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Abstract 
 
This thesis work considers the perspective of Uzbekistan energy system. Current data of Uzbek 
energy system is very complex because of some consider energy as only electricity generation 
while others add transportation, resources used in household, district heating, and energy 
resources spend to transport these materials.  
 
Another obstacle in researching the Uzbek energy system is always-positive approach of 
previous provided researches. Neither decision makers of the system, nor scientists approach 
current conditions from criticism point of view. Indicators are swelled to planned-by-state 
extent and events are explained only from positive point of view, however, there is extremely 
small room for positive aspects compared with negatives. 
 
Uzbekistan is energy self-sufficient country with positive energy balance in total. Uzbekistan is 
the only country to enlarge the natural gas production to 35% after the collapse of Soviet 
Union. There are different estimations of proven reserves’ time span: from 35 years to 55 years 
in most optimistic calculation. 
 
Other fossil fuels have smaller share of 7 and 8% for oil and coal correspondently. Insignificant 
decline in oil and minor increase in coal production is predicted. Hydropower generation has 
reached its upper limits and not a subject for large increase. 
 
Nuclear energy is not implemented in Uzbekistan.  It is predicted to be the main source of 
energy in the close fifty years for Uzbekistan. Due to rapid increases in production and net 
exports, fossil fuels do not have more than fifty years to exhaust. Nuclear energy needs long-
term preparation, basic and fundamental conditions. 
 
Total primary energy consumption increase by World Energy Outlook 2005 is 50% for the year 
2025. Uzbekistan is unlikely to meet these growing needs without introducing nuclear energy.  
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ABBRIVATION AND MEASURING UNITS 
 

PREFIXES 
 

Kilo k 103 1,000 
Mega M 106 1,000,000 
Giga G 109 1,000,000,000 
Tera T 1012 1,000,000,000,000 
Peta P 1015 1,000,000,000,000,000 
Exa E 1018 1,000,000,000,000,000,000 
Zetta Z 1021 1,000,000,000,000,000,000,000 

 
 

ENERGY MEASURING UNITS 
 

Btu- British thermal unit 
1 Btu 1054.35J joule 
10 Btu 2.93 Wh Watts hour 
1GBtu 25.2 toe tons of oil equivalent 

 
toe - tons of oil equivalent 

1 toe 39683 MBtu million Btu 
1 toe 41868 MJ Mega joule 
1 toe 11,6 MWh mega watts hour 

 
J - joule 

1 kJ 0.95 Btu British thermal unit 
1 GJ 0.024 toe tons of oil equivalent 
1 J 277.8 Wh watts hour 

 
Wh - watts hour 

1 Wh 3.4 Btu British thermal units 
1 Wh 3,6 kJ kilo joules 
1 GWh 85.9 toe tons of oil equivalent 

 
VOLUME 

 
cf - cubic foot 

100 cf 2.83 cm cubic meter 
1 tcf 28.31 Bcm Billion cubic meters 
   

cm - cubic meter 
1 cm 35.3 cf cubic feet 
1Bcm 35.3 Bcf billion cubic feet 
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AIMS AND OBJECTIVES 

 
Aim of this thesis work is to outline the current energy system and its properties. Look back to 
the past of the energy system, describe its the strengths and weaknesses. Look into the future 
perspective of Uzbek energy system. Compare and discuss the estimations and give conclusion 
on how to meet future energy needs of population. 
 
 

Objectives are: 
 

- observe all available energy sources 

- assess the perspective of these sources 

- review other energy types and their perspectives 

- summarize results and make suggestion 

 
 
Objectives for this thesis work are to describe the current energy system of Uzbekistan and 
world in general. Observe the past changes and projections. Describe each source of energy and 
its perspective separately: natural gas, coal, hydropower, nuclear power and renewable 
resources both in the world and in Uzbekistan. Define key factors that influence the energy and 
its future in; short time span, long perspective, increase in consumption, efficiency and ect. 
Discuss the strengths and weaknesses of each resource for the future. Make projections for 
future. Discuss if which energy type is more appropriate for Uzbekistan. Give conclusions of 
introducing which energy in Uzbekistan is the most appropriate from discussions. 
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If I had one hour to solve the problems of the 
world, I would spend fifty minutes defining the 
problem and ten minutes solving it.  

Albert Einstein  
 
 

1. INTRODUCTION 
 
People need energy to warm and light homes, to power their transport and communications, 
and to support manufacturing industries. Thus, energy is one of the major building blocks of 
society and it is needed to produce goods from natural resources and to provide many of the 
services people come to take for granted. Economic growth and increased standards of life are 
complex processes that share a common driver: the availability of an adequate and reliable 
supply of energy. 
  
At the same time, energy sector is the base of state economy. Effectiveness and scale of the 
production and consumption of energy resources identify the level of production forces and 
gradually, development of branches of economy. In this case important issue comes as the 
self-supplication of internal needs. The comprehensions as energy security and power 
independence become very important and reflect in the lifestyle of people. 
 
Energy is the driving force of production, and in the final case, of economy. States with 
power independence have more production capacity and population with better lifestyle in 
general. The effective production and consumption, long-term availability are the key factors 
in both micro and macro economic level. In general, meeting energy needs independently is 
the main factor for successful economy, however exceptional cases also exist. 
 
Is possible to obtain enough energy to satisfy the needs of a rapidly increasing world 
population without, at the same time devastating the earth and not compromising the 
advantage of future generations? Which energy type is the way to do this? Who and how must 
decide this? What are the strengths and weaknesses of specific nations and the mankind in 
general?  These and similar questions are tried to be answered in this work. 

 
 

1.1 Short description of the world energy system 
Growth in world energy consumption is something dependent from population increase, level 
of development and industrialization. [Appendix 1.1.1] Since the seventies of last century, 
industrialized nations were the main consumers of energy resources, which were mainly 
coming from fossil fuels. Still these nations have relatively larger share of consumption, 
however, consumption rate is a subject to decrease there. But, now it is turn of developing 
countries, which consists three fourth of the world to rapid increase the energy consumption. 
[Appendix 1.1.2] 
 
Share of different energy resources are always subject to change. In the middle of the 
seventies of 20th century, “nuclear era” with the largest share of nuclear energy was predicted. 
Now, scientist are talking about “era of renewable resources”, where the fossil fuels will be 
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phased out to large extent due to an availability of cheap renewable energy types, which are 
totally environmentally friendly. While looking in to the future, one must consider the 
changes and prices for changes. It is accepted that solar power can phase out fossil fuels, but 
how much is it going to cost? Today, while price for a barrel of oil is beating higher and 
higher records, decrease in per capita consumption can be observed.  There is a certain price 
level, which is acceptable for world. Therefore availability of an alternative is not the solution 
alone. Price of the alternative resource suggested to replace should be correspondent to the 
primary one to succeed. 

 
These factors will keep the existing share with minor changes in the following fifteen years 
and without global changes in the future 40-45 years. Natural gas consumption is a subject to 
increase and replace oil and coal in some areas, where the long over boundary transportation 
is being available.  

 
 

Chart 1.1.1 World energy consumption by resource in 
1998, 2005 and 2020 (projection) [1] 

1998

40%24%

22%
6%

8%

Oil Coal
Natural gas Nuclear
Others

2005

39%
22%

24%

6%
9%

Oil Coal
Natural gas Nuclear
Others

2020

41%19%

28%
4%

8%

Oil Coal
Natural gas Nuclear
Others  

Source: SENER 
 
 
 
 
 

1.2 Short description of Uzbekistan energy system 
 

Energy sector arrange the 25% of Uzbekistan’s gross domestic product (GDP). [Appendix 
1.2.1] Despite from the state independence in 1991, Uzbekistan gained it’s energy self-
sufficiency in 1995. Reason of step-by-step transforming to domestic resources can be 
explained by the planned economic policy of former Soviet Union, where Uzbekistan was net 
supplier of some kind of resources, while was net importer for others instead. Primary energy 
production rose to 46%: from 524.25 TWh in 1992 to 767.33 TWh in 2001, while 
consumption rose to 25%: from 486.17 TWh in 1992 to 609.18 TWh in 2001. [Appendix 
1.2.2] 
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Table 1.2.1 Total Primary Energy Production (TPEP)  

and consumption (TPEC)  1992-2001 
(in TWh) [2] 

 
  1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 

TPEP 524.25 556.46 597.47 629.68 629.68 638.47 699.97 699.97 705.83 767.33 
TPEC 486.17 597.47 515.46 541.82 559.39 553.53 538.89 547.68 568.18 609.18 

Source: DOE/IEA 
 
However, being self-sufficient in energy consumption, Uzbekistan still imports crude oil. It also 
imports natural gas in some regions, where it is profitable to import than transporting in very 
small scale. Uzbekistan has decreased coal consumption to level that can be covered with 
domestic production to avoid the import by replacing the coal with natural gas both in 
household and industrial use. 
 
Uzbekistan has negative balance in oil production and consumption, neutral in coal production 
and consumption and has great positive balance in natural gas production and consumption. 
Uzbekistan also has negative balance in electric power production and consumption. 
 
Uzbekistan was net supplier of natural gas resources for Central Asian republics and Russia in 
the Soviet Union period. Now, Uzbekistan is part of the United Energy System of Central Asia 
– union based on the former relations with these countries. Uzbekistan’s share is slightly about 
50% of the total union’s energy balance. 
 
However, Uzbekistan has negative electric power balance. This can be explained with the fact 
that, total energy balance includes import and export of energy resources in raw material form. 
Below is the latest available electric balance with forecast till 2010. By the table average rise 
was 3.5 and 2.9 % for production and consumption correspondently.  
 

Table 1.2.2 Electric Power Balance in Uzbekistan 1999-2010 (forecast) 
(in GWh) [3] 

 
Reported Forecast 

Description 
1999 2000 2001 2002 2003 2004 2005 2010 

Total output: 45372 46457 47070 50300 51700 53200 55000 63000
  Power stations  43933 45487 46100 49000 50400 51900 53700 61700
  Heat power plants 38608 40905 41000 43800 45200 46700 48500 55600
  Hydroelectric stations 5325 4582 5100 5200 5200 5200 5200 6100
  Block-stations 1386 950 950 1300 1300 1300 1300 1300
Total consumption 46564 47382 47070 50300 51700 53200 55000 63000
  Effective  38577 39112 40040 41100 42400 43900 45700 53100
Energy balance  -1192 -925            
Source: Jakhongir Mavlany, US Commercial Office, Tashkent 
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Uzbekistan has total installed capacity of 11283 MW electric power generation. Total installed 
capacity comes from 18 thermal plants with total capacity of 9800 MW, 30 hydroelectric power 
stations with total capacity of 1400 MW and the rest from heavy oil and coal. Electricity is 
primarily generated from natural gas. As much as 87% of total thermal energy is generated in 
gas power stations, while 8% from heavy oil and 7% from coal. The largest natural gas-
powered facilities include the Syrdarya (3000 MW), Tashkent (1860 MW) and Navoi plants 
(1250 MW). The Talimardjan thermal power station with its unique 800 MW turbines is 
currently under construction. The most significant coal-powered facilities are two power plants 
in the vicinity of the Angren mine near Tashkent, one that is Novo-Angren (2100 MW). Nearly 
12.5% of electricity in the country is produced at 30 hydroelectric plants, the largest being 
Charvak power plant (620 MW). The share of renewable energy is insignificant. As comparison, 
world share of different energy resources are oil 39%, natural gas 25%, coal 25%, nuclear 8%, 
hydro energy 3%. There are different sources giving this share in different ratios and some 
sources indicate renewable energy including hydropower up to 8% in the world. [3] As seen, 
there is controversial data of 112% of total if all sources are considered. This is the only data 
where oil is given in electric power generation, but it is unlikely to include oil actually. And the 
share of coal should be less than 7% as given. However, these data do not allow to draw the 
actual figure of Uzbekistan electric power generation system. 
 

83%

13%

3%
1%

Natural Gas- 83% Oil- 13%

Coal- 3% Hydro energy- 1%

39%

25%

25%

8%

3%

Oil- 39% Natural gas- 25%
Coal- 25% Nuclear- 8%
Hydroenergy- 3%  

Source: Energy and resource efficiency issues journal No. 1-2, 2003  
 
There has been some experimental implementations of alternative energy generators, such as 
solar and wind energy in Uzbekistan. However, an abundant reserve of hydrocarbons and high 
price of transition to renewable energy, which is less effective related to traditional makes 
renewable energy less appealing and currently there are no plans to construct these types of 
renewable energy plants nor expand existing very small scale experimental projects. 

Chart 1.2.1 Consumption of primary 
energy resources in Uzbekistan, 2000  

Chart 1.2.2 Consumption of primary 
energy resources in the World, 2000 [4] 
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Approximately 48000 GWh of electricity annually is produced in Uzbekistan and almost all 
electricity consumed domestically. Only about 1,000 GWh of electricity is exported to the 
neighboring countries (Tajikistan and Kyrgyzstan). However, due to an uneven distribution, 
Uzbekistan imports electricity in some regions at the same time and this import is little bit 
higher than the exports, which means negative electricity balance. Rather than export 
electricity, it has been more common for Uzbekistan to export raw materials, especially natural 
gas, then the neighboring countries use it in their own thermal power plants. 
 
Energy system is based on power generating facilities that were constructed before the middle 
of eighties of last century. Therefore equipments are old and less environmental friendly if not 
environmentally hazardous. Current economic situation do not allow government to reform the 
system without foreign investments.  
 
As the other members of former Soviet Union, Uzbekistan also developed in conditions of 
planned economy where the volume of production rapidly swelled to extend of 3-4 times 
related to market economy conditions. This kind of economy could exist only when energy and 
resource expenses are artificially reduced to level that still allowed economy running. That 
created the view of developing but never development itself. With the other words, the 
artificially reduced energy resource expenses created the view of development. In this way all 
economic shortages were concentrated and accumulated which then caused crisis followed by 
the unions collapse. 
 
