


1. NAMEN data for Dalanzadgad

Table 24 Hourly, monthly and annual average DNI (W!mz) in 2004

Apr  May Jun Jul Aug Sep Oct Nov Dec

Jan Feb  Mar

Ho

urs

627.8 718.3 668.3 590.0 576.7 0

602.5

0

764.6 829.0 866.4 827.9 845.4 777.0

846.4 8348 9177 8087 8416 802.5

2
10

11

872.1 8208

9233 9538 8486 8165 862.7 187.9 758.2 886.3 889.1

951.2

12
13
14
15
16
17
18

878.7 751.8 7517 726.9 768.8 7280 8325 7574 653.8 600.0

1377

751.8

526.7 543.3 0

0

19
20

21

22

23

24

Average DNI = 775.54 W/m’

123.7

155.0

140.3 164.1

127

160.2 1649  146.0 104.2 151.3

159.6  169.1

Som

1765.52 KkWh/m’/a
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Table 25 Hourly, monthly and annual average DNI (\V/mz) in 2005

Feb Mar  Apr May Jun Jul Aug Sep Oct Nov Dec

Jan

Hours

695 6944 6143 6528 541.4 0

630

8072

775 810 873.5 864.4 840 837.2

828.5

791.5 199.4 849.2 810

9
10

11

938.2 8184 841 8673 8135 850.5 870.6 9011 8646  863.1

915.2 876.1

12
13
14
15
16
17
18
19
20
21

8456 7909 800.6 7645 7544 8228 807 746.3 651 608.4

800

741.8

520

525

0

0

22

23
24

779.84 Wim’
123.6

Average DNI =

1384

116.2 184 .4 156.9 176

1113

160.5 144 1893 1354 139.9
1775.85 kWh/m/a

Sum
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Table 26 Hourly, monthly and annual average DNI (Wlm’) in 2009

Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Jan

Hours

5100 6447 7000 6350  596.0 0.0

0

7710 8450 4629 7742 8320 8633  B844S5 806.8 841.1 8187 7765 1587

9

10
1

1z 365.6 902.8 579.1  808.4 858.7 880.5 824.1 8028 838.1 860.0 8428 775.0

13
14

0

15 118.7 7780 3190 7223 7833 8100 7949 7880 7329 6956 0.0 0.0
16

17

18

19

20
21

00

4400 595.0

0

0

22

23

—

0

2

717.11 W/m

Average DNI

1176 81 122.0 141 1699 1432 1482 1356 . 1534  85.1 60.1
1410.57 kWh/m’/a

33.6

Sum




2. NAMEN data for Sainshand

Table 27 Hourly, monthly and annual average DNI (Wimz) in 2006

72

Hours Jan Feb Mar  Apr May Jun Jul Aug Sep Oct Nov Dec
1 0 0 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 0 0 0
6 0 0 3.0 5518 /=3632m 5885, 581.T%., 8.0 401.1 2733 0 0
7 0 0 0 0 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0 0 0 0 0
9 686.5 8252 8358 8165 749.1 7633 7464 6848 6813 7454 7839 7058
10 0 0 0 0 0 0 0 0 0 0 0 0
11 0 0 0 0 0 0 0 0 0 0 0 0
12 8320  909.1 9550 8574 7262 7274 7680 7457 7100 8216 8635 8164
13 0 0 0 0 0 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0 0 0 0 0 0
15 581.7 7445 7964 7063 6513 6693  TILl 6543 596.5  667.8 539.1 4633
16 0 0 0 0 0 0 0 0 0 0 0 0
17 0 0 0 0 0 0 0 0 0 0 0 0
18 0 0 0 0.0 319.1 3736 4338 3310 0.0 0 0 0
19 0 0 0 0 0 0 0 0 0 0 0 0
20 0 0 0 0 0 0 0 0 0 0 0 0
21 0 0 0 0 0 0 0 0 0 0 0 0
22 0 0 0 0 0 0 0 0 0 0 0 0
23 0 0 0 0 0 0 0 0 0 0 0 0
24 0 0 0 0 0 0 0 0 0 0 0 0

