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City Name Ramallah & Al-Bireh
Location Palestine
Latitude 31.9 Deg
Longitude -35.2 Deg.
Elevation 759.0 m
Summer Design Dry-Bulb 31.8°C
Summer Coincident Wet-Bulb 18.3°C
Summer Daily Range 10.4 °K
Winter Design Dry-Bulb 2.2°C
Winter Design Wet-Bulb -2.5°C
Atmospheric Clearness Number 1.00
Average Ground Reflectance 0.20
Soil Conductivity 1.385 W/(m.°K)
Local Time Zone (GMT +/- N hours) -2.0 hours
Consider Daylight Savings Time Yes
Daylight Savings Begins April, 1

Daylight Savings Ends

October, 31

Simulation Weather Data

Ramallah & Al-Bireh (Avg)

Current Data is

User Modified

Design Cooling Months

June to September
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Month Absolute Max. | Average Max. Average Average Min. | Absolute Min.
January 12.2 12.2 7.7 39 3.9
February 13.2 13.2 8.6 4.4 4.4
March 15.5 15.5 10.5 6.1 6.1
April 22.8 22.7 15.6 9.4 9.4
May 28.3 28.3 20.6 13.9 13.9
June 30.6 30.5 22.8 16.1 16.1
July 31.6 31.6 24.5 18.3 18.3
August 32.2 32.2 24.8 18.3 18.3
September 31.1 31.1 23.3 16.7 16.7
October 27.2 27.2 20.1 13.9 13.9
November 21.1 21.1 15.1 10.1 10.1
December 15.0 15.0 9.9 5.6 5.6
Ao gl (puadd) £ lad¥) cibibiaa) 13 Jsin
Daily Total Solar on Horizontal (kJ/m?) Daily Clearness Number (dimensionless)
Month Maximum Average Minimum Maximum Average Minimum
January 12011.3 10903.9 10087.2 0.538 0.538 0.537
February 14513.5 13036.9 11712.1 0.520 0.519 0.520
March 20077.9 18308.6 16429.2 0.587 0.586 0.584
April 23902.0 22579.3 21073.8 0.618 0.615 0.613
May 27715.1 27104.7 26157.8 0.674 0.675 0.674
June 30573.9 30492.2 30266.8 0.737 0.737 0.736
July 30924 .4 30368.6 29618.0 0.748 0.747 0.745
August 28325.2 27007.8 25474.4 0.716 0.714 0.711
September 25453.2 23599.9 217523 0.713 0.712 0.716
October 20116.9 18012.7 15956.2 0.667 0.664 0.662
November 14988.6 13485.8 12300.2 0.627 0.626 0.628
December 10773.9 10391.1 10224.1 0.553 0.554 0.553

sl ALl aaas raia 55 a5 cCaad) a5y (i) (S 0 5518 e Y1 e ) S 2022 ale lie V) 8 sSlaall 73 sad 24
(4) ) ol s
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Laalal 5 el JSued da LAl () aall 45 Kl clilall (5) by Jgaadl i smy (M sil) e 38153l 5 i 15 Al
5¢(C° 28) /Ll 5 33a 55 (Uov) LS 5l yall Jlam Jalas iy 4ld cclld e 5 Mo ol 501 5 380 5l a5 pa 5
Sle ((C° %) / k150125 (C° 22) / hls 0.06 GEN o) sell alidl Adalall 5 A JLA) 4, ) jall A sliall aat o3 28
Oy s sl dole (e a2 ALzl b ¢(post-retrofit specifications) Jueill axy L Cilial gal Ay Wl I sill
Uov ad (& el dayis doa Sl ol pasll 4y ) s e glia [0 oy (QAS 0/ Dl 50,02 = L) oall Jiaa sl
(Sl s sl e 0.739950.709 Y 2.846 52,438 (3o Cipad 3B g gy of 5 jlaally ol 5w cdan LAY ()l
Ol 381l Al (0.5626 Y 3.603 (3 Uov Aad s ) i) ) caft 33 () Jike (30 a3 Adl)
Laaill am ey (g2l zlall s parall) maadll sale) ol a) 8 C 02/ bl53.2 55.6 AS 5l sall Jas Jalea dad
A il 5 (A sall ol oS AN 5 ) el g5 Elalae &l o) i L Vsl e ¢ (sl zla s o sia s1Y))

