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Alaşehir GPP (2015) 
• Capacity: 24 MW  
• Investment size: $100m 
• Ormat ORC 

EBRD’s experience in the geothermal sector 
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EBRD has 
participated in 
financing eight 

geothermal 
power projects 
so far, seven of 

which are in 
Turkey 

(*) IPP: Independent Power Plant 
(**) Resource development costs were financed separately  

Mutnovsky IPP (1997) 
• Capacity: 40 MW  
• Investment size: $150m 
• Feature: first IPP(*) in the 

Kamchatka region 
• Dual flash technology 

Babadere GPP (2014) 
• Capacity: 7 MW  
• Investment size: $33m 
• Atlas Copco ORC 
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Tuzla GPP (2010) 
• Capacity: 7.5 MW  
• Investment size: $22m 
• Ormat ORC 
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Kamchatka 
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Gümüşköy GPP (2012) 
• Capacity: 13.2 MW  
• Investment size: $50m 
• TAS ORC  
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Umurlu GPP (2015) 
• Capacity: 12 MW  
• Investment size: $52.9m 
• Exergy ORC 
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Germencik GPP (2015) 
• Capacity: 123 MW  
• Investment size: $800m 
• Dual flash + Ormat 3 binary 
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Pamukören GPP (2012) 
• Capacity: 45 MW  
• Investment size: $63m (**) 
• Atlas Copco ORC 
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Global overview 
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Global installed capacity is circa 13 GWe and expected to reach 19 GWe by 2016  
Estimated global potential 70 GWe with present technology, and up to 140 GWe through the 
use of enhanced geothermal systems(1) 

 
World Geothermal Power Installed Capacity, 2014 and 2010 – 2014 CAGR 
 

(1) Bertani, Ruggero, 2009, “Geothermal energy: an overview on resources and potential.” 

Presenter
Presentation Notes
USA: 3,442 MW installed capacity (largest in the world) – establish geothermal powerAsia/Pacific: Philippines & Indonesia have great reserves of geothermal resources (2nd & 3rd largest in world) <- Ring of FireEmerging geothermal areas: Latin America & East AfricaTURKEY – strong example for other emerging countries to follow (10th largest installed capacity in the World)Robust regulatory frameworkVibrancy of private sector involvement in powerReasonable FiTs (10.5 USD cents/kWh)High success rate in production drilling, exposing developers to low resource riskTop 10 countries – installed capacity (2014, ThinkGeoEnergy)USA – 3,442Philippines – 1,968Indonesia – 1,339Mexico – 1,005New Zealand – 967Italy – 941Iceland – 665Kenya – 607Turkey – 410Other – 1,142



Global Overview –  
GPP installed capacity evolution 
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Global Overview –  
GPP development evolution and key events 
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Global overview – USA 

• 1958: Magma Power Co. drills first modern GPP 
in North America at The Geysers in California 
(12 MW) 

• 1967: Competitive leasing conditions decreed; 
40% of US installed capacity is on public land as 
of 2014 

• 1974: National loan guarantee established to 
incentivise exploration drilling by covering 75% 
of project costs 

• 1987: Reservoir pressure at The Geysers 
declines, oil prices fall, geothermal investment 
decreases 

• 1989–2014: Installed geothermal capacity 
increases by ~1,400 MW with recovery at The 
Geysers and discovery in other parts of the 
western US 
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Total Electricity Production, 
2012 – (share of geothermal)  4,290 TWh - (0.4%) 