Average DNI = 662.63 W/m’
Sum 1517 1616 2056 1458  149.7 1362 1598 1585 150.1 167.1 1493 1455

1880.94 KWh/m’/a
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Table 28 Hourly, monthly and annual average DNI (Wlmz) in 2007

Jun Jul Aug Sep Oct Nov Dec

May

Apr

Jan Feb

Hours

3370 5352 6164 6233 5533 5414 4306 3320 0

0

670.0 7913 8124 8056 7919 808.1 6922 7604 762.2 8107 8125 7508

9

10
11

12 741.5 854.8 8533 8000 7577 7033 7726 8192 697.8 828.1 8096 8485

13
14

715.5 713.9 7532 6286 130,01 676.5-703.7 615.2 660.0 5846 5155

53038

15
16
17
18
19
20

0

3544 4150 3669 3255 0.0

00

0

21

22
23
24

666.94 W/m’
153.6

Average DNI

163.3 183.2 181.9 158.8

179.5

1632 | 1767. 1926° 1665 11592
2025.08 kWh/m'/a

146.5

Sum
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Table 29 Hourly, monthly and annual average DNI (W/m?) in 2010

Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Jan

Hours

368.0 4574 5617 573.2 0.0 495.0 438.4 3529 0

0

566.4 632.7 6957 7650  TI3.5 672.1 553.1  708.1 703.6 784.1 6385 6357

9

10
11
12
13

736.5 7428 6665 8356 7222 7350 7864 785.2 7796 7058 6933

725.6

14
15

493.7 592.4 6568  860.0 63230491 729.6 654.8 6329 4741 3953

470.8

16
17
18
19
20

1200  860.0 3740 3547 3978 0.0

0

0

0

21

0

22

0

23

24

= 603.63 W/m’

Average DNI

141 1509 1577 1740 1619 1259 1950 1544 1713 1361 1163
1788.44 kWh/m'la

130.8

Sum




1. Dalanzadgad site, ¢ =43°58” and Solar constant or Gsc:1367W/m2

Table 30 Clear sky beam radiation (kWh/mzld) for Dalanzadgad

75

Month Jan Feb Mar Apr May Jun Jul Aug  Sep Oct Nov Dec
Average
17 16 16 15 15 11 17 16 15 15 14 10
days
Day of
17 47 75 105 135 162 198 228 258 288 318 344
year (n)
] 209 -129 -242 941 188 231 212 135 222 960 -189 -231
Wg 687 774 817 991 109 114 112 105 “I%xl 807 710 66.1
cos0, 043 055 069 082 090 093 092 08 074 059 046 039
® -7.5  -15 -7.5 15 -15 -1.5 75 -15 -7.5 -1.5 15 15
ts N 11.5 Py LIS 115 11.5 115 S 115 115 115
Gon 1345 1322 1322 1339 1339 1360 1344 1322 1339 1339 1381 1326
ag*= 0.251 a*= - 0.660 k*= 0.293
Subarctic summer P 0.99 n= 0.99 n= 1.01
ap= 0.248 a= 0653 k= 0.296
T 057 063 067 070 072 072 072 071 069 064 059 055
G 7709 8295 8895 9422 9622 9839 9700 9395 9199 8632 8139 7349
DNI 492 626 690 776 943 1006 877 898 830 736 610 510
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2. Sainshand site, ¢ = 44°88 and Solar constant or Gs=1367W/m>