Electrification of Uzbekistan population is not given in specific numbers, but it is mentioned as 
highly electrified. In the years of Soviet Union period electrification of population was on the 
top of agenda. But today, there are number of problems that cannot be solved because of 
internal capabilities, attempting to be self-sufficient and especially attempting to be self-
sufficient without reducing the net export. These problems are seen in decreasing of 
electrification rate, usual shortages of electric power in rural and less industrialized areas. 
 
Non-payment of the population is shown as the main reason of shortages and other problems 
related with further electrification, gasification and modernization-reconstruction. [5] Current 
economic situation do not allow large part of rural population to pay the charges of used electric 
power in time, if not ever. Despite, Uzbekistan have formulated special prices that make 
electric power more cheaper than in OECD countries, it is still one of the most expensive 
among Central Asian Republics and not affordable for population. More than that, Uzbekistan 
is rising prices for residential use of electricity not correspondently with the salaries with the 
purpose of decreasing consumption to set limits for gaining more export availability.  
 
Formulated prices for electric power and energy resources are similar in Central Asian 
Republics. United Energy System of Central Asia highly influences the Uzbekistan energy 
system and its price policy particularly. The set prices are lower than world energy prices; 
Uzbekistan holds the responsibility of not increasing prices upper than set values. This fact is an 
influence of former Soviet Union, when system was based on low energy prices and energy 
resources inter-dependence of Union members. Therefore Uzbekistan has to export its energy 
resources for lower than world prices, which influence the internal prices as government sets 
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similar prices for own population, which is much higher than affordable for population of 
natural resources net exporter country. 
 
There are discussions on the reformulation of internal and external prices. Some scientists of 
the field suggest increasing the prices to world market prices for both internal and external 
consumption, which allows reconstruction and modernization of the out-of-date energy system. 
[6] Another group of scientist suggest enlarging the gap between internal and external 
consumption, by this making energy more acceptable for own population and covering the 
deficit of this privileges by increasing the export prices to closer-to-world-market prices. [7] 
 
Current price policy of totally government controlled energy system seems to keep increasing 
the prices, even though the production of natural resources is also increasing to large extent. 
This can be described by forcing fiscal policy that develops by compromising the advantage the 
current and the close future generations. 
 
Another common property of Uzbek electric power system is inefficiency. Director of  
“Uzbekneftegaz” state owned oil and gas company A. Abdiev indicates that energy efficiency 
declined to 18% in the years of independence. [8] This can be explained with increase of illegal 
consumption and corrupt energy system in downstream. Inefficient residential consumption is 
also taking large place. Due to low welfare, population maintains ineffective old-generation 
technologies. Simple example is spiral lamps 100% used in residential sector. Commercial and 
industrial sectors also widely use old-type technologies. This is the end consumer inefficiency. 
Organizing rational and effective consumption is the most credible reform for the system.  
 
There are more factors that highly influence the inefficiency. Modern gas turbines convert up to 
70% of potential energy to electro energy, while average turbines convert average 55-56% 
while operating turbines convert 33-34% of total energy. [9] Turbines installed in gas thermal 
power plants are out-of-date and ineffective. Modernization of these turbines is very expensive 
and does not payback the renewal. Thus Uzbek energy system needs core renewal, better than 
modernization. However, Uzbek government, which prefers projects that is bit cheaper and 
short run perspective, is planning to modernize the system to some extend with international 
investments. Current economic conditions do not allow government to start approaching in the 
long run. Core renewal of the system demand large financial expenses, which is currently 
unavailable. International investment also influence the price.  
 
E. R. Shoismatov, director of “Uzbekenergo” state stock company, mentions the lack of better 
measuring techniques. The non-coincidence of producer and transporter reports demands sector 
to organize usual temporary cut-off of electric power. Reforming the measurement system of 
electric power sector also solves the problem to some extent. [10] 
 
Lack of data does not allow to go further than this. The share of total energy consumption by 
sectors is not available. As natural gas is not only 87% of all generated electric power, it is also 
used for heating and cooking in household in gas form. More than that, natural gas is 10% of 
GDP together with other minor resources. It would clarify the efficiency of transporting natural 
gas in raw form rather than converting it to electricity and using this electricity for heating. 
Alas, this simple data cannot be found. 
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2. NATURAL GAS 
 

2.1 Description 
Natural gas is often found associated with oil, also independently. It can be used for heating and 
lighting, but in the early days there was no practicable way of transporting it to where it could 
be used, and so it was often wasted. Subsequently, gas made from coal and used for street 
lighting and for home heating and lighting. It has now been replaced for lighting by electricity, 
which is cheaper and more convenient, but it is still also used for heating and cooking in 
households.  
 
Natural gas is a mixture of light hydrocarbons, primarily methane (CH4). As with crude oil, it is 
formed from decayed organic material. It may be mixed oil (at pressures found in the 
reservoirs) or trapped in regions in which crude oil is not abundant. Natural gas found alone in 
reservoirs is called nonassociated gas, and when it is found in the same reservoir as crude oil it 
is called associated gas. Some theories suggest a nonbiological origin of natural gas, coming 
from deep within the earth. (The ramifications of such theories would lead to different methods 
of prospecting and different locations.) However, before the gas industry could expand, it was 
necessary to develop a pipeline system to deliver the fuel to the consumer. After World War II, 
a high-pressure pipeline network was constructed to serve the entire continental United States. 
[12] 
 
If it is available in large quantities, gas can also be burnt in power stations to produce 
electricity. The large gas fields in the North Sea have made natural gas the cheapest form of 
energy in Britain at the present time, and hence the “dash for gas”. All the new power stations 
except Sizewell use gas as fuel. This is a cheap and convenient while it lasts, but the 
Government Department of trade and Industry estimates a lifetime of some fifty years, other 
estimates are much less, predicted decline was by the year 2002. [11] 
 
The contribution of gas to world energy consumption has risen rapidly from less than 27778 
TWh in 1963 to about 219444 PWh in 1993, accounting for about 21% of the over large 
distances. Natural gas can also be liquefied and transported in refrigerated tankers by ship, road 
or rail. The proven reserves of gas are similar to these of oil, and the rate of consumption is 
only a little over one-half that of oil. As its consumption is rising rapidly, gas is unlike to last 
longer than oil. It is being widely used not only for heating and generating electricity, but also 
in a wide range of chemical industries. [11] 
 
A large gas field in Siberia is now supplying Western Europe with gas through a 5000-mile 
high-pressure gas pipeline. In 1991, this supplied 20% of West European gas, including Finland 
(100% of total domestic supply), Austria (76%), Germany (34%), France (31%) and Italy 
(29%). In other countries it is more economical to liquefy the gas for transport. [11] 
 
The world estimated natural gas reserves in 1996 amounted to 1412 tcm, corresponding to the 
lifespan of 62.2 years. Of these reserves, 40.4% is the former Soviet Union states and 32.5% in 
the Middle East. For Britain, the estimated lifetime is 8.3 years. [11] 
 
Natural gas is inexpensive, clean burning, and available. It is a very good substitute for oil and 
gas, and helps different states to reduce the dependence on imported oil and coal. Natural gas 
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has many uses: space heating, water heating, as fuel for boilers (industrial and utility), in 
transportation, and as chemical feedstock (for ammonia, fertilizers, plastics, synthetic rubber, 
etc.) Natural Gas accounts for more than 50% of the direct fossil-fuel inputs to the residential, 
commercial, and industrial sectors worldwide.[12] 
 

2.2 World 
World reserves of natural gas are estimated at more than 141.6 tcm (5000 tcf), enough to last 61 
years at the current consumption rate of 2.32 tcm/yr (82 tcf/yr). The greatest reserves are found 
in Russia, estimated to be about 48140 bcm (1700 tcf). The United States, 50% of the gas is 
found in Gulf Coast region. [13] 
 
Energy Information Administration forecasts the declining of natural gas resource prices due to 
competition of producers. Natural gas production is a subject to increase due to abundance and 
accessibility of resources. Ineffective consumption is predicted to follow due to lower prices 
and enlargement of consumption sectors. Due to uneven distribution of resources, natural gas 
will stay inconvenient for some countries, however large tranportation systems are built and 
planned. Below is a table of countries with larger natural gas reserves. (Table 1.3) 
 

Table 2.2.1 Proven reserves and production of gas in some countries, 1998 [13] 
(in bcm) 

 
Country Proven reserves Estimated time span Production 
Canada 1840 10 167.83 
Mexico 1808 53 33.060 
USA 4711 8 539.07 
Chile 98 57 1.71 
Peru 199 178 1.12 
China 1160 57 20.11 
Japan 39 17 2.28 
Taiwan 76 88 0.86 
Russia 48140 85 560.90 
Indonesia 2045 27 74.23 
Malaysia 2258 58 38.52 
Philippines 76 12 - 
Thailand 198 16 16.33 
Vietnam 170 18 10.313 
Brunei 399 12 - 
Australia 550 - 29.54 
New Zealand  68 42 5,65 
Uzbekistan 5000* 70 54.0 

Source: Energy and resource efficiency issues journal No. 1-2, 2003  
 
* Unproven data reported only here, most recent data is 1859 bcm by British Petrolium
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Chart 2.2.1 World Natural Gas Production and Consumption, 1980-2003 [14] 
(in bcm) 
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Table 2.2.2 World Natural Gas Production and Consumption, 1980-2003 [14] 
(in bcm) 

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 
Production 1510.7 1549.8 1545.0 1561.7 1700.4 1766.7 1800.1 1886.2 1976.5 2042.5 2083.3 2117.5 2119.2 2162.3 2178.4 2207.6 2312.1 2308.4 2351.1 2404.9 2500.1 2561.3 2609.4 2695.2 

Consumption 1497.7 1515.2 1518.6 1546.9 1690.2 1762.4 1787.4 1877.7 1969.4 2056.9 2077.6 2121.2 2124.9 2184.1 2177.8 2226.8 2327.4 2324.2 2347.2 2406.9 2497.8 2529.0 2619.6 2704.3 

Source: Energy Information Administration 
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World production and consumption trends show that there is an average of 7.75 % of 
annual increase. There is up to 3-5 % of annual increase of proven reserves.  Predicted 61 
years of lifespan for natural gas reserves seems realistic, if not optimistic. Today, there is 
about 2% of natural gas scarcity worldwide, which is subject to increase rapidly starting 
from the close future, disregarding the increase in production and decrease in prices. [15] 

 
2.3 Uzbekistan 

As given above, Uzbekistan’s 85% electric power is generated from natural gas. Also, 
Uzbekistan is the only state where natural gas production has enlarged to a very large 
extends of 30% till 2001.[16] Uzbekistan was the third largest natural gas producer in 
former Soviet Union region and eighth in the world before 2001. By 2001, natural gas 
production indicator of Uzbekistan exceeded Turkmenistan’s production indicator. 
Uzbekistan is continuing to enlarge the production and indicators increased from 30% 
enlargement in 2001 to 35 % in 2003 compared to base year 1992, making the country 
second in former Soviet Union region after Russia and seventh in the world. [17] 
 
Due to its high sulfur content, the majority of Uzbekistan's natural gas requires 
processing before it can be consumed. Much of Uzbekistan's natural gas is processed at 
the Muborak processing plant, which has a capacity of over 28.32 bcm (1 tcf/year). In 
December 2001, “Uzbekneftegaz”, state oil and gas company, commissioned the Shurtan 
Gas-Chemical Complex, which includes installations to clean natural gas, a natural gas 
booster compressor station, and a plant with the capacity to produce 125,000 tons of 
polyethylene and 137,000 tons of liquefied natural gas per year. The complex, which is 
located by the Shurtan gas fields in the southwest part of the country in the Kashkadarya 
Region, was completed at a cost of $1 billion. [18] 

 
Chart 2.3.1 Natural gas production and consumption in Uzbekistan [19] 
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Table 2.3.1 Natural gas production, consumption and net export in Uzbekistan [19] 
(in bcm)  

 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
Production  42.79 45.00 47.20 48.00 48.00 49.19 54.79 55.61 56.41 63.09 57.71 57.51
Consumption  31.01 43.64 34.8 38.2 40.61 41.2 39.9 40.29 42.79 45.19 46.5 47.29
Net exports  11.81 1.36 12.40 9.80 7.39 8.01 14.89 15.29 13.59 17.90 11.21 10.19
Source: Energy Information Administration 
 
Uzbekistan produces natural gas from 52 fields in the country, with 12 major deposits, 
including Shurtan, Gazli, Pamuk, Khauzak - accounting for over 95% of Uzbekistan's 
natural gas production. These deposits are concentrated in two general areas: the Amu 
Darya Basin and in the Muborak area of the southwest part of the country. 
 
Uzbekistan's natural gas fields were heavily exploited in the 1960's and 1970's by the 
Soviet Union, and as a result several older fields, such as Uchkir and Yangikazgan, are 
beginning to decline in production. In order to offset those declines, Uzbekistan is 
speeding up development at existing fields, such as Garbiy and Shurtan, as well as 
developing new fields and exploring for new reserves. The Shurtan field, which began 
producing in 1980 and is the second biggest in the country after Gazli, accounted for 
approximately 36% of Uzbekistan's total natural gas output in 2000. 
 
Energy Information Administration estimates total natural gas reserves of Uzbekistan as 
1874.5 bcm (66.2 Tcf). With current consumption rate, disregarding the annual growth, 
estimated resources exhaust within approximately 33 years, which is the most optimistic 
view. But there is another Russian scientific research data, showing the natural gas 
reserves specifically dividing into regions. In difference from the other tables, 
measurement of this table is given in billion cubic meters. By Russian scientist, who have 
better opportunity of geological prospecting in Uzbekistan, proven speculative reserves 
are estimated as 2979,7 Bcm (105.277 tcf), which is nearly twice more than the 
estimation given by Energy Information Administration. [Appendix 2.3.1] Estimations of 
Russian scientist show that with the today’s consumption rate, disregarding the annual 
growth, exhausting takes place within 55 years. [17] But as reminded before, these are 
very optimistic calculations.  
 