sl e ((C° 2/ Lh5) 5 5¢(C0. 2%/ bls) 2.3 «(2a/h)5) 5.8 «( 2/ L) 2.7 cuala M il ¥

srkal) LS il gSa dlagl g 2l sd 15 J g

Wall #| Orientation Length x Layers Thermal | U,y including air | Included windows | Included doors
height conductivity | thin film resistance
(W/m.K) W/m?.°C
1 South — West [18.3 x 3.12{0.3 concrete 1.75 2.438 W01, W02, W03, | D02 (2 items)
0.07 stone 1.70 W04, & W09
2 North 6.86 x 3.12(0.3 concrete 1.75 2.438
0.07 stone 1.70
3 North — East  [3.95 x 3.12|0.3 concrete 1.75 2.438
0.07 stone 1.70
4 East 4.25 x3.12(0.3 concrete 1.75 2.438 W07 & W08
0.07 stone 1.70
5 North 1.33 X 3.12(0.3 concrete 1.75 2.438
0.07 stone 1.70
6 East 2.86 x 3.12(0.3 concrete 1.75 2.438 D08
0.07 stone 1.70
7 North 2.19 x3.12{0.3 concrete 1.75 2.438 D07
0.07 stone 1.70
8 East 7.93 x 3.12|0.3 concrete 1.75 2.438 W05 & W06
0.07 stone 1.70
9 South (exposed |9.06 x 3.12]0.3 concrete 1.75 2.846
to the next
building stairs)
Stairs1 5.22 x 3.12]0.3 concrete 1.75 2.846 D09 (same DO1)
Stairs2 6.17 x 3.12]0.3 concrete 1.75 2.846 D09 (same D01)
Stairs3 2.77 x 3.12|0.3 concrete 1.75 2.846
Roof 170 m? 0.17 3.603
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Label H (m) W (m) Area (m?) # of units Type
D01 2.00 0.9 1.8 2 Multi-lock
D02 2.00 1.0 2 2 Multi-lock
D03 2.00 0.9 1.8 1 Multi-lock
D04 2.00 0.8 1.6 2 Wooden
D05 2.00 0.9 1.8 1 Wooden
D06 2.00 0.9 1.8 4 Glass (internal)
D07 2.00 0.95 1.9 1 Multi-lock
D08 2.00 0.8 1.6 1 Multi-lock
D09 2.00 0.9 1.8 2 Glass
D10 2.34 1.3 3.042 1 Multi-lock

sall 38153 Al g (al g3 27 S
Label H(m) W(m) Area (m?) # of units
Wol 1.38 1.66 2.29 1
w02 1.39 2.24 3.11 1
W03 1.39 2.27 3.16 1
W04 1.38 1.61 2.22 1
Wo05 1.40 2.05 2.87 1
W06 1.11 1.56 1.73 1
w07 1.16 0.85 0.99 1
Wo08 1.15 1.08 1.24 1
W09 5.72 0.65 3.72 1

Ladai¥y) elada) 5 Qo Al gas 5 Sl Jlacdi]

G el Sl g 3l s Jrd) Jgan agh bl ¢ iuall Jla 3 i) (oany 3 g g die A8 SGE ) 2
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Al ) "O" gliall e Cua calall Jlae e J5Y) Jsan (9) Jsaall (e JelSH J 8y cand i)
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Jan |Feb |Mar |Apr |May |Jun |Jul Aug |[Sep |Oct [Nov |Dec
Design 0] (¢] (0] 0] (0] @) 0] 0 0] 0] @) 0]
Monday 6} o o ) (6] o ) O 0O o O O
Tuesday 0 0 0 0] 0 (@) ) 0 0] ) (@) 0]
Wednesday o 0O 0] 0] 6] 0] 0] 0 o 0 O o
Thursday 0] (6] 0} ) o o ) o O o O O
Friday U U U U U U U U U U U U
Saturday U U U U U U U U 0] U U U
Sunday (0] 0 0 0] 0 (0] ) 0 0] ) (@) 0]
Holiday U U U U U U U U U U U U

