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2EN [Enallaktiki Energiaki SA], founded in 2001, is
a dynamically developing company with extensive
experience in the field of Renewable Energy.

Featuring a high level of expertise, vast
experience on RES studies and highly trained staff,
2EN undertakes all the tasks, from planning,
designing and legal procedures to materials
procurement, construction, operation and
maintenance of projects.

goals

Strengthening its international sales network.

OO0O0O0o0Oa0

standards.

Developing and constructing high-quality projects.
Developing meteorological measurement systems.

Developing innovative autonomous hybrid power plants.

Improving service quality by complying to international

quality

2EN has established, documents, develops
and maintains a quality system that meets
the requirements of international
standards:

- ISO/IEC 17025:2005

DOKIpEG
Ap.Mot. 0722
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Installation, maintenance and operation of
hundreds of measuring stations on behalf of
numerous Greek or international companies.

Installation of meteorological stations network
in the Gobi Desert in Mongolia, in Turkey, in
Libya and in Albania.

Participation in the construction of the wind
atlas of Greece.

Measurements with captive balloons and
radiosondes, on behalf of the National
Observatory of Athens.

Wind potential site assessment for large scale
wind farm installations.

O
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Remote sensing measurements with LiDAR
(WINDCUBE), ensuring the integrity, the
safety and the continuous operation of the
system.

Wind farm micrositing & Energy vyield
assessment for more than 500MW of wind
farms of several companies.

Design and construction of PV power
plants and rooftop systems.

Technical due diligence of power plants.

Providing technical consultancy services to
numerous investors or banks.

Participation in numerous exhibitions in
Europe.
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O Wind Energy Assessment &/or Technical due diligence &/or Construction Monitoring of Wind Farms

e Skopia 20MW Wind Farm (Operating)

e Krekeza 30MW Wind Farm (Operating)

e Gouri Meles 32,2MW Wind Farm (Operating)

e Lykosterna 9,2MW Wind Farm (Under Development)
e Kedrolaka 1,7MW Wind Farm (Under Development)
e Fikthi 1,8MW Wind Farm (Under Development)

e Gerampi 24MW Wind Farm (Under Development)

e Gavrovo 24MW Wind Farm (Under Development)

e Chionaki 14MW Wind Farm (Under Development)

e Sterniza 21MW Wind Farm (Under Development)

e Profitis Ilias 22MW Wind Farm (Under Development)
e Rouskio 28MW Wind Farm (Under Development)

e Atherinolakos 21MW Wind Farm (Operating)

e Akoumia 21MW Wind Farm (Operating)

e Koprinos 15,3MW Wind Farm (In start-up period)

e Karines 29,7MW Wind Farm (Under Development)

* Vigla 60MW Wind Farm (Under Development)

e Melissi 24MW Wind Farm (Operating)

e Trikorfo 24MW Wind Farm (Operating)

sum total
423 MW
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2EN has managed in the time that is active in the
market, to ensure partnerships with major companies
operating in the field of renewable energy.

Some of the major clients are:
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SUMMARY
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description
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parameters
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Results
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7. Park 2 —Windsim
parameters
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Results

The whole work that 2EN had to do was a due diligence analysis
of two existing Wind Farms in Central Greece.

We gave to the customer a technical description of the plant,
analyzed the production of the wind farm and examined the
documentation concerning the construction contracts,

the licensing procedure as well as the service and the insurance.

Calculation of AEP using Windsim and comparison with the real
Production of the two parks is the subject of this presentation.
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Park’s 1 site is a 2 Km long, ridge line, situated in Central

SUMMARY . : : :
Greece. Topography is complex. Site altitude varies from
1. Park1-Site 950 up to 1015 meters above sea level
description
2. Parkl-
Measured AEP

3. Park1-—Windsim
parameters

4. Park 1-AEP
Results

5. Park?2 - Site
description

6. Park2-
Measured AEP

7. Park 2 —Windsim
parameters

8. Park 2-AEP
Results
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2 Park 1 — Site description
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Almost 5 years of data, measured and predicted (MCP) from the two 45m
mast’s inside the wind farm used for the Energy Yield assessement.

