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Metirvest je kompanda ko preke dva decenie USpeSno Sprovod razve] | implementaciu
projexata u indenjerskom seidtory ukljubugudi korsalting | projekirs menadiment. Kompanijs
& sastoji od bma inderjers razhith struka - elektiotehritke, gradevirske, madinske |
arhitektonske, ukljubujudi | tm specijahzovarsh izvodata radova sposobnih da
implemertinaju predvidena resena

Svi zapaslers ixch i

KOMpANe pokvaL Bvim aspektima projektovanya | izgrade - od istradri sudia, idejnin
projeata, izrade projekine dokumentaciie do rvodenya rdova | izrade projekata vedenih
ragova. T indenjera svaki zadatak posmalra keo zahtev koji treta kreatvno, optimaing ¢
racionaing sprovest u delo.
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MERENJE POTENCIJALAVETRA @ netinvest

Metirvest rud kompletne sistemne m menerje polenciala vetra visina od 50 do 140m sa
keompletnoen uslugom precairania lokacie, mortaze | kontirualnog prbavijana podataka. U
procesu merenja vetra podelno je da visina menenja bude ista i biska visini budutih
wetrobunbna be se Uvek savetuje da se odabere 810 vidi stub za merenje kako bi i merni podac

Hetirvest nud sopstvena reberya visina do ak 140m | oviaséeni o zastupnik NRG Systems
Lid Netirvest nudi koempietan ssantiman NRG ofreme, & made ponudti | Opfemy drgh




z

VETROELEKTRANE @ netinvest
Razvoj i projekata vadng polje U cknru aktvmost
kompanye jer cbuhvats oqecl\eﬂu materiy legslatve, indenennga | neuke Netirvest

duje
v ol vetioenergetive
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Rederya koja MNetirvest rud mogu znatajro skmaifti vieme 2a mr.hw vetropara |
optmizovati resurse tako da projekat bude

posebno kisda je u planjy itbor opreme, prikdjulenje ra elekdoenengetsky rmctu | pianjo
Zasite prirode

VESIA5 Gomesa | lu.s‘n:m@
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v netinvest.rs

Netinvest £

Metivvest je projektant | izvodat pevin solarnin elekrana u Sl ko se pridjutufu na
elektrogisinbutvmu miedy

Fetinvest peeko tehry analiza pa
sva 00 faze Zakljulenia ugovora o oliup elektnitne enerpie, ukutujub Erady prokine

ENERGETENA
EFIKASNOST
DBJENTI
INSTALACIIE

FROJERT
MENADHMENT

MAPREDNE
TEHNOLOGUE
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ENERGETSKA EFIKASNOST @ netinvest

posiowmin
biansa objelata Csim utteda | g vomioa takode
Izradijema fehno-ekonomske anakze po ESCOmadei Osim swmsn upwmlmestcuu
ovakve enerpetakes optimzacie nude | triénd kvalfet koji investiory made garantovati
iZuzetnost ponude

lzrada energetskih pasoda

Metinvest jo jeisp teilo icencu resormog
da

by odnosna, ge
Finansiranje

Metinvest e registrovani konsutant kod Eviopske banke za rekonstrukciju | razve) (EBRD)
koja nudi refundianie trodkova priskom povedanja energetske efiasrosti, u okvin BAS
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OBJEKTIINSTALACWE ‘9 netinvest POTENCLIALA

Hoetirvesta o

o anje, 2gradnja

razktiti furkciia | namena. Videgodbnje iskush | posvetenost stvaranu deainin Lsiova
omicra uz mirsmalne trodkove dovedl sU do razvoga irokog spekdra usluga koje modemo da
porucdm | kope obutvataju sledede

- organizacia gradita

- izradna objekata | 2voderye madinskin | ekeidre instalacys
- igrada ugaverrih, okvifmih | mesednih planove ivodenss radova.
-kortrola viemena, trodkova | kvaliteta 2vodenja radova

MEREWJE
UPRAVLJANJE PROJEKTIMA ‘9 netinvest fII‘:CIJ.IU

Tounrr. podetrih faza iwvesticiia posebnu padniu cbratamo na ukupne fakione koji mogu
) Uspednu implementaciu. Strutnu ekspertizu | kvaltetan projeid | sk meradiment