Table 31 Clear sky beam radiation (kWh/mz/d) for Sainshand

Month Jan Feb Mar Apr May Jun Jul Aug  Sep Oct Nov Dec

Average
17 16 16 15 15 11 17 16 15 15 14 10

days

Day of
| 47 75 105 135 162 198 228 258 288 318 344

year (n)
] -209 -129 242 941 1879 2309 21.18 1345 222 960 -189 -23.1

[OF 67.63 7676 8759 99.51 1098 1151 1127 1038 9221 8030 7005 64.93
cosh, 0404 0526 0672 0.808 0892 0923 0910 0847 0729 0575 0436 0370
(0] -71.5 1.5 715 -7.5 -1.5 -15 -1.5 15 -15 -1.5 15 -15
t WLaMJLLS _ALS ISl Smgpiiyl 5, 11.5 1L 115 115 115 115
Gon [345 § 1322 1822 \U1339 ' WIZIDEESIRG0 \\1345 1322 1339 WMI3394 1332, 1326

ap*= 022 a;*= 0685 k*= 0312

Subarctic summer = 0.99 n= 0.99 n= 1.01

ay= 0217  a= 0.678 k= 0315
T 053 059 064 068 069 070 070 068 066 061 055 051
G 7104 7798 8480 9059 9289 951.1 937.1 905.1 8805 8159 7547 6719

DNI 485 600 734 775 892 951 9.09 868 822 698 534 429




1. Ambient temperature in Dalanzadgad

Table 32 Average ambient temperature in Dalanzadgad

77

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Average
2001 -132 -85 07 7.7 151 214 241 215 165 173 31 -l46 6.1
2002 -9.2 -5.4 0.3 6.0 153 224 246 236 141 38 50 -14.1 6.3
2003 -139 92 -1.9 6.8 136 197 214 192 154 49 69 -119 48
2004 -136 63 -1.5 114 152 194 233 197 143 55 43 -11.5 6.0
2005 -15.7  -181 20 8.1 142 213 246 21.0 156 68 -24 -14.9 49
2006 -12.8 -9.3 0.3 6.8 14007 200 22032 __ 154991 22 -124 6.1
2007 -11.9 27 =22 6.8 165933226 209 1159 42, 33 -125 6.5
2008 -17.3  -124 1.6 8.9 13.7 197 237 21 I5ALG5 B9 -12.3 5.6
2009 -13.4 -1.1 -0.6 10.5 158 203 239 222 150 73 67 123 6.2
2010 -15.8 -11.2  -38 24 V4.4 . BTT =209 1564 G6™y}1.3 -10.5 55

Average -13.7 . 90 -1:2 1.6 HE S =03.6- 213154 %2 3.8\ BI2.7 58

2. Ambient temperature in Sainshand
Table 33 Average ambient temperature in Sainshand

Year Jan _ Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec  Average
2001 216  -147 33 % 150 0. NP 2774 16.4 L7 52 -168 4.5
2002 -11.4 -1.1 0.4 6.1 154 220 248 242 14.4 16 -87 -185 53
2003 -19.5  -13.7 33 1.7 150 208A%237 gbad) 1547 4577 <17 -15.3 4.1
2004 -15.8 -8.6 -39 9.6 i o g N 53 -134 5.1
2005 -16.0  -17.7 31 7.4 I 20T 508 156 12 3.9 -16.2 4.9
2006 -150 -121 -1.8 4.8 143 204 239 239 162 76 44 -138 53
2007 -15.4 58 -23 7.6 158 240 260 234 182 55 46 -123 6.7
2008 -185 -129 04 10.0 128 210 248 226 155 6.1 35 -13.9 54
2009 -164  -102 30 9.8 169 201 245 223 150 50 -84 -15.5 5.0
2010 2213 -138 63 23 150 240 265 214 159 58 54 -14.8 4.1

Average -17.1 -11.6 <26 13 150 220 250 226 158 57 57 -151 5.1




78

1. Dalanzagad off-grid SMW parabolic trough solar thermal power plant design

Table 34 Parabolic trough collector area of off-grid CSP plant

Item Unit Parameters Notes

Design point
Capacity power plant kW 5,000.00

DNI Wim? 7575

Turbine Man '""Marc-2"

Inlet temperature g0 400

Inlet pressure bar 40
Enthalpy superheat Wike 3.213.00
steam

Outlet temperature g 180
Outlet pressure bar 10

Enthalpy saturated
kl’kg  2,01520

vapour
Variation Enthalpy ki/kg 1,197.80
Efficiency of turbine % 29

Annual average DNI in

Dalanzadgad

Superheat steam table: at

P;,=40bar, T=400°C

Saturated vapour table: at
P,.=10bar, T=180°C
—h=2778kJ/kg, h=762.8kJ/kg

Calculate the input power which we have to provide for the turbine

Winpm = kW 17,24] 4
Calculate for the flow rate
Mass flow rate, th = t/hr 51.78

Calculate for the optical efficiency
o= % 75.0

Chapter 2, paragraph 2.5,

equation 13

Chapter 2, paragraph 2.5,

equation 14

Chapter 4, table 16
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Table 34 (Cont.)

