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Numerous protests of environmentalists, media and general public,
growing threat and damages of anthropogenic climate changes has
forced participants of the G8 Summit in Gleneagles in July 2005 to
approve a special action plan targeting climate changing
(Gleneagles, 2005), International Energy Agency (IEA) was assigned
to develop forecasts of CO2 emissions for nearest decades. Special
concern was caused by a peculiar combination of two trends: steep
growth of oil and gas prices and growth of CO2 emissions that grew
more than 20% mostly due to the growth of energy consumption. It
is possible to overcome both trends by adopting more effective tech�
nologies and more rational utilization of available energy�efficient
technologies. In the middle of 2006 IEA has summarized several sce�
narios of global power development for the period until 2050 (IEA,
2006):

Baseline: development will continue following existing patterns;

"Accelerated Technology scenarios, ACT": 5 options of how
can the demand for oil be reduced and CO2 emissions related to
fossil fuel combustion will be reduced back down to the level of
2000 by the year 2050;

"Technology plus" scenario (TECH Plus), where most optimistic
new technologies development and implementation options and
scenarios are described.

All the scenarios imply that the global growth of GDP will be quite sig�
nificant, though after 2030 it is expected that it will slow down in
average of 3.2% in 2003–2020 and down to 2.6% in 2030–2050 in
general all over the world. The highest growth of GDP in these years
will be recorded in the developing countries, primarily in Asia coun�
tries – the lowest in Europe and Japan

The population will be growing in developing countries in average by
1.1% per year, at the same time the population will shrink in transi�
tional economy states. In the result the share of population in devel�
oping countries will grow from 76% in 2003 by 83% in 2050.

Global model of advanced energy technologies of IEA was used for
the calculations above. It allows for analysis of various fuels and
technological structure of the whole energy system and optimizes
the structure using the costs minimum criteria using the predefined
limitations imposed on available natural resources. This baseline
model was updated with demand models for all types of end�use
energy consumption for all major economy sectors. It allowed
researchers to account capital turnover and influence of new tech�
nologies while they enter the market.

Baseline scenario

Following this scenario no new approaches for changing energy and
climate policy in the world will be developed and CO2 emissions will
grow twice by 2050. Energy consumption – whenever the current
level of consumption remains intact – will increase more than twice
mostly due to the growth of energy consumption in developing coun�
tries. In comparison with 2003 the demand for coal will grow almost
three times by 2050 especially in the biggest developing countries
that have their own coal reserves. Coal demand will grow by 138%
and oil – by 65%, mostly due to transport development. 

In the result oil and natural gas prices will remain high (60 USD per
barrel in 2050). The dependence of industrially developed and
biggest developing countries (China, India) on energy carriers

imports will grow and it will cause aggravation of energy supply
problem and might lead to potential destabilization of the global
economy.

Changes in the fuel balance caused by the outrunning growth of
demand for coal and hydrocarbon capacity of the global economy
will grow. Respectively, CO2 emissions will grow by 137% from 24.5
Bln. ton. in 2003 up to 58 Bln. ton. in 2050 and it can lead to cata�
strophic consequences for the global climate change.

"Accelerated technology development" scenario

Even Accelerated Technology scenarios (ACT) imply that fossil  fuel
will still supply up to 70% of the global demand in energy resources
by 2050. These scenarios analyze possible effects of expedient
implementation and mass utilization of 4 types of energy and climate
technologies: 

Energy�efficiency in the sphere of end�use energy consumption
(energy saving technologies);

Renewable energy sources;

Nuclear power;

Carbon Capture and Storage (CCS).

All five ACT scenarios allow for the energy demand to grow fast,
especially in developing countries. And the energy demand will not
be deliberately limited. These scenarios, primarily, show how the
demand can be met using most optimum technologies retaining low
level of CO2 emissions.

It is implied that policy and steps to be implemented in order to
implement all five ACT scenarios are the same. They include
increase of support and extension of research& development and
designing work, demo programs and programs to implement R&D
results, strengthen economic incentives for reduction of CO2 emis�
sions as well as active utilization of various technical policy tools
(standards, marking of goods, informational campaigns, etc.).
Outputs facilitate surmounting barriers on the way to commercialize
more perfect and new technologies.
ACT scenarios imply that the costs for development of more sustain�
able energy will not be excessively high but significant efforts and
investments will be required both from public and private sectors. It
is expected that in all countries even developing ones none of the
technologies under review will not cause growth of costs for the
reduction of CO2 emissions of more than $25 USD per ton after full
industrial implementation.

