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There is something spezial about associating solar energy with thr design of a home.
Perhaps part of the sttraction that links thr two is a common idealism: Solar energy is the
ultimate energy source on our planet, and thus represents the ideal generator of any
thermal or mechanical advantage.

Similarly, the ideal and most desired residential type in Kurdistan, even for apartment, is
typically (the single-family house.
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The factors such as oil prices, other energy sources coupled with the present world
political and economic situation, led to the energy crisis.
The function of a building structure is to enclose and insulate the work spaces within it.

The building structure is composed of interior and exterior surfaces:

The function of interior surfaces is to divide the building into useful work areas, permit
rapid access and agress, insure privacy and reduct noise from other work areas.

The interior surfaces (partitions, floors, doors, etc.) do not contribute directly to energy
consumption, unless they separate a conditioned area from a nonconditioned ares. They
can contribute indirectly to energy consumption since they affect the operation of
heating, ventilating and air conditioning systems.

Exterior surfaces are those surfaces whichseparate the building work space from the
outside world.

The function of these surfaces (roof, walls, windows, doors, etc.) is to insulate the
controlled Environment of the building from the outside Environment with respect to
excessive heat or cold, humidity, wind, noise, sunlight and entrance and egress.

Since no building material or construction technique insulate perfectly, energy is
transferred across the exterior surfaces by (Transmission, Infiltration and Solar
Radiation).

Energy is often expended to compensate for thermal gains and losses through the
exterior surfaces. For this reason, Energy transfer should be kept to a minimum, except
in thos instances when the transfer improves the conditions inside the building.
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A thorough energy analysis was undertaken prior to the start of the building design. The
performance of rectangular, square- and triangular building shapes were simulated and
compared. Each architectural shape and oriantation was analysed to determine it's
lighting energy use profile. The building shapes were also compared for their day
performance.

The architectural massing forms compared were analysed with clear, tinted, and
reflective glazing as well as with and without a complete shading system.

Consistently, a rectangular Building shape facing (north-south) proved to be the most
energy conservative building. Fortunately, the best views coincided with the (north-south
oriantations) for windows.
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The earth acts as a constantly stable thermal surrounding, with average annual
temperature of about (56 °F). Earch contact moderates the extreme outdoor
temperatures which reach highs of (113 °F) in the Summer, and lows of (3 °F) in the
winter.
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Material Surfaces Solar Reflection (%)
Earth Ground 8-30
Grass 14 - 37
Gravel 15 - 35
Concrete 40 - 55
Asphalt ca. 12
Sow surfaces 60 - 90
Water surfaces 7-10
Brick Facad 30
Light colored Facade 60
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Surfaces of Builsing Parts Absorption Value as
Disperse Colour Black 0,92
Disperse Colour White 0,09
Disperse Colour Grey 0,82
Smooth Concrete 0,55
Lime Stone 0,60
Synthetic Gypsum PLastering 0,36
Mineral Gypsum PLastering 0,65
Red Brick 0,55-10,70
Granit 0,55
Cement Fibre 0,70

[3] b\’uﬁe "]l:t‘):u (58988 ‘;1-26"‘,? C,g‘}{d‘,}&u&:@&jﬂu (5‘)435‘3 5 bJLos (54:54.'&&



Reflection s salods <€t 5 %20 5 cujoedilen j3a i s %80

ok sl digeda g 50 oY A Ha S Gggn selh Jbsie 3 el ad b oIS 35 d
(St Judalan (5, 5SK oS oy uVh e s wb SG oal¥eu B JLSes U Sy3) g s st Ha 4 gl Sa
ol ok ol o3

Lias s898080 (s0hsa0 st &l 535 (Sl

Sol g8 (s890,008 (oS 59, Ity Al o glin (s 50,00 sulams Y sge A (S Judeles g3ad

S it b oyl g oo slots il U BSLS y, oloyS ey b ediles Sape S
oladig s s s e e slada 5 SenaS 55, Olan A pleyS S, I0 8 s pads

i S 5 S e IaaSe s 5 @ S el lng oley S (Sieds s Sl ), (S9Se8 sl
4S5l 530 (g8 90 513 Ls"i"‘SJJQ €4 Lbal US;.G[S ©les c:.\é‘v)jJ“f'