Item Unit Parameters Notes

Calculate for heat loss coefficient
Chapter 2, paragraph 2.5,
equation 16, where average

UL = W/m’K  24.32 ambient temperature in table 32,
Tam=5.8°C, average wind speed
V=3.5 m/s

Calculate for thermal efficiency

S @ —_— Chapter 2, paragraph 2.5,
equation 11

Calculate for area of parabolic trough

Chapter 2, paragraph 2.5,

A, = m’ 36,924.59 .
equation 17

2. Sainshand grid-connected SMW parabolic trough solar thermal power plant

design

Table 35 Parabolic trough collector area of grid-connected CSP plant

Item Unit Parameters Notes

Design point
Capacity power plant kW 5,000.00

DNI Wim®>  644.4 Annual average DNI in Sainshand
Turbine Man "Mare-2"

Inlet temperature C 400

Inlet pressure bar 40 Superheat steam table: at
Enthalpy superheat P;,=40bar, T=400°C

kifkg  3,213.00
steam
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Table 35 (Cont.)
Item Unit Parameters Notes
Outlet temperature © 180

Saturated vapour table: at
Outlet pressure bar 10

Pou=10bar, T=180°C
Enthalpy saturated

kl/kg  2,015.20 —h=2778kJ/kg, h=762.8kI/kg

vapour
Variation Enthalpy kl/kg 1,197.80
Efficiency of turbine % 29

Calculate the input power which we have to provide for the turbine

winput = kW 17,24 1.4
Calculate for the flow rate
Mass flow rate, m = t/hr 51.78

Calculate for the optical efficiency
o = % 75.0

Calculate for heat loss coefficient

U, = W/m?K  24.30

Calculate for thermal efficiency
Mthermal™ %o 61.62

Calculate for area of parabolic trough

A, = m’ 36,938.36

Chapter 2, paragraph 2.5,

equation 13

Chapter 2, paragraph 2.5,

equation 14

Chapter 4, table 16

Chapter 2, paragraph 2.5,
equation 16, where average
ambient temperature in table 32,
T.=5.1°C, average wind speed

V=43 m/s

Chapter 2, paragraph 2.5,

equation 11

Chapter 2, paragraph 2.5,

equation 17




Table 36 Measured DNI recourse of NAMEN (kW/mz) in January 2004

81

/Dalanzadgad/
Days Time
6:30 9:30 12:30 15:30 18:30

1 0 0.76 0.86 0.62 0
2 0 0.82 0.83 0 0
3 0 0.82 0.97 0 0
4 0 0.89 1.03 0 0
5 0 0.82 0.89 0 0
6 0 0.78 0.99 0 0
7 0 0.82 0.99 0 0
8 0 0.79 093 0 0
9 0 0.87 0.96 0 0
10 0 0.70 0.76 0 0
11 0 0.74 0.81 0 0
12 0 0.85 0.95 0 0
13 0 0 0 0 0
14 0 0.86 0.91 0 0
15 0 0 0 0 0
16 0 0 0 0 0
17 0 0.87 0.99 0 0
18 0 0.92 0.99 0.80 0
19 0 0.91 1.06 0.74 0
20 0 0.93 1.00 0 0
Z1 0 0.92 1.06 0 0
22 0 091 0 0.75 0
23 0 0.94 1.01 0 0
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Table 36 (Cont.)
Days Time
:30 9:30 12:30 15:30 18:30
24 0 0.84 0.96 0.83 0
25 0 0.87 1.03 0.86 0
26 0 0.96 1.03 0.84 0
27 0 0 0.79 0.74 0
28 0 0.72 0.98 0.75 0
29 0 0 0 0 0
30 0 0 0 0.67 0
31 0 0.85 1.00 0.67 0