¥ rgetive, uidjuby

LASNE
ELEXTRANE

ENERGETENA
EFIK T

NSTALACLE

Tm sinéngia razl-:M siia moe sagledab irvesticionu problematik | na vreme

predil | kedjerye Paseban fokus

akvini hom:al\ue |e na gradevinskom sekion | U olmvnurr izvonma energie kao |
specifirim probiemima

MAPREDNE
uE
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NAPREDNE IKT TEHNOLOGIJE ﬁ' netinvest

Cancvna dolatnes? oveg soktora Nefinvasta jo primana mafititih pametnih reana | sendsa
dostupnih na ir2iitu | nghove priagedenie lokalnim specifiénostima U nastojanju da se
promend svest | odnos prema dwolnoj sredinl | da se ujpdno pobolda kvalot
svakodnevnog Ziveln gradana all isto fako da se povecs efikaspost berbedrost |
odriivost

&

Posebna paznja posvecens je zrdi specifikacie Zahteva | maprang Zabteva u potrebne
turiksionalne cedina resenja koje so implomentira uz zradu studja opravdanosti Lvodenja
pamatnih senvisa.
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- Opti 3 irvesticionih reberja VETHOELERTRANE

Diligence studye
Trg Nikole Patita 1, Beograd
Projektna dokumantacija +351 11 3228501
+381 11 2588550

- Planovi detainih reguiscia soLARNE

- Urbanisbeid projeds ELEXTRANE

wvew.netinvest.rs

- Glavre projekd
- Projekt @vecenog starga

Studije i

« Shudip oF jala | proez,

- Studije salarneg potenci|ala | protzvodnost elekirans GRIERT|
- Prothodne sludije opravdanost -~ i INSTALACIIE
- Studije opeavdancst E

- Elaborati energetsh efikasnosti 5 1

lzvodenjei nabavika opreme

. .
FAOJERT
- Mortaga meteredlodich siubova | apreme ] = )
- Monta2a salarmih siekirana )
~Gradavinski | hokiro radovi
= Savetovanjei partnerska saradnja NAPREDNE
$ TEMNOLOUE

2/26/2015

CERTIFICATE CERTIFICATE

WETINVEST D.0/0. BEOGRAD

1SO 9001 I1SO 14001 OHSAS 18001 Excellent SME

(V) netinvest 8000

VETROENERGETIKA | CFD

PROJEKTOVANJE VETROPARKOVA | PRORACUN PROIZVODNJE ENERGIJE
KORISCENJEM NAPREDNIH CFD TEHNOLOGIJA

EP HZHB Mostar

CETVRTAK, 26. FEBRUAR 2015, 9:00h
windsim
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Eksploatacija vetra pocinje...

...podizanjem meteorolokog stuba.

nastavija se mernom kampanjom
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...i evoluira kroz studije vetra...
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Meseci

...umapu resursa vetta-vetropotencifala..

...putem koje se racuna godisnja proizvodnost (AEP)...
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...a zatim pristupa izradi i icic tehnicke
ENERGY PERMIT BENEFICIARY
PRODUCER
General design
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Main design
LOCACTION AND CONSTRUCTION

PERMITS

...koja dovodi do izgradnje!




WindSim

Designing Profitable Wind Farms

mr Aleksandar Simic¢

windsim
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WindSim AS: Software Suite

Software:

* Windsim

* Windsim Evaluation

* WindSim Express/WindSim Express Cloud

* Windsim Park Optimizer —

* WindSim Power Forecasting

Tools: .
* WindSim Terrain Editor

* WindSim Reanalysis Data Downloader

* WindSim RSCT (Remote Sensing Correction Tool)

* MCU (Multiple Core Utilization)

windsim

WindSim AS: Software Suite — Wind project time span
Pre-construction Construction Post-construction

Screening
€ Virtual Wind Data

Measurement Campaign Design
Wind Data Analysis (MCP)

Micro-siting
Site Suitability
Park Optimization
Bankable AEP assessment
Due diligence
Post Construction Assessment
Power Forecasting

WS Express/WS Express Cloud WS Power Forecasting
WS Reanalysis Data Downloader

WS Park Optimizer

Wik




White paper — Wind Power Project Underperformance of 9%
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Actual Energy versus P50 Estimates based on 60 projects with in total 317 wind farm
years for the period 2000 to 2010. The AEP underperformance is 9%

Source: DNV Doc. No.: IEWPO101, Version B, “Wind Power Project Underperformance”, 20 May 2011
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Designing profitable wind farms — The financiers perspectives

« Proper wind characterization is required for designing profitable wind farms

» How does accurate wind characterization increase the value of your wind project?

winds

Vocabulary: Engineer — Financier

* Which language do you speak?
* How large is the vocabulary overlap?