Std] ciues 58,58 (55K, aplin seg08a solaa (s898,88 LSy, LY U by Sudala LIS
Clagasled sLaiSyla adh gy 4 A4S 4 Soyles s Uvalie s,

ef. Uvaiue = Uw.-value * Sw

Sw = Solar Winn Reduction factor
Uw.vaiwe = Heat Transmission Value fort he exterior Wall
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Sky Solar Winn Reduction factor Sw
Oriantation |Light colour | Grey colour |Dark colour
North 0,98 0,96 0,94
East/West 0,97 0,95 0,93
South 0,96 0,92 0,90
Roof 0,96 0,93 0,90

[3] te:s [ XLBLE U.GL.... K] ‘)‘xd 5.3 J}L UﬁLﬁJ& (5_)435‘3 :6 éJLAS (54:5.4:.15



5 S (Saued w0 b S5l sl i, sawdd H3a (,ASL (&S S o pindd (5, spSada o
o5 S d by (B S 5e s s oediead g [3] sgsilalin seuiul;) o8 Sl wdy el s sus <80
050,88 (2S5, U Jole (Siun Ha848 (i S 3L sl sa 8080 Sl (oY d a4
Jasly 2l (e3058 SusotS 3 v (3l (Solls Sdile dugp Siajae 4285 Sy g0 Sy
Gypsum Plastering Suua JosaSdyle dus so50,80 (530 4 . oin o a3 Sd)le dus ciud Gl
ce S g g0 SitaiBln 2 (4530 (o st @ padS Sy Gl
S01H30 (58500 SedS (538 A (idedd 5 luya U A Sdae € Ju S A @ cotwdilda Sd)le duy
iy 5SG s Sdle dun GOV Sogly3als Gyl 5 Sigsn opSlann oY d oleyE g,
05850 Loy ey (iteds ol Mg sa Gl U oleyS (5,80 ALl € B s s gaseu slgea
b‘g‘l.:é:i‘c\ :)J‘L:s I OLS&JJLA.A: bf)‘)b\s | 4SL.\:\:'

Collector
Exterior Wall

int. Side

sstaad Jua s Jole s © L goge,00 ole T aple o458



5055,55545 3 oS4 6,548 Sawlul IS doluy 8w 5 e gose,e0 d Jole ua S0 Sia g g,9
85005 A 1LL & (pleyeS Sust a5l Jla Ssasbe a0y 4 Sl go05l 30 L3a (Saus

G o Cpola d 5 «Shu o530 o4 iy (so500 SH,0 (38 Aud o Gl d Gl .l Jle SKG 8
(S s 958 slad s S Jbide d Sdle duy Sia e 4 Sl U ole 8 sl 55U SB)LH0 53
Obote d alnd ,S,K o8 A8 S

2o Cnsla 4 53a (S se e sl ssn (sestuSedS 5 s oim slads S seoly ) cind ludaldd
Il el Ja S GlSe ) a0 518508 5 sty s 3 st (S STg s 4 ol Sl ge el
(50508 S0k (JAtadads I gla o Sh (g0 5050 (sloes 0 5,8

8510 aladdd o ) (shs0s U S Sl (s 50,500 581, (sula 59 st d G4l 8500 S0y
Hasgaolsa sl adh (5, 535 o
Air Temperature = 0 C°[J
Solar Radiation = 1,00 kWh/m? d
Wind Velocity = 2,00 m/s
Dark colour Surface with Absorption Value as = 0,84
Room Temperature = 20 C°

O
Construction Layers Thickness Density Conductivita
(mm) (Kg/m®) (W/m K)
R. C, Wall 80,00 2400,00 2,10
Wall Nr. 1 Polysterol Foam 20,00 30,00 0,04
Synth. Plastering 2,00 - -
R. C, Wall 80,00 2400,00 2,10
Wall Nr. 2 Polysterol Foam 3,00 30,00 0,04
Synth. Plastering 2,00 - -
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Uvalue Solar Winn Transmissio
(W/m? K) (W/m?) Heat Loss (W/m?)
1,4 2,50 28,00

0,70 1,30 14,00

0,30 0,50 6,00
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Thermal Conductivity of Material Ju s olo,€ Suiba€ Ui 6.1
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Properties Size & Unit
Density 2400 m*

