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APPENDIX A: MAP WITH LOCATION OF THE PROJECT
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From http://www.un.org/Depts/Cartographic/map/profile/wsahara.pdf

Coordinates: 26.172147,-11.0875829


http://www.un.org/Depts/Cartographic/map/profile/wsahara.pdf

APPENDIX B: SURFACE METEROLOGY AND SOLAR ENERGY DATA FROM
NASA (ATMOSPHERIC SCIENCE DATA CENTER)

2T NASA Surface meteorology and Sclar Energy - Available Tasles
S5E Find A Different Location Accuracy Methodology
Homepage - -
i+ ATMOSPHERIC

SCIENCE NASA Surface meteorology and Solar Energy - Available Tables
9 DATA CENTER

Latitude 26.172 / Longitude -11.088 was chosen.

Elevation: 306 meters
taken from the
NASA GEOS-4
model elevation

Geometry Information

Northern boundary
27
Center
Te r
\’Lestenflb:mndary Latitude 26.5 E:lstem_l]);)lmdar}
- Longitude -11.5
Southern boundary
26

Parameters for Sizing and Pointing of Solar Panels and for Solar Thermal Applications:

Monthly Averaged Insolation Incident On A Horizontal Surface (k\\-'h.-"m:.-"dm')

Lat 26.172 (Annual
Lon -11.088 Jan Feb Mar  |Apr May Tun Tul (Aug Sep Oct MNov Dec Average
22-year Average 3.81 4.68 5.89 6.98 7.39 7.56 7.35 6.80 5.87 4.83 395 3.38 571

Minimum And Maximum Difference From Monthly Averaged Insolation (%)
Lat 26.172 I Feb M. A May J Tul A S Oct Nov D
Lon-11.088 an el ar pr ay un ug ep c oV ec
Minimum -9 -14 -7 -6 -6 -7 -8 -5 -8 -11 -9 -15
Maximum 7 10 6 4 6 7 7 10 6 9 13 15

2 Definii
Monthly Averaged Diffuse Radiation Incident On A Horizontal Surface (k“"h.-'m:.-"dav)
Lat 26.172 R (Annual
Lon -11.088 Jan Feb Mar  |Apr May  ||[Jun Tul Aug  |[Sep Oct MNov |Dec Average
22-year Average 1.09 1.28 1.48 1.65 1.86 1.93 1.93 1.83 1.68 1.43 1.16 1.07 1.53
Minimum 0.99 1.07 1.32 1.51 1.66 1.69 1.71 1.54 1.54 1.26 0.96 0.89 1.35
Maximum 1.19 148 1.63 1.83 2.04 2.14 2.14 1.97 1.83 1.58 1.26 1.18 1.69
22-year Average K 0.58 || 0.60 0.63 0.66 0.66 0.66 0.65 0.64 0.61 0.59 0.57 0.55 0.62
https: larc. fogi-bi id cgi?&num=1601178lat=26.1 i it&hgt=1008veg= 17asitelev=8email=skip@larc nasa.govap=grid_id3p iday_dwnap Bp=cirskyday&p...
S282MM7 MASA Surface meteorology and Solar Energy - Available Tables

Minimum K | 053 || 051 | 059 || 062 || 0.62 || 0.61 || 060 | 060 | 056 | 052 | 052 || 047 | o056 |

0.62 0.66 0.67 0.69 0.70 0.71 0.70 0.70 0.64 0.64 0.65 0.63 0.67

above 0.8.

Diffuse radiation, direct normal radiation and tilted surface radiation are not calculated when the clearness index (K) is below 0.3 or
NOTE

Parameter Definition

Monthly Averaged Direct Normal Radiation ('k“"h.-"m:.-'da_\')

Lat 26.172 (Annual
Lon-11.088 Jan Feb Mar  |Apr May Tun Tul Aug Sep Oct MNov Dec Average
22-year Average 5.56 6.14 7.07 7.92 8.00 8.13 7.83 7.26 6.48 5.88 549 4.90 6.72

Minimum And Maximum Difference From Monthly Averaged Direct Normal Radiation (%)

Lat 26.172 )

Lon -11.088 Jan Feb Mar Apr May Tun Tul Aug Sep Oct [Nov Dec
Minimum -9 -13 -5 -5 -4 -5 -6 -1 -7 -10 -4 -13
Maximum 5 8 4 1 4 5 4 10 4 7 14 17

Diffuse radiation, direct normal radiation and tilted surface radiation are not calculated when the clearness index (K) is below 0.3 or
above 0.8.

NOTE:




Monthly Averaged Insolation Incident On A Horizontal Surface At Indicated GMT Times (k“".-‘m:)

Lat 26.172 i Feb I A May T TJul A S Oct Nov D
Lon-11.088 an e ar pr ¥ un ug ep c oV ec
Average(@00 n/a n/a n'a n/a n'a n/a n'a n'a n'a n/a n'a n/a
Average(@03 n/a n/a n'a n/a n'a n/a n'a n'a n'a n/a n'a n/a
Average(@06 n/a 0.00 0.00 0.02 0.03 0.04 0.03 0.02 0.01 0.00 0.00 0.00
Average(@09 0.16 0.21 0.32 043 0.49 0.50 0.46 0.40 032 027 0.23 0.16
Average(@12 0.55 0.64 0.75 0.87 0.89 0.88 0.86 0.85 0.79 0.69 0.59 0.51
Average(@15 0.46 0.56 0.70 0.77 0.80 0.79 0.78 0.76 0.68 0.55 0.43 0.39
Average(@18 0.05 0.09 0.13 0.17 0.19 0.23 0.25 0.17 0.10 0.05 0.03 0.03
Average(@21 n/a n/a n'a n/a 0.00 0.00 0.00 n'a n'a n/a n'a n/a
htps: larc. legi idl ogi PAnum= 1601178lat=28.1 gt=100&veg=17&sitelev=—Rem ail=skip@larc. nasa govap=grid_idSp y_chwna &p yekay
S282MM7 MASA Surface meteorclogy and Solar Energy - Available Tables
Parameter Definition
Monthly Averaged Insolation Clearness Index (0 to 1.0)
Lat 26.172 Annual
Lon -11.088 Jan Feb Mar || Apr May  ||[Jun Tul Aug  ||Sep (Oct MNov  |[Dec Average
22-year Average K 0.58 || 0.60 | 0.63 0.66 0.66 0.66 | 0.65 || 0.64 || 0.61 0.59 || 057 || 0.55 0.62
Minimum K 0.53 || 051 || 0.59 || 0.62 0.62 0.61 0.60 || 0.60 | 0.56 || 0.52 | 0.52 || 047 0.56
Maximum K 0.62 || 0.66 || 0.67 | 0.69 0.70 0.71 0.70 || 0.70 | 0.64 || 0.64 | 0.65 || 0.63 0.67
2 Defimit
Monthly Averaged Insolation Normalized Clearness Index (0 to 1.0)
Lat 26.172 ) )
Lon -11.088 Jan Feb Mar Apr May Tun Tul Aug Sep Oct Nov Dec
22-year Average 0.53 0.55 0.58 0.61 0.60 0.61 0.60 0.58 0.56 0.54 0.53 0.50
2 Dt
Monthly Averaged Clear Sky Insolation Incident On A Horizontal Surface (k“-'h.-‘m:f’da\')
Lat 26.172 Annual
Lon -11.088 Jan Feb Mar  |Apr May Jun Jul Aug Sep Oct Nov Dec Average
22-year Average 428 526 || 645 7.52 7.69 7.74 7.31 6.91 6.21 533 444 || 3.86 6.08
Parameter Definition
Monthly Averaged Clear Skyv Insolation Clearness Index (0 to 1.0)
Lat 26.172 Jan Feb Mar Apr May Tun Jul Au, Se: Oct Nov Dec
Lon -11.088 P Y £ P
22-year Average 0.65 0.67 0.70 0.72 0.69 0.68 0.65 0.65 0.64 0.65 0.65 0.63
Parameter Definition
Monthly Averaged Clear Sky Insolation Normalized Clearness Index (0 to 1.0)
Lat 26.172 I Feb Ma. A May T Jul A S Oct Nov D
Lon-11.088 an [ r pr ay un 1 ug ep l ov ec
22-year Average 0.60 0.62 0.64 0.65 0.63 0.62 0.59 0.59 0.59 0.59 0.59 0.57
Parameter Definition
htps: larc. legi iel cgi PAnum=1601178lat=28.1 gt=1008veg= 17 &sitelev=_Remail=skip@larc nasa.govap=grid_id&p S &p yekay
Monthly Averaged Surface Albedo (0 to 1.0)
Lat 26.172 Annual
Lon -11.088 Jan Feb Mar |Apr May Jun Tul Aug Sep Oct Nov Dec Average
22-year Average 0.30 0.30 0.30 0.31 0.34 0.36 0.37 0.34 0.31 0.30 0.31 0.30 032




Parameters for Sizing Battery or other Energy-storage Systems:

Minimum Available Insolation Over A Consecutive-day Period (%)

Lat26.172 I: Feb M A Ma: T Jul A S Oct Nowv D
Lon-11.088 an [ ar pr y un u ug ep c oV ec
Min/1 day 4.19 17.9 241 35.8 23.4 223 59.5 22.2 43.2 4.34 17.2 14.2
Min/3 day 475 372 47.7 51.1 59.1 423 80.7 62.3 57.8 412 54.8 244
Min/7 day 69.3 57.6 77.3 66.5 65.9 76.9 89.6 76.7 73.3 61.6 74.1 62.6
Min/14 day 79.1 70.7 839 833 80.1 83.8 91.4 87.3 845 77.1 85.1 743
Min/21 day 842 78.8 913 89.7 859 89.3 918 922 89.1 836 89.8 813
Min/Month 908 85.7 933 93.6 93.7 92.7 921 94.5 919 892 913 852
Parameter Definition
Solar Radiation Deficits Below Expected Values Incident On A Horizontal Surface Over A Consecutive-day Period (k“"h.-’mz)
Lat 26.172 I Feb M A Ma: T Jul A S Oct Now D
Lon-11.088 an e ar pr y un u ug ep C ov ec
1 day 3.65 3.85 4.47 448 5.66 5.87 297 5.29 333 4.62 3.27 290
3 day 6.00 8.83 923 10.2 9.05 13.0 4.25 7.68 742 8.52 5.35 7.66
7 day 8.17 13.9 934 16.3 17.6 12.2 5.32 11.0 109 12.9 7.15 8.82
14 day 11.1 19.2 132 16.2 205 17.0 8.76 12.0 12.6 154 8.21 12.1
21 day 12.6 20.8 10.7 15.0 218 16.8 125 11.0 133 16.5 8.39 132
Month 10.8 18.7 12.0 132 14.2 16.5 17.9 11.4 14.1 16.1 10.2 15.5
Equivalent Number Of NO-SUN Or BLACK Days (days)
Lat 26.172 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Lon -11.088
1 day 0.95 0.82 0.75 0.64 0.76 0.77 0.40 0.77 0.56 0.95 0.82 0.85
3 day 1.57 1.88 1.56 1.46 1.22 1.72 0.57 1.12 1.26 1.76 1.35 226
7 day 2.14 296 1.58 234 238 1.61 0.72 1.62 1.86 2.68 1.81 2.61
14 day 291 4.09 225 232 277 225 1.19 1.76 216 319 2.07 3.59
21 day 3.30 4.44 1.82 2.16 2.95 2.23 1.70 1.62 227 343 212 391
Month 2.84 4.00 2.05 1.89 192 2.18 244 1.68 240 333 2.58 4.58
Meteorology (Temperature):
Monthly Averaged Air Temperature At 10 m Above The Surface Of The Earth (°C)
Lat 26.172 Annual
Lon -11.088 Jan Feb Mar  |Apr May Tun Tul Aug Sep Oct MNov Dec Average
22-year Average 14.7 17.0 194 | 209 226 253 28.7 29.1 27.2 24.1 20.0 16.4 221
Minimum 9.53 11.1 13.1 143 15.8 18.3 209 219 20.9 18.5 14.8 11.5 15.9
Maximum 20.6 234 || 260 | 277 29.5 326 373 374 34.2 302 256 220 289
Barameter Definition
Average Daily Temperature Range (°C)
Lat 26.172 R
Lon -11.088 Jan Feb Mar Apr MMay Tun Jul lAug Sep Oct Nov Dec
22-year Average 11.0 12.3 12.8 13.4 13.7 14.3 16.3 15.4% 133 11.7 10.8 10.5
* Warmest month
Monthly Averaged Total Column Precipitable Water (¢cm)
Lat 26.172 Annual
Lon -11.088 Jan Feb Mar  |Apr May Jun Jul Aug Sep Oct Nov Dec Average
22-year Average 1.05 1.09 1.15 1.29 1.54 1.80 212 244 236 1.98 1.56 1.26 1.64
P Definili
Monthly Averaged Precipitation (mm/day)
Lat 26.172 ) Annual
Lon .11 088 Jan Feb Mar  |Apr May Jun Tul Aug Sep Oct Nov Dec Average
22-year Average 035 034 || 0.28 0.11 0.06 0.04 0.10 0.24 037 035 0.36 0.47 0.25




