IR HTATcTagseR! Wifdes qaiar T
Tadtend fomama- R0¢3

AYTA TR
TR e s



TR wraTeTaEh! Hifieh TaieR T Tiieha fomama- 20¢3 ii

Forra gt

QL TTETIT: ... eeesees s oo oo 1
TRBRIE — 2 TTEIEIIR ... se e ees s s e eessen s ees s 2
0 TETH TTH TITEEM .ot s 2

R TRTHTIT. oot 2
NG — ;ST THGTRT T FTHTATTETS ....ooovvevvverereeneeseeeeeeee e 2
0 BRI BIE TT TG, semmsesssssssssssssssss e 3

R MTTT HTTT .. eooeeeas st etk 5

3 TBTITCHER FIRITET ... oo ssssesese e 5

YL TTEIZIT TET 1.ooooovovivessveseeses s 7

U BT T SRR TAITEIIR ... seesse e e 11

B TR TUTTTEETG ... eeeeeeeees oo eoeesssee e ees e oo seseses e eesess e ee oo eeesee e sessee e reeseenes 13

G BTTTIRE TRIITON. ... 15

R T TESTET ... e s 16
9.0, TR T ICHTGHRCIART TBIITTEIT TTBT 1..o..ovvovoeveveeeesesss e 16
TITE 3: AT BTITCIGEHT GF FUTTEE ..1oovvevre e ssseseeee 10 19
Q. TR TBTITT HAT TH GITT THITEE. ..o oceceeoeeeneeennneceeesessssssssess e ssmseese s 19

R. R TR TREE GII STRT FATTEE U HITLTEE ......oooorreomnereecesssmssessesessssesseesssssssssssssssssssos s nseees 24
TRBEE X2 TATR s 27
STTETAT &1 TRITETT ST THTTGUS ..o eee e sseeseee e ses s ek 29
) SUTETTH /Tl ATSTITRT TTITET. ......oovocoeees e eeee e ee e eee e ses e 29

) TS (TATRTE SIUM) BT TRIRIIRRT ... s s e eese e s eee e eeee e 30

) T, Tem(HeateE) St o S/ ARt e Teh ST/ SR ST FIHRE ......ooveeveere e 31

) TEETTT (T T D) BT TBTIIET ... eee e s e s s e ee e s eeeeeesseeeeseeeeeeeee 32



TR wraTeTaEh! Hifieh TaieR T Tiieha fomama- 20¢3 iii

<) ITETE (.. Tt 210f) 3T AT (.9, qaAN) 207t b SRS S/ FRATR TG FAFE ..o 33
) ST (T, TERT MY TTRIBET. ... s se e ee s e ees s ee s eeeeseene 34
D) SR (T TR AU T TIIBET ... esss e 35
) 1.7 T AT FCEHT BIATCHT TGN TR ....o.cceevrssnereresmesssos e sssesses s oessesssssesos s seeseee s 36
) S FHAREE- ALH, TERG (T, FAGTHD) T FTEE .....cooovrrvrrressesssssnssssssesesesssesssssssssssssesesssssssssssssssseseees 36
1) SHTITCTT TETTTI/TITETERERT THTITHET ........veoooeeeeoeeeeeee s eeeseeeeseseesseseeees e sessseseeesseeeesssseeesseseeeseeesssssesessseseeeseeeesenes 37
G R: BN Wl ATIEUS (Green Building GUIAETINES) ......oovvvvvveeeeveeeersssessensseseeesee e eeseesssssssssssssse s ssssssssesssnees 38

ST 3: ATTETN (Signage) TTTET ATTGU ........ooccooseveeeeeersrreessesssssssessssse s ssssssssssse s 226






TH HTATCTaEGRT Hifteh TaTeR T wadeha famama-— 203 1

2. TEATAAT:

JUTCTeRT HTESTT-eh TRTTEH T alT SATaTs SHHE Te ATt SH1SH T shrafcresen! 3evd g1ieie T4 Tsgdas
FHARIEEHT AN TN, TR, T, AT T TS HRIC T ST B THIR, ST Sere
TR G FH FIATTIEEHT STeafireh WewTe §4 TIds ¥ STehifR. sraterafis gaty dgshd fug TAntesien
STTEHT IR el THTETRUTER STTHe WS o SITH 7T 1k h{HTS B e el ST, SheretTs Sea T afra
SIS Wt TeTTHT STTHTETROT ST STATAHT T TTaesH | TR, Freieeeh] 3TRrhIST S e sdia
T 9T AT BT TR rteTaeEenl ifieh qater, SRRl SEheT T IUCTed YiTeTeEHT T AgaT
RIS THAT TETEHT Tcael TaL TRiesh! ©) 7ae Stehil Hraiard Wades Heareiul THTieh qoT HHaries
T |l TEEeHT AT 3TTh &1 SATaRTF 7 |

U T8 TEA (AR Tohl TaTeehil Ue FHERIes s el ahaHT ol e STEHMHars
FHURT: BT AHATICT HRICHTh! STTLTURTS qUId: STTCHET 1T TToh] AT | ST Treh! 7T
HTET FLHRT HATATS Waferst sTs 3-3mme (Feforeet mime) ohi wHeTTs et 3T qeiT Sucrsd sifsh &id
T TR AT TG ST STRANT T SRITE(eh G e T 1 T STTNET SRaush! 3| Hel FehTeht
TR FrATCTIEEah! FTITHHT T HATITEhT T T3S TgH T, TSAeh! HITHA GIRTEhT Ioelan agrant 7 et
WEEECTT T3S GIaTHT QI Ul HTATCIeeeh! FepfcraTaT Seishy T Het e wfifteh Tatem T
T fomITe 7 T AT B |

TR SR TIEEHT Tl [ (Standard Layout) TATIEUSIh Hifcreh qateTeh! G2 et shraterasht
ToRTe TemTa afea ST g, Freeret TRERT g L HamITeiet ger e fesel-Sial e STH 7 S reor f=aior
7§ GRITER! Y g |, e gforeamesent =it T agfad faaworet weTfier eeent et sf
T FHARIEER! HREHATT THa AN T SRETERIR; T ToTe FehReRT o= s, form T sttt
FHRTTT TAT ATISHTEEHT I TRTHRT T FHALIEED! e STALIHT, Taeh! THAT T FRITH(T STTERT
FRIHETHT &P T e GIoraTeeHT TeHETdl IS ATes- 1 MUl Taran foehe FeTeRgT qam TTHeH
AT TR FrTCTIEEh! Wifieh TER T &I fo=Td - 20 ¢ 3" TTel §TohR (Ai-ayg) S1e &&ied T Ar]
TTiueR! B
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uftess - ¢: IRftweR

9. Tfere IT9 TR

%) I ATIGUEERT ATH "R Frateraesah! Hifeh qatem T Sied fammd— 043" WR 3 |

R) A ATIRUE TR ! fHfdeme A g |

R, aitwTeT

forear a1 et STeRt 37el TARTHT A| WIURUSHT SR TRUeHT T Sroah! 3o FHTam g

) "TATAI" el 9T SRR HAATedTs SFer] 16 |

@) T T HeTer SAria fafi formres wver] 76w |

) "STAISHT R FT frRT ATqeden! SATSHT FrReesTs 9rer 14s |

o) "TETIRIRY" HTet AUTe SEhIah! HeAil, TSTH=T el HVal] 7eo |

T) "HATHTEY" WTE! HTATCTAERT Hal W T o7 SN T SAfheTs qrer] 0 |

) "HTATEIR! FRITHA" FTe Frall-ed Fehreet SriTed T Jed Y (SR Yoael Frasieh Hall Yarre, Aifd
fomtor, wfafies STRITSHT FRt=RE, STEF i) T A FHEicremT S ST 1S JamEh =T
SFRETCATS, HFI D]

D) " AT TIfora Tt Sa U ST A fehuehT TSI fohd o TSt fohd shH=TeRT &St /Avfies
HrS] T4 THI YIsael |l HTEeh! o ol TS §Hd SHISS|

) "HIIGUS" VTSt A "HUhI] hrATCTaEEeh] Hifeh JATeR T SIS o 204 3" TS Hve |

UitesE — 2: ATURYA g e wrgn Araevs

TR FATIEEH] FSe HaT TaTeaTs THIEshRT, ATAeTe! T IRaEs SISy J6eh! T&d 3¢ &l |,
FRITIAATS i, sHafierd, gamentt T s St o wiuieEn F- e e Schy
ST Y& 7T 6! 371 A& Bl

TR AT T AT RS SamTel 35 SIS T quraeil ST Y™ T hel AT fgTaesent
HTERIAHAT TS| T ATHH FRITAAR] T, HTEIHAT T ATATERT FLeh-Hih T gaT U3¢ AHEITR] FHTET
fafyr amfeheae ar shaif-ratet Teh-%ieh BTl for T | I8 TS ST e, FesiTe shiar sTifehedeats
qof oAt fegueRt B feserent Rrsieficrdrar 5 Tshiae FTei wiR JemT qa- e Teares aRaus




TR HrATeTaTEHR! it Tatar T wiha fomama— 20¢3 3

B T, TSSIEER HicAT T SATGERIHATR] TFAH 1<, TTHTHT AIIGUSHE T STTTIHAT STARH IehT

feSTTe TR T SieaTes TR B
G W FHHTOT T AT fomame el 11 £ o el ST SreeaTs I1eT 8] s |

2. T BAIC qAT UG

TR FHTATIR! AR T B Ta1 S8 STTHRR! & B TS |

.8 TSI ATAATA AT ATk T &SI HisTel T Aokl T EHU | HATTSHY, S[Hv 2T 37 foragent
TR G SHTATEIIAT ST A T Hl TATHT TohT HaTITE &R qeehlct [~ehTeeh! ST HTest ek Gt
&1 IV WOAT SHREH = T Ha Uil T SHIE a1 ATeTI-eh GolT &eh g1 SHaaTs e fog o |
T TG, ATeSTI-eh GrT & shiaereh! THeR st a1 STt /1= & g 8411

9. ¥ITIeTeh o STfoIfereh FOHT STHRYE WUoh! ST Tash TS HosTIeTH] fafii— AHTes Toh-STohieT SISt
a1 e i foge® (21 Aieew) A 07 T gIus| HanIei des ugd T g i A e ey
HThT RIS &I Zltheh 1S a1 ZTisie forgeh Tioreh g SATewsh | T, HSeheh hlcieetcd HrATcraehl
ST SATATSRTHT STET T, =TehT AT WS Heshen! foreshet St v fmfor e afe wes formed
formtor Tt STereaT TEmT, areRT SRt fesTE R Tt 3 snfet e SewoTetrs =fteRtr T a1 Y 3T
SHIET AT

AR Jq

fom ¢ FeeaTe A AforRenT HrtermT et o yorefsnt T

.3 Tl AT, ORI W ST U ST hesehl AT Tl T2 I, a1 Hest Tg e SIS afsh
IRl G| AT fEeTeraRHaT ST UTgd o EfedT (NBC 206) i @US 4 STTEIH! HIIEUS AN
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TS| BT, 3R SamEieR! TRt Tt FEst ST Ak TAMERAT WEae 2.3 et 3Ry ¢ & e
JETEHT S TATUHT rierd qe FrishaTeeenl A qUT TRIgE! ATiHese fages(Tactile Signage) &t
ECIS | N ERIESREE]

8% T FHART T HAT [T TS HATITEIeEahT AT TATH T BETe Har( forEiHT (ATfehe)ahT SereelT g Har
T BHAIE US| hricraen! Hall FaTesh! THIeTs HETSR TT¢ HIeTdTesh HaIETe, = aTgll, g3 Tigi T
HISHAAHA TS T fHe T STTavae TAH! G- TS| TTiehs e STawshal T STeh! Iueieua
HTHR HRTTT TIEN, S 3T Hemeh! YT (Underground) Teat AT o T |iehs| €1, e
TR Hel UTfehE TueTe® YUierd T satterd g wiel

Tt 2: St T SemoTelt wart foriteft 1 7

9.4 TR T AT/ HFT SIRIT = & 5o |

R T qo ioehT ST o, Iiell T STGISRT NTehfdeh Jehitehl =IdH SITRaH ST FUiara
TAEEATS A STeIfHerc i) Sraferd et forehre, et AISTT o o Haior dvareft Stramesa faior
I WIIRUSEHT UETT T BAIC EFal-4 SHTET SHITSIHRT T BAIE TS |

%.& STATT forhTe STTRISHT a1 STTetehT (T TURITT SHTEs S e, ST forehmd e |18e qamiaT e Teieis
foRIy e foqoeie) Teerrt |iaent et ST G T, ST awarsH a1 foshre T, FF1sUe aTd T,
Tga AR {0 T S1fe FHdehR ST el SETTord o fHToreR! et ARTaeh! s TTaeTd =T a1dt 8 gl T,
ToRTCHT = TN STaTeTIeh! EET ST W3 AR TIET ¥ o9 STeT AT et a1 SiHT A g o |
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R, WaH HLEAT

Yo TTEATeE feogefg § yeferd Wed U, JuTel Ufed Yo |igdT, W HIUeus  oiiTadehl STf=amd
TIRUEEEH! q01 I TR T FaTah FSsiTe et fomior |

|1, AT Faen! Tt oI e} SamTeh! st TTat HamTe! T shHeien! TaTeed, Yea, Hesidl T ScuTash
AT TR o] Toee T STRHRTIT Shrel-STdTeor T3 T 3fer SehTeT, BTa T ea-eh! saaree o
T TR SATA-@IeRT T aahT aiTfeedt srarer fmtor et swerwe wferfyr T fmior amfient wite muds) e s
U A H-ad T qRERmET o e foe e fqads) wa ufter T finft waere afedt g e
SR T ITIHT T TETATS QTS o AW Ml FlTeh! Tal-3ATeher TSSITe STk T fwfor Toret sTgement
TIS| HTE-FFITETHT AT T HTEAIT THEIAT TS THAT fSSTT8T (Type Design) @18 STefirshar fagg qrafy
FEhHT ST ST AT T & Re= THTHT T HIToToh el T ATehatTelTs S forfrard TS STefieRdT fega-e
|

3. ST o=

TSI T JaTEeTs 5, Fest T IIEehR] a3 hRIerehl Fiaicaeh f-=me HamTel T shH=l gaehl STt
TS| FRITeR! AT fo=ITe TEIqaT el SaTeeh! SHIeHIdT, FHHaRIh Icaeshe, QUaTn qaTd
HORRITIAT T 3UCToY Hqeh! ITedH ST STET TRV TG ST ST e AT 7T FIRgie
AR TS T WIS HI3eies e Alh1o| FrUl HaT Tsh 3$AT(one stop solution) S&M T &feh T
HEATITETh! =T, IHT T R &FHATCTS TETTd T TaTH Seheraieaeh Sierer a1 Sdtatenareh! (i gqos
YT YETEATS AT Hoft SIS Weder SIavieh g U hates ar Squ1 JEaerm 3 fomme i stwdien
T HAHTIUTER] ST STEASTad HE =0T T

FETY, FHTACIT FHHR! THITHTAR AT TS| T, ST SAB T ST T ST
SSHEHT AN DEPe HeewDl A TS| AW TAF AW ATH AT W T3S FHEAR
HTITIHATHTER TGS TIHT SANT 7T Ffeh! T SATIAT TAT TAECEARI (ST SFaeve Tu-s| sitfde
TS HAUGEE B2T5 HAUTSAT HUHT Sfth, SUE AT T STCAaTTshI! ATHEHA Fesl Tgd GH1Sd g T
FeloaTd} THTeft fESTgTRT ST STt qataTER! famme gyue| T, wEieren fesre quf mr
FRIETE T LT HARITATHT ST BT
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G hrieTaesehl wifdeh ST FHTOT oI ST for=ime el sofceh! Swerad FguIT, hrfeerdr T He
STETEh! THTIHTIAT G2 T hrierIeeeh! HRINEH T T QaTITEIen! STieh! ST SETeHITSTH o Joet
TR TR |IET ST ATEohetl T e fafrRis Tos:

%) HHE "h': 359 AT T Tqel VAT TATE T HEATAAEE

T FHE S (ST SRITEH Hraierd, TS T, Titgar aiemias ToiT dosiiehr formT, e e
fovm, wrerard st AT R, AT SeeT i, TR TSR formT, o swrifer, sT=afeh
TSTES AT AT ShETdT T hETed, WHR hraed, forafemmersesnt The Fe=r saicEes SedT 350
STHFIE, T IeE] HaT YA T hiaieraes T | I Friieraesen! [$Ss Ushdt forg 94T %= (One Stop
Service Center) 3T STTLTU TE UGS | HATHTEIH JATEATS TFAE WT TFT THa i T (@9 (ST

T ETeT) —3aT —afeate) ST sfie e T T STk S TS| e st
ETHT AT TIRERH e Uehed feieg, Hell &, UTeil JUTTell bl STTerveiehdl SITHReh! Blichell TR
ST, TTH BTeSt ek Yemer T ST SAaeeiTa 7T STaRaehdT TR HUhal e qeiT STerreRfed
frehTaen! e T @1, TaT Yaredrs Siafer #5 sTs St S o T et SEterd 2
3TTTeRT THA ST TH R |

W) T9E @' Wi, Jartes T e sateess

T FHE S QAR [orshTe He=ToT ST=Iaeh (oI forRT HTqedeht SHTAISHT T FHreres, Sorard qu
TH=ITS HIqEdeRT ATIISHT T FHricraes, TS (T, i, Bi{-Heh HAT(), Fear St aum s
65, I AT I STTE 5%, ST TAT HIAH [ shraferae Skt el ere, Ssi-eh T forfeterd e 7
FATIEE TS| AT FRATTIEER! =T Tat YR SHRIshT JeTTAT shmehT Srerfersh faf¥rea, wfafie
SUHTUTEEHT Hlfcroh T, FeITer TESTdT TS TATE hesT Tl Al STFEueh! G TR ST fmior
US| ST AR T TR T~ e 35, ST STTAR ATATFR oI T TR ATHR TAGH
5 a1 TR e, T STTEIHRdTeERT AT eaf frfear e shrfenaresen T s farfredrenT stramaT o
&1/ Gl T T T
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) BHE T I HEATAIEE

TE I ST HATTIEE, IR et hreTaes, FHasTeriet Sl HalTHTe [oh! Scel ieHTs A g1 &
fifer forafor qer sremafie FE T FRTATEE TS| T FRTIEEAT FUERIEER! ScdTahed FersT Hh
FRITIS TG FRTIS AT Tefirehar g o=t qo STieh Qe 93¢ g1 T hraierae! e T
A=t fomme o) fifora Serherenr Al st fe Sfaerafedert /T T 3T So% T HRITH FEREE,
fafRre wrgmTeRT @it vl fafie sifafer s, fofire warferenrien Tnfit emre swemfedsh! wri%a, T Heweol
T TEATASTEE Lrd T ST T Foream Sierreft geiad shes SMeRaTersh! saaeeT THa-s|

¥, TSt ugw

TR FRTTIEE YaTe T e 3, foret, SRRk a1 AHibe & a7 STaeemh! qais R aeqet
TG T Ugd GHATH T, Tl Geiad T arde S T He gl sfifiss ardreroment i
TS| AT WaToh! FH ST TSR STATSIAT HUHT S Teh, S T, Ted! Afea, STeraicrsn
T et e ST YU Saftheeis gaas| THeh! ST fSSTe =R o ag=h Hifde StemT qun

\/\ STAIRCASE
up

i

UNIVERSAL W/IC

N

NOTE:
e DRAWING NOT TO SCALE
e  ALL DIMENSIONS ARE IN MILLIMETRES
e PROVIDE TACTILE PAVING ON ACCESSIBLE ROUTE
e MAINTAIN 90 MM MIN. CLEAR WIDTH
e INSTALL AS PER 1S0:23599-2012

Torr 3: o oy SRITT g1 Sl qemm (SareheTset UTsiTysht T

AR HaT MG, 06" T AT UMgH Hel |igdT (NBC 206) ™ AlehshT HIIEUSEEeh! Ul &OHT TTeT
IS |



TR HrATeTaTEHR! it Tatar T wiha fomama— 20¢3 8

|1, TR AT HHTRI, TR ST SETaaH TS el T T

o) GITer qem =37 gfY Tk FHE o HaTTeesas e T T guerd ST iege 7+ west
1Y 9T~ IeTACT TR 9GHT(Tactile Walking Surface Indicators - TWSI) 3T STaREEHAT STTER e
TS| Tl B AT GEThl TARTeE Ui T Hich 6 TUTTCc! HeTHTE TS ST (AT Je TS| T
AT SFRITeRIeh! HEd /I, Toet] T Hall heTeeer I 1T q@1s- W@ eraT (Directional / Line type) 3T

TACTILE PAVING LAYOUT- OUTSIDE BUILDING
(BUILDING PREMISES)

MAIN ENTRANCE

& l .....
......

L—GE. H .:::i...
WARNING TACTILE  [rif=**

CAR PARKING (DOT TYPE)

| HRDENAREA

Y
Ml DIRECTIONAL TACTILE
(LINE TYPE)

e
0

e
2
3

2838

PEDESTRIAN CROSSING

To x: WTa TR ST g amheTset UfkiTent AT

STALIHAT STTER AT TS| T, TETSITE S T Hden TS 4, forve T areeh shitrs ket
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TSI SIS AATI ST (Warning / Dot type) i ATFRTEA oToATS{I |

1. WARNING /HAZARD INDICATOR 2. DIRECTIONAL INDICATOR
(DOT TYPE) (LINE TYPE)
O 0 0 0O
O 0 0 0O
O 0 0 O Of= o
0O 0 0 0 ©
0O 0 0 0 O
il o o I e R
COLOR CONTRAST EXAMPLE
RECOMMENDED DIMENSIONS (IS0 23599:2012)
. ITEM RECOMMENDED ©o0o00o0
2. TACTILE TILE SIZE 300 X 300 mnv 600 X 600 mm ©o0o0o0o0
3. DOT (TOP DIA) 25-35 mm : : : : :
4. DOT HEIGHT 4-5mm R
5. | DOT SPACING (CENTER TO CENTER) 50-60 mm
6. STRIP WIDTH 25-25 mm
7 STRIP HEIGHT 4-5 mm
8. [ STRIP SPACING (CENTER TO CENTER) 45-75 mm
9. COLOR CONTRAST >70 % CONTRAST RECOMMENDED
10. SURFACE SLIP RESISTANT

@) fafi=r it qor @At (Sensory) FASTRT WUaRT AATUTEREATS Afrd T ShETd WaT o1 Hd st
TIFEEAT F5-Hodl Hgohd JUITel! ATl TR Haedl Ma-s| 3y, a0 T T swar fafie
3SR HTRG SR & T 2 oTefier iy gfSferdi, s ics Hesit Susht T 3771 STITETT wosH
SRS YLl T Hest ST FHrRITeeh! ATATERYT S5 LHAT e T Hed T=AT3S| T8 TR ST=H1d it
VTHT JEIIT G I, Uh; SISl qorm = 3fY WuehT sufthesells STTalTet HTthd iiiergehl T, fammm T
HAT JATE B heTew rareell SITohT & T 3o T ol ol ST JUTTelleh! STTarvaiehal STET Saae
TS| ST, HAURITh S AT T8 HUH YR EETs ST STaeITHT e TS o qaerara! it
3T AT AR ST (Flashing lights) Higdesh! SRIFcTs =IaTa JUTET ST STTER SIS 08|
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TR FRATTIEEAT TAIH TSeaH! ATIEEHT AT ST FHEHT STERAFAT T Ga8S, THT HIFHST
SIS TARIAT, ST, TE SRl HesT L HeTsie ararator Se
Te| qad, Yo SHTEH FHHTT TEIT HURT HEATAIREHT AT &
FH &R WU JAEERG T € 9T F& FHaAN &l

FRITIEEAT 7] TR et THAh! STERIHAT AR ST T u®
A | 7T e ST W e, afe e wee gy T, ©
ST JohTRT 3TT3H T ATASTITeRTAlTs | AaT 07 3 qeiT gurerd

BTER O T8 O

o) SIB AT qT Tl AlecAeeatrs sieyTeHT Sl T8 i
T O T IR T TS ST YaT T forR T STerfien S saerer

KKKKKK DOOR.
AN TS| FgeR At fUsT o, v gren-ueRter T STRHert LEGEND
S 1 [COMFORTABLE CHAIR
| 2 |SIDE TABLE WITH POWER OUTLET
afjlzi aAfeden! @% SIS IRERIY '@aﬁ A dehiel der fom @% | 3 |SINK WITH RUNNING WATER
4 |STORAGE CABINET/SHELVES
g—l-g]-&l—om-l- m TFEAT ﬁm 5 REFRIGERATOR(FOR MILK STORAGE
S l | 6 .COAT HOOKS
| 7 |CLEAR CIRCULATION SPACE
) FRATATHT TSTHTETRT TIHT a7 3T HATITET ol AT ATASATART | 8 | TRASHBIN

fom . T et AT
U ST 7T o TSR FH TS ST e Ssie 71 oo )

| TR T RITeRIeh! AT e T Aitererd fesiTe et famiy e fag s |

Ventilation

[Urinal | | || Ppartition |
basin

Drain
pipe

Tt & et qey SeTeTeRT T (Heh Tk SeTSehT e (g i) S@rse)
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Light

Bulb\@
Drinking —

water tap | |
/ Drinking
£ water'tap
w 1
| 11030.0 |
= 735.0 JL:W
750.0 B B
‘ 735.0
450 e £
/ 3

50.0

ilm—:

ot \o: SITTEAY STeITerareh! AT (Heh HEoh TSI T SETSTH)

W, FEAT AT TTATET garfear
TR FRATCTIHT FoT T (AT qaaRaTs A= TSR U1 STEvashal S8R FHTERT TS | &
AT SIS THTEHRT SIS S8R SHITSTH 7T T
4. T FTATCIEE! HEAGFITETATS ST T STWIEhR SIS Wa FHHToreh! fesTe =Ieont gt o
TfafYr ASHTATE AT ST TGHT FHTART T{0-s| Teish TIHR Wadehl aEqehall (Architectural) T
TSR (Electrical) feSTs™ Tam et sATerwarerdt STHT =T ot Sfafy fomme fesgrema qam i foeqa
TSI FTIelGHT SHTCRT T THEHT T, 9o AR Rl F& SIS SRRl STTAR A eed di
ST T, i &, EEE, ATgwhTs sl qeT TTaR SATehaTTah! AISHT IR T T
4.3 eI eI AR shi SIS (9 17d Hel ekt Waqg®H T =Aad Cat-6 d1 Cat-6A Eeh! SAaf¥erd TR
ST UTTeHh! SRR 9| W (w0 SROMHT A fsfesams AT (Cable Tray) T 189 (Conduit) T e
TS e st (Backbone Network) T @RI HIga 3Tfteeh shaleteh! ST US| Teieh hieishad a1 SERAT
ATH TZALT ST UIE T U “AT5H UICehT AT STERIHAT ATET ATSHE TRIE UIgZehl T TeIu-s|
Fere 1 Te JaTeT fored et HEamsH 71a shel (TS T ~edsh SOTTel 4T SHFd T <& SITTa STTcifieh & (Spare
Capacity) G Tas|
4.3 FHRITCTAh! HTTTIRAT STTET HRAHT T3 T T 13T R0 TS, SIS e a1 STaeermT i
TATHT T forvrer Tiweht & | weft T <ifordt sver sterefa =iforw ferft afcasa arsen svem & fafsresa
ATsFH AT JUTTe! (Dedicated Temperature Control System), S@Tietd 31 HF=10T JUITet, T8 =TT,
SHAT T W FRRHTRT e g TR Ale qe e e = qifwush! ATIeve 3TTeT
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TS ¥ HIERIIeT STeT T FRTeTaee T D8 Tl qeaTeeh 3heg TTTHT Moo Tt T for fergra-areft
(Anti-static) T STITUSRT YEohT SAEATHT AT SUHLOTEERT 3feret TS MU T Ik Gufard shiat, Sf-
iRt Tt T SrehTe Uftge Wad gl (NBC 107) 3T3eq o s

Y. GLET T T FS=IIehT ST HhT SHRITEEHT SRl STHR I TTicehl HIga $-tHe T HaHT
Y FATHAG WIeh! AT FHRAAT gEaeT HF ol YR (ISP) Hieash! Jebfeash qom f wosmet
(Redundant Network) STl STraedshel HTHR TE0-o| HR e T AHSS J2aeh Yol ST 7d
FATEIR! SN Heaeh T AT AT AT & "2 (Guest Wi-Fi) T3 WeSTH TAehel TRAT 2%
(VLAN) Tthd BETBe SAeTET TR hesohel ATSHIS SAAETI JUTCH A T Aok | A1, Rirss R, T8ett
FRIETh! TTI(-SS HeeT UM Wad HfedT (NBC 207) HTHR S|

Y4 ST ETEeR FETT YETeIelTs =ITaH STTaYaehdleh! FOHT TTTUa 1T ~2eeh Gt SoTTell SeTTd BrRrETet
STSTRT TS TR} SUHTITEEHT Tf-ZHTSTH T Tregig=< TTET0T JOrel TEgu-s| ST SFferehd = e
-SRI SHTUMERTOT UM AN TH0S W STeT HUSRUTH AT TR eSS ol ThREIE Wik TS
5, ST B R A SRR T rfir <rer R, wfierf T forg i aeTelt SOt S )

4.& Torerdiar qua T FR-IATerTs e s FeT T HouR SUTcisht amh 98 Rt aftwer (Dedicated
Electrical Circuit) 2T S5 Tu-w| forgq mqfdent AT g8 <Ra =R Soerem sshaty foT o STered
AT JUTCTERT SRINT 1< AHTTS SI-{E SATH ST STATIHAT HTAR ASTTHS| HITSSToh! SALAGTISTE ITHT
SIS T ARG far=1eh T 3o Sfeleant e fHmsgas|

4.0 LT SHTATCTIRE TS, SHHRT: ST ek AT STeferislt (ST et T STl T STl STFaw fafim
Sfafees A eS| I S=ria it Fae g, W Yav 741 (foveh) wfeqent fafim(Emsie) Se®
=T, Terggel T St o ST (gen g YOITetT, TSR ied SRTRART AT §-WhISel qeil ShITSTTd e Ta SoTTet
T H HEh! TUITHIh! SR T | A1, HaTTeie! = g FRTEEAT One stop solution 3 THEwATTAT
AT G AT SHereel e, e o HiewTe SHereeyd, Teist~eh S0 Jonedt T whrged T (Zmfere)
ST ehT SH e TS|

Y. ¢ FRET EHASAAATRATS GTETTT TR EhIT SRATeRIgEHT Uehiehd Gail UMt AN Mo | SPot wer aieT
AT (IP) STeNTieq Heietft STeM o, SEehT (e &t AT 3o et gas) foasTwr T yawE,
T T THTESIoh ST JATE g &reeT Hretet et st sraeert o