PARK 1 - MASTS

MAST-5%10m
<

MASIE2*5m

MAST*3%25m1

MAS (0 Mgt
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2 Park 1 — Site description
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8 wind turbines VESTAS V90 3000Kw with 80 meters hub height were
installed at the site of PARK-1.

PARK 1 - MASTS + WT

MAST-510m
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Parkl - Measured AEP

SUMMARY

1.

Park 1 - Site
description

Park 1 —
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parameters

Park 1- AEP
Results

Park 2 - Site
description

Park 2 —
Measured AEP

Park 2 — Windsim
parameters

Park 2 - AEP
Results

Park 1 was in operation since April 2012 but only data from June 2013-
May 2014 were detailed enough to be used for comparison.

Anp-12 | Mai-12 | louv-12 | loud-12 | Auy-12 | Zem-12 | Okt-12 | Noe-12 | Aex-12 | lav-13 | @eB-13 [ Map-13 | Anp-13 | Mai-13 | louv-13 | louA-13 | Auy-13 [ Zer-13 | Oxt-13 | Noe-13 | Aex-13 | lav-14 | @eB-14 | Map-14 | Anp-14 | Mai-14
WT1 901.32 | 767.72 | 85162 | 629.49 869 1489 555.58 | 961.79 | 1354.59 | 322.40 | 661.88 | 739.67 | 935.00 | 662.87 | 544.00 | 848.18 | 459.16 | 566.72
W12 771.62 | 741.63 | 828.00 | 607.29 7.98 1292 549.60 | 971.52 | 1394.76 | 283.37 | 61855 | 704.23 | 730.74 | 62140 | 532.13 | 82242 [ 429.35 | 55860
WT3 851.80 | 75490 | 750.29 | 572.74 739 1473 541.57 | 949.30 | 143822 | 313.94 | 595.61 | 669.28 | 298.83 | 162.09 | 479.58 | 735.79 [ 418.28 | 580.97
W14 795.28 | 571.00 | 785.75 | 449.04 590 1214 502.18 | 983.49 | 145240 30487 | 563.03 | 674.62 | 907.67 | 53048 | 48191 [ 732.49 | 427.63 [ 581.07
WT5 669.41 | 643.25 | 77177 | 53147 336 1478 535.28 | 904.09 | 969.19 | 300.94 | 552.83 | 629.63 | 715.10 | 535.10 | 426.86 | 240.05 | 365.00 | 547.48
WT6 717.36 | 662.93 | 585.88 | 53147 218 1570 51041 | 95044 | 141297 296.73 | 486.19 | 59845 | 717.19 | 530.22 | 42731 | 746.87 | 378.23 [ 580.44
W17 507.55 | 48179 | 54550 | 3327 118 1679 44789 | 846.13 | 141297 | 243.13 | 415.22 | 478.78 | 666.11 | 437.75 | 364.98 | 672.80 | 32124 | 504.19
w18 610.10 | 645.57 | 68430 | 8238 6.91 2172 42545 | 749.96 | 120454 | 296.25 | 448.90 | 493.08 | 639.84 | 45197 | 39240 | 668.03 [ 352.32 | 553.85
SUM: 582443526880 [ 5843.12[ 344314 3760 123.68 0.00 | 4067.96 | 7326.73 [10639.62| 2361.74 | 4352.22 | 4987.75 | 5610.47 | 3831.88 | 3649.18 | 5466.65 | 315121 [ 448331
MATHE: | 5177.17 | 4107.89 | 6150.31 | 5727.14 | 5462.76 | 4793.59 | 5219.65 | 5617.26 | 5093.29 | 5650.91 | 3721.95 | 411329 | 4391.00 | 4487.82 | 3923.01 | 7046.04 | 10087.60| 2302.44 | 4213.06 | 4812.62 | 5418.62 | 381141 | 3518.41 | 5282.30 | 3050.68 | 4335.75
Aadopa 3.56% | 3.33% | 3.28% 3.56% | 3.83% | 5.19% | 251% | 3.20% | 3.51% | 3.42% | 3.06% | 3.58% | 3.37% | 3.19% | 3.29%
1
. ‘uata data povo d At apsx:o
Ixoha | nodata|no data | no data [ no data | no data | no data | no data povo yia povo i [ no data
01/02 Yl 01/03 01/04 data yia
Tg2 AN
park 1 [status code] A/T1 status code A/T2 status code A/T3 status code A/T4 status code A/T5
= = = = = = 162 CPS DitPRefM: -05.5,Cnt: 30 = -
223 Stop
220 New SERVICE state: 0, 0
929 AGO timeout state: 2 121
222 Emergency
lav-14 220 New SERVICE state: _,
224 Pause
817 Q8 Close not possible
224 Pause
126 Extr. high volt. L2: 655 V
162 CPS DItPRefM: -044Cnt: 6
844 EarOii press low 59mbar/50| 162 CPS DitPRefM: -05.5,Cnt: & 79 Max. Yaw error: 17.3% 182 Feedback = 1,:Yaw CCWO 187 Q8 open, US12 2 UL1Z 1033
895 GearQil pressure not stable 223 Stop 224 Pause 224 Pause
222 Emergency 912 JAccu € failed in test: 157bar]| 187 R8 open, US12 1521 UL12 1054
220 New SERVICE state: 0, 0 222 Emergency 233 Stop |
Dep-1a 188 Pause pressed on keyboard] 223 Stop 187 08 open, US12 -143 UL12 1368
224 Pause 188 Pause pressed on keyboard 187 P8 open, US12 1742 UL12 1407
220 New SERVICE state:0, 0 222 Emergency ]
937 pw fiow to tank biockA: 20bar 937 pw flow to tank blockA: 18bar
100 Too many auto-restarts: 5|
910 |Accu A failed in test: 151bar
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2 Park 1 - Windsim parameters
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The nesting technique was used for the calculations. A computational

