in the third line.

3. Establish the ‘humidity group’ for each month (1, 2, 3 or 4) according to the following categories and enter 
them in the fourth line.

Humidity GroupAverage RH
Group 1Below 30%
Group 230-50%
Group 350-70%
Group 4Above 70%
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Third Part of Table 1: Rainfall and Wind

DecNovOctSepAugJulJunMayAprMarFebJanRainfall, mm

6.252.2551.521036641230214884.814.8 37.1 36Monthly mean max am

1670Total

NNESESNENENNEN ENWind, Prevailing

SSSSWSESSWSNW NENWind, Secondary

1. Enter the monthly average rainfall values (in mm) in the first line. Adding these twelve values, find the 
annual total rainfall and enter this in the box indicated. 

2. In the last two lines, enter the prevailing and secondary wind directions for each month, on the basis of 
first and second peaks in published wind frequency tables or figures.

 
Table 2: Diagnosis
First part of the second table

DecNovOctSepAugJulJunMayAprMarFebJanDiagnosis °C

Monthly mean max 20.724.832.5 30.731.332.128.6 28.631.231.52420.6

Day comfort, upper 272727 27272729 2727292727

Day comfort, lower 22222222 222223 2222232222

Thermal stress, day COHH HHO HHHOC

Monthly mean min 8.9612.91822.5 22.423.214.2 23.42017.710.67.75

Night comfort, upper 2121212121 212123 21232121

Night comfort, lower 1717171717 171717 17171717

Thermal stress, night CCOHO HHC HOCC

1. Enter the monthly mean minimum and maximum temperatures from table 1 in the first and fourth lines.

2. Find the upper and lower comfort limits for the day and night of each month, on the basis of the chart 
shown below, as defined by the ‘annual mean temperature’ and the ‘humidity group’ for each month. 
Enter these values in lines 2, 3, 5 and 6.

3. Compare the day comfort limits with the mean maxima and the night comfort limits. 

4. With the mean minima, establish the nature of thermal stress by entering the following symbols in the last 
two lines:

H (hot) If mean is above limit.

O (Comfort) If mean is within limit.

C (cold) Mean is below the limit.
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Indicators

AMT Below 15°CAMT 15-20°CAMT over 20°C

Comfort limit NightDayNightDayNightDay

Humidity Group 1 12-2121-3014-2323-3217-2526-34

Group 2 12-2020-2714-2222-3017-2425-31

Group 3 12-1919-2614-2121-2817-2323-29

Group 4 12-1818-2414-2020-2517-2122-27

HumidityRainfallThermal stressIndicatorMeaning
group

Monthly 
mean range

NightDay

Air movement essential H1
4H

<10°C2�3H

Air movement desirable H2 4O

Rain protection necessary H3 >200mm

Thermal capacity necessary A1 >10°C1�3

Outdoor sleeping desirable A2
1�2H

>10°C1�2OH

Protection from cold A3 C

Counting the indicators - There are six indicators. Among them, H1, H2, H3 are ‘Humid Indicators’ and A1, 
A2, A3 are ‘Arid indictors’. Occurrence of these indicator is marked in the table below using the criteria of 
the indicators.

TotalDecNovOctSepAugJulJunMayAprMarFebJan

001111H1 110000 6
010000H2 000010 2
000111H3 100000 4
000000A1 001100 2
000000A2 000000 0
100000A3 000001 2

Second part of the second table 

1. Check from table 2 the thermal stress indices (day and night) and from table 1 the humidity group, the 
rainfall and the monthly mean range of temperatures against the definition of the indicators and place a 
tick in the line of the appropriate indicator where the month’s data corresponds to the definition.

2. In the last column, show the number of months in which each indicator is applicable (the number of ticks 
in each line).
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Table 3: Specifications
This table gives the designer the specifications resulting from the above indicators. Recommended 
specifications are grouped under eight headings.

�

A3A2A1H3H2H1
202426

0–10
5–12
0–4 2 Compact courtyard planning

11–12 3
Open spacing for breeze 
penetration

2–10 X 4
As above, but protection from 
hot and cold wind

0–1 5 Compact layout of estates

3–12

0–5

6–12
2–12
0–1 8 No air movement requirement

0–1 0 9 Large openings, 40–80%
0–111–12 10 Very small openings, 10–20%

X 11 Medium openings, 20–40%

0–2 X 12 Light walls, short time-lag
3–12 13 Heavy external and internal walls

0–5 X 14 Light, insulatted roofs
6–12 15 Heavy roofs, over 8h time-lag

2–12 16
Space for outdoor sleeping 
required

3–12 X 17
Protection from heavy rain 
necessary

1

6

7

Openings

Any other conditions
Walls

Roofs

Outdoor sleeping

Rain protection

Rooms double banked,
temporary provision for air 

0

11–12

Spacing

Air movement

X
Rooms single banked, 
permanent provision for air 
movement1–2

Indicator totals from data sheet

Layout

X
Orientation north and south 
(long axis east–west)
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Table 4: Detailed Recommendations

�

A3A2A1H3H2H1
202426

0 1 Large openings, 40–80%
1–12

2–5
6–10 3 Small openings, 15–25%

0–3 4 Very small openings, 10–20%
4–12 5 Medium openings, 25–40%

3–12
0–51–2
6–12

0 2–12

0–2 X 8 Exclude direct sunlight
2–12 X 9 Provide protection from rain

0–2 X 10 Light, low thermal capacity
3–12 11 Heavy, over 8h time-lag

0–2 12 Light, reflective surface, cavity
3–12
0–5
6–12 14 Heavy, over 8h time-lag

1–12 15 Space for outdoor sleeping
1–12 16 Adequate rainwater Drainage

13

External features

Indicator totals from data sheet

2

6

7

0–9

10–12

Walls and floors

Roofs

X Light, well insulated

As above, openings also in 
internal walls

Protection of openings

11–12

Position of openings

X
In north and south walls at body 
height on windward side

Size of opening

0–1
X Medium openings, 25–40%
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Appendix 4
Example of calculation of U-Value
General steps to calculate U-value

i. Identify layers: List all layers of the wall, including their thickness (d) and thermal conductivity(k).

ii. Calculate resistance, and R-values for each layer:

 Rlayer = d/k

iii. Add surface resistances (Refer to appendix 5.1 for more surface conductance values):

�n Outside surface resistance (1/f0 )= 0.075 m²K/W (Assuming external wall as south-facing severe 
exposure, surface conductance as 13.18 W/ m² K)

�n Internal surface resistance (1/f0 )= 0.123 m²K/W (Typical value of surface conductance is 8.12 W/ m² K)

iv. Sum all resistances:

 Rb = Rlayer1 + Rlayer2….

v. Calculate 

 

 

 Where,

 f0= Outside surface conductance (m²K/W)

 fi = inside surface conductance (m²K/W

 Rb = summation of resistances of all the materials used (m²K/W)

vi. Calculate U-value:

 U = 
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Appendix 5:
A. Thermal properties of building and insulating materials (BEE, 2018)

DensityType of materialS.N.
(kg/m3)

Thermal 
conductivity 

(w/m.K)

Specific heat 
capacity  
(kJ/kg.K)

Source

I. Building materials

1 Solid burnt clay brick (1)0.800.9801920

2 Solid burnt clay brick (1)NA0.8501760

3 Solid burnt clay brick (1)NA0.7401600

4 Solid burnt clay brick (1)NA0.6201440

5 Resource efficient (hollow) brick (4)0.650.6311520

6 Fly ash brick (2)0.930.8561650

7 Solid concrete block 25/50 (4)0.201.3962427

8 Solid concrete block 30/60 (4)0.301.4112349

9 Aerated autoclaved concrete (AAC) block (4)1.240.184642

10 Cement stabilized soil block (CSEB) (5)1.031.0261700

11 Cement stabilized soil block (CSEB) (5)1.071.2011800

12 Cement stabilized soil block (CSEB) (5)1.071.3031900

13 Dense concrete (3)0.881.7402410

14 Reinforced concrete cement (RCC) (3)0.881.5802288

15 Brick tile (3)0.880.7981892

16 Lime concrete (3)0.880.7301646

17 Mud Phuska (3)0.880.5191622

18 Cement mortar (3)0.920.7191648

19 Cement plaster (3)0.840.7211762

20 Gypsum plaster (3)0.960.5121120

21 Cellular concrete (3)1.050.188704

22 AC sheet (3)0.840.2451520

23 Gl sheet (3)0.5061.0607520

24 Timber (3)1.680.072480

25 Timber (3)1.680.144720

26 Plywood (3)1.760.174640

27 Glass (3)0.880.8142350

28 Tar felt (2.3 kg/m2) (3)0.880.479

II. Insulating materials

1 Expanded polystyrene (3)1.340.03816.0

2 Expanded polystyrene (3)1.340.03524.0

3 Expanded polystyrene (3)1.340.03534.0
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4 Foam glass (3)0.750.056127.0

5 Foam glass (3)0.750.055160.0

6 Foam concrete (3)0.920.070320.0

7 Foam concrete (3)0.920.084400.0

8 Foam concrete (3)0.920.149704.0

9 Cork slab (3)0.960.043164.0

10 Cork slab (3)0.960.044192.0

11 Cork slab (3)0.960.055304.0

12 Rock wool (unbonded) (3)0.840.04792.0

13 Rock wool (unbonded) (3)0.840.043150.0

14 Mineral wool (unbonded) (3)0.920.03073.5

15 Glass wool (unbonded) (3)0.920.04369.0

16 Glass wool (unbonded) (3)0.920.040189.0

17 Resin-bonded mineral wool (3)1.000.04248.0

18 Resin-bonded mineral wool (3)1.000.03864.0

19 Resin-bonded mineral wool (3)1.000.03699.0

20 Resin bonded mineral wool (3)1.000.04016.0

21 Resin-bonded mineral wool (3)1.000.03624.0

22 Exfoliated vermiculite (loose) (3)0.880.069264.0

23 Asbestos mill board (3)0.840.2491397.0

24 Hard board (3)1.420.279979.0

25 Straw board (3)1.300.057310.0

26 Soft board (3)1.300.066320.0

27 Soft board (3)1.300.047249.0

28 Wall board (3)1.260.047262.0

29 Chip board (3)1.260.067432.0

30 Chip board (perforated) (3)1.260.066352.0

31 Particle board (3)1.300.098750.0

32 Coconut pith insulation board (3)1.090.060520.0

33 Jute fiber (3)1.090.067329.0

34 Wood wool board (bonded with cement) (3)1.130.081398.0

35 Wood wool board (bonded with cement) (3)1.130.108674.0

36 Coir board (3)1.000.03897.0

37 Saw dust (3)1.000.051188.0

38 Rice husk (3)1.000.051120.0

39 Jute felt (3)0.880.042291.0

40 Closed cell flexible elastomeric foam - NBR (3)1.200.04340�55
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Data Sources:

(1) American Society of Heating, Refrigerating and 
Air-Conditioning Engineers (ASHRAE). 2009. 
2009 ASHRAE Handbook (Fundamentals). 
Atlanta, United States: ASHRAE

(2) Gourav K, et al. 2017. Studies into structural 
and thermal properties of building envelope 
materials. Energy Procedia 122: 104–108

(3) Bureau of Indian Standards (BIS). 1987. Handbook 
on Functional Requirements of Buildings (Other 
than Industrial Buildings) SP: 41 (S & T) -1987. 
New Delhi: BIS.

(4) Thermo-Physical-Optical Property Database of 
Construction Materials, U.S.- India Joint Center 
for Building Energy Research and Development 
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B. Surface conductance and resistances
ConductanceSurface

f
W/ m2 degC

Resistance
1/f

m2 degC/W

Internal surfaces (f1) :

Walls 0·1238·12

Floor, ceiling. heat flow up 0·1059·48

Floor, ceiling, heat flow down 0·1496·70

Underside of roof 0·1059·48

External surfaces (f0)

Walls, South facing:                  

Sheltered 0·1287.78

Normal

Severe exposure 0.07613.18

Walls, West, Southwest, South-east facing:   

Sheltered 0.10010.00

Normal 0·07613·18

Severe exposure 0·05318·90

Walls, Northwest facing: 

Sheltered 0·07613·18

Normal 0·05318·90

Severe exposure 0·03231·50

Walls, North, Northeast, East, facing:    

Sheltered 0·07613·18

Normal 0·05318·90

Severe exposure 0·01281·20

Roofs:

Sheltered 0·07014·20

Normal 0·04422·70

Severe exposure 0·01856·70
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C. Transmittance (U-value) of some constructions (in W/m2degC)

ValueType of construction

Walls

Brick:

solid, unplastered     114 mm 3·64

plastered both sides 114 mm 3·24

Solid unplastered       228 mm 2·67

Plastered both sides 228 mm 2·44

152 mmConcrete, ordinary, dense: 3·58

    203 mm 3·18

305 mmStone, medium. porous: 2.84

    457 mm 2·27

Brick, 280 mm cavity, fletton outer skin, common inner, inside plastered Brick with 
insulating boards, plastered:

1·70

    25 mm corkboard 0·85

    13 mm fibreboard 1·19

    50 mm wood wool slab 0·85

Brick but 16 mm vermiculite plaster on the inside 1·47

Brick but rigid boards on battens on inside:

    13 mm asbestos board 1·19

    13 mm fibreboard 0·95

    50 mm strawboard, plastered 0·74

Brick but inner skin lightweight concrete blocks: 

