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2. The Project. Objective

RFP NO.: SPP-CS-1/2015 “SOLAR RESOURCE MAPPING AND SITE SELECTION FOR SOLAR PV POWER
PLANTS: ARMENIA

= What: Improvement of solar resource knowledge for Armenia.

= How: Elaboration of Solar Atlas and identification of suitable sites for solar
power plants.

= Why: Strengthening of Armenian Government to make decisions on the solar
energy sector. Enhance bankability of solar projects.

e Sustainable Energy Week

- M
effergy Irsolay ...=- 5

Yerevan. June 2017



WORLD BANKGROUP

Energy & Extractives

2. The Project. Planning
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1 Inception S Previous knowledge onsolar | 5
resource )
Methodology for satellite estimation of solar resource
Methodology for PV potential estimation
4 N
Methodology for site selection to install ground
measurement stations
\_
Task 3 Implementation plan —>
-
Recommendations for O&M of ground measurement
stations
J

Methodology for solar map update

Methodology for site selection for PV power plants

N
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Necessity to produce updated and
validated solar atlas

2. Preliminary Solar Map

3. Ground-based data collection

4. Validated Solar Atlas

5. Site Selection for PV plants
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5 Tasks

1: Inception

= « 16 Months: end of

3: Measurement p rOj eCt by M a I’C h
= 2017

4: Validated Atlas

5: PV sites selection

Capacity Building i 4 mOnthS delay In
beginning of
Task Beginning Date Accomplishment Date
1: Inception Mid November 2015 Mid December 2015 M ea S u re m e nt
2: Preliminary Map Mid November 2015 Mid January 2016 C am pa i g N

3: Measurement Campaign Mid May 2016 Mid May 2017
4: Validated Atlas Mid May 2016 Mid February 2017

5: PV sites selection Mid November 2016 Mid March 2017
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2. The Project. Task 1: Inception

Previous available information; Satellite Data

= Web-based tool:
http.//rejrc.ec.europa.eu/pv
gis/apps4/pvest.php?map=a
frica&lang=en#

= 1985-2004

= 5km spatial resolution

= GHI, GTI (not DNI).
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2. The Project. Task 1: Inception

Previous available information; Satellite Data

B 502 kwh i m2
B 121 kwhim2
B 340kwWh/m2
B 1559 kWh/m2
B 1778 kWh /m2

1998 kWh / m2
B 2217 kwWh/m2
B 2435 kWhim2
I 2655 kWh/m2

Global Wind and Solar Atlas
from IRENA
(http.//irena.masdar.ac.ae/

GHI. 2005
30km spatial resolution

- M
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2. The Project. Task 1: Inception

Previous available information; Satellite Data

GHI NREL Moderate Resolution
(kWh/m sq. per day)

I Lessthan 20

B zo-1s

o = SWERA:

35-40

roas http.//maps.nrel. gov/swera
LT O - = GHI. Yearly Mean
oA T IS B = 1985-1992

450 88
Wes-ro0

@l = 40km spatial resolution
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2. The Project. Task 1: Inception

Previous available information; Satellite Data
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ARMENIA RENEWABLE RESOURCES AND ENERGY EFFICIENCY FUND

DNI NREL Moderate Resolution
~ (kWh/m sq. per day)

. Less than 2.0

W zo-1s
[ 2s-30

30-35
35-40
40-45
45-50
50-55%

P ss5-60
W so-6s
Wes-70
WMo
W :-:0
Woo-:s
W c:-50

. Greater than 9.0

i Dogubayazit

93T Maku
73%‘ s{‘;

493

321

~Ercig 4.31
48

Myradiye P
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SWERA:
http.//maps.nrel. gov/swera

DNL Yearly Mean

1985-1992
40km spatial resolution
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2. The Project. Task 1: Inception

Previous available information; Satellite Data

. e ~ GHI NASA Low Resolution
378 397 417 [ (dWh/msq. per day)
Qu;é"‘ug\c ' Bl Lessthanzo
Uy gy Unesh V'é:lg'a,z'gr \L:‘I 14,5 B M . 20-25
F Ty l '&hm R r\('ﬂr‘/ Gagc&\ . 25-30
A ' L 2 X cues Goyga . 30-35 u ;
14978587 .3.96 3.77 o SWERA:
A S b0 43 http.//maps.nrel. gov/swera
Armenia '\ ... Wi Y 45 5o ) ) -

N = GHI. Yearly Mean
A ot & Wss-60

e ] Wco-s5 " 1983'2005
4.50 43%

La o, o~ it Yt W::-7o . .
| el =R = 100km spatial resolution
Bazargan | gfgfu e pr\; 1 ‘ . 75-80
‘7‘] S gwl m L ;‘r\i::xgiv;-m . EO R 85
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. Greater than 9.0
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2. The Project. Task 1: Inception