Another indicator that needs an attention is consumption index, which increased to 52% 
from base year 1992, while consumption increased to 35% in the same period. Decrease 
in net exports also show that the gap between production and consumption is narrowing, 
however net export index is very unstable. Therefore, it can be predicted that net export 
of natural gas is subject to decline, if put on its way.  
 
Natural resources export, particularly export of natural gas is one of the main building 
blocks of gross domestic product (GDP) of Uzbekistan. Share of exported gas resources 
in GDP estimated as 10%. [20] In the current economic situation natural resources are the 
most reliable and promising source for fulfilling the budget deficit. From this point of 
view government has to and is cooperating with foreign investors for enlarging the 
production and export of natural gas resources. Declining of production in older and 
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heavily used fields urge government to start investing to new unused fields. With all 
these factors, it is hard to be optimistic even with more proven reserves to be found. 
 
As reminded in the beginning of the work, information and data used for this research is 
most available for today. The latest of these data consider the year 2003. Unfortunately it 
is impossible to give detailed information regarding the today’s changes in the sector, 
after Uzbekistan’s President Islam Karimov signed Alliance Agreement with Russian 
Government, which focuses on the cooperation in production, distribution and 
consumption of natural resources besides the cooperation in military sector. After the 
signification of this agreement, Russian Gas Company “Gazprom” is doubling its planned 
investments of one billion USD to enlarging the existing production and starting 
production in new fields. [21] Uzbekistan has taken the responsibility of supplying 10 
Bcm natural gas to Russia annually. It can be taken in consideration that government will 
not reduce other exporting directions and supply Russia’s gas demands with extensive 
enlargement of the production to factor of two. [22] At the same time, older fields will 
decline in production due to heavy use, which is getting into the action today. 
 
These factors will obviously influence the Uzbekistan natural gas reserves perspective. 
Country with electric power system which is 85% dependent from natural gas and 
economy, which sees raw natural gas as main strategic product need to research on 
alternative solutions in both fields, since natural gas resources cannot promise for more 
than one generation. 
 

2.4 Efficiency 
Furnaces used in all natural gas generated power plants are constructed before eighties. 
These systems were unlikely reconstructed or modernized in the years of the 
independence, if not in their whole lifespan. The project for modernizing the electric 
power industry until 2010, a project developed by government in 2001, should include 
these issues. But there is no information of detailed plans and how the projects are 
running.  
 
Efficiency of natural gas generated power plants is extremely lower than world standards. 
Efficiency of converting potential energy to electric power is 33-34%, while in the world 
practice it is 55-56%. By E.R. Shoismatov, director of “UzbekEnergo” state stock 
company, modernizing the electric power generation system would economize 4.5-5 
billion toe reserves. [10] 
 
Lost in transportation of 17.8 % is also very high and unacceptable. (Table 1.2.2) Despite 
there is a high transportation loss, there is also an inadequate measuring system of 
producer and transporter/supplier. Social issues as corruption in supplier layer and 
swelling of produced volume also serve for increasing the gap. As reminded before these 
problems cause shortages and debts in interrelation between producer and supplier. Final 
result from these tight related issues are large-scale shortages and higher prices for 
energy resources, which obviously reflect in the final lifestyle of people. Therefore social 
issues also must be considered as main factor, when program and actions are projected. 
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3. COAL 
 

3.1 Description 
As soon as coal was found, it was used instead of wood. Increasing quantities were mined 
in European countries, and provided most of the power behind the industrial revolution. 
Before the development of railways, it was inconvenient to transport coal in large 
quantities from one place to another, and so the industries moved to coalfields. The huge 
increase in the population of Europe in the nineteenth century, the development of 
manufacturing industries, railways and steamships were all made possible by coal. There 
are still very large deposits of coal in many countries, enough for several hundred years at 
the present rate of consumption.[23]    
 
Coal will certainly remain a major source of energy for the foreseeable future. The 
technology is well understood and it is familiar to and accepted source of energy. There 
are however several disadvantages of coal that deserve serious consideration. Coal 
mining is dangerous, dirty and unpleasant, and increased coal production may mean more 
people working underground, and this cannot be accepted lightly.  
 
Coal was formed from plant material that accumulated in swamps million of years ago. 
This vegetation decomposed into peat; as the land subsided, the peat was covered by mud 
and sands, which formed the mudstones and sandstones found on the top of coal seams 
today. Over thousands of years, the peat was compacted by geological pressures and 
gradually transformed into the present coal seams. It is estimated that 20 kg of plant 
material were required to form 1 kg of coal. [24] Coal comes in four main classifications 
or ranks, according to the amount of carbon it contains. The youngest coals are called 
lignites. The geological pressures from the ground above and the temperature and 
temperature have been lower for these, and so they have high water content and lower 
heating values. Under increased heat and pressure, subbitiminous coal is formed. 
Although their water content is high, these coals are of current interest because of their 
low-sulfur content and low mining cost. With additional pressure and heat, the next step 
in the formation of coal yields is bituminous coal, the most plentiful type of coal. For this 
type, the heating value is high. However, its sulfur content tends to be more than 2% by 
weight. Finally, there is anthracite coal, a very hard coal with a high heating value. It was 
popular for home heating and cooking, because it lacks dust and soot and burns longer 
than other types of coal. However, the supplies of anthracite are very limited and are now 
found mainly in US. In each stage of development, the percentage of carbon in the coal 
increases. [24] 
 

Table 3.1.1 Ranks of Coal [25] 
 

Rank Carbon (%) Energy Content (Btu/kg) 
Lignite 30 2500-3500 
Subbitiminous 40 4000-5000 
Bituminous 50-70 5500-7500 
Anthracite 90 7000 

Source: Energy, Its Use and the Environment 
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One thing that can be seen from this table is, it difficult to assess the coal with short tons 
or tons measures, since one ton of bituminous coal can replace three tons of lignite. 
Therefore, just giving the mass of coal produced or consumed may not fully describe the 
whole scenario, which is proposed. 
 

3.2 World 
World coal reserves in 1996 amounted to 1.03 trillion tons, corresponding to a lifetime of 
224 years at the present rate of production. Both North America and Asia possess over 
25% and Europe about 30% of the world's coal reserves. North American reserves are 
about half bituminous coal and half sub-bituminous/lignite; Asia has a significantly 
higher proportion of bituminous coal and sub-bituminous lignite coals are more prevalent 
in European reserves. 
 
Coal is the most promising fossil fuel and most abundant energy source. Analysts assess 
the share of fossil fuels as 81% of total energy resources and predict this number to rise 
up to more than 90%, of 28% coal in 2030. [26] 
 
Statistics show that world production trend is not stable. This can be explained by the 
factors as world price of coal, availability of alternative resource of energy. But from now 
on, this trend is predicted to increase in stable way. Overall increase of coal production 
and consumption during 1980-2003 is 30%. Annual increase of production and 
consumption is predicted as average 1,8%.[27] Not correspondently to predictions, which 
were made before 2003, coal consumption increase to 6.9% while consumption of oil 
increased 2.1%.  
 
The green house gas emission is subject to a rapid growth due to increase in coal 
consumption. Largest countries of the world by population China and India have the large 
reserves of lignite coal with high sulfur content. On the way to development, coal will be 
building blocks of their economies. In 2005, coal consumption in China is expected to 
increase to 11.8%. [28] 
 
In general, coal will remain its importance and dominance as main energy resource in the 
short and long terms. There are researches for cleaner coal technologies. Hybrid turbines 
are being developed. But factor of recoverability is decreasing, since human is getting 
deeper to the earth crust, looking for a resource to development. K. R. Allaev indicates 
that all easy recoverable coal reserves will exhaust till 2010. [15] 
 
Price factor don’t allow producers to improve the conditions in coalmines. Casualties in 
coalmines are subject to rapid increase. By creating over boundary transportation of 
natural gas, some states are trying to decrease the coal dependence. Alas, not all countries 
have this opportunity. Chine and India with growing economy and large population rely 
on internal coal resources, which the highest sulfur content. 
 
Coal consumption worldwide is a subject to increase in the close 15 years. (Chart 1.1.1) 
However, scarcity of other resources in the longer term will force mankind to go back to 
coal. 
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Chart 3.2.1 World coal production and consumption, 1980-2003 [29] 
(in million short tons) 
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Table 3.2.1 World coal production and consumption, 1980-2003 [29] 
(in million short tons) 

Source: Energy Information Administration 

Years 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 

Production 4181.77 4220.04 4380.28 4410.12 4656.71 4887.21 5007.80 5115.83 5224.63 5310.07 5347.59 5016.52 4952.92 4848.99 4952.12 5095.95 5107.02 5133.26 5047.56 4941.50 4930.63 5225.26 5259.35 5406.27

Consumption 4126.48 4198.94 4301.09 4420.42 4660.72 4897.76 4969.27 5116.35 5274.44 5277.03 5269.29 5009.65 4920.10 4940.67 5016.04 5115.68 5173.61 5130.85 5034.14 4959.12 5082.54 5164.68 5250.14 5439.33
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3.3 Security 
There are two interrelated security factors: abundance and mining safety. Coal considered 
to be most secure fossil fuel by its time span and exploitation. Still there is a doubt that 
some other resource can replace coal in this case. But available recoverable coal 
resources are decreasing rapidly and human needs to get deeper and deeper into the earth 
crust to cover his demands. Close coalmines, especially depending the depth, they get 
more risky and insecure. 
 
Today, closed coalmines are one of the most unsecured fossil production facilities, where 
thousand of miners and workers die annually during the process of mining. There is no 
doubt that, coal is going to remain as most secure fossil fuel, however its production is 
going to become one of the most insecure fields of industry. Competition in production 
and world prices do not allow producers to gain demanded security by investing large 
amount of investments only for increasing the production security. Great example can be 
Chinese coalmines, where the number of accidents is very high, compared with the other 
countries. This trend is a subject to be researched in other developing countries that are 
relying on coal for their meeting energy needs, economic growth and development. 
 

3.4 Uzbekistan 
Seven per-cent of total electric power generated in Uzbekistan is produced in coal 
burning thermal stations. As part of Soviet energy system, Uzbekistan imported large 
amount of its coal from former union countries. Coal had been used in both electricity 
generation and in household for heating and cooking. After the independence, Uzbekistan 
reduced consumption of coal in household to minimum rate while increased production to 
a level that can independently cover the needs of coal dependent electric power industry. 
 
Uzbekistan's coal reserves are concentrated primarily in the Angren, Boysun, and 
Shargun deposits. The Angren coal deposit accounts for most of Uzbekistan's total 
production, and it is the largest coal deposit in Uzbekistan, containing about 2 billion 
short tons of mostly brown coal (lignite) that is used as fuel for Uzbekistan's power 
generation. Modernization of production facilities could significantly increase output, and 
Krupp Hoesch Stahlexport (Germany) has signed an agreement to provide new 
equipment and upgrade the mining operation there. The first contract is projected to 
increase production by more than 300,000 short tons annually. The Angren mine also has 
underground coal gasification technology in place to produce 18 billion cubic feet of gas 
for the Angren power station. 
 
Uzbekistan plans to upgrade mining operations at its other deposits as well. The Shargun 
and Boysun deposits are much smaller than the one at Angren. Additional investment at 
the Shargun deposit is expected to double or triple production of high-quality coal from 
current levels of over 200,000 short tons/year. Completion of a second mine at Boysun 
could quintuple the mine's production of over 100,000 short tons/year, and could ensure 
that Uzbekistan has a surplus of coal for export in the future. Other planned investment 
projects include upgrading of mines, recovery of kaolin and other by-products, and 
development of coal-gasification projects.[30] 
 



 18

Chart 3.4.1 Coal production and consumption in Uzbekistan 1992-2003 [31] 
(in million short tons) 
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Table 3.4.1 Coal production and consumption in Uzbekistan 1992-2003 [31] 
(in million short tons) 

 
Years 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003

Production 5.14 4.21 4.24 3.41 3.13 3.25 3.22 3.27 2.82 2.99 2.72 2.61
Consumption 6.44 4.80 4.89 3.80 3.69 3.08 3.22 3.19 2.75 2.91 2.65 2.61
Source: Energy Information Administration 
 
Together with 51% reduction of the consumption, production also declined to 41% in the 
years of independence. This is due to gasification of formerly coal-based households, 
abundance of relatively cheaper energy source-gas, high prices of mining technologies 
with long payback, low interest of foreign investors and international pressure on high 
sulfur content. These reasons seem to keep the production level in current rate with minor 
changes in the future. 
 
Energy Information Administration estimates the coal reserves of Uzbekistan as 4.4 
billion short tons. With the current consumption rate of 2.61 million tons, lifespan of coal 
reserves is more than 1500 years, however maximum 7% of electricity is generated from 
coal. Proven reserves seems not economically recoverable, hence government would start 
replacing natural gas, which already has scarcity with coal.  
 

Table 3.4.2 Coal reserves of Uzbekistan [32] 
(in million short tons) 

 
Recoverable Anthracite and Bituminous 1,102 
Recoverable Lignite and Sub bituminous 3,307 
Total Recoverable Coal 4,409 
Source: US Department of Energy 
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Since there is lack of information on the government enlargement scale of production, it 
is impossible to give specific numbers. However, there is information that “Ko’mir” state 
owned coal production company is planning to enlarge the production by implementing 
foreign investments.[33] 
 
However, increase in production and availability of resources does not mean that this 
resource is acceptable by people. For instance, Uzbek coal industry is the less investment 
attractive sector, therefore never have foreign capital input occurred. There have been 
some short term investment for upgrading the production facilities with long term 
payback, which had already rounded-off in 2004. However, the primary cost of coal and 
energy generated from this is not affordable and relatively much higher than gas.  
 
During the Soviet Union period imported coal had been widely used in household of not 
gasified rural regions. Abundance of natural gas resources and import of coal from 
former union countries makes coal relatively unacceptable. Therefore coal use in 
household of independent Uzbekistan is almost totally replaces with gas, however, there 
are some small regions, where coal is transported and distributed to population for 
household use. These regions suffer from on-time supply and lower life standards. 
 