100 mm aerated concrete blocks 1·13

100 mm clinker concrete blocks 1·30

Concrete block, cavity, 250 mm (100 +50 +100), outside rendered, inside plastered:

aerated concrete blocks 1·19

clinker concrete blocks 1·08

Hollow concrete block, 228 mm, single skin, outside rendered, inside plastered: 

aerated concrete blocks 1·70

clinker concrete blocks 1·59

Corrugated asbestos cement sheets on steel frame 6·53

+13 mm fibreboard 2·04

+50 mm straw or wood wool slab 1·19

+76 mm aerated concrete blocks 2·10

Roofs, pitched
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Corrugated asbestos cement sheets 7·95

+13 mm timber boarding 2.16

+50 mm straw or wood wool slab 1·25

+25 mm quilt on 13 mm boarding 0·85

Corrugated iron sheets or tiles on battens 8·52

+plaster ceiling 3.18

Tiles or slates onboarding and felt with plaster ceiling‘ 1·70

Aluminium deck, 13 mm fibreboard with two layers of bituminous felt 2·16

Aluminium deck,50 mm straw or wood wool slab 1·25

Roofs, flat

Reinforced concrete slab, 100 mm, screed 63-12 mm,3 layers bituminous felt As above 
- with insulation on the screed:

25 mm cork 3·35

50 mm straw or wood wool slab 1·08

two 12 mm fibreboards 1·13

As above - but lightweight screed (in lieu of normal): 1·25

127 mm to 76 mm aerated concrete 1·36

127 mm to 76 mm foamed slag concrete 1·47

Timber boarding, 25 mm on 178 mm joists with 3 layers of bituminous felt, plaster 
ceiling

1·82

As above - with insulating slabs on boarding: 

25 mm cork 0·85

13 mm fibreboard 1·25

50 mm straw or wood wool slab 0·91

Floors

Concrete on the ground or hardcore fill 1·13

+grano, terrazzo or tile finish 1·13

+wood block finish 0·85

Timber board on joists, underfloor space ventilated on one side 1·70

+parquet, lino or rubber finish. 1·42

Timber board on joists, underfloor space ventilated on more sides 2·27

+parquet, lino or rubber finish 1·98

+25 mm fibreboard underboarding 1·08

+25 mm corkboard underboarding 0·95

+25 mm corkboard under joists 0·79

+50 mm strawboard under joists 0·85

+double-sided aluminium foil. draped 1·42

Windows
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Exposure South, sheltered:

single glazing 3·97

double glazing, 6 mm space 2·67

double glazing 20 mm space 2·32

South normal, West, Southwest, Southeast sheltered:

single glazing 4·48

double glazing,6 mm space 2·90

double glazing,20 mm space 2·50

South severe, West, Southwest, Southeast, normal ·or Northwest, North,

Nonheast, East sheltered:

single glazing 5·00

double glazing,6 mm space 3·06

double glazing,20 mm space 2·67

West, Southwest, Southeast severe, Northwest, North,Northeast, East normal:

single glazing 5·67

double glazing,8 mm space 3·29

double glazing,20 mm space 2·84

Exposure North-west severe: 

single glazing 6·47

double glazing,8 mm space 3·58

double glazing,20 mm space 3·00

Exposure North severe:

single glazing 7·38

double glazing,6 mm space 3·80

double glazing,20 mm space 3·18

Source: Appendix 5.4 in (Koenigsberger, Ingaersoll, Mayhew, & Szokolay, 1973)
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D. Conductance and resistance of cavities

ConductanceCavity
Re 

W/m2 degC

Resistance
1/Rc 

m2 degC/W

Vertical:   3 mm wide 
6 mm wide 
13 mm wide 
20 mm wide

14·50 
8·74 
7·04 
6·63

0·069 
0·114 
0·142 
0·151

25 mm wide 
38 mm wide

6·52 
6·52   -

0·153 
0·153

0·1337·48Heat flow upHorizontal 76 mm:

0·1885·32Heat flow down

Values normally used in UK for:

50 mm cavity 
50 mm cavity,with aluminium foil

5·67 
2·84

0·176 
0·352

Appendix 5.6

Abs01bance and emittance of surfaces

absorbance             a and e

surface                                                                                      for solar              
10 to 40

radiation                 ·c

Black, non-metallic                                         0·85--0·98           0·90--0·98

Red brick, stone, tile                                      0·65--0·80          0·85-0·95

Yellow and buff brick, stone                            0·50--0·70           0·85-0·95

Cream brick, tile, plaster                                 0·30-0·50          0·40-0·60

Window glass                                                  Transparent          0·90-0·95

Bright aluminium, gilt, bronze                         0·30-0·50         0·40--0·60

Dull brass, aluminium, galvanised steel           0·40-0·65           0·20-0·JO

Polished brau, copper                                      0·30-0·50          0·02--0·05

Polished aluminium, chromium                        0·10-0·40          0·02--0·04
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Appendix 6:
A. Embodied Energy in materials
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B. Embodied Carbon in Building materials
The figures included in the following table are a much-shortened and abbreviated adaptation of a survey published 
by the Sustainable Energy Research Team (SERT) of the University of Bath. The survey, ‘Inventory of Carbon & 
Energy (ICE)’ V2.0, was compiled and written by Prof. Geow Hammond & Craig Jones, in 2011. The full detailed survey, 
complete with original data, methodology and notes, is available at www.circularecology.com/ice-database.html 
The figures are based on a ‘Cradle-to-Gate’ analysis of publicly available information.

Source: https://www.greenspec.co.uk/building-design/embodied-energy/

EnergyMaterial
MJ/kg

Carbon 
kg CO2/kg

Density 
kg /m3

0.0048 22400.083Aggregate

Concrete (1:1.5:3 eg in-situ floor slabs, 
structure)

24000.1591.11

Concrete (eg in-situ floor slabs) with 25% PFA 
RC40

0.1320.97

Concrete (eg in-situ floor slabs) with 50% GGBS 
RC40

0.1010.88

17000.243.0Bricks (common)

Concrete block (Medium density 10 N/mm2 14500.0730.67))

7500.303.50Aerated block

14600.0230.45Rammed earth (no cement content)

21800.85Limestone block

25000.1162.00Marble

0.2081.33Cement mortar (1:3)

78001.3720.10Steel (general - average recycled content)

78001.4221.50Steel (section - average recycled content)

78001.3719.80Steel (pipe - average recycled content)

78506.1556.70Stainless steel

480 - 7200.7210.00Timber (general - excludes sequestration)

0.8712.00Glue laminated timber

700 - 8000.8610.40Sawn hardwood

27.00Cellular glass insulation

430.94 – 3.3Cellulose insulation (loose fill)

Cork insulation 26.00 160*

121.3528.00Glass fibre insulation (glass wool)

1.7039.50Flax insulation 30*

241.0516.80Rockwool (slab)

2.5588.60Expanded Polystyrene insulation 15 – 30*

303.48101.50Polyurethane insulation (rigid foam)

0.9820.00Woodwool board insulation

20.90Wool (recycled) insulation 25*

0.91Straw bale 100 – 110*

2.7037Mineral fibre roofing tile 1850*

16000.006 – 0.0580.1 – 1.0Slate (UK – imported)
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EnergyMaterial
MJ/kg

Carbon 
kg CO2/kg

Density 
kg /m3

19000.456.50Clay tile

27008.24155Aluminium (general & incl 33% recycled)

0.38 - 0.4351Bitumen (general)

600 - 10001.0516.00Hardboard

0.7211.00MDF 680 – 760*

0.9615.00OSB 640*

540 - 7001.0715.00Plywood

8000.386.75Plasterboard

11200.121.80Gypsum plaster

25000.8515.00Glass

138028.177.20PVC (general)

24.4067.50PVC pipe 1400*

12001.2125.00Linoleum

12002.9265.64Vinyl flooring

0.121.40Terrazzo tiles 1750*

20000.7412.00Ceramic tiles

Carpet tiles, nylon (Polyamide), pile weight 
770g/m2

279 MJ/m2 13.7 / m2 4.6 kg/m2

5.53106.00Wool carpet

1.9336.40Wallpaper

5.3550.00Wood stain / varnish

0.527.90Vitrified clay pipe (DN 500)

78701.9125Iron (general )

86002.6042Copper (average incl. 37% recycled)

113401.5725.21Lead (incl 61% recycled)

1.5129.00Ceramic sanitary ware

Windows

kg COMJ per window1200 x 1200 2x glazed, air or argon filled 2

2795470Aluminium frame

110 - 1262150 - 2470PVC frame

48 - 75950 - 1460Aluminium clad timber frame

12 - 25230 - 490Timber frame

26510Krypton filled add:

2294500Xeon filled add:

Paint

Energy MJ/mMaterial 2 Carbon kg CO2/m2

2.1259.0Water-borne paint

3.1397.0Solvent-borne paint
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Photovoltaic (PV) cells

Energy  MJ/mMaterial 2 Carbon  kg CO2/m2

2424750Monocrystalline (average)

2084070Polycrystalline (average)

671305Thin film (average)

Key: * - figures by GreenSpec obtained from publicly available information.

Appendix 7: 
Criteria for selecting Building materials for construction
1.1.1 Embodied energy

The sum of energy that is consumed is often calculated from ‘cradle to grave’. This includes: 

1. Extraction of the raw material,

2. Transportation to factory,

3. Manufacture of product or components,

4. Assembly of product/system,

5. Transportation to site or point of sale,

6. Installation/construction,

7. Maintenance,

8. Replacement,

9. Disposal/re-purposing/recycling.

Besides, embodied energy is calculated for diwerent scopes. To take the scope further wider, it can be 
extended from cradle to cradle. This mean, not only considering up to the disposal after demolition but 
further taking it into the manufacturing process for some other purposes. Cradle to gate, ie. From extraction 
to the consumer’s construction site.

Figure 7: Cradle to cradle

1.1.2 Building Reuse

Building reuse is particularly applicable in the case of historic urban fabric and sites where some structures 
are already existing. This approach promotes extending the life cycle of existing building stock, conserving 
resources, retaining cultural resources, reducing waste and reducing environmental impacts of new buildings 
in terms of materials manufacturing and transportation. Using existing structural elements in at least 50% (by 
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area) of the completed building including additions should be the goal. Reusing existing buildings significantly 
reduces the energy use associated with the demolition process as well as construction waste. It also reduces 
environmental impacts associated with raw material extraction, manufacturing and transportation, water 
demand, pollution. It has economic benefits enormously saving cost. The existing structures can be reused 
in the following three ways:

1. Reused area – It refers to the total area of the building structure, core and envelope that existed in the 
prior condition and remains in the completed design.

2. Retained compotents – These are portions of the finished ceilings, finished floors, full-height walls and 
demountable partitions, interior doors, and built-in case goods that existed in the prior condition area and 
remain in the completed design.

3. Adaptive reuse– It is a renovation of a space for a purpose diwerent from the original.

Step-by-step method for reusing structural and non-structural component of a building:

n Measure drawings detailed (walls, ceilings, doors, foundation, pavement) inventory

n Architectural design in order to retain as much as not compromising the functional requirement. 

n Detailed exercise, need to plan well.

n Proper calculations need to be done to make visible the amount of material re-used.

n Re-use calculation by area.

Sample Building Structure and Envelope Re-use Calculation

Structure/Envelope Element
Existing Area 

(sf)
Percentage Re-used (%)Re-used Area (sf)

Foundation/Slab on Grade 10011,52011,520

2nd Floor Deck 8710,00011,520

1st Floor Interior Structural Walls 100240240

2nd Floor Interior Structural Walls 100136136

Roof Deck 10011,52011,520

North Exterior Wall (excl. windows) 877,1508,235

South Exterior Wall (excl. windows) 1008,2358,235

East Exterior Wall (excl. windows) 1006,5356,535

West Exterior Wall (excl. windows) 815,8206,535

Total 9561,15664,476

Exclude the following items from this calculation: non-structural roofing material, window assemblies, 
structural and envelope materials deemed structurally unsound, hazardous materials, and materials that 
pose a contamination risk to building occupants.

n Maintaining the structural elements, intend to increase the use of non-structural elements

n Use existing interior non-structural elements (e.g., interior walls, doors, floor coverings and ceiling 
systems) in at least 50% (by area) of the completed building, including additions.

n Consider reusing existing building structures, envelopes and interior non-structural elements.

n Remove elements that pose a contamination risk to building occupants, and upgrade components that 
would improve energy and water evciency such as mechanical systems and plumbing fixtures. Quantify 
the extent of building reuse.
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n Confirm that the items designated for reuse can be reused and take the necessary steps to retain and 
maintain them in the finished work.

n Fixed items, such as non-structural walls and doors, are included in this credit and count toward the 
percentage of reuse when they perform the same function (e.g., doors reused as doors).

Method of calculation of the reused area: 

n Take measurements as if preparing a bid for flooring, ceiling, or painting.

n Finished ceilings and flooring areas (tile, carpeting, etc.). Use square footage to determine area

n Interior non-structural walls. Determine the finished area between floor and ceiling and count both sides

n Exterior structural and party walls. If the interior finishes (e.g., drywall and plaster) have been reused, 
count only 1 side

n Interior doors. Count surface area once

n Interior casework. Calculate the visible surface area of the assembly; see the example in Figure 1

n The total area of all new and existing building materials is determined. The total area of only the exiting 
and reused components is then entered. The sum of the existing material is then divided by the sum of 
the total building materials to obtain the overall percentage of retained components.

n Reuse of the material that is in good condition for structural and non-structure.