Previous available information; Satellite Data

" DNINASA Low Resolution
(kWh/m sq. per day)

Il Less than 20

W zo-2s

o «  SWERA:

e http://maps.nrel. gov/swera
= DNL Yearly Mean

50-55

o = 1983-2005

= = 100km spatial resolution
| AR
W:o-z2s5
W::-s0

. Greater than 9.0
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2. The Project. Task 1: Inception

Previous available information; Satellite Data

CMSAF (Eumetsat)

Global Radiation (W/m2), CM SAF, SARAH

] W/m®
= http.//www.cmsaf.eu/
= GHI, DNL Hourly Mean
. = 1983-2015
= ~5km spatial resolution
> .
effergy Irsolov Enepgyivrsw Sustainable Energy Week

Yerevan. June 2017 16


http://www.cmsaf.eu/

WORLD BANKGROUP

Energy & Extractives

Previous available information; Satellite Data

2. The Project. Task 1: Inception

ARMENIA RENEWABLE RESOURCES AND ENERGY EFFICIENCY FUND

CMSAF (Eumetsat)

Direct Normal Radiation (DNI), CM SAF, SARAH

W/m°
350

330
310
290
270
250
230
210
190
170
150
130
110
a0

http.//www.cmsaf.eu/

GHI, DNL Hourly Mean
1983-2015
~5km spatial resolution

effergy Irsolov Enepgyivrsw Sustainable Energy Week
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2. The Project. Task 1: Inception

Previous available information: Ground-based measurements

Hydromet
I N e
since

Yerevan Agro 40°11° 44°24° 942 1953

(Merdavan village)

Sevan 40°34° 45°00° 1917 1954

Martuni 40°09° 45°18 1943 1957
n Tashir 41°07° 44°17° 1507 1963

Gyumri 40°47° 43°50° 1529 1954
n Amberd 40°23° 44°15° 2071 2009

' Sustainable Energy Week
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2. The Project. Task 1: Inception

= GHI, DNI, DHI
=  Monthly Means
= Available period:2005-2014
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2. The Project. Task 1: Inception

Limitations of existing datasets

= Either solar radiation derived from satellite images with low spatial
resolution;

= Or updated hourly and minute data not available;

= Or no existing observations equipped with high precision radiometric
equipment. Solar Resource map uncertainty cannot be assessed;
= Or no data available for:
Direct Normal Irradiance (DNI)
Diffuse Horizontal Irradiance (DHI)

Or no local conditions taken into account for solar mapping in Armenia.
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2. The Project. Task 1: Inception

Conclusions: Necessary steps

ARMENIA RENEWABLE RESOURCES AND ENERGY EFFICIENCY FUND

Preliminary Solar
Resource Map
(Task 2)

Production of Updated and

Validated Solar Atlas
(Task 4)

Selection of PV sites

(Task 5)

N

Ground Measurements
Campaign
(Task 3)

J :
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. The Project. Task 2: Preliminary

Solar Resource Map
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ARMENIA RENEWABLE RESOURCES AND ENERGY EFFICIENCY FUND

Meteosat First Generation satellite over
India:

- MFG-5:
- 99-07
- 0.05x0.05
- 63°E

- MFG-7:
- 07-14
- 0.05x0.05
- 57°E

- Database: 1999 to present.

Sustainable Energy Week
Yerevan. June 2017
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2. The Project. Task 2: Preliminary Solar Resource Map

IrSOLaV Methodology for satellite estimations: GHI, DNI, DHI

( Iclggg x\?gsr“\gp;;) * Modified Heliosat-2
‘ PP el * Own estimation of ground and
' Pc — Py BT [ cloud albedo (Polo et al,

------ -k 2012,2013).
1 REST2 « Own model for selection of clear sky
conditions (Polo et al,, 2009).
Ke=(1-n) < Clear sky components * Flexibility in:
I i e ¢ Transmittance models: REST2,
— GHI=GHiIcs, ESRA, SOLIS
@  Climatologic database for
atmospheric attenuation agents:
NG MACC, MODIS, MISR, NCEP,
Aeronet.
- « DNI estimation: Louche, Dirlnt,
W DHI= GHI — DNI- cos® Dirlndex.
eﬁeﬁy I rs OI Qv Enepgyévrsw Sustainable Energy Week
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ARMENIA RENEWABLE RESOURCES AND ENERGY EFFICIENCY FUND

2. The Project. Task 2: Preliminary Solar Resource Map

Preliminary Maps: GHI

N GLOBAL HORIZONTAL IRRADIATION
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* Mean Yearly Values
+ 2000-2015 period.