However, by the latest news, Uzbekistan suddenly started to increase the coal 
consumption in households from November of 2005, by re replacing natural gas heating 
and cooking with coal. Reason for these changes is explained by responsibility that 
government holds in front of Russia to supply cheaper natural gas. Uzbekistan cannot 
decrease current exports of natural gas, while increasing supply to Russia due to lower 
prices from new agreement. Uzbekistan has to keep higher income, while supplying 
Russia required gas resources. Therefore, however it relatively less cost effective, coal 
consumption is a subject for increase. [34] 
 

3.5 Efficiency 
Existing furnaces in coal thermal power stations are older than the ones in natural gas 
power generation stations because they were built much before than the following ones. 
They are also expected not to be reconstructed or modernized during their lifespan, 
excepting minor technical additions. It is questionable that Uzbek government is up to 
reconstruct and modernize the coal power generation system, since it has no ability of 
modernizing more important natural gas sector.  
 
In difference from natural gas, coal gas another disadvantage of transportability. Together 
with difficulty in mining, transportation from mines to industrial zones or especially to 
households make coal less competitive Mankind in starting to use more and more deep 
and far from consumption zone mines. This factor is also influencing the prices.  
 
Industries are trying to be more efficient and developing technologies that are more 
efficient, less expensive and hazardous as combined use of coal and natural gas in power 
plants and industries. But these technologies are not provided in Uzbekistan and not 
planned in the close future.  
 



 20

4. PETROLEUM 
 

4.1 Description 
 
Petroleum oozes out of the ground very rarely, therefore it has been known from the 
ancient times. But it wasn’t used in large amount until oil wells were drilled. In 1859 the 
first oil well was drilled in Pennsylvania. After this even, production of oil rose rapidly. 
Unlike coal, industries didn’t need to move to oil wells. Transportation system developed 
instead and oil replaces coal in large spheres. Oil also made available many new 
industries as chemicals and drugs, plastics, paints, at the same time air and motor 
transport. 
 
Discovery of oil become a competition among the nations, since energy is the key factor 
of development. Technology of investigation and expedition reached its highest level in 
sixties of last century. Today oil is new discovered oil wells are not productive and easy 
extraction. Some countries are using their last oil reserves, while other are on the still 
digging deeper to of the Earth crust to discover new oil fields.  
 

Chart 4.1.1 Giant Oil Fields Discovery per Decade [35] 
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4.2 World 
 
Higher energy content and easy extraction from ground in comparison with coal caused 
increased flow. With the consumption of 1999, oil reserves are estimated to exhaust in 
2040, while with the current annual consumption growth of 6% it is estimated to exhaust 
in 2020. However, thirty years ago, oil reserves were predicted to exhaust in 2000. [36]  
 
About 66% of oil reserves are found in Middle East. This is the key factor that Middle 
East is becoming hot-point. Dependence has already led to Gulf and Iraq Wars.  
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Table 4.2.1 Proven Oil Reserves and Expected Durations [37] 
Region Quaintity (million tons) Share (%) Duration (years) 

Asia Pacific 3156 2.3 17 
West Europe 2635 1.9 14 
Middle East 92335 66 115 
Africa 8337 5.9 29 
America 21983 15.7 25 
China 3360 2.4 24 
Former SU 8176 5.8 14 
World 140220 100 45 

Source: Nuclear power, energy and the environment 
 

Chart 4.2.2 World Crude Oil Refining Capacity, 
January 1, 1970 - January 1, 2005 [38] 
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As seen from the table above, oil refining and consumption is very unstable. Rapid 
increase between 1970-1981 is followed by relatively slower decrease until 1986. After 
1994, there is a stable increase. This increase seems to go further until supply cannot 
follow the demand. Today, when developing countries are very dependent from oil 
producers cannot decrease production with the purpose of regulation of consumption. 
Still, as the main energy source without alternative, petroleum promises large conflicts 
and competitions for the future. Industries are switching to natural gas, relatively cheaper, 
also relatively inefficient source. Petroleum scarcity is increasing the gas consumption. 
One of the main problems oil scarcity will cause is its role in transportation. 
 
 Solar and biofuel engine automobiles are becoming more common and reliable. Sweden 
launched first biogas train in the world last year. Small nuclear reactors are implemented 
and being tested on commercial ships, but these achievements cannot afford aviation yet. 
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4.3 Uzbekistan 
 
Uzbekistan was net importer of petroleum before 1991 and imported 75% - 6 million tons 
of petroleum imported from union republics. Uzbekistan rapidly increased petroleum 
production to the level that covers internal demand sufficiently. Annual production of 8 
million tons will stay unchanged due to stabile internal demand until 2010. [39] 
However, statistic doesn’t correspondent the real data and population bordering with 
Turkmenistan always imports petroleum products illegally.  
 

Chart 4.3.1 Petroleum production in Uzbekistan 1990-2002 [40] 
(in million tons) 
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There are three petroleum refining facilities in Uzbekistan with total annual capacity of 
11.2 million tons. Bukhara Petroleum Refining Factory, established in 1997 with state-of-
art technologies has capacity of 2.5 million tons per annum. Reconstructed Ferghana 
Petroleum Refining factory has 5.5 million tons per annum refining capacity. Altiarik 
Petroleum Refining Factory has 3.2 million tons annual refining capacity. These factories 
can cover internal needs and let to reimport distillated petroleum. [39] 
 
However, slowly rising internal demand of Uzbekistan will cause social-economic issues 
for population. Price for fuel artificially reaches to world market prices of 1 USD per liter 
of gasoline sometimes. This is due to the governmental decision of skipping petroleum 
import. 
 
Information and data about proven oil reserves of Uzbekistan could be found. But, it is 
not credible to rely on petroleum as solution of future energy problems, while internal 
demand is covered with illegal import from cheaper neighboring country Turkmenistan. 
 
Petroleum scarcity seems to be the more important issue than gas scarcity in the close 
future. Government need to accept that self-sufficiency is not the only way of solution. 
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5. HYDROPOWER GENERATION 
 

5.1 Description 
Fossil fuels are used in industry as electricity generation source and in heat production. 
They also have direct use in households with the purpose of heating and cooking. 
Electricity production is mainly based on generating the turbines by a heat pressured 
water both in coal, natural gas and oil power plants, also in nuclear geothermal power 
generation, while in hydro stations water flow directly generates the turbines. 
 
During the 19th century, the water wheel was used to produce electricity. At the end of 
that century, the water turbine gradually replaced the water wheel, and soil and rock dams 
were built to control the flow of water. [41] 
 
Water is currently the leading renewable energy source used by electric utilities to 
generate electric power. Hydroelectric plants operate where suitable waterways are 
available; many of the best of these sites have already been developed. Generating 
electricity using water has several advantages. The major advantage is that water is a 
source of cheap power. In addition, because there is no fuel combustion, there is little air 
pollution in comparison with fossil fuel plants and limited thermal pollution compared 
with nuclear plants. Like other energy sources, the use of water for generation has 
limitations. 
 
Since then, the hydroelectric potential of rivers continued to be developed, especially in 
Canada, Norway and New Zealand, where availability of conditions for hydropower 
generation is very large.  
 
Thus, productivity of hydropower generation is less than fossil fuel power generation. At 
the same time, hydropower generation is mentioned as one of the most clean energy 
sources. However, impact of hydropower stations, especially large, ones have impact to 
local ecosystems. In the beginning of last century, hydropower generation facilities were 
built on relatively large rivers. Today, mini hydropower stations are becoming more and 
more popular due to the achievements of modern science and technology. Mini 
hydropower stations have relatively very long payback duration, which makes them 
unaffordable for developing countries. 
 
There are two types of hydropower stations: conventional hydropower stations and block 
stations. [42] Conventional hydropower stations are the ones that are built on river and 
generate power directly from flowing water. Block power stations are built as artificial 
reservoirs on the rivers’ higher points and flows the water that has higher pressure 
because of artificial collection on the higher point. Block power stations are relatively 
efficient, however they cannot be built on smaller rivers with less water flow. 
 
Block hydropower stations worldwide are considered more environmentally unfriendly 
than simple hydropower stations. The Three Georges Hydropower plant in China is good 
example: number of species face exhausting, large local ecosystem face change and large 
aquatic ecosystem is formulated. Hydropower dams are also considered as insecure. 
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5.2 World 
Now the world's biggest producer of hydropower, Canada generates about 350 TWh/year 
of hydropower, an amount that represents nearly 62% of the country's total electricity 
production. Norway produces more than 99% of its electricity with hydropower. New 
Zealand uses hydropower for 75% of its electricity, while hydropower has large share of 
50% in power generation. [43] 
 
Today, while most of the large scale rivers with quicker payback duration are dammed. 
Large reservoirs are formulated for operation of these hydropower stations. Uzbekistan 
has Chorvok hydropower station with 2 billion cubic meters water saved and 
Tuyamuyum hydropower station with seven billion cubic meters water reservoir. Both 
have high risk for millions of population and environment. 
 
Every block hydropower station may be a subject for burst. By some calculations, this 
facotor makes hydropower most insecure by overcoming nuclear power stations.  
 
However, hydropower stations are counted as cheap energy source, since the fuel for 
power generation- water is for free. But in small scales, the prime cost of hydropower 
generating facilities are close to nuclear power stations in large scale, which means that it 
is relatively unaffordable compared with other ones. 
 

Chart 5.2.1 Average power generation expense per kWh [43] 
(in cents per kWh) 
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This figure shows that hydropower has high prime cost with lower efficiency. It is not 
affordable, compared with the other sources in transition economy situation. 
 
Detailed data of world hydropower generations is not available. Institutions that research 
on energy issues pay less attention to hydropower generation in comparison to fossil fuel 
power generation. Renewable energy types at all don’t go further than very general 
numbers. 
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Chart 5.2.2 Hydropower technically exploitable capability 
and generation, 1999 [44] 
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Above figure shows that world availability of hydropower is high, however, all of them 
are not economically beneficial to use. K.R. Allaev indicates that 18% of technically 
exploitable capacity and 28% of economically exploitable capacity of total hydropower 
potential was discovered by 1998. He also indicates that liberalization of energy markets, 
long-term installation of facilities, high capital inputs, geologic and financial risks make 
hydropower less competitive. [45] 
 
Since data of year-by-year production of hydropower is not found, it is impossible to 
discuss the trends and annual growth. However, today’s achievements are one of the 
highest and increasing further is economically non beneficial. 
 
Europe and North America has discovered nearly the half of available sources. Africa has 
the greatest potential in enlargement of hydropower, while former Soviet republics have 
also reached the economically affordable level for the current situation regarding their 
welfare. North America, Asia excluding former Soviet Republics has also a great 
potential to enlarge the hydropower generation.  
 
Below is another figure that shows the share of total hydropower generation in different 
regions. The share is much dependent from the area and location and geographical 
properties of these regions. The share below is difficult to discuss, since most of the 
industrialized countries have dammed almost all available rivers, therefore increase here 
is questionable, while developing countries find other resources less expensive than 
hydropower. However, share in these regions are subject to increase, at least in the long 
term. When fossil fuel prices beat the acceptable by people limit, another good alternative 
become hydropower, however, its share is unlikely to increase more than 10% by Peter 
Hodgson. [46] 
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Chart 5.2.3 Regional distribution of installed hydropower capacity, 1999 [44] 
(in percent) 
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Africa - 2.90% Europe - 31%
Middle East - 0.60%  

Source: World energy Council 
 

5.3 Uzbekistan 
Most of the Uzbekistan’s hydropower sector was built in the middle of 20th century, 
while the most recent ones were built in the seventies of the same century. Uzbekistan 
has 30 hydropower stations with a total capacity of 1,700 MW. [3] 
 

Table 5.3.1 Uzbekistan hydropower capability, 1999 [43] 
(in TWh) 

Gross theoretical capability 88 
Technically exploitable capability 27 
Economically exploitable capability 15 
Source: Facts about hydropower 
 

By now, 30% of technically exploitable capacity is discovered. Hydropower stations 
produce approximately 12% of total electric power. Uzbekistan is projecting to install 
141 mini hydropower stations in small rivers till 2010 those produce 1700 MW. This 
project doubles the hydropower electricity production in Uzbekistan. Currently 8 mini 
hydropower stations are under construction, which will produce 96 MW power. Share of 
hydropower will by 15% in 2010, after the realization of this project. [47] This 
information seems incredible, since no further information after 2003 is found. With 
current economic indicators, skipping these kinds of projects would be more reasonable. 
 
Uzbekistan has good potential for mini hydropower stations, because of long length of 
internal water canals. But economic situation of population do not allow building such 
stations, since price for energy from these stations never cannot challenge with other 
power stations. 
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6. NUCLEAR POWER 
 

6.1 Description 
An atom's nucleus can be split apart. When this is done, a tremendous amount of energy 
is released. The energy is both heat and light energy. This energy, when let out slowly, 
can be harnessed to generate electricity. When it is let out all at once, it makes a 
tremendous explosion in an atomic bomb. The word fission means to split apart.   
 
Inside the reactor of an atomic power plant, uranium atoms are split apart in a controlled 
chain reaction. In a chain reaction, particles released by the splitting of the atom go off 
and strike other uranium atoms splitting those. Those particles given off split still other 
atoms in a chain reaction. In nuclear power plants, control rods are used to keep the 
splitting regulated so it doesn't go too fast. If the reaction is not controlled, atomic 
explosion follows. But in atomic bombs, almost pure pieces of the element Uranium-235 
or Plutonium, of a precise mass and shape, must be brought together and held together, 
with great force. These conditions are not present in a nuclear reactor. The reaction also 
creates radioactive material. This material could hurt people if released, so it is kept in a 
solid form. [48] 
 
This chain reaction gives off heat energy. This heat energy is used to boil water in the 
core of the reactor. So, instead of burning a fuel, nuclear power plants use the chain 
reaction of atoms splitting to change the energy of atoms into heat energy. This water 
from around the nuclear core is sent to another section of the power plant. Here it heats 
another set of pipes filled with water to make steam. The steam in this second set of pipes 
powers a turbine to generate electricity.  
 