Figure 20 The Violleactinometer

Source: http://en.wikipedia.org/\wiki/Actinometer
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Economic assessment of future perspectives of the concentrated solar power plant in Mongolia

Tumenjargal Makhbal'", Sukrudoe Sukchai”, Prapita Thanarak”

*MS. Student. Sciaod of Renewsble Encrgy Tedmology, Narewan University. Mhitanulok 85000, Thailasd
"Schiool of Rencaable Encrgy Technology, Naresaan University, Phitanulok 65000, Thailand

Correspondmg anhor, E-maill nkunne@ lodmail.com

Abstract

In 1his study. a prefiminary stempt towards the coommmic avessment of parsholic trough concentrading <olar power
(CSP) techmobozy in Mongolia hxs been moake. To analyze U coomomic assessment of parabolic tough CSP technology in
Mongolin conditions, projod capocity of 5 amd S50MW have been taken as the referene cases for this sAudy. These projects
bave been sinulated & South Gobi region of Mongolia. The pecliminary: results indicate that the use of parsholic trough CSP
technology in Mongolia for 5 MW and 50 MW have Tigh investment costs of 16.7 nullion Euros and 167.4 million Furos
respoddively {particulardy in Saimhand aond Dalanzadgad cities), Payhock period is 7.8 years fog huth projedts, IRR is more than
7% of interest rate and the bl projects are reganded av profitable for the Tigh FIT. The reslis obtained that it can be used as

preliminany indicators 10 Whnfify finanal avpeet fonins extownd in CSI generdion in Mongolia

Key Words: Solur thermal power plant, direct normal imadiance. parsholic Iroogh CSP, econoniic avessment

Introduction

This research work is focused on the parabolic trough concentrating solar power (CSP) technology,
Parabolic wough CSP tchnology is the most nature and eeonamic solar thermal power peneration kechnalogy
toxday. This study ains to find the mst suitable site for utilization of parabolic trough CSP kechaology and 1o
compare economic efficiency analysis hetween 5 and S0MW capacitics in Mongolia.

CSP s a wdmology by which sunlight is fcused by the mimors or reflectors o heat the wurking
Nuid, called the heat transfer Muid. The heated Muid Mows from the colkctor to a heat engine where a portion
of the beat (up 0 30%) is converted to cledtricity. CSP plants consist of twa partss ome that colkets solar
energy and converts it o heat, and another that converts the heat energy to ekeetricity. The nain components of
the system are the solar colkector assembly, the power geperation system, the thermal storage, the cooling
tower, and the Muid transfer piping. Solar collector asembly i an indepeadently tracking parabolic trough
colledtor made of mwtal support structure on which the parabolic refkectors ane instalked, together with the
recciver pipes and supports. The tracking system inclodes the drive, sonsors and controlker.

FEconomic evaluation of the parabolic trough solar ficld technology can give answer such as questions
on how much capacity could be instalked, how much cketricity could be penerated, and at what cconomic,
ceological and investment cost?

It is important 1o study on the development of CSP fechnology in Mongolian context so that it can
docrease the hard currency expendituees in power impont and thus make a good possibility to get kower price of
cledtricity. CSP technology could be a selution to solve problems of ekectric pawer and determine the factors Lo
implement National Renewabke Energy Program to increzse the share of renewabke energy. CSP wechnology is
=oen & one of the major way o reduce the counlry’s dependence on energy imponts, to increase cureIky

rexerve and domestic encrgy market,
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Mongelian energy cof ti

Mongolia is served by a power system that consists of four detached scpments: the Central Energy
System (CLS), the Western Fnergy System (WES), the Eastern Energy System (EES) and the Alai-Uliastain
Encrgy Sysiem (AUES), comprising scven thermal power plants with heal extraction (combincd heat and
power plants), plus two regional hydropower plant and seven distribution systens.