SUMMARY domain with dimensions 30kmX30km used as the former 3D model and

1. Park1-Site a 10kmX10km refine model used for the simulations. ASTER Global
description Digital Elevation Model (GDEM) v.2. dtm with 23m resolution used for

2. Park1- the calculations on former model and Digital terrain model from Hellenic
Measured AEP

Cadastre with 5m resolution used for the calculations on the refine
3. Park1l-Windsim model. Corine Land Cover 2000 of European Environment Agency (EEA)

parameters data is been used for roughness.
4. Park 1-AEP
Results

5. Park?2 - Site
description

6. Park2-
Measured AEP

7. Park 2 —Windsim
parameters

8. Park 2-AEP
Results
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Park 1 - Windsim parameters

WIND FIELDS MODULE PROPERTIES

SUMMARY SECTORS - 16
DO NESTING: TRUE (From Windsim model)
1. Park1-Site SOLVER GCV
description NUMBER OF ITERATIONS 500-2800
CONVERGENCE WIZARD False
CORIOLIS False
2. Parkl TURBULENCE MODEL Standard k-€
Measured AEP

ENERGY MODULE PROPERTIES

3. Park1-Windsim

parameters

4. Park 1-AEP

AIR DENSITY No correction (1.09 kg/m3)
ENERGY INTERPOLATION True
ENERGY WAKE MODEL Wake model 1
MULTIPLE WAKES MODEL Based on sum of squares
WAKE ROTOR DIAMETER 1-50