Boiling water reactors boil the water. Then the boiling water is converted to steam, and 
then recycled back into water by a part called the condenser, to be used again in the heat 
process. Since radioactive materials can be dangerous, nuclear power plants have many 
safety systems to protect workers, the public, and the environment. These safety systems 
include shutting the reactor down quickly and stopping the fission process, systems to 
cool the reactor down and carry heat away from it, and barriers to contain the 
radioactivity and prevent it from escaping into the environment. Radioactive materials, if 
not used properly, can damage human cells or even cause cancer over long periods of 
time. 
 
Another form of nuclear energy is called fusion. Fusion means joining smaller nuclei (the 
plural of nucleus) to make a larger nucleus. Fusion is a nuclear process in which two light 
nuclei combine to form a single heavier nucleus. Fusion is the process that takes place in 
stars like in Sun. Whenever people feel the warmth of the Sun and see by its light, they 
are observing the products of fusion. People know that all life on Earth exists because the 
light generated by the Sun produces food and warms the planet. Therefore, it is possible 
to say that fusion is the basis for humankind’s life. [48] If controlled, fusion process may 
generate tremendous amount of energy. Risk from fusion is also very low in comparison 
to fission, therefore, it could be the new reliable source of energy for mankind if can be 
put in a controllable frame. There are number of projects working on this issue. 
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6.2 World 
On June 27, 1954, the world's first nuclear power plant that generated electricity for 
commercial use was officially connected to the Soviet power grid at Obninsk, Kaluga 
Oblast, Russia. The Shippingport Reactor (Pennsylvania) was the first commercial 
nuclear generator to become operational in the United States - the construction cost was 
$72.5 million. [49] 
 
Today 56 countries operate civil research reactors, and 31 have some 440 commercial 
nuclear power reactors with a total installed capacity of over 360 000 MW. This is more 
than three times the total generating capacity of France or Germany from all sources. 
Some 30 further power reactors are under construction, equivalent to 6% of existing 
capacity, while about 35 are firmly planned, equivalent to 10% of present capacity. [50] 
 
Share of nuclear energy in the world today is 16%. The share of nuclear energy has 
declined marginally, due to a relatively larger increase of other sources and higher 
international and domestic pressures on exploitation. But in the close future, this number 
is a subject to relatively rapid growth till 2010. An energy share projection of 2030 also 
predicts marginal declining of nuclear energy share also due to the rapid enlargement of 
world energy system. World energy consumption is projected to increase to 50% in 
comparison with 2000. [Appendix 6.2.1] [51] Obviously, nuclear energy production 
cannot increase correspondently due to economic factors, international and domestic 
pressure and natural abilities.  
 
But there are number of countries that are aiming to introduce nuclear power in the close 
future. Bad example for this can be Iran Islamic Republic with its inadequate behavior to 
international nuclear researches control institutions. It is peoples’ right to decide whether 
they want nuclear as energy source or not, but the regards to international legislations and 
controlling institutions must be kept in order to have safe and developing world. First of 
all, there is couple of unsuccessful experiences with exploitation of nuclear power 
stations. Afterwards, very close operations need to be taken to create nuclear bombs. 
Therefore it must be obligatory procedures in global scale for countries using or planning 
to use nuclear energy.  These kinds of  “unsuccessful experiences” are usually followed 
by strengthening of legislations and pressure, with a possible alternative of banning 
researching and using nuclear in peaceful purposes in specific countries. 
 
Nuclear energy was the hope of the mankind, before tragic accidents. For instance, Soviet 
Union was projecting number of nuclear power plants. With relatively cheap energy 
source, Soviet Union government was planning to meet growing energy needs. Since 
formulation of prices for energy resources very decreased then the primary price, 
obtaining cheap and reliable energy was very important for the government. After 
Chernobyl accident, these nuclear projects were postponed and there was no alternative 
cheap and adequate energy to rely on. The scarcity and related to it economic problems 
concentrated and caused the collapse of Soviet Union. 
 
Since then, nuclear energy lost its priority of being hope for humanity. However, those 
tragic accidents lead mankind to develop further and make nuclear energy safer. 
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Chart 6.2.1 World net nuclear power generation 1980-2003 [52] 
(in GWh) 
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Table 6.2.1 World net nuclear power generation 1980-2003 [52] 

(GWh) 
 

  1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 
Generation 684.4 778.6 866.4 981.7 1196.9 1425.5 1517.7 1654.0 1794.8 1843.4 1908.8 1996.1 2015.6 2081.6 2125.2 2210.0 2291.5 2271.3 2316.0 2393.6 2450.3 2517.2 2546.0 2523.1

Source: Energy information Administration 



 30

As usual, there are two groups of people, one who are supporters with optimistic 
approach for nuclear power generation and other are against, with pessimistic approach. 
As safety is factor number one in nuclear power generation, the trend above depends 
from the result of these two groups.  
 
Since the first reactor is implemented in 1951, obviously slow increase in nuclear power 
sector took place. If we conventionally call 1951-1980 conventionally first period, when 
nuclear power generation increased from zero to 684.4 billion kWh next doubling period 
took place in 1985, when generation reached more than two times higher then so called 
first period of 30 years. Compared to first period, tripling period took in 1995, which is 
also three times shorter than the first period. Average annual increase of nuclear power 
generation during 1980-2003 was 11,7%. But the decrease of grow rate after 1996 should 
be considered: annual growth during 1998-2003 was 1.44%. During 2002-2003 there was 
decrease of 0,9% in nuclear power generation. 
 
This can be explained with postponement of different new installation projects, internal 
and external pressures to close the existing old reactors by safety reason as in, 
Kazakhstan and Lithuania. This figure shows the extending role of second-“pessimistic” 
group at the same time. 
 

6.3 Safety, Radiation, Health, Environment and Nuclear waste 
From the figures above, decrease in nuclear power generation can be seen. Since safety of 
nuclear power generation plants is the main factor in decision-making, it is impossible to 
ignore the internal and external pressure. But one should consider the fact that building 
block of economy-energy sector mustn’t face problems artificially caused by public 
opinion, when the only available solution exists. 
 
First of all, decision makers, whether government or not never decide on nuclear, while 
there is more affordable source of energy. Then, while making such an important 
decision, the risk assessment is obviously provided. So, what the public standing against 
the decision is protesting against a minimal risk, which is considered as acceptable. It is 
understandable that this accident has large consequences in comparison with the risk 
from other sectors. In this case, better would be the individual approach. One must 
understand that, risk from nuclear power plants are lower than the risk of flying on a 
plane to some destination. While taking a plane, one understands that this is the best 
alternative for reaching a long destination. Taking a car for the same destination could 
cost more, demand much longer time and a lot of more uncomfortable events and 
difficulties. So, why cannot public accept the common risk of reaching a goal in more 
wisely way, especially when the risk is not that high as in the very usual flight condition. 
 
There is another factor that would highly influence the risk assessment. For the current 
time, two fatal accident, one in Three Miles Island, USA in 1979 and other in Chernobyl, 
Ukraine in 1986 happened. The consequences of these accidents are subject to stay for 
100 thousand years and more. After 1986, science and technology upgraded the safety 
systems of nuclear power plants to another level and still developing the sector. Another 
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considerable factor is, if another accident in this conditions happen, this can be the end of 
nuclear era. Public opinion plays the main role in this case.  
 
However, the authorities and responsible institutions strengthening the regulation and 
legislations, some nuclear power plants cannot follow these requirements. For example, 
the Ukrainian government is still operating some reactors, which don’t answer the 
contemporary requirements. Instead of cooperating, Ukrainian government is asking 
financial aid for reconstruction. The risk of accident is very high in this case and unwilled 
consequences may follow, as the reactors in Ukraine nuclear power stations are relatively 
out-of-date and not modernized for the moment. 
 
But, modernized reactors are counted as 100% accident free, as the safety system turn the 
reactor off by a small abnormal incident occurred. Modern reactors are counted as 
relatively high safety provided. 
 
There are some more concerns regarding the uranium mining and nuclear waste 
utilization, which cannot be left in dark, while talking about safety and risks from nuclear 
power plants. Uranium mining is harmful for health process uranium is radioactive 
element. When the speech is about radiation from uranium, one must consider the fact 
that coal power station of 1 GW/y burns 3.5 million tons of coal, which contains 5.25 tons 
of uranium. Some part of this uranium is caught in filters, but some escape to 
environment. People breathe from this air and it travels long distances and precipitates to 
soil as acid rain. [53] Operating nuclear power plants emit less radiation in comparison to 
coal power stations. There is a long debate among scientists and doctors of defining the 
amount of acceptable radiation for human health. Radiation in small amount is 
considered as useful then harmful. There is definite fact that uranium mining is less 
harmful then some natural radioactive zones, where the radiation degree exceeds the set 
limits to some ten times, while some mines have lower radiation degree than set as limit. 
 
Another mentionable fact is nuclear wastes produce less radiation than the uranium in 
nature after 200 year of disposal.  
 

Chart 6.3.1 Percentage contributions to the total radiation 
             exposure of the population in Britain [54] 
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Chart 6.3.2 Average number of deaths associated with the production of 

1000 MW/y of electricity in different ways [55] 
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There is another table that shows the average death per accident from each kind of energy 
generation. Alas, long term consequences and casualties directly related to nuclear 
accidents are not considered. Peter E. Hodgson is optimist nuclear researcher, who 
developed this table tries to show nuclear relatively safe energy type. Thus, his figures 
always lead to a positive estimation of nuclear power. However, the following table is 
arguable. 
 

Table 6.3.1 Severe accidents 1969-1986 [56] 
 

 Number Type Deaths per accident Average per year 
Coal 62 Mining 10-434 >200 
Oil 63 Fire 5-500    50 
Gas 24 Fire 6-452 > 80 
Hydro >8 Dam burst 11-2500 > 200 
Nuclear 1 Chernobyl 31 - 

Source: Nuclear power, energy and the environment 
 
Peter E. Hodgson also explains the connection between health issues and energy 
availability by his optimistic point of view for nuclear energy. By him, human health is 
highly dependent from personal welfare. If one does not have enough energy, he or she 
cannot gain better welfare to take care of own health. He places the healthcare system of 
different countries in relation with per capita income and per capita energy production.  
    
Since 6.9 % of world’s annual uranium is produced in Uzbekistan, new factor of scare 
from radiation of uranium production will not arise.  
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6.4 Uranium 
Uranium is a chemical element in the periodic table that has the symbol U and atomic 
number 92. Heavy, silvery-white, toxic, metallic, and naturally radioactive, uranium 
belongs to the actinide series and its isotope 235U is used as the fuel for nuclear reactors 
and the explosive material for nuclear weapons. Uranium is commonly found in very 
small amounts in rocks, soil, water, plants, and animals (including humans). 
 
When refined, uranium is a silvery white, weakly radioactive metal, which is slightly 
softer than steel. It is malleable, ductile, and slightly paramagnetic. Uranium metal has 
very high density, 65% more dense than lead, but slightly less dense than gold. When 
finely divided, it can react with cold water; in air, uranium metal becomes coated with 
uranium oxide. Uranium in ores can be extracted and chemically converted into uranium 
dioxide or other chemical forms usable in industry. 
 
Uranium metal has three allotropic forms: 

• alpha (orthorhombic) stable up to 667.7 °C  
• beta (tetragonal) stable from 667.7 °C to 774.8 °C  
• gamma (body-centered cubic) from 774.8 °C to melting point - this is the most 

malleable and ductile state.  
 
Its two principal isotopes are 235U and 238U. Naturally occurring uranium also contains a 
small amount of the 234U isotope, which is a decay product of 238U. The isotope 235U is 
important for both nuclear reactors and nuclear weapons because it is the only isotope 
existing in nature to any appreciable extent that is fissile, that is, fissionable by thermal 
neutrons. The isotope 238U is also important because it absorbs neutrons to produce a 
radioactive isotope that subsequently decays to the isotope 239Pu (plutonium), which also 
is fissile. 
 
Uranium was the first element that was found to be fissile, i.e. upon bombardment with 
slow neutrons, its 235U isotope becomes the very short lived 236U, that immediately 
divides into two smaller nuclei, liberating energy and more neutrons. If these neutrons are 
absorbed by other 235U nuclei, a nuclear chain reaction occurs, and if there is nothing to 
absorb some neutrons and slow the reaction, it is explosive. The first atomic bomb 
worked by this principle (nuclear fission). A more accurate name for both this and the 
hydrogen bomb (nuclear fusion) would be "nuclear weapon", because only the nuclei 
participate. 
 
Uranium became important metal to be mined after its fissile property was discovered. 
While traces of uranium occur almost everywhere on Earth, the highest concentration is 
found in the Earth's crust. For example, there are about 3 milligrams of uranium per ton 
of seawater, about 4 grams per ton of granite and up to 400 grams per ton of coal. The 
rocks that are mined for uranium in Australia contain about 3 kilograms of uranium per 
ton. 
 
Today half of recoverable uranium mines are found in Canada and Australia. Uzbekistan 
has the seventh largest uranium production in the world, and supplies the 6.9% of total 
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uranium resources of the world. However, Uzbekistan does not have nuclear power plant, 
thus exports produced uranium to USA and Russia. Most of the other countries that 
produce uranium have nuclear power plants; therefore consume some part of produced 
uranium.  