The CFS i hased on flive coal-Tired power generaling plants, but the essentially base-load plants are
unable to properly follow the daily system demand and denund is regulated by the Russian Power Grid
System. The other throe prid systems are quite small, The WIS operates on imports of ehectricity from the
Russia and the local 12MW Durgun hydropower plant supplicd paralkcl chectricity o some parts of the region.
The EES is powered by thermul power station, supplying 3 isolated provinees. The AUES includes wo
provinees, which are remote system hased on diesel power stations and conmected with pew 1TTMW Vaishir
hydropower plant. The South Gobi region has one <nall BMW thenmal power plant supplying eleuiricily o
CONSUMCES.

Mongolia™s  production capacity in 2009 comprises 7 conventional coal=Mired power plants
(832MW), 13 hydrockectric power plants (26.15 MW), hundreds of diesel generators (41.1 MW), 5 wind
pawer stalions, more than 90,000 solar hose PV systeim and 15 hybrid solar/wind/dicsel power stations
(10.03 MW).

In the 2009 assssnwent, 3989.7 willion KWh of ekeetricily was generated by cual-fired power plants
and 11.05 million KWh of chectricity was penerated by hydropower plants. Morcover, 180.8 million kKWh of
chectricity was impotted from Russia and 21.2 million KWh of cletricity was cxporied 10 Russia, The
impurted cledriaty price is higher than current tariffl of regulated by Government. I1's one of the major
problem that power sector is facing and peeds o be solved at an carliest period.

The analysis assumes that clectricity denund on the CES grows al an avwrige of 3.59% annually. The
demand in the South Gobi region i asswped o increase up o 600MW hy 2020, driven hy the opening from
2012 of the open-cast operations of the Oyu Tolgoi copper and gold mine with @ demand of 200MW and to
300MW from 2016 with expansion and the beginning of undergroud mining and of differing arcas of the
Favan Folgoi coal mine with @ demand rising 1o 300MW by 201 8.

Solar energy resource

Approximawly 70 pereent of Mongolia has pood <olar resource. The nogthern and southern regions of
the country reeeive anniual solar radiation ranging from 1,163 kWh per square netecio 1,628 kWh pes squane
meter, respectively. The good sular resource ancd has approxiniiely 2,900 - 3,000 sunshine hours por year.
A majority of this solar fesource area is the South Gubi region (CGobi desert). Studics are being proposed o
asess (he feasibility of installing a large PV or concentrating solar power plant in the CGobi deserl.

Almost in entire country obeseryed from 270 to 300 chear days and sunshine duration (rom 2250 to
3300 hours in an average yar. Solar radiation distribution & decreasing with the Latituge from south 1o north,
The 17, 25, 51 and 7 pereent of the territory reecive plobal solas radiation more than 1600, 1600-1400,
1400-1200, and ks than 1200 KWehour /m -y respectively. The total yearly solar radiation potential in

entine country is estimaked 2.2°10" MW.
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Renewable energy policy

The Mongolian Govemment policy is National Renewable Fnergy Program, which was approved hy
\he State Great Hural (Parliament) of Mongolia, on June 9, 2005, The program ains (v create the conditions
ensuring ceological balnee, unenploynent and poverty reduction, and sustainable social and ceonomic
development by increasing the share of renewabke energy in the energy mix. The Program maintains following
ambitious fargets for renewabhe envrpy development in the country?

- An inerease of renrewabke energy share in the total energy supply to 20-25¢% by 2020 (up [rom

0.9% in 2005).
~ o decrease in overall energy lusses by 10 percentage points by 2020 through the introduction of
advanced energy efficiency and enewable energy technolopics.

In order 1o satisfy the increasing demand in a cost cfficient and envitonmentally sustainahle way of
energy supply, the State Great Hural (Parliament) of Mongolia adopted in Janvary 11, 2007 the Law on
Renvwablke Encrgy, which promotes and eacourages foreipn invesunent and supports the production of cnergy
from renewable xources by regulating generation, transmission, and green energy pricing.