The most optimistic scenario – АСТ Map that implies that barriers
are eliminated for all 4 technological groups. Other 4 scenarios
reflect situations when barriers are not sufficiently eliminated for
each of those technological areas of development. ACT Low

Nuclear scenario states that nuclear energy industry will not be able
to develop that fast due to the fact that problems of dumping nuclear
wastes and non�proliferation of nuclear weapon will not have been
resolved by this time and the public antagonism against that will not
reduce. ACT Low Renewables scenario plans that costs for wind
and sun power technologies will reduce slower than in the other sce�
narios, including АСТ Map. ACT No CCS plan also states that CO2
gas capture and storage technologies will not become commercially
acceptable. ACT Low Efficiency scenario considers policy for
energy�efficiency increase much less successful than in АСТ Map
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scenario. This scenario provides annual energy saving growth to be
0.3% slower than it is planned for in the АСТ Map scenario and it
will obviously cause considerable change in fuel mix and technolog�
ical structure of the energy.

АСТ Map says that total primary energy consumption in 2050 г. will
be 58% higher than in 2003 but 24% lower than in the Baseline sce�
nario. The difference in the volume of primary energy between dif�
ferent scenarios ACT is insignificant excluding the scenario with low
energy�efficiency – ACT Low Efficiency, where it is 14.6% higher
than in АСТ Map. 

In general if all the new technologies are applied within АСТ Map

the main effect – 45% – is derivative of energy saving – energy�effi�
ciency of energy and heat consumption; utilization of biofuel and
other renewable sources of energy and within the transport sector
give 16%  and CCS – 20%.

Nuclear power accrues only about 6%, the same as CCS can give us
in conversion of thermal power plants from coal to gas. Unlike the
basic scenario, where the demand for coal by 2050 grows 3 times,
in ACT scenarios it slightly exceeds the level 2003. The demands for
oil in ACT scenarios is lower by 20–27% and gas by 16–30% lower
than in the Baseline scenario.

TECH Plus scenario

This scenario shows what can be achieved using the advanced new
technologies for renewable energy, biofuel and hydrogen fuel in
transport sector ensuring considerable reduction of their price in
comparison АСТ Map scenario.

The consumption of fossil fuel by 2050 in ACT scenarios is 28–42%
and in TECH Plus – is 46% lower than in the Baseline scenario pri�
marily due to the growth of energy�efficiency and using carbonless
technologies. In the TECH Plus scenario the demand for oil will be
36% lower and coal demand 65% lower than in the Baseline sce�
nario. Respectively the dependence of importing countries on sup�
pliers will be significantly lower. But it will still remain rather high due
to demand for oil that will – according to the scenario – be in differ�
ent countries 13–41% higher by 2050 than it was in 2003.

All ACT scenarios achieve significant reduction of CO2 emissions as
compared with the Baseline scenario but they will still remain higher
than in 2003 (АСТ Map scenario says that only by 6%). Only TECH

Plus scenario implies that emissions will be 16% lower than in 2003.

АСТ Map and TECH Plus scenarios state that CO2 emissions
caused by electricity and heat generation (these sources made up to
40% of the total volume of emissions throughout the world in 2003)
will be reduced by 22 and 49% respectively. Meanwhile the Baseline
scenario forecasts that they will grow at least three times.

The only scenario that allows global economy to avoid the growth of
CO2 emissions caused by transportation sector (and it was more
than 20% of the total volume of emissions in the world in 2003) is the
TECH Plus scenario thanks to commercialization of biofuel and
hydrogen fuel.

Benchmarking of all development options show that in any case the
energy saving and increase in energy�efficiency of consumption are
the top�priority issues for creation of sustainable energy of the
future.

Contribution of various countries in reduction of

СО2 emissions

The available global energy development scenarios provide top�down
view on the problem – the general picture of the world – and they
do not represent the amalgam of individual scenarios for each coun�
try included in the forecast. Nevertheless the designing of scenarios
itself implies individual analysis of various groups of countries includ�
ing economies transition. 

