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Location : Bayannuur, Bulgan, Mongolia (Lat : 47.83. Long : 104.44)
Population: 1000

Elevation : 850[m]

Wind Speed : 10~12[m/s]

Temperature : —42~30[ C]
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Project Goal

» Post—analysis of the solar pump installed in 2010

» Bringing up improvement and simulation of the new design

Approach

» Supplying power to a submerged pump from Solar and Wind energy sources and
providing drinking water to the village folks.
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Water Flow Calculation:

Water amount per capita = 1 gal/day
Water need for the village = 1000 gal/day

Q{gpm}= Dailvdemand _ 1000

e — I o= 2
Insolation x 60 1.04 < 60 4.12 = 4.2(gpm)

1.9
Pin = ”'13853{?64?”)’”“ = 897.6 ~ 900[W]

Static and Dynamic Head:
Elbow = 3[ea] = 6]ft]

Check Valve = 5[ft]

Gat Valve = 1[ft]

Total Head= 340[ft]
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System Modeling

PV 24[kW]

Inverter, Solar Controller

Battery 12[V] 1000[AH]

E 4 N"‘!"‘:'

1[kW] Water Pump
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System Modeling — Renewable Resources

Location
Latitude 47 - 53 & Noth ¢ South  Time zone
Longiude [ 104 * [ 59 * & East © west | [GMT +08:00) China, Mongolia, Bali, Perth | Baseline data
Morth Wind Speed Wind Resource
Data gource: % Erter monthly averages © Import time sefies data file Get Data Wia Internet [mn#z] =
TE
Bazeline data January £.550 E
Marth Clearness | Daily R adiation 7 Global Horizontal Radiation o February 6.000 E 4
Index | [Kwh/m2/d] - : March 5710 &
Jaruiary 0.615 1.770 56 — April £.340 g2
Februan 0,656 2840 . M _ EE May 5EE0 B
= x 0
March 0.650 4.250 E T - ﬁ June 2.430 Jan  Feb  Mar  Apr May Jun  Jul Aug Sep Ocd  MNov Dec
Al 0618 5.530 7 i g S BE g July 4990
May 0.587 E.320 %4 5 E Avigust 5170 Other parameters Advanced parameters
e e = 2 ‘8 September 5420 Alttude [m above sea leval) 0 weibulk 2
uly . . =
August 0.547 5.260 I 0.2 Heinbel 5.780 Anemometer height [m] il Autoconelation factor 0.85
September 0.599 4.400 i Movember B.420 )
Octaber 0617 2.070 0 T December E.E10 Wariation With Height... Ditmal patter strength 0.23
Jan Feb Mar Apr May Jun Jul Aug Sep Oct MNov Dec . Hour of peak windspeed 15
November 0601 1.820 Daily Radiation == Clearness Index Annual average: 5.857 B >
December 0.586 1.440
Average: 0.586 4.098 Plat.. | Export... |
Scaled annual average [m/s 586 {}
Scaled annual average [kKiwhAneAd) 403 {1} Help | Cancel | 0K g2 (m/s) J Plot... | Export.. |

Solar resource Wind resource
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System Modeling — Load Profile

B azeline data

tdanth

Dav twpe [wWeekday -

Haur
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Label [water Pump Load type: ¢ AC ¢ DC Drata source: ¢ Enter daily prafile(z] € Impart time series data file
J - : : .
anLan 10 Daily Profile N Dlla
0.8
E = 18
Load [Kin] | & = 0.6; g i
0.000 Eﬂﬂ_ L <
0.000 ~ 0.2l o o
0.000 00 .
0.000 o a8 24 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Mov Dec
0.000
0000 — 4q Seasonal Profile
0.000

R andorm v ariahbility
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0E:00
07:00
0e:00
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10:00
11:00
12:00
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o

0.000
0.000

Load (kW)
(=)

(=]
8

0.000
0.000

max
daily high
mesan
daily low
min

Jan

D ay-to-day 15 % Bazeline
] ] a 29
Time-step-to-time-stap 20 x Average (kwhid]
Average [kw) 0,245
Pealk. [k 1.87
Scaled annual average [Kwhd) 59 {3 Load f[ach:u]r 0171

5 |
1.000 »| o0 , i | i | i | ' | i | i | i | i
Feb Mar Apr May Jun Jul Aug Sep

" Ot | Mov | Dec Ann
Scaled Efficiency Inputs... |
591
0246
187 Plat... | Export... |
0.131 Help | Cancel | oK

Under the assumption of running the water pump for 6 hours a day
following the peak-sun hour of the location in the design (worst) month.
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System Modeling — PV and WT

Enter at least one size and capital cost value in the Costs table. Include all costs associated with the PV
[photovaltaic] system, including modules, mounting hardware, and installation. Az it searches for the optimal system,
HOMER conziders each P4 array capacity in the Sizes to Consider table.

Maoke that by default, HOMER zets the slope value equal to the latitude from the Solar Resource Inputs window,

Hold the pointer ower an element or click Help for mare information.

Coste Sizes to consider
. . . = Cost Curve
Size (kW] | Capital ($) | Replacement [$] | D&M [$40r) Size [k 180
0.10a 150 15 a 0.000
0.100 g 100
W
8 =0
Lo |
. 0
Froperties 0.00 0.04 0.08
Size (kW)
Output current & AC (& DC == Capital == Replacement

& _uj
% U
Slope [degrees) ’m ﬂ
Aaimuth [degreesWof5) | 0 0]
Ground reflectance (%) | 20 (.} ]

Lifetime [years]

Drerating factor (%]

Advanced

Tracking spztem |Mo Tracking

™ Consider effect of temperature

=

dds
ElElE

Chooze a wind turbine type and enter at least one quantity and capital cost value in the Costs table. Include the cost of the tower,
controller, wiring, installation, and labor. Az it searches for the optimal systern, HOMER considers each quantity in the Sizes to Conzider

table.