Sample Interior Nonstructural Reuse Calculation

Total Area (sf)Interior Non-Structural Element
Existing/  

Re-used (sf)
Percentage 
Reused (%)

Gypsum Board Wall Partitions - Full Height 67%3,6005,400

Gypsum Board Wall Partitions - Partial Height 100%650650

Carpeting 0%010,000

Resilient Flooring 100%350350

Ceramic Tile 100%150150

Suspended Ceiling Systems 100%10,40010,400

Gypsum Board Ceilings 100%350350

Interior Doors (Wood) 80%420525

Interior Windows/Sidelights 100%5656

Interior Doors (Metal) 100%4242

Interior Casework/Cabinetry 64%150235

Totals 57%16,16828,158

Note: The Total Area calculation includes both new and existing/reused materials.

 
1.1.3 Material reuse

Reusing the material back into the building in some processed format. There are three types of material 
reuse: 

n Refurbished materials are products that could have been disposed of as solid waste. These products 
have completed their life cycle as consumer items and are then refurbished for reuse without substantial 
alteration of their form. Refurbishing includes renovating, repairing, restoring, or generally improving the 
appearance, performance, quality, functionality, or value of a product.

n Re-manufactured materials are items that are processed into other products. One example is concrete 
that is crushed and used as sub-base.
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1.1.4 Recycled content

n Assembly recycled content is the percentage 
of material in a product that is either post-
consumer or pre-consumer recycled content. 
It is determined by dividing the weight of the 
recycled content by the overall weight of the 
assembly.

 Pre-consumer recycled content formerly 
known as post-industrial content is the 
percentage of the material in a product that 
is recycled from manufacturing waste. (e.g., 
Planer shavings, sawdust, bagasse, nut shells, 
culls, trimmed materials, and paper from 
over-used publications, obsolete inventories 
etc.) Excluded are rework, regrind, or scrap 
materials capable of being reclaimed within 
the same process that generated them. (ISO 
14021)

n Recycled content is the proportion, by mass, 
of pre-consumer or post- consumer recycled 
material in a product (ISO 14021).

n Fly ash is the solid residue derived from 
incineration processes. Fly ash can be used as a 
substitute for Portland cement in concrete.

n Salvaged materials or reused materials are construction materials recovered from existing buildings or 
construction sites and reused. Common salvaged materials include structural beams and posts, flooring, 
doors, cabinetry, brick, and decorative items. (e.g., broken bricks being used for paving) The sum of 
which constitutes at least 5%, based on cost, of the total value of the material on the project. Sometime 
salvaging may be more costly which environmental benefit still remains. Onsite material or Owsite reuse

Sample Salvaged Materials Tracking Log

Salvaged/Reused Material Description
Source for Salvaged/

Reused Material Value / Product Cost (₹)

Salvaged Brick ABC Salvage Suppliers 6,25,000

Salvaged Wood Floor Salvage Company Y 2,42,000

Remanufactured Wood Doors (Used as Built-in 
Countertops)

On-Site Salvage / 
Remanufacture

42,000

9,09,000Sub-Total Salvaged/Reused Materials

1,66,54,980Total Construction Materials Cost - or 45% Default Materials Value

5.50%Salvaged/Reused Materials as a Percentage of Total Materials Cost

Calculations
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Pre-consumer versus post-consumer recycled content

Some cases using recycled content may not give the same quality for durability as the new one.

Method of calculation for recycled content.
n Determine the total materials cost for the project by multiplying the total construction cost by 0.45.

n Alternatively, the total materials cost may be calculated based on the actual materials costs from the 
project schedule of values or a similar document.

n The benefit of using actual materials costs, as opposed to the default 45%, is that projects with less than 
45% materials cost can more easily achieve the 10% and 20% credit thresholds.

n Materials costs include all expenses to deliver the material to the project site.

Equation 1

Equation 2

Calculate the project’s percentage recycled content according to Equation 2.

Assembly recycled content

An assembly can be either a product formulated from multiple materials (e.g. a composite wood panel) 
or a product made up of a sub-component (e.g. a window system). For assembly recycled content value, 
determine the percentage by weight of the post-consumer recycled content and the pre-consumer recycled 
content. 

Equation 3

Physical Infrastructure and Standardized Layout of Government Offices-2083 210 

ANNEX-II



GREEN BUILDING GUIDELINE OF NEPAL        

Steel is 100% recyclable and its energy intensity decreases with each recycling, similar to aluminium. For 
steel products where  recycled content information is unavailable, assume the recycled content to be 25% 
post-consumer. No other material is recognized to have such a consistent minimum recycled content. Many 
steel products contain 90% or higher recycled content if manufactured by the electric arc furnace process, 
so it may be beneficial to obtain actual information from the manufacturer rather than relying on the default 
value.

Sample calculation for the recycled content:

60,00,000.00Total construction cost

27,00,000.00Default Total material cost (45% of Total Construction Cost)

VendorProduct Name
Product 
Cost

% Post-
consumer

% Pre-
consumer

Recycled 
Content Value 
(Equation 1)

Recycled 
Content 
Information 
Source

2,10,00085.00%10.00%4,00,000Multi SteelStructural steel
Structural 
manufacturer

Underlay aggregate
ABC 
Foundation

42,00020.00%2,10,000
Concrete 
manufacturer

Particleboard
Sol’s Big 
Boards

Manufacturer20,000100.00%40,000

Manufacturer33,35078.00%Gypsum R Us 85,500Gypsum board

Combined value of post-consumer + 1/2 pre-consumer content (Total recycled content 
value)

3,05,350

Combined value of post-consumer + 1/2 pre-consumer content, as a percentage of 
default total materials cost (Total percent recycled content) (Equation 2)

11.31%

1Total points documented

It is a good example for Cradle to cradle life cycle. Wood is generally more suited for cradle to grave cycle. 
Concrete, on the other hand, is not commonly recycled to the same extent. Hence, steel is an excellent 
choice for the tall buildings.
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1.1.5 Local material

Extracted and manufactured within the region, where the region is defined as a 400km radius. Transportation, 
the use of conventional fuels, and the associated economic and social benefits such as skill development 
and support are important factors. The process include: 

n Establish a project goal for locally sourced materials, and identify materials and material suppliers that 
can achieve this goal.

n During construction, ensure that the specified local materials are installed, and quantify the total 
percentage of local materials installed.

n Consider a range of environmental, economic and performance attributes when selecting products and 
materials.

n Run preliminary calculations, as soon as a project budget is available, to set appropriate regional materials 
targets.

n Architects should specify in the construction documents products that are extracted/harvested/recovered 
and manufactured within 400 km and work with the general contractor on approved alternatives.

n Use building materials or products that have been extracted, harvested or recovered, as well as 
manufactured, within 250 miles (400 km) of the project site for a minimum of 10% or 20%, based on cost, 
of the total materials value. If only a fraction of a product or material is extracted, harvested, or recovered 
and manufactured locally, then only that percentage (by weight) must contribute to the regional value.

Sample Assembly Percentage Regionally Extracted Calculation for Concrete

x 100Percentage of Local Materials =
Total Cost of Local Materials (₹)

Total Materials Cost (₹)

Components Weight 
(kg)

Distance between Project & 
Extraction Site (km)

Weight Contributing to Regional 
Extraction (kg)

01,250282Cement

282125282Fly Ash

1 275275Water

370 750750Slag

1,00081,000Recycled Concrete & Aggregate

1,200181,200Sand

3,507NA3,789Component Totals

92.6%Percent Regionally Extracted Materials (3,507/3,789)

Sample Spreadsheet for Regional Materials

ManufacturerProduct
Distance between 

Project & Manufacturer 
(km)

Distance between 
Project & Extraction/ 

harvest (km)

Product 
Cost 
(NPR)

Value 
Qualifying 

as Regional 
(NPR)

Information 
Source

67,7005 67,700 Contractor submittal5Green’s LandscapePlant Material
2,10,0002,10,00015 Contractor submittal15Joe’s ConcreteConcrete

- Product cut sheet1,080 92,500105UR WarmInsulation

85,500288 85,50075Gypsum R UsGypsum Letter from 
manufacturer

-721 1,53,330355Fiber GoodCarpet Letter from 
manufacturer

Contractor submittal1,22,0001,22,00032018Top CounterCasework
3,89,900320 3,89,900 Contractor submittal110My MillLumber

70,000320 Contractor submittal70,00071ClosebyWood Doors
94,510Total Cost of Regional materials

7,51000Total Materials Cost (Divisions 2-10)
13%Percentage of Regional Materials

1Points Earned

This can also be calculated using the cost of the material.
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The total construction cost for a library building is Rs 6000000. Using the default material calculations, the 
total cost of materials excluding labor and equipment is 6000000 X 0.45 = Rs 2700000.

The table lists the regional materials purchased for the project. In this example, the cost of regionally 
harvested and manufactured products as a percentage of the total cost of material is 27.89%.

Total construction cost 60,00,000

For Default total materials cost 60,00,000

Provide total materials cost (exclude labor, equipment) 27,00,000

ProductVendorProduct Name
Cost (NPR)

Distance 
between 

project and 
manufacturer 

(km)

Distance 
between 

project and 
extraction 
site (km)

Regional 
content 

information 
source

GreenPlant material
Landscaping

Manufacturer84067,700

Concrete 
aggregate

Joe’s Concrete Concrete2482,10,000
manufacturer

Gypsum R UsGypsum board Manufacturer36312085,500

LumberWood flooring
Specialists

Mill2601923,89,900

3,05,350The combined value of post-consumer and half of pre-consumer content

7,53,100Total cost of locally manufactured and extracted materials

Cost of regionally manufactured products as a percentage of the cost of all 
materials

27.89%

 
1.1.6 Rapidly Renewable Material

Rapidly renewable building materials and products are made from agricultural product that are typically 
harvested within a 10 years or shorter cycle. That includes bio-based products made from plant harvested 
on a 10-year (or shorter) cycle. The goal of using rapidly renewable content is to reduce the number and 
quantity of products made from fossil fuel derivatives. Timber 20 year and plus so this does not come under 
this criterial.

n Bamboo flooring, plywood,

n Cotton batt insulation

n Sunflower seed board panels

n Wheat board cabinetry

n Wool carpeting

n Cork fooling

n Bio-based paints

n Geo-textile fabrics such as coir or jute

n Straw bales

The use of rapidly renewable materials owers several advantages including reduced land consumtion, social 
and economic benefits, and positive environmental impacts. 
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Some of these materials are agricultural by-products and contribute to sustainable resource management. 
They also help conserve water resources. The goal is to minimize the use  and depletion of finite raw 
materials and long cycle renewable resources by replacing them with rapidly renewable alternatives. 

Use rapidly renewable building materials and product for 2.5% of the total value of all building materials and 
products used in the project, based on cost.

10

year of logging

KERO - Eco wood - Xtrem quality

Eucalyptus

Beech

Teak

Oak

80604020

Example:

n The Total construction cost for a school buliding is 60,00,000. Using the default materials calculations, 
the total cost of materials (excluding labor and equipment) is 60,00,000 x 0.45 = 27,00,000.

n In this example, the total percentage of rapidly renewable content to total cost of all materials is 4.86%

Sample Calculations for Rapidly Renewable Material

Total Construction cost for default total materials cost; OR ₹��60,00,000
Provide total materials cost (exclude labor, equipment) ₹��27,00,000

Vendor NameProduct Name
Assembly 

Product Cost 
(NPR)

% Rapidly 
Renewable 

Content (if part 
of an assembly)

Value of Rapidly 
Renewable Content 

(NPR)
Recycled content 

information source

Countertop  
wheatboard Vendor20,100.0030.00%67,000Rho Company

Linoleum�Àooring 4,410.00 Manufacturer letter50.00%8,820Tau Floors
Bamboo window  
blinds

Upsilion  
Shades Website1,05,590.2575.00%1,40,790

1,30,100.252,16,610Totals
Value of rapidly renewable content �1,30,100

4.86%Percentage cost of rapidly renewable content total cost of all materials
1Points documented

Specific operation and maintenance requirements must be identified, understood, and properly implemented. 
For the materials such as Bamboo or cork flooring, moisture should be prevented and damp mopping should 
be carefully managed. Proper training should be provided to ensure that specified practices are followed 
consistently. 

1.1.7 Certified Wood

Wood is a renewable material but it may not always qualify as a rapidly renewable resource.However, it can 
still be used sustainably if sourced from well-managed forests. 
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Chain-of-custody (COC) is a tracking procedure for a product from the point of harvest or extraction to its 
end use, including all successive stages of processing, transformation, manufacturing, and distribution.

Chain-of-custody certification is awarded to companies that produce, sell, promote, or trade forest products 
after audits verify proper accounting of material flows and proper use of the Forest Stewardship Council 
name and logo. The COC certificate number is listed on invoices for non-labelled products to document that 
an entity has followed FSC guidelines for product accounting.

Sustainable forestry is the practice of managing forest resources to meet humans’ long-term forest product 
needs while maintaining the biodiversity of forested landscapes. The primary goal is to restore, enhance, and 
sustain a full range of forest values, including economic, social, and ecological considerations.

A vendor of certified wood is a company that supplies wood products to contractors or subcontractors for 
on-site installation. A vendor needs a chain-of-custody number if it is selling FSC-certified products that are 
not individually labelled; this includes most lumber. 

At least 50% of the wood products should be FSC-certified. This can include wood sourced from community 
forests, sustainable forestry practices, FSC-certified wood imports from a foreign countries.Moreover,  
minimizing or eliminating the use of wood products can also support sustainability. Certification by forest 
ovcers ensure responsible sourcing and environmental stewardship. 