Results

5. Park 2 - Site

description

6. Park2-
Measured AEP

7. Park 2 —Windsim

parameters

8. Park 2-AEP
Results
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SUMMARY

1. Park1l-Site
description

2. Park1-
Measured AEP

3. Park1-—Windsim
parameters

4. Park 1-AEP
Results

5. Park 2 - Site
description

6. Park2-
Measured AEP

7. Park 2 —Windsim
parameters

8. Park 2-AEP
Results

# Hub height AEP without wakes (MWh/y) AEP including wakes
W/T (m) (MWh/y)

1 80 9155 9055

2 80 9002 8923

3 80 8826 8350

4 80 8949 8865

5 80 8644 8300

6 80 8776 8620

7 80 7892 7816

8 80 7523 7519

TOTAL : 68767 67448
AEP 24 MW wind farm 1
Annual Energy Production without losses 68.77 GWh/y
Annual Energy Production including wake losses 67.45 GWh/y
- - - =
Ann_ual_ _Energy Production including wake losses and 12.4% 59.09 GWh/y
availability losses
- - - = —

Annual Energy Production including wake losses, 12.4% availability 59.09 GWh/y
losses, long term corrected
Capacity factor 28,1%
Equivalent operating hours 2452

Sector management for WT 2,5 and 7 was taken in account
with no remarkable decrease in AEP. Tables with availability,
production and malfunctions per WT per month were
provided by the customer and processed by 2EN.
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# W/T | Windsim calculated | Calculated AEP including Measured AEP % Difference
AEP includin wake losses, 12.4% MWh
SU M MARY wakes (MWh/s\’() availability Ios’,ses, long ( )
term corrected
1. Park1-Site 1 9055 7932 8612
description 2 8923 7816 8217
3 8350 7315 7183
2. Parkl- 4 8865 7765 8162
Measured AEP 5 8300 7271 6722
6 8620 7551 7645
3. Park1-Windsim 7 7816 6847 6811
parameters 8 7519 6587 6677
67448 59090 60029 -1.56
4. Park 1-AEP
9000

Results

5. Park 2 - Site 8500 ~
description \\
P 8000 A
6. Park2- .\l\ A
Measured AEP 7500 —&— Real AEP
, \ == Calculated AEP

7. Park 2 —Windsim 7000
parameters
6500
8. Park 2-AEP
Results 6000 . . . . . . . :

WT1 WT2 WT3 WT4 WT5 WT6 WT7 WT8
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SUMMARY

1. Park1l-Site
description

2. Park1-
Measured AEP

3. Park1-—Windsim
parameters

4. Park 1-AEP
Results

5. Park 2 - Site
description

6. Park2-
Measured AEP

7. Park 2 —Windsim
parameters

8. Park 2-AEP
Results

Park’s 2 site is a 2.2 Km long, ridge line, situated in Central Greece.
Topography is complex. Site altitude varies from 920 up to 1140
meters above sea level

South part of the Wind farm View of WT’s 4-10
(WT'’s 3-10).View from WT-2

. _________________________________________________________________________|
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SUMMARY

1. Park1l-Site
description

2. Park1-
Measured AEP

3. Park1-—Windsim
parameters

4. Park 1-AEP
Results

5. Park 2 - Site
description

6. Park2-
Measured AEP

7. Park 2 —Windsim
parameters

8. Park 2-AEP
Results

used for the Energy Yield assessement.

Almost 5 years of data from the two mast’s inside the wind farm (37m & 61m)

3

JVAST 36 1m

‘MAST 4- 45m
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Park 2 — Site Description

SUMMARY

1. Park1-Site
description

2. Park1-
Measured AEP

3. Park1-—Windsim
parameters

4. Park 1-AEP
Results

5. Park?2-Site
description

6. Park2-
Measured AEP

7. Park 2 —Windsim
parameters

8. Park 2-AEP
Results

10 wind turbines VESTAS V90 3000KW (down rated at 2400KW)with
80 meters hub height were installed at the site of PARK-2.

)

JWT 1
WT 2.
W a3F. EMAST.2-'61m

JWiTga s
o )

el
WTOWIT 5
VWITET.
= Wi 8
<) )
GVAST 1:37m §
',g\sva 9
|

3 wasilo

JVAST 376 1m

‘MAST 4-45m
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SUMMARY

1.

