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Location : Ahmedabad, Gujarat

Climate : Hot & Dry

Mode : Alr-conditioned

AC set point 124°C

Occupancy hours : 07:00 fo 19:00

Building Area 11015 m?

ENVELOPE DETAILS 142 kWh/m?

Wall : Brick + Plaster ENERGY USE

Glazing : Single clear glass [ ]
Roof  :RCC roof

WWR : 50%

156 kWh/m?
ENERGY USE

WWR : 70%

+19 %

ENERGY USE

168 kWh/m?*
ENERGY USE

WWR : 90%

+26 Z:o
TNERGY USE
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by solar gain through tilted south
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Ventilation air “Chilled Sails”

delivered back Hydronic
via vertical shaft Radiant Cooling
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Solar Photovaltaic Water Sense
Thermal Panels (PV) plumbing
on roof; 4kw/ Studios +1BR fixtures
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eczema
exacerbation
70 80 % 100
Relative humidity %
= [=] o
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Air conditioning must perform
four basic functions:

1. control temperature

2. control humidity

3. control air circulation and

ventilation . -
4. cleanse the air. Carrier?t ot £[X 0| LHEIEX]|(1902)
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HEAI(All-air system): 32X LY 374101 712
o MU Q8T7| M2 HEE QX[0f 7H R2IBH0 2717t ERSARA, HE, A,

L, Y

e ——— > LR3I E= X p
: (AHU: Air Handling Unit)

=

Mixed Use Building

’ Al r erﬂ.t\ﬁm >
Thermostat ? L . . \, L = ...'. ?
~ CLASSROOM

AL 13

RIZ7| WA BEAIAHOIA 2719 55

-1 O
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2HIA(Water system): AL{0I| X
= %ENHI“JW“WWE
o @

o

2 3710 Hlsh @2 M&oh=
O X

=1

0| 7HS510d AF2A 742

— ru9
rﬁ"
fol
Mo
(@]
Ol
=
=
s
00
o
9'2
r
A
oA
rior

ol ~

ol "
d
or

\_/

EZ=(Perimeter zone)0
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8iAl(Refrigerant system): HOHO]| Qo ALIE7 S W2t/7tH

o A= HUHS7I0IM S5 E2 271/2/XIS0l YEoALHEY), 271/2/XS0HM EF S HUH= Y=(HY)
© JHERT0| 7155101 A4 A= 2R E(Perimeter zone)O|Lt &1, SE S 75 Q10| M2 AS0H Xgt
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AL
S
L]
——— il
—Ree
LR LR L1
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== A2
== H2HYUH
== H2HIH
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HOHOH 2fet B2t AOI2
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ZEB 7=

Yol M2k AU Sgdot= S

F A|AEI(VAV: Variable Air Volume)

7|ol ¥(EEY)E B2l

dd b
£35S daAZ0 et SS71(Fan)Qf HILX| AHIZ0| ZAE0] oA &

OFX]
=

=i\ ==

VAV box
Air Handling Unit (AHU)
A — \-n:-u- -: To other
! Filter "E ) iy VAV box
' ; : partially open
Outside 1
& g
— ‘I ﬂ N © 1 13°C _
= Supply |
: Coollig. “an.™ | VAV box
) Smm—— ol i fully open O
Retum® = r===-
air : Diffuser
T 1"
; 13°C
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High load (&%+0| 50| 23t

(
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Moderate load
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Airflow rate
CAV system

SSEH(CAVY)

I *Constant air volume

| ZIETOW)

|
rate [?
[
|

8 9

https://www.cibsejournal.com/cpd/modules/2012-10
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Time of day
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HI217| (DCV: Demand Controlled Ventilation)
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"3l A|AHI(Heat Recovery System)

o HUiO| RHE S7|E AR =2 HiSOI Aot 97|12 HUZE S5ok= IFE0A, HUHS717F AT

3l4510 HUE SHRE 7|0 3=
o ASE0= HUE SHRE 27|19 2t S5 =0 HYut 7150 oSt |HXIE RE
° EH0I= HUE SH2E 27|19 2ot 555 RF WU S0 HRs oUXIE X5
» #&(Rotary type)dt T(Plate type) Bulet| £&