1.1.8 Pollutant-free materials

The building materials should be environment-friendly and free of pollutants. The following materials should 
be avoided if the value of the content exceeds its permissible limit.

n CFCs and HCFCs: Chlorofluorocarbons, which are ozone-depleting chemicals used in mechanical 
equipment, should be avoided.

n VOCs – Volatile Organic Compounds found in paints and coatings, adhesives and sealants, carpets and 
composite wood.

n PVC

n CCA – Wood treated with copper chromium arsenate

n PBT – Persistent, Bio accumulative Toxic Chemicals e.g. mercury, lead, cadmium. These can be found in 
paints, varnishes, caulks, electrical switches and thermostats, fluorescent bulbs, solders and vinyl.
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Appendix 8
A. Water Supply Requirements for Buildings (NBC 208 : 2003)

Requirement perType Buildings

1 Apartment Buildings 100 lit

2 Auditorium (per seat) 15 lit

3 Hospitals (including laundry) per bed

a) Number of beds <100 340 lit

b) Number of beds >100 450 lit

4 Cold Storage 45 lit

5 Buildings Higher than 4-Storey 45 lit

Commercial & Industrial)

6 Residences 100 lit

7 Office 45 lit

8 Hostels (including quarters for nurses etc.) 100 lit

9 Hotels (per bed) 100 lit

10 Restaurants (per seat) 50 lit

11 Schools and colleges

a) Day schools 15 lit

b) Boarding schools 100 lit

12 Cinemas, Theatre Halls. Concert hall (per seat) 15 lit

13 Factories

a) With bathing facilities 45 lit

b) Without bathing facilities 30 lit

14 Terminal stations (Bus and Railways) 15 lit

15 Airports (International) 70 lit

16 Airports (Domestic) 20 lit

B. Typical coefficient of run-off figures (NBC 208 : 2003)

Coefficient of Run-offSurface Type

a) 0.90-0.95Terrace, Hard paved surface:

b) 0.85-0.90Paved surface, roads:

c) 0.70-0.85Gravel paths, loosely paved walks, rocky surface

d) 0.50-0.70Brick paved, compacted ground, turf:

e) 0.50-0.60General ground

f) 0.20-0.50Natural ground, sloping ground:
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C. Nepal’s Drinking Water Quality Standards

Maximum Concentration LimitsUnitParameterGroup

Physical and 
chemicals

5 (10)**NTUTurbidity

6.5-8.5*pH

5 (15)**TCUColor

Would not be objectionableTaste & Odor

1000mg/lTotal Dissolved Solids

1500µc/cmElectrical Conductivity

0.3 (3)**mg/lIron

0.2mg/lManganese

0.05mg/lArsenic

0.003mg/lCadmium

0.05mg/lChromium

0.07mg/lCyanide

0.5-1.5*mg/lFluoride

0.01mg/lLead

1.5mg/lAmmonia

250mg/lChloride

250mg/lSulphate

50mg/lNitrate

1mg/lCopper

500mg/lTotal Hardness

200mg/lCalcium

3mg/lZinc

0.001mg/lMercury

0.2mg/lAluminum

0.1-0.2*mg/lResidual Chlorine

Micro Germs
0MPN/100mlE-Coli

95 % in sampleMPN/100mlTotal Coli form

Note: * These standards indicate the maximum and minimum limits.

 ** Figures in parenthesis are upper range of the standards recommended.

Source: Environment Statistics of Nepal 2008, Government of Nepal, National Planning Commission Secretariat, Central Bureau of 
Statistics, Kathmandu, Nepal
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D. Wastewater Effluent Standard

UnitParameter
Concentration 
not to Exceed

Analysis Method

4500 HB, APHA* 226.0 – 9.0Standards unitpH nd edition

2440 D, APHA 2260mg/lTotal Suspended Solid (TSS) nd edition

5210 B, APHA 2250mg/lBiological Oxygen Demand (BOD) nd edition

Monitor andmg/lChemical Oxygen Demand (COD)
report only

5220, APHA 22nd edition

9222, APHA 221000CFU/100 mlE. Coli nd edition

*APHA: American Public Health Association

Appendix 9
Sample calculation for rainwater storage tank
Case I - When rainwater collection is more than the dry period demand:

Provided,

 Rainfall (P) = 1650 mm

 Catchment area (A) = 100 sqm

 Run ow coevcient (C) = 80%

 Total rainwater collection = P x A x C = 1650 x 100 x 0.8 = 1,32,000 liters

Let,

 The longest dry period = 90 days (considering absolute dry month is 3)

 Water demand = 80 lpcd

 Nos. of family member = 5

 Dry period demand = 90 x 5 x 80 = 36,000 liters

 Thus, Total rainwater collection > Dry period demand

 So, Volume of storage tank = 36,000 ltrs

Case II - When dry period demand is more than rainwater collection:

Provided

 Rainfall (P) = 500 mm

 Catchment area (A) = 100 sqm

 Run ow coevcient (C) = 80%

 Total rainwater collection = P x A x C = 500 x 100 x 0.8 = 40,000 ltrs

Let,

 The longest dry period = 120 days (considering absolute dry month is 4)

 Water demand = 80 lpcd

 No of family member = 5

Dry period demand = 120 x 5 x 80 = 48,000 liters

Thus, Dry period demand > Total rainwater collection

So, Volume of storage tank = 40,000 ltrs
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Appendix 10
Multicriteria life cycle analysis

Figure: Multicriteria Life cycle analysis

Resiliency/Performance capacity
• Fire resistance
• Resistance to decay
• Durability/Life of the materials
• Maintainability
• Buildability (easy to construct)

Resource eRcient
• Embodied Energy
• Water Evciency
• Recycle and reuseability
• Thermal conductivity
• Labor/machine evciency

Environmental Criteria
• GHG Emission
• Toxicity
• Pollution (dust, water)
• Environmental Impact 

(during harvesting)

Life Cycle Cost/Economic
• Initial cost
• Maintenance cost
• Disposal Cost

Alternative  
Building Materials

Selected  
Sustainable  

Building 
Materials

Multi-criteria  
Life Cycle  
Analysis

Social Impact/Criteria
• Use of local Materials
• Skill/Labors availability
• Aesthetic
• Health & safety

Multi-criteria decision-making tool for selection of SBM

ScoreCriteria and IndicatorsS.No.

54321

1 Environmental Criteria

GHG emission1.1

Environmental Impact during harvest1.2

Potential for recycle and reuse1.3

Environmentally sound disposal options1.4

Zero or low toxicity1.5

Minimum Pollution (air, water, land etc)1.6

2 Technical Criteria

Life expectation of materials (Strength & Durability)2.1

Fire resistance2.2

Resistance to delay2.3

Maintainability2.4

Thermal Insulation2.5
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3 Resource Consumption Criteria

Embodied Energy3.1

Material availability locally3.2

Water efficiency3.4

Amount of likely wastage in use3.5

Amount of transportation required3.6

4 Socio-economic Criteria

Life cycle cost (initial, maintenance/repair & disposal cost)4.1

Buildability (Ease of construction)4.2

Use of local materials and technologies4.3

Aesthetic/Social acceptability4.4

Health & safety4.5

5 Legal Criteria

Availability of codes, standard, guideline5.1

Building Permit5.2

Financial Provision (loan from Financial Institutions)5.3

Incentive5.4
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Appendix 11
VOC limit of different materials

Maximum VOC Limit (g/L less water)Application / Product Type

Flat paint 50

Non-flat paint 150

Anti-rust paint 250

Lacquer (clear wood finish) 550

Sanding Sealer (clear wood finish) 350

Varnish (clear wood finish) 350

Floor coating 100

Shellac (clear) 730

Shellac (pigmented) 550

Stain 250

Faux Finish Coating 350

Architectural sealant 250

Non-membrane roof sealant 300

Single ply roof membrane 450

Waterproofing sealer 250

Waterproofing sealer (concrete/masonry) 400

All other sealers 200

Indoor adhesive 50

Wood flooring adhesive 100

Subfloor adhesive 50

Ceramic tile adhesive 65

Contact adhesive 80

Drywall panel adhesive 50

Multipurpose construction adhesive 70

Structural glazing adhesive 100

Special purpose contact adhesive 250

PVC welding 510

Concrete curing compound 350

Wood preservative 350

VoC Levels are measured in grams of VoC per liter of material.

Source: USGBC LEED Addenda #100000419, 14 April 2010

Physical Infrastructure and Standardized Layout of Government Offices-2083 221 

ANNEX-II



        GREEN BUILDING GUIDELINE OF NEPAL

Glossary
Clothing (Clo) Value - Clo value is a measure of the thermal resistance of clothing, and it is an important 
factor in determining thermal comfort. Our clothes interfere with our ability to lose heat. A resistance of 0.155 
m2.K/W is considered a 1 Clo.

Figure 8 : The change in Clo Value based on the clothing type providing thermal resistance.

Male

1.21.11.00.90.8 clo0.70.60.50.40.30.20.10

Female

Dry Bulb temperature (DBT) or Air temperature - The DBT is the temperature of air measured by a 
thermometer freely exposed to the air but shielded from radiation. DBT is the temperature that is usually 
thought of as air temperature and does not indicate the amount of moisture in the air. It is usually expressed 
in °C. 

Metabolic rates (MET)

The amount of heat that human body releases is the metabolic rate. This depends on the activities they are 
doing. An average person seated at rest generally produces 60 W/m2. This is generally termed as 1 met. The 
more strenuous the activity, the more heat is produced. 

Activity of a human body is directly related to the Thermal Comfort, as diwerent levels of activities produce 
diwerent level of heat from a body. A certain level of activity can help to achieve comfort during winter, but 
the same level of activity can be disconformable during summer.

Figure 9 : Metabolic rates (met Rate) for different activities.

Seating
58.2 W/m2 
1.0 MET

Sleeping
40 W/m2 
0.7 MET

Walking
115 W/m2 
2.0 MET

Running
220 W/m2 
3.8 MET

(Source: ASHRAE, 2010)

How fast your body burns energy depends on how active you are. This energy use is called your metabolic 
rate. The amount of energy you burn can be measured in units called ‘mets.’ One met is equal to 58.2 watts 
per square meter of your body’s surface area.
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The body surface area can be measured as: 

Where,

M= Mass of the body 

h = height 

(Du Bios & Du Bois, 1916)

For a person who weighs 80 kilograms and is 1.8 meters tall, the normal metabolic rate is about 115 watts. If 
this person becomes more active, his/her metabolic rate will increase.

Globe Temperature – The temperature measured by globe thermometer as a means of assessing the 
combined ewects of radiation, air temperature and air velocity on human comfort. It consists of a hollow 
copper sphere painted matt black to absorb radiant heat, with a temperature sensor at its center. When it 
reaches a steady state (after 15 minutes or so depending on the size of the globe and the environmental 
conditions), the heat exchanges through convection and radiation will be in equilibrium, and the temperature 
recorded by the sensor will be somewhere between the air and radiant temperature. This is referred to as 
the globe temperature (tg) or black globe temperature and resembles the thermal conditions felt by the 
human body. The standard sphere has a diameter of 150 mm. Smaller sizes are available but they increase 
the influence of convection on the recorded temperature. 

Green Building: A green building, also known as a sustainable or eco-friendly building, is a structure that 
is designed, constructed, and operated with a focus on minimizing its environmental impact throughout 
its entire lifecycle, while promoting occupants’ health and well-being. Green building practices aim to 
use resources more evciently, reduce waste, conserve energy and water, and create healthier and more 
comfortable indoor environments.

Air speed / Air movement - It is the average speed of air that indicates how fast/slow the air is moving in a 
space. It is usually expressed in terms of m/s. Since the speed of air changes constantly, it is averaged over 
time intervals between one to three minutes.  

clo -  A unit used to express the thermal insulation provided by garments and clothing ensembles; 1 clo = 
0.155 m2·°C/W (0.88 ft2·h·°F/Btu).

Mean radiant Temperature (MRT) - MRT is a measure of average temperature of all surfaces surrounding 
us, with which the human body exchanges thermal radiation. It signifies the radiant heat from all the surfaces 
that surround a point / person in space, including walls, floors, and ceilings. As radiation is the dominant form 
of heat transfer from the human body, MRT is an important factor in thermal comfort because it influences the 
amount of heat radiated from the surrounding surfaces to the body, and vice versa. ASHRAE Standard 55, 
2010 defines it as “The uniform surface temperature of an imaginary black enclosure in which an occupant 
would exchange the same amount of radiant heat as in the actual non-uniform space”. MRT = Tg + 2.42 X V 
(Tg - Ta)

Where,

Tg = Globe Temperature

V = Air velocity in centimeter per second

Ta = Air Temperature

MRT can be used to calculate the Operative Temperature.

To = 0.5 T dbt + 0.5 Tmrt

Where, To = Operative Temperature
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T dbt = Dry Bulb Temperature

Tmrt = Mean Radiant Temperature

Operative temperature - Operative temperature is one of the simplified measures of human thermal comfort 
derived from air temperature, mean radiant temperature and air speed. The building design should aim to 
achieve a comfortable operative temperature which is defined as the weighted average of the mean radiant 
and ambient air temperatures based on  their respective heat transfer coevcients. (ASHRAE, Handbook on 
Fundamentals, 2009) 

to = Ata +(1 – A) tmtr

Where, 

to = operative temperature

ta = average air temperature

tmtr = mean radiant temperature 

A can be selected from the following values as a function of the average air speed Va.