Heat Conductivity 2,1 W/mK
Spezific Heat capacity 1,0 KJ/Kg K
Volume 0,67 kWh/m® K
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Material Density Heat Conductivity Heat Capacity

Hollow Block ca. 700 Kg/m® ca. 0,20 W/m K ca. 0,40 kWh/m® K
Brick ca. 1400 Kg/m®  |ca. 0,70 W/m K ca. 0,40 kWh/m® K
Dry Sand ca. 1500 Kg/m® ca. 0,70 W/m K ca. 0,39 kWh/m?® K
Water ca. 1000 Kg/m®  [ca. 0,60 W/m K ca. 1,18 kWh/m® K
Lime Stone ca. 1800 Kg/m®  |ca. 0,95 W/m K ca. 0,50 kWh/m® K
Gravel ca. 1800 Kg/m®  |ca. 0,70 W/m K ca. 0,50 kWh/m® K
Cement ca. 2400 Kg/m®  |ca. 2,10 W/m K ca. 0,67 kWh/m® K
Granit ca. 2800 Kg/m®  |ca. 3,00 W/ m K ca. 0,78 kWh/m® K
Clay ca. 1820 Kg/m® ca. 1,40 W/m K ca. 0,56 kWh/m® K
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Building Part Uvaiue (W/m? K)
Exterior Walls 0,30
Widows 1,30
Roofs 0,25
Floor Slabs 0,30
Cellar Slabs 0,45
Slabs over Under pass 0,20
Division Walls between Apartments 0,70

L SSaa )l s Optimal Uvaie 110 s b3 sz

-



For the international Energy Agencey is a high level of thermal Insulation in our climate
required. Walls of residential Houses in our country are constructed with hollow Blocks,
Floors and Roofs with reinforcement Concrete.

This type of construction accomodates large thicknesses and Insulation

Exterior Walls must be insulated on the outside with minimal 8,00 cm recycled expanded
Polystyrene Foam.

Roofs must be insulated also on the outside with minimal 10,00 cm recycled expanded
Polystyrene Foam.

The Ground Floor Slab must be also insulated with 12,0 cm Polystyrol Foam.

(15,00 m« SEY (63,0 48 ol S He g Sduge)y Hawdd L (go 58580 Ss 500 (s (Uvalue)
d el Sha S5 B 3 wep 2l ai 503 (0,30 WIMPK) o el oaeSs 5 5 055L5
el 4 (0,30 Wim?K)

Balancing system choices for energy saving

The following are among the most, important:

a. High thermal mass: cast-in-place concrete structure well insulated on the outside face.
b. Night air cooling:

Design of the window Wall:

Computer studies showed that complete shading of glass could reduce cooling loads in
the building by more than 30 percent.

This confirmed that shading is one of the most effective strategies of energy consrvation
in the design of such a large building for example for office uses.

The shading system consists of exterior horizontal and vertical surfaces positioned in
form of glazing on the south facade.

The outside edge of these surfaces is ca. 90 cm in front of the glazing.

Horizontal shading surfaces are ca. 210 cm and ca. 300 cm above each office floor. Both
horizontal shading surfaces and the window sill reflect daylight deeper into the interior.
The total shading system completely prevents exposure of windows to direct sunlight
from April until September.

During Winter months, it allows limited direct sun exposure to supplement the heating
requirements of the building. Due to the low sun angle in the morning and late afternoon,
solar heat gain renders the east and west facades virtually impossible to deal with
effectively interms of environmental comfort.



Extensive analysis was performed to explore possible alternatives inglazing assembly.
The results indicated that shades double pane windows with clear glass offer the best
performance considering both heat and light on an annual basis
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Heat Transmission Direction
Forword Horizontal Backword
Rsi 0,10 0,13 0,17
Rsa 0,04 0,04 0,04
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Heat Transmission Coefficient (Uyae)
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Rr=>Ydi/Xx di = Layer Thickness (m)
A; = Material Conductivity in (W/m K)

The transmission or heat transfer across a surface is determined by first calculating it's
transmission coefficient (U in W/m?K).
If more than one material is involved, it is resistivity (R in m?K/W), which is added.