Park 1 - Site
description

Park 1 —
Measured AEP

Park 1 — Windsim
parameters

Park 1- AEP
Results

Park 2 - Site
description

Park 2 —
Measured AEP

Park 2 — Windsim
parameters

Park 2 - AEP
Results

www.2en.com

Park 2 — Site Description

4 €EMAST 2-61m
L '

v 3

= )(_)/‘:\
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SUMMARY

1. Park1l-Site
description

2. Park1-
Measured AEP

3. Park1-—Windsim
parameters

4. Park 1-AEP
Results

5. Park 2 - Site
description

6. Park2-
Measured AEP

7. Park 2 —Windsim
parameters

8. Park 2-AEP
Results

Park 2 was in operation since August 2011.

Data from February 2013-January 2014 were detailed enough to be
used for comparison.

Tables with availability, production and malfunctions per WT per
month were provided by the customer and processed by 2EN.

. _________________________________________________________________________|
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2 Park 2 — Windsim Parameters
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SUMMARY

1. Park1-Site
description

2. Park1-
Measured AEP

3. Park1-—Windsim
parameters

4. Park 1-AEP
Results

5. Park?2-Site
description

6. Park2-
Measured AEP

7. Park 2 —Windsim
parameters

8. Park 2-AEP
Results

used for roughness.

The nesting technigue was used for the calculations. A computational
domain with dimensions 30kmX30km used as the former 3D model and a
10kmX10km refine model used for the simulations. ASTER Global Digital
Elevation Model (GDEM) v.2. dtm with 23m resolution used for the
calculations on former model and Digital terrain model from Hellenic
Cadastre with 5m resolution used for the calculations on the refine model.
Corine Land Cover 2000 of European Environment Agency (EEA) data is been

WIND FIELDS MODULE PROPERTIES

SECTORS : 16
DO NESTING: TRUE (From Windsim model)
SOLVER GCV
NUMBER OF ITERATIONS 250-600
CONVERGENCE WIZARD False
CORIOLIS False

TURBULENCE MODEL

Standard k-¢

ENERGY MODULE PROPERTIES

AIR DENSITY

No correction (1.09 kg/m3)

ENERGY INTERPOLATION

True

ENERGY WAKE MODEL

Wake model 1

MULTIPLE WAKES MODEL

Based on sum of squares

WAKE ROTOR DIAMETER

1-50
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SU M MARY H Hub height AEP without wakes AEP including wakes
W/T (m) (MWh/y) (MWh/y)
1. Park1-Site 1 80 4126 4118
description 2 80 4457 4414
3 80 4308 4156
2. Park1- 4 80 4813 4734
5 80 4767 4724
Measured AEP 5 %0 1796 750
3.  Park1-Windsim I 80 157 4705
arameters 8 80 5468 5316
P 9 80 5307 5245
4. Park 1 - AEP 10 80 4737 4691
Results TOTAL : 47.544 46.852
5. Park2-Site
description AEP 24 MW wind farm 2
Annual Energy Production without losses 47,5 GWh/y
6. Park2- Annual Energy Production including wake losses 46,9 GWh/y
Measured AEP Annual Energy Production including wake losses and 11.0% 41,7 GWh/y
availability losses
7.  Park 2 — Windsim Ann_ual_ _Energy Production including wake losses, 11.0% 41,7 GWh/y
availability losses, long term corrected
parameters Capacity factor 19,8%
8. Park 2 - AEP Equivalent operating hours 1737
Results

. _________________________________________________________________________|
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#W/T Windsim Calculated AEP including Measured AEP %
Iculated AEP wake losses, 12.4% (MWh/y) .
SUMMARY i:z.zziigewakes avallabllity losses, long Difference
(MWh/y) term corrected

1. Park1-Site 1 4118

description 5 4414
2. Park1l- 3 e

Measured AEP & arsé

5 4724

3. Park1-—Windsim 6 4750

parameters 7 4705
4. Park 1-AEP 8 zilé

Results )