Installed Capacity, 2014  3,442 MWe 

Growth, 2010-2014  7.2% 

Share of Global Installed 
Geothermal Capacity, 2014  27.1% 

History 

Presenter
Presentation Notes
1958: Magma Power Co. drills first modern GPP in North America at The Geysers in California1967: State-level competitive leasing conditions decreed1974: National loan guarantee established to incentivise exploration drilling by covering 75% of project costs1987: Reservoir pressure at The Geysers decline, oil prices decline, geothermal investment wanes 1979 – 1989: Installed geothermal capacity increased from 500 MW to 2043 MW1978: Utilities required to purchase electricity from small power producers 25% savings  announced through Energy Tax Credits1979 – 1989: Electrical Production from Water-Dominated Geothermal Sources Grows1979: First electrical development of a water-dominated geothermal resource in California (13.4 MW)After 1980: 40 water-dominated geothermal generating units (839 MW) were commissioned, 49% CAGR (unverified by another source).Industry CAGR 1980 – 1990: 15% (10.23% according to BP historical data).Sharp increase in new water-dominated plants in 1988 and 1989 due to developers rushing to complete projects before expiration of standard offer contracts and tax credits. 1988 – 2000: 5% annual “harmonic” decline in productivity due to over drilling at The Geysers (actual decline 3.13% as 1988 had 1600 MWe, and 2000 had 1000 MWe; authors note that calculating reservoir pressure decline is not bulletproof)2006: Massachusetts Institute of Technology predicted the 100 GWe increase potential. EGS is still in R&D stages. It artificially produces the conditions that permit geothermal development by fracturing impervious hot rocks at 3 – 10 km depth. After drilling, fluids are pumped into the newly porous system. Projects include: wastewater injection at The Geysers, California (current generation from geothermal of state: 1048 thousand MWh), and fluid injection at Desert Peak, Nevada (current generation from geothermal of state: 249 thousand MWh).2009: American Recovery and Reinvestment Act (also known as Stimulus or The Recovery Act) allocated $386.2 m to the Geothermal Technologies Office (part of Department of Energy)Exploration + Developing innovative Exploration Technologies: $97.2 mNational Geothermal Data System (making data available to the public and industry and reducing up-front costs and risk associated with geothermal exploration): $33.7 mGround Source Heat Pumps (increasing cooling/heating capacity by 18,000 tonnes+ and saving $18 m+ in utility costs per year over 25 years): $62.4 mR&D + EGS: $111.9 m + $44.2 mLow Temperature (less than 148°C): $18.7 mIEA estimates viability by 2030.1989-2014: Installed geothermal capacity increases from 2043 – 3442 MW1990 – 2000: 169.4 MW increase, due to overexploitation at The Geysers1989 – 2005: 211 MW increase, due to overexploitation at The Geysers2005 – 2014: The Geysers begin to recover, GPPs developed in other Western US statesCalifornia (2013)-2732 MW, The Geysers recovering and new wells are drilled. Enhanced Geothermal Systems are being experimented (wastewater injection at The Geysers).Salton Sea has ~400 MW installed capacity. However, 1880 MW potential power.The Geysers have 1600 MW installed capacity. However, 1400 MW potential power.Nevada (2013)- 517.2 MW accumulated since 1984, large (2,559 MW) geothermal potential but low power prices means lower generation.Stillwater Geothermal Project (2012) received $40 million in tax support under the Recovery Act. 59 MW combined capacity.Steamboat Hills & Springs has ~145 MW installed capacity. However, 63 MW potential power.Utah (2013)- 48.1 MWRoosevelt HS has ~35 MW installed capacity. However, 120 MW potential power.Hawaii (2013)-38 MWOregon (2013)-33 MWIdaho (2013)-16 MWAlaska (2013)-0.7 MWWyoming (2013)-0.3 MWCombining Geothermal Loan Guaranty Program (1974), Public Utilities Regulatory Policies Act (1978), Energy Tax Credits (1978) allowed geothermal developers to finance new projects without long-term equity investment; ensured the geothermal developer had a market for the electricity they generated; and provided exploration assistance. Recent News: Google.org (philanthropic arm of Google) invested $11 million in enhanced geothermal systems (2011) after MIT published (2006) report stating the contribution of geothermal (regardless of EGS) would be nominal due to high drilling risks. Forbes, 2014, August, “Geothermal Power Steaming over Wind and Solar Energies,” http://www.forbes.com/sites/kensilverstein/2014/08/25/geothermal-power-steaming-over-wind-and-solar-energies/.