Va

<0.2 m/s  
(<40 fpm)

0.2 to 0.6 m/s 
(40 to 120 fpm)

0.6 to 1.0 m/s 
(120 to 200 fpm)

A 0.70.60.5

Heat Balance Model - The heat balance method presents a physics based mathematical model that 
establishes thermal comfort when heat loss from the body is exactly equal to heat produced within the body. 
The heat balance method approaches thermal comfort from a biological perspective.

n If heat generation rate > heat loss rate, individual will feel warm/ hot

n If heat generation rate < heat loss rate, individual will feel cool/ cold

n For thermal comfort, heat generation rate = heat loss rate

Figure 10 : Heat Balance model (NZEB, 2024)

Heat lost 
by body

Heat produced 
in body

Metabolism
Convection
Radiation

Conduction
Shivering

Evaporation
Convection
Radiation

Conduction

31-434 deg C
Normal Skin
Temperature

37 deg C
Deep body Temperature

The acceptable thermal comfort range in the heat balance method is defined by PMV and PPD. 

PMV & PPD - The Predicted Mean Vote (PMV) is an index that predicts the mean value of the votes of a large 
group of persons on the 7-point thermal sensation scale, based on the heat balance of the human body. The 
sensation scale is expressed from –3 to +3 corresponding to the categories “cold,” “cool,” “slightly cool,” 
“neutral,” “slightly warm,” “warm,” and “hot.” Thermal balance is obtained when the internal heat production 
in the body is equal to the loss of heat to the environment. PMV may be calculated for diwerent combinations 
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of metabolic rate, clothing insulation, air temperature, mean radiant temperature, air velocity and air humidity 
(ISO:7730, 2005).  Once the PMV is calculated, the PPD or Predicted Percentage of Dissatisfied, can be 
determined. PPD is an index that establishes a quantitative prediction of the percentage of thermally 
dissatisfied people who feel too cool or too warm. Thermally dissatisfied people are those who vote hot, 
warm, cool or cold on the 7-point thermal sensation scale. 

The heat balance method provides quantification of the heat exchange between human body and immediate 
surrounding environment. It is based on the thought that perception of thermal comfort in occupant depends 
only on human physiology and heat transfer mechanisms between the environment and body. However, 
research has shown that thermal comfort perception is also influenced by social factors and the occupants’ 
psychological responses to the environment.

Adaptive Thermal Comfort Model - Human beings naturally adjust and adapt to the outdoor weather 
conditions to reduce discomfort through adjustments, like altering activity, posture, clothing, and opening 
or closing windows. Additionally, their comfort range indoors varies depending on the prevailing outdoor 
temperature conditions.

The adaptive thermal comfort model was developed to account for behavioral and psychological adaptations 
of the human body. It considers physiological, psychological, and behavioral factors that influence occupants;s 
perception of thermal comfort.

ASHRAE 55 uses an adaptive comfort model to recommend acceptable thermal conditions for naturally 
ventilated spaces.

Strategic landscaping – It refers to the deliberate planning and design of outdoor spaces to achieve specific 
goals or objectives. It considers aesthetics, functionality, sustainability, and budget constraints to create 
a cohesive and purposeful outdoor environment. This approach may encompass elements such as the 
selection and arrangement of plants, trees, and other greenery, as well as the integration of hardscape 
features like paths, patios, and water features.

Box 1 : Web Sources for getting Sun ath diagram

https://clima.cbe.berkeley.edu/

https://www.suncalc.org/

https://drajmarsh.bitbucket.io/sunpath3d.html

https://drajmarsh.bitbucket.io/sunpath2d.html

https://www.sunearthtools.com/dp/tools/pos_sun.php?lang=en

https://www.jaloxa.eu/resources/daylighting/sunpath.shtml
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CLASSIFICATION OF SIGNAGE ON BASIS OF USAGE1.  

The signage in buildings can be classified on the basis of usage as 
 

1. Safety Signage 
2. Identification and Wayfinding Signage 

3. Permanent Rooms and Spaces Signage 

4. Tactile Signage 

5. Braille Signage 

6. Core Building Signage 

7. Instruction and Prohibition Signage 

8. Location at Doors 
 
 
 

Safety Signage1.1
 

Safety Signage shall be provided and maintained in circumstances where a health and safety risk 

 

 
 
 

 
 

or hazards are identified.

Mandatory safety signage consists of:

1.  Warning Signage

2.  Prohibition Signage

3.  Mandatory Action Signage

4.  Emergency Signage

5.  Fire Safety Signage (Information for Fire Emergency)

1.1.1  Warning Signage

• Warn of a hazard or danger, such as  “Danger:  Toxic  materials”.

• Triangular shape, and usually feature a black pictogram with black edging (the yellow part to 
take up at least 50% of the area of the signage).

 
Figure 1-1 Warning Signs 
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1.1.2  Prohibition Signage

• Prohibit action which is likely to increase or cause danger, such as  “No  entry”.
• Round shape with black pictogram on white background and either red edgings or a diagonal 

line (the red part to take up at least 35% of the area of the signage).
 

 
Figure 1-2 Prohibitory Signage 

 
 
 

Mandatory Action Signage1.1.3
 

• Prescribes specific behavior such as “Eye protection must be worn”. 
• Round shape with white pictogram and blue background (the blue part to take up at least 50% 

of the area of the signage). 
 

 
Figure 1-3 Mandatory Signage 

 
 
 

Emergency Signage1.1.4
 

• Information for emergency situations- 
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• Rectangular or square shape with white pictogram and green background. 
 

Figure 1-4 Emergency Escape Signage 
 
 
 

Fire Safety Signage (Information for Fire Emergency)1.1.5
 

• Combination of warning and emergency signage 
• Information in escape routes and emergency exit (colored green) 
• Information on the identification or location of firefighting equipment (colored red) 
• Fire exit signage shall be displayed immediately above or near to the exit opening, where it 

least likely to be obscured or obstructed by smoke. 
• Buildings that have multiple occupants shall adopt a common approach to the provision of fire 

safety signage, to avoid confusion about exit routes. 
 

Figure 1-5 Fire-Safety Signage 
 

 
Identification and Wayfinding Signage1.2

 
Signage shall be used externally to identify a building by its street number or name. Internally, 

signage shall be used to identify rooms or areas by name, number, or function. 
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Wayfinding signage shall provide direction to a particular room or area and is important in large, 

complex buildings such as hospitals, educational facilities or transport terminals. 
 

 
 
 
 

 

 

 

 

 

Figure 1-6 Identification and Wayfinding Signage

1.2.1  Universal Messaging

   A uniform style is considered desirable for wayfinding consistency and clarity. Standardized colors,

fonts, icons and signage shapes can also improve universal recognition.

The following colors are generally associated with specific basic responses:

• Green for safety
• Red for emergency
• Yellow for caution

   These three colors are easily identified by most people, regardless of age and other demographic 

factors, but other colors are also commonly used to represent different common messages.

1.2.2  Forms of Wayfinding

   In muti-story buildings, flooring and wall coverings shall be color coded for quick recognition. This

technique shall be frequently used in large car parks, hospitals and care homes (particularly in those

where residents may be living with vision or memory impairments). While color coded finishes shall not

replace  traditional  wayfinding  methods,  such  as  directional  arrows,  pictograms  or  clearly  worded

signage and numbered floors, it can enhance it.

   Lighting shall also be used as a form of wayfinding, particularly in long corridors. Emergency exit

lighting illustrates how wayfinding shall be used to guide people to their destination.
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  Textures (particularly in floor coverings), ambient sounds (such as music) and even smells (such

as those associated with kitchen or restaurants) shall also inform wayfinding decisions.

1.2.3  Elements of Effective Wayfinding

Characteristics that might contribute to successful wayfinding include:

• Simplicity
• Color
• Clarity
• Size
• Placement
• Inclusivity
• Hierarchy
• Consistency

 

 
Permanent Rooms and Spaces Signage1.3

 
Signage that identifies permanent rooms and spaces include: 

 
• Room and floor numbers or letters; 
• Room names; and 
• Labels for restrooms, locker rooms, cafeterias, libraries, conference rooms, mechanical 

rooms, and other permanent rooms or spaces. 

   

 
 

Figure 1-7 Permanent Room Signage

  Visual and tactile requirements shall apply to both interior and exterior signage labeling permanent

rooms and spaces. However, exterior signage not located at the door to the space they serve shall not

have to be tactile but shall meet visual requirements.

 
 

Tactile Signage1.4
 

Tactile requirements shall apply to these types of signage: 
 

• Interior and exterior signage identifying permanent rooms and spaces. 
• Required door labels at exit stairways, exit passageways, and exit discharge. 
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• Required labels for floor levels, car controls, and emergency communication devices at 
elevators. 

 

Figure 1-8 Tactile Signage 
 

 
Braille Signage1.5

 
In addition to color contrasts inside buildings, braille signage shall provide a level of accessibility 

for people who use this system if raised dots in order to read with their fingers. This tactile method shall 

sometimes be used for labeling objects in the workplace. Braille signage shall provide simple 

instructions in places such as lifts or toilets- when colour or lighting are not suitable methods of relaying 

information. They shall also identify hazards in the facility. 

Other common applications for braille signage shall include directional arrows, room identification 
plaques, building zones (particularly in large buildings such as hospitals), exit doors, maps and other 

aspects of a building that are typically part of wayfinding systems. Braille messages and signage shall 

be placed particularly at lifts and doors. Tactile maps in particular shall be helpful for visually impaired 

visitors to assess the layout and scale of a building. 

Textured path surfaces shall be used to alert visually impaired visitors to the presence of signage. 
Since not all visually impaired people shall travel independently outdoors, it shall be useful to include 

braille on standard information and safety signage for all users. 

Inclusion of tactile control buttons and braille signage in lifts shall provide better access for users 

with visual disabilities is recommended. These tactile approaches are a proactive method of support for 

people with visual impairments who may prefer to navigate in and around facilities with as much 

independence as possible. 
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Figure 1-9 Braille Signage 
 

Figure 1-10 Braille Signage 
 
 
 

Core Building Signage1.6
 

The Standards require that tactile and visual signage be provided to identify doors at exit stairways, 
exit passageways, and exit discharge. Exit passageways are horizontal fire resistance-rated 

components that lead to exit discharge or public ways. Exit discharge is the path from an exit to a public 

way. 

Exit labels at other locations shall not be required to be tactile but shall meet visual requirements. 

Life safety and building codes shall address the visibility and illumination of exit signage. At exit doors, 
the tactile requirements typically shall be met on a separate signage. 
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Figure 1-11 Exit Signage

Core Building Signage shall be applied as:

1.  Elevator Signage
2.  Stairwell Signage

3.  Accessibility Signage

1.6.1  Elevator Signage

   Every elevator car in every building shall be permanently marked to correspond with the building 

car position indicator.

   The car position indicator shall consist of numbers, letters, or a combination thereof that identifies

the position of each elevator car by its shaft in the building relative to the other elevator banks, one

Physical Infrastructure and Standardized Layout of Government Offices-2083 235 

 ANNEX-III: Guidelines for Signage Use in Government Office Buildings



  

located on the east side of the building and one located on the west side; if each elevator bank consists 

of four elevators, then car position indicators for that building shall consist of “1E”, “2E”, “3E”, and “4E” 

for east side elevators, and “1W”, “2W”, “3W”, and “4W” for west side elevators. 

The Standards shall require tactile signage (and, in some cases, symbols) at elevators, including 

labels for: 

• Floor designations at elevator hoistways 
• Destination-oriented elevator cars. 
• Car control buttons 
• Emergency communication devices. 

For signage at elevators, most of the criteria for raised and braille characters shall apply, but there 
are differences. For example, raised characters shall be at least 50 mm high on hoistway floor level 

signage, and tactile content on control panels shall be located outside the standard 1200 - 1500 mm 

mounting height. 
 

 
 
 
 

 

 

   

Figure 1-12 Elevator Signage

1.6.2  Stairwell Signage

Stairwell entrances shall be permanently marked to correspond with the stairwell identification.

   The identifications shall consist of a combination of letters and numbers that identify the position of

the stairwell in the building relative to the other stairwells. If, for instance, a building has two stairways,

one on the north and one on the south side of the building, then the identifications shall be marked  “N1”,

“N2”,  “N3”,  and  “N4”  for the north stairwell, and  “S1”,  “S2”,  “S3”,  and  “S4”  for south stairwell, floors one

through four respectively.

   Stairwell  entrances  shall  be  permanently  marked  to  display  re-entry  location  information  on  the
occupancy side (the side where the stairs themselves are located).
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1.6.3  Accessibility Signage

   Facilities and elements that shall be required to be identified as accessible by  Section 2.11.1  shall

use the international symbol of accessibility.

   Inaccessible entrances shall have directional signage to indicate the route to the nearest accessible
entrance.

 
 

Instruction and Prohibition Signage1.7
 

Signage in buildings shall also instruct users to behave in a certain way or prohibit them from 

undertaking certain activities (“no eating or drinking”). This shall reflect an organization’s internal 
policies, such as prohibiting the use of mobile phones in certain areas. 

As with other signage, such notices shall convey the necessary information or instruction as clearly 

and as simply as possible and shall be located where they are easily visible. 
 
 

Location at Doors1.8
 

At single doors, tactile signage shall be located alongside the door on the latch side. They shall be 

permitted on the push side of doors equipped with closers that shall not have devices to keep them 
open. 

 

 
 

Figure 1-13 Signage on a Single Door

  If there shall be no wall space on the latch side, signage shall be located on the nearest adjacent
wall.
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Figure 1-14 Signage on a Recessed Door

  For double-leaf doors with one active leaf, the signage shall be located on the inactive leaf. If each

door has an active leaf, the signage shall be located to the right of the door.
 

