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Green Economy Transition (GET) — @

Business model for geothermal scale-up European Bank

for Reconstruction and Development

Various financing approaches that suit small and large projects alike

Tailored financial instruments:

Direct financing for large projects

Syndicated loans and co-financing
Small scale projects via SEFFs (local banks)
Concessional finance from climate funds

PROJECTS AND
INVESTMENTS

Industry best practices:

TECHNICAL POLICY Renewable Energy Action Plan:
¢ Review of market potential

* Project development support ASSISTANCE DIALOGU E Roadmap to achieving the 2023
« Environmental assessment 1,000 MW GPP target

NATIONAL RENEWABLE
ENERGY ACTION PLAN

FOR TURKEY
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EBRD’s experience in the geothermal sector @

European Bank

for Reconstruction and Development

Tuzla GPP (2010)

*  Capacity: 7.5 MW .
* |nvestment size: $22m Q>
. Ormat ORC

Mutnovsky IPP (1997)
Capacity: 40 MW
EBRD has Investment size: $150m

ticinated i Feature: first IPP®) in the
priadld] el Kamchatka region

financing eight Dual flash technology
geothermal power

projects so far,
seven of which are
in Turkey
(479 MW)

Gumiiskoy GPP (2012) @ Kamchatka

e Capacity: 13.2 MW
. Investment size: $50m
e« TASORC

Pamukoren GPP (2012)
« Capacity: 45MW

« Investment size: $63m ™)
» Atlas Copco ORC

Babadere GPP (2014)
*  Capacity: 7 MW S = Kizildere Il GPP (2017)

+ Investmentsize: $33m e Al ./ “= - Capacity: 160 MW o

* Investment size: $800m
*  Triple flash + Ormat 2 binary

» Atlas Copco ORC

Germencik GPP (2015) - Alasehir || GPP (20@ Umurlu |l GPP (2016)
e  Capacity: 170 MW «  Capacity: 24 MW @ e Capacity: 12 MW
* Investment size: $800m e Investment size: $100m * Investment size: $53m ®
. Dual flash + Ormat 3 binary e  Ormat ORC . Exergy ORC
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(**) Resource development costs were financed separately
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Plate Tectonics: Turkey & Middle East @
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Eurasian Plate

African Plate
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Presentation Notes
USA: 3,442 MW installed capacity (largest in the world) – establish geothermal power
Asia/Pacific: Philippines & Indonesia have great reserves of geothermal resources (2nd & 3rd largest in world) <- Ring of Fire
Emerging geothermal areas: Latin America & East Africa
TURKEY – strong example for other emerging countries to follow (10th largest installed capacity in the World)
Robust regulatory framework
Vibrancy of private sector involvement in power
Reasonable FiTs (10.5 USD cents/kWh)
High success rate in production drilling, exposing developers to low resource risk

Top 10 countries – installed capacity (2014, ThinkGeoEnergy)
USA – 3,442
Philippines – 1,968
Indonesia – 1,339
Mexico – 1,005
New Zealand – 967
Italy – 941
Iceland – 665
Kenya – 607
Turkey – 410
Other – 1,142



Geothermal power in Turkey:
Historical Development

Geothermal Resources and Applications Map

Public-sector driven

1935:General Directorate of Mineral Research and
Exploration (MTA) was established

1962: MTA conducted the first geothermal exploration in
Balcova-izmir

1964 First geothermal heating system in Turkey was
established in Gonen, Balikesir

1974: A pilot 0.5 MWe GPP was constructed in Kizildere-
Denizli; expanded to 15 MWe and privatised in 2008

2005:Turkey enacted its Renewable Energy Law (No. 5346)
and introduced an incentive mechanism (amended in 2011)

2007 First private 8 MWe GPP became operational (Dora-1)
and Geothermal Energy Law enacted

2013: New Electricity Market Law (No. 6446) enacted,
limiting license trading and setting a deadline to project
development rights

Private-sector driven
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Presenter
Presentation Notes
1935: General Directorate of Mineral Research and Exploration (MTA) was established. 
1962:  MTA conducted the first geothermal exploration in Balçova-İzmir. 
1964: First geothermal heating system in Turkey was established in Gönen, Balıkesir.
1968: MTA found the Kızıldere-Denizli geothermal field (first deep well in Turkey).
1974: A pilot GPP with 0.5 MWe installed capacity was constructed in Kızıldere.
2005: Turkey enacted its first Renewable Energy Law (No. 5346) and introduced an incentive mechanism (amended in 2011).
2006: The first private GPP with 7.95 Mwe installed capacity became operational (Dora-1).
2006: Geothermal installed capacity in Turkey was at 23 MWe.
2010: MTA discovered 190 geothermal fields in Turkey  since 1962. 
2015: Geothermal installed capacity in Turkey was at 624 MWe.