For such countries, including Russia, Baseline scenario provides for
60% growth of CO2 emissions in 2003–2050. ACT scenarios forecast
that the relative reduction of emissions compared with the Baseline
scenario will be slightly lower than in developed and developing
countries. Taking into account the small growth of population, vast
opportunities for energy saving and increase of energy�efficiency as
well as available reserves of gas and woody biomass that are all pres�
ent in Russia ACT No CCS scenario is the one that seems most
probable. In this case CO2 emissions by 2050 will practically stay on
the level of 2003 (the growth will be 10%).
Energy�efficiency of Russian economy as well as other economies in
transition is much lower than in developed countries. Even the
Baseline scenario expects growth of energy�efficiency by 2.5% per
annum and it is higher than in other ACT scenarios. For Russia ener�
gy saving measures are of outmost importance – they will make two�
thirds of the growth of energy�efficiency (it can be seen in the big dif�
ference between ACT Low Efficiency and ACT Map scenarios).
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According to all development scenarios it is necessary to have a rad�
ical improvement of global economy's technological base. Brief sur�
vey of latest developments of technological progress in main sectors
of economy is provided.

According to the forecasts fossil and traditional fuel�combustion
technologies will remain the main source of energy by the middle of
the XXI century. The improvements can be achieved by efficiency
increase of generating facilities, joint combustion of coal and bio�
mass, enrichment of natural gas with biogas, replacement of coal
fuel with gas etc. The following technologies are believed to be the
most effective ones: 

Gas technologies: Installation using the natural gas combined�cycle
(NGCC). The gases generated in the result of fuel combustion are
used to generate steam that drives the steam turbine which gener�
ates electricity. Efficiency can be increased by 60% by increasing the
flame temperature and steam pressure; thanks to complex steam
cycles. Main problems: heat�resistant materials and effective cooling
systems are required. 

New coal technologies. Such technologies include coal installations
with steam cycle with supercritical and ultra�supercritical steam
parameters (up to 700 °С and 37.5 MPa); using the fluidized bed
combustion technology; and efficiency exceeding 50%. Installation
with preliminary gasification of various solid hydrocarbon fuels (they
generate "singas" that consists of mixture of hydrogen and carbon
oxide) and conversion cycle analogous to NGCC (efficiency up to
50%) can also provide significant output. The outstanding issue is
that new materials capable of working under such temperatures and
pressures are required.

Low�temperature "tornado" technology of combustion is based on
air�dynamic flows in the furnace – large masses of coarse fuel are
sent into the lower part of the furnace and air goes into the higher

part. It allows reduction of maximum temperature in the furnace by
100–300% and burn coarse coal instead of pulverized coal fuel.

Using the preliminary preparation of solid fuel (coal, peat, etc.) by
drying, purification, grinding, increase of homogeneity etc, it is pos�
sible to increase efficiency by 2–5%. "Micronized" coal, grinded
down to 15 micrometers or particles of coal�oil or water�coal sus�
pension can be combusted in gas and fluid fuel boilers.

Electricity, heat and cold cogeneration Energy�efficiency of all tech�
nologies mentioned above can be significantly increased by adding
thermalclamping cycle and moving to combined generation of elec�
tric and thermal energy as well as by using thermal pumps that
enable increase of efficiency by utilization of low�temperature heat.

Mini� and micro thermal power plants.  Modern life�style of popula�
tion makes it effective to use decentralized self�autonomous energy
supply systems based on mini� and micro thermal power installations
/ plants. Their capacity can vary from several kilowatt (micro�instal�
lations that can fit into the kitchen's interior as well as the frig can)
up to several megawatt generated by installations designed for serv�
icing whole villages and industrial facilities. Thermal generation can
make up to several dozens and even hundreds kilojoules per hour
and the total coefficient of performance might exceed 75%.

As per some evaluations 40% of households in European countries
where 95% of households are using individual heating and hot�water
systems could benefit from moving to micro thermal power plants.

Fuel cells. Fuel cells use direct conversion of chemical energy into
electrical using the catalyst. Theoretically the efficiency of such
devices can reach 100% (85% in reality) due to the fact that no mov�
ing parts are required. They are environmentally clean provide high
quality and reliability of energy supply and a large range of capaci�
ty – from single watts up to dozens of megawatts. But a number of
technical problems remain unresolved and prices remain high.
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Hydrogen technologies. Availability of hydrogen energy generation
depends on the cost of manufacturing, transportation and storage of
hydrogen. All the necessary technologies are being developed now
and it is expected that it will take about 25 years more. But it is
expected that even in the more distant future such technologies will
still remain quite expensive.

Hybrid schemes for heat and electric energy generation based on
combined cycles. Integration of various primary energy�carriers,
conversion cycles and processes can significantly increase total effi�
ciency of energy supply scheme. For example combination of fuel
cells working under high temperatures (650–1000 °С) and gas�tur�
bine installations in one hybrid facility can increase the total efficien�
cy up to 70%.

