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Energy Geopolitics: East-West
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Geothermal Resources of Russia

Geothermal energy potential 
of Russia 10 times exceeds 

that of fossil fuel
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Geothermal Resources of North Caucasia
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Kamchatka and Kuril Islands
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The First World Geothermal Binary Cycle Power 
Plant was installed in 1967 (Kamchatka).

Detailed description of power generating cycles where NHDetailed description of power generating cycles where NH33
and NHand NH33 + H+ H22O are used as a working fluid were published O are used as a working fluid were published 

by Soviet scientists as long ago as 1955. by Soviet scientists as long ago as 1955. 



For many years systematic research works of thermodynamic properties                   
of organic low-boiling working fluids have been carrying out in Russia.

The First World Binary Cycle Geothermal Power Plant was put into operation in 
Kamchatka, Russia (USSR) in 1967. It was a large-scale research achievement in 

generating electricity from hot water with the temperature over 85 0C.
(ref. Kutateladze S.S., Rosenfeld L.M. License № 94151724-6 February 3.)

Nowadays it is planned to construct about 200 Binary Cycle 
Geothermal Power Plants with different capacities in Russia.

Turbo-generator (turbine building)General view of Paratunkskaya Binary Cycle GeoPP

Paratunskaya Binary Cycle Geothermal Power Plant



Pauzhetskaya GeoPP



2.0 MW GeoPP (Kunashir Island)



Environmentally friendly Verkhne-Mutnovsky 
GeoPP (commissioned in 1999)
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MPEI  CTP  
Siemens

Control Center of 
RAO UES of Russia

FS UE MPEI’s
Design Office

Nauka SC         
Control Center

Mutnovsky Geo PP 
Distributed Control System 
manufactured by Siemens

(TPE)

Remote Monitoring System







Binary power unit of Vekhne-Mytnovskaya GeoPP

Superheater
Condenser/vaporizer Feed-pumps (4 pieces)

Recuperator
Air cooling device

Separator (I-II stages)

- Organic
working fluid

- Geothermal 
working fluid

Working fluid
tank FC-N3 55m3

Binary turbo-generator

Steam turbo-generator

Steam turbo-generatorSilencer

Recuperator

To air condenser

From air condenser

DCS and
electrical
equipment



Binary Power Unit of Vekhne-Mytnovskaya GeoPP

Binary power unit

Air condenser
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Pauzhetsky Binary Cycle GeoPP
(PBGeoPP)
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KAMCHATKAKAMCHATKA.. FULL HEAT AND POWER SUPPLY OF FULL HEAT AND POWER SUPPLY OF 
ELIZOVO REGION FROM GEOTHERMAL RESOURCESELIZOVO REGION FROM GEOTHERMAL RESOURCES

PROJECT KEY FIGURES:
Project Cost             - USD 50 

mln
Pilot Projects Cost                         - USD 5 mln
Cost of the Feasibility Study                          - USD 0,8 

mln
Period of implementation                - 33 months
Payback Period - 5 years
Reduction of 1 Gkal heat cost in 2-3 times

Consumption of thermal water - 300 l/sec, water 
temperature:

- at HPI inlet - 75º С
- at HPI outlet - 10 – 20º С
- at heat network inlet - 80º С.

STRATEGY FOR THE 
PROJECT 
IMPLEMENTATION:
Preparation of the business plan.
Preparation of the Feasibility Study.
Receiving investments, loans and 
other financial support of the Project.
Holding tenders and signing 
contracts.
Executing drilling and construction 
works.
Commissioning of the district heating 
and power supply system.

GEOTHERMAL RESOURCES
OF ELIZOVO REGION:
Geothermal fields:
MUTNOVSKY – almost 300 MW(e)
PARATUNSKY AND VERKHNE-PARATUNSKY– water (t = 70-900C, 
Q=46600 m3/day)
KETKINSKY – water (t = 45-690 C,  Q = 3509 m3/day)
OTHERS….
THERE ARE ALSO FIELDS OF THERMAL WATER, WHICH ARE 
LOCATED ON THE TERRITORY ADJACENT TO THE CITY AS WELL AS 
ON THE TERRITORY OF THE CITY, AND WHICH RESOURCES CAN BE 
USED LOCALLY