APPENDIX C: AQUIFER TYPE AND PRODUCTIVITY WITH LOCATION POINT

Aquifer Type and Productivity
Unconsolidated - Low to High

B secimentary Karst - High to Very High

| sedimentary Intergranular Fracture - Moderate to High
lgnecus - Low
Sedimentary Fracture - Low

B Gasement (Fracture) - Low

Figure 1: Aquifer type and productivity with location point



APPENDIX D: IRRIGATION WATER REQUIREMENT DATA FROM [23]

Table 1: Potential irrigation efficiency and water requirements for 84 zones in Africa (see zone 14)

IWR | lmigaticn | Imigation Irrigation water IWR | Imigation | Irrigation Irrigation watar
zone crop | efficiency requirement zone crop  |efficiency| requiremant
zone % {rmmyy i) Zonge % [rmmtyear)
Nat Gross Nat Gross
1 1 60 400 700 43 10 50 360 700
t 1 60 S BOO L B850 C a4 10 GEOC a0 o 1 200
3 1 [:11] 450 TEOD 45 1 45 1) 1 260
4 ity | &0 800t 1 360 46 8 14 FE - ] - 1000
| 5 | 1 60 700 1200 47 ] 50 400 800
B e | B0 200 1 500 48 4 60 .- 860 1300
72 70 900 1300 49 8 s0 | 850 1700
B 1 60 650 1100 50 4a 45 - | 2 200 o 4900
9 1 €0 780 1 260 &1 4a 45 16580 3 T00
10 L] BO : 800 1150 52 da 45 1400 3 160
i1 B B8O 1 000 1 260 53 12a 45 1260 2 800
12 B B0 1250 1 800 54 | 12a A5 f 900 2 000
13 2 ) 900 1300 1 4b 50 800 1 600
14 2 70 1250 1 800 66 128 45 1. - P00 o1 600
15 2 70 1 GO0 2 300 &7 12a 45 550 1 250
16 2 ¥, B 1200 1760 68 12a 45 Tk 00 1180
17 7 B0 1 400 1780 59 12k a5 500 11580
18 7 BO 1200 1 600 &0 12k . 4B dao B0 Y 260
19 7 8O 800 11580 61 12b 45 650 1 450
20 7 BO 750 850 62 12h 45 ©oe00 2 000
21 da 50 400 BOO 63 14 [:1:] 200 3as0
22 3a 5O 350 700 B4 13 . BD W00 600
23 3a 1] 60D 1200 13 14 (1] 350 550
24 3a 50 250 600 BE 14 66 400 650
26 L 50 360 700 67 14 65 600 950
- 28 17 -1 500 1000 &8 16 60 cooAnag T00
a7 3a 50 180 300 69 18 60 850 1 600
28 6 50 100} . 200 70 16 G0 LT BDO L 1360
29 B 50 250 500 Fal 16 60 G600 1 000
30 3bi 50 1200 2400 R e S B SEEIB00 L el
N b 50 780 1 6500 73 4d 50 1000 2 000
3z B 50 750 1500 74 da B0l aB0 | 800
11 ] 50 450 A00 76 4d 50 760 1 500
g4l 6O 1500 | 1000 78 100 s 00 | 1150
a5 3b 50 850 1700 7 1 45 580 1 250
a8 ab 5O 200 400 78 1 BB B0 1 D00
a7 4c B0 1 500 3 000 79 16 B0 650 1100
a8 3 50 350 700 .80 |18 v e B ) 500
kL] 10 50 400 800 | 18 B0 1 500 2 500
40 10 B0 850 1700 82 13 50 200 400
41 10 50 350 700 83 18 B0 150 250
42 10 B0 GO0 1.200 B4 2 70 800 1 300
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Figure 2: Gross irrigation water requirements for 84 zones in Africa




APPENDIX E: CALCULATIONS WITH EXCEL

CASE 2

CALCULATIONS PROJECT

Hydraulics & Balance raw water D1 irrigation water D2 drinking water
my 7000 6054 2022
m, 77 6.1 2.0216
Pumping
7000 W \
well depth: 75 m water requirements_liters,’day -Iitels_lday —Iiters_t’day Q
additional height 25m 5 h/day 5 hfday 5 h/day
head (H): 100 m 1400 liters/h 806.4865 liters/h 400 liters/h 40 |/person/day
flow rate (Q): 1.4 m3fh <---—---— e el s e 1.4 m3/h 0.806486 m3/h 0.4 m3/h 50 persons
0.000389 m3/s g/l g/l e/l c
density () 1007 kg/m3 @ 77 kg/day 4.0 kg/day 04 kg/day m
g 9.81 m/s2 energy per m3
eff 0.75 power desal. 2 kWh/m3 1 kWh/m3
energy for desal. 2.412973 kW 0.4 kW 0
12.06486 kwh/day brine 2 kwh/day brine
Power (hydraulic) 0.384171 kw 14% liters/day 1% liters/day
Powerrequired  0.512227 kw g/l e/l
n. hours pumping s h/day (PSSH: 594 ) kg/day kg/day
Energy 2.561137 kWh/day
check 2.543333
Detailed pressure drop calculations: not required for now, dP losses included in additional height (conservative)
Method A Method B
Energy hydr. =% 2.6  kwh/day Ep =n.E.=pghV A - pghV’
T A
Energy desal. Ege: 141 kwh/day E, = 4,G.n, G, n,
Energy dwell. 0.0  kwh/da _ _
& Ean Y P=4,Gn, P=10004,7,
Energy other Egther 0.0  kWh/day B, pehV
P =1000 220 n=0p =
Energy Total Er 16.6  kWh/day = P A G EnergyTo  Er 16.6  kwh/day
GrMypy M, n T
eff. from Ee Ne 0.80 1 thermal factor Fry 0.83
Energy PV Ee 208  kwh/day mismatch factor F 0.85
eff. PV v T MNop w Ee [kWh] operating factor 0.75
eff. PV ref. = Nste Pwp] = 1000 [_1] ¥ KWh battery efficien 0.9
- - e Tste m Gr [Fz_] % PR y cy Tea -
effPVref/pv M./ Mg 1.18 1/PR PR: 0.85 inverter efficiency 7 0.9
Irradiance Gr min 24 kWh/m*/day P 1000 pghVm, pump/motor efficiel 7 e 0.84
Power (size) P 5556.8 Wp Grpvils v (m?,
with min G 5.556819 kWp where, P = PV array power (Wp) Total efficiency 0.6723
p = density of water (1000 K/m?) .
2 g = aceelzration due to gravity (9.81 m/s<)
Gr opt 6.28  kWh/m'/day h = total pumping head (m) E goneraed = Ppeak * PSSH * Fia ® 1o * i
Power (size) P 3893.3 Wp V= dai\y water production (m?)
with average G 3.893312 kWp Gy = daily snl?{mdiation energy on the PV array surface (kWh/mZ)
1, = anay efficiency at 1000 Wim2 and 25°C
~ B Npy = array efficiency (%) )
Gy 584 kwh/m’/day ) = subsystem efficiancy (%) PSSH 594 h
Power (size) P 4116.2 Wp Power P 4163.3 Wp
4.12 kWp Specific energy yield: 4.0392 kwh/kwp 4.16 kwp
Estimated area 25.0 m*
CALCULATIONS PROJECT
DOverall
w
= IRRIGATION
. WATER TARK
BV ARRAY -t | I L=
1 | 5 | e
o [
. . x } | ' g
OTHER r- 71 | 3 | La .!—m—| B2 = r | B F N
CONSUMERS | =8 B | | D — |
LS - I ——
Raw wATER DRINKING
P CONTEL TANK VATER TANC  f CRCENERSE
brine '
I L]
| L DRIP
IRRIGATION
WELL PuM>
1 myn | GGONEEERY [ 092 liters/cay
0.512 kW
5.00 h/day 24 kW 0.4 KW
0 kWh/day 16.6 kWh/day 2.6 kWh/day 14.1 kWh/day

20.8 kWh/day
412 kWp
250 m*



Specific Costs of diesel pumps & d.water

fuel [diesel for pump)

drinkable water

diesel pump

diesel generator

tank and other costs for irrigation
maintenance (pumps, borehole, tanks...)

TOTAL

Costs with PV panels, solar pump and desalination

Main equipment costs
sclar panels
racks and supports
pump
tanks {and structure/support)
desalination 1 (irrigation)
desalination 2 (drinking)
batteries
control unit [ regulator-contraller
inverter (ODC to AC)
pump centroller

Other equipment costs
cables

breaker switches and other electrical

piping
valves
borehole drilling (deeper)
miscellanecus (bolts, screws...)
transport
installation

commissioning
security to prevent theft/vandalism
maintenance (pumps, borehole, tanks...)

‘Specific Costs of diesel pumps & d.water
fuel (diesel for pump) 256 kWh/day

drinkable water 2m®

diesel pump
diesel generator
tank and other costs for irrigation
maintenance (pumps, borehole, tanks..
TOTAL

Costs with PV panels, solar
Msin equipment costs
solar panels
racks and supports
pump
tanks (and structure/support)

212 kWp
212 kwWp
7

6027 m
desalination 1 (imigation)
desalination 2 (drinking) *
batteries
control unit / regulator-conroller
inverter (BC to AC)
pump controller
Other equipment costs
cables
breaker switches and other electrical
piping
valves
borehole drilling (deeper)
miscelianeous (bolts, screws..)
wansport
installation
commissioning
security o prevent theft/vandalism
maintenance (pumps, borehole, tanks..)

2m
212 kWp

fuel (diesel for pump)
gas

066 €/liter
35 €/boie

020 €/kWh | 05122 €/day
3.6 €/m°

Jewp

£/kwWp

s€m
10 €/m
30 €/m 1500
03 UkWh 35 kW
4oowles/ 168 €fyear

0.693

256 kWh/day 0.20 €/kWh 05122 £€/day
- n -
2m” 3.6 €/m” 7.2 £/day
1000 €
1000 €
b
412 kWp 700 €/kWp
412 kWp 00 €/kWp
T 2000
s 3
60.22 m* 50 €/m’
Tm’ 800 &/m*
2m® 800 €/m*
412 kwp | 500 €/kWp | 2058.1
h 1000
1000
1000
500 m 5 €/m
300 m 10 €/m
50 m 30 €/m 1500

Lifecycle cost no inflation
life (yrs) TOTAL (25 years) inflation TOTAL (25 years)

95% 177.61 €/year

72 €/day 100% 2628 Efyear

€/h

s
b1}

10

15

15

24404
657000
701408

2
5
5

1

921404

1
Lifecycle costwith inflation

Lifecycle -
invest  year1
€ 5% 84770 ) 178
€ 5% 15468 0 2628
€ 5% | 1339039 o 2806
e = 40783 3
£ s 102988 B
e % 50000 5000
€ 5% 190308 200
5% | 1725718 | 50000 | 32056
5% 6903
invest  year1
€ % 28813 2881
€ 5% 8232 823
€ sx 1015 " 2000
€ % 30108 3011
e 5% 56000 5600
€ 5% 16173 1617
€| 5% | 17080 2058
& = 29799 1000
e % 29789 1000
€ % 29799 1000
€ 5% 25000 2500
e 5% 5000 500
€ % 30000 3000
€ % 5000 500
€ 5% 15000 1500
& = 5000 500
e % 20000 2000
€ % 20000 2000
€ 5% 15000 1500
€ 5% 5000 500
e s osssa 200
€ 741024 35431 200
cashflows in 30056
cumulanive cashflows 3005.6
cumulative cashflows

fraction calculations

cumulative cashflows -3285.1

Lifecycle cost no inflation
life (yrs) TOTAL (25 years)