Figure 1-15 Signage on a Double Leaf Door 
 
 
 

Exemption1.9
 

The following types of signage shall be exempted and shall not be required to meet visual and 

 

 

tactile requirements:

• Temporary (posted for 7 days or less);
• Building addresses and directories;
• Occupant names and company names and logos;
• Menus;
• Seat or row designations in assembly areas; and
• Signage in non-public areas of detention or correctional facilities.

1.10  Materials and Construction
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Signage shall be made from various materials, including: 
 

• Metals- aluminium, stainless steel, metal composites, bronze and brass; 
• Plastics- acrylics, polyurethanes, PVC, plexiglass’; 
• Timber; 
• Backlit and illuminated; 
• Digital screens; and 
• Fabrics. 

Signage shall be elaborate and require complex installation and fixing details depending on scale 

and size. They shall be a key part of the design process, and not simply left to the end. 
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TECHNICAL REQUIREMENTS 
 

Character

2.

2.1
 

Figure 2-1 Technical Requirements for Characters 
 

 
 

 
 
 

 

 

 

 

 

Figure 2-2 Basic Signage Example

2.1.1  Proportion

   Characters shall be selected from fonts where the width of the uppercase letter  “O”  is 55% to 110%

of the height of the uppercase letter “I”.

2.1.2  Stroke Thickness

The stroke thickness of the uppercase letter  “I”  shall be from 10% to 30% of the character height.
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Figure 2-3 Stroke Thickness of Characters

2.1.3  Background

Characters shall contrast with their background with either light-on-dark and have a non-glare finish.

   A minimum level of contrast shall not be specified in the Standards. The higher the contrast, the

better for legibility, particularly for people with low vision.

Variate or textured backgrounds shall reduce contrast and compromise readability.

2.1.4  Character Size and Space Requirements

   Text height shall be of 16  –  50 mm. Character spacing shall be measured between the two closest

points of adjacent raised characters within a message, excluding word spaces. Where characters have

rectangular cross sections, spacing between individual raised characters shall be 3 mm minimum and

4 times the raised character stroke width maximum.

   Where characters have other cross sections, spacing between individual raised characters shall be 

1.5  mm  minimum  and  4  times  the  raised  character  stroke  width  maximum  at  the  base  of  the  cross

sections, and 3 mm minimum and 4 times the raised character stroke width maximum at the top of the

cross sections.

Characters shall be separated from the raised borders and decorative elements 10 mm minimum.
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Figure 6-4 Character Spacing

2.1.5  Character Height

  The  minimum  height  of  characters  shall  be  based  on  their  height  above  the  finish  floor  and  the
horizontal viewing distance. Horizontal viewing distance is the distance between the character and an
obstruction preventing further approach to the signage.

 

 
Figure 2-5 Visual Character Height 
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Table 2-1 Visual Character Height 
 

Height to Finish 
Floor or Ground from 
Baseline of Character 

Horizontal Viewing 
Distance 

 
Min. Character Height 

1000 mm to less than or 

equal to 1800 mm 

less than 2000 mm 20 mm 

2000 mm and greater 20 mm, plus 5 mm per 500 mm of 

viewing distance above 2000 mm 

Greater than 1800 mm to 

less than or equal to 3000 
mm 

less than 4500 mm 50 mm 

4500 mm and greater 50 mm, plus 5 mm per 500 mm of 

viewing distance above 4500 mm 

greater than 3000 mm less than 6500 mm 75 mm 

6500 mm and greater 75 mm, plus 5 mm per 500 mm of 

viewing distance above 6500 mm 

 

 

 
2.2  Finish and Contrast

  When a single set of characters is used to meet requirements for raised and visual characters, the

characters  and  their  background  shall  have  a  non-glare  finish.  Characters  shall  contrast  with  their

background  with  either  light-on-dark  or  dark-on-light.  A  minimum  level  of  color  contrast  shall  not  be

specified,  but  the  higher  the  contrast,  the  better,  especially  for  people  with  low  vision.  Finish  and

contrast requirements shall not apply to braille.
 

 
Figure 2-6 Contrast between Characters and Background 

 

 
Line spacing2.3

 
Spacing between the baselines of separate lines of raised characters within a message shall be 

135 percent minimum and 170 percent maximum of the raised character height. 

 

 
Text2.4

 
• Use simple, sans serif fonts, in a medium or bold weight. 
• Do not use italics, scripts, or other hard-to-read styles. 
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• For tactile signage, all text must be UPPERCASE. 
• For visual only signage, such as directories, directorial signage or overhead signage, you can 

use lowercase letters. 
• Few roman fonts that meet standard guidelines: 

o Helvetica, Futura, Eras. Optima, Avant Garde, Trebuchet, Arial, Verdana, Vag Rounded, 
Franklin Gothic, Frutiger. 

• Few devanagari fonts that meet standard guidelines: 
o Devanagari, Preeti, Adelle Sans Devanagari Regular, Kantipur 

 

 
Figure 2-7 Standard Signage 

 
 
 

Devnagari Script2.5
 

One of the various approaches in describing and defining the anatomy of Devanagari letters uses 

the body as a reference for the vertical proportion of the letters. The lines defined are as follows: 

i. उ"वरेखा (Top most line) 
 

ii. (शरोरेखा (Head-line) 
 

iii. +कंधरेखा (Shoulder line) 
 

iv. नभरेखा (Navel line) 
 

v. जानुरेखा (Knee position line) 
 

vi. पदरेखा (Foot line) 
 
vii. तलरेखा (Extreme bottom line) 

 
  Regarding the proportion of letters, the stroke thickness (thickness of the pen stroke shall be used

as the base unit. The upper Matra signs shall need a minimum of four strokes and bottom Matras need

a minimum of four strokes. Main characters shall require eight strokes, so total 16 units of strokes shall

be considered as a primary parameter for the total height as shown in  Figure 2-8. The thickness of the

pen stroke shall be 1/16th of the type height.
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Kana 

 

 

2.5.1  Internal Vertical Proportion

  Internal Vertical Proportion is the ratio of the height of the Shiro-Rekha to the height of Kana Height.

The basic proportion is 1:8. The vertical proportion shall be correlated to the weight and grey value of

the typeface. Several measures of vertical proportions for various weights are given below:

• 1:12 for extra-light
• 1:10 for light,
• 1:9 for normal,
• 1:8 for medium,
• 1:7 for semi-bold,
• 1:6 for bold and
• 1:5 for extra-bold

The Gray Value shall be said to be the overall darkness of letters as perceived by typographers.

  These  recommendations  shall  be  intended  for  traditional  text  and  calligraphic  typefaces,  in
contemporary typefaces designers practice a great deal of flexibility within these proportions.

 

 
 

 
 
 

 

  

  

Figure 2-10 Internal Vertical Proportion of Devanagari

2.5.2  Vertical Matra Proportion

   Vertical Matra Proportion is the ratio of the height of the upper Matra to the kana height to the height

of the lower Matra. The recommended ratio is ½:1:½ for text typefaces; i.e. if the kana-height is eight

strokes then the top and bottom Matras are four strokes. Calligraphic, Display and contemporary fonts

shall  vary  these  proportions  considerably.  In  some  cases,  the  lower  Matras  shall  be  smaller  in

proportions than upper Matras because the stroke of upper Matra shall be more complex than the lower

Matra.

   An approximate rounded off nib-width ratio of the top most Matra shall be considered i.e the maxima

of  the  ai(  ◌ै  ),  au(  ◌ौ  ) Matras  or  the  reph/rafar; for the  lower  Matras the  lowermost  line  of the  Ukar

Matras(  ◌ु  ,  ◌ू  ), or the Rukar is considered in approximate nib-widths or in proportion with the kana

height.
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Figure 2-11 Vertical Matra Proportion of Devanagari

2.5.3  Vertical Total Proportion

   Vertical Total Proportion: The height of a Devanagari font is not completely defined by the vertical

Matra  proportions.  Several  key  letters,  glyphs,  conjuncts,  diacritical  and  vocalization  and  cantillation

marks shall be required to make a complete typeface. Vedic manuscripts shall contain several complex

vertically  stacked  conjuncts  which  shall  be  often  combined  with  dependent  vowel  signs, vocalization

and punctuation marks. Implementation of complex top Vedic Cantillation and tone marks, such as the

वै;दक  सम+वर  अंक, possibly the tallest being the  वै;दक  +व?रत  ऊ"वA  शर  combined with similar bottom tone

marks with vertically stacked conjuncts can lead to an extremely large and highly complex six to eight

tiered vertical grid. The total internal ratio is defined as the total vertical proportion for a given typeface

(topmost glyph to kana height to lowermost glyph height). Here many times the amount of space allotted

to the lower Marta of a conjunct is larger than that of the upper Matra.
 

 
 
 
 

                                 Figure 2-12 Vertical Total Proportion of Devanagari

Horizontal Proportion2.5.4

Physical Infrastructure and Standardized Layout of Government Offices-2083 248 

 ANNEX-III: Guidelines for Signage Use in Government Office Buildings



  

The Horizontal Proportion is the proportion of the width of the letters. Common among these are, 

condensed, regular/normal and expanded. Another method of evaluating the horizontal width for a 

length of a typeface—analogous to the AZ length in Latin typography shall be the AHO (अहो) length. 

The AHO length is an un-spaced string containing a select few high frequency syllables starting from अ 

to हो. 

 
The complete string is: अ आ उ का Eक कु ग घ घा ज जा ट ण त ता तू द न ना Jन ने प K ब भ भा 

भी म मा मु मN य या ये र रा ल ला (ल व वा Pव श स सा ह हा हो. 

The length shall be measured by writing the above letters and measuring its length by any common 
scale. This length shall be particularly useful to compare the horizontal economy of space within 
typefaces. 

 

 
 

 
 
 

 

Figure 2-13 Horizontal Proportion of Devanagari

2.5.5  Glyph Width

   Glyph Widths are the width proportions of glyphs within a typeface. There are two types of widths:

Fonts  which  have  Varying  or  Proportional  Widths  for  glyphs,  and  fonts  with  Mono-Spaced  or  Equal

Width Glyphs. In current digital typeforms, only Proportional Glyphs shall be seen. Monospaced Fonts

were  quite  common  in  pre-digital  days  of  printing;  typewriters,  telex  machines  and  some  hot  metal

compositing machines used fixed-width glyph fonts. Their visual quality shall be inferior—since each

glyph shall occupy the same amount of space, the Matras shall suffer the most; hence they shall be

rarely seen in digital printing.
 

 

 
Figure 2-14 Glyph Width 
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2.5.6  Neck Position

  Neck / Peg Height (Position) is the height of the neck or peg of the letters, in comparison to that of

the shiro-rekha (the width of the pen-tip). The neck height shall be measured from the end of the shiro-

rekha to the end of the neck and shall be visually gauged by observing all the pegged letterforms (इ,  इ,

द,  ढ,  ड,  झ,  ठ). This height is proportional to the grey value of the typeface—as the typeface becomes

darker, the neck becomes smaller.

Figure 2-15 Neck Position of Devanagari 
 

 
Tactile Characters2.6

 
Letters and numerals shall be raised 0.8 mm minimum, uppercase, Sans Serif or Gotham Medium 

type and shall be accompanied by grade 2 Braille. Grade 2 is not a “letter for letter” translation of the 

text; it shall contain 265 contractions, single characters shall be used to represent whole words or group 

of letters. Accurate translation software is a must. 

All Braille shall be lowercase, except proper names (e.g., “Sita Poudel”), letter which are part of a 

room number (e.g., “105A”), initials, acronyms or before the first word of sentences. 

Raised characters shall be at least 16 mm high, but no higher than 50 mm. 

A minimum of 10 mm clearance shall be left on all side of Braille. 

 
 

Exception 
 

• Braille provided on elevator car shall be separated 5 mm minimum and shall be located below 
or adjacent to the corresponding raised characters or symbols. 
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Figure 2-16 Tactile Technical Requirements 
 

Figure 2-17 Braille Signage 
 

 
 

Figure 2-18 Braille Size and Location 
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Figure 2-19 Braille Compliance

The technical features of braille are given below in  Table 2-2.

Table 2-2 Braille Dot 
 

Measurement in mm  

0.6 mm to 0.9 mmDot Height

1.5 mm to 1.6mmDot Diameter

2.3 mm to 2.5 mmSpacing between dots

10 mm to 10.2 mmVertical Cell Spacing

6.1 mm to 7.6 mmHorizontal Cell Spacing

Domed or roundedDot Shape
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Figure 2-20 Braille Dot Spacing

  If visual characters are provided on a separate signage, the tactile signage shall not have to meet
finish and contrast criteria and shall have raised characters at 12 mm minimum height.

 

 
Mounting Height and Location2.7

 
Tactile characters on signage shall be located 1200 mm above the finish floor or ground surface, 

measured from the baseline of the lowest tactile character and 1500 mm maximum above the finish 

floor or ground surface, measured from the baseline of the highest tactile character. 
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Figure 2-21 Mounting Height of Tactile Characters

  Visual  characters  shall  be  1000  mm  minimum  above  the  finish  floor  or  ground.  Both  tactile  and

visual characters for elevator car controls shall not be required to comply with  Section 2.7.

  A  clear  floor  space  450  mm  minimum  by  450  mm  minimum  shall  be  centered  on  the  tactile

characters as  shown  in  Figure  2-22.  This  placement of  the  clear  floor  space  provides  unobstructed

standing space at the signage for reading by touch. This space must be free of any protrusions to a

height of 2000 mm.