“This law supports the development of a renewable energy industry in Mongolia in part by fixing
tariffs t be paid o private seetor companies (known s Foed ~In Tariffs (F11)) in a band ranging from US

4.5 cents 1o 30 cents per KWh for ekectricity penerated with rencwable sourees.

Methodology of the study

There are 4 main sieps of e research nwethodology o the following: the data collection and data
analysis, the technical evaluation the best site of parabolie trough CSP plant, the cconomical and environmental
evaluation parabolic trough CSP plant, and the madmap for developnxnt CSP technology in Mongolia.

This paper has concentrated only on the cconomical evaluation parabolic trough CSP plant in
Mongolia. The analysed cantomic efficiency method such as net present valwe (NPV), benelit to cost ratio

(BCR), internal rate of return (IRR) and payback period (PRIM) |2] are used for economie evaluation in this
Py I

rexcarch.
The NPV method for evalugting the desirabiliy of investment can be defined as follows:
8 soc
- = et —. - r -
NPV = Z;-——“ = Z;“ T PYB-pvC
Where,
B = Expeeted benefit al the end of year n
C = Ixpected cust at the end of year n
i o= Discount rake, i.c., the required minimum annual rate on new investment
n = Project’s duration in yvars
N = Project’s period
B = Present Value Benefit
Ve = Present Value Cost
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The BCR is atiempling 1o identify the relationship between the cost and benefits of a proposed
project.

The IRR is another time — discounted mwasure of investment worth, The IRR is defined as the rate
of discount which cquates the present value of the stream of et receipt with the initial investnwent outlay. An
allemative and equivakent definition of the IRR is the rate of discount which cquales the NPV of the cash

Mlow o zerol
X 3
B. [
N1 Z([+i)'_Z(l+|‘)'_n
=0 =m0
Where, “i"" denotes the TRR.

Ihe criteria based on payback fime often have boen applied for sclection of projects both in planned

cconomics and in private enterprise. In general, the payback time “N" s defined by cquation:
PRP:

L
Zw. —c)=0

Calculation and discussion

This study companes cconomical analysis between 5MW pilol projeet and 50 MW comnwrcial
projects that use parabolic trough CSP technology in order to seloct the best and cheapest option similar s mew
overseas plants in the Gobi Desert in Mongolia. The analysis has started from capital cost of CSP plant that the
comporent initial cost of new commereial plants in the Furope is wed for kesson kearn.

Valkentin and Vicbahn study focused on the ceonomic opportunitics of Gennan technulogy providers
sinee companies such as Schott Solar, Flabeg or Soly Milkennium are among the keading suppliers of CSP
wehnologics on the global market. The asumptions used by them (Table 1) to calculate a starting point for
the cost analysis of the specific CSP investment aosts have been tsed in this paper.

Al=Soud and Ilrayshat studied 1be technical and ceonomic feasibility of a SOMW CSP plant Tor
Jordan, From this study report would like to use desipn chaneteristics of the proposed CSE plant (Table 1).

Rainer and Henry presented the typical parabelic trough CSP plant’s investment cost structure (Figune

1). This structure would help to analyne for assumplion project investment cost.
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Figure 12 Typical cont distribution of parabolic trough power plat

The coonomical evaluation used an initial capital cost (CC) to calculale a net present valve (NPV),
benefil 1o cost ratio (RCR), intemal rate of retum (IRR) and payback period (PBP). This analysis has to be
shown beneficial for investment such projeat and to deduct main factor for financial analysis in CSP technology

in Mongolia. Key project assumptions on which the study was based are identificd in Tabke 1.