U in W/m?K = 1/R (in m?K/W
Uvaie = 1/ {(Rsi + Rt + Rsa)} in (W/m? K)

3 4 ol 4 81, (55l a0 fadSes spas 1

| 1- Cement Plastering dy = 1,5 cm, A = 1,00 W/m K

| 2- Thermal Insulation dz = 10,0 cm, A, = 0,030 W/m K
3- Lime Stone d3 = 24,0 cm, A3 = 1,40 W/m K

4- Gypsum Plastering d4s= 1,5 cm, 24 = 0,70 W/m K

——
— N9

Rsi = 0,13 m? KIW

Rea = 0,04 m? KIW

Rr1 = di/A1 = 0,015/1,00 = 0,015 m? K/W

Rtz = da/A2 = 0,10/0,030 = 3.33 m? K/W

Rrs = da/As = 0,24/1,40 = 0,171 m? K/W

Rrs = da/A4 = 0,015/1,00 = 0,015 m? K/W

> Rr=0,015 + 2,86 + 0,171 + 0,015 = 3,53 m? K/W



Rs + Rt + Rsa = 0,13 + 3,06 + 0,04 = 3,70 m? K/IW
Uvae = 1/ 3,23 = 0,27 W/m? K < 0,30 W/m? K = allowable Uyaye (ext. Walls)

|4Uﬁdd§m:\=u\,\,4 GOJJAS 2

1 2 3 4 5 6
[T ] | | | | Td
NN &N N\ 1d
/
/ dy
T ds

1- Tile Layer dq = 3,0 cm, A1 = 1,00 W/m K

2- Cement Plastering d, = 4,,0 cm, 22 = 1,40 W/m K
3- Thermal Insulation d3 = 12,0 cm, 23 = 0,30 W/m K
4- Damp lIsolation d4 = 0,1 cm, 24 = 1000 W/m K
5-R. C. Slabds=18,0cm, x5 = 2,1 W/m K

6- Gypsum Plastering dg= 1,5 cm, 26 = 0,70 W/m K

Rsi = 0,10 m? K/IW

Rea = 0,04 m? KIW

Rr1 = d1/24 = 0,03/1,00 = 0,03 m? K/W

Rt = da/2, = 0,04/1,40 = 0,031 m? K/IW
Rrs = da/As = 0,12/0,030 = 4,00 m? K/W
Rrs = da/24 = 0,002/1000,0 = 0,000 m? K/W
R4 = da/24 = 0,18/2,10 = 0,086 m? K/W
Rrs = da/24 = 0,015/0,70 = 0,021 m? K/W

S Rr = 0,03 + 0,031 + 4,00 + 0,086 + 0,021 = 4,168 m? K/W
Rs + Rt + Rsa = 0,10 + 4,168 + 0,04 = 4,31 m? K/IW
Uvae = 1/ 4,31 = 0,232 W/m? K < 0,30 W/m? K = allowable Uyae (Floor Slab)
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W = Windows

A; = Area of Frame

g = Widow glasing

Ay = Area of Glas

ly = Length of Glas Rand

¥4 = Reduction factor as Thermal Bridgeeffect of Glas = 0,06

OB e sbile

Uw
Ug 20 % 30 %
Us 1.00 (1.40 |1.80 [2.20 |1.00 {1.40 |1.80 |2.20
(Framematerial)
1.10 1.60 1.20 [1.30 [1.40 [1.40 |1.20 |1.30 |1.50 |1.60
1.30 1.70 140 |[1.40 [1.50 [1.60 |1.40 |1.50 [1.60 |1.70
1.50 1.80 1.50 (1.60 |1.70 [1.80 |1.50 [{1.60 [1.70 |[1.90
1.70 2.00 1.70 (1.80 |1.90 [1.90 |1.60 [1.80 [1.90 |2.00
d 5 (20 %) U Sl gialsr sotsss @S €S sl S Lo St o GlSs iy ¢ (Uw)
NCA LS LAY (30 %)
(1,23 X 1,48) M o jaaday oty fptghas L5
Window Bredth 1,23 m
Widow Hight 1,48 m
Widow Area Aw 1,82 m?
Glas Area Aq 1,23 m? Uq 1,20 W/m* K
Frame Bredth 0,12 m Ut 1,50 W/ m? K
Frame sight Area As 0,59 m? % 32,56
Glas Border [ 4,46 m g 0,06 W/m K

(Uw = 1,44 WIM? K) & i olaSe (Unds SesiSyla d €y pd s &



Heat Transmission Lost L 48 S5

Interior Heat Transmission( Energy transmission) ist he process by which heat (Rg)
passes directly through surfaces by conduction. The flow of heat is out of the building in
the winter and into it in the summer and is proportional to temperature difference in (K)
across the surface.