G (10) Jsan A SN 45l e jasll asa s e Talaie) (it ) (i ) el dn Jlad) Ol paall o i (K
B5¢0.675 @i Lraliaiol daf 4l jlaal) 13 augiedigly saal) e (ggiat ) oas ol sl e lall g gl ey
il Jatys jaa o gsiay Y A AV e @l (0 24) /el 52 444 haiay SN 5 ) jal) JE) Jelae clsa &
Juil Jalase manal Laiy ¢(plilaio LpaliaiaV) 5 (sl yiiny Cum o(11) o) Jsaal) (3 g ge LS 4l s slaall Ll e
(40 %) /152,597 S s ) al

BlSlaal) 3 gad (8 dasdiieall 4y mal) dua JAY )il el A g it 110 Jgis

ey Thickness |Density Specific Ht. |R-Value Weight
mm kg/m? kJ/ (kg - °K) |(m*-°K)/W__ |kg/m?
Inside surface resistance 0.000 0.0 0.00 0.12064 0.0
plaster 30.000 2400.0 0.75 0.01714 72.0
Concrete 300.000 2400.0 0.75 0.17143 720.0
stone 70.000 1750.0 0.75 0.04130 122.5
Outside surface resistance 0.000 0.0 0.00 0.05864 0.0
Totals 400.000 - 0.40915 914.5
Sl 55 (8 Aniiiona) T el A A Gl (o158 9 Sl 111 s
ey Thickness |Density Specific Ht. |R-Value Weight
mm kg/m? kJ/ (kg - °K) |(m*-°K)/W__ |kg/m?
Inside surface resistance 0.000 0.0 0.00 0.12064 0.0
plaster 30.000 2400.0 0.75 0.01714 72.0
Concrete 300.000 2400.0 0.75 0.17143 720.0
plaster 30.000 2400.0 0.75 0.01714 72.0
Outside surface resistance 0.000 0.0 0.00 0.05864 0.0
Totals 330.000 - 0.39000 792.0

o dig sl e daugias 0,675 colilaia oa LAl o g aliaiel) el eciiul) Y Ay ailly

(20 2) /115 3.603 U 5 1 all QU Jalas (s sbaws Caon ¢(12) sl b dlaill oLl iy
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Moy Thickness |Density Specific Ht. |R-Value Weight
mm kg/m? kJ / (kg - °K) |[(m?-°K)/W  |kg/m?
Inside surface resistance 0.000 0.0 0.00 0.12064 0.0
Solid slab 170.000 2242.6 0.84 0.09822 381.2
Outside surface resistance 0.000 0.0 0.00 0.05864 0.0
Totals 170.000 - 0.27750 381.2

&LAA}” 3yl Jlawl LSAL&AJ <0.450 Lﬁ}l—“‘:’ al syl :\3..33; Ol ey s‘;u.qu aalaall u\)d;u Al c\j..);i

(13) Jsaall b dbuasill oLl 23 sad by e ks (A° 22) /Bl 52,731

BlSlaal) i gad 8 Aeadiuall Ad31aN Gl jaad) pal i g cilin 113 Jin

Thickness |Density Specific Ht. |R-Value Weight
Layers mm kg/m? kJ / (kg - °K) [(m*-°K)/W__ |kg/m?
Inside surface resistance 0.000 0.0 0.00 0.12064 0.0
102mm HW concrete block 101.600 977.1 0.84 0.12490 99.3
Outside surface resistance 0.000 0.0 0.00 0.12064 0.0
Totals 101.600 - 0.36618 99.3
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External walls alternatives