Renewable energy sources. Technologies that rely on utilization of
renewable sources of energy are quite well�known: wind and hydro�
energy facilities, combustion of woody and other sorts of biomass,
geothermal and tidal plants, thermal and photoelectric solar units,
etc. They all differently ready for commercial usage: starting from
more competitive devices (wind generators) ending with technical
developments like organic photovoltaic elements based on nan�
otechnologies. In 2050 – according to the ACT Map scenario – CO2
emissions will be reduced down to 1.3 Bln. tones per year by using
wind generation; hydro�energy and combustion of biomass will lead
to a reduction of 0.5 Bln. tones per year each (for comparison, intro�
duction of largest in terms of input fossil fuel technology NGCC will
lead to 1.6 Bln. tones per year reduction). It proves that hydropow�
er has exhausted its resources already. For Northern European
countries as well as for Russia the most perspective source of ener�
gy is the woody biomass. In general according to the ACT Map sce�
nario woody biomass by 2050 can cover more than 15% of the glob�
al energy consumption, and the main effect can be achieved by
using decentralized energy supply systems. Technology and eco�
nomic consideration allow replacement of 10% of coal with biomass
already now. Further development of gasification and combustion of
biomass, gas�turbine technologies (biomass integrated gasification
/gas turbine) and combinations of this technology with NGCC look
most promising but this technology is still developing slowly and
remains relatively expensive.

Nuclear power. Recently world is becoming more and more interest�
ed again in building new nuclear power plant that will use safer reac�

tors not causing generation of weapon�grade plutonium (3 and 4th
generation technologies). One can see the desire to reduce domes�
tic dependence on imported energy carriers. At the same time the
nuclear power role in resolving climate problems is anyway not very
significant. It is aggravated by the problems of dumping of spent
nuclear fuel and utilization of radioactive equipment. These are the
reasons that cause negative public attitude to this type of energy.

Capture and storage of CO2. Current interest to technologies
designed for capture and storage of CO2 (CO2 capture and storage,
CCS) is caused by the need to reduce CO2 emissions, when now real
opportunities to reduce the real volumes of fossil fuel combustion are
available (IPCC, 2005). Unlike other technologies CCS doesn't save
fuel and doesn't help solving other problems but the climate change
problem.  

Technology includes capturing and separation of CO2; transporta�
tion, pumping in an underground reservoir and storage. In general
none of the elements is not related with development of any new
technological solutions but the long�term activities with huge vol�
umes of the gas is an expensive and energy consuming task. High
price of separation installations designed to separate CO2 out of
emissions make this technology relatively profitable only for large
sources of emissions. Relatively high costs of transportation forces
researchers to look for underground reservoirs not far from the
source of emissions and they need to be quite deep – not less than
600 meters. That's why it can be expected that such CCS installa�
tions will be used primarily on modern coal stations.

It's possible that utilization of CCS technology will start from related
technologies – in particular with use of CO2 for better extraction of
oil, gas and coal methane. Taking into account higher production
rates from oil deposits and growth of oil prices CCS can become
commercially attractive in the nearest future. The main issue here –
are possible leaks of CO2 into the air especially while we don't have
long operational experience. 
Another idea for CCS utilization is related to injection of liquid or gas
CO2 in deep ocean layers. In general a huge volume of CO2 can be
dissolved in the ocean, and it will practically not come into the air.
Another option includes injection of CO2 via pipelines into deepwa�
ter cavities in order to create a sort of lake. This idea is on develop�
ment stage required to analyze possible influence on oceanic
ecosystems.
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Now let's take a look at energy development from another perspec�
tive – how shall energy look like in 50 years to make sure that
greenhouse gases do not cause significant damage from climate
changes. And right away there're a number of issues to be
addressed by environmentalists, climatologists and economists.
What shall be considered "significant damage"? How can it be
measured – taking into account that it shall narrowed down to one
sound parameter? How can the measurement results be compared
with greenhouse gases and anthropogenic GHG concentration in
the atmosphere?

These issues are being dealt with by thousands of scientists today
that have united in Intergovernmental Panel on Climate Change
(IPCC, 2001). This group prepares three�volume report every 5
years – summary of all new knowledge in three areas: climate
change and its causes, its influence on ecosystems and life of
humanity, economic and social opportunities and perspectives to
reduce CO2 and other greenhouse gases emissions. The next fourth
report will be issued in the middle of 2007 but many questions raised
above can be answered already now. 