95% 177.61 €/year 25 12108 €
|
100% 2628 €fyear 25 657000 €
701404 €
10 2000 €
5 5000 |€
5000 |€
10000 |€
92 140.4
3686
25 2881 €
823 €
1w | eo00 €
25 3011 €
5600 €
1517 €
5 10200 €
15 2000 €
15 2000 €
15 2000 €
25 2500 €
s00 €
25 3000 €
s00 €
25 1500 €
500 €
2000 |€
2000 |€
1500 €
500 €
5000 |€
557231 €
2 3 4 5 6 7 8 9 10
replacement scheme 76
year 2 year 3 year4 year 5 year 6 year 7 year 8 year3  vyear 10
186 196 206 216 227 238 250 262 276
2758 2897 3042 3184 3354 3522 3698 3883 4077
2946 3093 3248 3410 3581 3760 3948 4145 4352
1551
420 441 463 486 511 536 563 591 621
33659 35342 37109 51120 40913 42958 45106 47362 80756
year? year3 year4 year5 year6 year7 year8 yeard  year10
2502 3193
—
210 m 232 2745 255 268 281 295 6606
31559 33137 34794  2367.2 38360 40278 42292 48407 14699
6161.5 9475.2 129546 153218 191578 23185.6 274148 318555 333254
-29329.2 -26015.5 -22536.2 -20168.9 -16332.9 -12305.1 -80759 -3635.2 -2165.3



‘Specific Gosts of | pumps & d water
year1l year1l year13 yearld yearl5 year16 year17 year18 yeariS yesr20 year2l year2? year23 year2d  year25
fuel (diesel for pump) 289 304 319 335 352 369 388 207 427 429 471 5 520 546 573
drinkable water 4281 4495 4720 4955 5203 5463 5737 6023 6335 | GGl | 6973 7322 7688 BOT2 8476
4570 4799 5038 | 5280 5555 5833 6124 6431 6752 7080 7444 7816 8207 8518 9048
diesel pump 527
diesel generator 1380 2527 5225
tank and other costs for irrigation
maintenance (pumps, borehole, tanks..) 652 684 718 754 792 &2 &3 217 263 111 1061 14 1170 1229 1290
TOTAL 52216 54827 57568 60447 B3268 66642 69975 73473 77147 131543 B5055 B9307 93773 9861 135635

Costs with PV panels, solar

Main cquipment costs yearil yearid yearld yearlé yearls yearls yearl? yeardf yearls yesr20 year2l year22 year2d year2é year2s
Solar panels
racks and supports 0000
pump 5054
tanks (and structure/support) 1200000
desalination 1 irrigation) 1053650
desalination 2 (drinking)
batteries 2075 5201 200000
control unit / regulator-controller ] 1980
. 60000.0
inverter (DCt0 AC) 1980 —
pump centroller 1880
40000.0
Other equipment costs.
cumlative cashfiows
cables 200000 1
breaker switches and other electrical 1] ] ] J J J
piping o0 {mad a .J
vaives 4 zI * 1 sI L T
borehole drilling (deeper) zoo0 1
miscellzneous (bolts, screws..)
400000
transport
installation 000

commissioning
security to prevent theftjvandalism

maintenance [pumps, barenole, tanks._) 326 382 359 377 39 416 237 258 481 505 531 557 585 614 645
3% 342 359 377 10411 416 237 458 481 10760 531 557 585 614 645

fuel (diesel for pump) 48958 51406 53977 S5667.5 20838 62485 65600 68889 72334 23344 79748 83735 67922 92318 129185

gas 582213 433619 487505 546271 523433 585917 651526 720415 792749 816693 £9644.1 OBOL7.6 106809.8 1160416 128960.1

-27305 78712 -13268.8 -18936.3 168525 -231010 -296619 -36550.8 -437842 -461785 541533 -625269 -T1319.1 -B0550.9 -93469.4
0.056652 0.062971 0161428 0203791 0361772 0.287626 0.354567 0.411733 0.461064 0.536116 0515132 0.552486 0565404 0.614509 0.624619

27305 78712 132688 189363 168525 231010 206619 36550.8 437842 461785 541533 625269 71319.1 BOS50.0 934694

Economic analysis

Cost of installed system

Simple Payback (yrs) = —————
payback Net annual cash inflow
Cost of installed system 35491
net annual cash flow 3006
SPB (no inflation, first year ref.) 11.8 years

10.1 years

R,
NPV(i,N)=YN, ——
Net Present Value NPV @) £=0 (st

i 0.05
N 25 years
initial investment -35491
Years 1-5 CF 3006 3156 3314 3479 2367
Years 6-10 CF 3836 4028 4229 4441 1470
Years 11-15 CF 4896 5141 5398 5668 -2084
Years 16-20 CF 6248 6561 6339 7233 2394
Years 21-25 CF 7975 8374 8792 9232 12919
NPV EUR 26 886.87
Internal rate of return
NPV must be equal to 0 (check) EUR0.00
IRR 0.104126481  10.41%
i NPV (Net Present Value) vs i (discount rate) NPV (Net Present Value) vs i (discount rate)
80 000.00 100 000.00
€fkwh | &/m’ 7000000 {—&
i (disc.r) inflation _fuel cost _water cost NPV i% 6000000 \ 2000000 \
001 5% 020 350 | 7425783 1% 000000 6000000
002 5% 020 350  SBESE03 2% 2500050 \ [—
003 5% 020 350 4500068 3% v 3005005 00200 \ W -05523
004 5% 020 360 3548605 4% rooaso 2000000
005 5% 020 350 2688687 5% .\\
006 5% 020 350 1977008 6% toemace o m
007 5% 0.20 360 1385335 7% 0@ 2000000 o o1 o2
01 5% 020 360 127754 10% om0 7
015 5% 020 860 | 970633  15% omen i discount rate) oo i (discount rate]
02 5% 020 360 1485036 20%
NPV (Net Present Value) vs inflation NPV (Net Present Value) vs inflation)
005 -10% 020 350 -16608.86
005 3% 020 350 505934 / ¥ = SE+06xE + 487545x- 597
05 0% 020 350 223366 150.008:00 F-08755
005 2% 020 350 1001923 / //
05 4% 020 360 2041370 - NV
015 5% 020 360 2688687 / /
005 B% 020 360 5340569
085 0% 020 350 7932032
005 1% 020 350 11483647 - - - - !
o5 1% 020 360 194 607.66 5% A as ¢ ok 5% 10% 15% 20% -15% — & 5% 10% 15 20%
inflation inflation




0.05 5% 0.05 3.60 23 866.21
0.05 5% 0.10 360 24873.10
0.05 5% 0.20 360 26 886.87
0.05 5% 0.30 3.60 28 900.64
0.05 5% 040 360 3091442
0.05 5% 050 360 3292819
005 5% 100 360 42997.06
0.05 5% 0.20 o0.10 -31049.64
0.05 5% 0.20 050 -24 42832
0.05 5% 0.20 100 -16 151.68
0.05 5% 0.20 200 401.61
0.05 5% 0.20 3.60 26 886.87
0.05 5% 0.20 5.00 50 061.47
005 5% 020 750 9144469
0.05 5% 0.20 1000 13282791
16553.29
co,
Produced
350 kgCOL/kWp 4.12 kwp

88: BCO.eq/kWh
13.4 tCO,
10.0 t€O,
23.4

16.63 kwh/day

Replaced compared to typical grid in Africa
648 5CO,/kWh 16.63 kWh/day
98.3 tCO,

Replaced compared to diesel pumps (and alternative water extraction)

780 gCO,/kWh 16.63 kwh/day
118.3 tCO,
Saved
75.0 t€O, compared to gri
95.0 compared to diesel

NPV (Net Present Value) vs fuel cost NPV (Net Present Value) vs fuel cost
50000.00 5000000
4500000 4500000 ¥=201387:£ 27859
40000.00 _— 4000000 Ri=1 —
3500000 3500000 ——
2000000 — 3000000 e
NPV 25000.00 ,._:/"/ NPV 2500000 |t
2000000 2000000
1500000 1500000
1000000 1000000
500000 500000
0.0 0.m
0.00 020 0.40 0.60 0.80 100 120 0.00 0.0 0.0 0.8 o.80 100 1.2
fuel cast fuel cost
NPV (Net Present Value) vs water cost NPV (Net Present Value) vs water cost)
160 600.00 160 000.00
140 000.00 140 000.00
120 000.00 / 120 000.00 ¥= /
Ri=1
100 00000 100 000.00
80000:00 E 80000.00 /
WPV £0000.00 NPV E0000.00
4000000 / 40000.00 //
2000000 e 2000000
0.0 T T T T e
20 00,0022, ‘/zvm 400 600 8.00 1000 1200 20 000.00% ,g/sz 4.00 .00 8.00 1000 1200
"l [
40 000.00 40 000.00
vaater cost wiatar cost
PVSYST VE.63 ‘ 24/DBII7| Page &/6
Stand Alone System: CO2 Balance
Laltco s and " Project : Stand Alone Project at Mehaires
B 2 (pane ?E” supports] Simulation variant :  Case 2 august
(batteries) Simulation for the first year of operation
thers: tank: ing...
(others: tanks, piping...) Main system parameters System type  Stand alone
PV Field Orientation fit 257 azimuth  0°
PV modules Model REC 300PE 72 Pnom 300 Wp
365 day/year 2 years PV Array Mb. of modules 14 Prom fotal 4200 Wp
(PV system) Battery Model Solar 12V/ 160 Ah  Technology  sealed, Gel
battery Pack Nb. of units 1. Voltage / Capacity 48V /480 Ah
(others) User's needs Daily househeld consumers  Constant over the year global 6071 KWh/year
Produced Emissions Total: 7.601CO2
Source:  Detailed calculation frem table below
Replaced Emissions Total: 122.81C02
365 day/year 25 years System production:  7666.72 KWhiyr Lifetime: 30 years
Annual Degradation: 1.0 %
Grid Lifecycle Emissions: 534 gCO2'kWh
Source: IEA List Country:  Worid
‘€02 Emission Balance Total: 99.01CO2
365 day/year 25 years Grid Lifecycle Emissions: 648 gCO2/kWh
Source: |EA List Country:  Africa
System Lifecycle Emissions Details:
Item Modules Supports.
LCE 343 kgCOZKWp 4.40 kgCO2/kg
Quantity 15.0 kWp 560 kg
Subtotal [KgCO2] 5138 2465