  For safety, the space must be located beyond the arc of any door swing to a 45° open position as

shown  in  Figure  2-23.  This  effectively  shall  set  a  minimum,  but  not  an  absolute,  distance  of  tactile

signage from out-swinging doors. While the clear floor space shall be centered on the tactile characters,

signage shall be located varying distances beyond the door swing.
 

 
Figure 2-22 Clear Floor Space on Tactile Characters 
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Figure 2-23 Clear Floor Space on Tactile Characters 
 
 
 

2.8
 

Pictograms

Pictograms shall be a 150-mm-high area for a pictogram as shown in  Figure 2-24. There are no

rules regarding the actual height of the pictogram, but 100 - 115 mm shall be a good starting point. 

Pictograms shall be accompanied by the equivalent verbal description placed directly below the 

pictogram; the border dimension of the pictogram shall be 150 mm minimum in height. 

The pictograms and fields shall have a non-glare finish and a light-on-dark or dark-on-light contrast. 

 

 
Figure 2-24 Pictogram Size 
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Informational Pictograms2.8.1
 

• Pictograms that provide information about a room or space or that are on directional signage, 
including accessibility symbols, shall not be required to provide tactile text descriptors or to be 
located on a field at least 150 mm high. 

 

Figure 2-25 Informational Pictogram 
 
 
 

2.9
 

Color

All signage background color shall be as per type of signs. See  Section 1. The signs shall need to

 

 

 

 

 

be readable but shall also complement the interior of the building.

   The  requirement  is  minimum  Light  Reflective  Value  (LRV)  difference  to  be  70  between  the sign

background  and  the  text  legends.  Black  and  white  shall  provide  the  greatest  contrast  but  shall

sometimes be a problem due to the extreme contrast, so white lettering on a darker background with a

matt finish shall provide a good legibility. Use of other colors shall be kept simple using only 6 of the

basic colour range- white, grey, orange, blue, green and red.

Exceptions:

• "Fire Extinguisher" sign background shall be Red
• "Emergency Eyewash/Shower" sign background shall be Green.

2.10  Icons

   This  range  of  icons  shall  be  used  to  supplement  the  text  legends  to  aid  the  legibility  and

understanding  of  signs.  In  particular,  these  shall  be  used  to  highlight  lifts,  stairs,  accessible  routes,

toilets and information. These shall be based on internationally recognized pictograms as shown in 

Figure  2-26.

   Accessible toilets shall need to additionally identify if the toilet is a left hand (LH) or right hand (RH)

transfer.
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Figure 2-26 Internal Icon Style

2.11  Symbols

2.11.1  International Symbol of Accessibility (ISA)

The International Symbol of Accessibility shall comply with  Figure 2-27.
 

 
 

Figure 2-27 International Symbol of Accessibility

  The ISA shall be used to label, or provide direction to, these elements and spaces (unless all are

accessible):

• Entrances
• Toilet rooms and bathing  room’s  parking
• Check-out aisles
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• Existing compliant elevators

2.11.2  International Symbol of TTY

The International Symbol of TTY shall comply with  Figure 2-28.
 

 
 

 

 

 

 

Figure 2-28 International Symbol of TTY

   Some public payphones, where provided, shall be equipped with TTYs to provide communication
access for people with hearing or speech impairments. The International Symbol of TTY shall be used
to identify TTY-equipped phones.

   Directional  signage  indicating  the  location  of  the  nearest  TTY  shall  be  provided  at  phonebanks

without  TTYs.  Additionally,  where  directional  signage  to  public  pay  phones  are  provided,  signs  shall

also be provided to  public  TTYs. These  directional  signage  shall  include  the  International  Symbol  of

TTY and meet visual criteria in the Standards.

2.11.3  International Symbol of Access for Hearing Loss

   The International Symbol of TTY shall comply with  Figure 2-29.
 

 
 

Figure 2-29 International Symbol of Access for Hearing Loss

  Signage  with the International  Symbol  of  Access for Hearing  Loss  and  compliant  with the  visual

criteria shall be  required  to  indicate  the  availability  of assistive  listening  systems  in  assembly  areas.

These systems shall enhance sound signals for people who are hard of hearing and shall be provided

in assembly areas equipped with audio amplification and in courtrooms. Signage shall be provided at

each assembly area or each ticket office or window. Verbiage on signage shall not be specified, but it

shall be helpful to indicate where assistive listening devices can be acquired.
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GENERAL RULES 
 

Naming

3.

3.1
 

The hierarchy of sign destinations shall be considered and as rule, shall sign the general first and 

the specific later. So, within a building that would mean signing to a department, then to a floor, then a 

room. Important spaces/ junctions/ floors shall be better sign to, rather than all the locations near those 

spaces. So, it shall be important to identify the key routes and orientation spaces within a building, for 
example in buildings where there are wings, these shall be named, primary halls / corridors which act 

as main orientation points should also be named. In this way signs shall be kept to a minimum. 

In addition, signage shall identify the step free routes. The primary routes shall follow the step free 

entrance wherever possible. 

Simpler set of destinations to areas/ zones may be better with more detailed information developing 

as specific destinations shall be approached. 

When identifying departments, it shall be best to sign to the departmental office as this shall be the 

department’s front door. If the department shall cover a number of floors, it shall not be necessary to 

sign the department on each floor, but just the key spaces like lecture theatres, meeting rooms etc, and 
then shall identify the group of offices e.g., offices 101- 109. 

 

 
Figure 3-1 Naming 

 
 
 

Floor Levels3.2
 

Floor numbers shall need to be signed at points of changing between levels such as at stairs and 

lifts, but also the floor number shall be shown on the directory panels. 

The default identification shall be: 
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G- Ground Floor

1,2, 3 etc.- upper floors

-1, -2 etc. for below ground levels.

The Floor number/ letter shall be shown in the top right-hand corner of the signage.

  A sensible approach shall need to be taken to ensure room numbers and floor numbers match, and

that where buildings join each other that the floor numbers shall be consistently applied as one travels

between buildings.

  In  some  instances,  there  shall  also  be  intermediate  floor  introduced  and  these  shall  be  named

mezzanine,  and  if  there  shall  be  several  intermediate  floors  throughout  a  building  then  name  the

mezzanine so it shall relate to the floor it is just above, e.g., a mezzanine between ground and first floor

shall be Ground Mezzanine. (See  Figure 3-2).
 

Figure 3-2 Floor Level 
 
 
 

Arrows3.3
 

A uniform and simple arrow type shall be used on all signs. The size of the directional arrows shall 

be set in the artwork; however, the correct arrow and legend configuration shall be used on all signs. 
 

 
 

 
Figure 3-3 Arrow

  The arrow shall be one of the most useful symbols used in signage, and when used correctly aids

legibility and understanding. Text legends shall be aligned according to the direction of the arrow.
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The arrows shall always point towards the location being directed to, not into text. The arrows on 

signage shall be clear and easy to see. It’s better to group the information to make signage cleaner. 
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GENERAL MINIMUM REQUIREMENTS 
 

Health and/ or Safety Signage at Work

4.

4.1
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   Health and/or safety signage shall be used only to convey the message or information specified in

the report.

4.1.1  Permanent Signage

   Permanent signboards shall be used for signage relating to prohibitions, warnings and mandatory 

requirements and the location and identification of emergency escape routes and first-aid facilities.

   Signboards and/or a safety color shall be used to mark permanently the location and identification

of fire-fighting equipment.

   Safety color and/or with signboards shall be used permanently in places where there shall be a risk

of colliding with obstacles or of falling, and also in traffic routes.

4.1.2  Occasional Signage

   Illuminated  signage,  acoustic  signals  and/or  verbal  communication  shall  be  used  where  the

occasion requires, taking into account the possibilities for interchanging and combining signage set out

in  Section  4.1.3  to  signal  danger,  to  call  persons  to  take  a  specific  course  of  action  and  for  the

emergency evacuation of persons.

   Hand signals and/or  verbal  communication  shall  be  used  where  the  occasion  requires,  to guide

persons carrying out hazardous or dangerous maneuvers.

4.1.3  Interchanging and Combining Signage

Any one of the following shall be used if equally effective:

• A safety color or a signboard to mark places where there is an obstacle or a drop;
• Illuminated signage, acoustic signals or verbal communication;

•   Hand signals or verbal communication.

     Some types of signage shall be used together:

• Illuminated signage and acoustic signals;
• Illuminated signage and verbal communication;
• Hand signals and verbal communication.

4.1.4  Safety Color

   The instructions in the table below apply to all signage incorporating a safety color as shown in 

Table 4-1.

Physical Infrastructure and Standardized Layout of Government Offices-2083 262 

 ANNEX-III: Guidelines for Signage Use in Government Office Buildings



  

Table 4-1 Safety Color 
 

Instructions and InformationMeaning or PurposeColour

Dangerous behaviorProhibition signRed

cutoutemergencyStop, shutdown,Danger alarm

devices 

Evacuate 

Identification and locationFire-fighting equipment

Be careful, take precautionsWarning SignYellow or Amber
 
Examine 

Mandatory SignBlue WearSpecific behavior or action
personal protective equipment 

Emergency escape, first aid signGreen Doors, exits, routes, equipment, facilities 

Return to normalNo danger

 

 

 

 

 

 

 

4.1.5  Effectiveness of a Signage

The effectiveness of a signage shall not be adversely affected by:

• The presence of another emission source of the same type which shall interfere with visibility 
or audibility; therefore, in particular.
o The placing of too many signage too close together shall be avoided.
o Two illuminate signage which shall likely to be confused are not to be used at the same 

time.
o An illuminated signage shall not be used in the proximity of another similar illuminated 

source
o Two acoustic signals shall not be used at the same time
o An acoustic signal shall not be used if there is too much ambient noise

• Poor  design,  insufficient  number,  incorrect  positioning,  poor  state  of  repair  or  incorrect 
functioning of the signage or signaling devices.

4.1.6  Other Requirements

  Depending on requirements, signage and signaling devices shall be cleaned, maintained, checked,

repaired, and if necessary, replaced on a regular basis to ensure that they retain their intrinsic and/or

functional qualities.

  The  number  and  positioning  of  signage  or  signaling  devices  to  be  installed  shall  depend  on  the

extent of the hazards or dangers or on the zone to be covered.
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  Signage requiring some form of power shall be provided with a guaranteed emergency supply in

the event of a power cut, unless the hazard has thereby been eliminated.

  The  triggering  of  an  illuminated  signage  and/or  acoustic  signal  shall  indicate  when  the  required

action should start, the signage or signal shall be activated for as long as the action requires.

  Illuminated  signage  and  acoustic  signals  shall  be  reactivated  immediately  after  use.  Illuminated

signage and acoustic signals shall be checked to ensure that they function correctly and that they are

effective before they are put into service and subsequently at sufficiently frequent intervals.

  If the hearing or the sight of the workers concerned is impaired, including impairment caused by

the wearing of personal protective equipment, measures shall be taken to supplement or replace the

signage concerned.

  Areas, rooms or enclosures used for the storage of significant quantities of hazardous substances

or  mixtures  shall  be  indicated  by  a  suitable  warning  signage  taken  from  Section 4.1.3.  unless  the

labelling of the individual packages or containers is adequate for this purpose. If there is no equivalent

warning  signage  in  Section  4.1.3.  to  warn  about  hazardous  chemical  substances  or  mixtures,  the

relevant hazard pictogram shall be used.

 

 
Signboards

 
Intrinsic Features

4.2 

4.2.1
 

 

 

 

   The shape and colors of signboards are set out in  Section  4.1, in accordance with their specific
object  (signboards  indicating  a  prohibition,  a  warning,  a  mandatory  action,  an  escape  route,  an
emergency or fire- fighting equipment).

   Pictograms shall be as simple as possible and shall contain only essential details. The pictograms
used shall be slightly different from or more detailed than those shown in  Section  4.1, provided that
they shall convey the same meaning and that no difference or adaptation shall obscure the meaning.

   Signboards  shall  be  made  of  shock  and  weather-resistant  material  suitable  for  the  surrounding

environment. The dimensions and colorimetric and photometric features of signboards shall be such

that they shall be easily seen and understood.

4.2.2  Conditions of Use

   Signboards shall be in principle to be installed at a suitable height and in a position appropriate to

the line of sight, taking account of any obstacles, either at the access point to an area in the case of a

general hazard, or in the immediate vicinity of a specific hazard or object and in a well-lit and easily

accessible and visible location.

The signboard shall be removed when the situation to which it refers ceases to exist.
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4.2.3  Signboards to be Used
 

4.2.4
 

Prohibitory Signage

•  Refer to  Section 1.1.2
 
 
 

 
4.2.5  Warning Signage

• Refer to  Section 1.1.1
 
 
 

4.2.6
 

Mandatory Signage

•  Refer to  Section 1.1.3
 
 
 

4.2.7
 

Emergency Escape or First-aid Signage

  •  Refer to  Section 1.1.4
 
 
 

4.2.8
 

Fire-Fighting Signage

•  Refer to  Section 1.1.5
 
 
 

 

 

 

 

 

4.3  Fire-Fighting Equipment

   Specific color shall be used to identify fire-fighting equipment. Placement of a location signboard

and a specific color shall be used for the places where such equipment is kept, or their access points.

   The color for identifying this equipment shall be red. The red area shall be sufficiently large to allow
the equipment to  be  identified  easily.  The  signboards provided  for  in  Section 1  1111111.1.5  shall be  used to
mark the locations of this equipment.

4.4  Obstacles and Dangerous Locations

4.4.1  Signage for obstacles and dangerous locations

   Places where there shall be a risk of colliding with obstacles, of falling or of objects falling should
be marked with alternating yellow and black, or red and white stripes in built-up zones in the undertaking
to which workers have access during their work.