Hold the painter over an element or click Help for mare infarmation.

Power Curve

Turbine type | Generic 1k + | Details... Mew... Delete
Turbine properties
Abbreviation:  G1 [uzed for colurnn headings) 1.0
Fated power. 1 kW DC
0.8
Manufacturer: g
website: =086
‘% 0.4
0.2
0.0
0
Costs Sizes to consider
Quantity | Capital [$] | Replacement [£] | D&M [$40) Quantity
1 9500 950 1] 1}
1
S S
Other
Litetime fyrs] B (]
Hub height (m) B L]

Cost (000 §)

(=] 12 18 24
Wind Speed (m/s)

Cost Curve

0.0 0.2 0.4 0.6 0.8 10
Guantity
=== Capital === Replacement
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System Modeling - Battery

Chooze a battery twpe and enter at least one quantity and capital cost value in the Cogts table. Include all costs azsociated
with the battery bank, such az mounting hardware, inztallation, and labor. &z it searches for the optimal zpstem, HOMER
conziders each guantity in the Sizes to Congider table.

Hald the pointer over an element ar click Help for mare infarmation.

Battery type |Vizion BF 2000 j Details... Mew. .. Delete
Battery properties
kW anufacturer: Vizion B athery I aminal voltage: 12
YWiehsite: i vizioh-batt, com M arinal capacity: 200 Ak [2.4 Kwh)
Lifetime throughput: N7 kvh
Cozts Sizez to conzider
) ) ) - Cost Curve
Guantity | Capital [$] | Replacement [$] | D&M [$4r] Batteries 2,500 !
1 434 43 n.oo 1] 2,000
1 ® 1,500
2 E 1,000
S 3 £00.
4 04 ——
Advanced 4] 0 1 2 3 4 5
Batteries per string 1 [12% bus) = Capital Qin;:rpmcem,im

[ Minirnurm batteny life () 4
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Result — Optimization by NPC

Sensitivity variables

Global Solar [kKwh/m?d) | 403 - | Wind Speed [m/z) | heE - |

Donble click oo g sustern below for
oo ool ol o ooollho

Best Combination:;
2.2[kW] PV + 1[kW] Wind Turbine

wllla fn | MY O [ e | KR [ o
7 ) 22 | 5 §15.220 43 $ 15,769 0572 1,00
F = B § 15,520 [E $ 16,073 0583 1,00
FlLeE 28 4 $15636 41 $ 16,161 0586 1,00
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Result — Sensitivity Analysis

Location

Latitude 47 99 0 Moth 7 South Time zone

Lyt lﬁ . ’—59 CF East © West |[GMT+DS:DD] China, Mongolia, Bali, Perth ﬂ
Data source: {* Enter manthly averages ¢ Import time series data file Get D ata Yia Intemet

Bazeline data

Clearnezs | Daily Badiation

Global Horizontal Radiation

Month = dee | (kwhmzrd) - o
January 0515 1.770 6 ] _
Februany [0.656 2.840 E . M _ g
March 0,650 4.250) g 1 — :
Api 0.618 LT ==y LA joe =
M ay 0.587 £.320 -% g
Jure 0553 gamn| 3° 04 §
July 0530 5.910 o G
August 0.547 B.260 E 0.2
September 0.599 4.400 ! H
Uctaber uel7 U Jan Feb Mar Apr May Jun Jul Aug Sep Oct Mov Dec g
MarsEn e 0.601 1.920 D;Ii- F{s::li:ti:m — CIEHErEEsé I::IEX
December 0.586 1.440
Average: 0.586 4.098 Plat . | Export... |
Scaled annual average [Kwh/mé/d) 409 {1} Help | Cancel | ok |
Sensitivity variables
Global Solar [Kw'him?d] |5 - | wind Speed [m/z) | 586 = |
.nul:ulle click 00 & susterm below for
"L‘ H &1 |BERAUL Initial Cperating | otal COE | Hen,
T A3 i Capital |Cost(§/yr)| NPC  |/kWh] Frac,
f = 3.0 5 § 6920 19 §7.163 0280 1,00
?,k@ 1.b 1 a § 14,30 L $ 1d.0bb U539 T.00
!Axlﬂ 1.8 ] g % 14,620 4z % 15167 06R0 1,00

In consideration of the months
Between April and September,

= 3[kW] PV is most economical
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Result — Sensitivity Analysis

Sensitivity variables

Global Salar [Kwhim?d) | 3 * | Wind Speed [m#s) |6 -

Double click an & systern below far

H i G171 |BERAUULE Initial [Jperating | otal CUE | Hen,
4 Eﬂ‘ (ki Capital | Cost ($/yn)|  WPC  [:gAdih]Frac.|
f,l\ B 24 p b $ 25,020 G $265885 0540 1,00

In winter months, the combination of
2A4kW]PV and 2[kW]Wind Turbine is required,
due to the extreme dropping of PV

Generation during the harsh weather condition.
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Conclusion

» Goal of the project: Solar-Wind Water Pump Feasibility Study

= Broad Impact: Small step toward stopping global warming and
preventing the desertization of Mongol
= Findings:
= Solar energy alone [the 2010 configuration] cannot be used
during the winter months between October and March.
= The PV+ WT configuration is more suitable for annual
operation of the pump
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