CASE 3

CALCULATIONS PROJECT

Hydraulics & Balance raw water D1 irrigation water D2 drinking water
My 7000. 6054 2022
m; 77 6.1 2.0216
Pumping
7000 M \
well depth: 75 m water rsquirements_litsrs!day -Iiters,’dsy —Iiters,’dsy Q
additional height 25'm 5 h/day 5 h/day 5 h/day
head (H): 100 m 1400 liters/h 806.4865 liters/h 400 liters/h 40 |/person/day
flow rate (Q): 1.4 m3/h <------ Rt futatel Eatetet Stutetutets falttetatet 1.4 m3/h 0.806486 m3/h 0.4 m3/h 50 persons
0.000389 m3/s g/l B /1 c
density (o) 1007 kg/m3 @ 77 kg/day 4.0 kg/day 0.4 kgfday m
g 9.81 m/s2 energy per m3 1
eff 0.75 power desal. 2 kwh/m3 1 kwh/m3
energy for desal. 2.412973 kW A 0.4 kW W
12.06486 kWh/day brine 2 kWh/day brine
Power (hydraulic) 0.384171 kw 14% liters/day 1% liters/day
Power required  0.512227 kW g/l g/l
n. hours pumping 5 h/day (PSSH: 594 ) kg/day kg/day
Energy 2.561137 kwh/day
check 2.543333
Detailed pressure drop calculations: not required for now, dP losses included in additional height (conservative)
Dwelling consumptions
w h/day kwh/day daysfyear kwh/year
fridge 150 24 3.6 365 1314
tv and/or computer 200 1 365 365
washing machine 1000 1 1 365 365
|
air conditioning/boiler 1000 6 6 365 2150
electrical cook 0 0.5 o 365 o
lights S0 3 0.4 365 146
oven/microwave/other 1000 0.5 0.5 365 182.5
other
12.5 4562.5
number of houses 1 12.5 kWh/day 4562.5
Method A Method B
Energy hydr. Ep 2.6 kWh/day E; =n.E.=pghV A = pghl’
Energy desal. Ege: 141 kWh/day E = AF"GY?}F\' G, M,
Energy dwell. 125 kwh/da —
& Eaw /3y p=4 G, P=10004,7n,
Energy other Egther 0.0  kwh/day pghh, = B _ pehl
Energy Total E 290 kwhfday ~F=1000-7—F *" B, 4,G EnergyTo & 29.1  kwh/day
s m
eff. from Ee M= 0.80 b thermal factor Fry 0.83
Energy PV Ee 36.4 kWh/day mismatch factor F 0.85
eff. pv Mev Tlop PR = MNop B wpl = 1I]DI][W] ! Ee [kWh] operating factor 0.75
eff. PV ref. . Tere NsTee e m2 Gr [k:h] « PR battery efficiency Tea 0.9
eff.Pvref/py 1./ N 1.18 1/PR PR: 0.85 inverter efficiency T iny 0.9
Irradiance Grmin 24 kwh/m’/day P-1000 pahVy, pump/motor efficiel 7y 0.84
Power (size) P 9734.6 ‘Wp Greve v (m?,
with min G 9.734626 kWp where, P =PV array power (Wp) Total efficiency 0.6723
p = density of water (1000 K/m?) .
2 g = acceleration due to gravity (9.81 m/s2) _
Gr ot 6.25  kWh/m"/day h = total purnping head (m) E enermed = Ppeat ® PSSH * Fiy ™ My * TNy
Power (size) P 68204 Wp \/ = daily water production (m?)
with average G 6.820439 kWp Gy = dally solar radiation energy on the PV array surface (kWh/m2)
1, = array efficiency at 1000 WymZ and 25°C
~ B Npy = array efficiency (%) B
Gy 584 kWh/m'/day T = subsystem efficiancy (%) PSSH 594 h
Power (size) P 7210.8 Wp Power P 72934 Wp
7.21 kwp Specific energy yield: 4.0392 kWh/kwp 7.29 kwp
Estimated area 43.8 m”



CALCULATIONS PROJECT
Overall

HOUSES

12.5 kwh/day

‘Specific Costs of diesel pumps & d.water

fuel (diesel for pump)

drinkable water

diesel pump

diesel generator

tank and other costs for irrigation
intenance (pumps, borehole, tanks..)
TOTAL

solar panels
racks and supports
pump.

tanks (and structure/support)

desalination 1 (irrigation)
desalination 2 (drinking)
batteries
control unit / regulator-controller
inverter (BC to AC)
pump controller
Other equipment costs
cables
breaker switches and other electrical
piping
valves
borehale drilling (deeper)
miscellaneous (olts, SCrews...)
transport
installation

commissioning
securityto prevent theft/vandslism
maintenance (pumps, borehole, tanks..)

tuel (diesel for pump)
eas

Specific Costs of diesel pumps & dwater

fuel (diesel for pump)

drinkable water

diesel pump,
diesel generator
tank and other costs for irrigation
maintenance (pumps, borehole, tanks..)
TOTAL

Costs with PV panels, solar pump and desalination
Main equipment costs
solar panels
racks and supports
pump
tanks (and structure/support)
desalination 1 {irrigation)
desalination 2 (drinking)
batteries
control unit/ regulator-controller
inverter (DC 0 AC)
pump controller
Other equipment costs
cables
breaker switches and other electrical

valves
borehole drilling (deeper)
miscellaneous (bolts, screws..)
transport
installation
commissioning
security to prevent theft/vandalism
maintenance (pumps, borehole, tanks..)

fuel (diesel for pump)
gas

u
= IRRIGATION
WATER TANK
PV ARRAY «
& \
. 3 "
- —
r e a——
OTHER [ ol | - |
COMNSUMERS | L |
L J
J " B
RAw WATER
CONTROL .u.xr[ GREENHDUSE
PANEL i
¥
4
i % IRIP
IRRIGATION
WELL PUM™
5.00 h/day 2.4 kW 0.4 kW
29.1 kwh/day 2.6 kwh/day 14.1 kwh/day
36.4 kwh/day
7.21 kWp
238m
1 2 3 4 B 6 7 8 9 1
Lifecycle cost no inflation Lifecycle cost with inflation
life (yrs) TOTAL (25 years) inflation TOTAL (25 years) ecycle - replacement scheme 278
imest | yearl year2 year3  yeard  year5 year6 year7 year8  year9  year1o
256 kWh/day 020 €/kWh 05122 €/day  85% 177.61 E/year 25 2808 € 5% 84770 [} 178 186 196 206 216 227 238 250 267 276
2m 3.6 €/m’ T2€/day 100% 2628 €fyear 25 657000 € 5% 1254268 0 2628 2759 2897 3042 3194 3354 3502 3698 3883 407
0104 € 5% | 1339039 0 2806 2985 3095 3298 3410  35BL /60 3948 4145 43%2
1000 € 10 2000 € 5% 20783 ] 1551
1000 € 5 5000 € 5% 104988 b 1216 1551
s000 € 5% 50000 5000
10000 € 5% 190908 00 420 aa 465 a8 5 53 565 s¢l 621
921404 5% | 1725718 50000 | 32056 33659 35342 37100 51120 40913 42958 45106 47362 BO7T56
3685 5% 6503
invest  yearl year2 year3  yeard  years year6 year7 year8  year9  yearlo
721 kwp 700 €/kwWp 5 s08 € s 50476 5048
7.21 kwp 200 €/kwp b5 122 € s 18922 1482
b 2000 € 10 7 so0 € 5% 101565 " 2000 3103
6022 m* 50 €/m* PL] 3011 € 5% 30108 3011
Tm 800 €/m* 5600 € 5% 56000 5600
2m’ 800 €/m’ 1617 € 5% 16173 1617
721 kWp 500 €/kWp | 36054 H 18027 € 5% 298302 3605 4382 5593
1000 € 15 2000 € 5% 25798 1000
1000 € 15 2000 € 5% 29795 1000
1000 € 15 2000 € 5% 29793 1000
500m 5€m 5 250 € 5% 25000 2500
s € 5% 5000 500
300 m 10 &m 5 3000 € 5% 30000 3000
s € 5% 5000 500
50m 30 €/m 1500 5 1500 € 5% 15000 1500
50 € 5% 5000 500
200 € sm 20000 2000
2000 € 5% 20000 2000
1500 € 5% 15000 1500
500 € 5% 5000 500
5000 € s 95454 200 210 21 232 23 255 268 281 295 310
66209 € 896898 39823 200 210 221 232 4626 255 268 281 205 9006
066 €/liter 03 IkWh  35kw 0833 €/h cashflows in 30056 31555 33137 34794 4854 38360 40278 42292 4407 5305
35€/bottle £ bottles/ 168 €/year cumulative cashflows. 30056 61615 94752 129546 134410 172770 213048 255340 299747 290442
cumulative cashflows. 368177 336618 303481 268687 263823 205462 185184 142892 984865  10779.1
fraction calculations. - - - - - - - - - -
cumulative cashflows. 368177 -336618 -30348.1 -268687 263823 225462 -185184 -142852 98486 -10779.1
1 12 3 12 15 16 7 18 1 0 21 n 23 2 25
yearll year12 year13 yearld year1s yearls year17 year18 year1d year20 vyear2l year22 year23 year2d  year2s
289 304 319 335 352 369 388 w7 aw 43 a1 495 50 546 573
4281 4495 4700 4955 5203 | 5463 5737 | 6023 6325 664l 6973 7322 072 876
4570 a0 5200 5555 se33 6126 6431 6752 7090 7aas 7816 B207 | 8618 048
2527
1980 2527 3225
652 64 T8 L) 82 873 517 963 1011 1081 114 170 123 120
52216 54827 57568 60447 B3268 66642 69975 73473 77147 131543 B5055 B9307 93773 98461 135635
yearll year12 year13 yearld year1s yearls year17 year18 year1d year20 vyear2l year22 year23 year2d  year2s
1400000
5054
1200000
1000000
7138 o111 200000
1 1980
s00000
1580 = cashlows in
1080
200000
I il = cumutstie csnfiows
=il
EEEE LB L EL Ry i
20000
LI
<0000
0000
32 342 350 377 39 6 a3 a8 as1 s05 531 557 585 614 23
226 2 359 7 a7 as 43 458 4s1 1870 53 557 585 614 645
48958 51405 53977 56675 51474 62685 65600 66889 72334  -151S7 7978 63735 67922 92318 129185
330400 300807 444783 501450 49984 512469 STS076 696967 719301 704140 783892 BE7617 955549 104787 1177052
58832 7426 6550 -103226 -5175. -114236 -179845 -24873.4 -321068 -305811 -38565.8 -G6939.4 -557316 -549635 ~T7EEL0
- - 0016635 008283 0229393 0100985 0197614 0.277982 03458 0.655969 035027 0444389 049123 0531858 0551916
5BE32 7426 46550 103226 51751 114236 179845 248734 321068 305011 385659 468304 SST3L6 649635 77820




Economic analysis

Cost of installed system

Simple Payback (yrs) =
Payback

Cost of installed system

net annual cash flow

SPB (no inflation,first year ref.)
PB (with inflation)

Net Present Value NPV

Net annal cash inf low

~
39823
3006
13.2 years
12.0 years

Ry

NPV(i,N) = —=

(a+i)t

i 0.05
N 25 years
initial investment -39.823
Years 1-5 CF 3006 3156
‘Years 6-10 CF 3836 4028
‘Years 11-15 CF 4336 5141
‘Years 16-20 CF 6243 6561
Years 21-25 CF 7975 8374
NPV EUR 17 146.72
Internal rate of return
NPV must be equal to 0 (check) -EUR 0.00
IRR 0.082580449 8.26%
Cco;
Produced
350 kgCO,/kWp 7.21 kWp 2.5 tCO,

SS‘ 2C0.eq/kWh
23.4 1CO,
10.0 t€O,
33.4

29.13 kwh/day

Replaced compared to typical grid in Africa
648 gCO,/kWh 29.13 kWh/day
172.2 tCO;

365 day/year

365 day/fyear

3314
4229
5398

8792

3479
4441
5668
7233
9232

{panels and supports)

(batteries)

(others: tanks, p

25 years

(PV system)

{others)

25 years

Replaced compared to diesel pumps (and alternative water extraction)

780 gCO,/kWh 29.13 Kwh/day
207.3 tCO,
Saved
138.8 tCO, compared to grid
173.9 compared to diesel