Global overview – The Philippines 
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History 
• 1974: Philippine National Oil Company created  
• 1978: Competitive bidding for geothermal fields 

established 
• 1987: Private sector allowed to finance, build and 

operate power plants; foreign ownership limited to 
40% 

• 1990: Philippines Build-Operate-Transfer law 
enacted, contracts last 10 years 

• 2006: IPO of state-owned Philippines Energy 
Development Corporation; divestiture of 40% of 
government shareholding 

• 2008: Renewable portfolio standards introduced – 
utilities required to purchase from renewables 
generators 

o 7-year income tax holiday 

o 10% corporate tax rate  

o Duty-free renewables machinery imports for first 10 years 

o Investment support for providing electricity outside of main 
grid  
 

Total Electricity Production, 
2012 – (share of geothermal)  73 TWh - (14%) 

Installed Capacity, 2014  1,968 MWe 

Growth, 2010-2014  -1.4% 

Share of Global Installed 
Geothermal Capacity, 2014  15.5% 

Presenter
Presentation Notes
1974: Philippine National Oil Company created1978: Competitive bidding for geothermal fields established1987: Private sector allowed to finance, build and operate power plants. Foreign ownership limited to 40%.1990: Philippines Build-Operate-Transfer law enacted, contracts last 10 years2006: IFC takes $50 million early equity stake in privatising state-owned Philippines Energy Development Corporation2008: Renewable Portfolio Standards introduced – utilities required to purchase from renewables electricity generators7-year income tax holiday10% corporate tax rate Duty-free renewables machinery importing for first 10 yearsInvestment support for providing electricity outside of main grid Accelerated depreciationIFC loans $80 million to EDCDeclined installed capacity growth during 2009 – 2013 is explained by the Philippines Department of Energy as “There is a finite volume of hot fluids available in any geothermal reservoir. Natural recharge is usually very slow and production wells begin to decline as soon as commercial operation starts.”Example: From 1996 – 2002, there was reservoir pressure decline in Tongonan Field when continuous flashing and casing breaks caused suspended solids and colder fluids to erupt. Field-wide extraction reduced steam flow decline. Strategic EGS and optimised brine loading reduced rate of decline.Uribe, Marie Hazel C., Danilo B. Dacillo, Lorena M. Dacoag, Romeo P. Andrino, Jr, Edwin H. Alcober, 2015, “30 Years of Tongonan – 1 (Leyte, Philippines) Sustained Production,” Proceedings of World Geothermal Congress 2015, https://pangea.stanford.edu/ERE/db/WGC/papers/WGC/2015/24005.pdf.Recent News: “Philippines needs to build 600 MW every year for the next 15 years to meet the energy requirements spurred by the fast economic growth in the country” (ThinkGeoEnergy.com)



Global Overview – Indonesia 
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Total Electricity Production, 
2012 – (share of 
geothermal) 

 196 TWh - (4.8%) 

Installed Capacity, 2014  1339 MWe 

Growth, 2010- 2014 12.43% 

Share of Global Installed 
Geothermal Capacity, 2014 10.5% 

History 
 

• 1974: State-owned oil company 
Pertamina to explore and develop 
geothermal energy 

• 1981: Pertamina to enter joint 
operating contracts with with domestic 
and international partners 

• 1991: Pertamina partnerships allowed 
to build and operate GPPs 

• 2011: World Bank approved the 
Geothermal Clean Energy Investment 
Project – CTF, IBRD, Indonesian 
government made a combined 
commitment of $574.7 million 

Presenter
Presentation Notes
40% of the planet’s known geothermal potential.2020 goal to reduce GHG emissions by 26%



Global overview – Iceland 
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ISOR, 2015. 