   The dimension of the markings shall be commensurate with the scale of the obstacle or dangerous
location in question. The yellow and black or red and white stripes shall be at an angle of approximately
45° and of more or less equal size as shown in  Figure 4-1.
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Figure 4-1 Signage for Obstacles and Dangerous Location

4.4.2  Marking of Traffic Routes

   Where the use and equipment of rooms so requires for the protection of workers, traffic routes for
vehicles shall  be  clearly  identified  by continuous  stripes  in  a clearly  visible  color,  preferably  white  or
yellow, taking into account the color of the ground.

   The stripes shall be located so as to indicate the necessary safe distance between the vehicles and

any object which may be nearby, and between pedestrians and vehicles.

   Permanent traffic routes in built-up areas outdoors should, as far as is practicable, shall be similarly

marked, unless they are provided with suitable barriers or pavements.

Illuminated Signage
 

Intrinsic features

4.5 

4.5.1
 

   The  light  emitted  by  a  signage  shall  produce  a  luminous  contrast  which  is  appropriate  to  its
environment, in accordance with the intended conditions of use of the signage, but without producing
glare for an excessive amount of light or poor visibility as a result of insufficient light.

   The luminous area emitting a signage shall be of a single color or contain a pictogram on a specified

background. The single color shall correspond to the table of colors and their meanings set out in  Table
4-1. Likewise, when the signage shall contain a pictogram, the latter shall comply with all the relevant

rules set out in  Section 4.2.

 
 

Acoustic Signage
 

Intrinsic features

4.6 

4.6.1
 

Acoustic signals shall: 
 

■ have a sound level which is considerably higher than the level of ambient noise, so that it is 
audible without being excessive or painful; 

■ be easily recognizable, particularly in terms of pulse length and the interval between pulses or 

groups of pulses, and be clearly distinct from any other acoustic signal and ambient noises. 
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  If a device can emit an acoustic signal at variable and constant frequencies, the variable frequency

shall be  used to  indicate  a  higher  level  of  danger  or  a  more  urgent  need for  the  requested/imposed

intervention or action in relation to the stable frequency.

4.6.2  Code

The signal for evacuation shall be continuous.

4.7  Signage for People with Disabilities

  Signage for people with disabilities should be designed with accessibility in mind. The

following are some general guidelines to consider:

  Use high-contrast colors: Use high-contrast colors for the text and background. For

example, use black or dark text on a white or light background. Avoid using color

combinations that are hard to read, such as red on green.

  People with low vision find egg crate color background, with black/dark lettering, as high 

contrast color can cause discomfort to eyes.

In general, signs should not be placed behind glass because of possible reflection.

• Use large text and symbols:

• Use clear, easy-to-read fonts,and not decorative or fancy fomnts.

• Use a minimum of 16-point font size to ensure that the text is large enough to be easily 
read by most people. However, for people with visual impairments, larger text sizes may 
be needed. The letter height should not be less than 15 mm.

• Use Braille and tactile signage

• Use international symbols for accessibility.

• The wheelchair figure should always be seen from drawn facing righ

  Pictorial signage on instruction on how to use toilet and basin area should be added, so that it 

will help people with autism.
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MOUNTING GUIDELINES5.  
 

The different types of mounting guidelines are mentioned below: 
 

Unobstructed5.1.1
 

 

 

 

 

 

 

 

 

 

  Where permanent identification is provided for rooms and spaces, signage shall be installed on the
wall adjacent to the latch side of the door, or the call button side of elevator door.

5.1.2  Obstructed.

  Where there is no wall space adjacent to the latch side of the door, including at double leaf doors,

signage shall be placed on the nearest adjacent wall.

5.1.3  Side light.

  Where  there  is  a  sidelight  adjacent to the  latch  side  of the door, signage shall be  placed on the
sidelight, 50 mm from latch side of the sidelight frame, and a vinyl backer shall be applied to the glass
surface.

5.1.4  Overhead Signage.

  Mounting height for all overhead or cantilevered signage shall be 2000 mm above the finished floor

to the bottom of the signage.

 

 
Mounting Options5.2

 
The effectiveness and application of each option shall always be tested before actual installation. 

In most cases, a good silicone adhesive is also recommended when mounting signage. 
 
 
 

Double Faced Foam Type5.2.1
 

• It is 1.5 mm pressure sensitive foam tape. 
• It is best used in conjunction with silicone adhesive. 

 
 

Double Faced Tape- Red5.2.2
 

• It is thin 1.5mmHg pressure sensitive tape. 
• It is applied on flat, smooth surfaces. 

 
 

Screw Holes- Torx5.2.3
 

• It is 4.5 mm screw holes with optional 38 mm vandal resistant button torx.’ 
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Partition Hook5.2.4
 

• Custom acrylic hooks available in black, white or cleat for any size partition. 
 
 

 
5.2.5  Velcro Hook (Loop)

• For fabric surfaces such as office workstations.
• Always test first.

 
 

Magnetic Tape (Foil)5.2.6
 

• 0.8 mm magnetic tape for steel surfaces or removable panels. 
 
 

 
5.2.7  Wall or Ceiling Bracket

• Anodized aluminum bracket in satin silver used for flag mounted or ceiling mounted signage.
• Sizes: 150mm, 225 mm, 275 mm

 
 

Counter Bracket5.2.8
 

• Anodized aluminum bracket in satin silver used for counter top or workstation signage. 
• Sizes: 50mm, 225 mm, 275 mm 
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6.  
 

 

STANDARD SIGNAGE TEMPLATES
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List of Templates 

 

Internal Signage Templates 

 Signage Type A1: Room I.D. 

 Signage Type A2: Room I.D. 

 Signage Type A3: Room I.D. 

 Signage Type A4: Room I.D. 

 Signage Type A5: Department I.D. 

 Signage Type A6: Room I.D. 

 Signage Type A7: Room I.D. 

 Signage Type A8: Suite Room I.D. 

 Signage Type A9: Stair 

 Signage Type A10: Restroom 

 Signage Type A11: Stairwell 

 Signage Type A12: Level 

 Signage Type A13: Exit 

 Signage Type A14: Directories 

 Signage Type A15: Directories 

 Signage Type A16: Directional 

 Signage Type A17: Building Plan 

 Signage Type A18: Evacuation Plan 

 Signage Type A19: Stair Signage Locations 

 Signage Type A20-1: Citizen’s Charter 

 Signage Type A20-2: Citizen’s Charter 

 Signage Type A20-3: Citizen’s Charter 

                            Signage Type A21:Information Officer 

                           Recommended List for Internal Signage 

 

External Signage Templates 

 Signage Type E1: Free Standing Monolith 

 Signage Type E2: Wall Mounted Signage 

 Signage Type E3: Vehicular Directional 

 Signage Type E4: Vehicular Directional 

 Signage Type E5: Pedestrian Directional 

 Signage Type E6: Parking Area I.D. 

 Signage Type E7: Site Information 

 Signage Type E8: Reserved Parking I.D. 

 Signage Type E9: Reserved Parking I.D. 

 Signage Type E10: Area I.D. 

 Signage Type E11: Accessibility Signage 

 Signage Type E12: Street Signage 

 Signage Type E13: Street Signage 
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 Signage Type E14: Street Signage 

 Signage Type E15: Building I.D. 

 Signage Type E16: Building I.D. 

 Signage Type E17: Building I.D. 

 Signage Type E18: Building I.D. 

 Signage Type E19: Building I.D. 

 Signage Type E20: Building I.D. 

 Signage Type E21: Building Information 

                               Recommended List for External Signage  
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INTERNAL SIGNAGE TEMPLATES 
  

Physical Infrastructure and Standardized Layout of Government Offices-2083 273 

 ANNEX-III: Guidelines for Signage Use in Government Office Buildings



Physical Infrastructure and Standardized Layout of Government Offices-2083 274 

 ANNEX-III: Guidelines for Signage Use in Government Office Buildings



Physical Infrastructure and Standardized Layout of Government Offices-2083 275 

 ANNEX-III: Guidelines for Signage Use in Government Office Buildings



Physical Infrastructure and Standardized Layout of Government Offices-2083 276 

 ANNEX-III: Guidelines for Signage Use in Government Office Buildings



Physical Infrastructure and Standardized Layout of Government Offices-2083 277 

 ANNEX-III: Guidelines for Signage Use in Government Office Buildings



Physical Infrastructure and Standardized Layout of Government Offices-2083 278 

 ANNEX-III: Guidelines for Signage Use in Government Office Buildings



Physical Infrastructure and Standardized Layout of Government Offices-2083 279 

 ANNEX-III: Guidelines for Signage Use in Government Office Buildings



Physical Infrastructure and Standardized Layout of Government Offices-2083 280 

 ANNEX-III: Guidelines for Signage Use in Government Office Buildings



Physical Infrastructure and Standardized Layout of Government Offices-2083 281 

 ANNEX-III: Guidelines for Signage Use in Government Office Buildings



Physical Infrastructure and Standardized Layout of Government Offices-2083 282 

 ANNEX-III: Guidelines for Signage Use in Government Office Buildings



Physical Infrastructure and Standardized Layout of Government Offices-2083 283 

 ANNEX-III: Guidelines for Signage Use in Government Office Buildings



Physical Infrastructure and Standardized Layout of Government Offices-2083 284 

 ANNEX-III: Guidelines for Signage Use in Government Office Buildings



Physical Infrastructure and Standardized Layout of Government Offices-2083 285 

 ANNEX-III: Guidelines for Signage Use in Government Office Buildings



Physical Infrastructure and Standardized Layout of Government Offices-2083 286 

 ANNEX-III: Guidelines for Signage Use in Government Office Buildings



Physical Infrastructure and Standardized Layout of Government Offices-2083 287 

 ANNEX-III: Guidelines for Signage Use in Government Office Buildings



Physical Infrastructure and Standardized Layout of Government Offices-2083 288 

 ANNEX-III: Guidelines for Signage Use in Government Office Buildings



Physical Infrastructure and Standardized Layout of Government Offices-2083 289 

 ANNEX-III: Guidelines for Signage Use in Government Office Buildings



Physical Infrastructure and Standardized Layout of Government Offices-2083 290 

 ANNEX-III: Guidelines for Signage Use in Government Office Buildings



Physical Infrastructure and Standardized Layout of Government Offices-2083 291 

 ANNEX-III: Guidelines for Signage Use in Government Office Buildings



Physical Infrastructure and Standardized Layout of Government Offices-2083 292 

 ANNEX-III: Guidelines for Signage Use in Government Office Buildings



Physical Infrastructure and Standardized Layout of Government Offices-2083 293 

 ANNEX-III: Guidelines for Signage Use in Government Office Buildings



Physical Infrastructure and Standardized Layout of Government Offices-2083 294 

 ANNEX-III: Guidelines for Signage Use in Government Office Buildings



Physical Infrastructure and Standardized Layout of Government Offices-2083 295 

 ANNEX-III: Guidelines for Signage Use in Government Office Buildings



Physical Infrastructure and Standardized Layout of Government Offices-2083 296 

 ANNEX-III: Guidelines for Signage Use in Government Office Buildings



RECOMMENDED LIST FOR INTERNAL SIGNAGE

FOREGROUND 
(Text, Pictures) BACKGROUND

Acrylic White Blue
Wooden White Wooden Texture

2 A9, Acrylic, Metal White Blue
3 A10 Acrylic, Metal White Blue
4 A11 Acrylic, Metal White Blue
5 A12 Acrylic, Metal White Blue

Acrylic, Metal White Green
Acrylic, Metal, Black lit 

and illuminated White Red

7 A14 Acrylic Red White
8 A15 Acrylic Red White
9 A16 Acrylic Red White

10 A17 Acrylic Red White
11 A18 Acrylic Red White
12 A19 Acrylic White Blue
13 A20 Acrylic Red/ Blue White
14 A21 Acrylic Red/ Blue White

Legends:
White:

Blue:
Red:

Green:

COLOR
S. No. SIGNAGE TYPE MATERIALDESCRIPTION

A1, A2, A3, A4, A5 & 
A6, A7, A81

A136

Room ID

Stair
Restroom
Stairwell
Floor

Exit

Stair Signage Location
Citizen's Charter
Information Officer

Directories
Directories
Directional
Building Plan
Evacuation Plan
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EXTERNAL SIGNAGE TEMPLATES 
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Recommended List for External Signage

FOREGROUND 
(Text, Pictures) BACKGROUND

2 Wall Mounted 
Signage

E2 Acrylic, Metal White Blue

3 Vehicular Directional E3, E4 Acrylic, Metal White Blue
4 Pedestrian Directional E3, E5 Acrylic, Metal White Blue
5 Parking Area ID P Acrylic, Metal White Blue
6 Site Information E7 Acrylic, Metal White Blue
7 Reserved Parking ID E8 Acrylic, Metal White Blue
8 Parking Area ID E9 Acrylic, Metal White Blue
9 Area ID E10 Acrylic, Metal White Blue

10 Accessibility Signage E11 Acrylic, Metal White Blue
11 Street Signage E12 Acrylic, Metal Black/ Red White
12 Street Signage E13, E14 Acrylic, Metal White Blue
13 Building ID E15, E16, E17, E18, 

E19, E20 Acrylic, Metal Red White
14 Building Information E21 Acrylic, Metal White Blue

Legends

White
Blue
Red

Concrete, Brick and 
Plaster Finish White Blue

S.N. DESCRIPTION Signage Type MATERIAL
COLOR

1 Free Standing 
Monolith E1
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 ANNEX-III: Guidelines for Signage Use in Government Office Buildings