Y. ITRT AT FIwT0T JUTTAT TS ST QT ST YOI T SR T Tehlehd TS| JEeh T Hgehdie!
A qE=IdmEHT JoTelt (Addressable Fire Alarm) T @ efdT IR =01 Yomeft (Fire Suppression
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System)3h! ST STTTIHAT TR 7T TS | SIS SFATHATE HATITET S uT(dfoctsh Tgfare)somett €1
ST W AT (HVAC) ST T HRR ST ST TETS BRI HAATHET $-2etsh Tu-s]| AT, TR0l
AP FrrRre=roT Ao ot SusFuTEseh! SISt ftgd wa EfedT (NBC 207) 3T q01 €T 9TeiT g4 T s

&. TATES AT TTEAETS

§. AT TRETHT FHART T HATITEIh! =T/ EeATeTs HEASH 18 Higell, T T TSIl HUshT SATtheeehl
AT EE T TG o, TATH L T STeTeTeh! SHaEeT =] XTereh! fSsTTg qofm T Jorer Tftge wad iear
(NBC 206 T NBC 208) I HTI3US THITSH g8

§.3 FEATCTT WaToh [S1g et Nfdeafth Sfafar =aw Garefie fofed aisht STrareashal o STFHIERT ST
TTehT SATYf T o1 o | T Heleh! TesT Tg= & T Sedsh qearHT WisiH T v ATaaiied (UV
q1 RO) Waifer Sifed T 31 ot Suctsy Tre Afe e Tis| 3uey T s Tt o
AT THT T TRHRH T G IO HTIEUE TH SIS

AREN >N

£.3 FRICT THET (HAHT G0Ew®Ts T BRI IR AT JUITel! e 9T ST T{a-s|
THIERETS B STeRLoT T HSTe § TR S8T SHITSIHeRT TS SEe foreeeh! e T{as:

o BN Fie wrRRERT &
o Ta: Topfea T O TR/ T WfeR (AT, TS ST YHIERERT @i
o Tl SIREHYUT qAT GAHATE g SATHI|

&%, Torfiueh feregefiar SuamoT, saTdl T AEweh! GRfrd HUSRUT qoIT SAEETIRT AT Shiier TICET B8
TSR e Heaher hatsh! S T Ak |

&.4 TRITTeRAToh! ST T STTERIhATATS GroTTd TRI AT TTETeradT el WIS 3oy TRISH HiHHeh! Sawel
TIEE‘ﬁEI o, WWW@W@T&‘I—C{ forarstmant ofiT wfget shemeafin yefieor 3= (Incinerator) AT

T IHYh T ST HTHR STSH TS |
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§.& WIBI UTHT SHSEATIHRT TN HTh! STHAT STTAR BIER 3 ZATSH! (Hlteeh ZATSH), AFHaT (Hie fue) ar
T ST OUTTeATeh! F=HTOT STt Ttger Wi |fedT (NBC 208) AT Safoid €T HIUETE SHITSH 9| 3
freRTe ST T STt T kT STTelietTs AT ST SETes ST TS|

'o. FLIT STTEAT
TR AT T T TREEETS (o= STehfaeh qerm /e fafSia Senvae Siard Thet aamy srHifSrerT gee
HTIRUSER T e

9.2, LI HTATeeh! TRER qUT Wae&HT HaTet Tfted wa EfedT (NBC 107 TNBC 206) 3l 901 qTeHT Ta
ST A fcrg Tt FrE=Aor Jureft e US| TEHT B HAW, GaT FEk I |, 3 e aiEd
T T BT A1 [Tk 71 hl ST BT SHITSH T g

o) Weehl Jeieh eI Ffd 0 0 STHET &thel SIS & =TT a1 SAferehed ¢4 <R o frewent deet gl A
T AT R URESTER TS| I HEfed & il <ad x4 framm gwars Tat .
THEHI(ABC Type) T T[T et qT GviT SHerHT oTe] TRT (§E Hiehe)Te g ST f-E=T01 T+ =7 .4
TR &FdTeh hTsi STSHAATES AT f-rrTeh (URTGIEE) 1 e st wite Jorredt ST T

@) QY TR ST 3T ST HTaSTeh T FLhRT WaTeeHT AT FRR B NUMTetoh! SareeT SAf-are
TS| T BEZI-E THAT { RE IRT § 00 0 o1 fHET &1kt HHH TR SATUCohICH W=Te o Sfiy geferd shef b
Ao TE T g T SISH oS Teish BIEgTe STReeiedT =an 3 <R 3.4 foretiom wf ot ffrefirer
(30-34 T Te) T =R =M (Residual Pressure) ToH TIAS| Vol B AT TR Wod T R0 wou
TS| T T BTEgIE THAHT =ad Yo fifir. =ma T 30 2R 38 frex avams vt e awr qem 63 ffin.
I TTeE weu, &3 i s skt 24 et wrwgeht ggaeT ‘Reinforced Rubber Lined' U39, Arervareh
FAfAS T 4R I, AISTet TUhT ST=ar U18Y ST 3T IS |

) ST T He foRIeter o, Teareas urd (fesiet 3i+s AT SIteae =Ie) T Sehl TFT SIS T SUTTeiHT
1ol =T BIZET TR EEToTd g §Iu-o| HRIL 7T SHeTelTs =IAaH 3 FUSTAF ST SR T He ST
e Tas| AR PRI SR AT A NBC 208 AT QifeRUahT STt ©2 TTT ZaTgsht hl e
TS| AT HaTEEeh! THHT S RIH TeATSHToRT HTERHT ST I, TS| AT ZATShT ek ST § @I
AT UM Aok ST QUi 3T s

o) FAf w1k SUshoTeEeh! Yedsh AfenT fafia freror T Searashen Fhiioer STgam 4: woT q STeTfter
TR (BTEI-STE) TSI T TR0 TR [oTeuT HHEFIR TTSERAT SR ST T s
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FEHT T, FHRATTIHT FHRIA FHAREEDR! TEHIRIATHT T S HiGTHT HEITHT Toh Uk T 311 GUall 37|
AR FHT T TS|

9. Torogent T GUfara Fehrarent ST Safberd SITaehTel (HehTe AISHT T TR Heeh Jed el qoT
FHINSHEEHAT TTE THT S TS| SATTRICA ehreeht i (e (exit) aees sfearimr ufy =fts 1w
e T TR AT e HINSREEHT "qUTS e ALl Ie-s" Wl Hgohd T SlTel f-eah famm awms
T T TS| HATTCHIA BIohIes Ha SR Ger gIIS T IS hioed T dTee eRTIeL & Ty
FH| T AT SIHIEEHT TS T Tohe! Tolferoh Tesl Gorl SATICHIA qhet AT ST STSH
QIRCaRR EEE]

o3 FRITCT TiEenT Hifaeh gea, STfod ot fem=ror T e onetient T STrawrehaT T8 ea e T
TS <Tehieh! I ST TSI | FUaTT TS T AT SUMTAeTs o STaehR STS HIEer STedt strer
SUTTCAET Te T

\0.% R, STRTART AT 37T el Ui FITGehT SHEHT oI Teoh! Gl SAfthe GUaTd SOaT ST g Hor TR
I ST Gt T A &eh! STTaT SHT e TR T8 FOHT §gohd & TRaueH! sl

9.4 IR TETCHe: AT A T faor Toreient HCIehT R STaTeh STTvshal STTER forega wdtegor
T H1 T SATIRAT TR T ferg et e Ste i T

¢. FTATERUiE fmua
THE FEATAIHRT YITERATs TGO, Fell Hasmt T fom T Fwiefy geaes et
JETASHITSIHERT HTIEUEEE IeHT T4 STet R 77 Sfeaftad gt wo "mia (Green building Guidelines)

) Woen! FESTg Tt STaTdTHt T SIefay 3Tohet §I-| et faT T TaTeh SIgTaretTs eaTie Tt STehfaen
TeRIRT T ETEITeh! JTE ohl SAershaH ST g Tsie o) 5 sl e i e SUh dTasha i
T TR, BT, BT T FATAE HHIOT a1 $qe1e Hodeh Sl g&1 TToler T HTHEeh! SR TRl STTER
URREE]

@) AT ST, FHE, T T A (g STRIUEETs F HoelTer T Hafehl ©d d Gell ST
I sl ST STTIRAT STTER ST TR Tws AT T 01 SHefiehl HIuaT saaee THa-s|

) Fmfor amft Bt et srerent Tt SRyt FeaTe qurt HHd T = g T e T fart wmftn we

US| STATALOTHT U SR =TT 7T ST ST Suetsd, T ST T fHe, T3 3 shisid Scesia Wi
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frwfor amfiets srefierar faqoi®) e Sreed T STdTeRordT ST 0 BTHeheh THIEeh! ST =0T T1d
I Tk Icasi HUHT TS, Z1E TaTef T Hiereh! ST ST fierar fagus

o) FRTCTIeR! BHT AT Gl &FHT Th! SRR T Tohe T Tt FTHREE ToMedt ST o] el
HHTCTA TS TATGHHIAT TRV T ITEITer Ferd T T s =TT =g 1+ ST 7 a1 S feenr it qesfeor
TS ST TS|

) frmior Al SR o Hoe el STTSHhTSeh! STEATHH hls Scdoid, T+ T el TEToT =T g
Hifer SATATSTIS| UTieh! FH @I, BIRREh! =IAHT T STATER0N TREUTRT AT SR Waifeh! SATHE-]
SIS HeIFeh! FESTEH quf SGHT FHIT o

]. Tiha TeaiTe

TR TR FRATIGEHT THETT H1 T, TN el Seahia L SamieieTs SHgeh i iereHT Sat
o fefer Stgafa sem T wiifae qatem T stafte fammet Serr s T

%) U e T SrHar qushT gerftehRl qur sHEeEh! SrRiheTehl Sthel QTYRERT Te HLhRI T
THEYT g TR STTET & AT WUEHT SFAEAT STET 71 [HHI0T AT A€o TS|

Q) Fel ATTHERATS HEsT ETHT Hall JaITE 7T U fefg alT Sk T T SEhehl J&d ATTeh Sferehed JeITg {00
Ty, SR TS W9, SR, fee=R ST SaTTe! T BT e MUHT STl HaTTe s SHa
HES G T ST Sl1shl ATTehT IaITg SATeaha by o fir oY, e o)

) emTET efteTerren! e fesTed, ARTi SeToe, T EeHT Tl et TRehe kel T3 T |rem gten a1
T FHHTOT oI SIS TS| ARG T Hgohae® STTgET 3 Pl Saeel TR TS |

o) FRE Faenl e qor aTfedt STTeRuMT S g SEE A FOHT e+ HeTeRAT S g
Terare FERTT, 20 8R! SIS gIua | |, TR A T HEARTT Tghd TUTCHIEE qIfsRush HTTavE 37T
STV THETAT H1IH TS |

%0. HEHTH T SCUTGhh! HIRITTRT TTG

TEHR] FRATTIEAT TR, THAE { g6 SRS oeeyd Te myfes, mfasfia T aiomet
FRIETATEReT fHfoT o] e qaram qum ST fommet sFHerieR! AR T HRISHdmET Seael e
T g, FHARIEER! R T AR T, Sy T AT T ATMalg T Hraiershl qu -
STATARITATS SERISHITSH SHafeerd THue:
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80,8 FHANIEEH! ATETHE Fral-efl TR STEATATS GUETT TG T hrAETHAT SATfg T Hrriery wase
[, BT AR AlTE T ATTshHRT ST SHeETo QeI TS T e:

o) FHRATCTITEN TATH SRS HTAT H1EH TR T eI TR AT hiei-STSATATSSehl TqT ATk Ueh TSl
e et SEt g e G Tas|

) ORI TR TasTdTehT oATHT hiisherehl dTashi A= srsd feift afceaa 3fg sedia faft afcaag
firr T AT St =ity wfira <R wret wfaerdent sfemT = e g e s |

) FRTTT WA HVAC ST &t Toeh JUHT STa J1 ST fereht Wt afetent (&, ara s ar= sromeit
TR TR STEH TS|

) WP HOERT S SOTCHHATIERT (AT 0 T+ TTehfdeh STameh! JaTe des ®9HT g4 T e ae
HiZeTetE®ehl uFTh fEsiTe T el T

) YETer, WTSTER, BT e T H el ST FoRIY T SThieh Sfreciaenl 9 waaT a1 i,
BT T T ATAT ST 3 g ST TS qeehlel STTe HIed 98 3ivd g1all et e (Exhaust
Ventilation) YUttt ST&H T 7 |

%.0.3 FHATCHIH! F-ATATEUIATE T, ST e T SATGTRT AT STIohel SIS ST T TehIRIHT A1k
ST SERISHITSH T

%) M HELAREER e T (Noise Level) 3TRiman ¥o 2fg ¥y fteer (40-45 dB) firt €ifia et
ST TS| FTRATC STETEh! BI-EeaTTe ST STET THRE T=1ehl TAIRT HaTeh! ATTed] TR0 T FATASEAT
STITAFAIIAR BRI FHARITH T (Double-glazed window) AT eafeft feramert SRt o) Saeh et T
ey shreRaTeEHT eaf anfefe ar fufm afe safa e wfafy afeqenr aféem ar firmr wme i wim = gt
| TR, TS UEH e, HVAC, fivet SiEam eaf Searert 7T+ afeeas gea sl o2 gl &
(| ST AT TEos| |19, TS T T & T fafare T RireeaT star | sl SanT =
RIEE kg

) AT AHTT SHIISHT TTETHT 94 a1 (Eye strain) TGIEWH 7 T JeRTITeRI & 300 A 4o o o
(300-500 Lux) FTaH 0S| TFE HTEHT FH STieh! ST HH T T T Seh1Teh! STeehdw S0 g
TR ST forrme fEste oo Frefe Rk shm et st T T fshmn st Fefean T wrigmm
e TeRTRT ST (Anti-glare lighting) T ST T{U-®|

9 0.3 UEHM dUT ST hATcHR HRICTh! SFTET:
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FHARIEEs T AT G-, 52! SAhA T 9HETd H TaGT T HIATeh] ST o=Te SEEasism
GRERER

) TR EHT & HISTEE S Tatieh! FET Gl HRITATH HATURITATS TTAfehal faqos| gar
FREIEE! o= (Layout) T Hogeiiel AeATEeh T STETHT 1 T+ HHaRIR! el fsh dammet at
afedt safhel fad T Tae T qEaTd MO-ar S TRAD| AT, SHTereh] SATEvshdT a1 ShIvehid
STEITCAT e TICTRATS TR ohLT TR FE TTeHah SHTIaTaTeRyT oy o)

@) B SAhT L TS STIHATHT AT FIEAR A1Teh F-HT Gl T T4 -G CITeeeh! el TS|
M) HITTIE 3 FEEEATS (ST F-5h (S TRITH! AT FoaR Tfafer STEH T I TSI
|1, ToRIY e ol RiTerdT HUehT FrTerRIT HaeRiTel qefm e i a7 Sharshl ATl ot amfed Ao
sfaftrafedent ©2 e Sas ey’ T Sawe T dferis)

o) FTAEER! foTe st el SrHeeEs = qeaTcHeh TFTeh hiad g TR Whie T ATaen! IS ST
T T, FREETRE FHEEER Hes, QU T aTaRfed sTanTeR it fig sreen =ers ufte wa
HigdT SR e T

%0, TUCAAR] SATHIT ATATROT =0T

FHARIEEH! AR qAT A TTE, FRLHAT T G ANEfg T SHiewen! Torer FrRiee T,
TSR T GI=HT S Eeeh TEstdl &Y 1w 7 @feht T T e russ:

) FRITCRIeh! HTHT=T JohTRT STee, SFHEI STHISTTaRIhAT ST SehIRIehT AT L fR1T et fire T ek
FHESHTAT TSSHELTA T ATE1ES i AT TTH Hoh |

@) AT ST AT STt STehfreh TehTeT e O ShTErTHT et RerauT 0 2oshTs aeh! ST dest @i,
oG T T SRTTehT HTAAT FeATeH fore!, HHTers T fie 393 Tal (Adjustable Blinds) ! el Tu-s|

) T AL HT JOITedT SIS T T3S ATIshH R TS T THehl |81 &BRT (&=101 Jurtett (Zonal Control
System) TISIIS| TG TaT FHARIC SATHT FHIHEATT TESIAT STTER ATTHA He| ST AR T
| AT, TaLsf QTSI SIS el o ardr g wre el I T T RS i few T wew
EUCIBERS R RECIEE REE]

) TR SR 39 TG 8 XTI AohT T ETSSH oh! SHET 3h T shH <R oh] 3eITg L STHT3 STTET AT fire
TIHIHe FETeh! ST ST TR TS|
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UTEEE 3: TN HATTAEEHT g TATEE

U= — 3 AT It TR g qT HTET HIIEUSHT TaT [SSITS et Sehil shraierd Tier i fafsre
TTEEeR! STATIHAT 575 | T TR HIATCTT WITEEHT Haeh! V= a1 ST g7 Hafo |

2. AT THrATeTd War forer gu wores

TR AT WaToh! TSNS Tt HaTTeien! e, FHTEErITETeh! SHTERRIIT T eIl Ty earaT
Tl TR TSR Sferd STered o TTHu-:

2.% AT SraRfshaT &

T &I YR AT STRTIohalTs et et JaT T T SHIEEET SA-aXisha g T SIS SHISS|
FHRATCTIh! T (TS 2 T AMIHL0T) HTHR T8R! fEsie Frgar Thges:

vah) HATHTE! 3T STTehcl HRITCRIeh! & IRTE{h ToIT STk SHRIGHHT SaI=T R Hall o SIHeRRT ST T

A & | <= GUTATES 3T HTereedT SAerehries = s=mam

W ' ol HES R Fe L afi I

o ¢ wene formg Warm anereh! o BT

G ATl AT I &S Weoh! T ToTR TfSoh el M|

@) I SHEFTE g FRTAE (W8 F) Tohal fog Tt Sheseh] ATEronee fESeH T 1es SToHT Semmeiet
AT T U U3 TATTE STH 7T We o 85| JehT AT U forrg HelT &' HaTTeteh! STcAersh
M g FRITAIEEHT IUFh BT Ushel foi=g §alT get (T Tigu-| SEeh! e for=amg Sereemii~m gie:
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o HET WRSIHLIT He: ToTEN TSIk ARTGRH/ETHTS Tl aes o0 & gIao| ATl
TTET & TAoh 2ot foT, BIT 9T STk ST GoreT Tl ohi SHareelT 7T TS| J&dT FHefe
T yavERaTe 76 fafass fad 3Rew Y weemshr 1fer seews saramie @tar fFmtr
HUSKEE]

o AT FIFCL: I<E HITH! UZT GAT FHII-eX AT T FHIATATEH A (STE: B &, &,
TST) STAR AT T HIS-2E®H T HamTel T FH=risi=en Hare gierd et T
ST MO RIATeRT T T hIS-elgesa M 1eisheh! FTHT HI3-2Th! SHh TagaTe
HIT FFAHT § oo fir. Fir.aT JaTgehT STH-IRERTT (Semi-transparent) WA TETT-® AT 3f<d
ST T TS, S et et T (Openness) T TOHRIAT 33 10 &S| €13,

TISTES Hehel ST TTTE hRTAT AT T gggs'qqﬂ HIS-CTeh! SFTITShT WHTHT (HdEIE HITY)

Tt ) Uehe fofg Wt shegehl T

AT SISHT UREHT @ SISH T Afehe) ol THHT HeTTe! T HH=T o S FUehi
@Eﬁﬂ'ﬁ@lﬁ%@peak—hole) ar fg-Anft geam arem (Two-way Intercom) HTgeh YT T
RSERIEEEE]
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o IET, FISEHT TSH HIH FEATE qord & T GG TR AT FH-etah! 3 Tais
folrerdt deeh! =Rl st Rrfar Srrerr o YoeTSsi shet TTaRTT ekl wifées T fmtor
T T AR

o WATETer: B! HIIeLE®ah! IME a1 sfemr STRmerR e, s afl, g ferw,
TS| STeTTeRIehT &t (U a1 |l Hiaiereh! Helwal et WIS g GHsh! HaTTeist
1Y THATehT Sehiciehl SATETHT Sl ieh =7 £.3 g .4 o et eithetsh &tet T TR
G 0 T TEHET STEANTHA T 311 SASEATIHHT AT o9 TS | FEl Sieereme
T G AR, FoT ARG Fef T STuTST A5t Higden! Mererd T STeawh gal
AT T qUT A FHEIR heT S ST el FHd g |

o faflr T HET HAT: Ul SHETIH, HTERIHAT AR S 1hS/ T H13<, Bl giadr
TS HT Ttoh TR ST T{u-s|

) S SR § ST (WHE W, ) T AT ST T TS 0T he: STTH TRTHheh! Teel HiewTe 1 g
FRATTACEHT ST HAT T HeT SRITHITSTHERT eS0T e T TR Je:

ToRT £ 0: T TR T T HESHHLOT SHETehT AT

o HEd YeRTgRaTE qEfelfcieh fod e T deurent T Sieshis saTaEish Qe TN
& fmfor Tiges
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o Y FYARL AT &dl, ATl ITAR T forawor, Twali-od STRepEehl Heame
AT T W WS w1 1o
o HANTIF AT HAMIATTE Fel THT Frich AT GATH THRT HTHI, AL AH/FH T
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11 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
efficiency, renewable energy generation, improving
indoor environmental quality, and reducing waste.
Furthermore, they emphasize enhancing occupant
productivity, encouraging efficient resource use and
material reuse, and improving environmental and
climate impacts of construction. Ultimately, these
efforts aim to lower greenhouse gas emissions.

1.3 Scopes

The following are the scopes of the guidelines.

B 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.

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

B 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.

B The primary audience for these guidelines
includes architects, 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.

engineers,

B 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 paficamahabhuta or the five
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basic elements of nature: Jal (water), Agni (fire),
prthvi (earth), vayu (air), and akasa (space).

Pancamahabhuta (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 effectively,
the underlying principle of green building similarly
emphasizes the optimal utilization and conservation
of natural resources.

B 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, efficient resource
utilization, and minimizing waste and pollution.
The main objectives of the green building are to:
Achieve human comfort and well-being.

GREEN BUILDING GUIDELINE OF NEPAL

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

Minimize environmental impacts.
Minimize waste generation.
Optimize energy consumption.

Optimize resource utilization.

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.

Green Construction Materials

—_

Passive Solar Design
Energy Efficiency

Water Conservation

oo wN

Waste Management

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

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

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

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

The list of the relevant codes, regulations and
legislations of Nepal related to the Guidelines is
presented in the Annex.
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Chapter 2

Climate and The Site Study

>> Climatic Zones in Nepal

>> Climate Parameters
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>> Principles Of Climatic Design
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Climate and the Site Study

2%

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 change
mitigation efforts. By accounting for microclimates,
which are influenced by factors such as topography
and vegetation, designers can effectively leverage

to climate

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 efficiency. This approach can lead to
energy savings of over 70%, while also supporting
environmental sustainability and the health of
occupants (Brainbridge & Haggard, 2011)

21 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 Kdppen-
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 Képpen
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 effectively.

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

Average Annual Average Annual
Region Elevation (m) Climate Zones Precipitation (mm) Temperature (°C)

High Himal Above 5000 Tundra & Arctic climate
150-200 3-10

High Mountain 3000-5000 Alpine & Subalpine
Middle . 1000-3000 Cool to warm temperate 9759300 10-20
Mountain
Siwalik 500-1000 Sub-tropical

1100-3000 20-25
Terai & Siwalik Below 500 Tropical
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Table 2 Climate Zones of Nepal adopted for the GBGN

Sub-tropical Warm Temperate Cool temperate m

Climatic zone

Physiographic
Region (ICIMOD)

Global
coordinates
(Long. Lat.)

Altitude

Mean
temperature

Koeppen's class

Precipitation

Terai & Siwalik

28°48' N,
80°33' E

0-500 m

Winter: 15°C.
Summer: >30°C

Cwa

Winter and dry
summer:4to
72mm

Monsoon — up
to 5560mm/
month

Annual avg.: 100
to 200 mm

Hills

27°42' N,
856°22' E

500-1000 m

Winter: 10°C
Summer: 24 to 30°C
Cwb

Winter and dry
summer - 9-106 mm
Monsoon — up to
365mm in average.

Annual average.:
100 to 200 mm

Middle
Mountain

28° 48" N,
85° 18" E

1000-3000 m
Winter: <5 °C
Summer: 20 °C
Dwc

Annual rainfall:
2,000 mm

Annual avg.:
150 mm

High Mountain

28° 45" N,
83°42'E

3000-5000 m

Winter: <0°C.
Summer: 10 to 15 °C

ET

Annual average.: 25
to 50 mm in Snow

Figure 2: Map of Nepal with climatic regions

Legend

(::% Sub-tropical

“ Warm Temperate
{1}, Cool Temperate

8 Apine
€ Tundra

Source: Paudel, et al., 2021
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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.
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

During summer,

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

ANNEX-II

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 efficiency, and sustainability.

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:

B Solar radiation;

Air temperature;

Humidity;

Air Movement;

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 efficient 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
different 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 21% of June
inthe 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 84° solar altitude
angle at12 noon in Kathmandu, Dharan and Pokhara.
Winter solstice i.e. 21 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 3: Positions of Solstice and Equinox along
with seasonal variations

MAR 21/22 <]
Q&

23.5°

G
D =

SEPTEMBER
EQUINOX
SEPT 22/23

DECEMBER
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JUN 20/21

Figure 4a: Solar radiation in solstice
conditions on 21st June and 215t December
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Figure 4b: Incidence of solar radiation in a building in different seasons
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Figure 4c: Diagram of light plane for calculation of
building height (H) in front of road.
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Equation for the relation is Tan 63.5° =

(Source: Bye-laws of Kathmandu, 2007) a+2b

Figure 4d: Sun path diagram
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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 63.50 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 howthe sun affects 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 affected 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
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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 differences.
This data is gathered at ground level, where the
wind speeds are typically low.

ii. Topographical Altitude
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.

Factors: affects air

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.

Site Surroundings: Urban areas absorb more solar

radiation due to their structure and materials,
creating urban heat islands with temperatures
higher than surroundings. This effect
intensifies with city size and density.

rural

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.

GREEN BUILDING GUIDELINE OF NEPAL
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Figure 5: Daily temperature record of Kathmandu illustrating the cyclical variation
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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 affected 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.

2.2.4Wind

Wind is the movement of air masses caused by
differences 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 effect of topography on regional winds is
remarkable and can be quantitatively assessed.

Figure 6: Absolute Humidity and Temperature Plot for Kathmandu (RH =50%)
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Wind rose
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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
rainfall and the estimated
water equivalent of snowfall for a given year. The

refers to the total

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
rain protection measures are
required in the design.

determine whether

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
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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).

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 affecting 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 comfortis 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
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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 affects 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 effect 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 effective thermal comfort 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 efficiency, 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 insufficient, 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

Understandingthelocalclimateincludingtemperature
ranges, humidity levels, wind patterns, solar angles,
and seasonal variations allows designers to identify
climate-related challenges and develop effective
strategies to address them. Designers should
consider the following steps:
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B 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)

B Climate Analysis: Analyze and visualize the
collected climate data to pinpoint design
challenges and opportunities. This analysis
informs strategies for energy efficiency, 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 efficiency, water
efficiency, 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, different 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.

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 difference 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.

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 1). The interactive tool

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

Nepalgunj Pokhara
Siddharthanagar Kathmandu
Dhangadhi Dipayal
Biratnagar Dhankuta
Simara Dang
Birendranagar

Taplejung Jumla
Amargadhi

Okhaldhunga

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:

B Energy Plus Weather Data: https://energyplus.net/weather/simulation
Climate One building: https://climate.onebuilding.org/default.html

[
B CBE Clima tool: https://clima.cbe.berkeley.edu/
B 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 efficiency, water efficiency, 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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of Givoni’s Psychrometric chart is available in
Andrewmarsh.com (see Figure 16) and Climate
consultant (see Figure 13).

Three other zones corresponding to different
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 -.
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Figure 10: Olgyay’s Bioclimatic Chart
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Figure 11: Givoni’s Psychrometric Chart with suggested design strategies
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Givoni’s bioclimatic chart for four climate zones of Nepal
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Alpine Climate

Location:Thakmarpha 2566 m
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Figure 13: Givoni's Psychrometric Chart for Kathmandu from Climate Consultant.60
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Figure 14: Interactive Psychrometric Chart from Andrewmarsh.com
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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:

B 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

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

B 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.

B 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
indicatorsresultsin simple design recommendations,
e.g. “reduce sun exposure”, “compact building
layout’ or “medium-sized openings”.
populer tool in architecture often used as a guide
for climate-appropriate design, particularly in
composite climates. Mahoney Table mainly consist
of four tables:

This is a

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 different 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 different comfort models overlay,
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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)

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 effects 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)

Figure 15: Windrose diagram

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

Figure 16: CBE thermal comfort Tool
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Figure 17: Interactive Psychrometric Chart from Andrewmarsh.com as per ASHRAE-55 with PMV
model.
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Chapter 3

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
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Site planning is the process of organizing the
physical arrangement of a piece of land to achieve
a particular purpose or set of goals efficiently and
effectively. 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 efforts 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 affected 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
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for understanding the site which helps planners
make informed decisions about the site’s
develoxpment.

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

. 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, fithness to the context and
minimization of the conflicts.
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a)

b)

<)

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.

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 efficiency which maximize
the utilization of daylight, natural ventilation and
solar radiation.

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. Evenifthe 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.

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:

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.

Utilize existing structures and site conditions:
The site planning and building design should
be in harmony with those of beneficial site
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conditions and strive to save, reinforce, amplify,
and improve on what is existing.

Minimize disturbance in natural settings:
B minimize site clearing to reduce cost

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

B Minimize soil disturbance to prevent erosion.

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

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

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

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.

Minimize Storm water runoff: This can be done
by applying the following techniques:

B Reduce impervious surfaces, paved surfaces.

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

B Add plantings, lawns especially in areas
where runoff collects. Plants’ roots help
absorb run offs and filter out pollutants.

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) effect.

Functional efficiency: Maximize factors that
contribute to the health and productivity of the
occupants, such as: thermal comfort, access
to fresh air, acoustic privacy, aesthetic views,
efficient 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 effective provision of shading and air
movement. The layout and orientation of streets
have a significant effect 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:

B 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);

B 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);

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

Settlement pattern for different climatic conditions

ol N
[N

N B
-

N =D

A. for Hot-humid region

B. for Hot-Arid region

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
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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.

