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l. PV — Fields of Application & Examples
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Intelligent Energy Solutions

: - ons from Exambples
Intelligent PV solutions A D (0 DT p

» Renewable Energy » Supermarket with PV
Intelligent Solutions ™ B
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» School with Internet
» Offgrid/Microgrid solution » Energy Mix —Villages
» PV as energy source with >500 people

References
» Get FiT Uganda =
» Solar farms .

» Solar
thermal+PV/household
Photovoltaics & Biomass/
Industry

» Austrian module producer =~ =FTrme o=t Agriculture
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Renewable Energy — Fast Solution

FAST SOLUTION

Off grid with PV or Wind mill
Hot water by solar thermal

General solution

Dezentralized systems with
combinations of all
Renewable Energy forms
like PV, wind, water,
biomass, bio gas and other
storage systems

— =
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SUPER MARKET WITH PV

Supermarket with Photovoltaics
for LED illumination, cooling

and communciation (off grid)

School with Internet Connection

For higher qualification

By off grid PV solution

with Satellite communation
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Example Il — Energy Mixture

Villages with > 500 people Solar thermal

Heat/cooling

Photovoltaic
Electrical

Solar thermal and PV for households
Photovoltaics & Biomass for industry

Biomass
Biomass for the night phase Heat/electrical
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Offgrid / Microgrid Solution

.
Example

Figures

» 4500 inhabitants
» Power consumption: 14 GWhlyr

» Peak power 2.3 MW New power generation system

Prior power solution
» 4.6 MW DG
» 800 KW windturbine

-

» 1.0 MW PV power plant

» 5.4 MW windturbines

» 1,2 MW NaS battery @ 8.5 MWh capacity
» 1.5 MW Li-lon battery @1.5 MWh capacity
2
>

Intelligent inverter and control units
DG standby

Renewable coverage 65%
30 % excess of energy for desalination
+ CO2-certificates
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References: Solar Farms

Bithuja — India: Solar Farm 5 MWp /2011

Ronchi & Tamagnina — Italy: Solar Farm1 + 0.7 MWp /
2010

Stizkov — Czech Republic: Solar Farm 8 MWp / 2009
La Roda — Spain: Solar Farm 8 MWp / 2008

Stuttgart — Germany: Rooftop 1 MWp / 2007
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References - Agriculture

.
Agriculture Greenhouse Seba,

PV Greenhouse Austria Mureck Austria

Integrated Photovoltaic system

R .

LT il .
m ,lllmmmf =11l = Plant design
TR LR |

* PV module design aligned to
greenhouse structure

= Site and construction
management

» Equipment supplier management
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Austrian module producer

Technology Fully Automated

Intef g e ns=

e $STR GI>

bich =_TE sapa:

o 150 9001 -

o 1SO 14001 e

o BS OHSAS ZERTIFIKAT . .
KIOTO SOLAR haS a fUIIy o Exten:eg ;I1F|)L‘V load test | j::‘_ :; : HBlggeSt P\i/-l ri(olg?rr()plsagtl_l'zR
automated production line, i A Sl o\ o ungar()j/ vlwt 185 MW

certified after high quality EU sl ol = modules (18, P)
o ong time stability test o— ) N
standards P //\
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ll. PV —Advantages and Options

PV Solutions from
1 MWp to 200 MWp

» Advantage of the technology for
every country

» Photovoltaics as Energy source

» Requirements for a PV project . lly

» Grid- Options through Battery
Power Plant

New solutions are enabled by Battery Power Plants with
customized Energy Management System Software
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Advantage of the technology for every country

Solar thermal

Produce

PV modules and panels + cells

and Solar themal products

in every country

| 4
-

%

to secure the energy

for the future!

“Electricity decisions are political. They may be motivated by a push
for climate/environmental gains, but they could also be driven by

demands for social development, to create jobs, reduce costs, or to

develop a manufacturing base”.
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Technical Features & Advantages

Photovoltaics as Energy Source

» Wind and Photovoltaic energy will have the Photovoltaics can be installed easily
biggest growing rate in the next century | '

» Photovoltaic is the only technology without any
maintenance in a life span of 25 year

» Photovoltaics has grid parity in a lot of countries

» No carbon emmission anymore !

» Photovoltaics combined with solar thermal for
heating and/or cooling are the best solution for

greater buildings - 10 year life time
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Project Requirements

v' Area — Land available v Goverment documents for build a powerplant
v' Geometrical documents of the ground v Transformer needed

v Grid connection available v’ Power pricing

v" Signed documents for grid connection

v' Planning powerplant
v" Financing model

Photovoltaic & Energy Storage Technology



AMPLE — GET FIT Ugan

solargis

http://solargis.info

E.C.EX.A.
cencepts

Average annual sum, period 1994-2010 0 50 km

<1200 1400 1600 1800 2000 2200 2400 KWh/m* SolarGIS © 2013 GeoModel Solar
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Example — GET FIT Uganda — PV

Projects
PV- PROJECT EVALUATION

Annual Report 2015

Capaciey aw) production (GWH)
200 6
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< UGANDA
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Example — GET FIT Uganda — PV

Projects
Assumptions / defined by AreaPV— PROJ ECT EVAL UATION

Standard Tarif
FIT

Spec. Energy
Size

System price

Bank finance
Interest

Period

0,04 €/kWh
0,103 €/kWh

-2 % p.a.