365 day/year

25 years




CASE 6

CALCULATIONS PROJECT

Hydraulics & Balance raw water D1 irrigation water D2 drinking water
my 12800 11070 2022
m, 140.8 111 20216
Pumping
12800 W .|
well depth: 75 m water requirements liters/day - liters/day — liters/day Q.
additional height 25m sih/day 5 h/day 5 h/day
head (H): 100 m 2560 liters/h 1809.73 liters/h 400 liters/h 40 |/person/day
flow rate (Q): 2.56 m3/h <-------+ R B e 2.56 m3/h 1.80973 m3/h 0.4 m3/h 50 persons
0.000711 m3/s g/l g/l g/l c
density () 1007 kg/m3 @ 140.8 kg/day 9.0 kg/day 0.4 kgfday m
g 9.81 m/s2 energy per m3 1
eff 0.75 power desal. 2 kwh/m3 1 kwh/m3
energy for desal. 4,413455 kW A 0.4 kW W
22.0973 kwh/day brine 2 kwh/day brine
power (hydraulic) 0.702483 kw 14% liters/day 0% liters/day
Power required  0.936644 kw g/l g/l
n. hours pumping S‘h,’dsy (PSSH: 5.94 |} kg/day kg/day
Energy 4.683221 kwh/day
check 4.650667
Detailed pressure drop calculations: not required for now, dP losses included in additional height ( tive)
Method A Method B
Energy hydr. Ep 4.7  kwh/day E,=n.E.=pghV s peghV
Energy desal. Ege: 241 kWh/day E = AP'GIW;" G,
Energy dwell. Egw 125  kwh/day P= 4, Gn, P =1000 Ap. n,
Energy other Egther 0.0  kWh/day P, pehlV
Energy Total E 413  kwWh/day £ =1000 LU "=p T4 G EnergyTa & 412 kwWh/day
T : G, w tr T :
eff. from Ee B 0.80 A thermal factor Fru 0.83
Energy PV Ee 51.6 kWh/day mismatch factor F 0.85
eff. PV operating factor 0.75
Mo T PR=:,1::; PIWpT:lDI]D[EZ]x —BellWh] i b
eff. PV ref. B Msre s m Gr [k:ﬁ] w PR battery efficiency Tea 0.9
eff.PVref/PV 7./ T 1.18 1/PR PR: 0.85 inverter efficiency Tinew 0.9
Irradiance Gr a4 kWh/m*/day B 21000 pghV, pump/motor efficiel 7)o 0.84
Power (size) 3 13797.0 wp Erlpys v (m?,
with min G 13.79696 kwp where, P =PV array pawer (Wp) Total efficiency 0.6723
p = density of water (1000 K/m?)
2 g = acceleration due to gravity (9.81 m.st]
Gropt 6.28  kwh/m’/day h = total pumping head (m) E gonerured = Ppeat * PSSH * Fia * M * Niaw
Power (size) P 96866.7 Wp V= dailgf water production (m?)
with average G 9.666663 KWp Gy =daily snl?{mdiation energy on the PV array surface (kWh/m2)
, = array efficiency at 1000 wim? and 25°C
) 2 MNpy = array efficiency (%) ~
Gr 5.04  kwh/m’/day g = subsystem efficiency (%) PSSH 594 h
Power (size) P 10220.0 Wp Power P 10337.0 Wp
10.22 kWp Specific energy yield: 4.0392 kwh/kwp 10.34 kwp
Estimated area 62.0 m*
CALCULATIONS PROJECT
Overall
-
s IRRIGATION
WATER TANK
PV ARRAY @ =
X | 5 &
P T = ==
- - — - o
TR e ‘ o | - -Eiﬂ | 02 o ] - I3
=5 L} — - J
%AW WATER INKING
CONTROL. TANK WATER TANK GREENIUST
HOUSES T :
krire
¥ ¥
I X IRIP
IRRIGATION
WELL PuM®
2soma/n  [NESEOONRERGS [ s04s liters/ay
0.937 kW
5.00 hfday 4.4 kw 0.4 kw
12.5 kWh/day 41.3 kWh/day | 4.7 kWh/day 24.1 kWh/day

51.6 kwh/day
10.22 kWp
62.0 m*



‘Specific Costs of diesel pumps & d.water

fuel (diesel for pump)

drinkable water

diesel pump

diesel generator

tank and other costs for irrigation
maintenance (pumps, borehole, tanks..)

Costs with PV panels, solar finati
Main equipment costs
solar panels
racks and supperts
pump
tanks (and structure/support)

desalination 1 (irrigation)
desalination 2 (drinking)
batteries
control unit / regulstor-controller
inverter (BC to AC)
pump controller
Other equipment costs
cables
breaker switches and other elecrrical
piping
valves
borenele drilling (deeper)
miscellaneous (bolts, screws.)
wansport
installation
commissiening
security to prevent theft/vandalism
m

tenance (pumps, borehole, tanks..)

fuel (diesel for pump)
gas

‘Specific Costs of diesel pumps & d.water

fuel (diesel for pump)

drinkable water

diesel pump
diesel generator
tank and other costs for irrigation
maintenance (pumps, borehole, tanks..)
TOTAL

Costs with PV panels
Main equipment costs
solar panels
racks and supports
pump
Tanks (and structure/support)

- .

desalination 1 (irrigation)
desalination 2 (drinking)
batteries
control unit / regulator-controller
inverter (DCto AC)
pump controller

Other equipment costs
cables
breaker switches and other electrical
piping
valves

borehole arilling [deeper)
miscellaneous (bolts, screws._)
transport

security to prevent theft/vandalism
maintenance (pumps, borehole, tanks..)

fuel [diesel for pump)
e2s

1 2 H 1 H [ 7 g i 1
Lifecycle cost no inflation Lifecycle cost with inflation
lie {yrs) TOTAL (25 years) inflation TOTAL (25 years) Lifecycle - replacement scheme 504
invest  yearl year2 year3 year4 year5 year6  year7 yeard  yeard  year1d
4.68 kWh/day 020 €/kWh 09366 €/day  95% 32478 €/year 25 B85 € 5% 155009 0 325 391 358 376 395 415 435 457 480 501
2m* 36 €/m* 7.2 €/day 100% 2628 €/year 25 657000 € 5% 1252368 0O 2628 753 2897 3042 3154 3354 3522 3898 3883 A07F
BBI95 € 5% | 40977 o0 2953 3100 3255 3418 3589 3769 3957 4155 4363 4581
1000 € 10 200 Ve sm 40783 3 1551
1000 € s s000 € 5% 104988 B 1216 1551
5000 € 5% 50000 5000
W00 € 5% 190908 400 420 441 463 485 511 536 563 591 621
958195 5% | 1795956 50000 | 33528 35204 36964 38813 52008 42791 44930 47177 49536 83039
3833 55 7182
invest  yearl year? year3 year4 year5 year6 year7 year8  yeard  year10
1022 kWp 700 €/kWp 5 7154 € 5% T1580 7154
1022 kWp 200 €/kwp 5 200 € 5% 20220 2008
by 2000 € 10 " s & % 101565 " 2000 3103
1035 m* 50 €/m’ 25 5174 € 5% 51781 5178
128 m* 800 &/m* 10240 €| 5% 102400 10240
2m* 200 €/m’ 167 € 5% 16173 1617
102 kwp T 500 €/kwp 5110 H /55 € 5% 422786 5110 6211 7927
] 1000 € 15 2000 € 5% 29798 1000
1000 € 15 2000 € 5% 29795 1000
1000 € 15 2000 € 5% 29799 1000
500 m 5€/m b5 2500 € s 25000 2500
50 € 5% 5000 500
300 m 10 €/m 5 3000 € 5% 30000 3000
s € 5% 5000 500
som 30 &/m 1500 5 150 € 5% 15000 1500
50 € 5% 5000 500
2000 € 5% 20000 2000
2000 € 5% 20000 2000
1500 € 5% 15000 1500
50 € s 5000 500
s000 € 5% 95854 200 210 n 232 243 255 268 281 285 310
8327193 € 1116497 50839 200 210 2 232 6454 255 268 281 295 11340
QECE/liter | 03 I/KWh  I5KW 0693 €h cashflows in 31528 33104 34759 36497 -1163.5 40238 42250 44363 46561 -30363
3.5 €/bort dbortles) 168 €fyear cumulative cashflows. 31508 64632 90391 135880 124254 164482 206743 251105 207686 267324
cumulative cashilows 476865 443761 408002 372504 384135 343901 301651 257288 210707 241070
fraction calculations - - - - - - - - - -
cumulative cashflows 476865 443761 -40000.2 372504 384159 -34300.1 301651 -257268 210707 -24107.0
1 12 13 12 15 16 17 18 19 b1 21 2 23 2 5
vear1l yearl2 yearl3 vyearld yearls yearl§ vyearl7 yearls vyear1® year20 year2l year22 year2s year24 vyear2s
529 555 583 612 643 675 709 788 782 821 862 905 950 998 1047
4251 4495 4720 4955 5203 | 5463 5737 6023 | 6325 6641 6973 7322 TREE  BO72  BATE
4810 5050 5303 5568 5845 6139 6446 6768 | 7106 7462 7835 8226 B638 9070 9523
2527
1980 2527 3225
652 684 718 754 792 832 73 017 963 1011 1061 114 170 1229 1290
54613 57344 60211 63222 B6182 69702 73187 76846 BO89 135262 BHISY 93407 98078 102981 140382
vear1l yearl2 year13 vyear14 yearls year16 vyearl7 yearl8 year13 vyear20 year2l year22 year23 year24  year2s
sose 1900000
1200000
1000000
10117 12913 200000
1380
1980 50000.0
em0 m cashflows in
20000
Ll I B cumulative cashilows
- 111111
oot 1 1] d
IEEEEEE R e
200000 I =
400000
600000
326 302 359 577 396 416 37 458 281 505 531 557 585 614 645
326 342 359 377 16853 416 37 as8 481 18472 531 557 585 614 6515
51355 53923 56619 59450 78350 65544 68821 72062 75875 -49458 B3653 7835 92227 96838 133931
318679 372602 429222 48867.2 410322 ATSB66 544688 616950 692825 643368 727020 B14856 907083 100392.1 1137853
189714 135781 78174 18721 98071 32527 -36284 108557 -184433 -134575 -218627 -306463 -39869.0 -435528 -62945%
- - - - - - 0059717 0058829 0.156687 0.286667 0.185654 0.268302 0337855 0397132 0.435494
189714 135791 79170 19721 98071 -32527 36294 108557 184432 134975 218627 306463 398690 495528 629459



Economic analysis

simple Payback _ Cost of installed system
Smple Payback (yrs) = Net annual cash inflow

Payback
Cost of installed system 50839
net annual cash flow 3153
SPB (no inflation, first year ref.) 16.1 years
PB (with inflation) 16.1 years
NPV(i,N) = 3F , L
Net Present Value NPV UL =0 (i)
i 0.05
N 25 years
initial investment -50839
Years 1-5CF 3153 3310 3476 3650 -1163
Years 6-10 CF 4024 4225 4436 4658 -3036
Years 11-15CF 5136 5392 5662 5945 -7835
Years 16-20 CF 6554 6882 7226 7588 -4946
Years 21-25 CF 8365 8784 9223 9684 13393
NPV EUR 4533.61
Internal rate of return
NPV must be equal to 0 (check) EUR 0.00
IRR 0.057277275 5.73%
o,
Produced
350 kgCO,/kWp 10.22 kwp 3.6 1CO, {panels and supports)
(batteries)
(others: tanks, piping...)
~
88 gCO,eq/kWh 41.28 kWh/day 365 day/year 25 years
33.1 tCO, (PV system}
10.0 tCO, {others)
43.1
Replaced compared to typical grid in Africa
648 gCO,/kWh 41.28 kwh/day 365 day/year 25 years

244.1 tCO,

Replaced compared to diesel pumps (and alternative water extraction)

780 gCO,/kWh 41.28 kwh/day 365 day/year 25 years
293.8 tCO,
Saved
200.9 tCO, compared to grid

250.7 compared to diesel



APPENDIX F: CALCULATIONS WITH PVSYSTS

CASE 2
PVYSYST VB.63 24/08M17 | Page 1/6
Stand Alone System: Simulation parameters
Project : Stand Alone Project at Mehaires
Geographical Site Mehaires Country Western Sahara
Situation Latitude 28.17°N Longitude -11.09°W
Time defined as Legal Time Time zona UT Altitude 375 m
Albedo  0.20
Meteo data: Mehaires MNASA-SSE zatellite data, 1983-2005 - Synthotic

Simulation variant :  Case 2 august

Simulation date
Simulation for the

24/08M17 18h10
first year of operation

Simulation parameters

Collector Plane Orientation Tilt
Models used Transposition
PV Array Characteristics
PY module Si-poly Modsl
COriginal PVsyst database Manufacturar
Mumber of PV modules In saries
Total number of PV modules Nb. modulas
Array global powear Mominal (STC)
Array operating characteristics (50%C) U mpp
Total area Module area
PV Array loss factors
Thermal Loss factor Uc (const)
Wiring Ohmic Loss Global array ras.
Sarie Dicde Loss Voltage Drop
LID - Light Induced Degradation
Module Quality Loss
Module Mismatch Losses
Module average degradation Yeaar no
Mismatch due to degradation Imp dispersion RMS
Incidence effect, ASHRAE parametrization 1AM =
System Parameter Systam type
Battary Modal
Manufacturar
Battery Pack Characteristics Voltage
Mb. of units
Temperature
Controller Model
Manufacturar
Technology
Convearter Maxi and EURO efficiencies
Battery management control Treshold commands as
Charging
Discharging

Usar's neads : Daily household consumers

avorage

250 Azimuth
Perez Diffuse
REC 300PE 72

REC

2 modules In parallel
14 Unit Mom. Power
4200 Wp At operating cond.
66V I mpp
7.3 m2 Cell area
20,0 W/im2K v {wind)
19 mOhm Loss Fraction
0TV Loss Fraction

Loss Fraction
Loss Fraction
Loss Fraction
1 Loss factor
0.4 %fiyear Voc dispersion BMS
1-bo(licosi- 1) bo Param.