Table 6.4.1 World uranium production 2001-2004 [57] 
(in tons) 

Country 2001 2002 2003 2004 
Canada 12520 11604 10457 11597 
Australia 7756 6854 7572 8982 
Kazakhstan 2050 2800 3300 3719 
Niger 2920 3075 3143 3282 
Russia (est) 2500 2900 3150 3200 
Namibia 2239 2333 2036 3038 
Uzbekistan 1962 1860 1598 2016 
USA 1011 919 779 846 
Ukraine (est) 750 800 800 800 
South Africa 873 824 758 755 
China (est) 655 730 750 750 
Czech Repub. 456 465 452 412 
Brazil 58 270 310 300 
India (est) 230 230 230 230 
Germany 27 212 150 150 
Romania (est) 85 90 90 90 
Pakistan (est) 46 38 45 45 
Spain 30 37 0 0 
France 195 20 0 7 
Portugal 3 2 0 0 
Total world 36 366 36 063 35 613 40 219 

 
6.5 Uzbekistan 

Uranium production in Uzbekistan is limited to three in-site leaching operations in central 
Uzbekistan:  Uchkuduk, Zafarabad, and Nurabad. These facilities are subordinate to the 
Navoi Mining and Metallurgy Industrial Complex in the city of Navoi.  In 1999, Navoi 
Mining and Metallurgy Combine  produced 2,130 metric tons of uranium product, or 
6.8% of the world's total output.  Output for 2000 and 2001 is estimated at 2,350 tons per 
year. [58] 
 
Navoi Mining and Metallurgy Industrial Complex  is part of the Uzbekistani state holding 
company Kyzylkumredmetzoloto.  All uranium production in Uzbekistan is the property 
of the Uzbekistani government. [59] Before 1992, all uranium mined and milled in 
Uzbekistan was shipped to Russia.  Since 1992, all Uzbekistani uranium production is 
exported, mainly to the United States, through the US-based intermediary Nukem, Inc. A 
1992 suspension agreement on imports of Uzbekistan uranium set limits on the amount of 
uranium production that could be exported to the United States.[60] These limits were 
gradually increased until July 2000, when the US International Trade Commission ruled 
that the sanctions be lifted altogether. [61] 
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During the Soviet era, Uzbekistan provided the large share of uranium to the Soviet 
military-industrial complex. [62] Five new towns were constructed to support uranium 
production activities:  Uchkuduk, Zarafshan, Zafarabad, Nurabad, and Navoi.  These five 
towns, with a combined population of 500,000, provide Navoi Mining and Metallurgy 
Industrial Complex with a stable and highly skilled work force. Navoi Mining and 
Metallurgy Industrial Complex relies on Russia for the bulk of its materials, instruments, 
machine tools, and reagents. In recent years, however, it has been increasingly able to 
obtain the necessary equipment domestically. [63] The Uzbek State Committee for Safety 
in Industry and Mining (Gosgortekhnadzor) supervises ministries engaged in mining-
related activities. [64] The Nuclear Regulations Inspectorate under Gosgortekhnadzor has 
responsibility for the control and supervision of the nuclear research reactors and all 
nuclear and radioactive materials (including spent fuel) in Uzbekistan. [65] 
 
Production from Uzbekistan's three mining directorates is transported by rail to Navoi 
Mining and Metallurgy Industrial Complex for processing.  The plant has an annual 
production capacity of 3000 tons.  In 1998, 8165 people were employed at the Navoi 
Mining and Metallurgy Industrial Complex. There is possible additional uranium mining 
sites, which increase the current potential of uranium resources. [Appendix 6.5.1] 
 
No data is available, nor did research provide regarding the environmental and human 
health impacts of Uzbek uranium production. As uranium production is one of the main 
incomes of the country and it is seen as source for future energy issues, it is very 
important to research the environmental impact of uranium production in Uzbeksitan. 
 

Table 6.5.1 Uranium reserves of Uzbekistan [66] 
 

Name of 
mines Mining Location Estimated proven 

reserves (tons) 

Uchkuduk, 
Kendykijube 

Northern (Uchkuduk, 187 
miles northeast of Navoi) 56750 

Sabyrsay, 
Ketmenchi 

Southern (Zafarabad, near 
border with Tajikistan) 55820 

Severniy 
Bukinay, 
Yuzhnyy 
Bukinay, 
Lyavlyakan, 
Beshkak 

No. 5 (Nurabad, 20km 
southeast of Navoi) 13750 

Sugraly, 
Zarafshon Eastern Closed in 1994 

Total  125320 
Source: Nuclear Threat Initiative 



 36

7. RENEWABLE ENERGY 
 

Since hydropower is counted as traditional energy, wind is the most wide spread renewable 
energy by now. Solar, geothermal, tidal power, biomass and biogas are also getting wider 
spread. Renewable energy sources are also called “energy of the future” with their low 
environmental impact, abundance, long lifespan and easy recoverability. Disadvantages are 
high prices of facilities and relatively less effectiveness. [Appendix 7.1.1] 

 
There are many factors that influence the perspective of renewable energy. Today, world 
share of renewable energy is approximately 5-8%. This number can reach 13% in 2020 and 
33% in 2060, if price of renewable energy can be decreased to 1000 USD for each kW. 
Price factor highly influenced the predicted indicators and realization of projects, however, 
in specific regions, these projects succeeded very well. [67] In general, renewable energy 
application is a subject to research, which the current available potential. 

 
7.1 Wind energy 

Wind energy, the world's fastest growing renewable energy source, is a clean and 
renewable source of energy that has been in use for centuries in Europe and more recently 
in the United States and other nations. Wind turbines, both large and small, produce 
electricity for utilities and homeowners and remote villages. [63] 

 
Uzbekistan has continental dry subtropics climate. Wind energy in mentioned as one of the 
most promising energy types in Uzbekistan. However, there was an on going experimental 
project of wind power generation in the northern-west of Uzbekistan, where the wind 
power is estimated relatively highest in republic. Press-release of the project team Liberty 
Radio Uzbek air last year announced the unsuccessful results. The reason was explained as 
instable wing blowing- more than expected results in some periods and nothing in some 
other periods of the year. 

 
Table 7.1.1 Wind velocity for Maidanak region, Uzbekistan, 1996 [69] 

 Wind Velocity 
Months Median Max Mean 
January 2.28 9.70 3.22
February 1.00 8.00 1.96

March 2.00 9.30 2.44
April 3.75 8.50 3.55
May 2.30 4.90 2.41
June 3.20 9.00 3.33
July 2.00 8.50 2.27

August 2.00 10.70 2.26
September 2.20 8.60 2.50

October 2.00 10.00 2.27
November 1.50 9.00 1.87
December 0.50 6.80 1.16

Resource: Astronomy and astrophysics supplement series  
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Table 7.1.2 Common wind turbine characteristics [70] 
In example of Wind turbine Vestas V27/225kW 

at Wood Green Animal Shelter, Huntingdon 
 

Turbine type Horizontal axis wind turbine 
Rotor type Upwind of tower 
Number of rotor blades 3 
Blade type Variables pitch 
Blade material Glass-reinforcer polyester 
Rotor diameter 27m 
Rotor swept area 573m2 
Hub height 33m 
Rotation speeds 32/43 rpm 
Cut-in wind speed 3.5m s-1 
Rated wind speed 13.5m s-1 
Cut-out wind speed 25m s-1 
Rated power 225kW 
Gearbox 1:23 
Tower Tapered steel 30m tall 
Cost installed (September, 1991) £175000 

Source: Renewable energy, Power for Sustainable Future 
 

There are different types of wind turbines as vertical axe, horizontal axe, and different 
power capacity: from small watts to some hundred kilowatts. Most of the large wind 
turbines are vertical axe turbines are around 200-500kW.  
 
As seen from characteristics, larger type wind turbines operate at wind velocity of more 
than 10 m/s. From the table about wind observation, it is seen that, even maximum speed 
of wind is maximum 10m/s. Therefore it is not wise to implement wind power generation 
in large scales, especially considering the expenses of transition.  
 

7.2 Solar energy 
Solar energy, provided by the sun, is constantly replenished and will not produce harmful 
pollution unlike fossil fuels. Solar energy may be used passively, such as to heat and light 
buildings, or technology may be used to harness the sun's energy by collecting it and 
transforming it to generate electricity. Current technologies include photovoltaic, 
concentrating solar, solar hot water, and more. [71] 
 
Sun daily sends to earth 1018 kWh energy, which is equal to 1 ZWh (zetta watt hour) that 
exceeds the world’s energy needs to some ten times with current consumption. This 
energy is distributed unevenly, and some high effective areas are remote for production, 
which obstacles to implementation of solar energy. Electricity convertibility of current 
solar panels is 15% of total received energy, while required efficiency factor to make it  
economically affordable is 25%. Per kW price of solar energy declined from 1 USD in 
1980 to 0.22-0.36 USD now. 
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Uzbekistan receives average 2952 hours of sun energy annually. [72] Earth receives 
average of 164 W/m2 of solar energy. [73] Installed panel of one-meter square generates 
484 kWh of energy annually, which is quite low effective in comparison to fossil fuel and 
even hydropower generation. 
 
Application of solar energy in Uzbekistan is very questionable, since high prices and state 
energy monopoly don’t create conditions for wide application of this type of energy. 
    

7.3 Bioenergy 
Bioenergy is stored energy from the sun contained in materials such as plant matter and 
animal waste, known as biomass. Biomass is considered renewable because it is 
replenished more quickly when compared to the millions of years required to replenish 
fossil fuels. The wide variety of biomass fuel sources includes agricultural residue, 
pulp/paper mill residue, urban wood waste, forest residue, energy crops, landfill methane, 
and animal waste. Energy in the form of electricity, heat, steam, and fuels can be derived 
from these sources through conversion methods such as direct combustion boiler and 
steam turbines, anaerobic digestion, co-firing, gasification, and pyrolysis. The co-firing 
method mixes biomass with coal, and may be the best near-term economic opportunity 
for biomass, particularly in combined heat and power applications, which make the most 
efficient use of biomass. [74] Potential of annual produced resources for bioenergy is also 
estimated as up to 10 times higher than current fossil energy consumption. Energy from 
biomass as fuel has large share in specific countries: in Finland 23%, in Sweden 18%, in 
Austria 12, in EU 3% of total consumed fuel. [75] 
 
As a net cotton producer and agricultural economy, Uzbekistan has large potential of 
bioenergy. Biofuel and biogas also need for a scientific research of implementation. 
 

7.4 Geothermal energy 
Geothermal energy is a form of renewable energy derived from heat deep in the earth’s 
crust. This heat is brought to the near-surface by thermal conduction and by intrusion into 
the earth's crust of molten magma originating from great depth. As groundwater is 
heated, geothermal energy is produced in the form of hot water and steam. The heated 
groundwater can be used for direct heating of homes and greenhouses. These are known 
as direct uses of geothermal energy. Geothermal energy is also used for electricity 
production. [76] 
 
Geothermal energy is a proven resource for direct heat and power generation. In over 30 
countries geothermal resources provide directly used heat capacity of 12000MW and 
electric power generation capacity of over 8000MW. It meets a significant portion of the 
electrical power demand in several developing countries. For example, in the Philippines 
geothermal provides 27% of that country's total electrical generation, from power plant 
complexes as large as 700MW. Individual geothermal power plants can be as small as 
100 kW or as large as 100MW depending on the energy resource and power demand. [77] 
 
Uzbekistan is situated in geologically very passive landscape and don’t have geothermal 
power generation. 
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8. ENERGY, ENVIRONMENT AND SUSTAINABILITY 
 
Uzbekistan consists of 75% deserts on the northern west and 25% valley on the southern 
east. Historically people lived in territory of Uzbekistan were involved with agriculture. 
In the end of 19th century Russian’s occupied the Central Asia. During the First World 
War Uzbeks were brought to Russian factories as labor force both in industry and 
agriculture. After Bolshevik’s Revolution, Uzbekistan also was announced as part of 
United Soviet Socialistic Republics. Uzbek economy had been formulated on the cotton 
production and other agricultural directions. Extensive enlargement of farmlands, 
irrigational use of water and other natural resources started in this period. In the years of 
Second World War Uzbekistan turned from agrarian country to industrial country. All 
available industry of Byelorussia, Ukraine, and other risky zones very moved and put on 
operation in very short time. From that time new direction also started in Uzbekistan. Due 
to the concentrated potential during World War Two, Uzbekistan started to develop 
rapidly in 60ies of last century, when the environmental threats became very enormous. 
Aral Sea shrinking, use of extremely hazardous pesticides took place starting from that 
period. First gas reserves were discovered and production was operated in those years. 
 
During the sixties of the last century was the culmination of development of Uzbek 
history, when subway was introduced, urbanization reached 40%, and electrification was 
very high. People of those years say that nothing developed further from that conditions, 
however today Tashkent is under the important of government. Today urbanization is of 
population is decreasing; gap between rural and urban population is narrowing since 
urban population’s life standards are decreasing. All these are because of wrong 
economic policy and high corruption: these social factors are key factors for sustainable 
development. 
 
Environmental problems are not on the top of agenda due to social economic problems. 
Both individual and social behaving for sustainable future and clean environment is low. 
State does not support environmentally friendly production with privileges.  Energy 
sector is also environmentally very hazardous and indicators are much lower than set 
limits. 
 
Increasing the production in inefficient facilities and installing more same kind fossil fuel 
power plants threaten environment. Uzbekistan, with large environmental problems 
today, is not stepping towards improvement. Concentrated problems are already 
influencing and will cause higher damages to human and environment.  
 
Introducing environmentally friendlier technologies in energy sector and in all branches 
of life are the only solution and only way of improvement.  
 
Irrational use of irrigational water, hazardous pesticides used in cotton industry and 
similar agriculture related problems caused the Aral Sea problem, decrease in health rate 
of population and similar problems. By not taking a right decision today, environmental 
problems may go further and may cause ecological catastrophe.   
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9. DISSCUSSION 
 
In the World energy outlook, neither Uzbekistan nor most of the other countries are 
projected separately. World countries are grouped in projections and Uzbekistan and 
neighboring countries are once in the non-OECD countries group, another time in former 
Soviet Union Republic group and sometimes in Eastern Europe and CIS group. Therefore 
without specific data of future projection, the dynamic can be explained. However, all 
reports indicate the increase of consumption in these countries as 50% for 2025. Since 
Russia has demographic crisis of negative population change indicator, it is Central Asian 
republics that play great role in that projected increase of consumption. With the highest 
population rate in Central Asia Uzbekistan will likely need more energy than projected 
averages. 
 