* Highest:
5.5-6 kW/m?/day
2000-2200kW/m?/year
* Eastern strip Sevan Lake
¢ Aragats Mount
* Southern part
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Sustainable Energy Week
Yerevan. June 2017

25



WORLD BANKGROUP

Energy & Extractives

ARMENIA RENEWABLE RESOURCES AND ENERGY EFFICIENCY FUND

2. The Project. Task 2: Preliminary Solar Resource Map

Preliminary Maps: DNI

ARMENIA

DIRECT NORMAL IRRADIATION

>

g .

5 %

( -4,5 g

Artashat ’& ! -;‘Tr’\ 4
i ae . |
> - kY S 3,5
. ;’b»rt 3
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* Mean Yearly Values
+ 2000-2015 period.

* Highest:
6.5 kW/m?/day
2375kW/m?/year
* Eastern strip Sevan Lake
¢ Aragats Mount
* Southern part

effergy Irsolav Enepggvrm

Sustainable Energy Week
Yerevan. June 2017

26



WORLD BANKGROUP

Energy & Extractives

'ARMENIA

DIFFUSE HORIZONTAL IRRADIATION

* Mean Yearly Values
+ 2000-2015 period.

* Lowest:
1.5 kW/m?/day
550kW/m?/year
 Eastern strip Sevan Lake
* Aragats Mount
* Southern part

eﬁeﬁy Irsolav ..
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ARMENIA RENEWABLE RESOURCES AND ENERGY EFFICIENCY FUND

2. The Project. Task 2: Preliminary Solar Resource Map

Methodology for satellite estimations: GTI

1 1
GTI = 5 " Paaity * [1 — cosB]-GHI + RB-DNI - cosf + =-

5 DHI - [1 + cosp]

RB — cosf - cos@ + [cos@ - cosy — sing - siny] - sinf - sin6

SUN

Mormal to titled

WEST
HORIZOMTAL
SURFACE

PROJECTICON OF THE WECTOR
SOLaR POSITION OVER THE
HORIZOMTAL PLAMNE SOUTH

FROJECTIOM OF THEWECTOR

MORMAL TO THE TITLED PLAME
OWER THE HORIZOMNTAL PLAME

cos@

Paaity- daily ground albedo

B: tilt angle. Optimized to 35° for Armenia

effergy Irsolav Enepgirm
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ARMENIA RENEWABLE RESOURCES AND ENERGY EFFICIENCY FUND

2. The Project. Task 2: Preliminary Solar Resource Map

Preliminary Maps: GTI

ARMENIA

GLOBAL TILTED IRRADIATION

-

o

»
o

kWh/mZ/day

* Mean Yearly Values
+ 2000-2015 period.

*  Optimal Tilt angle: 35°.

* Highest:
5.5-6 kW/m?/day
2000-2200kW/m?/year
 Eastern strip Sevan Lake
* Aragats Mount
* Southern part

effergy Irsolav Enepgirm
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2. The Project. Task 2: Preliminary Solar Resource Map

Methodology for PV potential

PV Yield is the specific energy that a PV system produce per
kWp installed.

(1) METEO INPUT (2) PV PLANT (3) YIELD (4) YIELD OUTPUT
PARAMETERS ESTIMATION
i e Sustainable Energy Week
&% wsolav ..E. .
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2. The Project. Task 2: Preliminary Solar Resource Map

Methodology for PV potential

1. METEO INPUT
Typical Meteorological Year: 8760 hourly values for each cell of the map grid (0.05°).
* GTI, Temperature, Wind

2. PV PLANT PARAMETERS
* PV Generator: PV Si-c modules (REC Peak Energy 72, 310Wp)
* Mounting: static tilt angle 35°
* Inverter vs PV Peak Power Ratio: 1.2
* PV Inverter: IMW SMA Sunny Central MPVS-100 (94.4% European Efficiency)
*  LV/MV Transformer: Commercial 1.2 MW capacity (SMA SC1000-CPXT)
* Losses:
* Dust: 2%, Maximum Peak Power Tracking: 2%, Electrical (due to cables, fuses,
and other electrical components): 2%, Shadows: 1%.
+ Total losses factor: 7%

effergy Irsolov Enepgyivrsw Sustainable Energy Week o
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2. The Project. Task 2: Preliminary Solar Resource Map

Methodology for PV potential

3. PV YIELD ESTIMATION

Eonnual = fPAC(G: T)dt = fPDC(G: T) * Ny - dt

Output power of the PV Generator:
Ppc = P* ¢ .1
DC — G* n*

Power efficiency of the inverter:
_ Pac _ ppc—(ko+Kk;-ppctkzppc?)
Ninv = Poc
DC PDcC