10 4691

5. Park2-Site 46.852 41.698 41.151 -1.3

description
6. Park2-

Measured AEP
7. Park 2 —Windsim SO FAR, SO GOOD BUT...........

parameters
8. Park 2-AEP

Results

. _________________________________________________________________________|
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SUMMARY If we compare AEP per wt.......
1. Park1-Site
description
#W/T Windsim Calculated AEP including Measured AEP %
2. Park1- calculated AEP wake losses, 11% (MWh/y) Difference
Measured AEP including wakes availability losses, long ifre C
(MWh/y) term corrected
3. Park1—-Windsim 1 4118 3665 3556
parameters 2 4414 3928 4215
3 4156 3699 3889
4. Park 1-AEP 4 4734 4213 4572
Results 5 4724 4204 3981
6 4750 4228 4196
5. Park2 - Site ’ 4705 4187 4735
. 8 5316 4731 2882
description 5 i Tocs o3
6. Park?2-— 10 4691 4175 4531
Measured AEP 46.852 41.698 41.151 -1.3

7. Park 2 —Windsim
parameters

8. Park 2-AEP
Results

. _________________________________________________________________________|
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2 Park 2 —AEP Results
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W1t 8 produces almost half of the predicted energy.

SUMMARY
1. Park1-Site 5000
description

2. Park1-

A /\ /\M
Measured AEP 4500 \
3. Park1-Windsim /\
parameters 4000
N

4. Park 1-AEP
Results

3500 == Real AEP
5. Park 2 - Site == Calculated AEP
description

6. Park2- o QD)

Measured AEP

7. Park 2 —Windsim 2500
parameters

8. Park 2-AEP 2000 . . . . . . . . . .
Results WwT1 WT2 WT3 WT4 WT5 WT6 WT7 WT8 WT9  WT10

. _________________________________________________________________________|
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SUMMARY

_ 1. Position of WT 8 was good. Met mast 2 was at the place of wt 8
1. Park1-Site

description with average wind speed at 37m for 3 years 6.2m/s .
2. Park1l- . - .
Measured AEP 2. We expected from our experience after visiting the site that Wt 8

3. Park 1— Windsim should be one of the best Wt’s.

parameters
. o

4 Park 1- AEP 3. Auvailability of Wt 8 was almost 92%.
Results

5 Park 2 - Site So what was the problem?
description

6. Park2-
Measured AEP

7. Park 2 —Windsim
parameters

8. Park 2-AEP
Results
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SUMMARY We asked from the customer a possible sector management
1. Park1-Site policy for the site and...
description
2. Parkl-
Measured AEP
3. Park1-—Windsim
parameters E1 330702 | 4256107 0 55 | 10
4. Park 1-AEP E2 330222 | 4255926 350 50 10 |
Results E3 330154 | 4255618 185 240 32 |
& park 2 - Site E4 330042 | 4255474 5 80 12
' description ES 329872 | 4255393 185 240 12
P E6 | 329760 | 4255236 | 4 75 12
6. Park2- E7 329589 | 4255138 189 230 12
Measured AEP — 1D &2 42
2 Park 2 — Windsim E8 | 320461 | 4254978 260 300 10
8. Park 2-AEP . .
Results So let’s take a look at the site again...
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SUMMARY

1. Park1-Site
description

Park 1 —
Measured AEP

Park 1 — Windsim
parameters

Park 1 - AEP
Results

Park 2 - Site
description

Park 2 —
Measured AEP

Park 2 — Windsim
parameters

Park 2 - AEP
Results
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Park 2 —AEP Results

SUMMARY

1. Park1l-Site
description

2. Park1-
Measured AEP

3. Park1-—Windsim
parameters

4. Park 1-AEP
Results

5. Park 2 - Site
description

6. Park2-
Measured AEP

7. Park 2 —Windsim
parameters

8. Park 2-AEP
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So the production of WT 8 is so low because there is a sector
management policy at the main Energy direction......

But why????
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TRHANK YOU
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