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EBRD at a glance @

European Bank

for Reconstruction and Development

Promotes transition to market economies in 34 countries from
central Europe to central Asia

* Since 2011, the Bank expanded its operations to include Egypt,
Morocco, Tunisia, Jordan and Cyprus

* Owned by 65 countries and two inter-governmental institutions, with
a capital base of €30 billion

* In 2015 committed €9.4 billion through 381 financing operations
Net profit of €802 million achieved in 2015

SOUND

BANKING TRANSITION
& SUPPORT TO IMPACT ADDITIONALITY
THE PRIVATE &
SECTOR ENVIRONMENTAL

SUSTAINABILITY
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Sustainable Resource Initiative (SRI) — @

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 DIALOGUE 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

0

European Bank

for Reconstruction and Development

Tuzla GPP (2010)

+  Capacity: 7.5 MW

* Investment size: $22m
. Ormat ORC

Gumiiskoy GPP (2012)

* Capacity: 13.2 MW

* Investment size: $50m
. TAS ORC

Pamukdren GPP (2012)
*  Capacity: 45 MW

*  Investment size: $63m )
» Atlas Copco ORC

Babadere GPP (2014)
+  Capacity: 7 MW

. Investment size: $33m
* Atlas Copco ORC

Germencik GPP (2015)
e Capacity: 170 MW
. Investment size: $800m

e  Dual flash + Ormat 3 binary

Mutnovsky IPP (1997)
Capacity: 40 MW

EBRD has
participated in
financing eight

geothermal power
projects so far,

seven of which are
in Turkey

(279 MW)

Alasehir || GPP (2015)

+  Capacity: 24 MW

. Ormat ORC

. Investment size: $100m

Investment size: $150m
Feature: first IPP® in the

Kamchatka region
Dual flash technology

@ Kamchatka

Umurlu Il GPP (2016)

e Capacity: 12 MW
« Investment size: $53m
* Exergy ORC
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(*) IPP: Independent Power Plant

(**) Resource development costs were financed separately



Geothermal power in Turkey:
Historical Development

Geothermal Resources and Applications Map

History

e 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
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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:
635 MW, in 21 units (Jan 2016)
or ~14% of the 4.5 GW,, estimated
potential

Western Turkey currently holds the
greatest potential for development
of geothermal resources (initially

Geothermal Power Plants
@ Operating plant

developed by MTA), with Central e e

99 Maxi P
O Main geothermal regions

and Eastern Anatolia largely
unexplored

Top 10 - Installed Geothermal Capacity (MWe) - Jan. 2016

us.
T e Philippines
0 a eC rlCl y FO UC |on, 260 TWh _ (1%) Indonesia
2015- (share of geothermal) Mexico
New Zealand
Installed Capacity, Jan 2016 SR\ . o |

lceland  [INNNINEEEN

Growth, 2010-2015 560% Turkey
Kenya 625
hare of Global Installed 5% Japan
Geothermal Capacity, 2015 ’ other [INNNNINETEN
0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000
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GPP cost and risk profile at stages of development @

European Bank

for Reconstruction and Development
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N oy
p 4 \\ borne by equity investors
o 7/ R «Commercial banks only
. / . .
, \ project finance once
_ === - - ~~ fesources are developed
)
0 — - eEarly-stage GPP
0@@ &\0«\ \\,\\Qéo (\\@o \\.\\Qéo c,;@‘ (@Q 0@ development !remalns.
% D O R O 5 &® largest financing barrier
((;\9 ,\09 ) o

Adapted from ESMAP, 2012, Geothermal Handbook: Planning and Financing Power Generation, Technical Report 002/12.
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Financing mechanisms for exploration

0
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for Reconstruction and Development

lllustrative Assessment of Leverage Capability by Policy

Medium leverage High leverage Very high leverage

Government-led
exploration: government
incurs full cost of
exploration and investment
forfeiture in the case of dry
wells

Lending support
mechanisms: interest from
loans could help defray
costs, provided that the
default rate remains low

Grants and cooperative agreements: represent a liability
in either the case of direct payouts or foregone tax

income

EBRD framework

Loan guarantee: high
leverage in the case of
limited guarantee payouts

Drilling failure insurance:
high leverage in the case
of limited claims

1. addresses the equity gap at early stage;

2. tackles technical risks by utilising global experts; and

3. uses fast turnover of concessional funds to enhance the leverage capacity of
climate finance

Adapted from Speer et al., 2014. “Geothermal Exploration Policy Mechanisms: Lessons for the United States from International Applications.”
The assessments of leverage provided here are general comparisons across the five policy types. Actual leverage will depend on the specifics of policy

design.

Quasi-equity support
(concessional financing)
at early stage

Conversion to commercial
financing for GPP
construction

Use of revolving fund for
concessional portion after
2 years
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Indicative cost pyramid for geothermal energy @

p r Oj ects European Bank

for Reconstruction and Development

Fiel ey,

Pre-production $100k A 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

In Turkey, 4 production + 2 re-injection wells are typically
required to run a 10 - 15 MW plant

Total:
$5 million
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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

o
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http://www.ebrd.com/pages/project/psd/2014/46809.shtml

0

European Bank
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Contingency flowchart

Sponsor's equity
\/

Surface modelling
and site design

Success Failure
QO Sponsor equity | + CTF funds CTF funds are
(7] - ; ! not disbursed
© I ;
i Initial drilling of exploration | R
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Non-condensable gases (NCGs) @

European Bank

for Reconstruction and Development

* GPP projects must address the release of CO,,
even though emissions are relatively low
compared to fossil fuel-based power plants

e Potential solutions to NCGs
* Reinjection (in binary and combined cycle GPPs)

