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Russian Energy Sector
The Russian fuel balance is primarily based on gas which provides half of all produced electricity. Coal and oil together supply up to 40%, nuclear energy – 4,6 %. Hydro energy provides about the same amount. Very little – 0,5% – is supplied by renewable energy sources (solar, wind, biomass energy). See Fig. 1. 

Fig. 1. Russian energy production 
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It’s interesting to compare the existing balance with our potential. Russia has economically and technically available renewable energy potential which makes up to 30% of the current energy consumption level. Furthermore, new energy saving technologies could enable saving up to 40% of the consumed energy level. See Fig. 2. 
Fig. 2. Comparison of potentials of renewable energy, energy saving and the ratio of nuclear energy in the energy balance 
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Gas policy

Half of the Russian electricity is produced with the use of natural gas. Meantime, gas is one of the most popular export products. About 25% of all produced gas is exported to Europe at market prices. The rest of it is sold at deliberately low prices in the domestic market, in the former Soviet republics or is lost.

The national government issued the challenge for the next generation – to increase the volumes of gas production for its further export. Taking into account that the increase in the export volumes can also be achieved due to reducing domestic gas consumption, the current energy strategy is aimed at overcoming the tendency of growing dominance of natural gas in the domestic energy market. 
Thermal energy is the largest consumer of natural gas. For example, in the system of RAO UES of Russia up to 70% of electricity production is based on gas. 
As a resource saving measure thermal natural gas plants were proposed to be replaced with nuclear power plants. For this purpose, the government plans constructing about 30 new reactors by 2020 in order to increase the ratio of nuclear energy in the total energy balance from current 4-5% to approximately 8% (in the electrical balance from 16% to 25%). 
Replacing gas energy with nuclear energy is usually declared to be the only possible option. Meantime, it’s also possible to achieve more effective use of gas in thermal energy production by means of modernization of operational thermal power plants (TPP) working on natural gas.

Basic indicators and thermal energy perspectives 

The installed electrical capacity of thermal power plants in Russia is 148,4 gigawatt (GW). Most of it – 121,4 GW – is concentrated with RAO UES of Russia. 
Considering that most complete available data on fuel consumption and energy production refers to RAO UES of Russia, the basic indicators are the easiest to calculate on the example of this company. 

Energy production at thermal power plants owned by RAO UES of Russia is 521,4 billion kW/h. Fuel consumption is almost 140 billion m3 per year (it’s noteworthy that some fuel is used for thermal energy production to heat the buildings). 
Here come the most interesting details. The average electrical efficiency factor of thermal gas power plants of RAO UES of Russia is 29,45%. However, if new so called steam gas (combined cycle) technologies are applied, gas incineration heat will be consequently utilized in gas and steam turbines so that the efficiency factor can be increased by 1,5-2 times from current 29,45% to 47-58%. 

Unfortunately, at present in Russia there are as many as only ten operational and projected TPPs of the new design. Among them are the North West TPP in Saint Petersburg, a hydro power plant in the Ivanovo region, Sochi TPP, Ufa TPP 5, Kaliningrad TPP 2, Tyumen TPP 1. 
If combined cycle technologies are introduced in all gas power plants of RAO UES of Russia, this could help decrease gas consumption in European Russia by 27-29 billion m3, and all over the country by 42 billion m3 with the same volume of energy production. Considering that TPPs owned by RAO UES of Russia produces only 85% of the total amount of electricity produced by TPPs in the country, this number can grow up to 50 billion m3.  

Nuclear contribution to saving natural gas 

According to official estimations, one nuclear power unit with a capacity of 1 GW “saves” annually up to 2 billion m3 of natural gas. In all in Russia nuclear energy enables annual “saving” up to 40 billion m3. See Fig. 3. 
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These calculations however are based on the assumption about replacing traditional TPPs with the relatively low efficiency factor – 36%. Considering that in the perspective nuclear energy will drive out not old thermal power plants with the efficiency factor of 36%, but new combined cycle ones with the efficiency factor of at least 47%, then the replacement potential decreases by one third from 40 to 28 billion m3 per year. 

Comparison of two scenarios shows that: See Fig. 4. 
Fig. 4. Potential of gas replacement on condition of investing equal funds (30,6 billion USD
) in construction of different types of power plants.
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A relatively low saving potential of nuclear energy is explained by the fact that the “combined cycle» scenario is more advantageous due to a number of thermal power plants that can be modernized at the same cost. 

It’s also noteworthy that most nuclear power plants produce only electricity. This situation will remain unchanged in the future as the WWER type is still the most commonly used power units which only produce electricity, unlike thermal power stations that also produce heat. 

So NPPs can only be used to replace energy production at so called condensation thermal power plants (CTPP) that only produce electricity. As CTPPs in European Russia consume 30 billion m3 of gas, a possible additional saved gas amount is limited to this number. 

However by 2020 additional replacement (to the current 40 billion m3) will have to make over 60 billion m3 of natural gas. This means that NPPs producing only electricity will replace cogeneration thermal power plants that produce both electricity and heat. This will result in construction of heat producing boiler installations which will burn gas or other hydrocarbon material in the framework of the nuclear scenario. 
There is also another important factor – nuclear energy produces waste that can not be disposed so far. 
Cost of “nuclear” and “combined cycle” scenarios of natural gas saving 

Both scenarios of gas saving (provided some favourable conditions for nuclear energy development) seem attractive at the first sight, 

To define the most profitable choice taking into account scanty investment resources of Russia, one should compare projected capital investment in “nuclear” and “combined cycle” scenarios. 