15 years

1.500 kWh/kwp
10 MWp
1,11 €/Wp

80 %
5%

15 years

solargis

http://solargis.info

G feaid iy il
6 t \& = B
‘ (‘gawizibwera.Mba_fa'a/ Ny L{
V. A 2
A o A
R R
3\ . i
Average annual sum, period 1994-2010 0 50 km
<1200 1400 1600 1800 2000 2200 2400 kWhim? SolarGIS © 2013 GeoModel Solar
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Example — GET FIT Uganda — PV Projects
PV- PROJECT EVALUATION

Field of observation: PV only Depreciation Period y [a]

e Loan amortization & cumulated CF1

9.000 +

8.288
8.000

7.000

6.000

5.000

4.000

3.000

2.000

1.000

Years

20

Investment Costs [€] 100.000
Specific Investment [EUR/kWp] 1.110
Equity Financing [%] 20,00%
Equity Amount [€] 220.000
Loan Financing % [%] 80,00%
Loan Amount € [€] 880.000
Loan Interest rate [%/a] 5,00%
Loan Duration [a] 15
Grace Period [a] 0

EBITDA

- Interest

- Tax

- Loan amortization

= CF1

Year 20 — cumulated CF1 =5,06 m€
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Example — GET FIT Uganda — PV Projects
PV- PROJECT EVALUATION

Field of observation: PV only

Te Results
Calculation Period: avg. Value
l [ total avg. p.a.
——Revenue 25 years pa/ kWp
~———EBITDA
: — Income € 24.292.165 1.214.608 121
| —EeBT | Average EBITDA € 20.245.187 1.012.259 101
Average EBIT € 9.145.187 457.259 46
Average EBT € 5.593.187 279.659 28
Average EAT € 3.925.923 196.296 20
Average Net CF € 6.145.923 307.296 31
IRR Equity 25 a 10,13%
IRR Equity 20 a 9,32%
IRR Equity 15 a 5,00%

Years

Year 15 — End of loan amortization / End of FIT
Year 20 — End of depreciation



Renewables / grid integration Load / grid service tossilsizoweniZlant

= decentralized, flexible grid design
= Energy and grid services

Multiple business cases

|

| i\\ “;‘v' ‘L\ Lm

Battery Power Plant
Black Start Capability

. PART Il — Energy Storage Technology
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PART Il - ENERGY STORAGE SYSTEME

Overview

Energy Storage Systems

» Demand for Energy Storage
Solutions

» Storage — An Application for
Integrated Solutions

» Storage — Basic Application

Plug & Play Storage Systems

» Design - Services for Integration

» Y.Cube — P&P Energy and Optimization

Storage Solution » Battery power plant — Basic Figures

e > » Grid — Options through battery
@.E.X.A. power plant

Photovoltaic & Energy Storage Technology 22



Energy Storage Systems

Demand for Enerqy Storage Solutions

» Increasing energy demand worldwide ok
" » Increasing renewable energy share ENERGY DEMAND
o
% § » Aging of conventional power plants ﬁﬁ ’i\
S » Unstable grids due to renewables o *1%%\0““2050
» Inefficient use of renewables o
» Multiples functionalities and services in parallel
%" » Maximize lifetime of batteries Ha“i'&""are
§ » Optimization and automation | Software
4

Enabling hybrid systems
Keyfactors are Energy and Plant Management Systems for grid integration
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Energy Storage Systems
Storage - Application for Integrated Solutions

e
System Services Renewable Services

Short circuit power
Micro grid capability

Battery Parks Grid stabilization — Island Systems

Black start capability —

» Fr ncy control :
equency » Peak shaving
» Secondary control ) :
» Renewable integration
» Voltage control L ;
- » Optimization of internal
» Black start capability consumotion
» Reactive power support mp
> » Ramping
4

» Increased grid stability Off grid solution » Reduce energy cost

» Avoid grid expansion costs » Reduce dependency on diesel
» Increase renewable share Optimized integration » Reduce energy price volatility
» Optimize portfolios of renewables » Increase renewable share

» Reduce carbon footprint » Improve power quality



Energy Storage Systems

E.C.EX.A.