Respective scientific areas of research are developing very fast and
leading scientific journals publish new data every month. For
instance climate change problem was addressed in special issues of
the following journals: Nature (17th of November 2005) and Science
(24th of March, 2006). Conclusions of scientists are unfortunately
not very optimistic: the main factor of fast climate changes is anthro�
pogenic emissions of CO2 into the atmosphere mostly caused by
fossil fuel combustion; climate becomes more hot and unstable; and
it is unavoidable that this situation aggravates in the nearest
decades. Environmentalists talk about clear and always negative
impact of climate changes on animals and plants. Works evaluating
risk of extinction of certain species show (Avoiding, 2005) that when
global temperature grows only by 1 °С local effects can be several

times stronger and it might cause significant damages of ecosys�
tems, for instance coral reefs in the Indian Ocean. All the climate
changes in Arctic are up to 5 times stronger than elsewhere on the
planet.

In the result of their research scientists have reached to a conclusion
that there's a 50% risk of negative impact on global ecosystems
when average global temperature grows by 2 °С. Of course it is
rather conditional and imprecise threshold of development. But 3 °С
is definitely too much: by the end of the century the majority of
Amazon forests will turn into a savannah; many arctic types of ani�
mals will remain alive only in special "enclaves" or zoos; biologically
productive areas of the World Ocean, for instance the Bering Sea,
will undergo radical changes that reduce their fishing capacities dra�
matically, etc.

What shall be CO2 and other GHG concentration in the air to make
sure that the 2 °С threshold is not exceeded? This issue was special�
ly researched in the work Meinshausen, 2006 where analysis of 8
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models developed by various authors was carried out. Under total
GHG concentration of 400–450 ppm in the CO2 equivalent the prob�
ability of excess is less than 50%, and when concentration is 550
ppm it grows up to 80%. In average CO2 accounts up to 80% of the
greenhouse gases concentration growth, 20% is caused by
methane. Anthropogenic emissions of methane are relatively low now
but methane itself is 21 time "stronger" greenhouse gas than CO2.
The result of 450 ppm concentration of CO2 taking into account par�
allel growth of methane emissions gives us 550 ppm of greenhouse
gases.

In 2005 the CO2 concentration reached 381 ppm (150 years ago,
in pre�industrial era it was 285 ppm), and it is much more than ever
in the last 500 thousand years (data from drilling of the ice core of
Antarctica on Russian "Vostok" station, Avoiding, 2005). Such dra�
matic speed, impossible for natural changes, proves that emissions
need to be reduced very fast and very soon. On the other hand it
is obvious that in the nearest 10–20 years greenhouse emissions
will be growing primarily in developing countries. That is why emis�
sions forecasts that secure more or less the threshold adherence
look as growth until the year 2025 and further reduction. Also, the
earlier the reduction of growth is – more smooth and economical�
ly less painful the reduction after 2030 will be. In the result we need
to ensure that emissions by 2050 are about 50% lower than they
were in 1990.

How can energy development following "2 °C scenario" be allocated
to different sources of energy and regions? Many works were
researching this issue recently, like Pacala and R. Socolow, 2004;
Azar et.al., 2006; Den Elzen et.al., 2005; Den Elzen  and
Meinshausen. 2006. Using these works it is possible to develop very
rough illustrative representation of the regional allocation of emis�
sions. But even this overview picture is very interesting for us.

Emissions in developed countries will be reducing and in 50 years
they will make only one quarter of the global volume. Russia's emis�
sions will start reducing after 2020 and by 2050 will be almost equal
to emissions of 25 EU countries. More than two�thirds of global
emissions will be generated by developing countries. China will take
the first place its' emissions will start reducing down after 2030.
Emissions in Latin�American countries will also start reducing after

2030. India and Southern Asia countries will retain high level of emis�
sions and by 2050 they will become higher than in China.
Nevertheless in 40–50 years they will remain constant. Only Africa
will encounter longer growth of emissions that will stabilize only by
the end of the century.

Analysis of technologies and energy sources required to fulfill the
"2 °C scenario" also doesn't provide full detalization but a number of
basic conclusions can already be made. 

There're no technologies or any sort of energy producing "formula".
Radical changes in global energy is required that would consist of
individual actions and many of those actions are close to become
commercially attractive. Each measure can be shown as wages with�
in the general development of the energy in comparison to business�
as�usual, Socolow, 2006.