As mentioned before, Uzbekistan is the seventh gas producer in the world, with different 
estimation of reserves. Predictions vary from source to source and some consider the 
increase in consumption for a large extent and predict estimated time span of 33 years 
[78], while some Russian specialist estimates the this time span for more than 50 year. 
Calculations with the consumption of 1998 showed 70 years of lifespan for natural gas, 
while with the consumption level of 2003 it is estimated as 35 years. Increase of 
consumption level is rising rapidly and still subject for doubling in the next two year, 
since there was agreement with Russian government on natural gas supply and 
Uzbekistan doubles the exported gas, by this decreases the estimated time span of gas to 
28 years. [22] 
 
Total electricity generation in Uzbekistan for 2003 is 11283 MW. The most recent 
information from state controlled vesti.uz News Agency indicates that increase in power 
generation for 2010 will be 888MW. [79] This is unlikely to meet the growing needs of 
future population. Today Tajikistan people of northern Tajikistan, who are dependent 
from Uzbek energy system, are facing shortage of electricity and natural gas supply for 
household use. In the some rural regions of Uzbekistan also face natural gas and 
electricity shortages in winter period. 
 
During the literature investigation, the information about steam, heat and hot water 
production facilities- district heating system in never mentioned. Never mentioned the 
share of consumed energy in industrial, residential and commercial sector, because of 
lack of this information and data. 
 
However the life standards are lower, 30-35 % of Uzbek populations live in cities, where 
life standards are close to rural condition, where the only difference is district heating and 
wastewater collectors. Rural population installs low efficient artificial water heaters. 
However, it is more effective than converting this gas to electric power and using it in 
household heating. Therefore Uzbekistan needs natural gas not only as electric power 
generator, but also for everyday cooking and heat water, and for heating in cold periods, 
which is usually from middle November to middle March. Therefore, it is not wise to 
wait for the exhaust of natural gas- main energy source to make next step decisions. 
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Gas power plants are the cheapest power plants, however, the fuel cost for power 
generation is very high. Large gas power generation plants have production capacity of 
800-900 MW, while average are 500 MW. Uzbekistan has large 5 natural gas power 
plants with production capacity from 150 MW to 800 MW and 25 small power stations 
operating on fossil fuels. Increasing system 888 MW means building a one large or two 
average power plants in five years. It is unlikely to be the modern turbine installed power 
plants with at least average effectiveness of 55-60%. More likely, they will be the 
Russian produced turbines with 35-40% effective turbines. The fast flow of natural 
resources compromise the advantage of future generations and ineffective energy system 
increases the prices for electricity more and more with the purpose of cover the expenses, 
gain quicker payback for production facilities and decrease consumption. Regarding 
these facts, natural gas is not a convenient resource for more than 30 years. 
  
Coal mining is also subject to increase, however, its share of 8% in power generation will 
rapidly change. While there is a natural gas resource, coal is always cost ineffective. 
Recoverability factor of coal in mines are getting more and more harder. Uzbekistan is 
producing 100% of available coals in open mines. These mines are subject to decline 
production within 5 years. Coal in closed mines is not competitive as coal on open mines, 
nor with natural gas. Therefore time is needed until closed coalmines are effective and 
cost competitive. Now when open coalmines are mined as productive as possible, it is no 
more possible to enlarge the production. Growing energy needs cannot be covered from 
coal for a larger extend. At the same time, open coalmines are subject to be exhausted in 
the beginning of the second decade. [15] 
 
Hydropower is not a subject for a change, at least until 2020. [78] Most of the available 
opportunities for large hydropower stations are already developed. Mini hydropower 
stations are not affordable not for state and nor for citizens. They will not be competitive 
until the production level of fossil fuels is kept stabile. Likely, production level of 
hydrocarbons will increase stabile in the current rate. Thus, hydropower is not affordable 
within 20 years. When some of the regions face natural gas scarcity, due to declining of 
production in some reserves, some part of benefiting from that source population may 
switch to mini hydropower, depending their local properties, exceptionally with the 
guidance of government. As the process of declining occur without any signal or 
warning, most likely government continues to increase production. When the production 
level is high, other uncompetitive resource as hydropower can be installed.  
 
Uzbekistan produces 10.5 GW of its total 12,3 GW installed capacity in 30 fossil fuel 
based power plants. [79] Following five years from now, this number will slightly exceed 
13 GW. As mentioned above, there is 50% increase in 20 years, by other words, 2.5% 
annual increase in average. With the average annual growth of 2.5%, production must 
increase by 1.54 GW/h. This is twice more than the number government planned to 
increase. [79] 
 
The expenses of each type of energy source is given in Chart 5.2.1 As seen, natural gas 
power generation is has the highest production cost, has little advantages in maintenance 
cost, and facilities. In the final case, cheaper facility and maintenance costs cause high 
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expenses, which is up to two times higher than some resources. More than that, as 
discussed above, prospective of natural gas is very short and it must by gradually phased 
out. The issue of low effectiveness also exits. 
 
In this case, introducing nuclear power would be wise decision. With current internal 
uranium reserves, nuclear power would be up to two times cheaper than power coming 
from the natural gas.(Chart 5.2.1) And the internal reserve of uranium is enough for some 
hundred years, which makes energy convenient. Introducing nuclear is also beneficial 
from environmental point of view. 
 
Average nuclear power pants operate at level of 1200 MW. Then introducing nuclear 
would allow to gradually phasing out the already out-of-date fossil based power pants. 
 
Uzbekistan consists of 75% deserts on the west and 25% valleys on the east. Valley part 
of Uzbekistan is more or less seismic active. [Appendix 7.1.1] However, western part is 
quite passive. There are large lakes in Uzbekistan that also can be served for cooling in 
nuclear power generation. Two large rivers flow through Uzbekistan. Water of these river 
also can be used. 
 
There are more factors need to be researched, but primary researches show that 
introducing nuclear power plant in Uzbekistan is the most appropriate solution. 
Introducing nuclear power plant is not easy or short-term process. Main factors are to get 
international agreement and prepare specialists, who can operate, serve and develop the 
system further on. Construction period is also relatively very long. Therefore specific 
steps must be taken from today to research further and decide, to prepare specialists, to 
get international agreement, and the most important, direct the financing of fossil fuels 
that have relatively short perspective to nuclear power generation introduction. 
 
K.R Allaev indicated that Uzbekistan need to introduce nuclear power generation after 
the fifties of 21st century. [80] If considered the concerns of preparing a field for nuclear 
power generation, it is today, government should start to take actions. 
 
Renewable energy resources are relatively expensive and small-scale with very long-term 
payback. It is unacceptable for the growing population with unstable GDP and slow 
industrialization to switch directly to renewable sources. Observations show that solar is 
relatively effective than wind power in Uzbekistan. 
 
There is another important point that needs to be considered, when viewing perspective 
of renewable energy implementation, or introduction in Uzbekistan case. The scope and 
scales of renewable energy are fundamentally different. Renewable energy generation is 
relatively inefficient. Per kWh price for renewable energy is relatively high, however, 
renewable power generation is fuel free. Relatively low efficiency cause long-term 
payback. Comparing renewable power generation with conventional (natural gas for 
Uzbekistan case) power generation shows the real condition. Average natural gas power 
generation plant has capacity of 500MW. Photovoltaic panel generates 1000 W/m2 in 
normal sunny day of 25ºC temperature. [81] Uzbekistan climate is sharp continental 
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subtropics. However, regarding average sunny day are expected to be similar to 25ºC 
normal conditions. 
 
Therefore, if the 500MW production capacity area is calculated, it is going to be 500’000 
m2, or half square kilometers or 500m * 1000m surface. This is only the surface that 
needs to be covered with solar panels. The maintenance and service areas will nearly 
double the surface. At the same time, this large renewable power production is extremely 
expensive. 
 
However, solar power production can be particular solution for the regions with high 
solar energy potential, where the efficiency is very high and thus prices become adequate. 
But not large part of Uzbekistan can be considered as zones with high solar energy 
potential. 
 
Wind energy also is low efficient and unaffordable for population in large scale due to 
social-economic conditions. At the same time, wind velocity is lower than required and 
unstable. Average wind turbine that generation capacity of 300kW sweeps 600m2. Wind 
turbines have to be set in a line, that doesn’t obstacle the other turbine’s operation by 
decreasing the wind velocity. In this case, to gain production capacity of 500MW, 1666 
wind turbines are needed installed on the surface of 1km2 if installed tickly. Therefore, 
wind power generation is also not wise alternative for future. 
 
Some parts of Uzbekistan have good potential of renewable energy in very small scale for 
household use. But share of household energy consumption is relatively low. Industrial 
and commercial energy use demands higher capacity energy. 
 

Chart 9.1. Share of energy consumption by sector in Uzbekistan [82] 

11%

8%

25%
10%

39%

7%
Industry Agriculture Transportation
Commercial Residental Other

 
Source: Earth Trends 
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Uzbekistan energy system may in the far future step-by-step transit to renewable energy 
mainly in residential use. This is dependent from social economic changes that need to 
take place, change of behavior, reliability of renewable energy, especially solar, and 
individualism, since it is going to be quicker and effective transition. However, share of 
renewable energy cannot be introduced in close 25-30 years, due to above-mentioned 
problems. 
 
In transition period, when country’s development is very dependent from energy sector, 
decision makers must rely on an energy which is long-term abundant, convenient and 
reliable. At the same time as environmentally friendly as possible energy type must be 
introduced. Social obstacles don’t allow population to be more individualistic, therefore 
larger and centralized power generation must be chosen. Most appropriate decision in this 
case would be nuclear power generation. 
 
Uzbek electric power system is very centralized in transportation. The number of remote 
energy supplied regions that are not connected to central system is very low. This is 
surplus advantage, since nuclear power generation capacity is large. There is good 
condition from geologic point of view and raw material supplication. There is institution 
that is researching uranium, and this means there is a more or less basis for nuclear 
sciences. However, today is the most appropriate time for government to start preparing 
nuclear power and related sciences specialists. 
 
Today, as mentioned a lot, 87% of electricity in Uzbekistan is generated in natural gas 
power stations, about 10 percent in hydropower stations, and up to 3% in coal power 
generation stations. Share of oil power generation is extremely slow. There are two 
mazut-powered stations that use mazut coming from oil refining factories. 
 
By different outlooks, energy consumption in Uzbekistan is a subject to increase 50% 
until 2025-2030. This is with the current increase rate of production; it is unlikely to meet 
this rapid growing need after maximum ten years. Current share will keep its form for 
maximum of 20 years; however, it is going to fasten the exhaust. Within about 30 years, 
natural gas reserve of Uzbekistan is going to exhaust. Within this duration, Uzbekistan 
needs to meet its needs with step-by-step introduction of nuclear energy. 
 
Capacity of natural gas power generation is unlikely increasable. Therefore, it is going to 
keep the same volume. Since demand doubles in 2025, its share is going to be 45%. By 
being optimist, if hydropower is considered as increasing to 1350-1360 MW using all 
available opportunities, it will still lose its share to 6%. If capacity of coal is considered 
to be tripled in production due to high-energy needs and changes in price, it will cover 
the 5% of total needs. If social economic welfare allows some improvements and biomass 
energy generation from agriculture take place, then it may also have maximum of 4% of 
total needs. Then nuclear energy must cover the rest 40% of total energy: 9040 MW or 
eight nuclear power plants in 2025. 
 
If the same increase with minor slowing keeps till 2050, then natural gas is must be 
totally replaced by nuclear, since it exhaust in the middle of thirties of this century.  Share 
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of hydropower may decrease to 4%, however production capacity will increase up 1600 
MW by adapting mini hydropower stations, which today has low perspective due to high 
price and long term payback. Capacity of other renewable resources may increase, and by 
very optimistic calculations, they may be 10% of total capacity, in case most of the 
residential sector is transited to renewable energy, also due to high energy needs and 
increasing energy prices. Therefore, in 2050, Uzbek energy system will be almost 
dependent from nuclear power generation with 81% of total energy produced: 32400 MW 
or 20 nuclear power plants. 
 
However, there is another factor- possible energy conservation. As mentioned before, 
loss in electric power transportation is 18%, fossil fuel power generation system has 
convertibility factor of 33-34% of total heat, while world average is 55-60% and end-
consumer efficiency can be halved by refusing old, lamp based electric equipments and 
replacing them with modern digital equipments. These problems are related to an 
economic improvement of both state and individual citizens. Therefore, in coming 20 
years, improvement of welfare, implementation of state-of art technologies and energy 
conservative behavior due to high energy prices may lead to high energy conservation 
degree of world standards. In this case first 20 years, conservation may be as large as one 
fifth of total produced energy. Another five percent of conservation may be added during 
2020-2050, decreasing the predicted capacity to one fourth. However, this is still 
optimistic calculation. 
 

Table 9.2 Future shares of resources 
 

2003 2025 2050 
 Percent Capacity Percent Capacity Percent Capacity 

Natural gas 87% 9815 MW 45% 10170 MW 0% - 
Hydro 10% 1128 MW 6% 1356 MW 4% 1600MW 
Coal 3% 336 MW 5% 1130 MW 5% 2000MW 
Other N/A - 4% 904 MW 10% 4000MW 
Nuclear N/A - 40% 9040 MW 81% 32400MW
Total 11283 MW 22600 MW 40000MW 
Possible energy 
conservation - 0 20% 4500MW 25% 10000MW

 
However, this conclusion is very one-sided. It is based on the current conditions of 
energy market, scientific-technological achievements and social-economic level of 
Uzbekistan. Thus, there are a lot of factors that may change this conclusion. Exhausting 
fossil fuels are unlikely to be changed, letting world, including Uzbekistan to still base on 
fossil fuels. However, new discovering new large reserves may postpone the conclusion 
to be realistic during specific duration, which is longer than expected 30 years. 
 
New scientific and technologic achievements, discovering a new energy type, which is 
relatively adequate, reliable and secure, may also cause the conclusion not working. With 
the current indicators, existing renewable resources cannot be a solution of large extent, 
especially for Uzbekistan. If the efficiency of renewable energy resources will increase 
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and primary costs will decrease, renewable – solar energy is a good alternative together 
with nuclear.   
 