The “combined cycle” scenario does not result in 100% gas replacement, though it is preferable for the absolute volume of gas to be saved after TPPs’ modernization (See Fig. 4). So in order to compare effectiveness of investments unit costs per volume unit (for example, 1 billion m3) of the saved natural gas should be considered. In other words, the question is how expensive it is to save 1 billion m3 of natural gas under the “nuclear” and “combined cycle” scenarios. 

Capital expenses for realization of the “nuclear” scenario of replacement of a unit of natural gas are about 23% bigger than the expenses under the “combined cycle” scenario, see Fig. 6. 

Fig. 6. Comparison of unit costs of two scenarios for a unit of the installed capacity and a unit of saved gas 
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Taking into account additional costs of decommissioning NPPs makes the “nuclear” scenario even more expensive – 50-60% more expensive than the “combined cycle” scenario. 
It’s worth comparing the cost of economy of natural gas under various scenarios and its production (virtually saving natural gas equals to its production). 

Fig. 7. Comparison of costs of various methods of economy and production of natural gas 
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Surprisingly, gas “production” by means of gas TPPs’ modernization requires almost the same funding as the minimal estimated cost of developing the Shtokman deposit. 

Adequacy of generating capacities 
It’s clear that the final goal is not to save gas itself, but to achieve sufficient capacities and electricity volumes. 

Given the same investments the “combined cycle” scenario enables in a short time both bigger economy of natural gas and doubling volumes of new generating capacities. It’s noteworthy that consumers are guaranteed to receive the necessary heat. 
Fig. 8. Electricity produced after inverting the same funds (30,6 billion USD) under various scenarios (GW of the installed capacity)
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Considering that the existing capacities will be exhausted in the near future, we only have 10-20 years to replace about 97-143 GW of electivity.  
The “nuclear” scenario takes much time to be executed. Construction of one power unit takes over five years unlike construction of a “combined cycle” TPP that takes 2-3 years. 

In absolute numbers nuclear energy is able to commission about 1 power unit every three years, This is limited to objective restrictions – presence of construction capacities and plants to produce reactor installations. The gas energy has no such restrictions: the existing capacities are underused. 

Considering the cost of construction this means that in 5 years either 2 power units with the total capacity of 2 GW or TPPs with “combined cycle” installations with the capacity of more than 4 (with bigger economy of natural gas) can be constructed. 

Regarding the amount of produced energy, according to the Energy Strategy of Russia for the time period to 2020 [6], electricity production in Russia by 2020 will make 1215-1365 billion kW/h. In 2004 in Russia 930,7 billion kW/h of electricity was produced. It’s noteworthy that the statistical data for 2004 comes within the planned numbers under the Energy Strategy, so these prognoses can be considered as quite reliable. 

Unfortunately, the Energy Strategy implies only partial modernization of gas TPPs. It is planned to replace and modernize due to the “combined cycle” technology 31-37 GW of thermal power plants. Taking into account that in the fuel balance of national thermal power plants with the total installed capacity of about 150GW, gas based electricity production is 70% (!) (installed capacity of a gas TPP is about 100 GW). In other words only one third of gas based capacities has to be modernized. To compare: nuclear energy demands introduction of up to 23 GW of capacities with the cost of more than 28 billion USD, while modernization of gas TPPs with the capacity of 37 GW will cost 19 billion USD. 

Modernization of all gas TPPs will cost 100x515=51,5 billion USD. 
Under the Energy Strategy, by 2020 thermal power plants are to produce 882 billion kW/h of electricity with the planned gas consumption growth by 20 % and coal consumption growth by 49%. Hydro power plants are planned to produce 213 billion kW/h. 

However, if both gas and coal TPPs are modernized so that their efficiency factor is up to 50% and 40% respectively, then the produced electricity with the current capacity and fuel consumption level will make about 970 billion kW/h. 

There also a giant potential of associated gas utilization (14,5 billion m3 annually) and potential of utilization of gas produced as a result of preventing leakages on gas pipelines (24 billion m3 a year). Utilization of the lost gas with the efficiency factor of 50% can result in production of additional 200 billion kW/h of electricity
.

Modernization of all gas and coal TPPs combined with measures to develop hydro power plants, as well as measures to utilize the unused gas can supply electricity in accordance with the best scenario – 1380 billion kW/h while 1365 billion kW/h are demanded. 

In the long term energy perspective uranium stocks for thermal power plants are comparable to oil stocks. Cheap uranium stocks will be exhausted in the next 20 years. Transition to a new type of plutonium based nuclear power plants by the middle of XXI century is technologically complicated, very expensive and dangerous from the nuclear proliferation point of view. Together with 4-5% of nuclear energy in the total energy balance of Russia and the world the issue of developing renewable in the long term perspective should be taken seriously now. 

Funding sources 

The government of the Russian Federation and RAO Gazprom should be interested in the proposed schemes of saving natural gas. Such projects can be implemented by means of attaining investments of RAO Gazprom that should be interested in exporting natural gas gained as a result of modernization. The expenses born by RAO Gazprom in equivalent of a volume unit of gas saved under the “combined cycle” scenario will be at least a quarter less than investments in the “nuclear” scenario. Besides that, the “combined cycled” scenario can help avoid additional prospective expenses in decommissioning NPPs and other expenses of the nuclear fuel cycle. 
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�  30,6 billion USD is the proposed sum to invest in construction of new NPPs that will ensure the indicated economy of natural gas. 





� It should be remembered that electricity production can be organized by developing renewable energy resources, whose economically and technically available potential is about 30% total energy balance of Russia,. which is 270 billion tons of conditional fuel (first of all already developed biomass potential at large timber processing plants). 
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