3.3.2Warm 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 off 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
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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.

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

B 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

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

B 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.

Good and Bad site as per aspect of
the slope (SONA, 2023)

NORTH (/\/\,—\,Soom

ANNEX-II



Physical Infrastructure and Standardized Layout of Government Offices-2083

3. Block planning:

B 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.

B |t is preferable that the site have longer face
towards South, South East and South West.

Most of the features of the climatic conditions are
similar to the warm temperate climate as mentioned
in 3.3.2. The difference 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.

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.

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

B 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

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

B 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.

Preferable site slope and solar geometry
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Chapter4

External Development And Landscape

>> Strategic Landscaping
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External Development
and Landscape
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41 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 approachis particularly valuable
in urban areas with limited green spaces, where
landscaping can help modify the microclimate and
mitigate the urban heat island effect. 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 efficiency 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 effect. Additionally, excessive hard
paving accelerates stormwater runoff, reducing
moisture retention around the site.

2. Permeable groundcovers: Use permeable
surfaces like permeable pavements or gravel
in landscaping designs. This helps reduce
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stormwater runoff, allowing water to infiltrate the
soil and replenish groundwater.

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.

. 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
effect. 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.

41 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.

. 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.

. Shrubs and bushes: They should be planted

against the building’s exterior walls to provide
moisturized fresh breeze in the building.

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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10.

1.

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.

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:

81 Water Conservation: This includes using
drought-tolerant plants, installing efficient
irrigation systems such as drip irrigation
or rainwater harvesting systems, and
minimizing water runoff 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 effectively
manages runoff while promoting infiltration

and groundwater recharge.

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.

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.

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,
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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.

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.

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.

Effective tree management — Effective 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.

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

Sustainable Parking Design — All the strategies
should aim to minimize the parking requirements
offering several benefits such as reduction of
polluted surface water runoff, increased ground
water recharge, reduced heat island effect
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 runoff discharged into local water bodies:
B permeable paving
B natural drainage landscapes (Swales, rain
gardens, and bioengineered planting strips

that can improve water quality and reduce
runoff)

Storm-Water Management within the Site
- Storm-water runoff 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:

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

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

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

Minimizing storm-water runoff - Implementing
following strategies for minimizing storm-water
runoff from the project site.

B Limit the number of impervious surfaces in
your landscape.

B Use permeable paving surfaces such as
bricks, vernacular stone paving (chapani
dhumga), 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 runoff.
Permeable paving is not ideal for high traffic/
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.

B Where possible, direct runoff from impervious
surfaces across vegetated areas.

m  Allow “thick” vegetation or “buffer strips” to
grow alongside waterways to filter and slow
runoff and soak up pollutants.

B Plant trees, shrubs, and ground cover. They
are effective in absorbing up the rainwater
that goes up to fourteen times more than
a grass lawn does and they do not require
fertilizer.
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Figure 21c: Detail of recharge bed
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Figure 21d: Impervious Paving

Figure 22a: Deciduous tree during summer and
winter
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Chapter 5

Building Form and Orientation

>> Parameter Of Building Form

>> General Guideline for Selecting Appropriate Building Form
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Climatic factors affect 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
affecting 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 sufficient 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 facades 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.

ANNEX-II

Theterm “aspectratio” refersto theratioofthe 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 facade
receives the least amount of solar radiation, while
the south facade 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 effective 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 ofthe 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 affects 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 offer
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 S.
volumes or partly surrounded by high perimeter
walls. Attributes of these spaces are:

B These spaces provide sufficient 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.

B |t is evident that the generally large size of
the courtyards facilitates air movement which
is of primary importance for hot and humid
situation.

B Smaller sized courtyards are particularly
effective 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- 7.
through space, or semi-covered spaces in upper
floors. This can be devised in green building for
following benefits:

B Protection against intense insolation through
shading during the hot, summer period when
the solar altitude angle is high. During the 8.
cold, winter period, due to the low solar
altitude angle, it allows solar penetration to
the building interiors. .

B Constitutes a key environmental feature
of a dwellings and offers thermal adaptive
opportunities for both hot, summer and cold,
winter period.
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Render the shaded and ventilated spaces.
Outdoor sleeping during night-time hours.

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

B |t may be covered with pergola to get the
filtered solar radiation.

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

m Ifitisin entrance area, its protection the front
door against rain and snow.

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

Single-banked

B Single banked plan forms are elongated
room typologies with wide fagade, shallow in
width (usually 2.5-3 m wide).

B 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

B [t provides better potential for natural daylight
penetration and distribution.

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.

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.

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

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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B High-ceilinged spaces reduce the effect

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

m 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.

period. However, it may be cheaper to do the
insulation in the roof than high ceiling.

Figure 23a: Generally, orientation with long Figure 23b: Topography reflecting solar
axis in east-west direction is preferred radiation
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Figure 23c: Solar Radiation Analysis (Summer month - June) in Kathmandu (BEEN, 2024)
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Figure 24a: Building Configuration

I-shaped L-shaped with
internal courtyard

U-shaped with
internal courtyard

Figure 24b: Storeys of the building
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Conventional three
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Figure 24c: Single Bank/double bank plan

Single banked Deep plan

Double banked
plan

Figure 24d: Semi open spaces

covered pass
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Figure 24e: Courtyard type

QZzZzzzzzzzzZ)

Figure 25:Volume to surface ratio

T

DOUBLE PITCHED ROOF MONO PITCHED ROOF

FLATROOF

D

DOME

HIPPED ROOF

S

VAULT

(a) Different roof forms

S/V=1.2 S/V=1.35 S/V=1.55

(b) Volume to surface ratio of different forms

<=

S

=
a%@

VOLUME TO SURFACE RATIO OF
DIFFERENTLY ARRANGED BUILDING UNITS

(c) Volume to surface ratio of differently
arranged building unites

ANNEX-II

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 difficult. 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 effectively
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 different 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 differently arranged
building units illustrates this.
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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.

_ Volume (V) Surface area (sA) (sA) to (V) Ratio

a. as individual bungalows ‘ 1764 m?3
b. as row houses ‘ 1764 m?®
c. as compact 3-story building ‘ 1764 m?®

1596 v
\ 1134 m2 \ 1:1.6
| 700 m? 125

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 differing volumes:

_ Volume (V) Surface area (sA) (sA) to (V) Ratio

a. cube 3x3x3m ‘ 27 m?
b. cube 7x7x7m ‘ 343 m?
¢. cube 20 x 20 x 20 m 8000 m?

45 106
| 245 v 1014
2000 m? 140

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 efficient 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, buffer 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

Figure 26a: Buffer space shielding strategy
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Figure 26b: Use of heavy and light
buildings parts as day and night space
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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 buffer
space, mainly on the western side. Rooms with
high internal heat load, such as kitchens, should
be detached from the main rooms. Such buffers
could include shaded balconies and circulation
spaces around buildings.

. 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.

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)

. Vertical space arrangement - The ground and
the top floor levels create a thermal buffer 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
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indoor temperatures of the main living spaces of
upper floors during cold or winter periods due to
their body heat and breath.

Subterranean spaces — They provide protection
from the cold winter winds and a greater
dampening effect 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)

5.2.1 Sub-tropical Climate

Building form

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

Roof form: Roof form may be either slope orflat. 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.

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

Living Spaces away from the Sun: To optimize
comfort and energy efficiency, 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.

Buffer space in South: It is advisable to position
buffer areas such as stairs, bathrooms, passages,
and balconies in the western and southwestern
directions (see Figure 27).

GREEN BUILDING GUIDELINE OF NEPAL



Physical Infrastructure and Standardized Layout of Government Offices-2083

Buffer space
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Located main living spaces like
bed, living, kitchen, dining, etc.
towards North, North East and North
West direction to create cooling
environment and buffer spaces like
stair, bath, passage, balcony in South
direction (Koenigsberger et al. 1973)

Building Orientation

The building should orient with the long axis in
east-west direction so that the longer facade
face north-south direction. (see Figure 23a)

The building should orient in northern direction
to prevent the heat gain during long hot season.
The building should be placed in southern side
of the site to create open space in north.

The longer face of the building should face
windward direction to allow natural ventilation.

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

Elongated rectangular plan with singly loaded
corridor and proper cross-ventilation is desirable.

Roof can be either flat or slope but it should have
good insulation.

Windows on two sides of the space should be
provided for better light and ventilation.

Internal space arrangement

The living spaces such as bedroom, living room,
office room, kitchen, meeting rooms should be

located in South, South East and South West
direction to maximize the benefit of sun light.

The service core, including lift, staircase, store
room, toilets can be located at the north, north
east and north west side of the building.

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
facade 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.

. Minimize wind exposure: The longer facade of

building should not face the windward side.

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)

Distance between blocks

2H-3H
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Internal layout
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Placement of rooms considering solar path

UTILITY AREA, STORE, BATHROOM
LAUNDRY

Source: Mato Ghar, Budhanilkantha designed by Ar. Prabal Thapa

HALLWAY AS BUFFER 7ONE

LIVING AREA, BEDROOM, FAMILY ROOM

NORTH

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.

Floor height: The floor height should be as
minimal as possible. For a residential building, a
height of around 2.4m would be optimal.

Internal space arrangement: Plan the habitable
rooms on the southern side and non-habitable
rooms on the northern side.

B The living spaces such as the office rooms,
kitchens, and meeting rooms should be
located in the South, South East and South
West directions to maximize the benefit of
sunlight.

B Ensure that the living space, workstations
and frequently occupied areas have access
to daylight and outside views, promoting
occupant well-being and productivity.

B The service core, including the lift, staircase,
store room, and toilets can be located on the
northern side of the building.

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
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incorporate effective insulation in the exterior
walls, use double or triple-glazed windows,
and provide insulated roofs. Additionally, it
is advisable to include buffer spaces on the
northern side to serve as a barrier between
the frigid external environment and the warmer
southern living areas.

5. Roof

B 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.

B 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

B Axis - The building should orient with the
long axis in the east-west direction so that
the longer facade faces the north and south
directions. It allows orienting living spaces
towards the southern side to gain maximum
solar heat.

B Minimize wind exposure: The longer facade
of the building should not face the windward
side.

B 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.

GREEN BUILDING GUIDELINE OF NEPAL
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Chapter 6

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 different

climatic zones of Nepal
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Envelope Design
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Figure 30: (a) Components of Building envelope; (b) Three methods of heat exchange

WINDOWS
AND DOORS

FOUNDATION
BUILDING ENVELOPE

(@) Components of Building envelope
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(b) Three methods of heat exchange in buildings

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 different temperatures. Similarly, short-wave
radiation from the sun enters buildings through glass
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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 (1m?)
and unit thickness (1 m) of material when there is

GREEN BUILDING GUIDELINE OF NEPAL
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a temperature difference 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.

_
AAT
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 (m?

AT = difference 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.

f,= outside surface conductance (M?K/W)

f = inside surface conductance (m*K/W

R, = 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 m’K/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

_1
U= /Ra—a calculated from the following equation:
Where, R,_, = air to air resistance Q=mxcxAT
R 1 R 1 Where,
a-a = FH Rt T Q = Heat Stored (J)
Ry =Ry +Ry+ - ouo.. Ryasd m = Mass (kg)
¢ = specific heat capacity (J.kg/K)
Where, AT = temperature difference (K)
Heat transfer in building envelope Cavity wall
CONVECTION 50
3 e /}‘;‘? WALL TIES
N \1 /RADIATION
SHORT WAVE
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Relevant matrix for building envelope elements in terms of heat transfer (Rawal, R., 2021)

Thermal Conduc6vity R value - U value Walls
i i e Internal
Thermal Mass Speci]c heat capacity e External
Thermal Conducvity R value - U value Fenestrabon
(Frames and Glass) e Windows
. Solar Heat Gain e Skylights
Solar Gains Coekcient e Doors
Visible Light Transmi>ance
Thermal ConducOvity Rvalue - U value Roofs
L - Floors
Thermal Emissivity Solar ReNectance FoundaSons

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 (R_)) 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 O 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 O to 1. Higher the VLT, the greater the amount
of light passing through the glass, and vice versa.

6.3.1 Walls

Due to large surface areas, walls are the biggest
source of conductive heat transfer. The heat flux
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through wall depends upon thickness, temperature
difference 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 effective 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 offers superior energy efficiency, 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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Table 5: Comparision of U Value of Brickwork Wall Assembly

Brickwork Wall Assembly U-value (W/m?2. K)

L
/ 230MM BRICK WALL
'// | _—12.5MMPLASTER WORK
OUTSIDE INSIDE
| ///'j \/V}// T10MM BRICK WALL
// 7 5OMM CAVITY
/ / 230MM
20177 BRICK WALL
¢ 7 } 12.6MM
/ // PLASTER WORK
OUTSIDE /\< )| s
/ /// 110MM BRICK WALL
/
] 50MM CAVITY FILLED
7/ WITH THERMOCOL
: = 230MM BRICK WALL
, 2
T 1—12.5MM PLASTER WORK
OUTSIDE /1 LINSIDE

230 mm brick wall with 12.5

2.1
mm plasterwork in both side o

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

is enclosed within a body, through which the heat
transfer is considered, this will offer 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
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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 effective 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.
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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 different passive cooling
techniques, evaporation has been identified as the
most efficient 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 off a white silicone roof compared that
with a 17% average for non-reflective roofs. Some

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,

Double roof

Green roof

VEGETATION

GROWING MEDIUM

FILTER FLEECE

DRAINAGE LAYER
INSULATION LAYER
WATER PROOF MEMBRANE

STRUCTURAL SUPPORT
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Figure 33c: Interaction of roofing materials and surfaces with incident solar radiation.
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Figure 33d: Properties of reflective roof
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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:

Double or multiple-layered glass pan
Low emissivity
Inert gas fill (Argon etc.)

Insulative spacers

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 affected 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.
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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-efficient and high VLT (Visual Light
Transmittance) and is the ideal choice for today’s
energy-stressed buildings. The shading coefficient
indicates the extent of direct solar heat gain.
Generally, for SHGC, we multiply the solar coefficient
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)

Shading coefficient ‘ 0.1-0.4
1730W/E K
Visual light transmittance ‘ 40%-60%

U-value

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
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Figure 35c: Horizontal sun shading device
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Figure 36a: Different shading devices
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Figure 36b: Use of vegetation to naturally cool buildings during summer and provide shelters from
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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 inthe openings.
Shading strategies for the glazed components of
building fagcade also offer 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
different types of shading devices are discussed
below.

a) Internal sun shading devices

B The internal devices may be Venetian blinds,
roller blinds and curtains.

B Internal shading devices only limits the glare
resulting from solar radiation but not the heat
coming into the room through the windows.

B Usually are adjustable and allow occupants
to regulate the amount of direct light entering
their space.

b) External sun shading devices

B The external shading devices are much more
effective than the internal arrangement as
they control the amount of radiation entering
the building externally.

B [tis true that more than 90% of heating effect
of solar radiation through window glass is
possible to eliminate with efficient use of the
shading devices.

B Overhangs and projections should be such
that it allows winter sun to penetrate into
the building and reduce overheating during
summer.
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B They can be any mechanical equipment
(like movable device), projections (chajja),
cantilevers, louvres, fins, jalis, or even textiles.

B 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.

B Fixed or movable shading devices can be
chosen depending on the trajectory of sun
and direction of the facade. Shutters, jalis,
and vertical screens can also act as effective
shading strategies to reduce radiative heat
transfer (BEE, 2021).

B 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.

B \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 off the
direct solar radiation from the window.

B Egg-crate devices are the combination of
vertical and horizontal shading elements
commonly used regions
because of their high shading efficiencies.
The horizontal elements control ground glare
from reflected solar rays. The device works
well on walls.

in hot climate

c) Shading by vegetation
B Plantation of deciduous trees facilitates
blocking summer sun and permit winter sun
into the building.

B Provision of soft ground surface in the
surrounding that helps to absorb solar
radiation and reduce heat island effect.

B Trees should be planted within a distance
of 1.5m -6m from the building depending on
their height and species (Vasiu, 2013).

B Creation of green corridor to direct prevailing
summer wind into the building.

B Similarly, during winter, the trees should act
as shelter from intrusive winds.
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Position of overhangs and louvers to improve the ventilation

HOTAIR

Louvres

Canopies

B Planting trees either in concave or convex
shape relative to that of the building provide
viable solutions for both deflecting and
damming the wind.

B Plantation of deciduous trees to allow winter
sun and avoid summer sun and also to allow
cool breeze into the building.

B Provision of soft ground surface in the
surrounding that helps to absorb solar
radiation and reduce heat island effect.

B Implementing green roof design or plantation
on roof to reduce heat island effect.

6.3.3.3Windows 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:

B Cooling of indoor air by replacing or diluting it
with outdoor air as long as outdoor temperatures
are lower than the indoor temperatures.

B Cooling of the building structure i.e., Thermal
mass of the building.

B Providing a direct cooling effect over the human
body through convection and evaporation.

Natural ventilation can be induced by wind pressure
or in the form of a stack effect resulting from
temperature-induced pressure differences between

GREEN BUILDING GUIDELINE OF NEPAL

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 differences 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:
B Relies on wind pressure to drive air movement.

B 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
difference will force air movement.
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Buoyancy driven:

m Describes the natural movement of air through
a building resulting from differences in vertical
pressure developed by temperature differences
in the air.

B 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

B Orienting the window in a favorable wind
direction.

B 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).

B 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.

6.4.1 Sub-tropical climate
In the sub-tropical region, our main target is to:

B reduce solar radiation falling on the building
envelope.
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B reduce external heat gains through the building
envelope.

B remove excess heat that has built up inside
through ventilation

For this, different components of the building need
to be designed accordingly.

Walls:

B The surface area of the wall should be minimized
in the east and west directions.

® Wall assembly should have a low U-value.
Which can be achieved by providing air cavity,
insulation or thermal mass.

B Wall should be shaded as much as possible from
the direct sunlight by vegetation (See details in
section 6.3.1).

B Theinsulation should be provided in the east and
west walls to mitigate the effects of substantial
solar radiation which causes these walls to heat
up considerably.

Roofs:

B 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 SRl value of roofing materials.

B Green roof recommended.

Fenestration:
B Fewer windows in the east and west directions.

B Window to wall ratio as recommended by the
Mahoney table i.e. 25-40% at body height.

B 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.

B 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).

B Should have natural ventilation provision either
wind-driven or buoyancy-driven.

Surface finishes:

B 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:

B reduce solar radiation falling on the building
envelope in summer.

B reduce external heat gains through the building
envelope in summer.

B remove excess heat that has built up inside
through ventilation in summer.

B optimize solar access inside the building during
winter.

For this, different components of the building need
to be designed accordingly.

Walls:

B The surface area of the wall should be minimized
in the east and west direction.

m Wall assembly should have a low U-value.
Which can be achieved by providing air cavity,
insulation or thermal mass.

B Wall should be shaded as much as possible from
the direct sunlight by vegetation (see details in
section 6.3.).

B The insulation of the east and west walls is
crucial due to significant solar radiation, which
causes these walls to heat up considerably.

Roofs:

B 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 SRl value of roofing materials.

B Green roof recommended.

Fenestration:
B Fewer windows in the west direction.

B Window to wall ratio as recommended by the
Mahoney table i.e. 25-40% at body height.

B 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.

B Windows should be shaded properly from the
direct sunlight in summer (see details in section
6.3.1).

B Windows should have
provision either through
buoyancy-driven.

ventilation
wind-driven  or

natural
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Surface finishes:

B 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:

B reduce solar radiation falling on the building
envelope during summer.

B reduce external heat gains through the building
envelope during summer.

B remove excess heat that has built-up inside
through ventilation during summer.

B rptimize solar access inside the building during
winter.

B reduce heat loss from inside to outside through
the building envelope in winter.

For this, different components of the building need
to be designed accordingly.

Walls:

B The surface area of the wall should be minimized
in the east and west direction.

m Wall assembly should have a low U-value.
Which can be achieved by providing air cavity,

insulation or thermal mass.

Roofs:

B 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.

B Green roof is recommended.

Fenestration:
B Fewer windows in the west direction.

B Window-to-wall ratio as recommended by the
Mahoney table i.e. 25-40% in north and south
walls at body height.

B 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.

B 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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B Natural ventilation as much as possible either
through wind driven or buoyancy driven.

Surface finishes:

B Light color and smooth textures of wall is
recommended

6.4.4 Alpine climate

In Alpine climate our main target is to:

B optimize solar access inside the building during
the day.

B reduce heat loss from inside to outside through
the building envelope

B prevent cold draughts in the building.

For this, different components of building need to
be designed accordingly.

Walls:

B Surface area of wall should be maximized in
south direction.
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B Wall assembly should have low U-value which
can be achieved by providing air cavity, insulation
or thermal mass.

Roofs:

B 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:

B |esswindow ornowindow at north and windward
direction.

® Window to wall ratio as recommended by the
Mahoney table i.e. 25-40% in south direction.

B 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:

®m Dark color and
recommended.

rough textures of wall is
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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. Sustainable building materials

Sustainable building materials (SBM), often called
green or eco-friendly materials, are designed to
offer 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,
20M). This lack of consensus can complicate the
development of guidelines and principles needed
to standardize sustainable materials in construction.
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Building Material
iy

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:

—

Low Embodied Energy
Local Availability

Predominantly Renewable Source

> w N

Construction techniques compatible with local
knowledge and skills

o

Reusability and Recyclability

Efficient use of resources during manufacturing
and construction

Durable and Low Maintenance
8. Affordable/Cost-Effectiveness

Safe and reliable structural integrity and suitable
for various construction needs.

10. Easy to use and socially acceptable

1. 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
Durability & life span
Natural & plentiful

Reusable or Recyclable

Indigenous or locally Green
available

Materials & its
Technologies

Biodegradable

Reduction in air land &
water pollution

Resource reuse and  Ajds Energy efficiency
upgradation in building

Low embodied energy
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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.

Figure 39: Evolution of Building Materials in
history

1800 AD- to date
¢ Aluminum, steel,
glass, Portland
cement, plastics,

other smart

materials, nano-

materials, etc
High-energy materials

Prior to 4000 BC
* Soil, stones, reeds/
thatch, Sun dried

bricks/adobe,

4000 BC-1800 AD

* Burnt clay bricks,
lime, cast iron
products, lime-

unprocessed
©&mber

pozzolana cement

Zero-energy materials Medium-energy materials

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 efficiency efforts.
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,
depletion, and promote resilient,
environmentally responsible infrastructure and
sustainable urban development, it is crucial to
re-evaluate the materials used in construction.
Prioritizing locally sourced
materials, we can create ecologically responsible

resource

sustainable and
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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:

B 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.

B Environmental Impact Reduction: Sustainable
materials lower carbon footprints and minimize
waste, helping to mitigate the environmental
effects of construction activities.

B Resource Conservation: Sourced from
renewable resources, green materials decrease
reliance on finite materials and promote
energy and water efficiency, leading to a more
sustainable future.

B Enhancing Resilience to Multi-Hazards: These
materials improve resilience to climate change
and local environmental conditions, aiding in
disaster preparedness and recovery.

B 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.

B 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.
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7.3.1 Optimization and alternative materials

Green building practices require a focus on
optimizing incorporating
sustainable alternatives to minimize environmental
impacts throughout a building’s lifecycle. This
involves efficient sourcing, use, and management
of materials from through to
deconstruction. Key Strategies for Material
Optimization and Alternatives:

material use and

construction

B Optimize resource use to minimize waste,
energy consumption, and carbon footprints.

B Employ design efficient
structural systems, prefabricated components,
and lightweight materials to reduce material
consumption and energy (the
total energy used in material production,

transportation, and assembly).

strategies  like

embodied

B 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.

B 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.

Life Cycle of Building Materials

Natural
resources

Extraction of
raw materials
Incineration and @

landfilling é% Recycling to

a other industries

3,
o
&

<& Recycling of
building materials Processing and
Disposal and manufacturing

treatment

Demolition Transportation

Construction
and retrofitting

Use and
maintenance
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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 Bribidn 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.
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Table 7 : Classification of Materials Based on Energy Intensity [NBC 2017, India, Clause 9.1.4 (a)]

Category of

Energy Intensity
Material (Range) GJ/t
(2) (&)

Examples

(4)

Very high >50
energy
High energy 5-50
and lead
Medium 1-5
energy
Low energy <1

Aluminum, stainless steel, plastic, copper, zinc

Cement, steel, glass, bitumen, solvents, cardboard, paper

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.

Sand, aggregate, fly ash and fly ash-based products,
cement stabilized soil block, straw bale, bamboo, stone

1. While comparing the embodied energy of building materials, the total quantity by mass of the
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.

2. The values given in the table are comparative values, and in case of substantial difference in
the transportation component of the materials in question, the same should also be taken into

account while calculating the embodied energy.

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, efforts should
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focus on using materials that are naturally abundant
and sustainably harvested, reducing the reliance on
finite resources. This approach promotes a balance
between developmentand 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-efficient 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.
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Figure 41: CO2 emissions from the cement industry in Nepal
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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 different 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. cement and concrete
production contribute significantly to greenhouse
gas emissions, particularly CO2, necessitating
urgent decarbonization efforts (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.

However,

not
emissions

Enhancing energy efficiency only helps
to minimize greenhouse gas 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 effects of
climate change
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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.

carbon capture and storage (CCS) technology
- capturing CO2 emissions from cement plants
and storing them underground.

improving energy in  cement
manufacturing through process optimization,

waste heat

efficiency

recovery and energy-efficient
technologies is also critical.

The development of low-carbon cements, including
blended cements and novel binders, offers greener
alternatives. Circular economy approaches, such as
recycling concrete waste and utilizing alternative
fuels, further contribute to decarbonization efforts 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:
® 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-
effective material compared to cement,

Slag Cement: Ground granulated blast
furnace slag, a byproduct of steel production,
can replace a portion of Portland cement
in concrete, offering similar performance
properties while reducing environmental
impact. These alkali-activated binders
offer similar or even superior mechanical
properties compared to traditional cement
and have demonstrated durability in various
applications (Barbhuiya, S. et al., 2024)

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

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.

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, offering 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)

Hempcrete: A bio-composite material
combined with concrete, making it an
excellent choice for reducing carbon
emissions and enhancing energy efficiency.
Made from hemp fibers, lime, and water,
Hempcrete sequesters carbon, significantly
contributingtoits carbon-reducing properties.
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It is also a great option for increasing
thermal performance while keeping energy
consumption low. It is useful across several
different climates as well.

B. Alternative Binders: New binders that do not

rely on Portland cement, such as:

B Geopolymer Binders: Geopolymers are
inorganic polymers formed by the reaction
of aluminosilicate materials with alkaline
activators. They offer high strength and
durability with lower environmental impact
compared to Portland cement.

B Calcium Sulfoaluminate (CSA) Cement:
CSA cement, also known as calcium
sulfoaluminate cement or expansive cement,
is an alternative binder that offers rapid
strength development and reduced carbon
footprint compared to Portland cement.

m  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.

. 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,
offer an eco-friendly alternative, while locally
obtained aggregates reduce transportation
distances, further diminishing environmental
impact' Innovations in concrete technology,
leveraging chemical admixtures and additives,
result in high-performance mixes requiring less
cement content, thereby reducing the overall
carbon footprint

. 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 density
approach (https://www.sciencedirect.com/science/article/abs/pii/S0950061821021498)
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pollution from dust, noise, and water runoff.
The precise batching and mixing process of
RMC minimize material wastage, leading to cost
savings and environmental benefits

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 offer 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
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in @ 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 efficient 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, offering
an eco-friendly alternative by reducing dependence

The blend is
sprinkled with water,

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 stabilized?,
they exhibit durability, resisting weathering, pests,
and fire, making them a resilient long-term building
option. CSEBs align with green construction
principles, offering 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
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

minimal environmental

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

Stonecrete®, 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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(b) Stonecrete
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of the primary contributors to CO, emissions—
stonecrete helps lower the carbon footprint in
construction. It also offers an efficient 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
efficiency, 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
efficiency  with responsibility,
harmonizing tradition with ecological principles.

environmental

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
minimumrequirementsforHCBs usedin construction
in Nepal. HCBs present several advantages in
sustainable construction. While concrete production
has environmental impacts, hollow blocks offset this
by using less material and incorporating hollow cores
thatimprove a building’s thermal performance. Their
durability and resistance to weather, pests, and fire
reduce the need for frequent replacements, thereby
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conserving resources and reducing waste. Many
hollow concrete blocks also incorporate recycled
materials, diverting waste from landfills and lowering
their 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.

environmental

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 71.2), this technique uses locally available
materials, including clay, sand, gravel, and
stabilizers such as lime or cement, which minimizes
transportation emissions and maximizes resource
efficiency. Rammed earth walls offer exceptional
thermal mass, 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.

naturally

7. Straw bale

Straw bale construction is a sustainable building
method that utilizes tightly packed straw or hay bales.
These bales offer excellent insulation, reducing
energy consumption for heating and cooling. As
agricultural waste products, they promote resource
efficiency and 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, offering
energy-efficient, environmentally responsible, and
aesthetically pleasing solutions for construction
projects.

reduce environmental

2 Three mode of stabilizers — physical, mechanical and chemical, More details refer Shrestha S & Watanabe |, 2016

3 Stonecrete Manual, Habitat for Humanity
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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 offer excellent thermal insulation,
helping to regulate indoor temperatures and
decreasing reliance on heating and cooling
systems, thereby enhancing energy efficiency.
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

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-efficiency of construction practices.

10. Precast and prefab panels

Precast and prefab panels are sustainable wall

materials that offer numerous environmental
benefits. Manufactured off-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

Figure 44: Sustainable Wall materials

(b) Hollow concrete block

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 efficiency and waste
reduction.

Concrete blocks can incorporate materials such
as fly ash which can replace up to 35% of cement,
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panels can be disassembled and reused, promoting
circular economy principles and reducing waste
generation. Overall, these panels support green
building practices by offering efficiency, durability,
and environmental responsibility in construction
projects.

11. Cob walls

Cob walls sustainable
building method, especially suitable for areas with

represent a traditional,
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abundant clay-rich soil. Made from a mixture of
clay-rich soil, sand, straw, and water, cob walls
offer 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,
offering a long lifespan in indoor environments.
Timber's natural thermal properties
insulation, enhancing indoor comfort.
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.

provide
However,

13. Bamboo

Bamboo is a traditional, sustainable building
material known for its eco-friendly qualities and
versatility which offer 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
compliant with standards such as Nepal's NBC
202:2015. With a remarkable strength-to-weight
ratio that rivals steel, bamboo offers 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 CO, during
growth, helping reduce greenhouse gas emissions.
This combination of strength, renewability,

modern construction,
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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 offers 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
7411 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 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 offers
significant environmental, social, and economic
benefits compared to conventional
Furthermore, its biodegradability allows it to
return to the earth at the end of a building’s life
cycle, reducing construction waste.

material

mortars.