Stand Alone System

Solar 12V / 160 Ah

Ganeric

43V Mominal Capacity
4 in sories x 3 in parallal

External ambient temperature

FLEXmax 60 - 48V

Outback

MPPT converiar Temp coaff.
98.1/96.8 %

Battery voltage

540/501V Corrasp. 30C
47 1/489V Corrasp. S0C

Constant over the year
16.6 KWh/Day

DC

Parez, Metecnorm

T strings
300Wp

3781 Wp (50°C)
5T A

245 m=

0.0 Wim2K / m/is
1.5 % at STC
1.0 % at STC
1.5 %

-0.4 %

1.0 % at MPP
0.4 %%fyear

0.4 %afyear

0.05

480 Ah

-5.0 m\V/ "Clelem.

080/ 075
020/ 045
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Stand Alone System: Detailed User's needs
Project : Stand Alone Project at Mehaires
Simulation variant :  Case 2 august
Simulation for the first year of operation
Main system parameters System type Stand alone
PV Figld Onentation filt 25° azimuth 0°
PV modulas Modal REC 300PE T2 Pnom 200Wp
PV Amray Mb. of modules 14 Pnom total 4200 Wp
Battery Model Solar 12V /1680 Ah Technology sealed, Gel
battary Pack Mb. of units 12 Voltage / Capacity 48V / 480 Ah

Usar's needs Daily household consumers  Constant over the year global 6071 KWhiyear
Daily household consumers, Constant over the year, average = 16.6 KWh/day
Annual values
Mumber Power Usa Enargy
Other uses 1 2772W tot 6 h'day 16632 Wh'day
Taotal daily anargy 16622 Wh'day

Fraction of daily enegy [%]

3000
2500
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1500
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500
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Stand Alone System: Main results
Project : Stand Alone Project at Mehaires
Simulation variant :  Case 2 august
Simulation for the first year of operation
Main system parameters System type Stand alone
PV Field Crientation filt 25° azimuth 0°
PV modulas Modal RBEC 300PE 72 Pnom 200 Wp
PV Amray Mb. of modules 14 Pnom total 4200 Wp
Battery Model Solar 12V /1680 Ah Technology sealed, Gel
battary Pack Mb. of units 12 Voltage / Capacity 48V /480 Ah
Usar's needs Daily household consumers  Constant over the year global 6071 KWhiyear
Main simulation results
System Production Available Energy 7.67 MWh/year Specific prod. 1825 KWh/'kWpiyear
Used Enargy 6.01 MWhiyear Excess (unused) 1.44 MWhivoar
Performance Ratio PR 63.32 % Solar Fraction SF 9907 %
Loss of Load Time Fraction 0.5% Missing Enargy  0.06 MW h'yaar
Investment Global imcl. taxes 13895 € Specific 3.31 €Wp
Yearly cost Annuities (Loan 5.0%, 20 years) 1115 €yr Running Costs 7037 €fyr
Energy cost 1.36 €kWh

T T T T
005 RN ke

Normalized productions (per Instalied KWpl: Nominal power 4200 Wp
T T T T
el L.

Ln: 5yewm lomea wrd =aswsy charprg 0 22 dW R ey

I'F gy s o e Lome 233 BV RN iy

b b o gy | B ]

Performance Ratlo PR and Solar Fracton SF

T T T T T T
PA : Pl wrecs: P 18 ¥ aEm
EF - Solwr Fraction (EBd{ Blosdl : 2.1

Pl e i i PR

Case 2 august
Balances and maln resuls
GlobHor GholER E &wall Elnused E Mizs E Usar ELomd SolFrac
K I mP WA him® L] MW W h K MW

January 118.1 180.4 OEES o051 g O51E 0516 1.000
Fabnuary 133 182.2 o.5E1 oLogn [elie i} e D4EE 1,000
March 1825 2032 oFi4 o [elie i} 0516 0.516 1.000
Apedl 2004 2068 oy oL [elie ] 0405 0453 .00
BTy 2294 21 omT g3 g O51E 0516 1.000
e 2268 11 QETE o158 ouoon D40 0433 1000
Juiy F -] 2020 O.BEE R [elie i} 0516 0.516 1.000
August 208 2MHE O.BEZ oigT [elie ] Osie 0.516 .00
5o pie b 1761 18E.5 EXE o [l i} L&D 0459 1.000
Oolobar 1407 17T QB0 0ms ounog 0513 0.516 ooEE
Mo mibar 118.5 154.5 0544 Do el ey D4z 0499 o.ges
i misar 04.8 143.0 QSIS 0028 ke Lass 0.516 000
Yoar 20850 gkl T.B&7 1.440 el =y E014 E.OM ogan
Legends  GiobHor Harizontal global imadiation E Miss MEsing snangy

GlobE= Efocive Qiobal, com. for 1AM and shadings  E Uso Encmy szpplad o tha user

E Bwail Mailnia Eolar Erorgy E Load Encogy nowd of tha wsar [Load)

Elnusad Urusad enamy (il battory ) loss SclFrac Solar traction {Ellsad | EL oad)
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Stand Alone System: Loss diagram
Project : Stand Alone Project at Mehaires
Simulation variant :  Case 2 august
Simulation for the first year of operation
Main system parameters System type Stand alone
PV Field Crientation filt 25° azimuth 0°
PV modulas Modal RBEC 300PE 72 Pnom 200 Wp
PV Amray Mb. of modules 14 Pnom total 4200 Wp
Battery Model Solar 12V /1680 Ah Technology sealed, Gel
battary Pack Mb. of units 12 Voltage / Capacity 48V /480 Ah
Usar's needs Daily household consumers  Constant over the year global 6071 KWhiyear

Loss diagram over the whole year

2085 kWhm®
+8.5%

2199 kWhimz* 27 m? coll.

afficiency &t STC - 15.38%

Mizsing e nergy

0.0%

0.1 MWh

0.24 MWh
-0.29%
-0.2%

\\\4-11.0%

+0.4%

-1.5%
-1.0%
-2.29%

%-15.4%
.40 MWh

.2 6%
0.0%
0.0%
0.0%
Sdon
0.9%y pas

£.23 MWh
Direct usa
BO.1%
209
04%
D5%
0%
B.01 MWh
£07 MWh

Horizontal global irradiation
Global incident in coll. plane

1AM factor on global

Effective irradiance on collectors

PV conversion

Array nominal energy (at STC effic.)
Module Degradation Loss { for yeard)
PV loss due to imadiance level

PV loss due fo temperature

Module quality loss

LID - Light induced degradation
Module array mismetch loss
Ohmic wiring lo=s

Unused energy (full battery) loss

Effective energy at the output of the array

Comvarter Loss duning operation (afficiency)
Comverter Loss due o power threshold
Cormverter Loss over nominal comv. voltage
Comverter Loss due fio voltage threshold
Converter losses (affic, overload)
Battery Storage

Bettery Stored Energy balance

Battery efficiency boas

Charge/Disch. Current Efficiency Loss
Gessing Gurrent (electrolyte dissociation)
Battery Salf-dizcharge Current

Energy supplied to the user

Erergy need of the user(Load)
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Stand Alone System: Economic evaluation
Project : Stand Alone Project at Mehaires
Simulation variant :  Case 2 august
Simulation for the first year of operation

Main system parameters System type Stand alone
PV Field Crientation filt 25° azimuth 0°
PV modulas Modal RBEC 300PE 72 Pnom 200 Wp
PV Amray Mb. of modules 14 Pnom total 4200 Wp
Battery Model Solar 12V /1680 Ah Technology sealed, Gel
battary Pack Mb. of units 12 Voltage / Capacity 48V /480 Ah
Usar's needs Daily household consumers  Constant over the year global 6071 KWhiyear
Investmeant
PY modules (Pnom = 300 Wp) 14 units 202 €/ unit 2828 €
Supports / Integration 83 €/ modula 1167 €
Batteries (12 W/ 160 Ah) 12 units 174 €/ unit 2088 €
regulator 5000 €
Sattings, wiring, ... 1000 €

Substitution undarerorth 0 €
Gross investment  (without taxes) 12083 €
Financing
Gross investment (without taxas) 12083 €
Taxes on investment (VAT) Rate 15.0 % 1812 €
Gross investment (including VAT) 13885 €
Subsidies 0€
Met investment (all taxes included) 13895 €
Annuities { Loan 5.0 % over 20 years) 1115 €'year
Maintenance 0 €iyear
insurance, annual taxes 0 Eyear
Provision for battery replacemant {lifetima 100.0 years) 7037 €year
Total yearly cost 8152 €year
Energy cost
Usead solar energy 6014 KWh/ year
Excess anargy (battory full) 1440 kKWh/ year
Usad enargy cost 1.36 €/ KWh
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Stand Alone System: CO2 Balance

Project : Stand Alone Project at Mehaires
Simulation variant :  Case 2 august

Simulation for the first year of operation
Main system parameters System type Stand alone
PV Figld Onentation filt 25° azimuth 0°
PV modulas Modal REC 300PE T2 Pnom 200Wp
PV Amray Mb. of modules 14 Pnom total 4200 Wp
Battery Model Solar 12V /1680 Ah Technology sealed, Gel
battary Pack Mb. of units 12 Voltage / Capacity 48V / 480 Ah
Usar's needs Daily household consumers  Constant over the year global 6071 KWhiyear
Produced Emissions Total: 7.60tC02

Source: Detailed calculation from table balow

Replaced Emissions Total: 1228 t1C02

Systemn production: 7EE6.72 KW hyr

Grid Lifecycle Emissions: 534 gCO2'kWh

Lifetirme:
Annual Degradation:

30 years
1.0 %

Source:  |EA List Country: World
CO2 Emission Balance Total: 99.0tC02
System Lifecycle Emissions Details:
Hem. Modules Supports
LCE 343 kgCO2%Wp .40 kgCO2kg
Quantity 150kWR 560 kg
Subtotal kg2 5138 2485

Saved CO2 Emission vs. Time
1':":'IIII|IIII|IIII|IIII|IIII|III

Balance [(C02]

_20 oo g g oo da g laaag
0 5 i0 YL%." 20 25 ad




CASE 3
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Stand Alone System: Simulation parameters
Project : Stand Alone Project at Mehaires
Geographical Site Mehaires Country  Western Sahara
Situation Latitude 26.17°N Longitude -11.09°W
Time defined as Legal Time Time zone UT Altitude 375 m
Albedo  0.20
Meteo data: Mehaires MNASA-SSE satellite data, 1983-2005 - Synthefic

Simulation variant :

Simulation date
Simulation for the

Case 3 august 02 consumptions

250817 17h28
first year of operation

Simulation parameters

Collector Plane Crientation Tilt
Models used Transposition
PY Array Characteristics
PV module Si-poly Modal
Criginal PVsyst database Manufacturer
Mumber of PV modules In series
Total number of PV modules Mb. modules
Array global power Mominal (STC)
Array operating characteristics {50°C) U mpp
Total area Module area
PV Array loss factors
Thermal Loss factor Uc {const)

Wiring Ohmic Loss Global array res.