Surface transmission coefficient (Rs) contains the deffinition of (Uyae) for various
materials.

Resistance in (m? K/ W)

(Rsa) Exterior Heat Transmission Resistance in (m? K/ W)

For materials with high (Uvae), heat transmission is high and the temperature change
across the material per unit thickniss is small.

For materials with low (Uyae), heat transmission is low and the temperature change
across the material per unit thickniss is high

lods ik ads aleyd8 Sy seiiS sla

Qi 7[kWh/a] = Far # Y [(Fxi # Ui # A) + (Uws * Asym)

OB e sbile
Qi1 [kKWh/a] = Heat Transmission Lost
Uws = 0,5 Heat Lost through Thermal Bridge
Fxi = Heat Correction Factor
Asum = Building Area

Ventilation Heat Lost s s, 581 548 s3a4s (sles€ 58550 Susssy 1

QI,V [kWh/a] =Fgr = (n%0,34 = V)

OB e slils
Qv = Ventilatio Heat Lost
N 0,7 Air Ventilating Factor
V Air Volumina 0 0,80 V.



linfiltration is the passage of outside air directly into the building through cracks in the
building structure, open doors, windows etc. The air is either forced in by the wind
blowing against the building or is drawn in by a negativ pressure.

In tall building, infiltration is increased by the stack effect. Since hot air is lighter than
cold air, heated air from the lower floors rises to the upper floors. This air is replaced at
the lower floor by drawing air in from the outside. The taller the building, the more

pronounced the stack effect.

The energy content of the infiltrating air is generally different from that inside the building.

Solar Energy sge 3a syae oley& 834y use 9k 2

Qs [kWh/a] = Z ( 0,567 # (Is)yHp = gi = A

OB sbils
(Is)s.np = Solar Radiation
for Southeast / Southwest Windows = 270 (KWh/m? = a)
for Northeast / Northwest Windows = 100 (KWh/m? = a)
for other Skyoriantations Windows = 155 (KWh/m? = a)

gi = Solar Energy Transmission Grad
o} = 0,60 for Isolation Glas with Ug = 1,1 till 1,4 W/m? K
Ali = Windows Area

A building receives a considerable amount of heat directly from raya of the sun. There
are many factors which influence the amount of solar radiation which reachs a building
surface and it's effect on the buildings (heating / cooling load).

Some of these factors are:

Latitude, Season, Time of day, cloud cover, angle with respect to the sun, dew point,
trees, mountains, Temperature differential across surface, Glass etc.

These factors are independent of building characteristics and are summarized

the sunlight which absorbed heats the outer layer of the building surface. Some of this
heat is radiated back into the atmosphere, while the remainder flows deeper into the
surface.



In the winter, the flow of heat out of the building, through transmission, may be so great
that the solar gain is never felt in the work space. However, in the summer, some of this
heat will reach the interior of the building.

The more massive the surface, the greater is ability to insulate the building from external
temperatur fluctuations, and the greater the thermal storage.

When the surface contains windows, a significant portion of the solar radiation passes
through the glass into the conditioned space. The sunlight adds heat to the space only
after stirking a solid surface. Thereby warming it. Glass reflects heat.

Solar heat gain through windows tends to remain in the space. This reduces the heating
load in the winter, but increases the cooling load in the summer.

Energy Winn through Housholding 1s Jl 4 b€ 58505 Sus 3Ly 3

Qi[kWh/a] = (22 = An)

Ax = Ve = 0,32 (m?) (Net area in the Building)
Ve = Building Volumina (m?)



Mathamatically Examplae:
Residential Hous with Cellar (h = 2,75 m), Ground Floor (h = 2,75 m) und
First Floor (h = 2,75 m). The annual Heat Transmission Lost is to be calculated !
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First Floor Plan
Recidential House with Cellar, Ground Floor und
First Floor und Saddle Roof
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