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) Cementmortar: Portland cement mortaris 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:

B Supplementary Cementitious Materials:
Replacing a portion of Portland cement with
alternative cementitious materials specified
in Section 7.4.11 can lower emissions while
maintaining strength

B Optimized Mix Designs: Adjusting mortar
composition to use only the necessary
cement volume reduces

without compromising durability.

resource use

B Locally Sourced and Recycled Materials:
Using available and recycled
aggregates and minimizes
transportation emissions and reduces the
demand for new resources and diverts waste
from landfills

locally
binders

m Efficient 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 offers
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
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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 efficiency,
durability, and environmental impacts. In the case of
concrete slabs and CGl 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 offers
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 effects 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,
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.

allowing homeowners to generate

g) Vegetated (Green) Roofs: Green roofs are
covered with vegetation, which provides
insulation, reduces stormwater runoff, and

improves air quality. They can help mitigate
the heat island effect in urban areas. Green
roofs require proper structural support and
waterproofing but offer 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 material’'s  lifecycle.

Prioritizing materials that are resource-efficient

throughout the

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 diffusion
with a low Diffusion resistance factor (p) value. Key
surface material options commonly used in green
buildings include:

A. Floor and Floor covering:

B 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

B 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
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B 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.

B Reclaimed Wood Flooring: Reclaimed wood

from old buildings, barns, or other structures
repurposed for flooring, adding
character and warmth to a space while
reducing the need for new lumber.

can be

B 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

® Natural Plaster: Natural plaster is made of
natural ingredients like clay, sand, straw, and
sometimeslime.ltis non-toxic, biodegradable,
and has a minimal environmental impact
compared to conventional alternatives.
Natural plaster  effectively  regulates
indoor humidity, creating a healthier living
improving indoor air
quality by absorbing odors and pollutants.
Its excellent thermal mass properties provide
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.

environment and

effective

B 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.

B 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 efficiency and reduce heating
and cooling costs. With its natural aesthetic,
versatility, and durability, clay plaster is an
attractive choice for eco-conscious builders.

B 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 offers 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: cladding
materials for protecting and enhancing building
exteriors are:

Some of sustainable

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
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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 effective 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
offer 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
buildinggoals,includingdurability, 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 affecting
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 71. 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
coefficients (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 offer 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 efficiency, 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 efficiency, 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.

Classification of insulation materials

Insulation Materials

Organic Materials Inorganic Materials
e.g. Mineral Fiber, Glass
wool, Rockwool,

Perlites, etc.

Natural Materials Synthetic Materials
e.g. Cork, Cozon, Wool, e.g. Polystyrene,
Straw, Hemp, etc. polyurethane, etc.
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A.Thermal Insulation material

Thermal
conductors

insulation materials, which are poor
and have low
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).

of heat thermal

i. Glass wool: A popular, cost-effective insulating
material made from silica sand, limestone, boron,
recycled glass (about 70%) and acrylic resin. It is
widely used in walls, attics, and floors, offering
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,
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.

thermal

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 effective 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:

Hempcrete: A mix of fibers, lime, and water.

m  Straw Bale: Straw bale walls have good thermal
insulation properties. See section 7.4.2

B Rammed Earth: made of mud with good thermal
mass properties, suitable for climates with
significant temperature variations See 7.4.2.

® Aerated Autoclaved Concrete (AAC):
Lightweight concrete with good thermal and
acoustic properties. (See 7.4.2.)

B Cavity wall Insulation: (See section 6.3.1.2)
B Vernacular techniques:

O Inverted Earthen Pot Insulation: Shading
the roof-top with inverted earthen pots is a
traditional, easy, and cost-effective 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.

O 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.

O 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.
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C. Low-E (Low-Emissivity) Glass and Glazing
Systems

B 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.

B Double or Triple-Glazed Windows: Consists
of two or three glass panes with air or inert
gas (like argon) between them, providing
better insulation.

B 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 efficiency.

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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Chapter 3

Water Efficiency

>> Water Demand Assessment
>> Water Efficient Approach

>> Strategies for Water Conservation
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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
effective management and conservation of water, it
is expected that water consumption can be reduced
by at least 20% below baseline levels.

81 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 different 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

Water Efficiency
5

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 efficient plumbing, use of
rainwater, and reuse of greywater. Some of the
key considerations for water conservation while
designing buildings are as follows:

B Develop a water optimization design.
B Use water-efficienttechniques and technologies.

B Water Optimization through reduction, reuse,
and resource

8.3 STRATEGIES for Water Conservation

Water conservationis 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

Table 9: Water consumption

I e e I T [T

1 India 135-150 LPCD | 40-70 LPCD NBC 2016 Drinking 5%
2 Bangladesh | 100-150 LPCD | 50-100 LPCD | Bangladesh National
Building Code 2020 Cooking 5%
3 Pakistan 135-225 LPCD | 40-70 LPCD Pakistan Building Code
) ) . Bathing 40%
4 Sri Lanka 120-150 LPCD | 60-100 LPCD | Sri Lanka National Water
Supply and Drainage . 0
Board Guidelines Washing 20%
5 Nepal 100 LPCD 100 LPCD NBC 208 Flushing 30%
6 Bhutan 100-120 LPCD | 50-80 LPCD Bhutan Building Code
7 | Maldives | 150-180LPCD | 80-100 LPCD | Maldives Building Code 1O 100
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of the most sustainable solutions to address the
growing challenges in water conservation. In
green housing, efforts are made to reduce water n
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

. . . . . u
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:

B Low-flow toilets: It is high-efficiency toilets that m
use less water per flush than traditional toilets.

B Dual flush toilets: It is a toilet having two flush
buttons, allowing users to choose different
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.

B Pressure-Assisted Toilets: Uses pressurized
air to enhance the flushing power, allowing for
effective waste removal with less water. Typically
uses 3 to 6 liters per flush and is highly efficient =
in clearing waste, reducing the need for multiple
flushes.

B Gravity-Assist Toilets: Rely on the natural force
of gravity and a siphoning action to remove u
waste. Modern designs are optimized to use
as little as 4.8 liters per flush while maintaining
effective waste removal.

B 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 u
converts human waste to water and ash.

B Low-flow sink faucets: These faucets reduce
the amount of water used per minute without
compromising the functionality that we expect
from them.

B Faucet aerators: It is often found at the tip of
modern water faucets. Aerators create a non-
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splashing stream and can reduce water usage
by up to 30%.

Water-saving showerheads: This uses air
bubbles to reduce water pressure and hence
reduce the consumption of water without
compromising the user’s expectation.

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.

Pressure-reducing valves: These valves
regulate water pressure and can reduce water
waste.

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.

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.

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.

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 difference in the cleaning
action. In addition, the appliances with ENERGY
STAR-rated use less water than the normal ones.

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.

O The watering schedules are adjusted
using sensors that work based on weather
conditions and soil moisture levels.



Physical Infrastructure and Standardized Layout of Government Offices-2083

O A sprinkler is used to apply water in a
manner similar to rainfall therby using water
judiciously.

O Indrip irrigation, water is delivered directly to
the roots of plants, reducing water waste.

B 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.

B Shorter Showers: Reduce the time you spend in
the shower.

B Turn Off Taps: Don’t leave water running or use a
mug of water while brushing teeth, shaving. The
flowing tap causes waste of water considerably.

B Full Loads: Using dishwashers and washing
machines with full loads

O Taking showers instead of baths
O Washing a car/bike/vehicle less often

O Choosing drought-tolerant plants

B Timing: Watering the garden in the morning or
evening

B Reuse: Wastewater generated from vegetable
cleaning, bathing, washing, water basin can be
reused for gardening and cleaning purpose with
or without treatment.

B 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.
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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
effective methods to implement green efforts is to
require rainwater harvesting for domestic use and
groundwaterrechargeinallgreen 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 different 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. gardens
should be developed in low-lying areas where
water naturally collects, soil should be of good

Rain
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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=AR*C

Where,

Q = Potential Amount of rainwater harvesting

A = Catchment area

R = Average annual rainfall

C = Roof type-based Runoff coefficient. The runoff

coefficient 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:

B Structure: roof catchmentand ground catchment

B Nature of surface: paved surface, unpaved
surface and semi-paved surface

Different catchment have their runoff
coefficient (Refer to Annex 2). It is the quantity of

rainwater that is collected into the conveyance

areas

system and is very much instrumental in the design
of the rainwater harvesting system.

b. Conveyance system
Conveyance systems include

downspouts that direct water

gutters  and
flow from the
catchment area to the storage or recharge area.
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Properly designed conveyance systems can divert
more than 90% of the rainwater that falls over the
catchment area, mainly the roof.

bA. Gutter: Gutter is the first component of the
conveyance system provided at the edges of the
CGl 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:

Rainfall intensity pattern
Run-off coefficient of catchment
Water demand

Space availability

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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Table 10: Sizing of gutter for various catchment areas.

Half-round

Molded (Rectangular)

25
35
50
50
90

Dia 100

Dia 100

Dia 100
Depth 100* Width 75
Depth 125* Width 100
Depth 150* Width 125

Table 11: Sizing of rainwater pipes for roof drainage.

Average rate of rainfall in mm/h

Dia of Pipe (mm)

Catchment Area (m2)

so 5 Jwo  fus w0 Jmo |

50 13.4 8.9 6.6 B 4.4 B8

65 241 16.0 12.0 9.6 8.0 6.0

75 40.8 270 20.4 16.3 13.6 10.2

100 85.4 570 42.7 34.2 28.5 213

125 - - 80.7 64.3 5815 40.0

150 - - - - 83.6 62.7
source: NBC 208:2003

d. Recharge system like pebbles, rocks, or brickbats. Borewells

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.

B 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.

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.

Recharge trenches: Recharge trenches are
constructed in areas with shallow impervious
soil. The trench is filled with porous materials
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may be installed within the trench to enhance
percolation. The length of trench depends on
the runoff 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.

B Enforcement of regulatory instruments:
Develop and Enforce regulatory instruments
such as pollution control laws, land-use planning,

and sustainable water management policies to
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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.

B Source protection chamber: Provide a masonry
and concrete chamber or platform to protect the
source from contamination from its immediate
surroundings.

B 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
However, shallow wells may also need protection
zones. It is advised to use barbed wire, solid
hedge of bushes or solid wall for fencing.

contamination.

m Buffer Zones: Establishing buffer zones around
water bodies (rivers, lakes, etc.) with vegetation
or natural barriers to filter out pollutants before
they reach water sources.

B 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.

B Septic tank Management: Promote standard
septic tank and retrofit the existing improper
septic tank to protect leakage of wastewater into
ground water.

B Sustainable Land Use Practices: Encourage
farming, forestry, and
development to avoid overuse or pollution of
land and water resources. Promote organic
farming techniques and agroforestry and reduce
pesticide and chemical fertilizer use.

sustainable urban

B 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 runoff, erosion, risk while
promoting higher water recharge
rates. The selection of shrub species, planting
methods, and integration with other measures
should be carefully tailored to local conditions.

landslide
source

GREEN BUILDING GUIDELINE OF NEPAL

B 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

B Use construction techniques that minimize soil
erosion, water pollution, and habitat destruction.
Employ erosion control measures such as silt
fences and sediment basins.

B 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.

m 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).

B Inthe 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.

B 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 offer
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
efficient, 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:

B Source-Based Treatment: Conduct thorough
water quality assessments to determine the
contaminants presentin 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.

B  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.

B 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, especiallyin properties nearrivers. 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
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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):

B Permeable paving: Increased permeable paving
and surfaces which allows stormwater to infiltrate
the ground.

B 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 itis detained
and slowly infiltrates the ground.

B 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.

B 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
efficientirrigation 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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Chapter 9

Waste Management

>> Sanitation Service Chain

>> Solid Waste Management

>> Construction Waste Management
>> Health Care Waste Management
>> Wastewater Management

>> Environment-friendly household technologies
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Waste Management

Vs

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 different categories,
such as biodegradable and non-biodegradable,
recyclable, non-recyclable, hazardous etc. Waste

segregation at the source can help:

B Reducing waste: Reducing the amount of waste
that needs to be disposed of in landfills

B Recovering recyclables: Making it easier to
extract recyclable materials

B Reducing occupational hazards: Reducing the
risk of hazards that can occur during waste
separation

94 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.

B 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

B 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

Capture Treatment

Storage

Emptying Safe Disposal/Reuse

(a) For Wastewater Management

Capture  Storage Emptying Treatment  Safe Disposal/Reuse

(b) For solid water management
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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:

B Capture: The initial collection of waste

B Containment: The keeping of waste in a secure
location

B Emptying: The removal of waste from its

containment

B Transport: The movement of waste to a treatment
or disposal site

B Treatment: The process of making waste safe
for reuse or disposal

B 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 affect 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 runoff.

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
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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: 55-60° C (Mishra RV., 2003).

The size of particles and the pile itself affect airflow,
water retention and microbial activity in composting.
Smaller pieces increase surface area, allowing
microorganisms to break down material
efficiently 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,

more
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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 effective. In the case of higher depth and
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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 offering a 60-100 liters
capacity.

¢) 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 @ 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. 1kg 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

d. Pit Composting

e. Vermi 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:

B 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.

B 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.

B Recycling: Recycling is the process of collecting
and reprocessing materials that would typically
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be discarded as waste and transforming them
into new products. This helps to reduce pollution
and conserve natural resources benefiting
communities. It differs from upcycling in the
consumption of energy during the process. For
example, making water bottles, toys, bags, and
ropes from plastic waste.

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.

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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Building construction activity produces large
quantities of waste and diverting it to landfill sites
is becoming a major challenge. However, many
(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 effective construction
waste management plan as a part of construction
management. An effective construction waste
management strategy should focus on aspects for
ensuring proper disposal.

construction waste materials

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 off-site which helps
reduce on-site waste and ensures more efficient
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.

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.
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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, itis 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:

Pathological Waste
Infectious waste
Sharp waste
Cytotoxic waste

Pharmaceutical waste

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, staff,
and the community. The following basic steps are
considered essential for proper waste management:

Waste minimization
Waste segregation
Waste collection and storage

Waste transportation

Waste treatment and disposal

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 effluent standards.
Generally, wastewater is categorized into grey water
and black water.

B 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).

®m 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
environmentif 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

effluent 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 efficiently treat
wastewater to specified standards. Its popularity
has surged, especially in developing nations, due
to its cost-effectiveness 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
essential components: Screen,
Settler, Anaerobic Baffle Reactor, Anaerobic Filter,
Constructed Wetland, and Polishing Pond. These

components work together, utilizing natural forces

several a Bar

and processes to effectively treat wastewater
sustainably and efficiently.

Table 12 : Advantages and disadvantage of the biological treatment system

1. Low operation and management cost

2.
3
4.

Long operational lifespan
Basic training is enough for operation

Highly stable sludge

1. Requires larger land area
High initial investment

Cannot treat toxic pollutant

el (>

Low operational flexibility

Figure 50: Schematic diagram of biological waste treatment system
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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 effective 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 efficiently in warmer climates.

9.5.2 Electro-mechanical Treatment System

The treatment 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.

system uses a

As the mechanical treatment systems require less
space, itis 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.

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

Table 13 : Advantages and Disadvantages of Electromechanical System of Waste Management

1. Land requirement is less

Less impact by climatic factors

2
3. High operational flexibility
4

High treatment consistency

1. High operation and maintenance cost
2. Possibility of noise

3. Require electricity and chemicals

4

Require skilled operator

Figure 51: Schematic diagram of Electro-mechanical Treatment System
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Figure 52: Schematic sketch of twin pit

Leach pit

Figure 53: Dry Ecosan toilet

L
REAA©)

Figure 54: Bio Digester plant
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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 different 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.
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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 efficiency of 30 to 50% for Biological
Oxygen Demand (BOD) and 40 to 60% for Total
Suspended Solids (TSS). The efficiency of the
system is primarily influenced by hydraulic retention
time and temperature.

Figure 55: Typical septic tank design
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Chapter 1

Energy Efficiency

>> Energy Saving Design Approach

>> Heating Ventilating and Air-conditioning (HVAC) System
>> On-site Renewable Energy System

>> Integrated Design

>> Electrical System

>> Energy Efficient Technologies, Equipment, and Appliances
>> LED Lamp

>> Day Lighting system

Zero energy house, at Institute of Engineering, Pulchowk
source - http://mech.pcampus.edu.np/zero-energy-house-ioe-pulchowk/
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Energy-efficient building design is a
component of green building design as energy
consumption is directly related to the greenhouse
gas effect. 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 different
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 eqg 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.

major

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
efficiency calls for the adoption of efficient practices,
designs, methods and technologies that reduce
energy consumption ultimately resulting in cost
savings. Effectiveness is the capability of producing
a desired result or the ability to produce desired
output, whereas efficiency refers to ratio of benefits
to expenses. Therefore, energy efficiency describes
the ratio between the benefit gained and energy
used. It is the effective use of energy to support
economic growth and social development, while
also improving occupants’ health and well-being,
with little or no adverse effect on the environment
(Speer & Miller, 2015).

1041 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 efficiency in heating, cooling, lighting
and usage of appliances. In addition, it integrates
renewable energy sources to meet energy demands.
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Energy Efficiency
.

For buildings in Nepal, about 60% energy efficiency
can be achieved by adopting a combination of the
following strategies:

B Orienting the longer faces toward the south and
north.

B Appropriate external shading of windows
suitable for the specific orientation

B |[nsulating the external walls, roof and ground
floor
Installing air-tight double-glazed windows
Provision of applying cross ventilation when
required.

The most effective combination of these strategies
will depend on the climate and building usage. (To
learn more about it, please refer to Chapters 3 to0 6.)

Hence, we must incorporate energy efficiency
first principle in design. This means prioritizing an
energy-efficient building design and envelope
through appropriate site planning, landscaping,
proper building form and orientation, and climate-
appropriate building envelope design.

Thereafter, apply efficient building services: space
heating/cooling and domestic hot water, mechanical
ventilation with waste heat recovery, efficient air
conditioning if and where needed efficient 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
efficiency-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 building services.
The third step, after reducing energy demand and
implementing energy-efficient services, is to cover
as much of the reduced energy requirement as
possible from renewable sources.

and electrical
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Figure 56A: PRINCIPLES OF ENERGY EFFICIENT BUILDING DESIGN
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The following actions help reduce energy Vviii.Use of energy meters to monitor and illustrate

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
incorporating measures to minimize energy use
by design and operation.

should consider

iii. Application of the best principles of siting and
architectural design to reduce energy demands
by passive solar design.

iv. Natural
possible.

lighting should be used wherever

v. Installing efficient and taking
measures to minimize the need and use of
energy-consuming utilities  (air-conditioning,

water heaters, high-level artificial lighting).

appliances

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.
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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 efficiently,
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-efficient and
sustainable HVAC systems in is crucial. The design
consultant plays a key role in ensuring compliance
with the code and applying all energy-efficient
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
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efficiency 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:

Q

Air temperature (°C),

)
)

O

Radiant temperature (°C),

(g)

) 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 affect 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
importantin 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.
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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
efficiency; these shall be done using appropriate
software. All energy
techniques shall be applied to make the project not
only energy efficient, sustainable to provide comfort
as required. Design consultant will prepare an
energy consumption model for both Electrical and
thermal.

conservation elements

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 efficient but also
cost-effective during its life cycle. Proper system
evaluation should be based not just on initial cost
but also on long-term operational efficiency and
maintenance.

The following strategies are recommended to
reduce active cooling/heating loads.
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B Demand Control Ventilation

B Efficient Systems- Pumps, Economizers, Cooling
Towers

B Controls-Timeclock, Temperature, Occupancy,
Fan and Dampers

Centralized Demand Shed Controls
Supply Air Temperature Reset
Chilled Water Temperature Reset

Piping and Ducting Insulation

System Balancing

10.2.5 HVAC System Types

The key to achieving energy-efficient mechanical
solutions lies in the selection of highly efficient
equipment. High-efficiency equipment is designed
to consume less energy over time compared to
alternatives while performing the
same function. The following guidelines are strongly
recommended:

conventional

B Minimize the Building’s Overall Energy
Consumption: Prioritize products and equipment
with high-efficiency ratings, verified by industry
standards, which support a holistic building
design approach.

m Specify Energy-Efficient Equipment and
Technologies: Select products and equipment
with recognized energy-efficiency certifications,
ensuring they meet the desired performance

standards.

B 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
efficient mechanical equipment should be installed,
featuring:

High Energy Efficiency Ratio (EER)
Reputable Manufacturers
Certified Equipment

Safe Accessories

Lower Operating Costs

Long Equipment Lifespan

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-efficient,
HVAC equipment, including chillers, unitary air
conditioners, split air conditioners, packaged air
conditioners, and boilers, must meet or exceed the
minimum efficiency standards outlined in ASHRAE
901. This standard provides comprehensive
guidelines for energy-efficient 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 efficiency 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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effective approach. The process relies on water
evaporation to achieve substantial cooling with very
low energy consumption and no use of CFCs. This

Figure 57: Different type of low energy comfort
system

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 m
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, (a) Direct Evaporative Cooling System.
lowering the dry bulb temperature while the wet
bulb temperature remains unchanged. By cooling
the air through evaporation rather than mechanical

/

Cool air

Direct

refrigeration, this method can significantly reduce
the energy required for air conditioning, offering
an environmentally friendly and cost-effective
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,

(b) Radiant technology Cooling

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-efficient than traditional all-air cooling
systems. The also offer additional benefits in certain
applications.
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Types of radiant heating & cooling systems
B Air-heated Radiant system

B Electric Radiant heating systems

B Hydronic Radiant heating systems (c) Portable Evaporative Cooler
[ ]

Hydronic Radiant cooling systems
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Benefits of Radiant Heating and Cooling
Systems:

1. Energy Efficiency: 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 effectively,
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,
whichincurs 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 effective on thick carpeting: Thick
carpeting can insulate the floor, making radiant
heating/cooling less effective.

6. Can be difficult to find skilled professionals:
Because radiant cooling systems aren’t widely
used, it can be hard to find skilled professionals
for installation and maintenance.
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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
offer efficient, 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:

B 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.

B Energy Efficiency: GSHPs are highly efficient,
with potential efficiencies over 400%, compared
to about 95% for gas boilers.

B Dual Function: They provide both heating and
cooling by reversing its operation.

B Cost Savings: Despite higher electricity costs,
GSHPs can be cheaperto run annually compared
to gas boilers.

B Performance in Low Temperatures: They are

effective even at temperatures as low as -20°C,
suitable for the Nepal climate.

B Low Maintenance: They require minimal upkeep,
only needing an annual service.

Drawbacks of Ground Source Heat Pumps:

® Higher initial cost: Ground source heat pumps
are more expensive to install than traditional
heating and cooling systems.
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Ground Source Heat Pumps Technology

1TUNITS OF ELECTRICITY POWERS
COMPRESSORS & PUMPS

Warm air circulates

through the home
ug 1 7

Z’J i LLN Heat is dispersed into the ground f’ﬂ ? &'\ Heat is absorbed from the ground

B Tedious installation process: The installation meters remains constant throughout the year unless
process can be disruptive, requiring digging up there is significant water movement underground.
the premises and installing pipes. Because the ground temperature remains constant,

® Possibility of water contamination: Open-loop ~ a@ny medium, such as air, when pumped in the

heat pumps can potentially contaminate the  appropriate amount and allowed sufficient contact

water that leads to the building, if necessary, time, will attain the same temperature as the ground

precautions are not taken. temperature. It is to be ensured here that the
amount of pumped medium is such that sufficient
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
10.2.9 Earth Air Tunnel (EAT) such that heat transfer to the air does not decrease
the temperature of the surrounding earth. When this

B Larger space required: It demands larger sized
outdoor space which is not feasible in the all
buildings

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

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
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Figure 59: Earth Air tunnel system

SOLAR CHIMNEY
/ SOLAR RADIATION
/ / ARINTAKE
e < WITH FILTER 1 WIND
L —3 <
| TEROENERGY | P el L™
HOUSE A ™ o
/‘{ ¥ GROUND LEVEL
, > o oisn

AIR HANDLING
UNIT(AHU) ROOM

o
)

e K- o
EARTH AIR TUNNEL
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(b) Hybrid of EAT and Solar Air Heating system implemented in office building of Butwal Power
Company at Kathmandu.
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terminates on the fresh air intake above ground with
25 pm 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 Gl ducts and diffusers.
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 Gl 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.
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10.2.11 Air Source Heat Pump

An air source heat pump (ASHP) system is similar
to ground source heat pump (GSHP) system. Major
difference 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. Aground source heat pump is typically more
efficient 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 affordable to install,
especially where space is limited, making them
a popular choice. There are two types of ASHP
system:

B Air-to-water: It moves heat from the outside air
into the central water heating system.

B Air-to-air: It moves heat from the outside air into
the building using fans.

Advantages of Air Source Heat Pumps:

B ASHPs are energy efficient and can be combined
with other energy efficient technologies.

B Low initial cost.
B Easy toinstall.

B They don’t require a naked flame or combustible
gases.

Drawbacks of Air Source Heat Pumps:

B ASHPs maylose some oftheir heating capabilities
in very cold weather.

B ASHP requires periodic maintenance.

B Some properties may not have the right space to
install an ASHP.

Air source heat pump system s 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
different areas through its ability to adjust refrigerant
flow individually to each zone, making it significantly
more complex and potentially more energy efficient
in large buildings with diverse cooling and heating
needs.

GREEN BUILDING GUIDELINE OF NEPAL



Physical Infrastructure and Standardized Layout of Government Offices-2083

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 off 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 off ventilation should be designed to provide
a tight seal to minimize air leakage. Furthermore,
to optimize energy efficiency in these spaces, the
following factors should be considered:

B Spaces should be located as near as possible to
an external wall in order to minimize the distance
air has to be extracted.

B Ducting design and fan specification should be
carried out to minimize energy consumption.

B 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 621 Standard, based on the type of space,
to ensure acceptable indoor air quality. For office
spaces, the simplified table below can be used as
general guidance as per ASHRAE 62.1standard. The
total fresh air volume is calculated as follows:

Total fresh air volume = (per person rate x number of
occupants) + (area rate x area)

Fresh air rates for a typical office building (Source:
ASHRAE 62.)

Per person rate Area rate

m3/h(cfm) m3/h/m2(cfm/m2)
30.0 1.0
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Figure 60: Types of Mechanical Ventilation

(a) Extract ventilation system

(d) Balanced heat recovery ventilation system

(e) Spot ventilation
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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

Extractventilation systems operate by depressurizing
the building. The system mechanically removes
indoor air, lowering the internal air pressure below
the external pressure. This pressure difference
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
effective 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
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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 efficiency 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 effective in high-
ceiling spaces as it targets the occupied area and
prevents heat or cool air loss to unoccupied zones.

Figure 61: Displacement Ventilation
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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 different 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
consumption.

report on energy

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 effective temperature
control within a building. These set points define the
desired temperature for different 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
efficiency by reducing unnecessary heating or
cooling. By tailoring temperature control to individual
zones, HVAC systems improve both comfort and
operational efficiency 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
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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 effects 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 efficiency

which leads to substantial energy savings.

10.2.13.6 Occupancy Sensors and Demand-
Controlled Ventilation:

Occupancy sensors detect the presence of people
in different areas of a building and adjust lighting
and HVAC systems accordingly. When spaces are
unoccupied, lights can be dimmed or turned off,
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 inefficiencies 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 efficiency.

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 effective
strategies:

10.2.14.1 Insulation:

B Proper Insulation: Use high-quality insulation
materials with appropriate R-values based on
the system’s operating temperature and local
climate.

B 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 insulation,
Phenolic foam, Ethylene Propylene Diene
Monomer (EPDM) rubber insulation, Hemp-wool,
and Hempcrete.

foam

B Continuous Coverage: Ensure the insulation
covers the entire length of the piping and
ductwork, with no gaps or breaks.

B Weather Protection: Protect insulation exposed
to outdoor
coverings to maintain its effectiveness.

elements with weather-resistant
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10.2.14.2 Design and Layout:

B Minimal Length: Keep piping and ductwork runs
as short as possible to reduce heat transfer and
pressure losses.

B Avoid Obstacles: Minimize the number of bends,
elbows, and other obstructions that can increase
friction and energy consumption.

B 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:

B Low-Friction Materials: Use materials with low
friction coefficients, such as smooth-walled
pipes and ductwork, to reduce pressure losses
and energy consumption.

B Corrosion-Resistant Materials: Choose materials
that are resistant to corrosion because corrosion
can reduce pipe and ductwork efficiency and
lead to leaks.

10.2.15 System Balancing

System balancing is a crucial process that ensures
optimal performance, energy efficiency, and comfort
in HVAC systems. By adjusting airflow or water
distribution rates, balancing optimizes the system’s
operation, leading to lower energy consumption,
improved comfort, longer equipment
lifespan, and reduced operating costs. All HVAC
systems shall be balanced in accordance with
established engineering standards.

thermal

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 efficiency. 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 distribution

efficiency include:

improving air
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Variable-air-volume systems
VAV diffusers
Low-pressure-drop duct design
Low-face-velocity air handlers

Fan sizing and variable-frequency-drive motors

Displacement ventilation systems

10.2.15.2 Hydronic System Balancing

Hydronic System Balancing
water flow rates within heating and cooling systems
to ensure even distribution to all devices. This is

involves adjusting

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 efficiency
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 effectiveness 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
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HVAC systems. It typically consists of a ductwork
arrangement, dampers, and an automatic control
system. By strategically introducing cooler outdoor
air into the building,
significantly lower energy consumption during mild
or cold weather conditions.

an air economizer can

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 effective in regions where there’s
a reliable source of naturally cool water, such as
groundwater or nearby bodies of water.

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 different dispositions:

B Solar Room Heating/Cooling System
B Solar Water Heating System

B Solar Electricity Generation System

10.3.1.1 Solar Room Heating/cooling System

There are two types of solar room heating systems:

B Active System

B 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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Figure 62: Solar air heating panel
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(c) Wall mounted solar air collector system.

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
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Figure 63: Five elements of passive building design
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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 different 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 differential
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
efficiently, 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.
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B.1.2.1.Trombe wall

Trombe wall system
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Inindirect 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.

Thefirstdesign strategy toincrease the effectiveness
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 % 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:
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B.1.3.1 Sunroom

Itintegrates 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
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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 efficiency 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:
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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 effectively around a building to reduce
energy consumption. For the details, please refer to
Chapter 4.