WFDT EBITDA
WRA Micro-siting

IEC

DSCR - Debt-Service Coverage Ratio

EBITDA - Earnings Before Interest, Taxes, Depreciation, and Amortization
FX - Foreign Exchange

WACC - Weighted Average Cost of Capital

windsi




Case: 120 MW wind farm

What are the investment, development and operational costs for a 120 MW Norwegian
wind farm?

Key assumptions:

Number of turbines 40
MW per turbine 3
Installed capacity (MW) 120
Price per MW (MEUR) 1,05
AEP base case:

P50- Energy production (MWh) 330000
P50- Energy production (hours) 2750
WACC (weighted average cost of capital) 6,00 %
Re-investment 6,00 %
Tax 28,00 %

Source: Cost model developed by Norwegian Wind Energy Association, NORWEA

winds
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Investment costs versus development costs — 120 MW wind farm

Investment costs (MEUR) 176
Development costs (MEUR) 2
Wind measurement costs (MEUR) 0,27

Turbines
m Foundation

Roads

0.144 %
Electrical infrastructure
0.023%
= Contigency, Management etc.
Permit to buildt
75%
® Wind measurements

Development costs
Wind simulations

Investment costs

Source: Cost model developed by Norwegian Wind Energy Association, NORWEA

winds

Investment costs versus operational costs — 120 MW wind farm

The average annual operational costs is 7,7 MEUR. During the lifetime of the wind farm
the operational costs are in the same order of magnitude as the investment costs.

Investment costs (MEUR) 176
Development costs (MEUR) 2
Operational costs (MEUR) (20 years) 153
Investment
51% Development

W Operational (20 years)

1%

Source: Cost model developed by Norwegian Wind Energy Association, NORWEA

windsi




Increased AEP and profit — 120 MW wind farm

* The accumulated profit for the “AEP base case” with 2750 full-load hours is 164 MEUR,
whereas for a case with a 10% increased AEP the accumulated profit is 184 MEUR

16.0
140 1 After 15 years the green certificates lapses
120
10.0

AEP base case

Profit (MEUR)

AEP base case + 10%

oN s o
5 oo oo

12345678 91011121314151617181920
Years

Source: Cost model developed by Norwegian Wind Energy Association, NORWEA
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Reduced maintenance costs

« The operational costs are of the same order of magnitude as the investment costs
« Approximately 50% of the costs is the turbine service agreement

» How much would a proper site suitability lower the operational costs?

* The extreme case!
Relocation of wind turbines placed in high shear and high turbulence regions

« The typical case?

Higher frequency of the repair/replacement of rotor blades and mechanical
components like the gear and yaw system

winds

Added resources for wind characterization pays off

Apparently limited resources are spend on wind characterization — Why?

» Wind characterization is performed at an early stage of the project
« Often with insufficient funding during the development stage

« Layout changes can be difficult at a later stage after completion of the permit process

« There is no incentives for improving the AEP
« Support regimes which doesn't favor increasing AEP

« Financiers handles a complex risk picture, and a proper wind characterization doesn’t get
the attention it deserves. The added value brought to the project is not well understood

windsi




Designing profitable wind farms — The engineers perspectives

* Why is accurate wind characterization important for the wind energy industry?
* The energy is proportional with the wind speed in third cube

* A 10% increase of the wind speed gives 30% more energy

5
3 H
E=%pU E
)
T
Energy content in wind field Power versus wind speed

windsim
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WindSim AS: Value proposition

Local wind fields calculated with CFD,
Computational Fluid Dynamics; Area:1 km?

windsim

Micro-siting today

« Simulations based on advanced numerical methods
« Tightly coupled with remote sensing - blending measured and simulated results
« sound physical models

 All flow parameters like speed, shear, inflow angle and turbulence will be determined over the swept
turbine area, as this is what affect

Al flow parameters are determined over the swept area

-

i windsin




Wind characterization — Measurement & Simulation

* Knowledge about the wind conditions can be obtained by measurements and simulations
* Measurements are divided in two groups; point measurements and remote sensing

« Simulations are undertaken by a range of methods with varying sophistication levels

!k

Cup Anemometer, point  LIDAR (Light Detection And  Computational Fluid Dynamics, CFD
sensor Ranging), remote sensing

wind.
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Micro-siting procedure — Where to position the turbines