Table 1 Evaludtion assumptions

Paramctci Valuc Notew
Currency €and s 1 Eura (€) = 1.45 US doilar ().
Rank of Mongolian evclanged dte on 2011.04.15
Project lile 1ime 235 years Typical lor a project of this nature
PPower price (selling) Low The HIT tanil solu resources?
€ 0.12AWh (HT) for Grid- connceted § 015 - 0.18 /AWh
for Standalone $ 0.2 - 0.3 /AW
High (Seurce: Renwwable covrgy Tan of Mongolia, The Encrgy
€ 0.21/AMNL (HT) Regulaton Authonty of Mongolia.
lp:/ /wmw.cracmvigy.nmé )
Spegific mvestment ¢ods €268/m” apxnure Collector Nclds
€1140AW Poapueick:
€1350/kW Site works aned land, senvice. BOP, del

(Source: Vallentin and Vichadn, 2010)

Collector Ncld:

Eurotrough 100 Collector ype
For 50MW €SP 305,200 m’ Aperture
1,200,000 m' Land use

(Source: Al-Soud and Hrayha, 2009)

Inferest rade 6%

Traeponaticm, 9.4% Source: hitp/ /www ecustams. mn/tax
Inwrance. 1.3%

Custom rafe 15%

To calculate cconomical evaluation for CSP projects wes Microsoft Exeel Program. Final results to be

shawn as the following: For SMW pilot CSP project,
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Power price — for low FIT € 0.12/kWh Power price — for high FiT € 0.21/kMb,
Tax Intensive or Free Custom Duly

Tnvednwnil 18.826.355.52 Eure Investment: 16,744,451.52 Euro
NIV 10,022,687.79 Eura NPV 18,875.238.13 Eumo
nCR 0.82 RCR 1.84
Projst IRR -0.13% Project IRR 7.0%
Paybock pedcd 15.8 years Payback period 7.8 years

Jor 50MW commercial CSP project, :

Puwer price — for low FIT € 0.12/kWh Power price — for high Fir € 0.21/kWh,

Tax Intensive o Free Cadom Duty

167.444.515.20 Euro

Invesinwnt? 181. 363.555.20 Eure  Imvcaments
NPV 101,250, 484.16 Euro NIV 188.752.381.33 Eure
RCR 0.85 ACcR 1.8
Project IRR 0.26% Project IRR 7.44%
Payhack pericd 15 years Payback period 7.8 yoan
Conclusion

The Mongatian Gohi Desert has exeelient solar resource more than 2,900 sunshine hours por yvar
and this territory is receiving global wolar radiation nwre than 1600 KW*hour sm’ -y, It is good result for
implenentation the CSP project.

Pasliament of Mongolia approved the special higher pariffs for cncrpy generated by rencwabhe energy
resourees within the framework of Renewabke Fnergy Law. It states that FIT of 0.15 — 0.18 USD/kWh
(0.10 - 0.12 € /kWh) will be paid for energy produced by solys technologics which connect 10 the erid. Bul
for xolar technologics standalone system will be paid of 0.2 — 0.3 USD/KWh (0.14 - 0.21 €/KWh). This
study has asumed power price between low AT of 0.12 €/KWh and high 1T 0.21 €/kWh. Calculation
re<ults shows the comparison of the cconomic efficiency of solas parabolic trough power plant betwoen 5MW
pilot project and 50 MW commercial project in Mongolian Gobi Dasert. Two projects have both high
investment costs of 16.7 million Evras and 167.4 million Furos, Payback period for both projects is about
7.8 years. IRR is more \han 795 of intenst fate and the both projects arc regarded as profitabke for the high
Il

Results from this study will be useful for government’s policy leaders 1o be proactive in the
development of solar energy and revision of law and Renewahke Energy Policy. This research work will assess
a roadnp, which is given advisement 1o the repewable encrgy policy wid asassmwent of posibifity to conmect
power grid and futore demand of cheetricily.

Mongolia inferest to use o solar energy technologics as the solar technologics seenss (o be one of
the solutions for clinate chanpe issue. Although the govemment SUpports renewabke energy development and
governmenl parters, donors, international agencis, GO also interest in supporting the progress of mew giecit
energy development in Mongolia, the curent ccononic situation of the country is not sirong enough to support
such projects. Mongolia still needs prants providing, technical assistance, and funding from intemational

agencics.
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