C.2. Solar shading

Solar shading is an effective 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 effective 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
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(a) Solar Chimney in summer and winter conditions

(b) South Facade of the Regional Educational Directorate Building at Hetauda.
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Figure 67: Section drawing Regional Educational Directorate Building
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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 effect
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 effect (caused by
the height difference) cool air flow will flow through
and cool down walls, floor, ceiling and furniture
in the office room. As a result, the thermal mass
effect will keep the office 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,
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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.
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Figure 68: Solar Water Heating System
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(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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10.3.2.2 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 difference 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).
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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
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the blade decreases. The difference 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
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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
effect 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 office, 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
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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 effective 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 effectively utilizes the stack effect 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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Cross ventilation and stack ventilation

(a) Hot air rises due to buoyancy, and its low
pressure sucks in fresh air from outside
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(b) Office Building of Department of Electricity Development at Sano
Gaucharan, Kathmandu. Pyramid shaped solar space is designed to

enhance stack effect. Hot air developed at solar space will create

better draught effects.

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.
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:

There are

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 CO, 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 buffaloes. 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.
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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, treatment.
Anaerobic digestion is an emerging technology
that is already competing for the place of the most
efficacious 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 (CH,) and about 35-45%
carbon dioxide (CO,). 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.

pollution and wastewater

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:

B The Biogas plant consists of a digester tank,
where the organic material is stored, and the
microorganisms work on them and release gas.
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B 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.

B A guide pipe helps the gas collector tank to
move up-and-down inside the digester tank.

B Waste is fed through feed pipe inside the
digester tank.

B The fully digested slurry drains out through the

outlet pipe. This can be collected, diluted and
used as fertilizer for plants.

B A gas pipeline from the Gas collector tank helps
in utilizing the gas for cooking and lighting

B 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

(a) Typical biogas plant diagram

~ Sources
~ Food

~ wasteand
~ sludge

4.Methanogenesis
3.Acetogenesis
2. Acidogenesis

1. Hydrolysis

(b) Plastic stacked barrel biogas plant.

Direct Natural Gas for
cooking and fuel

Biogas

Direct and Residual heat
as Thermal Energy

t

to generate Green Energy

q| Combined Heat and Power Grid

5

Nutrient Rich Digestate as

Anaerobic Digester

Biofer6lizers

(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 efficiency, energy
performance, and occupant comfort. Consequently,
each design step is often carried out independently,
which can incompatibilities
different design elements. These disconnects can
result in significant challenges during construction
and negatively impact the overall performance and
functionality of the building

lead to between

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

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
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electrical system of a green building is designed
to be energy-efficient and reduce the building’s
environmental impact.

10.5.1 Energy efficient consumption behavior

Understanding and changing household energy
consumption  behavior are considered as
effective ways to improve energy efficiency and
promote energy conservation. With the increasing
penetration  of and
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
efficiency and promote energy conservation.
Energy-efficient consumption behavior is a way of
living that reduces unnecessary energy use and
promotes sustainable energy practices. Here are
some examples of energy efficient behaviors:

conventional emerging

i. Curtailment: Turning off 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-efficient products: Purchasing
products that use less energy and have a lower
environmental impact
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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 off-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 efficient 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 efficiency, and environmental
performance. Here are some key considerations for
electrical power distribution in green buildings:

a) Lights, appliances and controls - Use of High-
Efficiency Lighting, Lighting Controls, and
Energy-Efficient 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. lts 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
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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, off-grid, or hybrid systems,
depending on the building’s energy needs and
local regulations.

Smart Grid and Smart Building Technologies -
Smart grids and smart buildings are technologies
that work together to improve the efficiency,
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 efficiency and
reduce energy bills. These devices can include:

B Smart Meters and Energy Monitoring: Green
buildings often incorporate smart meters to
monitor energy consumption in real time,
helping building owners and managers
identify inefficiencies, track energy use, and
make informed decisions about energy-
saving measures.

B Demand Response Systems: Smart power
distribution systems can adjust energy
consumption based on grid demand or
pricing signals, optimizing energy use and
reducing costs.

B Building Management Systems (BMS): A
centralized BMS can control lighting, HVAC,
and other systems for energy optimization,
ensuring that the building operates at peak
efficiency while maintaining occupant
comfort.

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.

Grid Connectivity: A green building’s power
distribution system must be designed for
efficient grid connectivity, allowing for the import
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and export of power between the building and
the utility grid.

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.

Voltage and Power Quality Management
- Green buildings need to consider voltage
regulation to ensure stable operation of all
electrical equipment, reducing the
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 efficiently 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.

Sustainable 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.

risk of

Materials - Electrical

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.

Resilience and Redundancy - Green buildings
should be designed with electrical power
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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.

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 Efficiency: 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 inefficient. For green buildings,
minimizing voltage drop helps reduce overall
energy consumption, contributing to
operational costs and a smaller carbon footprint.

lower

Properly designed electrical systems ensure
that devices and appliances receive the
correct voltage. Voltage drop can
the effectiveness of energy-efficient devices,
lighting systems (e.g., LEDs), HVAC systems and
Elevators making it harder to meet sustainability
goals.

reduce

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-efficient 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 effective
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 efficient power conversion and
distribution. Excessive voltage drop can reduce
the effectiveness 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:

O Conductor Material: Copper and aluminum
are commonly used for conductors, with
copper being more efficient due to its lower
resistance.

O Wire Length: Longer wire runs result in
higher voltage drop.

O 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:

Vop = VOltage drop in volts

L = one-way length of the conductor in meter
| = 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.
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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 efficiently. A voltage drop in the circuit
could lead to dimming or erratic behavior which
reduces the effectiveness 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 efficiency 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 efficiency.
Power Factor (PF) is a measure of how effectively
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 efficient 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
efficiency.

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 efficiently,
reducing the load on equipment, transformers,
and other infrastructure. This results
longer lifespan for the equipment and fewer
maintenance costs.

in a

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 compensating for the
inductive loads (such as motors and transformers)

that cause the power factor to drop.

locally,
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a) Capacitors: These are the most common form
of power factor correction. Capacitors offset the
inductive effect 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, offering 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 factor
correction controllers) that dynamically adjust

power

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-efficient Design: Green buildings often
incorporate energy-efficient lighting (e.g., LED
lights), HVAC systems, elevators, and motors.
While these devices are energy-efficient, 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 efficient 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 necessatry.

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-efficient 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 efficiency, 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 different 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
response to real-time demand.

systems in

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.
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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 different 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 efficient 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,
balancing loads.

automatically

b) Al and Machine Learning: Advanced Al 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

ANNEX-II



Physical Infrastructure and Standardized Layout of Government Offices-2083

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 different 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 efficiently.

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 off-peak hours.

d) Enhanced Grid Stability: For buildings

participating in demand response or using
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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 effects 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 offices 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:

B 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.

B Nuisance trip of breakers and fuses due to the
added heat and harmonic loading questioning
the reliability of protection system.

B Unstable operation of backup generators and
generator overload due to harmonic overloading.

B Unstable operation sensitive electronic devices
that require a pure sinusoidal AC wave especially
in hospital facilities.

B 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

B Selection of electrical equipment’'s that
generates less harmonic distortion (<5%)

B Oversizing of electrical equipment’s to handle
the harmonic loading such as oversizing of
power cables (Ref. IS 732 annex-v), backup
generators etc.

B [f 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
efficient 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 efficient technologies,
equipment, and appliances to choose from. The
following are the latest development in energy

Figure 75: Energy consumption pattern
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efficient 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-efficient
Smart HVAC vents, High-efficiency heat pumps,
Smart appliances, and Electric vehicle (EV) chargers.

insulation,

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 efficient 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.

Inrecentyears,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 Therefore,
we must be very careful when choosing energy-
efficient technologies, equipment, and appliances.
In this connection, the Energy Rating System can be
very helpful in achieving the true energy efficiency
of the project.

wrongdoings.

10.6.1 Energy Rating

To ensure energy efficiency of the electrical
appliances, designer should select the appliance
considering the energy ratings. An energy
efficiency rating is a score that measures how
well a building or appliance uses energy. An
energy rating label provides information about an
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appliance’s energy efficiency and running costs.
More and more countries are recognizing the
many benefits of energy efficiency standards and
labelling (EES&L) programs to effectively 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 efficiency and
climate change mitigation programs. Followings are
three popular energy rating system:

Figure 76: Popular Energy rating systems
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a) ENERGY STAR is the trusted, US government-
backed symbol for energy efficiency of
appliances. Generally, a product is with star or
non-star. Products that earn the ENERGY STAR
label meet strict energy-efficiency specifications
set by the U.S. Environmental Protection Agency
(EPA).

b) EU Energy Lebelis energy consumption labelling
scheme established by EU Directive. The energy
efficiency of the appliance is rated in terms of
a set of energy efficiency classes from A to G
on the label, A being the most energy efficient,
G the least efficient. 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 efficiency,
A+, A++, and A+++ grades were later introduced
for various products; since 2010.

c) The Bureau of Energy Efficiency (BEE) in India
implemented 2006 the Standard & Labeling Pro-
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gramme of BEE Star. The rating is based upon
1to 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
efficient lamp also plays pivotal role on achieving
energy efficiency 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
office 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
efficiency. 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:

B 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 offer
higher efficiency for better energy efficiency and
balanced brightness.

B 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 efficiency of the
LED driver is very important factor. A good LED
driver should have high efficiency, which means
that it converts the input power to LED lights with
minimal losses. The efficiency of the LED driver
is measured in terms of a percentage, and it
is important to choose an LED driver with high
efficiency to ensure energy efficiency and cost
savings. Generally, LED driver efficiency can be
95-98%.

B The heat sink should be made out of materials
that offer good thermal conductivity so that the
heat is effectively dissipated, and it helps in
increasing the lifespan of LEDs.

B The optics and lenses of the luminaire should
also be made of high-quality material, and they
should offer the desired light coverage based on
the pattern of light distribution.

B The housing materials should be made of
material that is durable and offers 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.

B 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.

B During selection of LED
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).

B 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.

luminaires, it is
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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.

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 different 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: Affects the availability of sunlight;
cloudy regions will rely more on diffused skylight.

¢) 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.

¢) Daylight Factor (DF): The ratio of indoor
iluminance to available outdoor illuminance,
expressed as a percentage. A well-lit office
space, classroom kitchen typically has a daylight
factor of 2%, lobbies, lounges, living room: 1%,
and corridors, bedrooms: 0.5%.

d) Useful Daylight llluminance (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 sufficient daylight penetration without
excessive heat loss or gain.

¢) 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
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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
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.

types of windows for

iii. To alesserextent,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 offer 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
offer 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.
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Figure 77A: Example of Traditional Daylighting Method
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Fig. 3. S5ome of troditionol daylighting applicotions/methods; (A) Window and light shelf, (B) Prismatic glozing,
[€) Rolographic films, (D} Skylight, (E) Metal fouver, (F) Translucent roof. (G) Roof manitar, {H) Rolier blind,
{1} Clerestory window, (J) overhangs, and (K} Assembling glazing [50-53]. |

—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
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be used to form or cover walls on a larger scale.
Translucent panels are favored due to the fact that
they diffuse 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.

ANNEX-II
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Figure 77: Innovative daylighting

Exterior
Roof

Zone

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
diffuser.

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:
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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.

GREEN BUILDING GUIDELINE OF NEPAL



Physical Infrastructure and Standardized Layout of Government Offices-2083 169

Chapter 11

Indoor Air Quality and Comfort

>> Nature of Problem

>> Sick Building Syndrome (SBS) and Building Related lliness (BRI)
>> Magnitude of the problem

>> Reasons for IAQ Problem

>> Preventive Strategies for maintaining Indoor Air Quality

>> Recommended environment criteria

>> |nterdisciplinary approach

SICK BUILDING
SYNDROME
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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.

People spend approximately 90% of their time in
enclosed spaces such as homes, offices, 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.

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 effect 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
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Indoor Air Quality
and Comfort

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;

4) Air pollution including airborne organic matter;

(
(
(3) Low humidity,
(
(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,
insufficient 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 comfortliesinthe 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.

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.

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 effects
at high concentrations, and some are known
carcinogens. Low to moderate levels of multiple
VOCs may also produce acute
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.

reactions.

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
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openings. In addition, combustion products can
enter a building from a nearby garage.

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
irritation and upper respiratory
congestion. Legionella, an indoor bacterium has
caused both Legionnaire’s Disease and Pontiac
Fever.

membrane

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.

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.

Sufficient ventilation: This includes bringing in
outdoor air and exhausting indoor air to dilute
and remove indoor Ensuring
that there is sufficient 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.

contaminants.

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
effect, 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 efficiency.

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
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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 efficiency and airflow rate. According to
particle filtration efficiency, 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-efficiency filter material
includes glass fiber, chemical fiber and PP
(polypropylene).

Ill. High-Efficiency 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
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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% efficiency for removing particles in the
range of 0.15to 0.2 uym, which is the most penetrating
particle size (MPPS) due to the combined effect
of different mechanisms of particle capture. (HSE,
1992) & (EPA, 1991)

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 traffic, industrial processes
and other ventilation system discharges.

Fresh air supply rates of 8 liters per second
per person would be sufficient 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) Airmovement: Lack of perceptible air movement
within the workplace can promote a feeling of
stuffiness, whereas excessive air movement will
produce complaints of draughts. Air velocities
should normally be approximately 01 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
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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
off-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 efficient
ventilation systems and proper insulation, these
materials  contribute to maintaining optimal
indoor air quality, supporting both occupant
well-being and energy efficiency. Sustainable
buildings designed with these principles not
only reduce health risks but also foster a more
resilient and comfortable living and working
environment.

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
efforts 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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Chapter 12

Sustainable Construction Practices

>> Pre-construction
>> During construction

>> Post construction
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Sustainable
Construction Practices

~

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:

B |t reduces the environmental impact of
construction activity on the environment and
people maintaining high level of efficiency in

operation.
It applies green construction technologies.
It ensures Health and safety.

Construction of waste management.

Energy efficiency in the work place and site
operations.

B Water efficiency in construction.

121 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.
Effective execution of the design is possible only if
the procurement of the construction contractor is
proper. Hence, itis 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:
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12.1.1.1 Selection of Contractors/sub-
contractors

B Highlight all the requirements for sustainable
green practices in construction works on-site
within the tender documents.

B Include selection criteria to identify capable
contractors for executing green building projects.

B 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.

B 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

B Require submission of detailed safety plan from
contractors/sub-contractors implementing key
items.

®  Allow only non-toxic cleaning agent for building
final cleaning activities.

B Require detailed site recycling plans, including
incentives/penalties to ensure execution.

B Allow no smoking on-site during construction.

B Require ‘kick-off” sustainable
education for all on-site work force.

construction

B Incorporate works for green/sustainable building
in specifications.

B Provision for joint SCP monitoring event and
require attendance at its meetings by all site
personnel.

B Require periodic education training sessions for
both engineers and workers.

B |mplement incentives for site staff for
implementation of sustainable practices.
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B Green/Sustainability focal person requirement
from each team (i.e. contractor/sub-contractor/
designer etc.)

B Require Energy Star for temporary and
permanent building equipment.

12.1.2 Site and Environment

B Know the site — Identify vegetation, wildlife
habitat, climate, solar pattern, temperature,
prevailing wind direction, humidity, precipitation
and dominant weather patterns peculiar to the
site.

B Preserving the natural environment of the
site complying with the prevailing environment
regulations.

B Prepare detailed Construction site
management plan with thoughtful consideration
for following aspects:

- Workers’ facilities - Infrastructures
(accommodation, dining, toilets etc.) for
workers

- On-site drainage Plan

- Waste management plan

- Plan for transportation and vehicular
movement

B Site security — Necessary measures for site
security such as site barricading, safety signage,
surveillance system, guard’s facility etc.

12.2.1 Demolition and abatement

B Disassemble buildings to maximize the
materials salvaged. Outline the dedicated area
for de-construction and disassembly.

B Prevent contamination - Take proper precaution
to prevent contamination of the site during [ |
demolition and removal of hazardous materials.

12.2.2 Site works
B 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.
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— Plant areas cleared or graded with native
species of the site.

Preserve pervious land

- Reduce the size of impervious areas.
Disconnect them when possible.

— Limit equipment traffic and staging locations
to areas that will eventually be paved.

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.

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.

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.

Traffic 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.

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.

Prevent contamination

- Eliminate any and all possibilities of
contamination to site’s natural water resource
(chemical, runoff 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.

Apply green construction technologies

- Prefab assemblies - Give preference to off-
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.

Electrical works

— Protect conduit trenches against storm water
and erosion.

- A full cutoff 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
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also prevent adverse effect of bad lighting
and light pollution.

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 effects on workers.

— Increase awareness of harmful products and
ingredients in order to protect workers and
minimize use.

- Increase the wuse of personal safety
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
off-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 off-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.

Energy efficiency in the work place and site

operations.

— Maximize the use of photovoltaic panels for
construction and warning signage where
applicable.

— Shut off temporary lighting systems when not
in use.

- Use energy efficient lamps and other
electrical appliances.
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m Efficient technologies - Use rainwater: Collect rainwater for storage

Use of sustainable technology reduces paper
waste for on-site work activities and generates
efficient  project communications. These
technologies save time and effort 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 efficient software for material tracking,
electronic punch lists, and pocket version of
CAD.

Water efficiency in construction

Construction sites can be made more water-

efficient 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 offices.

— Monitor water usage: Install water meters to
track the amount of water being used.

- Educate the workforce: Encourage staff to
report leaks and wastage.

GREEN BUILDING GUIDELINE OF NEPAL

ANNEX-II

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 effluent on site
rather than discharging it.

Construction and demolition waste

management

- Waste and scraps produced through
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.

— 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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Chapter 13

Commissioning and Building Performance Tracking

>> Building Commissioning

>> Building Performance Tracking

>> Building Performance Tracking complements Commissioning
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Commissioning and Buﬂdmg
Performance Tracking

V

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.

131 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
efficiency. 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 are designed, installed,
and calibrated to run according to the project
requirements and design specifications from the
very start.

systems

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 efficiency of an existing
building’s systemstoreduce 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.
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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 staff and the
contractors/vendors to assure the training is
appropriate for the staff.

e) Record commissioning
provide Commissioning
documentation.

procedures  and
report with testing

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 staff,
especially if new staff 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 staff) who, through
coordinated responsible  for
implementing the commissioning process and are
led by the Commissioning Authority.

actions, are
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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-off 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 efficiently a building meets its occupants’
needs, which includes maintaining:

B comfortable temperatures and humidity,
m ventilation requirements,
B |ighting requirements.

182

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

COLLECT DATA &
TRACK PERFORMANCE

FIX ISSUES & DETECT
VERIFY RESULTS PERFORMANCE
ISSUES

DIAGNOSE ISSUES &
IDENTIFY SOLUTIONS

During the tracking, different instances such as
sensors drifting out of calibration, changes in
building use, and adjustments in control sequences
might affect 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

Introduction

General Project
Information method characteristics.
Commissioning
Scope

Team Contacts
Communication Plan
& Protocols project.
Commissioning
Process

roles and responsibilities.
Commissioning
Documentation
Commissioning

Schedule durations.

Purpose and general summary of the plan.

Overview of the project, emphasizing key project information and delivery

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.
Documentation of the communication channels to be used throughout the

Detailed description of the project specific tasks to be accomplished during the
planning, design, construction and tenant occupancy stages with associated

List of commissioning documents required to identify expectations, track
conditions and decisions, and validate/certify performance.

Specific sequences of events and relative timeframes, dates, and
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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
management stakeholders at all
the organization. Without people instituting
goals and rewards, and managing day-to-day
performance, tools may fall into disuse making

success difficult.

building
levels of

2. Process — It is the management processes
that support building performance tracking. It
includes:

B Allocation of the financial and labor resources

B Well-defined reporting and accountability

B Specific language to
performance tracking
tenants and service providers

support  building
in contracts with

B 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.
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a. Sensors: |Install sensors to
temperature, humidity, CO2
brightness, and presence. These sensors
can be connected to a management system
to adjust environmental conditions according
to occupant needs.

measure
levels,

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

Cc. Submeter — To measure the consumption of
electricity, water, gas and other resources,
submeters should be used
sections of the system.

in different

d. Air quality sensors: Monitor, measure, and
reportenvironmental 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
v

Appendix 1:
Solar Chart Diagram for latitude 28° 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
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(Koenigsberger, Ingaersoll, Mayhew, & Szokolay, 1973)
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Appendix 2:

Solar radiation is one of the most important
parameters affecting 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 effective when
designed specifically for each fagade 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 different seasons is
essential. This knowledge is important for designing
passive heating and cooling strategies, orienting
buildings effectively, 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 different orientation in
different latitudes at selected cut-off times.

ANNEX-II
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Solar Geometry

The earth’s movement around the sun creates
different 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
different times of the year can be found though two
angular coordinates namely (Figure 55):

B Solar altitude B, represented by the angle
between the line joining the center of the sun
with the observation point and the horizontal
plane

B Solar azimuth a, which is the angle measured
on the horizontal plane, from the north-pointing
coordinate axis to the projection of above joining
line.

Angular coordinates of the sun

Zenith

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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Figure 3: Method of using Sun Path diagram

Altitude Angle

NORTH .

N Azimuth

The values of solar altitude B are represented by
the circumferences (outermost corresponds to f3 =
0°, horizon, while the center corresponds to § = 90°,
zenith). The values of solar azimuth a 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-off
periods.
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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 facade 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. Itisthe differenceinazimuth
between the sun’s position and the orientation of
the building fagade under consideration (Figure 5.a).
It can be calculated using the following equation:

HSA = Azimuth angle (a) — 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)
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Figure 4: Time table plot from Climate Consultant
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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/

Box 1:Web Sources for getting Sun ath diagram Figure 5b: Designing vertical shading device
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Figure 5a: Azumuth angle and wall azumuth angle Figure 5c: Designing shading device
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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 facade under consideration
and a tilted plane which contains the sun orthe edge
of the shading device (Figure 5.c). The following
equation can be used to calculate VSA.

Tan (VSA) = Tan 3 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

Height

Depth = —————
Overhang Dept tan(Vsa)

Width

Fin Depth —
in Depth HSA)

(Equation 3)

Appendix 3:

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:

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.
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Table3: Translates the above into performance
specifications or sketch design
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. Fillin the 1**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 2™ section of table 1 with monthly
mean relative humidity.

d. Calculate average relative humidity and
identify humidity group.

e. Fillin the 3" 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

Location: Gorkha Longitude: 28.3° Latitude: 84.7° Altitude: 1000m
Air temp.°C Jan Oct Nov Dec
Monthly 20.6| 24 |286|315|32.1|325|312|313|30.7|286|248|20.7|325| 279
mean max.
Monthly

. 7751106 | 14.2 | 177 | 20 |225(23.4|23.2|224| 18 [12.9]|8.96|23.4|4.52
mean min.
Monthly

1281133 145|13.8| 12 |9.96| 775 |8.06|8.31 | 10.6 | 11.9 | 11.8 | Low | AMR

mean range

1.

2.

Fill in the title block (location identification)

From meteorological records, enter the monthly mean maximum and mean minimum air temperature
values in the first two lines.

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.

In the separate box on the right, enter the highest of the twelve maxima and the lowest of the twelve
minima respectively.

By adding these two values and dividing it by two, find the annual mean temperature and enter this value
in the box marked AMT.

Find the difference between the lowest mean minimum value and the highest mean maximum value. Write
it down in the box marked AMR (Annual Mean range).

Second Part of Table 1: Humidity

| [ Jan [ Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
et 933|886 | 769 | 749 | 80 | 855 | 912 | 915 | 925 | 945 | 96.1 | 96.1
mean max am

Monthl

onthly. 684 | 62 | 553  53.6 619 | 701 | 787 | 794 | 80 | 782 | 796  78.9
mean min pm

Average 809 | 753 | 66.1 | 64.2 | 709 | 778 | 849 | 855 | 863 | 863 | 878 | 875
Humidity 4 | 3 3 4 4 | a4 a4 | 4 4 a4 a4
group

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.

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.

Establish the *humidity group’ for each month (1, 2, 3 or 4) according to the following categories and enter
them in the fourth line.

Average RH Humidity Group

Below 30% \ Group 1
30-50% ' Group 2
50-70% 'Group 3
Above 70% \ Group 4
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Third Part of Table 1: Rainfall and Wind

Monthly mean max am

Wind, Prevailing
Wind, Secondary

14.8

N
W

371

NE
N

36

84.8| 148
E N
NE

302

NE
SW

412

NE

[t L s | |

366

S
SE

210 | 515
SE E
SW S

2.25
Total

6.25
1670

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

Monthly mean max
Day comfort, upper
Day comfort, lower
Thermal stress, day
Monthly mean min
Night comfort, upper

Night comfort, lower

Thermal stress, night

206 | 24
27 27
22 22
Cc (0]

775 | 10.6
21 21
17 17
Cc C

28.6
29
23
o

14.2
23
17
C

Coey | son | g | 5o

315 [ 32.1 | 32.5 | 31.2 | 31.3 | 30.7
29 27 27 27 27 27
23 22 22 22 22 22
H H H H H H
177 | 20 | 225|234 | 232|224
23 21 21 21 21 21
17 17 17 17 17 17
(o) (0] H H H H

28.6
27
22

H
18
21
17
(o)

24.8
27
22
(0]

12.9
21
17
Cc

20.7
27
22
Cc

8.96
21
17
Cc

1. Enter the monthly mean minimum and maximum temperatures from table 1in 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
I e M e
Comfort limit Night Night Night
Humidity Group 1 26-34 17-25 23-32 14-23 21-30 12-21
Group 2 25-31 17-24 22-30 14-22 20-27 12-20
Group 3 23-29 17-23 21-28 14-21 19-26 12-19
Group 4 22-27 17-21 20-25 14-20 18-24 12-18
_mm
H 4
Air movement essential H1
2-3 <10°C
Air movement desirable H2 @) 4
Rain protection necessary H3 >200mm
Thermal capacity necessary A1 1-3 >10°C
Outdoor sleeping desirable A2 i I
1-2 >10°C
Protection from cold A3

Counting the indicators - There are six indicators. Among them, H1, H2, H3 are ‘Humid Indicators’ and Af1,
A2, A3 are ‘Arid indictors’. Occurrence of these indicator is marked in the table below using the criteria of
the indicators.

H1 0 0
H2 | 0 | 1 |
H3 | o | 0 |
Al 0 | 0 |
A2 | 0 | O |
A3 1 0

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. Inthe last column, show the number of months in which each indicator is applicable (the number of ticks
in each line).
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Specifications
This table gives the designer the specifications resulting from the above indicators. Recommended
specifications are grouped under eight headings.

Indicator totals from data sheet
Ht | H2 | H3 | A1 | A2 | A3

6 2 4 2 o 2
Layout
0-10 X ] Orientation north and south
1o 5-12 (long axis east—west)
0-4 2 |Compact courtyard planning
Spacing
111> . Open spa.lcmg for breeze
penetration
As above, but protection from
2-10 X 4

hot and cold wind
0-1 5 |Compact layout of estates
Air movement

3-12 Rooms single banked,
X 6 |permanent provision for air
1-2 05 movement
6-12 Rooms double banked,
2-12 / temporary provision for air
© 0-1 8 |No air movement requirement
Openings
0—1 0 9 |Large openings, 40-80%
1-12 0-1 10 |Very small openings, 10-20%
Any other conditions X 11 |Medium openings, 20-40%
Walls
0-2 X 12 |Light walls, short time-lag
3-12 13 |Heavy external and internal walls
Roofs
0-5 X 14 |Light, insulatted roofs
6-12 15 |Heavy roofs, over 8h time-lag

Outdoor sleeping

Space for outdoor sleeping
reqguired

Rain protection

Protection from heavy rain
necessary
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Detailed Recommendations

Indicator totals from data sheet
Hi | H2 | H3 | A1 | A2 | A3
6 2 4 2 o 2
Size of opening
o1 0 1 |Large openings, 40-80%
. 12 X 2 |Medium openings, 25-40%
6-10 3 |Small openings, 15-25%
T1etn 0-3 4 |Very small openings, 10-20%
4-12 5 |Medium openings, 25-40%
Position of openings
3-12 In north and south walls at body
X 6 . . .
1-2 0-5 height on windward side
6-12 As above, openings also in
0 |[2-12 4 internal walls
Protection of openings
02| X 8 |Exclude direct sunlight
2-12 X 9 |Provide protection from rain
Walls and floors
0-2 X 10 |Light, low thermal capacity
3-12 11 |Heavy, over 8h time-lag
Roofs
o1 0-2 12 |Light, reflective surface, cavity
3-12 . .
os X 13 |Light, well insulated
79 6-12 14 |Heavy, over 8h time-lag
External features
1-12 15 |Space for outdoor sleeping
1-12 16 |Adequate rainwater Drainage
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Appendix 4

Example of calculation of U-Value

General steps to calculate U-value

Vi.

Identify layers: List all layers of the wall, including their thickness (d) and thermal conductivity(k).
Calculate resistance, and R-values for each layer:

Rlayer = d/k

Add surface resistances (Refer to appendix 5.1 for more surface conductance values):

®m Outside surface resistance (1/f,)= 0.075 m?K/W (Assuming external wall as south-facing severe
exposure, surface conductance as 1318 W/ m? K)

B Internal surface resistance (1/f,)= 0123 m2K/W (Typical value of surface conductance is 8.12 W/ m? K)

Sum all resistances:

Ro= Riyent Riyera

Calculate R,_, using following formula.