Storage — Basic Application cenceps

Selection of various options

vV Vv Vv Vv

Brid | Brivate ¥id | Private &d | Brvate
[ & [ &
Al R AN =] Al 1
k|| A '
Storage as grid component b Storage with PV system » Storage with PV system and UPS
Stabilize load profile b Stabilize load profile > Stabilize load profile
Peak shaving »  Peak shaving > Peak shaving
Limit power consumtion from grid b Limit power consumtion from grid >  Limit power consumtion from grid
* System service — energy reserve »  Limit feed-in power > Limit feed-in power
* Local storage >  Optimize self consumption > Optimize self consumption
»  Online UPS
=/ =/ A =] ~( o
2 = [B] [&] g v A = {1 A B &
Bidirec- bidirec- Electric Solar ADS-TEC PV Load Grid / Combined Fuel Wind Charging Switch Uninterruptible
tional tional car inverter battery module profile / supplier heat and cell power column power supply
counter AC/DC consumption power unit
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Design - Services for Integration and Optimization

Battery
Engineering
Management Software

Battery System

Renewable Energy
Providers

Conventional
Power Plants

Optimization

Grid
System Integration

Loads

Inverter

Project steps

Energy system » Development Masterdesign * Financing Investors « EPC Partners » Service Partners

Project Lead

* Financial » Approvaldesign  * Public Funds + Battery system + System management
. System design structuring * Detail engineering * Wind, PV, DG,.. + System monitoring
and simulation + Local developer  + Tendering » Software
« Site supervision + Local for civil
+ Local engineering and utiliies.
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Energy Storage Systems

Battery Power Plant — Basic Figures

.
Field of observation: Storage only
Basic Figures Scope of performance
» Price* 780 TE/MWh » Transformer, cabeling and connection to
» Avg. energy cost 6-7 ct/kWh high tension line
» useful life 20 years » Foundation, construction work

» Overall design and integration

*) without infrastructure

Photovoltaic & Energy Storage Technology 27



Energy Storage Systems

Grid — Options through Battery Power Plants

| Renewables / grid integration Load / grid service Fossile Power Plant

T l]” A
‘ h
« decentralized, flexible grid design

Energy and grid services
Multiple business cases

E.C.EX.A.
cencepts

Battery Power Plant
Black Start Capability

New solutions are enabled by Battery Power Plants with
customized Energy Management System Software

Photovoltaic & Energy Storage Technology 28




Energy Storage Systems

Plug & Play Energy Storage Solutions

E.C.EX.A.
cencepts

Y.Cube - Plug & Play Energy Storage

Technical Features

Full Load Part Load Part Load
100 % 50% 25 %
Type Capacity Duration Power Duration Power  Duration Power
kWh h kw h kw h kw
250-222 222 0.8 250 1,6 125 32 63
250-555 555 2,0 250 3,9 125 7.9 63
250-887 887 3,2 250 6,2 125 12,6 63
500-555 555 1,0 500 2,0 250 3,9 125
500-887 887 1,6 500 3,2 250 6,3 125
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M'A’*{S/% PART Ill - About ECEXA

We think ENERGY differently! E.C.EX.A.
cencepts

We are partner for all issues of energy

» Our goals:
To provide advise starting from first analysis to the _— .
e Enation CONSULTANCY
R A W S el

» Systemic part:
To help you to save energy that is needed elsewhere

» To use energy to maximise its impact oog < , V/{ﬂ/
: &7
» Key elements: efficiency, effectivitiy and quality —— a2

» Our focus is to transfer high quality environmental

MEASUREMENT SERVICE technology to development and transition countries ] SUBSIDIES & F lNAN(’jl'NG
AWNNAY 181 ~ QW

Your benefit: A comprehensive solution carried out by one partner
30




MADE IN AUSTRIA

» ECEXA is an Austrian
Environmental Cluster with
office in Baden/Vienna.

» Our highly qualified core team
and an international team of

leading  experts consults
investors and project owners
with comprehensive

corporate strategies

» We act as bridge builder
between national
governments, provinces,
communities and companies
of energy and environmental
industries

About ECEXA

We are partner for aII issues
of Renewable energy supply,
Remediation, Improving
Sanitation, Water &
Wastewater technology, and

Resources.

E.C.EX.A.
cencepts

» Our expertise lies in the

experience as a problem solver.

We help communities and
businesses to do everything
themselves. Finance, build and
operate equipment, commission
and operate, and training of
waste and environmental
professionals.

We contribute to create as
sustainable economy, society,
and environment.

Together we create a ,win-win” situation for both operators and environment



(.C.E.X.A.

Our partners provide the optimal
sustainable energy solution
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Photovoltaic & Energy Storage Technology

Offgrid/Microgrid PV & Storage Wind-Water-Biomass-Biogas Battery Power Plant
Y.Cube - Plug and Play Energy Storage

E.C.E.X.A. Environmental Concepts Exchange Associaton e.V., ZVR 810905603
@‘E'X‘A‘ A-2500 Baden, Erzherzogin Isabellestrale 112 — Austria

ENVIRONMENTAL CONCEPTS EXCHANGE ASSOCIATION 3 3

office@ecexa.at Www.ecexa.at Tel. ++43(0)664 1420306
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