* Sale of the CO, to potential industrial and agribusiness clients

* Accurately modelling the background & degasification processes

« EBRD framework includes technical assistance to
] o ) Greenhouse gas emissions from various types of power plants
address the issue in its GPP investments

Assessing the use of CO, from natural sources for C:: —
commercial purposes in Turkey R —
* Initial technical c_haracterisation of the CO, supply available for Hydropower .
comm.ermal use |n. TL.Jrkey | | - Geo‘hermal‘ 1. Natura.[ .baS.elme
" RN SL e B COp e Sl OGO o 2 DogasIcation
* Assessment of the current market & legal/regulatory framework So!ar p— 4: InZ’ZJset;a’(I)Zsoeps o
* Financing and grant options to expand industrial use of CO, Wm: S ' ‘ = ' ‘ ' S
from geothermal resources 7 @ é’a A .s:?b .:139 KoM

g/kWh

Source: Hunt 2000.
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NCG abatement strategies

0
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Average NCG, kg/h
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reacts with Rocks

. CO, in the Atmosphere
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Natural baseline: measure natural CO, background
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Degasification: regression analysis of data from existing

liquid-dominated resources suggests 40 to 70% decline
over plant lifetime
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Potential Projects:
Simav Graben — Eyre GPP

Supporting geothermal development
in the Simav graben (inner Aegean
region in Turkey), with no existing
GPP

District heating from
geothermal resources
IS quite common in
the area

== Corlu?
A

Many greenhouses in _ = TR,
the area use waste S ! Al Pt
CO, from the existing r
wells to produce SRS
tomatoes

i stanbul / gt
istant v

“. Balikesir, 4
. "
Tavsan

There are no . v g : | | Edrenit " .1
geothermal power g *- : e y
production sites
nearby

One 380 m gradient : ot == P ey o _
well, showing a Wi » Q?" ‘\'
gradient of 57 °G/km. | | | L
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Potential Projects under the PLUTO:
Halilbeyli GPP PLUTO\

South of the Blylk Menderes

Halilbeyli Licence (2009/149) 2009/ 140 Kogarh Licence (2011/21)
i 1 H gy N\ i I
Graben, in the inner Aegean region %, - werrg | Legend
in Turkey 0 e ’ [ Alluvium
500 N Nociere COver Suxcastin

Most GPPs concentrated in the pooms. I 2710 BCIS e acis
schigt, graphite schist}

north of the Blylk Menderes -1500 [ warble

Graben); potential of its southern

[ schist
[ Graphite schist

) 2500 I calc schist
part remains unknown - B Guartz schist
as00 I B Crets immes ugiroion

One 1,170 m slimhole
well has been drilled,
showing a temperature
gradient of 50 °¢/km

500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000
(meter)

Estimated temperature
at a depth of 3,200 m
depths is around 170°C

The drilling of a
“Wildcat” production
well will start in late May

Nazillif Kuyucak
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Potential Projects:

Gediz Graben — Yesilova GPP

North of the Gediz graben,
where only two operating
plants exist despite good
temperature gradients

(110 °C/km)

Geothermal area under
development; existing (partially
collapsed) well at 2133 m

The PT surveys carried out down to
1950 m; unfortunately, significant
portion of the mud loss zone was
covered with fill

The maximum temperature of 222 °C
was measured at1950 m

Promising project but currently on
hold due to shift in priorities by
developer, focusing on developed
licenses
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EBRD support for geothermal development @

European Bank

for Reconstruction and Development

PROJECT FINANCE
Ty

Direct project finance: 170 MW in the Aydin-
Germencik province

POLICY DIALOGUE
gy

e Support MoENR in further developing
legislative frameworks & licensing procedures

Intermediary financing existing projects
through local banks

« Defining centralised approach on key issues
such as sustainable resource management

Engaging blue-chip developers in Turkey to
support future greenfield projects

« Raising awareness on existing challenges and
industry best practices to mitigate early stage
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For more information

Contact
Dr. Adonai Herrera-Martinez
Senior Manager
Energy Efficiency and Climate Change
EBRD, Kanyon Ofis, Istanbul, Turkey

MartineA@ebrd.com
Tel: +90 212 386 1100
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Global overview — Iceland @
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Husavik

. - History
., O _fike ¥ - L . : :
T TRE R « 1928: 1t district heating system installed in
oo AT eg U W javi
ST, < e S e | Reykjavik
-y : e 1967: Energy Fund created for cost-sharing
. o ny ¥ in drilling and exploration (convertible loans
_—. .= S _ iR for up to 80% of unsuccessful drilling costs)
3 - Bs L% . & b
. e sl
— Po. r- » 1999: Master Plan for Geothermal and
s00Mwth .,":;3??: > Te pr Hydropower Development in Iceland initiated
gle Aliiras L i .
weanes — 811 K Sl » 2006: Market opened to private developers;
Svartsengi Hellisheidi 1 igh-temperature area H
e awwe g e O wewes 10 date, 100% of power generation has been
150 MWth 133 MWth . . .
" Lowtempersture ares developed by public companies/utilities
ISOR, 2015.

- : 2007: Private developers HE Orka, Orkusalan
otal Electricity Production,

2012 - (share of geothermal) LTWhi(29%) enter the market

665 MW, 2009: Iceland Deep Drilling Project becomes
hottest producing geothermal well in the

Growth, 2010-2014 —— world by harnessing supercritical hydrous

hare of Global Installed 2o fluids (over 450°C)
Geothermal Capacity, 2014 e
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