R,_q = l.e. air to air resistance

1 1
Ra_a= E‘l‘Rb +7
L

Where,

f.= Outside surface conductance (M2K/W)

f = inside surface conductance (Mm*K/W

R, = summation of resistances of all the materials used (M?K/W)

Calculate U-value:
_1
U="/Ros
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Appendix 5:
A. Thermal properties of building and insulating materials (BEE, 2018)

Type of material Density Thermal Specific heat

(kg/m?) conductivity capacity
(w/m.K) (kJ/kg.K)

l. Building materials

1 Solid burnt clay brick 1920 0.980 0.80 (1)
2 | Solid burnt clay brick 1760 0.850 NA (1)
3 | Solid burnt clay brick 1600 0.740 NA (1)
4 | Solid burnt clay brick 1440 0.620 NA (1)
5 | Resource efficient (hollow) brick 1520 0.631 0.65 (4)
6 | Fly ash brick 1650 0.856 0.93 (2)
7 | Solid concrete block 25/50 2427 1.396 0.20 (4)
8 | Solid concrete block 30/60 2349 1.41 0.30 (4)
9 | Aerated autoclaved concrete (AAC) block 642 0.184 1.24 (4)
10 | Cement stabilized soil block (CSEB) 1700 1.026 1.03 (B)
11 | Cement stabilized soil block (CSEB) 1800 1.201 1.07 (5)
12 | Cement stabilized soil block (CSEB) 1900 1.303 1.07 (5)
13 | Dense concrete 2410 1.740 0.88 (3)
14 | Reinforced concrete cement (RCC) 2288 1.580 0.88 (3
15 | Brick tile 1892 0.798 0.88 (3)
16 | Lime concrete 1646 0.730 0.88 (3)
17 | Mud Phuska 1622 0.519 0.88 (3)
18 | Cement mortar 1648 0.719 0.92 (3)
19 | Cement plaster 1762 0.721 0.84 (3
20 | Gypsum plaster 1120 0.512 0.96 (3)
21 | Cellular concrete 704 0.188 1.05 (3)
22 | AC sheet 1520 0.245 0.84 (3)
23 | Gl sheet 7520 61.060 0.50 3
24 | Timber 480 0.072 1.68 (3)
25 | Timber 720 0.144 1.68 (3)
26 | Plywood 640 0.174 1.76 (3)
27 | Glass 2350 0.814 0.88 (3)
28 | Tar felt (2.3 kg/m2) 0.479 0.88 (3)
II. Insulating materials
1 | Expanded polystyrene 16.0 0.038 1.34 (3)
2 | Expanded polystyrene 24.0 0.035 1.34 3
3 | Expanded polystyrene 34.0 0.035 1.34 (3)
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Foam glass

Foam glass

Foam concrete

Foam concrete

Foam concrete

Cork slab

Cork slab

Cork slab

Rock wool (unbonded)

Rock wool (unbonded)
Mineral wool (unbonded)
Glass wool (unbonded)
Glass wool (unbonded)
Resin-bonded mineral wool
Resin-bonded mineral wool
Resin-bonded mineral wool
Resin bonded mineral wool
Resin-bonded mineral wool
Exfoliated vermiculite (loose)
Asbestos mill board

Hard board

Straw board

Soft board

Soft board

Wall board

Chip board

Chip board (perforated)
Particle board
Coconut pith insulation board
Jute fiber

Wood wool board (bonded with cement)
Wood wool board (bonded with cement)
Coir board

Saw dust

Rice husk

Jute felt

Closed cell flexible elastomeric foam - NBR

1270
160.0
320.0
400.0
704.0
164.0
192.0
304.0
92.0
160.0
73.5
69.0
189.0
48.0
64.0
L0
16.0
24.0
264.0
1397.0
979.0
310.0
320.0
249.0
262.0
432.0
352.0
750.0
520.0
329.0
398.0
674.0
970
188.0
120.0
291.0
40-55

0.056
0.055
0.070
0.084
0.149
0.043
0.044
0.055
0.047
0.043
0.030
0.043
0.040
0.042
0.038
0.036
0.040
0.036
0.069
0.249
0.279
0.057
0.066
0.047
0.047
0.067
0.066
0.098
0.060
0.067
0.081
0.108
0.038
0.051
0.051
0.042
0.043

0.75
0.75
0.92
0.92
0.92
0.96
0.96
0.96
0.84
0.84
0.92
0.92
0.92
1.00
1.00
1.00
1.00
1.00
0.88
0.84
1.42
1.30
1.30
1.30
1.26
1.26
1.26
1.30
1.09
1.09
1.13
1.13
1.00
1.00
1.00
0.88
1.20

(3)
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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.

B. Surface conductance and resistances

Surface

Internal surfaces (f ) :

197

(4) Thermo-Physical-Optical Property Database of
Construction Materials, U.S.- India Joint Center
for Building Energy Research and Development
(CBERD) and Ministry of New and Renewable
Energy (MNRE). Available at http://www.carbse.
org/wp-content/uploads/2017/10/Database-of-
Construction-Materials_Oct17.pdf (accessed on 1
May 2018).

Balaji N C, et al. 2015. Influence of varying mix
proportions on thermal performance of soil-
cement blocks. Building Simulation Applications
(BSA). 2nd IBPSA ltaly Conference, Building
Simulation Application - 2015 (BSA 2015).
Available at http://www.ibpsa.org/proceedings/
BSA2015/9788860460745_10.pdf  (accessed
on 1 May 2018)

(5

-~

Resistance

1/f
m? degC/W

Conductance

f
W/ m? degC

Walls 8:12 0-123
Floor, ceiling. heat flow up 9:48 0-105
Floor, ceiling, heat flow down 6-70 0-149
Underside of roof 948 0-105
External surfaces (f))

Walls, South facing:

Sheltered 778 0-128
Normal

Severe exposure 13.18 0.076
Walls, West, Southwest, South-east facing:

Sheltered 10.00 0.100
Normal 13-18 0-076
Severe exposure 18-90 0-053
Walls, Northwest facing:

Sheltered 1318 0-076
Normal 18:90 0-053
Severe exposure 31-50 0-032
Walls, North, Northeast, East, facing:

Sheltered 1318 0-076
Normal 18-90 0-053
Severe exposure 81-20 0-012
Roofs:

Sheltered 14.20 0-070
Normal 2270 0-044
Severe exposure 56-70 0-018
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C. Transmittance (U-value) of some constructions (in W/m2degC)

Walls
Brick:
solid, unplastered 114 mm 3-64
plastered both sides 114 mm 324
Solid unplastered 228 mm 2-67
Plastered both sides 228 mm 2:44
Concrete, ordinary, dense: 152 mm 3-58
203 mm 3-18
Stone, medium. porous: 305 mm 2.84
457 mm 2:27
Brick, 280 mm cavity, fletton outer skin, commmon inner, inside plastered Brick with 1.70
insulating boards, plastered:
25 mm corkboard 0-85
13 mm fibreboard 119
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 119
13 mm fibreboard 0-95
50 mm strawboard, plastered 0-74

Brick but inner skin lightweight concrete blocks:

100 mm aerated concrete blocks 113

100 mm clinker concrete blocks 1-30

Concrete block, cavity, 2560 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 119
+76 mm aerated concrete blocks 210

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 125
+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’ 170
Aluminium deck, 13 mm fibreboard with two layers of bituminous felt 216
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 113
As above - but lightweight screed (in lieu of normal): 125
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 1-82
ceiling

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 113
+grano, terrazzo or tile finish 113
+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 227
+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

Conductance

Re

201

Resistance
1/Re

W/m2 degC

m2 degC/W

Vertical: 3 mm wide 14-50 0-069
6 mm wide 874 0-114
13 mm wide 7-04 0-142
20 mm wide 6-63 0151
25 mm wide 6-52 0-153
38 mm wide 6:52 - 0-153
Horizontal 76 mm: Heat flow up 7-48 0-133
Heat flow down 5.32 0-188
Values normally used in UK for:
50 mm cavity 5-67 0-176
50 mm cavity,with aluminium foil 2-84 0-352
Appendix 5.6
AbsO1bance and emittance of surfaces
absorbance gand 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

Table A.1-10: Embodied energy in materials

Embodied energy [MJ/kg] [MIim’] MIm?]
Agaregate, general 0.1 150 \
virgin rock 0.04 63 \
river 0.02 36 \
Aluminium, virgin 191 515 700 \
extruded 2 542 700 \
extruded, anodised 227 612 900 \
extruded, factory painted 218 588 600 \
fail 204 550 800 \
sheet 199 537300 \
Aluminium, recycled 8.1 21870 \
extruded 17.3 46710 \
extruded, anodised 429 115 830 \
extruded, factory painted 34.3 92610 \
fail 20.1 54 270 \
sheet 14.8 39 960 \
Asphalt (paving) 3.4 7140 \
Bitumen 441 45420 \
Brass 62 519 560 \
Carpet 124 \ \
felt underlay 186 \ \
nylon 148 \ \
polyester 53.7 \ \
Polyethylene terephthalate (PET) 107 \ \
polypropylene 954 \ \
wool 106 \ \
Cement 7.8 15210 \
cement mortar 2 3200 \
fibre cement board 9.5 13550 102/7.5mm
soil-cement 0.42 819 \
Ceramic
brick 25 5170 \
brick, glazed 1.2 14 760 \
pipe 6.3 \ \
tile 2.5 5250 \
Concrete
block. 0.94 \ \
brick 097 \ \
GRC 1.6 14 820 \
paver 1.2 \ \
pre-cast 20 \ \
ready mix, 17.5 MPa 1 2350 \
ready mix, 30 MPa 13 3180 \
ready mix, 40 MPa 16 3890 \
roofing tile 0.81 \ \
Copper 70.6 631160 \
Earth, raw
adobe block, straw stabilised 0.47 750 \
adobe, bitumen stabilised 0.29 \ \
adobe, cement stabilised 0.42 \ \
rammed soil cement 0.8 \ \
pressed block 0.42 \ \
Fahric
cotton 143 \ \
polyester 53.7 \ \
Glass
float 159 40 060 240/6mm
toughened 26.2 66020 396/6mm
laminated 16.3 41080 246/6mm
tinted 149 375450 \
Insulation
cellulose 3.3 12 \
fibreglass 30.3 970 \

GREEN BUILDING GUIDELINE OF NEPAL ANNEX-II



Physical Infrastructure and Standardized Layout of Government Offices-2083 203

polyester 53.7 430 \
palystyrene 117 2340 \
wool (recycled) 14.6 139 \
Lead 35.1 398 030 \
Linoleum 116 150 930 337
Paint 90.4 118/ 6.5
solvent based 98.1 128/ 6.1
water based 88.5 115/ 1.4
Paper 36.4 33670 \
building 25.5 \ 4,97
kraft 126 \ \
recycled 234 \ \
wall 36.4 \ \
Plaster, gypsum 45 6 460 \
Plaster board 6.1 5890 33/9.5mn
Plastics
ABS m \ \
high density polyethylene (HDPE) 103 97 340 \
low density polyethylene (LDPE) 103 91 800 \
polyester 53.7 7710 \
polypropylene 64 57 600 \
polystyrene, expanded 17 2340 \
polyurethane 74 44 400 \
PVC 70 93620 \
Rubber
natural latex 67.5 62 100 \
synthetic 110 \ \
Sand 0.1 232 \
Sealants and adhesives
phenol formaldehyde 87 \ \
urea formaldehyde 78.2 \ \
Steel, recycled 10.1 37210 \
reinforcing, sections B9 \ \
wire rod 12.5 \ \
Steel, virgin, general 32 251 200 \
galvanised 34.8 273 180 \
imported, structure 35 274 570 \
Stone, dimension
local 0.79 1890 \
imported 6.8 1890 \
Straw, baled 0.24 30.5 15.2
Timber, softwood
air dried, rough sawn 0.3 165 \
kiln dried, roughs awn 16 880 \
air dried, dressed 1.16 638 \
kiln dried, dressed 2.5 1380 \
mouldings, etc. 3.1 1710 \
hardboard 4.2 13310 \
MDF 119 8330 \
glulam 46 2530 \
particle bd 8 \ \
plywood 104 \ \
shingles 9 \ \
Timber, hardwood
air dried, rough sawn 0.5 388 \
kiln dried, rough sawn 2 1550 \
Vinyl flooring 79.1 105 990 \
Zinc 51 364 140 \
galvanising, per kg steel 2.8 \ \
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B. Embodied Carbon in Building materials

Thefiguresincludedinthefollowingtableareamuch-shortenedandabbreviatedadaptationofasurveypublished
by the Sustainable Energy Research Team (SERT) of the University of Bath. The survey, ‘Inventory of Carbon &
Energy(ICE)'V2.0,wascompiledandwrittenbyProf.GeoffHammond&CraigJones,in2011. Thefulldetailedsurvey,

completewithoriginal data, methodologyand notes, isavailable atwww.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/

MJ/kg kg CO?/kg kg /m3
Aggregate 0.083 0.0048 2240
Concrete (1:1.5:3 eg in-situ floor slabs, 1.11 0.159 2400
structure)
Concrete (eg in-situ floor slabs) with 25% PFA 0.97 0.132
RC40
Concrete (eg in-situ floor slabs) with 50% GGBS 0.88 0.101
RC40
Bricks (common) 3.0 0.24 1700
Concrete block (Medium density 10 N/mm?)) 0.67 0.073 1450
Aerated block 3.50 0.30 750
Rammed earth (no cement content) 0.45 0.023 1460
Limestone block 0.85 2180
Marble 2.00 0.116 2500
Cement mortar (1:3) 1.33 0.208
Steel (general - average recycled content) 20.10 1.37 7800
Steel (section - average recycled content) 21.50 1.42 7800
Steel (pipe - average recycled content) 19.80 1.37 7800
Stainless steel 56.70 6.15 7850
Timber (general - excludes sequestration) 10.00 0.72 480 - 720
Glue laminated timber 12.00 0.87
Sawn hardwood 10.40 0.86 700 - 800
Cellular glass insulation 27.00
Cellulose insulation (loose fill) 0.94-3.3 43
Cork insulation 26.00* 160
Glass fibre insulation (glass wool) 28.00 1.35 12
Flax insulation 39.50 1.70 30*
Rockwool (slab) 16.80 1.05 24
Expanded Polystyrene insulation 88.60 2.55 15 — 30*
Polyurethane insulation (rigid foam) 101.50 3.48 30
Woodwool board insulation 20.00 0.98
Wool (recycled) insulation 20.90 25%
Straw bale 0.91 100 — 110*
Mineral fibre roofing tile 37 2.70 1850*
Slate (UK — imported) 0.1-10 0.006 - 0.058 1600
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Material Energy Carbon Density
MJ/kg kg CO?/kg kg /m?

Clay tile 6.50 0.45 1900
Aluminium (general & incl 33% recycled) 155 8.24 2700
Bitumen (general) 51 0.38-0.43

Hardboard 16.00 1.05 600 - 1000
MDF 11.00 0.72 680 - 760*
OSB 15.00 0.96 640*
Plywood 15.00 1.07 540 - 700
Plasterboard 6.75 0.38 800
Gypsum plaster 1.80 0.12 1120
Glass 15.00 0.85 2500
PVC (general) 7720 28.1 1380
PVC pipe 6750 24.40 1400%
Linoleum 25.00 1.21 1200
Vinyl flooring 65.64 2.92 1200
Terrazzo tiles 1.40 0.12 1750*
Ceramic tiles 12.00 0.74 2000
Carpet tiles, nylon (Polyamide), pile weight 279 MJ/m? 13.7/ m? 4.6 kg/m?
770g/m?

Wool carpet 106.00 B.B3

Wallpaper 36.40 1.93

Wood stain / varnish 50.00 BB

Vitrified clay pipe (DN 500) 790 0.52

[ron (general ) 25 1.91 7870
Copper (average incl. 37% recycled) 42 2.60 8600
Lead (incl 61% recycled) 25.21 1.57 11340
Ceramic sanitary ware 29.00 1.51

Windows

1200 x 1200 2x glazed, air or argon filled

MJ per window kg CO?

Aluminium frame 5470 279

PVC frame 2150 - 2470 110-126
Aluminium clad timber frame 950 - 1460 48 -75
Timber frame 230 - 490 12-25
Krypton filled add: 510 26

Xeon filled add: 4500 229

Paint

Water-borne paint ‘ 59.0 ‘ 2.12

Solvent-borne paint ‘ 970 ‘ 3.13
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Photovoltaic (PV) cells

Monocrystalline (average) ‘ 4750 ‘ 242
Polycrystalline (average) ‘ 4070 ‘ 208
Thin film (average) 1305 67

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:

Extraction of the raw material,
Transportation to factory,

Manufacture of product or components,
Assembly of product/system,
Transportation to site or point of sale,
Installation/construction,

Maintenance,

Replacement,

© 0N O T s NS

Disposal/re-purposing/recycling.

Besides, embodied energy is calculated for different 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 different from the original.
Step-by-step method for reusing structural and non-structural component of a building:

Measure drawings detailed (walls, ceilings, doors, foundation, pavement) inventory
Architectural design in order to retain as much as not compromising the functional requirement.
Detailed exercise, need to plan well.

Proper calculations need to be done to make visible the amount of material re-used.

Re-use calculation by area.

Sample Building Structure and Envelope Re-use Calculation

Structure/Envelope Element EX'St'(:?) ) Re-used Area (sf) | Percentage Re-used (%)

Foundation/Slab on Grade 11,520 11,520 100
2nd Floor Deck 11,520 10,000 87
1st Floor Interior Structural Walls 240 240 100
2nd Floor Interior Structural Walls 136 136 100
Roof Deck 11,520 11,520 100
North Exterior Wall (excl. windows) 8,235 7,150 87
South Exterior Wall (excl. windows) 8,235 8,235 100
East Exterior Wall (excl. windows) 6,535 6,535 100
West Exterior Wall (excl. windows) 6,535 5,820 81

Total 64,476 61,156 95

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.

B Maintaining the structural elements, intend to increase the use of non-structural elements

B 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.

Consider reusing existing building structures, envelopes and interior non-structural elements.

B Remove elements that pose a contamination risk to building occupants, and upgrade components that
would improve energy and water efficiency such as mechanical systems and plumbing fixtures. Quantify
the extent of building reuse.
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Confirm that the items designated for reuse can be reused and take the necessary steps to retain and
maintain them in the finished work.

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:

Take measurements as if preparing a bid for flooring, ceiling, or painting.
Finished ceilings and flooring areas (tile, carpeting, etc.). Use square footage to determine area
Interior non-structural walls. Determine the finished area between floor and ceiling and count both sides

Exterior structural and party walls. If the interior finishes (e.g., drywall and plaster) have been reused,
count only 1side

Interior doors. Count surface area once
Interior casework. Calculate the visible surface area of the assembly; see the example in Figure 1

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.

Reuse of the material that is in good condition for structural and non-structure.

Sample Interior Nonstructural Reuse Calculation

Interior Non-Structural Element Total Area (sf) RE:::%H ;2?::;709/3

Gypsum Board Wall Partitions - Full Height 5,400 3,600 67%
Gypsum Board Wall Partitions - Partial Height 650 650 100%
Carpeting 10,000 0 0%

Resilient Flooring 350 350 100%
CeramicTile 150 150 100%
Suspended Ceiling Systems 10,400 10,400 100%
Gypsum Board Ceilings 350 350 100%
Interior Doors (Wood) 525 420 80%
Interior Windows/Sidelights 56 56 100%
Interior Doors (Metal) 42 42 100%
Interior Casework/Cabinetry 235 150 64 %
Totals 28,158 16,168 57%

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:

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.

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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B 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 Offsite reuse

Sample Salvaged Materials Tracking Log

Salvaged/Reused Material Description SIS Salva_ged/ Value / Product Cost (%)
Reused Material

Salvaged Brick ABC Salvage Suppliers 6,25,000
Salvaged Wood Floor Salvage Company Y 2,42,000
Remanufactured Wood Doors (Used as Built-in On-Site Salvage /

42,000
Countertops) Remanufacture
Sub-Total Salvaged/Reused Materials 9,09,000
Total Construction Materials Cost - or 45% Default Materials Value 1,66,54,980
Salvaged/Reused Materials as a Percentage of Total Materials Cost 5.50%

Calculations
Cost of Reused Materials (NPR)

Total Materials Cost (NPR

X 100

Percentage of Reused Material =

1.1.4 Recycled content

B 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.

O 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)

B Recycled content is the proportion, by mass,

of pre-consumer or post- consumer recycled
material in a product (ISO 14021).

B Fly ash is the solid residue derived from
incineration processes. Fly ash can be used as a
substitute for Portland cement in concrete.
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Pre-consumer versus post-consumer recycled content

STEEL RECYCLING & MANUFACTURE PROCESS
P N
in

ﬁ PROCESSING & DISTRIBUTION
Ll STEEL PRODUCTION

Doooec®)

RAW MATERIAL EXTRACTION

PRE-CONSUMER

STEEL SCRAP =
oy ﬂ

v
R B
BROWN RECYCLING MANUFACTURING
E i
CONSUMER GOODS

Some cases using recycled content may not give the same quality for durability as the new one.

Method of calculation for recycled content.
B Determine the total materials cost for the project by multiplying the total construction cost by 0.45.

B Alternatively, the total materials cost may be calculated based on the actual materials costs from the
project schedule of values or a similar document.

B 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.

B Materials costs include all expenses to deliver the material to the project site.

Equation 1

(% Post —consumer Recycled Content x Materials Cost)

Recycled Content Value(NPR) = + 0.5

(% Pre —consumer Recycled Content x Materials Cost)

Equation 2

Total Recycled Content Value
Percentage Recycled Content = ¢ Y . ) % 100
(Total Materials Cost)

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
Assembly recycled content value (NPR) =

% Post consumer recycled content

. X Assembly cost +
Total assembly weight

% Pre—consumer recycled content

. X 0.5 X Assembly cost
Total assembly weight
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Sample calculation for the recycled content:

Total construction cost 60,00,000.00
Default Total material cost (45% of Total Construction Cost) 2700,000.00
Recycled
R I
Product % Post- % Pre- ecycled Content
Product Name Vendor Content Value .
Cost consumer consumer . Information
(Equation 1)
Source
. Structural
Structural steel  Multi Steel  4,00,000 10.00%  85.00%  2,10,000 ructure
manufacturer
ABC Concrete
I 2,1 20.00% 42
Underlay aggregate Foundation ,10,000 0.00% ,000 manufacturer
) Sol's Bi
Particleboard orsBig 40,000 100.00% 20,000 Manufacturer
Boards
Gypsum board Gypsum R Us 85,500 78.00% 33,350 Manufacturer
Combined value of post-consumer + 1/2 pre-consumer content (Total recycled content 305350
value) T
Combined value of post-consumer + 1/2 pre-consumer content, as a percentage of
. . 11.31%
default total materials cost (Total percent recycled content) (Equation 2)
Total points documented 1

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.

END-OF-LIFE SCENARIOS

What happens to a building's structural
frame once it is demolished?

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:

Establish a project goal for locally sourced materials, and identify materials and material suppliers that
can achieve this goal.

During construction, ensure that the specified local materials are installed, and quantify the total
percentage of local materials installed.

Consider a range of environmental, economic and performance attributes when selecting products and
materials.

Run preliminary calculations, as soon as a project budget is available, to set appropriate regional materials
targets.

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.

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

Percentage of Local Materials =

Total Cost of Local Materials ()

x 100
Total Materials Cost ()

Components Weight | Distance between Project & | Weight Contributing to Regional
P (kg) Extraction Site (km) Extraction (kg)
Cement 282 1,250 0
Fly Ash 282 125 282
Water 275 1 275
Slag 750 370 750
Recycled Concrete & Aggregate 1,000 8 1,000
Sand 1,200 18 1,200
Component Totals 3,789 NA 3,507
Percent Regionally Extracted Materials (3,507/3,789) 92.6%
Sample Spreadsheet for Regional Materials
Distance between Distance between Product Qu\;alilfl;/?n e (D
Product Manufacturer Project & Manufacturer | Project & Extraction/ Cost 4 9
(km) harvest (km) (NPR) as Regional Source
(NPR)
Plant Material Green’s Landscape 5 5 67,700 67,700 Contractor submittal
Concrete Joe’s Concrete 15 15 2,10,000 2,10,000 Contractor submittal
Insulation UR Warm 105 1,080 92,500 - Product cut sheet
Gypsum Gypsum R Us 75 288 85,500 85,500 Letter from
manufacturer
Carpet Fiber Good 355 721 1,563,330 - Letter from
manufacturer
Casework Top Counter 18 320 1,22,000 1,22,000 Contractor submittal
Lumber My Mill 110 320 3,89,900 3,89,900 Contractor submittal
Wood Doors Closeby 71 320 70,000 70,000 Contractor submittal
Total Cost of Regional materials 94,510
Total Materials Cost (Divisions 2-10) 7,51000
Percentage of Regional Materials 13%
Points Earned 1

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
Product Name Vendor Product Distance Distance Regional
Cost (NPR) between between content
project and project and information
manufacturer extraction source
(km) site (km)
Plant material Green 67,700 40 8 Manufacturer
Landscaping
Concrete Joe's Concrete 2,10,000 8 24 Concrete
aggregate manufacturer
Gypsum board  Gypsum R Us 85,500 120 363 Manufacturer
Wood flooring Lumber 3,89,900 192 260 Miill
Specialists
The combined value of post-consumer and half of pre-consumer content 3,05,350
Total cost of locally manufactured and extracted materials 753,100
Cost of regionally manufactured products as a percentage of the cost of all 27.89%
materials

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.

Bamboo flooring, plywood,

Cotton batt insulation

Sunflower seed board panels

Wheat board cabinetry

Wool carpeting

Cork fooling

Bio-based paints

Geo-textile fabrics such as coir or jute

Straw bales

The use of rapidly renewable materials offers 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 20
\
ﬁ' Ecgwood - Xtrerp quality

Eucalyptus

40 60

Beech

year of logging

Example:

B 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.

B 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 z 60,00,000
Provide total materials cost (exclude labor, equipment) ¥ 27,00,000

% Rapidly .

Assembly Value of Rapidly
Renewable Recycled content
Product Name Vendor Name Product Cost Content (if part Renewable Content e ig—Y
(NPR) (NPR)
of an assembly)

Countertop
wheatboard Rho Company 67,000 30.00% 20,100.00 Vendor
Linoleum flooring Tau Floors 8,820 50.00% 4,410.00 Manufacturer letter
Bamboo window Upsilion .
blinds Shades 1,40,790 75.00% 1,05,590.25 Website
Totals 2,16,610 1,30,100.25
Value of rapidly renewable content 1,30,100
Percentage cost of rapidly renewable content total cost of all materials 4.86%
Points documented 1

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
officers 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.

B CFCs and HCFCs: Chlorofluorocarbons, which are ozone-depleting chemicals used in mechanical
equipment, should be avoided.

B VOCs — Volatile Organic Compounds found in paints and coatings, adhesives and sealants, carpets and
composite wood.

PVC
B CCA - Wood treated with copper chromium arsenate

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)

1 Apartment Buildings 100 lit
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 it
B Buildings Higher than 4-Storey 45 it

Commercial & Industrial)
6 Residences 100 lit
7 Office 45 it
8 Hostels (including quarters for nurses etc.) 100 lit
9 Hotels (per bed) 100 lit
10 | Restaurants (per seat) 50 it

1 Schools and colleges

a) Day schools 15 lit
b) Boarding schools 100 lit
12 | Cinemas, Theatre Halls. Concert hall (per seat) 15 it

13 Factories

a) With bathing facilities 45 it
b) Without bathing facilities 30 lit
14 | Terminal stations (Bus and Railways) 15 it
15 | Airports (International) 70 lit
16 | Airports (Domestic) 20 lit

B. Typical coefficient of run-off figures (NBC 208 : 2003)

- Surface Type Coefficient of Run-off

a) | Terrace, Hard paved surface: 0.90-0.95
b) | Paved surface, roads: 0.85-0.90
c) | Gravel paths, loosely paved walks, rocky surface 0.70-0.85
d) | Brick paved, compacted ground, turf: 0.50-0.70
e) | General ground 0.50-0.60
f) | Natural ground, sloping ground: 0.20-0.50
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C. Nepal’s Drinking Water Quality Standards

Turbidity NTU 5 (10)**
pH 6.5-8.5*
Color TCU 5 (15)**
Taste & Odor Would not be objectionable
Total Dissolved Solids mg/l 1000
Electrical Conductivity | pc/cm 1500
lron mg/I 0.3 (3)**
Manganese mg/I 0.2
Arsenic mg/I 0.05
Cadmium mg/l 0.003
Chromium mg/I 0.05
_ Cyanide mg/! 0.07
E:eyfr']fj;l:”d Fluoride mg/l 0.5-1.5*
Lead mg/I 0.01
Ammonia mg/l 1.5
Chloride mg/l 250
Sulphate mg/I 250
Nitrate mg/l 50
Copper mg/I 1
Total Hardness mg/I 500
Calcium mg/I 200
Zinc mg/I 3
Mercury mg/l 0.001
Aluminum mg/I 0.2
Residual Chlorine mg/I 0.1-0.2*
. E-Coli MPN/100mI 0
Micro Germs
Total Coli form MPN/100ml 95 % in sample

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

Parameter Conean el Analysis Method
not to Exceed

Standards unit | 6.0-9.0 4500 HB, APHA* 22" edition
Total Suspended Solid (TSS) mg/I 60 2440 D, APHA 22 edition
Biological Oxygen Demand (BOD) | mg/! 50 5210 B, APHA 22" edition
Chemical Oxygen Demand (COD) | mg/l Monitor and 5220, APHA 22" edition
report only
E. Coli CFU/100 ml 1000 9222, APHA 22 edition

*APHA: American Public Health Association

Appendix 9
Sample calculation for rainwater storage tank
Case | - When rainwater collection is more than the dry period demand:
Provided,
Rainfall (P) =1650 mm
Catchment area (A) =100 sgm
Run off coefficient (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 Ipcd
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 Itrs

Case Il - When dry period demand is more than rainwater collection:
Provided

Rainfall (P) =500 mm

Catchment area (A) =100 sgm

Run off coefficient (C) = 80%

Total rainwater collection =P x A x C =500 x 100 x 0.8 = 40,000 Itrs
Let,

The longest dry period =120 days (considering absolute dry month is 4)

Water demand = 80 Ipcd

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 deca Social Impact/Criteria
y « Use of local Materials

« Durability/Life of the materials . Skill/Labors availability

- Maintainability . Aesthetic
- Buildability (easy to construct) « Health & safety

Selected
Multi-criteria

Alternative Sustainable

Building Materials Life Cycle Building

Analysis Materials

Environmental Criteria Life Cycle Cost/Economic Resource efficient

» GHG Emission - Initial cost - Embodied Energy

« Toxicity « Maintenance cost « Water Efficiency

« Pollution (dust, water) - Disposal Cost « Recycle and reuseability
« Environmental Impact » Thermal conductivity

(during harvesting) - Labor/machine efficiency

Multi-criteria decision-making tool for selection of SBM

Criteria and Indicators

1 Environmental Criteria

1.1 GHG emission

1.2 Environmental Impact during harvest

1.3 Potential for recycle and reuse

1.4 Environmentally sound disposal options

1.5 Zero or low toxicity

1.6 Minimum Pollution (air, water, land etc)

2 Technical Criteria

2.1 Life expectation of materials (Strength & Durability)

2.2 Fire resistance

2.3 Resistance to delay

2.4 Maintainability

2.5  Thermal Insulation
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3 Resource Consumption Criteria

3.1  Embodied Energy

3.2 Material availability locally

3.4 Wiater efficiency

3.5 Amount of likely wastage in use

3.6 Amount of transportation required

4 Socio-economic Criteria

4.1 Life cycle cost (initial, maintenance/repair & disposal cost)

4.2 Buildability (Ease of construction)

4.3 Use of local materials and technologies

4.4  Aesthetic/Social acceptability

4.5 Health & safety

5 Legal Criteria

5.1 Availability of codes, standard, guideline

5.2 Building Permit

5.3 Financial Provision (loan from Financial Institutions)

5.4 Incentive
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Appendix 11

VOC limit of different materials

Application / Product Type Maximum VOC Limit (g/L less water)

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
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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 0155
m2.K/W is considered a 1 Clo.