Power efficiency of the LV/MV transformer:

P

out our

P, P, +P.,. +P

Cu

r =

Further details found in Deliverable 5 of the Project.
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2. The Project. Task 2: Preliminary Solar Resource Map

Preliminary Maps: PV Yield

e - TMY
,N& ARMENIA
* Highest:
1900kWh/kWp
* Eastern strip Sevan Lake
* Aragats Mount
» Southern part
*  Yerevan: 1500kWh/kWp
* Vayots' Dzor and Syunik
i B— Provinces: 1700kWh/kWp
=
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ARMENIA RENEWABLE RESOURCES AND ENERGY EFFICIENCY FUND

2. The Project. Task 2: Preliminary Solar Resource Map

Candidate Site Selection for Solar Monitoring Network in Armenia

- OBJECTIVE:
Setup a solar monitoring network
that minimize uncertainty of solar
resource map.

*  RATIONALE:

Characterization of solar resource
spatial and temporal distribution
minimizing number of locations that
represent:

* Zones with potentially
commercially exploitable
solar resources.

 Different local climate and /
or topographical conditions.

A ARMENIA
N GLOBAL HORIZONTAL IRRADIATION
=
6
I5.5
¥ =
—4,5%
(ot ¢ - Is,s
>
L # “F i 3
- e
effergy ‘\“
D
eﬁergy IrSOIQv Ener‘gyivrsory
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2. The Project. Task 2: Preliminary Solar Resource Map

Candidate Site Selection for Solar Monitoring Network in Armenia

* AREA SELECTION

Legend Clustering
«  GHI Monthly Time Series
shape_Armenia_points_CTS-AL_num_cluster6 * Cluster ensemble approach

(Hornik, 2005)
* 6 clusters selected

- Selection of Areas
« Ranking:
* Representativeness
« Size of area
 Spatial variability
* Restrictive issues

75 0 75 150 225 ’ 300 km ° G HI
e M (= Sustainable Ener
gy Week
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SPECIFIC SITE SELECTION

Avoidance Criteria:Rivers, lakes, Proximity Criteria: Transmission system, cities,
conservation areas road and railway network

(A) Rivers (B) Conservation areas

(C)Lakes (€) Road networks (D) Railways

effergy Irsolov Enepgyévrsm Sustainable Energy Week -
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ARMENIA RENEWABLE RESOURCES AND ENERGY EFFICIENCY FUND

LONGLIST SITE SELECTION

43.97 40.882320 2354 Krashen
43.96 40.596490 1930 Artik

44.95 40.583340 2309 Sevan
45.891180 40.201830 2069 Sotk
43.839780 40.572480 1836 Maralik
46.317980 38.930840 905 Araksashen

20 5 46.398280 38.927470 724 Shvanidzor
5 46.412490 38.920330 1089 Nrnadzor

' I rs OI Qv % Sustainable Energy Week
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OBJECTIVE:

Selection of four locations for the installation of ground radiometric stations from the longlist.

RANKING METHODOLOGY:

#| Item Weight
1| South Obstacle height, ° 0.7
2 [ West Obstacle height, ° 0.8
3 [ North Obstacle height, ° 0.5
4| East Obstacle height, ° 0.8
5 | Distance from lakes, km 0.5
6 | Availability of maintenance personnel 0.8
7 [ Availability during the winter period 1
8 [ Mobile data connection availability 1
9 [AC power availability 0.5
10 [ Area of visibility surface, km2 0.4
11 | Responsible (covering) surface area, km2 1
12 | Solar resource in the area, GHI component 1

i, irsolav ..€.

Secondary items

- Min surface 10m?

- Firm and flat soil

- Permitted fence

- Avoid risk of flood or
heavy rains, reflecting
surfaces

- Avoid polluted sites
(industrial, airports,
crowded roads)

- Avoid animal
populations

Sustainable Energy Week
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2. The Project. Task 2: Preliminary Solar Resource Map

Final Site Selection for Solar Monitoring Network in Armenia
AWARDED SITES:

Armeniz Hrazdan ¢

YerevanAgro, Masrik
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N o+ 2l 4 s JUMREE = -
% B ‘ ¢ :\ e T
‘ & A\ 1 JSLE
< ™. v
p LA , -
8l A e
& “ R ’ ¥
>
» o ' s -

effergy Irsolov Enepgyi/rsw Sustainable Energy Week -

Yerevan. June 2017




WORLD BANKGROUP -

Energy & Extractives

4%, Irsolav