PLUTO: Early Stage Private Sector @

Geothermal Development Framework European Bank

for Reconstruction and Development

Currently developing a framework to support private sector early stage
development.

«  Deploying $25 million of CTF concessional funds to partially mitigate
early stage risk and unlock commercial direct financing

«  Mobilising $100 million in EBRD financing and over $200 million in
private sector resources to finance site and plant development

Engaging global experts as to implement best industry practices at all

stages
TC Funds and technical support - EU IPA 2013 Jer
A B, s L
[ Surface = Test drilling, = Production and reinjection wells drilling s

8 modelling and assessment studies, = Power plant construction, testing and

£ site design site prepara’ugnI & commissioning

3 exploration drilling

[t

Geothermal resource development

8 g
e £ Sponsor Sponsor Sponsor + EBRD + Private sector
g 3 +
- PLUTO

7 september, 2017 For more information: http://www.ebrd.com/pages/project/psd/2014/46809.shtml 10
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Challenge in Turkey: @

Sustainable Reservoir Management European Bank

for Reconstruction and Development

Geothermal Resources and Applications Map

Development concentrated in Buyuk Menderes Graben (above)

Need for coordination among different plants drawing resources from the same reservoir

Over-exploitation of geothermal resources may result in depletion and other environmental
problems, and in a decline in power output (e.g. The Geysers in the US)

Full re-injection and resource monitoring are essential for sustainable reservoir management

Thus, conference sessions on: Sustainable resource management, Drilling & Exploration,
Pumps and Water Loop and Power Plant Technology
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NCG abatement strategies

0

European Bank

for Reconstruction and Development

Average NCG, kg/h

2. GO, coml
Rain to form Carbonic Acid

3. Carbonic Acid
reacts with Rocks

to form Animal Shells
6. When Animals die, their

=

| L

1. Release of CO,
into the Atmosphers
by Volcanism

Natural baseline: measure natural CO, background

emissions in 5 areas prior to GPP development

Degasification: regression analysis of data from existing

liquid-dominated resources suggests 40 to 70% decline
over plant lifetime

4. Economically-viable
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3. Industrial uses: reinjection options
Selection criteria
0 Long term Relative
- Application Economic contributio Final
technology Uptake
potential n to CO, Score
reduction
Renewable
Low Med Low Med
CO, to fuels [ Methanol
carriers Formic acid Low Med Low Med
Algae cultivation Low High Med Med
Urea production )
Enhanced i : Low High Low Med
. and yield boosting
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. Enhanced .
production Low Low High Med
geothermal systems
Enhanced | hanced oil L High Med High
recovery (EOR) ow '9 © 'g
hydrocarbon
roduction Enhanced coal bed L Med High Med
P methane (ECBM) ow © 'g ©
Greenhouses i i i
Co, for food High High Low High
. Beverage .
production i Low High Low Med
carbonation
co Concrete curing High Low Med Med
o2 . Carbonate
mineralisat. . L Unknown Low Med Low
mineralisation
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Reference: Hunt, T.M. (2001). Five lectures on environmental effects of geothermal utilization. United Nations University. Geothermal Training Programme 2000–Report 1.
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Geothermal power in Turkey @

European Bank

for Reconstruction and Development

Geothermal fields, power plants, districting heating systems,
Turkey and maxiumum observed temperature by province

Installed geothermal capacity:

c. 900 MW, in 30 units (Sept 2017)
or~20% of the 4.5 GW, estimated
potential

Western Turkey currently holds the
greatest potential for development
of geothermal resources (initially
developed by MT7A4), with Central and
Eastern Anatolia largely unexplored

Geothermial Power Plants
B Operating plant
@ Under construction

® Disirict Healing Systems
33 Maximum ohserved temperature in "C 0
Main geothermal regions.

Top 10 - Installed Geothermal Capacity (MWe) - Jan. 2018

us.
| Electricity Producti Philiopines
otal Electricity Production, 36OTWh'(1%) Indonesia
2017 - (share of geothermal) Mexico
MNew Zealand
Installed Capacity, Sept. 2017 Relo/oR )/ Haly
[ 665 ;

Iceland

Growth, 2010-2017 1,000% Turkey

Kenya 625
hare of Global Installed 79 Japan
a 0
Geothermal Capacity, 2017 other [IINEED
0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000
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Indicative cost pyramid for geothermal energy .

projects PLUTON

Fiel

$100k

Pre-production Risk mitigation through

drilling development Technical Assistance
costs fora ~10 MW $500k ‘ by applying global best
plant practices during
$500k

$150k

$2,750k

Subsequent production wells cost circa $1 million/km

Total:
$5 million In Turkey, 4 production + 2 re-injection wells are typically

required to run a 10 - 15 MW plant
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