OII

Outdoor Air
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© SAPHHIA|ABI(Radiant Heating and Cooling System)

MY, BiS, 88 = 20 OiEE 820 4245 cethA dde
A2l dUiRE/t HO0te EHREY} =0t 2N 20| 7+sotH 0|2 2ol oA H0| 7tsgt
GEH0= HUH2E7t H0te BH2E7F HOF M5 RAIE = US
Floor
@ ‘_.6 i ": @ ‘_.éi
Ceiling
o] fe] [o] o]
Slab
e

1. 2= (2013). HSEH|, TAET AL
2. Cho, J. et al. (2008). Integrative sustainable design strategies for energy and water efficiency:
The case of the Ewha Campus Complex in Korea, Proceedings of SB08

3. Rhee, K. N., Olesen, B. W., & Kim, K. W. (2017). Ten questions about radiant heating and
cooling systems. Building and Environment, 112, 367-381.

4. Rhee, K. N., et al. (2021). Experimental investigation on the control performance of an active
chilled beam system under dynamic cooling loads. Applied Thermal Engineering, 194, 117069.
5. https://www.pnnl.gov/projects/best-practices/variable—air-volume-systems

6. https://www.cibsejournal.com/cpd/modules/2012-10/

7. https://www.ibec.or.jp/jsbd/A/features.htm
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FULLY TRIMED WITH
ALL SAFETY CONTROLS AND CODE PIPING

E= SIS Y
&; |51°'a1 i%oaﬂ_r b, 4 Hol2), 5 B, 1 HYR, THEE A% 7IA HYR
FHALE MRSQ| SARIR Fi H7|2 57| EE 248 MASI0] LY, 7t 2P0 AIS
744 B H7|7HAOIN P2 245101 RS Cf 591

e 2

ASME.
PIPING TO SECONC

EXTR

=2 2Ud LEAT HY PR
22 5
T2 =
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© E8H| | SIEEHZ

FXQ1 LHZE AHO IEOHM
2Z=(Heat source)0f

M= K
—
%0] BX amﬂ 22 (5

Aot SE- O*%_% SE-YE L
|

O
2L 2 RN =2 RO2 B Joi=2l= MX|)

’te
Hot reservoir
Condenser Heat sink
o= ne=x
e e g57) - ==
& |
S 4500 W
- 1500w
2 Heat Pump
Comp reSSOI"_____> % THXF Woet ‘ Refrigerator
(%I-_fﬁ;jl) g oo Air Conditioner
Q
]

Compressor

COPnezing=4500/1500=3
COPcosiie=3000/1500=2

=ut ?3; T Qo 3000W
Evaporator el
———— (EH"JH ———— Cold reservoir
o= Heat source
s
AP0 et 3871357 QIRIS BIT0| STt g Bt
HO| 2, = Heat sourcelf M2t 37|E ¥ SIEHI, X|E 5IEHD, TR SIEHIZ 12

High=Pressura,
High-Tamperatura Vapour

Low-Pressure,
Low-Temperature Vapour

2| S EHT
(Air source
heat pump)

High-Pressure,
High-Tamperature Liguid

Lawe-Prassura,
Low-Temperatura Liquid

Heat Pump

Heat is transterred

§§

Dislribudn n
Syst
The a.mm lyanm can
be sither underfloor heating.
radiators or forced-airsystem

The ground loop transfers heat
to a working fluid in the heat pump

XY s EHD

(Ground source U
heat pump)
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L9 B|EHD

Low-Prossure, R
Low- Tsmgsrarurs Vapour

| > Reversing Valve

High-Prassure,
High-Temperature Vapour

Low-Preszura,
Low-Temperatura Liquid

High-Prassure,
High-Temparature Liquid

Underficor Heating
= Distribution System

Hectrical Power

Electrical Powe:

(Water source
heat pump)

7 7 r rr7z

Low Temperature Heat From River
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© =844 | 7|2 24

t=0| HUFols HE/IE L=l M2t 2 Mg EUIX 555 ok= Hal/t 6l0] Bad B2/t US
58 A Al 207 AZ0] 20N 2AEY 3 28 HHAV S7fot= 22X 2
b2 LHOI| THESH= 2= 2tRQEtr ol SAE REE o US
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© Ol X| 2 =2 24|

HOIM XK= E2 315610, AIE KIS = M HYUQ| 712 = L V[EINESFIpIS
0|12 S2EHIE3I4(DWHR: Drain Water Heat Recovery)2} 5, E& 0| X| 22, & 8T 24 S0t 7|

38°c

mixing

mixing valve

valve \

NN

water
heater

ST ITLT IS
72 2777777777778

‘. 35°C

AN

q//////’/////////

i

35°C

Showerhead

//_ for tub spout)
Mixing valve \ h\?
Preveatedood —f— 9P .
Waler warms
incoming waer
10 shower (or fub)

Prefeated cold water warms

A
™ *l incoming water to water heater
Heat exchanger
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Hot water tank Cold water in *l -
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A2 2 20 E HEH=2 T2 O X7 &40 ZHUHX|2E YLHOUHXIZ S7HA7 = Q210] E
SUSH AHIRIZOR B2 WS U 4 U=, 5 BES(Lighting efficiency)0] £ BRS MOF 3t
Traditional Halogen Compact Light-emitting
incandescent incandescent fluorescent (CFL) iode (LED)
| | |
AH|TEE p 100 77" 23 20
watts watts watts watts
[ | =t i |
-
< p 1,600 1,600 1,600 1,600
Electric Halogen gas Excited gas An LED bulb
current such as io- ina CFLwbe COMNMains many
heats an dine inside emits ulra- small semi-
incandescent the bulb pre- violet pho- conductor
bulb's tung- Vents wear on tons, which units; each
sten fila- the filament, coax the emits light
ment allowing bulb's coat- whena J
until it itto glow ing to emit volageis /&
glows. brighter. visiblelight. applied.  /
|
\ (L
MANNY ;
///
LIFE $PAN: 750 hours 1,000 hours 10,000 hours 20,000 hours
-~ [H L5 L ] eoooonReRe ooo00DOGES
T o ’ a000000O0S
= O
28 p» 16Im/W 21 Im/W 70 Im/W
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21 B =03 F|CH 24,000 AZHQUICKTRONIC ECG At
=)
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o MRt B EE oA A MMt Hetds efHold 2FUUAE 2E

° = (Daylighty2 &LH0| =QJ5t0] Ql5=HI} A
o ZANMZE FHES 2ok, MY =

lluminance

Constant Light Value

e He|of w2t ZHEHS MoSks A i

Full sun, clear skies

Some sun, few clouds

-

No sun, overcast

54  M=2O|UXZis B2 ¥Hus



[A2] ZEBHE|E 7|& 1R

© HAME U AO|E




PART
A ZEB 7|2

* MZO0LIA| 2 FoiS fet MY 71=2l 22d 05

e
* MK 7120 Ho| 2 £ 0]
Z1EHE e _
* NZS 0|83t 742 Yty U 2 71 0faH

o 212 SESHMAIE+HEE 7|5)E Soff LA 278 2 T2 Xzfet
o UL X S& Soll AlEFE Zllotk= AHXIS ditolt]
o SHHUR| £X(K)E 07 E= + 2 RA|

“Energy Zero" olx] 27

QA2hof| L X 2 H|

$$$ ol x| 71
MY
gl
ZEB
dF
MUY ABY < UMY
WA 7|8 S5t Ydiest My XY EiYY, 29 5
OHE| 7|&S S5t 0ILIX| B85 3= AR OfILAX|