Figure 8 : The change in Clo Value based on the clothing type providing thermal resistance.

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 different levels of activities produce
different 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 Sleeping Walking Running
58.2 W/m? 40 W/m? 115 W/m? 220 W/m?
1.0 MET 0.7 MET 2.0 MET 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:
Ap = 0.202 x M%425 x p0-725
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 effects 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 efficiently, 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 =
0155 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 +242 XV
(Tg- T)

Where,
Tg = Globe Temperature

V = Air velocity in centimeter per second

T_= Air Temperature

MRT can be used to calculate the Operative Temperature.
T,=05T_  +05T

Where, T = Operative Temperature

t
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T .. = Dry Bulb Temperature

T...= 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 coefficients. (ASHRAE, Handbook on
Fundamentals, 2009)

t.=At +1-A)t
Where,

t = operative temperature

mtr

t_= average air temperature
a

t,, = mean radiant temperature

A can be selected from the following values as a function of the average air speed V_.

<0.2 m/s 0.2t0 0.6 m/s 0.6 to 1.0 m/s
V. (<40 fpm) (40 to 120 fpm) (120 to 200 fpm)
0.5 0.6 0.7

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.

B If heat generation rate > heat loss rate, individual will feel warm/ hot

B If heat generation rate < heat loss rate, individual will feel cool/ cold

B For thermal comfort, heat generation rate = heat loss rate

Figure 10 : Heat Balance model (NZEB, 2024)

Metabolism .
Convection | Evaporation
Radiation f Convection

Conduction L Radiation
Shivering —= Conduction

Heat produced Heat lost
in body by body

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 different 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
ofthe 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.

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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1. CLASSIFICATION OF SIGNAGE ON BASIS OF USAGE

The signage in buildings can be classified on the basis of usage as

Safety Signage

Identification and Wayfinding Signage
Permanent Rooms and Spaces Signage
Tactile Signage

Braille Signage

Core Building Signage

Instruction and Prohibition Signage

© N 0~ N

Location at Doors

11 Safety Signage

Safety Signage shall be provided and maintained in circumstances where a health and safety risk
or hazards are identified.

Mandatory safety signage consists of;
Warning Signage

Prohibition Signage

Mandatory Action Signage

Emergency Signage

o > N~

Fire Safety Signage (Information for Fire Emergency)

1.1.1  Warning Signage

e Warn of a hazard or danger, such as “Danger: Toxic materials”.

e 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

1.1.3 Mandatory Action Signage

e 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

1.1.4 Emergency Signage

¢ Information for emergency situations-
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e Rectangular or square shape with white pictogram and green background.

Figure 1-4 Emergency Escape Signage

1.1.5 Fire Safety Signage (Information for Fire Emergency)

e 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)

e 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.

A0

INCASEOF
EMERGERCY
BREAK GLASE

N

S

T

EETIRGUSHER

Figure 1-5 Fire-Safety Signage
1.2 Identification and Wayfinding Signage

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.

EXIT

STAIRS RESTROOM

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:

e Green for safety
e Red for emergency
e 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:

e Simplicity
e Color

e Clarity

e Size

e Placement

e Inclusivity

e Hierarchy

e Consistency

1.3 Permanent Rooms and Spaces Signage
Signage that identifies permanent rooms and spaces include:

e Room and floor numbers or letters;

¢ Room names; and

e Labels for restrooms, locker rooms, cafeterias, libraries, conference rooms, mechanical
rooms, and other permanent rooms or spaces.

CONFERENCE

RESTROOM ROOM

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.

1.4 Tactile Signage
Tactile requirements shall apply to these types of signage:

e Interior and exterior signage identifying permanent rooms and spaces.
e Required door labels at exit stairways, exit passageways, and exit discharge.
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e Required labels for floor levels, car controls, and emergency communication devices at

%

elevators.

UP TO 3 LINES
10 SPACES PER LINE
PRICTOGRAM & BRAILLE

Figure 1-8 Tactile Signage

1.5 Braille Signage

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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4 A

GRAND

e ) RES:I__'__I:_'\:’_;OOM

Figure 1-9 Braille Signage

e

Braille is located below raised characters,
including when text is multi-lined.

Figure 1-10 Braille Signage

1.6 Core Building Signage

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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This stairway signage includes permanent
space labels (stair and floor designations)
that must be tactile and visual, as well as
content that is required to be visual only

(egress-related directions and information).

STAIR A
FrLOOR 20U

Tactile content on separate signage

Separate Tactile Sign
When visual characters are provided on a
separate signage (or separately on the same
signage), tactile content does not need to meet
finish and contrast requirements, and raised
characters can have a slightly smaller character
height (12mm instead of 16mm).

STAIRA
FLOOR

20

1 THROUGH 25

DOWN TO 1ST FLOOR
FOR EXIT DISCHARGE

NO ROOF ACCESS

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
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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:

e Floor designations at elevator hoistways
e Destination-oriented elevator cars.

e Car control buttons

e 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.

1.7 Instruction and Prohibition Signage

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.

1.8 Location at Doors

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.

Sign on latch side of single door Sign on push side of a door
with a closer

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.

ANNEX-III: Guidelines for Signage Use in Government Office Buildings




Physical Infrastructure and Standardized Layout of Government Offices-2083 238

Recessed door with space for Recessed door with sign on
latch side placement adjacent wall

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.

Sign on inactive leaf at double- Sign at right-side hinge side of double-
door entry door entry with two active leaves

Figure 1-15 Signage on a Double Leaf Door

1.9 Exemption

The following types of signage shall be exempted and shall not be required to meet visual and
tactile requirements:

e Temporary (posted for 7 days or less);

e Building addresses and directories;

¢ Occupant names and company names and logos;

e Menus;

e 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:

e Metals- aluminium, stainless steel, metal composites, bronze and brass;
e Plastics- acrylics, polyurethanes, PVC, plexiglass’;

e Timber;

e Backlit and illuminated;

e Digital screens; and

e 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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2.  TECHNICAL REQUIREMENTS

2.1 Character

Upper or lowercase characters (or combination of both), conventional form
(prohibited: italic, oblique, script, highly decorative, or other unsual forms)

(

Characters 1000 mm
min. above finish

Line spacing: floor or ground

pral Visitors must

character height Characters height

u = . .
S I g n I n (basgf;;)anncvgwmg
) b/

Non-glare finish Light-on-dark or dark-on-light constract between
characters and the background

Figure 2-1 Technical Requirements for Characters

200 mm

*—I——— Minimum 10 mm margin around entire signage

&I 150 mm high space for Pictograms

> Non-glare finish (background and characters)
( \ 7 Good contrasting colors (background and characters)
[—— 16 mm Minimum font height with 3 mm character spacing

FAMILY & INFANT"|

150mm Pictograms

Raised Characters - Sans serif font - ALL UPPERCASE

Font not too BOLD or CONDENSED

..... All Braille 10 mm to 12 mm below last line of raised text

T Ad
-« 1
o UM
et q
- D
- O
:: O
( 7

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

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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min 10% of height max 110% of height

max 30% of height min 55% of height

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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10% — 35% of height

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.

Horizontal Viewing Distance
between the character and an obstruction
preventing further approach to the sign

Height
from finish floor/ground to
character baseline (1000 mm min.)

Figure 2-5 Visual Character Height
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Table 2-1 Visual Character Height

Height to Finish Horizontal Viewing

Floor or Ground from . Min. Character Height
Distance
Baseline of Character
1000 mm to less than or less than 2000 mm 20 mm
equal to 1800 mm 2000 mm and greater 20 mm, plus 5 mm per 500 mm of

viewing distance above 2000 mm

Greater than 1800 mmto | less than 4500 mm 50 mm
less than or equal to 3000 | 4500 mm and greater 50 mm, plus 5 mm per 500 mm of
mm 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.

4 ™\

FAMILY FAMILY
RESTROOM RESTROOM

| /

Dark-on-light contrast Light-on-dark contrast

Figure 2-6 Contrast between Characters and Background

2.3 Line spacing

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.

2.4 Text

e Use simple, sans serif fonts, in a medium or bold weight.
e Do not use italics, scripts, or other hard-to-read styles.
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e For tactile signage, all text must be UPPERCASE.

e For visual only signage, such as directories, directorial signage or overhead signage, you can
use lowercase letters.

e Few roman fonts that meet standard guidelines:
o Helvetica, Futura, Eras. Optima, Avant Garde, Trebuchet, Arial, Verdana, Vag Rounded,

Franklin Gothic, Frutiger.

e Few devanagari fonts that meet standard guidelines:

o Devanagari, Preeti, Adelle Sans Devanagari Regular, Kantipur

150 mm high Letter and

area with . . . pictograms
nothing in it & should gontrast
exceptthe T with their
pictogram. background,

either dark on
light, or light on
dark

Note that the HES:I-ROOM“‘ - Uppercase,

Braille is directly i sans serif font,

below the text. -~ 16 mm high
This is where it minimum
should be.

Figure 2-7 Standard Signage

2.5 Devnagari Script

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 IR (Top mostline)

i.  (RRRW (Head-line)

ii.  +%UW (Shoulder line)

iv.  TYET (Navel line)

V. \_rI'EﬁET (Knee position line)

vi.  Ua¥Wl (Foot line)

Vii. RIRSS (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.

ANNEX-I1I: Guidelines for Signage Use in Government Office Buildings




Physical Infrastructure and Standardized Layout of Government Offices-2083

RE b - lgf
Ipf b - P
LpE b - Lk
RE B - Lo
lpe b - Lk
ot B - S

P P - lg)

|pf bty - £
Ipf L - %

Ipe le - %
\pf b - =%
lpe B - %
pE b - h

Lps her - k)
1P Lk - g2

LR le - Lk
lpf b - le

ER Cbkk B - b
Ef ©Phke h - le
Ely Phik L - Lk
£l ©bnb |k - Y
kR Bhib ki - lc)
El Dbbb lgf - &

Proportion

for writing

Devanagari
letters

FeATET

"t y | 3
& ¥ E 3 E ;
&
Ay
e
E
sued ¢ lan0qy sued g :Apoq utep sued p :mojeg

R R

sped g| 119)39] Jo Jybiay |ejo)

ANNEX-I1I: Guidelines for Signage Use in Government Office Buildings

245

Figure 2-8 Vertical Proportion of Devanagari
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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:

e 1:12 for extra-light
e 1:10 for light,

e 1:9 for normal,

e 1:8 for medium,

e 1.7 for semi-bold,
e 1:6 for bold and

e 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.

i B 4
Kana
1:10
\4

Proportion 1: 10

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 2:1:7% 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( b ), au( o ) Matras or the reph/rafar; for the lower Matras the lowermost line of the Ukar

Matras( g ), or the Rukar is considered in approximate nib-widths or in proportion with the kana

ki c\

height.
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0.5

0.5

Proportion 0.5:1: 05

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

a;ﬁ JH+dR 3f, possibly the tallest being the a;ﬁ +d7Xd $"dA TR 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.

0.7

0.9

Proportion 0.7 :1: 0.9

Figure 2-12 Vertical Total Proportion of Devanagari

2.5.4 Horizontal Proportion
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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 (B-I?f) length.

The AHO length is an un-spaced string containing a select few high frequency syllables starting from 3{

to E?f

Thecompletestringis:G{GﬁB'WW?WHWGWEWHW@E?WH%UKEHW

MATGWNIFAIAAA (@ dd PI X I AT T3

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.

Condensed Expanded Normal

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.
o] h N
NIFOM (IO

Proportional Monospaced

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 (g, g,

Q, @, 8, 9, 9). This height is proportional to the grey value of the typeface—as the typeface becomes

darker, the neck becomes smaller.

Short Neck Height Medium Neck Height

Figure 2-15 Neck Position of Devanagari

2.6 Tactile Characters

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

e 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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Characters 0.8 mm min., upper case, sans serif
form (prohibited: italic, oblique, script, highly decorative, or other unsual forms)

4 = 10 mm min.

(raised borders/
16 - 50 mm FA M I LY decorative elements)
(uppercase “I")
135% - 170% ;o
4 non-glare finish
Sl || RESTROOM | s
and background)

Grade 2 braille below % Y
raised characters #
Light-on-dark or dark-on-light contrast 10 mm min.
between the background and raised (raised borders/
characters (but not braille) decorative elements)

Figure 2-16 Tactile Technical Requirements

women

® e ee [ 3R ] ee @ [ 1 ]
.:... ‘. .=-°- ... [ ] ..5:.:..0 ..::.:...
Correct: Incorrect: \7‘ \
Grade 2, Grade 1,
contracted “letter for letter” Double caps sign Single caps sign

capitalizes whale word capitalizes first letter only

105 ko

- . o ° Capitalization: Braille is required to be lowercase
L ® e with the exception of proper nouns and names,
Correct - individual letters of the alphabet, initials, acronyms,
capital sign or before the first word of sentences.

Translation letter sign

Figure 2-17 Braille Signage

FAMILY

10 mm min.

10 mm min.

Braille located below entire raised text
and separated 10mm minimum from
tactile characters and any raised
borders and decorative elements

Figure 2-18 Braille Size and Location
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Compliant Braille

Braille all logether below last ling of text

806

UNIVERSITY
ADMISSIONS

252

Not Compliant Braille

Braills in lwo separals locations

806

UNIVERSITY
ADMISSIONS

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

Dot Height

0.6 mm to 0.9 mm

Dot Diameter

1.5 mm to 1.6mm

Spacing between dots

2.3 mmto 2.5 mm

Vertical Cell Spacing

10 mm to 10.2 mm

Horizontal Cell Spacing

6.1 mmto 7.6 mm

Dot Shape

Domed or rounded
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4 )

FAMILY
RESTROOM

ee 00O oe
© 00 00
S

black cell braille
space cell

_______ 10 mm min.
10 mm min.
Braille located below entire raised text
and separated 10mm minimum from
tactile characters and any raised
borders and decorative elements
all dot spacing measured center-to-center
6.1-7.6 mm pes— 23-25mm
Te oo 18
dot height: 0.6 - 0.9 mm ® O >
O®@ 0@ OG+¥
£ @ o0 00
€
N
=] @O 0O .¢1.5-1.6mm
o

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.

2.7 Mounting Height and Location

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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INFERENCE_RQ!

o g b

e

1200 mm min
1500 mm max.

=
5

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.

450 mm x 450 mm clear floor space
centered on tactile characters

Figure 2-22 Clear Floor Space on Tactile Characters
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This clar ﬂoo pace mt be beyond the swing of any
door from a closed position to a 45° open position.

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.

¥

150 mm min.

Ak

not in
pictogram
field

Figure 2-24 Pictogram Size
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2.8.1 Informational Pictograms

e 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.

e

=

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:

e "Fire Extinguisher" sign background shall be Red
e "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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Female
Toilet
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Gender
Neutral
Tollets
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& O
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Baby
Changing

Recyeling

YWater
Fountain

&

Emergency
Exit

Yending
Machine

&

Refuge
Point
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21141

i
Male
Toilet

&

Nursing
Mothers

Accessible
Toilet

y |\

Prayer
Room

Accesgible
Lift

©

Ablutions

i O

Library
Catalogues

Information
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[}

Shower

Accessible
Shower

7

Induction
Loop

Changing
FPlaces

N4

Wellbeing
Space

e

Stairs

ey

Issue &
Return Terminal

Computer
Terminals

Print! Copy!
Scan

= d

First Bicycle
Aid Parking

Figure 2-26 Internal Icon Style

International Symbol of Accessibility (ISA)

The International Symbol of Accessibility shall comply with Figure 2-27.

r

L

S

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):

e Entrances

e Toilet rooms and bathing room’s parking

e Check-out aisles
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o Existing compliant elevators

2.11.2 International Symbol of TTY

The International Symbol of TTY shall comply with Figure 2-28.

e

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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3. GENERAL RULES
3.1 Naming

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.

Pharmacy Reception
Surgery '

Surgery
Patient Rooms
4235 Thru 4357

Figure 3-1 Naming

3.2 Floor Levels

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

3.3 Arrows

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.

Receptionist
PTSD

il

Surgery
Pharmacy

Canteen

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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4. GENERAL MINIMUM REQUIREMENTS
41 Health and/ or Safety Signage at Work

Health and/or safety signage shall be used only to convey the message or information specified in

the report.

411 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

llluminated 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:

e A safety color or a signboard to mark places where there is an obstacle or a drop;
¢ llluminated signage, acoustic signals or verbal communication;
. Hand signals or verbal communication.

Some types of signage shall be used together:

¢ llluminated signage and acoustic signals;
e llluminated signage and verbal communication;
e Hand signals and verbal communication.

41.4 Safety Color

The instructions in the table below apply to all signage incorporating a safety color as shown in
Table 4-1.
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Table 4-1 Safety Color

Colour Meaning or Purpose

Instructions and Information

Red Prohibition sign

Dangerous behavior

Danger alarm

Stop, shutdown, emergency cutout
devices

Evacuate

Fire-fighting equipment

Identification and location

Yellow or Amber Warning Sign Be careful, take precautions
Examine
Blue Mandatory Sign Specific behavior or action Wear
personal protective equipment
Green Emergency escape, first aid sign | Doors, exits, routes, equipment, facilities
No danger Return to normal

4.1.5 Effectiveness of a Signage

The effectiveness of a signage shall not be adversely affected by:

e 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 Anilluminated 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
e 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, sighage 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.

llluminated signage and acoustic signals shall be reactivated immediately after use. llluminated
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.

4.2 Signboards
4.21 Intrinsic Features

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

e Refer to Section 1.1.2

4.2.5 Warning Signage

e Refer to Section 1.1.1

4.2.6 Mandatory Signage

e Refer to Section 1.1.3

4.2.7 Emergency Escape or First-aid Signage

e Refer to Section 1.1.4

4.2.8 Fire-Fighting Signage

e 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 1.1.5 shall be used to
mark the locations of this equipment.

4.4 Obstacles and Dangerous Locations
4.41 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.
4.5 llluminated Signage
4.51 Intrinsic features

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.

4.6 Acoustic Signage
4.6.1 Intrinsic features
Acoustic signals shall:

m  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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5.  MOUNTING GUIDELINES
The different types of mounting guidelines are mentioned below:
5.1.1 Unobstructed

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.

5.2 Mounting Options

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.

5.21 Double Faced Foam Type

e ltis 1.5 mm pressure sensitive foam tape.

e ltis best used in conjunction with silicone adhesive.
5.2.2 Double Faced Tape- Red

e Itis thin 1.5mmHg pressure sensitive tape.
e Itis applied on flat, smooth surfaces.

5.2.3 Screw Holes- Torx

e Itis 4.5 mm screw holes with optional 38 mm vandal resistant button torx.’
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5.2.4 Partition Hook

e Custom acrylic hooks available in black, white or cleat for any size partition.

5.2.5 Velcro Hook (Loop)

e For fabric surfaces such as office workstations.
e Always test first.

5.2.6 Magnetic Tape (Foil)

¢ 0.8 mm magnetic tape for steel surfaces or removable panels.

5.2.7 Wall or Ceiling Bracket

e Anodized aluminum bracket in satin silver used for flag mounted or ceiling mounted signage.
e Sizes: 150mm, 225 mm, 275 mm

5.2.8 Counter Bracket

e Anodized aluminum bracket in satin silver used for counter top or workstation signage.
e 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 A20-1: Citizen’s Charter

Signage Type A1: Room I|.D. Signage Type A20-2: Citizen’s Charter
Signage Type A2: Room I.D. Signage Type A20-3: Citizen’s Charter
Signage Type A3: Room I.D. Signage Type A21:Information Officer

Signage Type A4: Room I|.D. Recommended List for Internal Signage

Signage Type A5: Department I.D.

Signage Type A6: Room I.D. External Signage Templates

Signage Type A7: Room I.D. Signage Type E1: Free Standing Monolith

Signage Type A8: Suite Room I.D. Signage Type E2: Wall Mounted Signage

Signage Type A9: Stair Signage Type E3: Vehicular Directional
Signage Type A10: Restroom Signage Type E4: Vehicular Directional
Signage Type A11: Stairwell Signage Type E5: Pedestrian Directional
Signage Type A12: Level Signage Type E6: Parking Area |.D.
Signage Type A13: Exit Signage Type E7: Site Information
Signage Type A14: Directories Signage Type E8: Reserved Parking I.D.
Signage Type A15: Directories Signage Type E9: Reserved Parking I.D.
Signage Type A16: Directional Signage Type E10: Area I.D.
Signage Type A17: Building Plan Signage Type E11: Accessibility Signage
Signage Type A18: Evacuation Plan Signage Type E12: Street Signage
Signage Type A19: Stair Signage Locations Signage Type E13: Street Signage
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Signage Type E14: Street Signage
Building I.D.
Building I.D.
Building I.D.
Building I.D.

Signage Type E15:
Signage Type E16:
Signage Type E17:
Signage Type E18:

ANNEX-111: Guidelines for Signage Use in Government Office Buildings
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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
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Sighage Type A1

Room 1.D.

Artwork Dimensions:
100mm (w) x 100mm (h)

Placement:

Top of Signage placed at 1525 from floor

finish.

Font Style:

Preeti
o)
N
e
O
N
of
‘_"P'

g

General Notes: ~

This signage is to be used to indicate the 0

room number only. %
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Signage placed at 1525 mm

fimialk
1 .

Room Number
Text Height: 15 mm - 25 mm
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Signage Type A2
Room L.D. Top of Signage placed at 1525 mm

Arivinrk Dimensionss 150 from the floor finish.

150mm (w) x 70mm (h)

|

finish.

C! Oq‘ - Room Number

Text Height: 15 mm - 25 mm

Font Styie:
Preeti

| 70
17.5 510,20 17.5

General Notes:

This signage is to be used to indicate the
room number only.
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Signage Type A3

Room 1.D.

Artwork Dimensions:
150mm (w) x 110mm (h)

Placement:

Tan nf Cinnan
10p Oi oigiiag

finish.

[
el

Font Styie:
Preeti

General Notes:

This signage is to be used to indicate the
room number and type.

Please note: signage dimensions can be
adjusted as per type.
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110

55101020 4010, 201

25

12

Top of Signage placed at 1525 mm
from the floor finish.

Room Number
Text Height: 20 mm - 25 mm

Room Name
Text Height: 15 mm - 20 mm

276
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Signage Type A4
Room I.D.

Artwork Dimensions:
150mm (w) x 180mm (h)

Placement: P
mm

® from floo : 150

finish.

Font Style:

Preeti
Room Number

Text Height: 20 mm - 25 mm

180

General Notes:

This signage is to be on or beside a door ao_q(W qIH- Employee Name

for all offices. It has room number,

employee's name and postion. ;b—;:ia-ra—,ﬁ[ e = : Erenxglgfégehéog?t II’(l)'lr;'l'l

Text Height: 7 mm

Please note: signage dimensions can be
adjusted as per name and position.
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Signage Type A5
Office I.D.

Artwork Dimensions:
150mm (w) x 150mm (h)

Placement:

finish.

Font Styie:
Preeti

. 150

General Notes:

This signage is to beside the main
entrance of office. It has office number and
name. Office number on signage is

optional.

FHIATAT R TTH

; 150
520 109155 425 51020125

Please note: signage dimensions can be
adjusted as per department name.
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Office Name
Text Height: 10 mm

Additional line for additional text.
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Signage Type A6

Room 1.D.

Artwork Dimensions:
150mm (w) x 220mm (h)

Placement:
Top of Signage placed at 1525 from floor
finish.

Font Style:
Preeti

General Notes:

This signage is to be beside a door for all
offices. It has room number, employee's
name and postion.

Please note: signage dimensions can be
adjusted as per name and position.
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220
70

70

70

17.5

25 210925 5 207-9157.920 517.5510

Top of Signage placed at 1525 mm
from the floor finish.

150

109-

\

FHAT R ATH

FHATIH T8 -

Room Number
Text Height: 20 mm - 25 mm

Employee Name
Text Height: 15 mm

Employee Position
Text Height: 10 mm

279
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Signage Type A7

Room 1.D.

Artwork Dimensions:
150mm (w) x 215mm (h)

Placement:

Tan nf Cinnan
10p Oi oigiiag

finish.

[}
el

Font Style:
Preeti

General Notes:

This signage is to be beside a door for all
offices. It has room number, employee's
name and postion.

Please note: signage dimensions can be
adjusted as per name and position.
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215

70

110

25 )

Top of Signage placed at 1525 mm
from the floor finish.

150

FHATIHRT ATH-
FHATAR I8 _

Room Number
Text Height: 20 mm - 25 mm

Employee Name
Text Height: 15 mm

Employee Position
Text Height: 10 mm
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Signage Type A8

Suite Room I.D.

Artwork Dimensions: .
150mm (w) x 210mm (h) Top of Signage placed at 1525 mm
fuminn bl m flamie £imials
ITOM e noor Tinisn.
Placement:
Top of Signage placed at 1525 from floor 150
finish. S i
!
Font Style:
Preet] (i O(i— Room Number

Text Height: 20 mm - 25 mm

F  HHHTR! ATH - | Employee Name

FHETIHT TT < Text Height: 10 mm
Employee Position

Text Height: 7 mm

General Notes:

210

This signage is to be beside a door for all
suite type offices. It has room number,
employee's names and postions.

g FHATH ATH
FHATIH TS

T FHATH! TTH
FHARIEH 92

Please note: signage dimensions can be
adjusted as per name and position.
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Signage Type A9
Stair

Artwork Dimensions:
150mm (w) x 200mm (h)

Placement:
TAan af Qinnana nlanad ot 1E0OE fram flanr
1 UH i UIUIIGQC plclucu alL 1vov vl vl
finish. 150
Font Style:
Arial Yol
N
4
o
O
-
General Notes:
S
This signage is to be used beside a door N
fof all staircases.
N (Stair Name) - Stair Name (Stair Name)
=] Text Height: 8 mm
Rl STAIR - Text Height: 12.5 mm
[ 4 e o .0
Lo} 3 1
Please note: Braille is required for stair S_) +

location.
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Signhage Type A10

Restroom

Artwork Dimensions:
150mm (w) x 200mm (h)

Placement:
Top of Signage placed at 1525 from floor
finish. 150
Font Style:
Arial
O
Yol
]
General Notes:
o
This signage is to be used beside or on N
door of restroom.
=
5 ] .
0 WOMEN - Text Height: 15 mn
T 4
oor et
Please note: Signage placement can cary & Hote s
depending on its location. Braille is =

required for restroom location.
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Signage Type A11

Stairwell

Artwork Dimensions:
200mm (w) x 125mm (h)

Placement:

Tan nf Cianana nl lanad o
10P Oi oigiiage piated a

finish.

Font Styie:
Arial

General Notes:

This signage is to be placed inside
stairwell at each exit point on each floor.
Language shall be modified as needed to
communicate building layout.

Please note: Signage dimensioncan cary
depending on its content. Braille is
required for stairwell location.

ANNEX-III: Guidelines for Signage Use in Government Office Buildings

125

12.5

60

12515 1510

200

Stair Name
Text Height: 15 mm

284
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Signhage Type A12

Floor

Artwork Dimensions:
150mm (w) x 150mm (h)

Placement:

Tan nf Cianana nl lanad o
10pP Oi oigiiage piated a

finish. +

Font Style:
Arial

150

This signage is to be used in stairwells to s .
indicate the level/ floor you are on. The = TeXt Helght' 15 mm “s e, .

sign is wall mounted. - o

o Frages

Eensral Notus: FLOOR 1- Floor Number FLOOR 1

Please note: Floor can be used instead of
Level.
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Signage Type A13
Exit

Artwork Dimensions:
Type A: 150mm (w) x 150mm (h)

200

Type B: 200mm (w) x 100mm (h)
Jr ! } Ll

&

Placement: I
Top of Signage piaced at 1525 from fioor

. S o

Fo_nt Style: S B

Arial

+

Lo

N

General Notes:

This signage must be clearly visible to
persons approaching the exit.

It is to be used on, above or adjacent to
each door providing direct egress from a
storey to an enclosed or external stairway,

Text Height: 50 mm

200

passageway or ramp serving as a required

exit; and on, above or adjacent to a door to

an external access balcony leading to a %

required exit. |

It is to be used above or adjacent to each ==

door from an enclosed stairway, — ©

passageway or ramp at every level of

discharge to a road or open space. u_;*
N

EXIT

Please Note: Emergency EXit signage
must be red in color and Fire Exit signage
must be green in color.

ANNEX-III: Guidelines for Signage Use in Government Office Buildings

Type A

Text Height: 50 mm

Type B
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Signhage Type A14

Directories

Artwork Dimensions:
900mm (w) x 990mm (h)

Placement:
Top of Signage placed at 1800mm from
floor finish.

Font Styie:
Preeti

General Notes:

This signage is to be used in entryways of
the buildings (any building over 1,000 sgm
). Directories will also be placed by any
secondary entrances widely used by the
public. The directories are intended to
show a building plan, department

names, staff names, and room

numbers.

Please Note: Signage dimensions can vary
as per requirement.

990

900

Top of Signage placed at 1800
mm  from the floor finish.

25 5125 787.5

25

cblqivm AT ETHl ATH -

7.51.57.5

625,45 45 45 45 45 45 45 45 45 45 45 45 45 45 457,53101020101060 16341625

FHHATT 9T FIoT F -
FHATIH! ATH TEEH AH 909
FHEATPT AT T ATH 0%~
FHEATIPT AT T ATH 03
HUEATEER! ATH gl qTH q0¢
FHATIH! ATH TIEH AH qo%
FHATIH! ATH IR AH G|
FHATAH! ATH TR ATH 0%
FHATAH! ATH IR AH 03
HUATET ATH qEEl qTH 0%
FHATIH! ATH TEEN AH 0%
FHATIH! ATH I AW 0%
FHATIH! ATH IR AH 399
FHATIH! ATH TEEH AH 303
FHEATPT AT T ATH 303
FHATAF! ATH TTHT AH 0¥
FHETET ATH qgeh! ATH ¥oq
FHATHT ATH qgepl ATH ¥o3

25 300 25,25 300 25,25 150 25
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Office/ Section Name
Text Height: 34 mm

Title
Text Height: 20 mm

Information
Text Height: 15 mm
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FHAR 93 HeT 7
FHATHT ATH TEEN ATH q09
FUATIET ATH TIEN ATH 90
FUATIET ATH TIEN ATH 103
FHATIHT ATH TIFT ATH q0¢
FHATHT ATH qEEl ATH [en
FHATET ATH TEEN qTH 204
FHATEET ATH TZHT ATH 203
FHATIET ATH TIEN ATH 20
FHATIET ATH TIFT ATH 204
FHATET ATH TIFT ATH 204,
FHATIET ATH TIHT ATH 0%
FHATTET ATH EEcaie 209
FHATET ATH TTET AT 03
FHATET ATH qEET ATH 30¢
FHATET ATH TEET ATH o
FHATET ATH qgeT ATH ¥03
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Signhage Type A15

Directories

Artwork Dimensions:
450mm (w) x 800mm (h)

Placement:
Top of Signage placed at 1800mm from
floor finish.