Additional wage in the palette of the development options that whol�
ly depend on payments for greenhouse gases emissions is the cap�
turing of CO2 out of emissions and storage of the gas in geological
beds or in the ocean (CCS). Unfortunately unlike other technologies
this one makes energy generation more expensive and doesn't solve
other social and economic problems. That's why it is reasonable that
CCS technology will be wide spread only in 30–40b years if climate
changes will be so threatening that all the actions to reduce them will
be required.
It is possible to say that in any case nuclear power doesn't play sig�
nificant or strategic role in this process. It is possible that it will grow
2 or 3 times but it's "climate input" in any case will remain less than
10%. Strategically climate change problem can be successfully
resolved even without nuclear power, while thermonuclear (H�bomb)
power is not taken into account as a possible source of energy for
the 21 century.

The top priority here as well as in the International Energy Agency's
scenarios are energy�efficiency and energy saving, use of biomass
and various types of bio�fuel. Other sources of renewable energy
make smaller input.

"2 °C scenario" can be implemented only in case of strong limitation
of potential growth of energy demand; taking into account that the
current level is 450 EJ, the target is to stay (or return) at the level of
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600–700 EJ. Considering the possible growth of world's population
from 6.5 billion up to 9 billion people and granting elimination of
energy poverty that affects 2 billion people every day it is a very com�
plicated but solvable problem.

At the same time the costs are growing nonlinearly. In order to move
from the model of energy sector development that enables stabiliza�
tion of CO2 emissions on the level of 700 ppm to a model with  CO2
stabilization on the level of 450 ppm much less funds are required
than resources to move from 450 to 350 ppm.

In order to summarize the analysis of scientific developments and
forecasts mentioned above we can say that "2 °C scenario" is not an
impossible demand of environmentalists or just a publicity message
that is aimed at influencing UN negotiations. Taking into account
available uncertainties and the fact that it's not only CO2 but also
methane that is affecting the environment, global energy with a high
degree of probability has to fit into the range between 2 and 3 °С. It
can be achieved by stabilization of greenhouse gases concentrations
in the atmosphere on the level of 550 ррм of CO2 equivalent. On the
other hand the price of fitting into the 2 °С and consequently reduc�
tion of CO2 concentrations in the air down to 350 ррм is much high�
er. In this case mass capture and storage of CO2 is required. What
will be the real path of development of energy depends not only on
the intensity of "climate disasters" but on our preparedness to
reduce emissions.

Kyoto protocol is just the first little step in the right direction. The
next step will have to be taken in the period before 2020 and will
require developed countries to have a more significant reduction of
emissions. Developing countries within this period need to restruc�
ture their energy in order to ensure reduction of emissions in the
future. It is important to note that Russia occupies an interim posi�
tion here as the existing growth of emissions shall be replaced by
stabilization and gradual reduction starting from 2020.

It is important to note that "2 °C scenario" doesn't require any coun�
try to start doing something that contradicts its development objec�
tives. It does include resolution of the energy poverty problem. 
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Source: WWF Energy Task Force from data of: Pacala  and  Socolow, 2004; Azar et.al., 2006; Den Elzen et.al., 2005; 
Den Elzen and  Meinshausen. 2006.
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Economic research shows that GHG emission trends in Russia
are very much affected by the following factors: 1) growth of
Gross Domestic Product (GDP), 2) change of the industry struc�
ture, 3) changing of energy prices, 4) technological innovations
and implementation of modern technologies, 5) implementation
of policies and measures that directly or indirectly affect the
reduction of emissions. 

In the period starting from 1999 macroeconomic policy allowed
the country to achieve high GDP and socio�economic develop�
ment growth rates. At the same time the growth of economy was
accompanied by reduction of specific energy consumption per
unit of GDP and it reflects positive trends in the structure of
Russian industry as well as service sector growth. In the period
between 1998 and 2005 there was further reduction of energy
intensity and hydrocarbon "intensity" of GDP (in average by 5% a
year). Maximum reduction of energy intensity of Russian GDP
constituted 7.5% and occurred in 2000.

A whole number of studies are relevant to development of long�
term scenarios of economic development and emissions.
Forecasts prepared by the experts of High School of Economics
(Moscow) and National Economy Academy under the
Government of the Russian Federation that use various econom�
ic and mathematical models proved that before 2020 Russia will
hardly exceed the level of 1990. By 2015 even under scenarios
of steep GDP growth and high fuel prices CO2 emissions might
reach 85% of 1990 level only. Under other economy growth sce�
narios the expected growth of emissions by 2015 will not exceed
the 80% level of 1990.