Total Electricity Production, 
2012 – (share of geothermal)  18 TWh - (29%) 

Installed Capacity, 2014  665 MWe 

Growth, 2010-2014  15.6% 

Share of Global Installed 
Geothermal Capacity, 2014  5.2% 

History 
• 1928: 1st district heating system installed in 

Reykjavík 

• 1967:  Energy Fund created for cost-sharing 
in drilling and exploration (convertible loans 
for up to 80% of unsuccessful drilling costs) 

• 1999: Master Plan for Geothermal and 
Hydropower Development in Iceland initiated 

• 2006: Market opened to private developers; 
to date, 100% of power generation has been 
developed by public companies/utilities 

• 2007: Private developers HE Orka, Orkusalan 
enter the market 

• 2009: Iceland Deep Drilling Project becomes 
hottest producing geothermal well in the 
world by harnessing supercritical hydrous 
fluids (over 450ºC) 

Presenter
Presentation Notes
1928: 1st district heating system installed in Reykjavik1967: Fund created for cost-sharing in drilling and exploration efforts of municipalities, firms or legal entities1999: Master Plan for Geothermal and Hydropower Development in Iceland process initiated2003: Feasibility studies for Iceland Deep Drilling Project completed2006: Electricity market opened for private developers2007: Private developers HE Orka, Orkusalan enter the market2009: Iceland Deep Drilling Project becomes hottest producing geothermal well in the world after harnessing supercritical hydrous fluids Purpose of the Iceland Deep Drilling Project has been to turn supercritical fluids or even magma into usable geothermal energy systems to boost output of average geothermal installation by ten times. Project attempts to drill to 5 KM depth to reach hottest temperatures and extract geothermal energy through fracturing. The end goal is to export energy and fuel Europe.Dillow, Clay, 2015, January, “Are volcanoes the energy source of the future?,” CNBC, http://www.cnbc.com/id/102261363.



Turkey 
Installed geothermal capacity: 
410 MWe or ~10% of the 4 GWe 
estimated potential  

Western Turkey currently holds 
the greatest potential for 
development of geothermal 
resources, with Central and 
Eastern Anatolia largely 
unexplored 
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Total Electricity Production, 
2012 – (share of geothermal)  240 TWh - (0.4%) 

Installed Capacity, 2014  410 MWe 

Growth, 2010-2014  210% 

Share of Global Installed 
Geothermal Capacity, 2014  3% 

Geothermal power in Turkey 

Presenter
Presentation Notes
Due diligence in Turkey would include monitoring the legislative boundaries and subsidies in the geothermal extraction market:Law on Geothermal Resources and Natural Mineral Waters (No. 5686 – 2007)Implementation Regulation (No. 26727)Law on Using Renewable Energy Resources for Electricity Production (No. 5346 – ammendment in Dec 2010)Geothermal FiT USD$ 0.105 / kWhElectricity Market Law (No. 6446 – new law in 2013)



Non-condensable gases (NCGs) 

• GPP projects must address the release of CO2, 
even though emissions are relatively low 
compared to fossil fuel-based power plants 

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

• Sale of the CO2 to potential industrial clients 

• Agriculture sector (greenhouses) 

• EBRD framework includes technical assistance 
to address the issue in its GPP investments 

Greenhouse gas emissions from various types of power plants 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   Source: Hunt 2000. 

Assessing the use of CO2 from natural sources for 
commercial purposes in Turkey 

• Initial technical characterisation of the CO2 supply available for 
commercial use in Turkey 

• Mapping of the existing CO2 value chain & identification of 
bottlenecks in supply and demand 

• Assessment of the current market & legal/regulatory framework 

• Financing and grant options to expand industrial use of CO2 
from geothermal resources 
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1. Natural baseline 
2. Degasification 
3. Reinjection options 
4. Industrial uses 

 

Presenter
Presentation Notes
Reference: Hunt, T.M. (2001). Five lectures on environmental effects of geothermal utilization. United Nations University. Geothermal Training Programme 2000–Report 1.