Font Style:
Preeti

General Notes:

This signage is to be used in entryways of
the buildings (any building over 1,000 sgm
). Directories will also be placed by any
secondary entrances widely used by the
public. The directories are intended to
show building name, room names, and
room numbers of each floor.

Please Note: Signage dimensions can vary
as per requirement.

800

4251516 34 1625

5751010
02010

75 1.5
1875 9.2.522,39 20,

1010%%010

272.5

Top of Signage placed at 1800
mm_from the floor finish.

, 450
25 50125 3375 25
- ! ya
c =
amr| (Al ep| AlH-
T qodl -
PISTH] ATH 00g
FISTH ATH 003
FISTRI ATH 003-
FIBTHl ATH 00Y
FISTeRI ATH 0oy
PSRl ATH 00%
FIBTHl ATH 009
gfeal et
BISTHI ATH 909
BISTRT ATH 909
FISTH ATH 0%
BISTRT ATH 03
FISTHl ATH q0¥
CAR EIRGIE] qoY
FISTRI ATH 0%
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150

255

247.5

+ 60 +

. 60

25

Top of Signage placed at 1800
mm from the floor finish.

Office Name
Text Height: 34 mm

Title
Text Height: 20 mm

Information
Tavt Llatmhts 4 wama
1 EAL I'lclglll. 1o i

amlCdRIGREANGIR:
U;t 1<
FTSTH AT -
FTSTH ATH .
FrSTH AT o
A 00Y
FTSTHN ATH "y
FTSTH AT ox
:nq 00V
\;”,:I GG v
FISTHN ATH o
FISTHN AH La.
FIBTHN ATH oz
FISTHN ATH g
FISTHN ATH tor
HISTHl ATH ol
FTSTH AT or
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Signhage Type A16

Directional

Artwork Dimensions:
500mm (w) x 475mm (h)

Placement:

Tan nf Cinnana nlanad
10p Oi oigriage piated

floor finish.

NNrmMm fram
vuiiin ironi

Font Styie:
Preeti

General Notes:

This signage is to be used at lifts/
stairwells and main entrances to identify
the full range of destinations in the building
and the floor the user is on.

Please Note: Signage dimensions can vary
as per requirement.
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475

150
510005 1630 1625

325
325

++—+—+

Top of Signage placed at 1800
op Ignage pi a &

‘ 500 mm_from the floor finish.
"25 475 ¢25:
: Office Name
C N ! (@)Y Text Height: 32 mm
q°|q|('|q°b| "“H - Floor Number
Text Height: 80 mm
METH ATH - Section Name
= Text Height: 20 mm
L =G ECEN RTINS 199
e oolrg qaT fqwe qo%
& ug T faEe 303
= duirg qar o q0¥- Information
- Fsiee q9n faEe qoy Text Height: 15 mm
— duvg qan fawEe q0%
—) ol 9T faw=d q04
= duvg qar fqEe qo5
10
25,,3010 400 25
= = o R [ SpEE ﬁ
SARINK GRS \U
KU U

& T qar favEe
& TSg qar
& TS qa1 favee
— Tuivg T4T fawa
— Nieg qar favaa
- oieg q41 farra
— duvg TqT favae
—> vive a4r fawere

909
q0%
103
q0%¢
qoy,
0%
409

965
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Signage Type A17
Building Plan

Artwork Dimensions:
500mm (w) x 400mm (h)

Placement

Tan nf Ci Or\mm fram

vitini imoimi

[}
el

10p O1 sighag

floor finish.

Font Styie:
Preeti

400

General Notes:

This signage is to be used at key
orientation points and main entrances.
This sign is primarily used to show a flat
map of a singular floor. It can also be used
alongside Sign Type's A15 and A16.

Please Note: Signage dimensions can
vary as per requirement.
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150
30151635 1625

250

.

225

25

510:

500

3
> §

25 450

+

FHTATATR] ATH

LR B R I B A | =

9

bl ATA Yk [ H

LULEIED

A

LEGEND

@ % TE TR

AT

[X] ez

Top of Signage placed at 1800
mm_from the floor finish.

25

290

Office Name

Text Height: 34 mm
Floor Number
Text Height: 80 mm

andiam AMana

[ ~
DTLLIVII INalle

Text Height: 20 mm

Floor Plan
500 mm x 250 mm



Tam ~Af Qinmama nlanad A+ 10NN
10P VI oiyliaye piattu at 10UV
. mm from the floor finish
Internal Signage Templates 300
Physical Infrastructure and Standardized Layout of Government Offices-2083 25 AR 25 291
!
. o Title
Signage Type A18 °l | o o S ) | TextHeight: 34 mm
= g
Evacuation Plan gl S [Aeb[Hl 1l \1< Floor Number
s i . L Text Height: 80 mm
. : . (== 5 : 5
Artwork Dimensions: o | HEATAT/ TR ATH - | officel Section Name
450mm (w) x 555mm (h) It Text Height: 20 mm
Placement: ‘ ‘
Top of Signage placed at 1800mm from
floor finish.
v o
o 8 R K \ - Floor Plan
Font Style: ‘
Preeti \ 500 mm x 250 mm
g..
0] @) aE T g —p A Tk 11 e — Legend
3 ot m ST X S Text Height: 12 mm
= 8 i " . :
| Nk Sl
General Notes: o
o
This signage is to be placed plentifully
throughout every building, mainly at key
orientation points and main entrances.. At e
a minimum, one will be posted at every T ATl AT 4
entrace to every floor in all buildings. G W"\\l \S(IR-' ’
RN AR LG B 1k,
Please Note: Signage dimensions can B=r
vary as per requirement. =
() T 7@ g e —> afex Awt
[0 swir framss X fawe
B s s B s s
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Signhage Type A19

Stair Sighage Locations

(A
Placement: u
Top of Signage placed at 1800mm from DN > £
floor finish. ROOF ACCESS
250SN :

Font Style: EMERGENCY EXIT
U P THIS LEVEL

Arial

General Notes:

The staircase plans have all required ROOF ACCESS
informational signages at various LEVELS 1-P

locations. EMERGENCY EXIT NORTH STAIR
ON LEVEL 1

ANNEX-111: Guidelines for Signage Use in Government Office Buildings
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Sighage Type A20-1

Citizen's Charter

Artwork Dimensions:
4500mm (w) x 1500mm (h)

Placement:
Top of Signage placed at 1800mm from
floor finish.

293

C

50 4000
e
Font Style: 2 YT TFTR - TetHeg 57m
. s )
i : HeATIEHT AT - e Website: WiW.NRLC.gov.p- |5 raeseser
Arial 3 c E-mail: info@nhtc.gov.np- |5, ressesnssrm
: FATATD] ATH e -
M Text Hoight 50 mm L GEGH 09 ¥¥3099% Text Hoight 35 mn
r SITET : At
= TontHoight 35 mm
ﬂi al‘li?zﬁ agl‘]q. Text Height: 50 mm
|
&
N
LS}
8 B |
General Notes: — : e | fefr ; kg
8 F.F | 9EH R e fqaw g AR T Farfeat afae qar FEre 97 R qHT qAT gATTRIT | gETtrerer Exukia R cibeac FIAT A - Tie
. . . . ; FTAFT fa@zor (ST AT P g T q9r |
This signage is to be placed at main z q e e T (g A A A v o e (ot s e e e o | e am 101 omsin
entrance. J i e (e A i v ama ”
b R AT ATET ) TEAT (TEAT ATH ACAT ATE 4o frarer faazor ferazor Tt AT AT A AR oA G| ™ 0%
o FrEN faazor (S A F TET T 4t
b 3 AT ATER a) TEAT (TEAT A ACAT ATE A frarer farazor fararzor @Y AT AT A AR ™ a ™ 201
o FTHFN AT (SATFT AH kacaca Ruciogd
7 ¥ AT ATET A WA (TEAT ATH AT ATE A frarer fararzor ferarzor @Y AT AT A FTAR ™ aw ™ 30
o T forazor (s Eacaicaad T 4
b £l AT ATER A TEAT (T A AT ATET A frarer fararzor (fararzor @THT AT AT A FTAR ™ s ™ 0%
<]
BT ) 050 Ty Ty 70 50 0 7} ey m

Please Note: Signage dimensions and
contents can vary as per requirement.
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Signhage Type A20-2

Citizen's Charter

Artwork Dimensions:
4500mm (w) x 1500mm (h)

Placement:

Tan nf Cinnanan nl
10pP Of oigiiagye p

floor finish.

Font Styie:
Preeti
Arial

1500

720

General Notes:

This signage is to be placed at main
entrance.

175 1753

5.35 3@

175

15
35 1525 50 2517535 1525 509 251520 49 201

(SITAERTET ATHT HUHT ©

&332.150 022.5 3017,5(517.5 175

[

Fig. A

Website: www.nhtc.gov.np-

Please Note: Signage dimensions and
contents can vary as per requirement.

HET A - Title

E-mail: info@nhtc.gov.np-

®IF 7 09 ¥¥3099%

: Fig. C
JY®

Text Height: 25 mm

1 -

Information
Text Height: 20 mm
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Fig. E

13

20,

40 20 40 ,

17.53517.5

4000

294

ELIGIECILE

qeATA g bl ATH -

FTATAT D] ATH

ANTCE aSTaT-

Text Height: 35 mm

Text Height: 35 mm

Text Height: 35 mm

780

125125125125 22, .
110 10 60 25 1535 10 40 «Q

110

110

110

110

Text Height: 35 mm

Ministry Name
Text Height: 40 mm

Office Name
Text Height: 50 mm

Address
Text Height: 35 mm

Text Height: 50 mm

40

B
F. 9 | Y& IR FR
FTAF! faa7om |
9 AT T
FTF! foazom |
3 JUHT T
FTAET g |
3 qUHT T
FTH! faazom |
¥ JUHT o
FTAF! faaor |
Y JUHT o
50 150 55(

Fig. D
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Signage Type A20-3

Citizen's Charter

Artwork Dimensions:
4500mm (w) x 1500mm (h)

Placement:

Tan nf Cin

floor finish.

nana nlanad
10p Oi oigiiage piated

=3
—_

P
a

Font Style:
Preeti
Arial
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General Notes:

AT PR
HATAIH! AH
B
NS 9T

Website: www.nhtc.gov.np

E-mail: info@nhtc.gov.np
®IF T 09 ¥¥30999

I T | e T
This signage is to be placed at main T | R i e Ll TR i il s S S i c B e s O s s o B
entrance i BT e N . oy | e i ]
) ! AT T q) AT (FHAT ATH AT ATEA o) s oo (Ferareor =TT qUAT A qe) Rt TEMIFTEFT ATH | TEFEERT AT qETETEE AT 909
i Frsn e i — —
2 THT ATET ) WA (TFAT ATHT TCAT AT A) o faarzor (farazor ATAT WOAT AT ae) ITAR keiteaticali CE CiEEaHC ik v A 904
FTAFT Foraor (SrFrey w1yt oI q4r
3 TCHT ATET ) AT (THAT ATHT HCAT ATEA T frarer ferareor (Ferareor wTHT WOAT AT e EEsud EeiPearica i I ClPea i e i kiPeancali iy 209
FTAFT faaor (S A | FT T oI qar [
¥ STTAT ATET ao) AT (FEAT SAH ACAT AEH TH) s fararzor (Forarzor AT WOAT AT ae) ERsid keideaticalit C I G Peaica i EiPeaticali il 303
TR A (ST A | i T @
* AT A T TEAT (AHAT SAET HCAT AEA T) et faaeur (ferareor @ qOAT A q) AT TRt A | e @ R A 0%

Please Note: Signage dimensions and

contents can vary as per requirement.

ANNEX-III: Guidelines for Signage Use in Government Office Buildings
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Signage Type A21

Information Officer

Artwork Dimensions:
80mm (w) x 1300mm (h)

Placement:
Top of Signage placed at 1800mm from
floor finish.

Font Style:
Preeti
Arial

General Notes:

This signage is to be placed at main
entrance.

Please Note: Signage dimensions and
contents can vary as per requirement.

ANNEX-111: Guidelines for Signage Use in Government Office Buildings

1300

35 18 35 181815 40 201518 35 18 30

450

35 1518 35 181520 40 201520 40 201525 50 25 50

65

800

100 350

225

Al AeplX-

AT ATTBR-
HHEAT R ATH -
TT.
®IF T 09-¥¥30999-

E-mail -

Text Height: 35 mm

Ministry Name
Text Height: 40 mm

Address
Text Height: 35 mm

Photo
Size: 350 x 450

Text Height: 50 mm

Text Height: 40mm

Text Height: 40 mm

Text Height: 35 mm

Text Height: 35 mm

AT AT
FHIATIHRT ATH

9z

HIT = 09-¥¥30999
E-mail
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RECOMMENDED LIST FOR INTERNAL SIGNAGE

COLOR
S. No. DESCRIPTION SIGNAGE TYPE MATERIAL FOREGI-ROUND BACKGROUND
(Text, Pictures)
Al, A2, A3, A4, A5 & Acrylic White Blue
1J]Room ID -

A6, A7, A8 Wooden White Wooden Texture
2| Stair A9, Acrylic, Metal White Blue
3| Restroom A10 Acrylic, Metal White Blue
4] Stairwell All Acrylic, Metal White Blue
5| Floor A12 Acrylic, Metal White Blue

Acrylic, Metal White Green
6] Exit Al13 Acrylic, Meta!, Black lit White Red

and illuminated
7| Directories Al4 Acrylic Red White
8| Directories A15 Acrylic Red White
9| Directional Al6 Acrylic Red White
10| Building Plan A17 Acrylic Red White
11| Evacuation Plan Al8 Acrylic Red White
12| Stair Signage Location A19 Acrylic White Blue
13| Citizen's Charter A20 Acrylic Red/ Blue White
14} Information Officer A21 Acrylic Red/ Blue White

Legends:

ANNEX-111: Guidelines for Signage Use in Government Office Buildings
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EXTERNAL SIGNAGE TEMPLATES

ANNEX-111: Guidelines for Signage Use in Government Office Buildings
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Signhage Type E1
Free Standing Monolith

Artwork Dimensions:
600mm (w) x 1950mm (h)

Font Style:
Preeti

General Notes:

This external monolith signage is
free-standing and to be used at key
orientation points along the pedestrian
routes near the main entrance, on the
approach to the institution. This includes
directional content, and a map of the full
Institution area.

ANNEX-111: Guidelines for Signage Use in Government Office Rudldiags

2200

1950

250
250

250

215
125125125125

400

175
55 27510 60 17.51060 10 105010

1100

195

140
140

10
17,550 25153015 25 25 30

1000

600

565

e faeprar qur ad -
feeor fersmr
ATATH MMT -

&«
AT/ QTETHT ATH -
N

FTATAT /@I ATH
-

TToTeE ) eTTETIY TTE
EERIEE AR tICIEa R i

T

AT/ @I ATH

GEA] |7 9 w9
T a3 KELCAR ]
T 3% EEEAE W e
w3 e wrE N
EE [forE W W W

g g
S 33 -
RS
e Y
e W

Office Name
Text Height 256 mm

Section Name
Text Height 30 mm

Legend
Text Height 17.5 mm - 25 mi

Map
Dimensions: 565 mm x 1000

Key
Text Height 12.5 mm
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Signhage Type E2
Wall Mounted Signage

Artwork Dimensions:
120mm (w) x 850mm (h)

Placement:

Tan nftha Cian ]
10p Oi tfie o i

from GL.

Font Style:
Preeti

General Notes:

This signage is wall mounted and to be
used at key orientation points along the
pedestrian routes near the main entrance,
on the approach to the institution. This
includes directional content, and a map of
the full Institution area.

ANNEX-111: Guidelines for Signage Use in Government Office Buildings

850
455

12.5 125

215

175

7.5

180
130 25510625

1010 50  47,515301512.525 , 45

370

1250

70 585 25 500 70
300

oTeT faepre qar WA= fAHor faamr- | Offce Name

Text Height 25 mm
AAE TdT- f Section Name

Text Height 30 mm
FATAT / M@ ATH - | Legend
,i\ Text Height 17.5 mm - 25 mm
FEATAT /TR AH L Map
9 Dimensions: 500 mm x 600 mm

= = = EEESE m-—s’ = Fﬁv-—s' = = EE Key

+ = = R s q ﬁ-\aa + E 4 Text Height 12.5 mm
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Signhage Type E3

Vehicular Directional

Artwork Dimensions: 650

650mm (w) x 465mm (h)

10 50 20 570
Placement: 8
Top of Signage placed at 1350mm from 2] ) =
al B < ATATaRI HATAY
Font Style: g g - R =9
Preeti 8 ij
’
2 N AT HATAT
S8 f < BEERICRIICIE

General Notes:

This signage gives direction to vehicles to
the locations within the premise.

1350

Office Name
Text Height: 35 mm - 50 mm

Main Office Name
Text Height: 25 mm

- 18T =TT

A ¥ AT

U ALBR

301
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1050 20 920
Signhage Type E4 %
. S 3 99 AT 91qias HAT - Office Name
Vehicular Directional 3 &« Text Helght: 35 mm - 50 mm
o RAIMIIQOTD\UV NMACCADCOTO AMR CANIDAANIMEAIT
= !VIINIO IRY UF FURECOS 1O ANU ENVIRUNNIEIN |
Artwork Dimensions: i i
100mm (w) x 580mm (h) g s gl X ﬁﬂ-&'ﬂ- HATAY
t_ RAAIMTIAN™T M\ /A M\l I/AATIAN
Placement: ?j VINIS IRY UF EDUUAIIVI
Top of Signage placed at 1350mm from
GL. X
Font Style: 8 Sﬁ Main Office Name
Preeti g Text Height: 25 mm
Arial

1350

General Notes:

o ' o ' EERSRINCIRIEERSRECINE
This signage gives direction to vehicles to MINISTRY OF FORESTS AND ENVIRONMENT

the locations within the premise.
frar gt
MINISTRY OF EDUCATION

TE T
MINISTRY OF HOME AFFAIRS

JWW
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Signhage Type E5
Pedestrian Directional

Artwork Dimensions:
450mm (w) x 750mm (h)

Placement:
Top of Signage placed at 2200mm from
GL.

Font Style:
Preeti

General Notes:
This signage gives direction to the

pedestrans to the locations within the
premise.

ANNEX-111: Guidelines for Signage Use in Government Office Buildings

2200

3020 2530

125125 125125 12.35 125 125 125

50 , 50 , 25, 50 .25 50

750

150

50

70

1450

450

50 400

PRl

qUT AER

& FATA/ T T -
& FATA/ T qH
> FAT/ @ qH
> FATA /AT qH
A FATAT/ TETRT ATH

A FTATET/ STETRT AT

Main Office Name
Text Height:25 mm - 35 mm

Office / Section Name
Text Height:25 mm - 35 mm
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Signhage Type E6
Parking Area I.D.

Artwork Dimensions:
650mm (w) x 350mm (h)

Placement:

Tan nf Cianana nl lanad o ENmm fram
10p Oi oigiiage piated a ouiiini imroimi

GL. 650

Font Style:
Preeti

140

C (d
FHAT qTieby AT - iematn
Text Height: 256 mm - 35 mn

350
175 35175

140

General Notes:

This signage is used in parking lot wich is
designated for employee only.

1350

1000
1000
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Signhage Type E7

Site Information

Artwork Dimensions:
450mm (w) x 450mm (h)

Placement:
Top of Signage placed at 1350mm from
GL.

15,30151530,3019

450
190

Font Style:
Preeti

450

101530153015

General Notes:

1350

This signage is used to notify the presence
of CCTV camera in the permise.

900

TUTS CCTV FATHIHI -

YOU ARE UNDER CCTV -
SURVEILLANCE

Information
Text Height:25 mm - 35 mm

Information
Text Height:25 mm - 35 mm

qUTS CCTV RATHIH!
[T § 167 |

—’~'

YOU ARE UNDER CCTV
SURVEILLANCE

305
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Signhage Type E8 350
Reserved Parking 1.D. g
o B RESERVED - Title RESERVED
Artwork Dimensions: e & AT Text Height: 25 mm - 35 SARKING
350mm (w) x 450mm (h) o FARKING
Placement: 3
; R POSITION - Information POSITION

Top of Signage placed at 1350mm from o o e
o oeeP g ™= INFORMATION Text Height: 25 mm - 35 INFORMATION

: B OFFICE - information OFFICE
E\(:inatl Style: g NAME Text Height: 25 mm - 35 NAME
General Notes: o
This signage is used for reserved parking. -
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Signhage Type E9
Reserved Parking I.D.

Artwork Dimensions:
350mm (w) x 450mm (h)

Placement:
Top of Signage placed at 1350mm from
GL.

Font Style:
Preeti

General Notes:

This signage is used for reserved parking.

ANNEX-111: Guidelines for Signage Use in Government Office Buildings

1350

450

125125 125125
80 % 50 25 30,30

900

175175

3517.5 35 20

175

FHAT ! I8 -

HATATR] ATH-

Title
Text Height: 25 mm - 35 mm

Information
Text Height: 25 mm - 35 mm

Information
Text Height: 25 mm - 35 mm
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HTATATR] ATH - offc ame

Text Height: 25 mm - 35 mm

200

65175 35 1

Signage Type E10
Area I.D.

600

sﬂT@TEﬁ' HTII' - Section Name

Text Height: 25 mm - 35 mm

Artwork Dimensions:
950mm (w) x 600mm (h)

175175
17.53517,5, .35 175 103

400

Placement:

TAn ~f Cinna~na n la~nad ot 12ENmMmmMm fram

IU|J Vi OIUIIQQC plaucu atl 1IJIVILLIE vl (=]
GL .

Font Style:
Preeti

1350

750

General Notes:

This signage is used for area
identification.

ANNEX-111: Guidelines for Signage Use in Government Office Buildings




External Signage Templates
Physical Infrastructure and Standardized Layout of Government Offices-2083 309

Signhage Type E11

Accessibility Signage

Artwork Dimensions:
400mm (w) x 400mm (h)

Placement:
Top of Signage placed at 1050mm from §
GL.

h e

Fo_nt Style:

(N A A ACCESSIBLE ——— Text Height: 25 mm - 35 mm ACCESSIBLE
ROUTE ROUTE

General Notes: § §

This signage is used at accessible routes
for disables.

ANNEX-111: Guidelines for Signage Use in Government Office Buildings
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145 1275 85 925
si Type E12 P N
ignage Type = i 5
Street Sighage g
/\ 2 £
Artwork Dimensions: R&2
450mm (dia.) o 118 o
o 9 o
Placement:
Top of Signage placed at 2450mm from Y
GL. “
Font Style: §

145 525| 115.0 40 95
450

General Notes:

This signage is used at non-parking area.

2450
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Physical Infrastructure and Standardized Layout of Government Offices-2083 450
1012.597.5 1215 825 . 100.0 12,510

Signage Type E13 = S

- ) C)
Street Sighage " 9 & "

. ) 1
Artwork Dimensions: 2
450mm (w) x 450mm (h) & L/

2 9 2
Placement; =
Top of Signage placed at 2450mm from 8
GL.
Font Style: § S
E 120 525 |1125 45 120

General Notes:
This signage is used at parking area.

—iJ

311
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C_ N
H | ‘ | *l '-| | H - Street Name
Text Height: 75 mm

312

200
25375 75 3752%

Signage Type E14

Street Sighage

Artwork Dimensions:
900mm (w) x 200mm (h)

Placement:
Top of Signage placed at 2450mm from
GL.

Font Style:
Preeti

General Notes:

This signage gives information of the
street.

2450
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Signage Type E15
Building I.D.

Artwork Dimensions:
450mm (w) x 600mm (h)

Placement:
Top of Signage placed at 2100mm from
floor finish.

Font Style:
Preeti

600
102(}(%61632161616 32161616 32 161616 3216 70

General Notes:

This signage is to be located at the main
entrance to a building. This sign includes
the address and either a building name

or department. This sign is wall mounted.

ANNEX-111: Guidelines for Signage Use in Government Office Buildings

170

450

45

405

FATAT/ T -
GIE]

(FATH THl UH
TS I
FTITAAD] 7 TIT SITAT -

Top of Signage placed at
2100 mm from the floor
finish.

Text Height: 32 mm

Text Height: 20 mm
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Signage Type E16
Building I.D.

Artwork Dimensions:
350mm (w) x 400mm (h)

Placement:

Top of Signage placed at 1525 from floor

age piaced atl 120290

finish at the side of the door.

Font Style:
Preeti

General Notes:

This signage is to be located at the main
entrance to a building and at the side of
the door. This sign includes the address
and either a building name or department.

This sign is wall mounted.

400

12.5
60

37.510 2t

D

12.5

2.5
5

1

125

52,5 102010 5012.55012
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350

2 325

Tlﬂ'rl';ﬂ'ﬂ' / 'OTH:I'I__IA' =
cdEINEVARTIICIEd

GIE]

(ATH AT HTHT
CIELR\S)
AH! F q9T ST

Top of Signage placed at
1500 mm from the floor
finish.

Text Height: 20 mm

Signage placed at the side of door
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315

Text Height: 25 mm

Text Height: 20 mm

Bottom of Signage piaced
above Main Entrance

Signhage Type E17 900
Building I.D. 70 760 70
Artwork Dimensions:
900mm (w) x 250mm (h) Q
Le} +
Placement: ,‘E ST " y Tl-@m
Signage placed above the main door. L) g Ay asl q | 8 I q / (\) A0 ; | | 1:I =
N 4
% (o
[Yel o
g 3 (ATH ATH! FUHT S84 I)
Font Style: ot 5 — WT‘
Preeti §Q W € dar =
o
(Vo)
General Notes:
This signage is to be located above main
entrance to a building. This sign includes
the address and either a building name D W/ Q]T@-m T-ITH

or department. This sign is wall mounted.

(ATH ATHT HTHT A8 O9)

Wbl § qUT AT
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2200

Signage Type E18
Building I.D.

100

75

Artwork Dimensions:

2200mm (w) x 700mm (h) mc / 'GW m
a— e a— | o .
Placement o141 U1 / JIIYUIY)] 1| e
Sianaae attached t nobv of blaced . )
- ! e | AR | Q 7/ N U N = \ b | | b

Sigriage audlric | | L | verticaily and horizontaily
Raised lettering

150

on top of the building.

700
75

50

Font Style:

Preeti

Arial Office/ Section Name
Text: Height 150 mm; centered
vertically and horizontally

Raised lettering

150

100

General Notes:

For locations where a building sign can't
be located on a flat surface. A sign placed
on the door canopy face, may suit the

location better. ( v
This sign is generally read at longer

distance so the type size of office name

needs to be a minimum of 150mm.

Please note: signage dimensions can be
adjusted to suit locaition

ANNEX-111: Guidelines for Signage Use in Government Office Buildings
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2500

Signage Type E19

2250

Building I.D.

100

Artwork Dimensions:
2500mm (w) x 700mm (h)

75

Placement:

Cinnann attarnhad tA o fan v/
oiyiiayc aualiicu U a Ui

on top of the building.

150

700

Font Style:
Preeti
Arial

100 150 50, .50

Fa . . . ————— e T ———

OFFICE AME

General Notes:

For locations where a building sign can't
be located on a flat surface. A sign placed
on the door canopy face, may suit the
location better.

This sign is generally read at longer
distance so the type size of office name
needs to be a minimum of 150mm.

Please note: signage dimensions can be

FATAT / METHT ATH
OFFICE/ SECTION NAME

adjusted to suit locaition
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Off ice/ Sect Name

vemcally and honzonlal\y
Raised lettering

Office/ Section Name

Text: Height 150 mm; centered
vertically and horizontally
Raised lettering
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2500

Signage Type E20
Building I.D.

Artwork Dimensions:
2500mm (w) x 1100mm (h)

Placement:

Cinnann attanhad + n v/
oiyiriayc auadiicu

on top of the building.

Font Style:
Preeti
Arial

General Notes:

For locations where a building sign can't
be located on a flat surface. A sign placed
on the door canopy face, may suit the
location better.

This sign is generally read at longer
distance so the type size of office name
needs to be a minimum of 150mm.

Please note: signage dimensions can be
adjusted to suit locaition
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1100

100

75

150

75

50

100

100

150

50

100 100

hIATAYT / Mkl dTH

r
™It O\ ™7

/ T 7T
CARINEVaRIILCIEJ-AIGI]

OFFICE/ SECTION NAME
OFFICE/ SECTION ADDRESS

FATAG / METHRT ATH
FIATAT / ATETHT STTAT

OFFICE/ SECTION NAME
OFFICE/ SECTION ADDRESS

Officel Section Name

Text: Height 150 mm; centered
vertically and horizontally
Raised lettering

Address

Text: Height 100 mm; centered
vertically and horizontally
Raised lettering

Officel Section Name

Text: Height 150 mm; centered
vertically and horizontally
Raised lettering

Address

Text: Height 100 mm; centered
vertically and horizontally
Raised lettering
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Sighage Type E21

Building Information

Artwork Dimensions:
150mm (w) x 150mm (h)

Placement:

Tan nf Sianann nlana
1Up U1 oigiiayc pialc

floor finish.

Font Style:
Preeti

General Notes:

This signage is to be used at locations
where an external notice needs to be
displayed.

150

L
+

+
+

5 5
10741575 20

7
15,

¥
+

75

52.5
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Top of
1525 mm
1E0 finish.
| KVAV]

oI -

NIGEIEE

of Signage piaced at

Title
Text Height: 15 mm

Information
Text Height: 15 mm
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Recommended List for External Signage

COLOR
S.N. DESCRIPTION Signage Type MATERIAL FOREGI.ROUND BACKGROUND
(Text, Pictures)
1 Free Star_1ding E1 Concrete, Bric.k and White Blue
Monolith Plaster Finish
o|  Wall Mounted E2 Acrylic, Metal White Blue
Sighage
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 ES Acrylic, Metal White Blue
8 Parking Area ID E9 Acrylic, Metal White Blue
9 Area ID E10 Acrylic, Metal White Blue
10| Accessibility Signage E1l Acrylic, Metal White Blue
11 Street Signage E12 Acrylic, Metal Black/ Red White
12 Street Signage E13, E14 Acrylic, Metal White Blue
s E15, E16, E17, E1S, . .
13 Building ID £19 E90 Acrylic, Metal Red White
14| Building Information E21 Acrylic, Metal White Blue

Legends

White
Blue
Red

ANNEX-111: Guidelines for Signage Use in Government Office Buildings
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