The assessments received by independent experts generally cor�
respond to the conclusions made by Russian officials. For exam�

ple in 2006 the Ministry of Economic Development and Trade of
Russia has prepared a long�term forecast of emissions following
two scenarios: 

Baseline scenario implies conservation of moderate conservative
development trend that includes reduction of competitiveness of
the national manufacturing industry and insufficient improvement
of investment climate in the country and doesn't provide for imple�
mentation of any new large�scale national projects or strategies.
This option also forecasts stable long�term growth of the economy
with an average growth of GDP around 5% that will lead to increase
of GDP by 1.60–1.66 times in the period between 2206–2015. In
the meantime the elasticity of emissions will be rather high and the
growth of emissions will be around 2.5% a year.

Fast scenario – this scenario relies on implementation of top�pri�
ority national projects and long�term strategies in the key sectors
of national economy. The share of IT and innovational sectors of
economy within the GDP by 2015 will become almost equal to the
share of oil�and�gas sector. Under this scenario GDP growth will
make 6.3–6.5% a year.

Total emissions of greenhouse gases under the Baseline scenario
by 2010 will be on the level of 73% as compared with 1990, by
2015 – 78%, by 2020 – 83%. If the fast scenario is implement�
ed the CO2 emissions will reach the level of 77% by 2010, by
2015 г. – 85%, by 2020 г. – 94%. Estimates of СН4, N2O and
F�gases emissions (HFC, PCF, SF6) have been carried out using
the available data on economy sectors in regards for the given
scenario. In reality all the same estimates are being included in
the Fourth National Communication of the Russian Federation on
the UN FCCC: emissions within Russian economy will be 7–17%
lower than in 1990 by 2020.
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Long�term forecasts of GHG emissions in Russia

Source: Sharonov, 2006 Source: Safonov G.V., State University – High School of Economics.
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In order to make longer term forecasts till 2050 only approximate
estimates are available. As per the calculations of the Moscow's
Center for Energy Efficiency – CENEf (Bashmakov, 2006) Russia
will not have sufficient oil and gas to follow the Baseline scenario
for more than 10–20 years. The slower the growth of energy effi�
ciency in Russia will be the slower the economic growth as well.
Gas production on the current level is absolutely possible in the
nearest 50 and more years but it does require radical improve�
ment of the energy�efficiency of the economy. If the country fol�
lows innovative�active scenario it will not be able to exceed the

levels of CO2 emissions of the year 1990 by the year 2050. And
these figures do generally correspond to IEA forecasts.

One can see that implementation of any of the proposed scenar�
ios will not cause significant growth of emissions. On the other
hand the range of estimates is very wide and it does, unfortunate�
ly, reflect their very approximate nature. It is beyond doubts that
more serious research, repeatable model calculations that use
globally recognized models are required. It is necessary as a reli�
able foundation to determine possible long�term Russian commit�
ments on GHG.
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* According to the data from Third National Communication of the Russian Federation on the UNFCCC, 2002
** Emissions estimates based on actual data.
*** Ministry of Economic Development and Trade of Russia forecasts. 
Source: Ministry of Economic Development and Trade of Russia.

Greenhouse

gas
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Baseline scenario

СО2
Mt СО2�eq. 

% of 1990 level

2450

100%

1 578

64%

1 673

68%

1 798

73 %

1909

78%

2028

83%

Fast scenario

СО2
Mt СО2�eq.

% of 1990 level 

2450
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1578

64%

1673

68%
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77%

2084

85%
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94%

СН4
Mt СО2�eq.

% of 1990 level

406
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275

68%

292

72 %

319
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344
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371
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N2O
Mt СО2�eq.

% of 1990 level

233

100%

116

50%

118

51%

133

57%

147

63%

162

70%

F�gases
Mt СО2�eq.

% of 1990 level

38

100%
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116%
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71
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Total
Mt СО2�eq.

% of 1990 level 
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200%

180%

160%

140%

120%

100%

80%

60%

40%

0%

20%

1
9

9
0

 =
 1

0
0

%

1
9

9
0

1
9

9
5

2
0

0
0

2
0

0
6

2
0

1
0

2
0

1
5

2
0

2
0

2
0

2
5

2
0

3
0

2
0

3
5

2
0

4
0

2
0

4
5

2
0

5
0

СО2/GDP СО2/TPES СО2

Source: Bashmakov, 2006

Estimates of СО2 emissions and energy consumption in Russia by 2050



Future Commitments on GHG emission reduction for all countries
in general and for individual countries shall be scientifically justified
comparison of costs for prevention of emissions and damages
including full damages caused to ecosystems and life quality of
people. Works forecasting costs and damages are being carried
very actively and in 2007 in the Fourth Assessment Report of IPCC
we'll see summary of latest results. But we can definitely confirm
that – and scientists have no doubts that negative consequences
of climate changes already cause significant damage to the world
economy and these damages will grow in the future.