Chmatiiogy

The micro-siting procedure consists of five steps; Terrain, Climatology, Simulation, Resources and AEP

- windsim

CFD: Solving the Navier-Stokes equations —a nonlinear problem

* The , named after Claude-Louis Navier (1785-1836) and George Gabriel
Stokes (1819-1903), describe the motion of fluids, that is substances which can flow

* These equations arise from applying to fluid motion, together with the
assumption that the fluid stress is the sum of a diffusing viscous term plus a pressure term

d{mv)

m Forces = Mass x Acceleration (Newton's second law)
I

. .
- The convective acceleration is

m— . It describes the effect of time independent
T~ acceleration of a fluid with respect to space.




CFD: We have the computing power

1m0 MeA 1S 1

Y

CFD development — A personal view

1980 - PHOENICS, first commercial available CFD software

1982 - Stanford, backward facing step, prediction of the size of the recirculation zone

1986 - CRAY XMP 28, 28 MB RAM, Cost 10 Million EURO (First super computer in Norway)
1988 - Troll platform with 100 000 cells, presented as a “monster” model at the CRAY UM
2003 - WindSim 100 000 cells on ordinary PC
2013 - WindSim 10 000 000 cells on ordinary PC

2/25/2015

CFD: Adding more physics

« Turbulence, adding new transport equations

Transport of the turbulent kinetic energy in an idealized 2D sinusoidal terrain, illustrating the
development of a turbulent boundary layer.

« Stratification, adding new transport equation, coupling with momentum and turbulence

Gravity waves over obstacle in a stable atmosphere, a clear wave structure is present, involving high
wind speeds in the lee side of the obstruction, length of computational domain is 15 km (Luke Norris
2011)

— windsim

Linear versus non-linear (CFD) methods

] ™ E 0 "
= E—

Upstream speed-up, (Speed hill Differences in simulated speed-up for different inclination angle

top/speed inlet). Average inclination (degrees)

angle (degrees) A) 5.7 B) 11.3 C) 21.8

Source: Ishihara T., Yamaguchi A. and Fujino Y. “A Nonlinear model for predictions of turbulent flow over steep terrain”, The World Wind Energy Conference
and Exhibition, Berlin, 2002




Validation — The Bolund experiment, 2010

* The Bolund experiment was a field campaign for validating numerical models of flow in complex
terrain and was the basis for a unique blind comparison of flow models. WindSim participated in the
Bolund experiment conducted as an anonymous blind test

* 50 results was handed in and grouped in 4 categories; Linearized, LES (Large Eddy Simulations) and 1
and 2 equations RANS (Reynolds Averaged Navier-Stokes)

E - Linearized 35%

E LES (CFD) 26%
RANS 1 eqn. (CFD) 25%
RANS 2 eqn. (CFD) 20%

Bolund Average wind speed errors based on all measurement

points, Windsim is a RANS 2 eqn. model

2/25/2015

Validation — The Bolund experiment, 2010

Top 10ListiD  Turb.model Error 5m (%]
100053 RANS k-epsiion 6
100037 RANS k-epsilon 4
1D0000 RANS k-epsilon 5
1D0036 RANS k-epsilon 5
1D0016 RANS k-epsilon 5
1D0015 RANS k-epsilon 5
1D0077 RANS k-epsilon 5
1D0010 RANS k-epsilon 7
1D000S RANS k-epsilon 5
1D0034 RANS 1 eqn. 7
1D0068 RANS k-epsilon 10
1D0006 RANS k-epsilon 6

Normalized wind speed at 5 meters height, measurements
are given by black boxes, solid pink line is the WindSim
results, while the other lines are results from other methods

Best results are obtained with RANS
k-epsilon models. The errors at 5 meters
height are in the order of 5-6% for the

best models

Source: Meissner C., Gravdahl AR, Weir D,, “CFD Validation ~ A Simple Approach”, European Wind Energy Conference, Brussels, 2011

— windsi

CFD: Validation — Added value in a simple terrain site

« Even in a simple site there is no direct coincidence between high wind speed areas and high
elevation areas. Simulations shows that areas west of the below wind farm display the highest wind
speeds. This area has terrain gradients perpendicular to the main wind directions, giving significant
speed-ups

Ve :

L]
Elevation Climatology Wind Resources AEP per turbine

* The wind resource map reveals a significant wind speed variability within the wind farm area