56 HM=ZOUXZs B2 FHus



[A3] ZEB MMM 7= 7R

® AZHA OfLA] Kol
7|E9| AR E HetA|7 O|Z5tHLE S - = X|E - L HERVIA 52 Zot0 M 7tset (UXIE
2N 0ESk= Of LR (MO K] 2 THAOLAR| ZHEE - O|R HeE=slE 11|2 x)

MK - 2 AUUHX], AZTX|, MEIHS} - THASIO| K] L SETAR(EEREH) 7tASH UK

MK - ERLOLAX], S, 2, LUK, XIZ0|HX], BIO|L0LAX], B [Z0[LAX|

© A X 3

= HSM|cH
S3012 olLx| ANEEE 2 BHId &EE et F71H2 /1 258 g4 2R

gy FE olLx| sPAE A0 2fet CO. E0| 79l 8is

Eol0] T2t MO 7Hs et 0| K|

mjo
i

F_HOF |:||-EEII'

(oF)

on

B2+ oL

7IE0|H K] SHEO 2foh KUK A =27t ks

© LIXHY ol X] S2F

SRR 0| TR Q1B X2EE 2 U NRIIC) X4 S22 0K SFYAS| Cigist Y
SETH O THES| I3t HEO X IS Sit) TR
IR0 LAX] A IT, BT, NT Mefak CHE0f AT AR 2 A7} S206] BE 50

HT
oy
o]
e}
Mo
El

Ho



PART
A ZEB 7|2

© XIE o4 X] IHL

° X[5t2] G2 &tk AJAEI0| 0|85HALE UH0| 2&5t= 7|=

o NE 2F= oMY (0] 7220 R, S27|0f 7 |2E0 Z0H JHd0 28 ks

e ABE2Eo oo SM7ILESE|0IE & - HUol ds Mot ¥E

* X|&7ks(sustainable), M7 K eHrenewable) 220, HS 2&=0| Hapt 49| gl= 8

= = o e
S8 YHo|X| JIE YUY - S4 E TNy T
A, wEEA cuy) o HH8F e 8 140X (o)
dgxz 4exg upEe
200% 017% 4TT%
84,531,537
{toery)
HEX Y HEA Y HENY
- %8.00% 9983% 95.23%

*Sh SO 2 O 0| S50| Gi=7| HE0] ST SR 2| 2 20| HHoH| 22
T OET] CARULXIZIO) Z 9 LA ST BRT L, SUUXH0 I HHAREL BEE0| 257

HEMGWhYY)

6019 143,907

AE

X BE BEE 48 3 Y
EEREUEET
R

(O (=)

O =y

[EEE]

[ suB=

O ==

ECEE]

usng

O stol2

mEEE

E)TE
| ELTE]
W ysng

=U XIE FrHE

Temperature (earth’s surface) (°C)

0 5 10 15 20

58 118

10

Depth in soil (m)

15- |

0 5 10 15 20
Temperature (depth) (°C)

HO[E XS2: et

58 HZOUXUE MR YPuS



[A3] ZEB MMM 7= 7R

Ground Source Heat Pump Ground Source Heat Pump
Heating Mode Cooling Mode

== [

ORecirculation

T X|=: Heat source
(HCHM O = IEE)
2

od
=
PN X|=: Heat sink

(SLHEC= AlE)

2Ed YRus b9

e mode

» A2Z0l= XI%0] heat source, HEH0||= X|=0]| heat sinkrk7 =
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£ QIE7|S ALt IRAEH T IO HBt510] 242 AL
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COOL RETUR?
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Bregenz Art Museum

V% U XFHSH0| XF Bus|S MR[SI0] (FORRE UHS B4
14°C2| d==5 IS HA|Of OiE & d=-ti2t0] Seots FHSSAARCZ 2
Concrete

with pipes

Zone 1

. Thermo-active ) E
f [TTI Supply

concrete slabs
i —

X

Exhaust
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