Without insulation

With insulation
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) \ Sloping Screed avg. 8cm
Sloping Screedavg. 8cm T e
T 7 Extruded Polyurethane 3 cm |
Existing Solid Slab 17cm | Existing Solid Slab 17cm |
[, ;
s .
— 2 o
U=429W/m*.C U=0.58W/m.C
Roof 1 Roof 2
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Alternative U,y Baseline Uy retrofit % saving
Windows 5.60 3.2 43%
Doors 5.80 2.3 60%
ExWal 2.72 1.78 35%
ExWa2 2.72 0.98 64%
ExWa3 2.72 1.86 32%
ExWa4 272 0.64 76%
ExWa5 272 0.49 82%
ExWab6 2.72 0.65 76%
Roof' 1 508 4.29 16%
Roof 2 5.08 0.58 89%
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Replacing HVAC system to | Replacing lighting, HVAC,
energy efficient ($) and retrofitting building
Component baseline ($) envelope ($)
Cooling 934 747 519
Heating 1,010 877 449
HVAC Sub-Total 1,945 1,625 967
Lights 851 851 270
Electric Equipment 2,646 2,646 2,646
Non-HVAC Sub-Total 3,497 3,497 2,916
Grand Total 5,441 5,122 3,884

Lal) glal) Bas g aall & giad) Ll deil) 117 Jgan

Replacing HVAC system to| Replacing lighting, HVAC,
energy efficient ($/m2) and retrofitting building
Component baseline ($/m?) envelope. ($/m2)
Cooling 5.594 4475 3.107
Heating 6.050 5.254 2.687
HVAC Sub-Total 11.644 9.729 5.793
Lights 5.093 5.093 1.617
Electric Equipment 15.846 15.846 15.846
Non-HVAC Sub-Total 20.939 20.939 17.463
Grand Total 32.583 30.668 23.256
Gross Floor Area (m?) 167.0 167.0 167.0
Conditioned Floor Area (m?) 117.0 117.0 117.0

Note: Values in this table are calculated using the Gross Floor Area.
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Replacing HVAC system to Replacing lighting, HVAC, and
Baseline energy efficient retrofitting building envelope.

Component Percent of Total (%) Percent of Total (%) Percent of Total (%)

Air System Fans 0.0 0.0 0.0

Cooling 17.2 14.6 13.4

Heating 18.6 17.1 11.6

Pumps 0.0 0.0 0.0

Heat Rejection Fans 0.0 0.0 0.0

HVAC Sub-Total 35.7 31.7 24.9

Lights 15.6 16.6 7.0

Electric Equipment 48.6 51.7 68.1

Misc. Electric 0.0 0.0 0.0

Misc. Fuel Use 0.0 0.0 0.0

Non-HVAC Sub-Total 64.3 68.3 75.1

Grand Total 100.0 100.0 100.0

) (all apaaisale) kel Non-HVAC Jiwal J4lie HVAC Jlaa¥ Lale Liadle [9 Jpaall aasy
=S sy bl WY A (87317 7357 e o) el Co g A el g i) Jan A g da
il o ey 13y A il Oy xil o an Sl aiel Adla 87249 5 A al alast ) b el
Allad iaall G Cppuanil A yiall Aol

Ldn Lag Capaatl) 0 La Allad Ly iy 45 )8 ClSil] g Adail) Al 45 guadl) Addedal) CadlSil) 119 Jgan

Replacing HVAC system to Replacing lighting, HVAC,
energy efficient. and retrofitting building
Baseline envelope.
Annual
Annual Cost Annual Cost Cost

Component ($/yr) ($/m?) | Total (%) ($/yr) ($/m?) | Total (%) | ($/yr) ($/m?) |Total (%)
HVAC 1,945 11.644 35.7 1,625 9.73 31.7 967 5.79 24.9
Non-HVAC 3,497 20.939 64.3 3,497 20.94 68.3 2,916 17.46 75.1
Grand Total 5,441 32.583 | 100.0 5,122 30.67 100.0 3,884 23.26 100.0