This Project is included into the FEDERAL TARGET PROGRAMME «Energy Efficient Economy» for 2002-2005 and further until 2010
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Annually Elizovo purchases coal for the amount of 
USD 15 mln to support operation 
of 25 heating boiler houses

Cost of 1 Gkal of heat
In Kamchatka

Annually 25 heating boiler 
houses emit into the 
atmosphere of Elizovo over 2.5 
thous. t  of noxious gases and 
300 thous. t of CO2

Centers of geothermal 
heat utilization

in Elizovo region

PTOJECT GOALS:
1. CONSTRUCT ADVANCED DISTRICT HEATING AND           

POWER SUPPLY SYSTEM FOR ELIZOVO REGION 
THROUGH UTILIZATION OF LOCAL GEOTHERMAL 
RESOURCES

2. IMPROVE THE ECOLOGICAL SITUATION BY 
REDUCING USE OF FOSSIL FUEL BY 132,2 THOUS.  
T/YEAR

3. DEVELOP THE REGION INFRASTRUCTURE BY 
CONSTRUCTING:

- GREENHOUSES OPERATING ON THERMAL 
WATER TO GROW VEGETABLES, FRUITS AND 
FLOWERS
- HOTEL NEAR THE AIRPORT “ELIZOVO” WITH 
SAUNAS, THERMAL SWIMMING POOLS AND 
AQUAPARK
- SEVERAL SWIMMING POOLS WITH THERMAL 
WATER

PROJECT INCLUDES:
1. Pilot Project for the Elizovo State Hospital reconstruction
2. Pilot Project for reconstruction of the district heating 

system of Ketkino settlement
3. Construction of the heating delivery pipe from Verkhne-

Paratunsky field to Elizovo city
4. Reconstruction of main heat networks in Elizovo
5. Construction of heat pump plants (HPP) and advanced 

automated heat points
6. Construction of balneological swimming pools, advanced 

green houses, industrial facilities and building industry 
facilities, utilizing geothermal resources

7. Drilling works and geothermal wells set up

Geothermal resources will cover 92%
of heat demand of Elizovo

40 MW of electricity required for 
heat pumps will be provided by 

Mutnovsky and Verkhne-
Mutnovsky GeoPPs
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Avachinsky volcano eruptions are 
hazardous for 250,000 population of 
Petropavlovsk-Kamchatski City (Russia) 
located 25 km away from it. The Cone of 
the volcano was formed 3500 years ago 
and has erupted 15 times since 1737 with 
an average mass rate estimated at 150 
kg/s. Last events include lava plug overlay 
of 300 m in diameter and 200 m deep 
crater of the Avachinsky volcano Cone 
(1991), fracturing and steam explosion in 
the lava plug associated with earthquakes 
swarm (2001).

Avachinsky Volcano in Kamchatka
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Hot Dry Rock Technology

1. Injection Drill Hole and
Injection Pumps

2. Stimulated Joint System
3. Production Drill Holes
4. Heat Exchanger
5. Turbines and Generators
6. Cooling Cycle
7. High Temperature Underground

Storage
8. Seismic Monitoring Drill Holes
9. Consumers of Electricity

and Heat
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Construction of the Geothermal Heat and Electricity        
Supply System of Petropavlovsk-Kamchatski City –

Major International Project

The population of Petropavlovsk-Kamchatski City is 250,000 people,  the city is located 20 km away 
from GeoPP proposed site (near Avachinsky volcano)

Avachinsky magma chamber (MC) is 1500 m above the sea level, ~ 1000 m in diameter, with 
temperature in the chamber reaching 1000 0C

400-600 MW(e) GeoPP and 500 MW(th) GeoPP could be constructed in the vicinity of MC using HDR 
technology

Avachinsky MC will allow covering all heat and electricity demands of Petropavlovsk-Kamchatski City 
This Project could be a promising and viable international project

Production and 
Injection wells

Petropavlovsk-
Kamchatski

Avachinsky 
Volcano

Dr., Prof. Oleg A. Povarov
WP5,  Engine Project

Strasbourg, France, 13-16 September, 2006



Temperature Distribution at Various Depths 
around the Avachinsky Magma Chamber
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HDR utilization for heat and 
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