If new energy source can be discovered in a short time, that can be adequate, reliable and 
secure, then the it is questionable that how long does it take to implement this energy for 
Uzbek energy system and how the increase gap during this period can be met. By making 
a realistic approach, it is wise to suggest the nuclear energy program to be ready to give 
up the place to other more adequate energy, when it is going to be available  
 

10. SUMMARY 
 
Natural gas- main energy source of Uzbekistan is used for electricity generation, cooking 
and heating in households. With the current consumption rate it has maximum of 30 
years lifespan. Consumption rate is projected to double in the next 20 years. These 20 
years duration is the period for introducing and adapting to a new energy type. This 
energy source must be available, adequate and reliable as natural gas. It must meet the 
rapid growing needs. Also it must fit the centralized energy system.  
 
Regarding the current social economic indicators and above-mentioned factors, nuclear 
energy is the only appropriate decision for meeting future energy needs. 
 
However, different future scenarios must be developed considering the future 
possibilities and changes. From this point of view, two or more possible scenarios can be 
developed. 
 
1. “Away from natural gas” scenario – where the nuclear comes as dominate 
alternative for natural gas. But all possible changes must be considered as being ready to 
assimilate new, more adequate energy. 
 
2. “Slow transition” scenario – where the increasing needs will be met by internal and 
external supply of fossil fuels. As world resources in total doesn’t have long perspective, 
nuclear will come into the scene, but not fast as in the “Away from natural gas” scenario. 
 
In Uzbekistan’s condition, nuclear seems to be the main energy in the future in any 
circumstances. But decreasing the export of natural gas and discovering all other possible 
enlargements can postpone this forward.    
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APPENDIXES 
 
 

Appendix 1.1.1 World population increase with projection to 2050 [83] 
 

 
Source: Wisconsin Economics 
 
 

 
Appendix 1.1.2 World Energy Consumption [84] 

 

 
Source: Conocophilips 
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Appendix 1.2.1 Uzbekistan: General indicators [85] 

 
 2000 2001 2002 2003 2004 
Electric power consumption (kWh per capita) 1618 1634 1670 - - 
Energy use (kg of oil equivalent per capita) 2035 2029 2047 - - 
GDP (current thousand USD) 13760370 11401350 9687951 10128110 11959870 
Source: World Bank Database 

 
 
 
 
 
 
 
 

 
 

Appendix 1.2.2 Uzbekistan Primary Energy Production 
 and Consumption1992-2003 [86] 

(in TWh) 
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Appendix 2.3.1 Gas reserves structure of Uzbekistan [17] 
(in Bcm) 

 
Natural gas 

Regions Area 
(thousand sq km) Speculative 

resources
Proven 

reserves 
Ustyurt Region: 
Urga 2.50 265.00 0.00 
Kuanysh 4.20 325.00 0.00 
Achy 10.00 200.00 0.00 
Akchalak 2.00 125.00 0.00 
Shakhtnakht 5.00 270.00 0.00 
Aral Sea 28.00 500.00 0.00 
Ferghana Region: 
Namangan 7.00 0.00 0.09 
Andijan 9.00 3.50 16.00 
Bukhara-Khiva Region: 
Beshkent 6.40 556.80 80.00 
Girsan 2.55 134.80 20.00 
Nishan 1.90 110.00 39.00 
North 
Shakarbulak 

1.95 312.00 21.00 

Kashkadarya 2.50 15.80 0.00 
Karakul 4.80 55.20 0.00 
Rometan 2.90 106.60 0.00 
Surkhandarya Region: 
Surkhandarya 
Region 

14.00 0.00 42.64 

Total   2979.7 218.733 
 Source: Rusenergy.com  
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Appendix 6.2.1 Share of nuclear power in total national power generation [50] 
(in percent) 

 
Source: Uranium information center 
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Appendix 6.5.1 Additional possible uranium sites [66] 
 

Site Comments 

Almalyk 
By-product uranium recovered from lignite 
mining. According to Uzbek experts, 
however, this is a copper mine. 

Charkesar Site of former uranium mine. According to 
Uzbek experts, this is a marble mine. 

Chavlisay-
Krasnogorskiy-
Yangiabad 

Site of former uranium mine.  According to 
Uzbek experts, this is a marble mine. 

Naugarzan-
Chigrik Fluorspar and uranium mining. Shut down 

Toytepa 
Uranium concentrate separated from uranium 
ore.  According to Uzbek experts, this is a 
fluoride mine. 

Source: Nuclear Threat Initiative 
 
 
 

Appendix 7.1.1   Historical Renewable Energy Consumption by 
Energy Use Sector and Energy Source, 1989-1999 [87] 

(in TWh) 
 

    1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
Biomass 896.78 779.63 791.35 833.82 821.22 860.76 898.54 915.82 880.38 830.30 844.94
Wood 772.31 641.69 641.40 670.68 652.53 678.01 708.76 722.52 688.26 637.00 651.35
Waste 103.68 119.49 128.87 138.53 140.29 150.83 155.52 168.99 161.37 158.74 158.15
Alcohol 20.79 18.45 21.38 24.31 28.41 31.92 34.27 24.60 31.04 34.27 35.73
Geothermal 92.84 98.41 101.33 102.21 106.61 98.99 86.11 92.55 95.18 96.06 96.94
Hydropower 830.89 892.10 883.31 766.45 846.99 785.78 938.66 1051.42 1066.07 965.61 957.12
Solar 16.11 17.57 18.45 18.74 19.33 20.21 20.50 20.79 20.50 20.50 20.21

By
 so

ur
ce

 

Wind 6.44 8.49 9.08 8.79 9.08 10.54 9.66 9.66 9.96 9.08 13.47
  TOTAL 1843.36 1796.20 1803.52 1730.01 1803.23 1776.29 1953.18 2090.25 2072.09 1921.55 1932.68

Residential  1843.36 1796.20 1803.52 1730.01 1803.23 1776.29 1953.18 2090.25 2072.09 1921.55 1932.68
Commercial 17.87 20.79 21.09 23.72 24.60 25.19 26.94 32.22 33.09 32.51 33.39
Industrial 531.28 488.22 476.21 489.69 497.01 540.06 557.93 577.26 578.72 539.18 539.77
Electric power 987.57 1080.42 1086.57 984.06 1072.51 1001.63 1138.99 1260.83 1281.33 1180.87 1181.46By

 se
ct

or
 

Transport 20.79 18.45 21.38 24.31 28.41 31.92 34.27 24.60 31.04 34.27 35.73
Source: Energy Information Administration 
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Appendix 7.1.1(Continued) Historical Renewable Energy Consumption by 
Energy Use Sector and Energy Source, 1989-1999 [87] 

(in Quadrillion Btu) 
 

Sector and Energy 
Source 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

Total 6.294 6.133 6.158 5.907 6.157 6.065 6.669 7.137 7.075 6.561 6.599
Biomass 3.062 2.662 2.702 2.847 2.804 2.939 3.068 3.127 3.006 2.835 2.885
Wood 2.637 2.191 2.19 2.29 2.228 2.315 2.42 2.467 2.35 2.175 2.224
Waste 0.354 0.408 0.44 0.473 0.479 0.515 0.531 0.577 0.551 0.542 0.54
Alcohol fuels 0.071 0.063 0.073 0.083 0.097 0.109 0.117 0.084 0.106 0.117 0.122
Geothermal 0.317 0.336 0.346 0.349 0.364 0.338 0.294 0.316 0.325 0.328 0.331
Hydroelectric 2.837 3.046 3.016 2.617 2.892 2.683 3.205 3.59 3.64 3.297 3.268
Solar 0.055 0.06 0.063 0.064 0.066 0.069 0.07 0.071 0.07 0.07 0.069
Wind 0.022 0.029 0.031 0.03 0.031 0.036 0.033 0.033 0.034 0.031 0.046
Residential 0.976 0.642 0.677 0.711 0.616 0.607 0.667 0.667 0.506 0.459 0.486
Biomass 0.918 0.581 0.613 0.645 0.548 0.537 0.596 0.595 0.433 0.387 0.414
Wood 0.918 0.581 0.613 0.645 0.548 0.537 0.596 0.595 0.433 0.387 0.414
Geothermal 0.005 0.006 0.006 0.006 0.007 0.006 0.007 0.007 0.008 0.008 0.009
   Solar 0.053 0.056 0.058 0.06 0.062 0.064 0.065 0.065 0.065 0.065 0.064
Commercial 0.061 0.071 0.072 0.081 0.084 0.086 0.092 0.11 0.113 0.111 0.114
Biomass 0.058 0.067 0.068 0.076 0.079 0.081 0.086 0.103 0.107 0.102 0.106
Wood 0.036 0.039 0.041 0.044 0.046 0.046 0.046 0.05 0.049 0.048 0.052
Waste 0.022 0.028 0.026 0.032 0.033 0.035 0.04 0.053 0.058 0.054 0.054
Geothermal 0.003 0.003 0.003 0.003 0.003 0.004 0.005 0.005 0.006 0.007 0.007
Hydroelectric 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Industrial 1.814 1.667 1.626 1.672 1.697 1.844 1.905 1.971 1.976 1.841 1.843
Biomass 1.784 1.634 1.595 1.64 1.666 1.779 1.847 1.907 1.915 1.784 1.791
Wood 1.584 1.442 1.41 1.461 1.484 1.58 1.652 1.683 1.731 1.603 1.62
Waste 0.2 0.192 0.185 0.179 0.181 0.199 0.195 0.224 0.184 0.18 0.171
Geothermal 0.002 0.002 0.002 0.002 0.002 0.003 0.003 0.003 0.003 0.003 0.004
Hydroelectric 0.028 0.031 0.03 0.031 0.03 0.062 0.055 0.061 0.058 0.055 0.049
Transportation 0.071 0.063 0.073 0.083 0.097 0.109 0.117 0.084 0.106 0.117 0.122
Alcohol Fuels 0.071 0.063 0.073 0.083 0.097 0.109 0.117 0.084 0.106 0.117 0.122
Electric Power 
Sector 3.372 3.689 3.71 3.36 3.662 3.42 3.889 4.305 4.375 4.032 4.034
Electric Utilities 2.983 3.151 3.114 2.712 2.953 2.714 3.173 3.553 3.62 3.279 3.123
Biomass 0.02 0.022 0.021 0.022 0.021 0.021 0.017 0.02 0.02 0.021 0.02
Wood 0.01 0.008 0.008 0.008 0.009 0.008 0.007 0.008 0.008 0.007 0.007
Waste 0.01 0.013 0.014 0.013 0.011 0.013 0.01 0.012 0.013 0.013 0.013
Geothermal 0.197 0.181 0.17 0.169 0.158 0.145 0.099 0.11 0.115 0.109 0.036
Hydroelectric 2.765 2.948 2.923 2.521 2.774 2.549 3.056 3.423 3.485 3.149 3.067
Independent Power 
Producer 0.389 0.538 0.596 0.648 0.709 0.705 0.716 0.752 0.754 0.753 0.91
Biomass 0.211 0.295 0.333 0.381 0.394 0.413 0.405 0.418 0.426 0.424 0.433
Wood 0.089 0.12 0.118 0.132 0.141 0.144 0.119 0.13 0.129 0.129 0.131
Waste 0.122 0.175 0.215 0.249 0.253 0.269 0.286 0.288 0.296 0.294 0.302
Geothermal 0.111 0.145 0.165 0.168 0.193 0.18 0.181 0.191 0.194 0.202 0.276
Hydroelectric 0.043 0.066 0.062 0.065 0.087 0.072 0.093 0.104 0.096 0.092 0.151
Solar 0.003 0.004 0.005 0.004 0.005 0.005 0.005 0.005 0.005 0.005 0.005
Wind 0.022 0.029 0.031 0.03 0.031 0.036 0.033 0.033 0.034 0.031 0.046

Source: Energy Information Administration 
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Appendix 7.1.1 Severe Earthquakes Uzbekistan 1900-2002 [88] 

 

Source: Catalog of damaging Earthquakes  

Y M D Time LAT Long Dep M Dead Casu
alty

Dam
age Remarks 

1902 12 13   40.8 72.6     4562 -   
Uzbekistan:Andizhan,Tashkent (This event might 
be identical to 12/16 event.) 

1902 12 16 507U 40.8 72.3 9 6.4 4725 - seve

Uzbekistan:Andizhan (I=9): Other two articles 
report that the death toll was 700 and 4500, 
respectively. 

1903 3 28 855U 40.8 72.7 14 6.1 - -   Uzbekistan:Andizhan,Aimsk(I=8) 

1907 10 21 423U 38.5 67.9 35 7.4 
1500

0 - seve
Uzbekistan/Tajikistan:Karatag (Ms7.2): Another 
article reports that the death toll was 12,000. 

1907 10 21 444U 38.7 68.1 24 7.3 - - DY Uzbekistan/Tajikistan:Karatag (I=9) 
1907 10 27 517U 38.8 68.4 24 6.2 - -   Uzbekistan/Tajikistan:Karatag(I=7-8) Aftershock 
1927 8 12 1022U 41 71.6 14 6 34 -   Uzbekistan:Namangan(I=8) 
1935 7 5 1753U 38.3 67.4 18 6.2 - -   Uzbekistan:Baysun(I=8) 
1966 4 25 2322U 41.3 69.3 8 5.1 10 1000 mode Uzbekistan [Tashkent Eq](I=7-8) 
1976 4 8 240U 40.3 63.8 33 7 - - seve Uzbekistan:Gazli(I=7) 
1976 4 8 802U 40.3 63.7 30 7 - - some Uzbekistan(I=8-9) 

1976 5 17 258U 40.3 63.4 30 7.3 6 some mode
Uzbekistan:Gazli (I=9-10): 1.3G in the vertical 
component record was observed. 

1980 7 11 1147U 40.1 70.6 33 5.2 0 - limi Tajikistan/Uzbekistan 
1980 7 12        4.5 87 - seve Uzbekistan 
1984 3 19 2028U 40.3 60.4 15 7 0 100 some Turkmenistan/Uzbekistan:Gazli,Dzhangldy 6.9W 
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