Various financing approaches that suit small and large projects alike 

Sustainable Resource Initiative (SRI) –  
business model for geothermal scale-up 
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POLICY 
DIALOGUE 

PROJECTS AND 
INVESTMENTS 

TECHNICAL 
ASSISTANCE 

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 

Renewable Energy Action 
Plan: 
Roadmap to achieving the 2023 
1,000 MW GPP target 

Industry best practices: 
• Review of market potential  
• Project development support 
• Environmental assessment 



EBRD support for geothermal development 

• Direct project finance: 123 MW in the Aydın-
Germencik province 

• Financing existing projects through local 
banks 

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

• Support MoENR in further developing 
legislative frameworks & licensing procedures 

• Launching a market study and mapping key 
players, resources and market perspectives 

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

13 http://www.ebrd.com/news/2015/ebrd-supports-turkeys-shift-to-renewable-energy.html 

http://www.ebrd.com/news/2015/ebrd-supports-turkeys-shift-to-renewable-energy.html


GPP cost and risk profile at stages of  development 

0
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Money at Risk

Cost

Risk

Adapted from ESMAP, 2012, Geothermal Handbook: Planning and Financing Power Generation, Technical Report 002/12. 
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Indicative cost pyramid for geothermal energy 
projects 

Field Survey, 
Geology, 

Alteration, 
Geochemistry 

Geophysics 

Gradient Wells 
(ca. 500 m - 5 wells) 

Slim-hole 
Deep Wells 

(ca. 1,200 m - 2 wells) 

Preliminary 3D Model 

Wildcat Well 
Production Well 
(2,500 m well) 

$100k 

$500k 

$500k 

$1,000k 

$150k 

$2,750k 

Total: 
$5 million 

Risk mitigation through 
Technical Assistance   

by applying global best 
practices during 

exploration  
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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 

Pre-production 
drilling development 
costs for a ~10 MW 

plant  



Financing mechanisms for exploration 
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Low leverage 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 

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

Quasi-equity support 
(concessional financing)  
at early stage 
 

Conversion to commercial 
financing for GPP 
construction 

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

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

Use of revolving fund for 
concessional portion after 
2 years 

Illustrative Assessment of Leverage Capability by Policy 

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. 

EBRD framework 
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 



Geothermal resource development 

PLUTO: EBRD early stage geothermal framework 

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 

 

 Test drilling, 
assessment studies, 
site preparation & 
exploration drilling Te
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Sponsor 

 Surface 
modelling and 
site design 

 Production and reinjection wells 
drilling 

 Power plant construction, testing and 
commissioning 

Sponsor  
+  

Donor 
funding 

Sponsor  
+  

EBRD 
+ 

Private sector 

$2.4 million in TC Funds and technical support – EU IPA 2013 

17 For more information: http://www.ebrd.com/pages/project/psd/2014/46809.shtml 

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


Contingency flowchart 
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 Geothermal is a promising technology for providing base-load low carbon renewable 
energy in countries with significant seismic/magmatic activity 
 
 Geothermal electricity generation is far from reaching its potential (ca. 13 GWe out 

of 70 GWe  globally) and significant growth is expected in the coming years 
 
 Need for experienced project developers and solid equity investors 

 
 The EBRD is active in the sector through: 

 
 Direct and intermediary financing 
 
 Policy dialogue with governments to improve legal and regulatory frameworks 
 
 Engagement of technical advisors to implement best industry practices and 

catalyse knowledge transfer 
 

 Upcoming EBRD support to geothermal private sector energy developers by 
promoting early stage geothermal financing and implementation 

 
 

Concluding remarks 
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 For more information 
   Contact 

   Dr. Adonai Herrera-Martínez 
   Senior Manager 
   Energy Efficiency and Climate Change 
   EBRD, Kanyon Ofis, Istanbul, Turkey  
   MartineA@ebrd.com 
   Tel: +90 212 386 1100 
 

mailto:MartineA@ebrd.com
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