Saria Dicda Loss Voltage Drop
LID - Light Induced Degradation
Module Quality Loss
Module Mismatch Losses
Module average degradation Year no
Mismatch due to degradaticn Imp dispersion AMS
Incidence offect, ASHRAE parametrization 1AM =
System Parameter Systam type
Battery Modsl
Manufacturar
Battery Pack Characteristics Voltage
Mb. aof units
Tempearaturs
Controller Model
Manufacturar
Technology
Converter Maxi and EURO efficiencies
Battary managament control Treshold commands as
Charging
Discharging

User's needs : Daily household consumers

average

25° Azimuth 0°
Parez Diffuse Perez, Mataonom
REC 300PE 72
REC
2 modules In parallel 12 strings
24 Unit Nom. Powear 300Wp
T.20 kWp At operating cond.  6.48 KW p (50°C)
66\ Impp S8 A
46.8 m? Cellarea 42.1m2
20.0 Wim=K v {wind) 0.0 W/m2K/ mis
11 mOhm Loss Fraction 1.5 % at STC
07V Loss Fraction 1.0 % at STC
Loss Fraction 1.5 %
Loss Fraction -0.4 %
Loss Fraction 1.0 % at MPP
1 Loss factor 0.4 %a'year
0.4 %year Voc dispersion AMS 0.4 %year
1-bo(l/icosi- 1) bo Param. 0.05
Stand Alone Systemn
Solar 12V / 160 Ah
Ganaric
43V Mominal Capacity 480 Ah
4 in series x 3 in parallal
External ambiant temparatura
FLEXmax 80 - 48V
Outback
MPPT converiar Temp coaff. -5.0 mV/ *Clalem.
97 .596.3 %
Battary voltage
5470501V Corrasp. SOC 090/ 075
470/489V Corrasp. 50C 020/ 045

Constant over the year
29.1 kWh/Day
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Stand Alone System: Detailed User's needs
Project : Stand Alone Project at Mehaires
Simulation variant :  Case 3 august 02 consumptions
Simulation for the first year of operation

Main system parameters System type Stand alone

PV Figld Crientation tlt 25° azimuth 0°

PV modulas Modal REC 300PE T2 Pnom 200Wp

PV Amray Mb. of modules 24 Pnom total 7.20 kWp

Battery Model Solar 12V /1680 Ah Technology sealed, Gel

battary Pack Mb. of units 12 Voltage / Capacity 48V / 480 Ah

Usar's needs Daily household consumers  Constant over the year global 10.63 MW hiyear

Daily household consumers, Constant over the year, average = 29.1 KWh/day

Annual values
Mumber Power Usa Enargy

Lamps (LED or fluo) 1 50 W/lamp 8 h'day 400 W h'day]
™/ PC/ Mobila 1 200 W/app 5 hiday 1000 W h'day
Domestic appliancas 1 1000 W/ app & hiday 6000 W h'day
Fridge / Deep-froeze 1 24 Whiday 3600 W h'day
Dish- & Cloth-washers 1 1 Whiday 1000 W h'day
Other usas 1 ZFT1W ot 6 hiday 16626 Wh'day]
Cther uses 1 1000 W tot 1 hiday 500 W h/'day
Taotal daily enargy 29126 Wh'day)

Frad ion of daily enegy [%]

G000

4000

3000

2000

1000

Hourly profile
———e
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Stand Alone System: Main results
Project : Stand Alone Project at Mehaires
Simulation variant : Case 3 august 02 consumptions
Simulation for the first year of operation
Main system parameters System type Stand alone
PV Field Crientation filt 25° azimuth 0°
PV modulas Modal RBEC 300PE 72 Pnom 200 Wp
PV Amray Mb. of modules 24 Pnom total 7.20 kWp
Battery Model Solar 12V /1680 Ah Technology sealed, Gel
battary Pack Mb. of units 12 Voltage / Capacity 48V / 480 Ah
Usar's needs Daily household consumers  Constant over the year global 10,63 MW hiyear
Main simulation results
System Production Available Energy 1287 MWhi/year Specific prod. 1787 KEWh/kWp/year
Used Enargy  10.36 MW h'year Excess (unused) 2.26 MW hivoar
Performance Ratio PR 63.66 % Solar Fraction SF  97.50 %
Loss of Load Time Fraction 1.1% Missing Enargy  0.27 MWh'yeaar
Investment Global imcl. taxes 17176 € Specific 2,39 €Wp
Yearly cost Annuities (Loan 5.0%, 20 years) 1378 €yr Running Costs 7037 €fyr
Energy cost 0.81 €kWh

NOTMEIIZen ProvuCHions (per INStElen KWE): NOMINa| poer 7.20 KWp
T ——

10 T T T T T
Lo : Lo mrmergyy (il 1
_Il_- Ao R Ry
Ls: 5yewm lomes wrd =aswsy charprg 031 @R ey
1 : Enargy maciied o - Lomr 34 BV R ey
ak -

b b o gy | B ]

Performance Ratlo PR and Solar Fracton SF

T T T T T T T T T T T
PA : Pl wrecs: P 18 ¥ QT
EF - Solwr Fraction (EBd{ Blosdl :  o.ams

Pl e i i PR

Case 3 august 02 consumptlons

Balances and maln resuls
GlobHor GholER E &wall Elnused E Mizs E Usar ELomd SolFrac
K I mP WA him® L] MW W h K MW

January 118.1 180.4 0.08f oo uoog 0B 0303 ek e
Fabnuary 133 182.2 n.oes R [elie i} 0B1E 0816 1000
March 1825 2032 1.188 054 [elie i} 0.00E 0203 1.000
Apedl 2004 2068 RE- 0290 [elie ] 0ET4 n.ETa 1000
BTy 2294 21 19 oz o5 il b 0303 e
e 2268 11 145 nzs2 [elie i} 0LET4 0.E74 1000
Juiy F -] 2020 182 082 [eliv: | OETE 0203 0083
August 208 2MHE 155 ozsd (el | OLETE 0503 0085
5o pie b 1761 18E.5 Rinje Rl [elap): ] ik Lo 074 oore
Oolobar 1407 17T .0z o132 el OLBEE 0203 005
Mo mibar 118.5 154.5 oz ooz ouD43 0830 0.E74 o.gs0
i misar 04.8 143.0 0.BEE 0050 ko] OLBIE 0.203 .83t
Yoar 20850 gkl 12865 2781 0266 10385 10631 ogrs
Legends  GiobHor Harizontal global imadiation E Miss MEsing snangy

GlobE= Efocive Qiobal, com. for 1AM and shadings  E Usar Encmy szpplad o tha user

E Bwail Mailnia Eolar Erorgy E Load Encogy nowd of tha wsar [Load)

Elnusad Urusad enamy (il battory ) loss SclFrac Solar traction {Ellsad | EL oad)
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Stand Alone System: Loss diagram
Project : Stand Alone Project at Mehaires
Simulation variant :  Case 3 august 02 consumptions
Simulation for the first year of operation
Main system parameters System type Stand alone
PV Field Crientation filt 25° azimuth 0°
PV modulas Modal RBEC 300PE 72 Pnom 200 Wp
PV Amray Mb. of modules 24 Pnom total 7.20 kWp
Battery Model Solar 12V /1680 Ah Technology sealed, Gel
battary Pack Mb. of units 12 Voltage / Capacity 48V / 480 Ah
Usar's needs Daily household consumers  Constant over the year global 10,63 MW hiyear

Loss diagram over the whole year

2085 kWhm®
+8.5%

2199 kWhimz* 47 m? coll.

afficiency &t STC - 15.38%

Mizsing e nergy

2.5%
0.3 MWh 3

15.84 MWh
-0.2%
-0.2%
\'\\ J =110
+0.4%
-1.5%
-1.08¢
-2.29%
-16.8%%
11.17 MWh
-2.d%
y-27%
0.08%
0.0%
0.08%
10,60 MWh
Direct use Store
TAE% 25.4% ey g 1o
-1.06%
-0.6%
0.3%
0.1%
10.36 MWh
10,63 MWh

Horizontal global irradiation
Global incident in coll. plane

1AM factor on global

Effective irradiance on collectors

PV conversion

Array nominal energy (at STC effic.)
Module Degradation Loss { for yeard)
PV loss due to imadiance level

PV loss due fo temperature

Module quality loss

LID - Light induced degradation
Module array mismetch loss
Ohmic wiring lo=s

Unused energy (full battery) loss

Effective energy at the output of the array

Comvarter Loss duning operation (efficiency ]

Comvarter Loss over nominal comv. power
Comverter Loss due o power threshold
Comvarter Loss over nominal corv. voliage
Comverter Loss due to voltage threshold
Converter lozses (effic, overload)
Battery Storage

Bettery Stored Energy balance

Battery efficiency koss

Charge/Disch. Current Efficiency Loss
Gessing Current (elactrolyte dissociation)
Bettery Sali-discharge Gurrent

Energy supplied to the user

Energy need of the user({Load)
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Stand Alone System: Economic evaluation
Project : Stand Alone Project at Mehaires
Simulation variant :  Case 3 august 02 consumptions
Simulation for the first year of operation

Main system parameters System type Stand alone
PV Field Crientation filt 25° azimuth 0°
PV modulas Modal RBEC 300PE 72 Pnom 200 Wp
PV Amray Mb. of modules 24 Pnom total 7.20 kWp
Battery Model Solar 12V /1680 Ah Technology sealed, Gel
battary Pack Mb. of units 12 Voltage / Capacity 48V / 480 Ah
Usar's needs Daily household consumers  Constant over the year global 10.63 MW hiyear
Investmeant
PY modules (Pnom = 300 Wp) 24 units 202 €/ unit 4848 £
Supports / Integration 83 €/ modula 2000 €
Batteries (12 W/ 160 Ah) 12 units 174 €/ unit 2088 €
regulator 5000 €
Sattings, wiring, ... 1000 €

Substitution undarerorth 0€
Gross investment  (without taxes) 14936 €
Financing
Gross investment (without taxas) 14936 €
Taxes on investment (VAT) Rate 15.0 % 2240 £
Gross investment (including VAT) 17176 €
Subsidies 0€
Met investment (all taxes included) 17176 €
Annuities { Loan 5.0 % over 20 years) 1378 €year
Maintenance 0 €lyear
insurance, annual taxes 0 Eyear
Provision for battery replacemant {lifetima 6.5 yaars) 7037 €year
Total yearly cost 8415 €year
Energy cost
Usead solar energy 10.4 MWh/ year
Excess anargy (battory full) 2.3 MWh/ year
Usad enargy cost 0.81 €/ kWh
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Stand Alone System: CO2 Balance

Project : Stand Alone Project at Mehaires
Simulation variant : Case 3 august 02 consumptions

Simulation for the first year of operation
Main system parameters System type Stand alone
PV Figld Crientation tlt 25° azimuth 0°
PV modulas Modal REC 300PE T2 Pnom 200Wp
PV Amray Mb. of modules 24 Pnom total 7.20 kWp
Battery Model Solar 12V /1680 Ah Technology sealed, Gel
battary Pack Mb. of units 12 Voltage / Capacity 48V / 480 Ah
Usar's needs Daily household consumers  Constant over the year global 10,63 MW hiyear
Produced Emissions Total: 7.60tC02

Source: Detailed calculation from table balow
Replaced Emissions Total: 2061 tCO2
Systemn production:  12.87 MWRyr Lifetima: 20 yoars
Annual Degradation: 1.0 %

Grid Lifecycle Emissions: 534 gCO2'kWh

Source:  |EA List Country: World
CO2 Emission Balance Total: 171.2t1C02
System Lifecycle Emissions Details:
Hem. Modules Supports
LCE 343 kgCO2%Wp .40 kgCO2kg
Quantity 150kWR 560 kg
Subtotal kg2 5138 2485

Saved CO2 Emission vs. Time
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CASE 6
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Stand Alone System: Simulation parameters
Project : Stand Alone Project at Mehaires
Geographical Site Mehaires Country  Western Sahara
Situation Latitude 26.17°N Longitude -11.09°W
Time defined as Legal Time Time zone UT Altitude 375 m
Albedo  0.20
Meteo data: Mehaires MNASA-SSE satellite data, 1983-2005 - Synthefic

Simulation variant :

Simulation date
Simulation for the

Case 6 august 04 consumptions 60V

25/08/17 18h24
first year of operation

Simulation parameters

Collector Plane Crientation Tilt
Models used Transposition
PY Array Characteristics
PV module Si-poly Modal
Criginal PVsyst database Manufacturer
Mumber of PV modules In series
Total number of PV modules Mb. modules
Array global power Mominal (STC)
Array operating characteristics {50°C) U mpp
Total area Module area
PV Array loss factors
Thermal Loss factor Uc {const)

Wiring Ohmic Loss Global array res.