Ll clale gl (10 JUKWh / m2 5 kWh (20 ) dsaadl Gz m « HVAC des dilas ) el JS5 lailly

Al

srial) Eaat dn La g O e Allad (g giaad) cipsil) g ABanill ¢l Sl Jan 220 Jg2

Baseline All interventions effects
Component Load (kWh) (kWh/m?) Load(kWh) (kWh/m?)
Cooling Coil Loads 15,080 90.301 10,548 63.160
Heating Coil Loads 15,430 92.393 7,773 46.544
Grand Total 30,510 182.695 18,321 109.704

6 Sl 8 oany Lo g anill J8 Lo Vs 8 Clamaall 5 e L) g 481l gy il (o jeuil) 48U gl & o)l peday
o) sell CapSii g 4y sl g A2l Ay yi g o) sl CaniS g Ay gl 5 Ananill A8 Mg 8 (5 el cpliil) jeday Lai ol
odn g 2l J Lo st oliaf 7 ISl 3
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HVAC Electric Non-HVAC Electric

Baseline

Post — retrofit

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month
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Room Work Space | M. Office | Meeting room | Meeting room Office
Area 62 16 9.4 18.3 11.3
Cooling Load kW (baseline) 15.4 4.1 2.8 4.3 3.8
Heating Load kW (baseline) 11.5 2.7 2.2 3 2
Cooling Load kW (Post) 11.2 2.6 2.3 3.2
Heating Load kW Post 7.5 1.6 1.4 1.9 1.3
R.T cooling (baseline) 44 1.17 0.80 1.22 1.08
R.T heating (baseline) 33 0.77 0.63 0.85 0.57
R.T cooling (Post) 3.2 0.74 0.65 0.91 0.85
R.T heating (Post) 2.1 0.45 0.40 0.54 0.37
% Reduction in cooling load 27% 37% 18% 26% 21%
% Reduction in heating load 35% 41% 36% 37% 35%
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Saved S per year %saving of total annual
Uov baseline bill
Overall heat transfer coefficient ---

Uov_building baseline 3.161787 ---
External wall insulation 2.562299 284 5.2%
Window retrofitting 3.066165 45 0.8%
Doors retrofitting 3.061765 47 0.9%
Roof insulation 2.568274 281 5.2%

HVAC higher efficiency units - 320 6%
Lighting higher efficiency units - 581 11%
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mtCO2 equivalent ®# of equivalent trees
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Retrofit Investment ($) Saving ($/year) * SPP (years) PV ($) IRR
Lighting 950 581 1.5 2,293 61%
Walls insulation 3,000 834 3.8 5,914 27%
Roof insulation 1,400
Windows 400
Doors 350

* The provided savings are for year number one; these savings will increase annually due to fuel escalation rate.
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Baseline (W) Retrofit (W) % Load reduction

Space Component | Cooling | Heating | Cooling | Heating | Cooling | Heating

Window 404 N.A * 356 N.A * 12% N.A *
M. Office (16m2) Wall 182 418 91 219 50% 48%
Roof 1349 1090 446 647 67% 41%

Window 275 N.A * 231 N.A * 16% N.A *
Meeting room (9.4m2) Wall 199 583 109 305 45% 48%
Roof 537 641 194 380 64% 41%

Window 381 N.A * 197 N.A * 48% N.A *
Meeting room (19.3m2) Wall 116 376 69 196 41% 48%
Roof 1543 1247 378 740 76% 41%

Window 640 N.A * 538 N.A * 16% N.A *
Office (11.3m2) Wall 123 379 71 198 42% 48%
Roof 903 770 333 457 63% 41%

Window 1101 N.A * 1059 N.A * 4% N.A *
Work space (62m2) Wall 713 2288 358 1197 50% 48%
Roof 5228 4225 1828 2506 65% 41%

* N.A: Not applicable, since in heating load calculation standard procedure, we do not consider the solar
radiation gained heat through windows.
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