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ÀBsTRÀcT. This article reports the impact of passive solar design
techniques for an office building on heating and cooling
conditionning demands. Ànalysis and discussions are applied on
the Egyptian Building Research Center in Cairo, which is a typical
governmental office building. Thermal analysis for the existing
conditions are determined using a computer energy simulation
program, then, energy savings opportunities are assessed through
optimization anal.ysis for fenestration, shading, reducing
infiltration, walls and ceilings insulation and finishing. À set
of inexpensive design enhancements succeeded in achieving a total
reduction in the annual nechanical loads of about 36t compared
to the initial existing conditions.

INTRODUCTION. Rapid increases in energy prices aroused strong
interest in improving energy efficiency in all energy- consuning
sectors. The annual electrical demand in Esypt"reaches 45x 10'
Kwh against an annual production of about 60x10- Kwh. fndustry
consumes 55t of the annual consumption, agriculture uses only 5t,
Public & commercial buildings are second largest consumer of
energy , 35t of the total consumption Finally , the
governmental buildings account for a share of 5t.

It is urgent to cut energy consumption through the
lementation of technologies and policies for energy efficient
ldings. For air conditionning, electric bills can be reduced

through simple systems of thermal storage , insulation and
shading which make it possible to move about 40 percent of
electrical demand. In f.acL, it costs no more to constuct an
energy-efficient office building than it does to construct an
inefficient one.

Efficiently designed buildings will slash energy biIls,
liberate the capital investment and avoid the expense of
constructing new power plants.
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1. DESCRTPTION OF BASE CASE 2. THERHÀL ÀNÀLYSIS FOR EXISTII{G CONDTTIONS

The plan of the typicaJ. floor , FiS. 2, was devided inr
thermal zones for evaluations of thermal loads and compar
Zone 1: a series of offices on the East facade.
Zone 2: offices on the west facade-
Zone 3: circulation area.

Table 1 shows the floor area for each zone, the are:external walls and glazed areas according to orierCalculations of heating and cooling loads were performed
an energy simulation program CÀLPAS 3 ( 1 ), all year rour
7:00 ÀH to 3:00 _PM in order to keep indoor temperatur.
minimum of 19.5"C in winter and a mãximum of 26.6'"c in sr

Table 1. Characteristics of thermal zones( m¿).
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Flg. I : Typical floor and main facade of GOHBPR.
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Table 2 shows the results of computer rúns. Zone L t
more energy for both cooling and heating per unit floor ar
zones 2 and 3. Figures 3 and 4 present a comparison of
and cooling loads required per unit floor area for the
zones in a typicaL winter day (January 2L) and a typical
daÎ (July 22) .stest zone needs heating from 8:oo Ñ-to 1rwith rates 25t lower than east zones- This may be due toglazed area as well as fixed external shading devices.

Table 2. Comparison of mechanical-loads per un:
area for the three zones (KBtu/Ftz )

zones Cooling Heating Total t of tc
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The cooling loads for East zone are much higher 1

west zone untill noon. During aftérnoons, cooì.ing loadseast zone decreases while it gradually increases for th€
zone and reaches a maximum at 3:00 pM, the end of the worl

The difference in total annual loads between zones l
is emphasized due to the larger floor area of zone 1 r

about 3.5 times the floor area of zone 2. Zone 1 is rest
for 57 t of the annual loads reguired per floor against 1,
zone 2.

Zone I

Eíq. 2 : Thermal zones
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3- IHPÀCT OF CHÀNGTNG ORTENTAÎION OF BUILDTNG

carculations were.done for heating ald cooring roads in case ofrotation of rhe existing desi-gn by-45¿, õo-l-àå¿-iãl-ro tt" Easrof South. The main office zon" , i "orráf) , is t¡ren facingNorth-East, North and North-r{est instead of East. Table 3 showsthe results and lre can deduce that the rotation 
".ri"= a decreasein total loads for zone 1 and an increase in iãiar roaas forzones 2 and 3.

Table 3- comparison of thermar roads for differentorientations (KBtu/ Ft¿ )

60

40

Jul 22

LOIOS (ATU/SFl

Qo{l O:Oe OO On er2 Gtg q!. ct6
TIME

-zoNEt 
+zoNEa

F19. 3 = CoolJ_ng loáds for
office zones.

-20

Jan

LO^09(81ù/!tt

coe O: lO

TIME

-zoHÉr 
+zoNÉz

Fig. 4 : heating loads f
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Zones
CHT CHT cHl cHl

ZoneL
Zone2
Zone3

Total
Kbtu

Sav n9

36.9 24,
39.9 39.
3t.2 28.

35.9 6.3 42-2
32.9 4.7 37.6
25.7 3.8 29.5

29
37
27

2 7.6 31.8 2s.4 7.6 33.¡
5 1.9 4\.4 46.7 2.5 4s.2
9 3.4 32.3 29.3 3. 5 32.8

7-5
2.9
3.6

4
0
6

30 6844 292292

4.7 t

27 6255

10$

292090

4.8 t

À 90 rotation decreases the totar annuar. roads of the whorebuildihs by 10 t.
4. OPTIHIZÀTION À¡TÀITSIS FOR EXISTII{G CONDITIONS

Tlerg are. many opportunities to improve the thermal performanceof- the existing building. The impact of the foltowiirg - ã;;ï;;enhancements is considered:
1- External shading:* The horizontal overhang of the lrest facade windows isincreased from 0.6 to 0.9 m.* The spacing of the vertical fins on the East facade isnarrowed from 0-? t" 9.4 m by adding a nev, fin between each two2- Àpplying insulation of external envéIope:* l{all insulation by usi-ng foam concrete spray (Celton),1.5 cm thick ( K=0.0_4 wl m.t ) -that will -reducã the overalltransmition factor from 1.7 wim, ö to. t w/nî.t. -

* Roof insul_ation-by addíng a rayer oi expanded styrofoam
! "r thick (.-K= O.031 w/m-..c). rnis-wiff aeãlããsã-tn" U_valuefrom 1.L2 wln1X to 0.4 tt'/.rl.-c: -

3- Reduction of . infirtration from windows by changing steerframes by aluminium frames with rubber striis.4- Light cream finishing coJ.our for external warLs surfaces.
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5 : Thermal loads reduction by design enhancement-.
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Table 4 shovs tl¡e amount of savings acni:Eved b-¡' eacn ¡:ci:c¡and the total saving that can be reached b7 ccmbining then

Table 4. Load reduction and saving opportunities ofdifferent design enhancement-
AUTIIOR INDEXPoIicy Loads

Zone 1
in KBtu

Zote 2 Zcne 3 Tcf-aL
S av i::o

1

-'j:-=4. '--='--2 '-- \-.;-
. ï:::=j

Ê:=:-q- . _=- ___
' l-al1
insuLation 1668?7* Roof
insulation 140833
*Reducing
infiltra. 168094*Light
wall colour 172553

41894

35470

43642

44269

t
84335

62624

82449

96228

233106

238927

29 418 5

303050

4.5r

22.t|
4.1t

1.5t
4549 28079 52292 L94920 36.5 t
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