Saria Dicda Loss Voltage Drop
LID - Light Induced Degradation
Module Quality Loss
Module Mismatch Losses
Module average degradation Year no
Mismatch due to degradaticn Imp dispersion AMS
Incidence offect, ASHRAE parametrization 1AM =
System Parameter Systam type
Battery Modsl
Manufacturer
Battery Pack Characteristics Voltage
Mb. aof units
Tempearaturs
Controller Model
Technology
Convearter Maxi and EURO efficiancies
Battery management control Treshold commands as
Charging
Discharging

Usar's neads : Daily household consumers

avorage

25° Azimuth 0°
Parez Diffuse Perez, Mataonom
REC 300PE 72
REC
2 modules In parallel 17 strings
34 Unit Nom. Power 300Wp
10.20 kWp At operating cond.  59.18 KWp (50°C)
66\ Impp 139A
66.3 m? Cellarea 59.6 m?
20.0 Wim=K v {wind) 0.0 W/m2K/ mis
7.8 mOhm Loss Fraction 1.5 % at STC
07V Loss Fraction 1.0 % at STC
Loss Fraction 1.5 %
Loss Fraction -0.4 %
Loss Fraction 1.0 % at MPP
1 Loss factor 0.4 %a'year
0.4 %year Voc dispersion AMS 0.4 %year
1-bo(l/icosi- 1) bo Param. 0.05
Stand Alone Systemn
Solar 12V / 160 Ah
Ganaric
60V Mominal Capacity 480 Ah

5in series x 3 in parallel
External ambiant temparatura

Universal controller with MPPT converter

MPPT convertar Temp coeff.  -5.0 mV/ *Clelem.
97.0/95.0 %

S0C calculation

80C =090/ 075 i.e. approx. B7.6/61.9V
80C =020/ 0.45 i.e.approx. 58.0/603V

Constant over the year
41 kWh/Day
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Stand Alone System: Detailed User's needs
Project : Stand Alone Project at Mehaires
Simulation variant :  Case 6 august 04 consumptions 60V
Simulation for the first year of operation

Main system parameters System type Stand alone

PV Figld Crientation tlt 25° azimuth 0°

PV modulas Modal REC 300PE T2 Pnom 200Wp

PV Amray Mb. of modules 34 Prnom total 10,20 kWp

Battery Model Solar 12V /180 Ah Technology sealed, Gel

battary Pack Mb. of units 15 Voltage / Capacity 60V / 480 Ah

Usar's needs Daily household consumers  Constant over the year global  15.07 MW hiyear

Daily household consumers, Constant over the year, average = 41 kWh/day

Annual values
Mumber Power Usa Enargy

Lamps (LED or fluo) 1 50 W/lamp 8 h'day 400 W h'day]
™/ PC/ Mobila 1 200 W/app 5 hiday 1000 W h'day
Domestic appliancas 1 1000 W/ app & hiday 6000 W h'day
Fridge / Deep-froeze 1 24 Whiday 3600 W h'day
Dish- & Cloth-washers 1 1 Whiday 1000 W h'day
Other usas 1 4797 W ot 6 hiday 28782 Wh'day)
Cther uses 1 1000 W tot 1 hiday 500 W h/'day
Taotal daily enargy 41282 Wh'day]

7000

G000
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4000
3000
2000
1000

Frad ion of daily enegy [%]
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Stand Alone System: Main results
Project : Stand Alone Project at Mehaires
Simulation variant : Case 6 august 04 consumptions 60V
Simulation for the first year of operation
Main system parameters System type Stand alone
PV Field Crientation filt 25° azimuth 0°
PV modulas Model RBEC 300PE 72 Pnom 200 Wp
PV Amray Mb. of modules 34 Prnom total 10,20 kWp
Battery Model Solar 12V /180 Ah Technology sealed, Gel
battary Pack Mb. of units 15 Voltage / Capacity 60V / 480 Ah
Usar's needs Daily household consumers  Constant over the year global  15.07 MW hiyear
Main simulation results
System Production Available Energy 17.91 MWhi/year Specific prod. 1758 KEWh/kKWp/year

Uszed Enargy

Performance Ratio PR

Loss of Load Time Fraction

Investmeant Global incl. taxes

Yearly cost Annuities {Loan 5.0%, 20 years)
Energy cost

14.70 MW h'year Excess (unusad)
6372 % Solar Fraction SF
22% Missing Enargy
21058 € Specific
1690 €yr Running Costs
0.59 €KWh

294 MW hiyear
9755 %
0.37 MW hiyear

2.06 €Wp
7097 €yr

Hormalized productions {per Installed KWpl: Nominal power 10.20 KWp
o T T T T T T T T T T T
bl '\:‘;md o B u-hnm u}:x u\l‘mﬁ.ﬁ

ak -

b b o gy | B ]

Performance Ratlo PR and Solar Fracton SF

T T T T T T
PA : Pl wrecs: P 18 ¥
EF - Solwr Fraction (EBd] | ELosd

Tan

Pl e i i PR

Case & august 14 consumpdons S0V

Balances and maln resuls
GlobHor GholER E &wall Elnused E Mizs E Usar ELomd SolFrac
K I mP WA him® L] MW W h K MW

January 118.1 180.4 1.380 oins o 123 1.250 ooes
Fabnuary 133 182.2 1.353 oigs ous 1148 1.156 o.oaT
March 1825 2032 1.ETZ oz [elie i} 1.280 1.250 1.000
Apedl 2004 2068 1.B&7 LT [elie ] 123 .28 000
BTy 2294 21 1.673 03 g 1.280 1.250 .00
e 2268 11 1.587 oa ouoon 123 1.238 000
Juiy F -] 2020 1.6 0L [elie i} 1.280 1.250 000
August 208 2MHE 1.5 oz [elie ] 1.280 1.220 000
5o pie b 1761 18E.5 1.463 0280 g 123 1.238 Rioie
Oolobar 1407 17T 1.424 o3I ez 1218 1.280 o5z
Mo mibar 118.5 154.5 1.267 0095 [eli 1] 1148 1.238 ooy
i misar 04.8 143.0 1198 0068 AE 1.118 1250 0LET4
Yoar 20850 gkl 17.906 2544 0.3E0 14.695 15068 ogre
Legends  GiobHor Harizontal global imadiation E Miss MEsing snangy

GlobE= Efocive Qiobal, com. for 1AM and shadings  E Usar Encmy szpplad o tha user

E Bwail Mailnia Eolar Erorgy E Load Encogy nowd of tha wsar [Load)

Elnusad Urusad enamy (il battory ) loss SclFrac Solar traction {Ellsad | EL oad)
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Stand Alone System: Loss diagram
Project : Stand Alone Project at Mehaires
Simulation variant :  Case & august 04 consumptions 60V
Simulation for the first year of operation
Main system parameters System type Stand alone
PV Field Crientation filt 25° azimuth 0°
PV modulas Model RBEC 300PE 72 Pnom 200 Wp
PV Array Mb. of modules 34 Pnom total 10.20 kWp
Battery Model Solar 12V /180 Ah Technology sealed, Gel
battary Pack Mb. of units 15 Voltage / Capacity 60V / 480 Ah
Usar's needs Daily household consumers  Constant over the year global  15.07 MW hiyear

Loss diagram over the whole year

2085 kWh'm?

+8.5%

2199 kWhim2* 66 m? coll.

afficiency &t STC - 15.38%

Mizsing e nergy
2.4%
0.4 MWh

22.44 MWh
-0.29%
-0.2%

\\\4-11.0%

+0.4%

-1.5%
-1.0%
-2.29%

-15.5%
16.08 MWh

\‘}-?_-:m

0.0%
0.0%
0.0%
14.96 MWh
Diract use Sip
TE.4% 23, 0.1%
-1.8%
-0.4%
0.1%
0.0%
1470 MWh
15.07 MWh

Horizontal global irradiation
Global incident in coll. plane

1AM factor on global

Effective irradiance on collectors

PV conversion

Array nominal energy (at STC effic.)
Module Degradation Loss { for yeard)
PV loss due to imadiance level

PV loss due fo temperature
Module quality loss

LID - Light induced degradation
Module array mismetch loss
Ohmic wiring lo=s

Unusad energy (full battery) loss

Effective energy at the output of the array

Comvarter Loss duning operation (efficiency)

Comvarier Loss due o power threshold
Comvarter Loss over nominal corv. voliage
Comvarter Loss due fio voltage threshold
Converier losses (effic, overload)
Battery Storage

Bettery Stored Energy balance

Battery afficiency boas

Charge/Disch. Current Efficiency Loss
Gessing Current (electrolyte dissociation)
Bettery Salf-discharge Current

Energy supplied to the user

Energy need of the user{Load)




PVYSYST VB.63 28/08M17 | Page 5'6
Stand Alone System: Economic evaluation
Project : Stand Alone Project at Mehaires
Simulation variant :  Case & august 04 consumptions 60V
Simulation for the first year of operation

Main system parameters System type Stand alone
PV Field Crientation filt 25° azimuth 0°
PV modulas Model RBEC 300PE 72 Pnom 200 Wp
PV Array Mb. of modules 34 Pnom total 10.20 kWp
Battery Model Solar 12V /180 Ah Technology sealed, Gel
battary Pack Mb. of units 15 Voltage / Capacity 60V / 480 Ah
Usar's needs Daily household consumers  Constant over the year global  15.07 MW hiyear
Investmeant
PY modules (Pnom = 300 Wp) 34 units 202 €/ unit GBE6E €
Supports / Integration 83 €/ modula 2833 €
Batteries (12 W/ 160 Ah) 15 units 174 €/ unit 2610 €
regulator S000 €
Sattings, wiring, ... 1000 €

Substitution undarerorth 0 €
Gross investment  (without taxes) 18311 €
Financing
Gross investment (without taxas) 18311 €
Taxes on investment (VAT) Rate 15.0 % 2747 £
Gross investment (including VAT) 21058 €
Subsidies 0€
Met investment (all taxes included) 21058 €
Annuities { Loan 5.0 % over 20 years) 1690 €'year
Maintenance 0 €year
insurance, annual taxes 0 Eyear
Provision for battery replacemant {lifetima 6.8 yaars) 7037 €year
Total yearly cost 8727 €year
Energy cost
Usead solar energy 147 MWh/ year
Excess anargy (battory full) 29 MWh/ year
Usad enargy cost 0.59 €/ kKWh
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Stand Alone System: CO2 Balance

Project :
Simulation variant :

Stand Alone Project at Mehaires

Case 6 august 04 consumptions 60V
Simulation for the first year of operation

Main system parameters System type Stand alone
PV Figld Crientation tlt 25° azimuth 0°
PV modulas Modal REC 300PE T2 Pnom 200Wp
PV Amray Mb. of modules 34 Prnom total 10,20 kWp
Battery Model Solar 12V /180 Ah Technology sealed, Gel
battary Pack Mb. of units 15 Voltage / Capacity 60V / 480 Ah
Usar's needs Daily household consumers  Constant over the year global  15.07 MW hiyear
Produced Emissions Total: 7.60tC02
Source: Detailed calculation from table balow

Replaced Emissions Total: 286.9t1C02

Systemn production:  17.91 MWRyr Lifetima: 20 yoars

Annual Degradation: 1.0 %

Grid Lifecycle Emissions:

534 gCOZ'KWh

Source:  |EA List Country: World
CO2 Emission Balance Total: 241.31002
System Lifecycle Emissions Details:
Hem. Modules Supports
LCE 343 kgCO2%Wp .40 kgCO2kg
Quantity 150kWR 560 kg
Subtotal kg2 5138 2485

Saved CO2 Emission vs. Time
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APPENDIX G: PUMP CALCULATIONS

Cases 0-4
Power [W] = Q[m?®/s] x p[kg/m?] x g[m/s?] x H[m] (1)

_7m3/day_14m3_14m3><
Q= 5h/day ~ ~ h ~ h " 3600s

3
Power (hydraulic) = 0.000389% X 1007% X 9.81?2 X 100m = 384.28 W = 0.384 kW

0.384 kW = 0512 kW
0.75

= 0.000389 m3/s

Power (required) =

Energy [%] = Power[kW] x t [%

Energy = 0.512 kW X 5% = 2.56 kWh/day

Q[m3/day]xplkg/m3]xg[m/s*]xH[m]
1%3600[s/h]x1000[W/kW]

Energy required for pumping [kWh/day] = (2)

KWh 7gx 1007 %9 x 9.81 2 x 100 m
Energy required for pumping [— = Y i L 7 = 2.56 kWh/day

da S s
y 0.75 X 3600 n X 1000 W

Case 5-7
Power [W] = Q[m?®/s] x p[kg/m®] x g[m/s?] x H[m] (1)

_12.8m3/day_256m3—256m3>< Lh =0.000711 m®
~ Sh/day 7" h 777 h T3600s s

3
Power (hydraulic) = 0.000711 - x 1007 -% x 9.81% x 100m = 702.48 W = 0.70248 kW

0.70248 kW
0.75

Power (required) = = 0.9366 kW

kWh h
Energy [m] = Power[kW] x t [a]
Energy = 0.9366 kW X 5% = 4.68 kWh/day

Q[m3/day]xplkg/m3]xg[m/s*]xH[m]
1%3600[s/h]x1000[W /kW]

Energy required for pumping [kWh/day] = 2)

m3

Energy required for pumping [kWh i 157
day 0.75 X 3600 X 1000%

x 1007 %9 x 981 ™ x 100 m
m S

= 4.68 kWh/day



DIAGRAM OF THE SYSTEM

APPENDIX H
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