Source: Gravdahl AR, Rorgemoen 5, Thogersen M., “Power prediction and siting - When the terrain gets rough’, The World Wind Energy Conference and
Exhibition, Berlin, 2002

- Wik




CFD: Added value in a complex terrain site

* In a complex site with height variations in the order of 100 meters within the wind farm area
the wind speed variability can become very large

* The simulated AEP varies between 8468 and 4356 MWh/y

10000
8000
6

00
n: 4000
2000 I I I
4o 0
- 0 1 3 5 7 19

9 11 13 15 17
Elevation AEP per turbine based on simulations (MWh/y)

3
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Maximize production — Chosing position for a real case

Given a site with two measurement masts,
with a large difference in the mean wind
speed. The turbines will be placed in between
the measurement masts

The discrepancies could be due to several
sources:

« Cliff

* Forest

* Large scale, inlet condition

simulation ——>»measurement

windsim

Tuning — “Right for the wrong reasons”

* What do to when the simulations —> doesn’t fit the measurements ?

« Historically elevation, roughness, stratification and other variables have been tuned to compensate for
incomplete modeling 3
—

Simulations doesn’t fit measurements

Adjustments to fit measurements




Including thermal effects in CFD simulations

= : .
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left: Hundhammenjellet area, The met mastis  Simulations without consideration of thermeal effects (blue)
marked by a grey dot . Right: wind sectors and measurements (green) for sectors with neutral (left,
with neutral (n) and stable (s) stratification middle) and stable (right) stratification
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3D WindSim simulation of horizontal wind speed for
Simulations with (red) and without (blue) consideration neutral (left) and stable (right) conditions
of thermal effects and observations (green) for sectors
with stable stratification

windsim
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CFD: Stability modeling
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Stratified local wind field, neutral (left) and stable (right), presented with courtesy from. juwi

windsim

Wish for the future; Validated models — no more tuning

The “reality”
X Measurements
Poorly validated model

Poorly validated model tuned -
“Right for the wrong reasons”

———  Validated model - no tuning
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Exame: Chosing position for maximum production

Which turbine position 1, 2 or 3 will give the maximum AEP?

The well exposed position 1 at the hill top
is the best for most wind climates, but .

Terrain effects could impose a negative
shear at the hill top making position 3 the
best, but ..

Stratification could restrict the flow from
passing over the hill top, cold and heavy air
willinstead pass around, making position 2
the best

The obvious choice wasn't too obvious
afterall, but

2/25/2015

Park Optimizer

* Drawn wind farm area

+ Check IEC constraints

* Optimize layout according to:
* Annual Energy Production
* Net present value

wiad -

il

Short-term Power Production Forecast

Set-up Period Forecasting Mode B inosim softwarsota

inputdata

ANN Training ‘ ANN Climate Correction
: D > Tables

CFD Downscaling |
Wake Modeling )

Empirical Power Curve I
ANN Training

wind.
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Remote Sensing Correction Tool — Validation

*Mast—54m, 76 m, 100 m

* WindSim model — 10 m resolution, 9 nodes < 100 m
* Location — CRES Lavrion Test Facility, Greece

* LIDAR Hardware — Leosphere WINDCUBE™

f}' |
§

el L

Elevation Vertical Wind Speed

Source: Meissner C, Boguet M., “Correction

windsim
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3D visualisations

— windsim

3D visualisations

windsim
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Conclusion
« Accurate wind characterization by means of numerical modeling has been and is still a great
challenge

« Today advanced CFD based methods have increased the accuracy of the wind field simulation,
even at sites with complex terrain and complex climate conditions

* Proper wind characterization is required for designing profitable wind farms

2/25/2015
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Contact

WindSim AS ‘WindSim Americas WindSim China WindSim India

Fjordgaten 15
3125 Tonsberg, Norway
Tel: +47 33 38 18 00

470 Atlantic Avenue
Boston, MA 02210, USA
Tel: +1617 273 8481

No. 101 Shaoyang Beili Chaoyang
District

100029 Beijing, China

Tel: +86 186 1029 1570

Suite # 617

Regus Milenia Business Park

Phase 2, Level - 6, Campus 48,No - 1
43, DrM.G.R Road

Kandanchavady, Perungudi
Chennai 600 096, India
Tel: +91 98 4032 2786

Netinvest

Windsim Reseller Serbia
Terazije 12/V

11000 Beograd

a

Tel: +38111 36 29 103

www.windsim.com
info@windsim.com

windsim
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