That is why it is necessary to take preventive actions to move to cli�
mate�saving development scenario it is necessary already now. As
it can be seen from the materials provided above it will require
developed states to reduce emissions two times by 2050 in com�
parison with the current level. Economies in transition will have to
reduce emissions by 40% and these efforts above the Baseline
scenario are believed to be not very significant. 

The first step on this way is Kyoto protocol of the UN Framework
convention on climate changes (UNFCCC, 2006; Kokorin, 2004),
that introduces quantitative limitations on greenhouse gases emis�
sions for developed countries (excluding USA and Australia that
refused to join the Protocol) and project mechanisms for all coun�
tries. So far there're more than 1000 projects in the world aimed
at reduction of greenhouse gases with the forecasted volume of
more than 1 billion tones of CO2 emissions reduction, primarily in
China, India and Latin America (UNFCCC, 2006). No additional
efforts are required from Russia to reduce emissions and our abil�
ity to attract climate projects and investments depend on develop�
ment and introduction necessary Russian legislation.

The duration of this stage ends in the end of 2012 and that is one
of the reasons why new negotiations to develop new commitments
have started in 2005. As it can be seen from the materials provid�
ed above, Russia will anyway fulfill its commitments determined by
the Kyoto protocol for the period 2008–2012 and can ensure
rather low level of emissions between –10 and up to –20% of the
1990 level for the period until 2020. Russian Government under�
stands the seriousness of the issue and started developing possi�
ble commitments that meet the purposes of economic develop�
ment (MEDT, 2006). 

Main alternatives to be taken into account are: 1) "Kyoto"
approach with total absolute limitation of emissions for the group
of countries and mutual trade of quotas for emissions and 2) half�
numerical commitments to transfer technologies and deploy proj�
ects to reduce emissions. Other variants can also be discussed like
introduction of standards, commitments of one sector (e.g., ener�
gy) but with extended list of countries and mutual trade, etc.

Conclusion of international treaty to continue fight with climate
changes is beneficially politically, environmentally, and potentially
economically. It is more beneficial that an approach with a set of
national actions that is being pursued by the current administration
of US. Taking into account the experience of Kyoto protocol imple�

mentation, for instance the work of EU trading system and eco�
nomic opportunities that Russia receives in the area of internation�
al cooperation for reduction of emissions, the most productive pol�
icy would be to retain "Kyoto" approach for the group of developed
countries, including Russia.

That is why Russia's position on its future commitments can
include following basic moments:

The support of the principle "cap�and�trade" with extension of
the list of countries and maximum conservation into future of
unused Kyoto quotas of 2008–2012. Acceptance of strict limi�
tations on emissions by all developed countries means market
approach to regulation of emissions on the global level.
Specific levels of such limitations shall probably correspond to
the principle of equal load on GDP of participating countries
taking into account mutual influence of commitments of various
countries, for instance Russia and EU. Of course precise spec�
ification of percentage levels will require deep economical
research and endorsement of such levels will be the result of
political negotiations that cover a wide range of factors. But
even the available information is sufficient to say that Russia is
capable of playing a key part in this process. Lowering of
"Kyoto" standard down to, say, –15% of the 1990 level will
allow Russia to stay in the leading position in the climate mar�
ket and will correspond to the global climate saving scenario.

Support for accepting numerical commitments by developing
countries primarily biggest like China, India, Brazil and South
Africa and other. Taking into account wide range of possible
variants for all countries excluding the poorest ones the opti�
mum approach can be selected already now. For instance for
the biggest developing countries the solution can be in accept�
ing specific commitments (like reduction of emissions per unit
of GDP), for less developed – commitments to introduce new
technologies and standards. On the other hand Russia's partic�
ipation in joint commitments with biggest developing countries
looks problematic. Possibly it will not be very difficult to fulfill
these new assignments but economic benefits of these com�
mitments can be missing and political and economical losses
can be very serious.

Russia can effectively facilitate to international negotiations and
push discussion toward numerical parameters; in particular, pro�
pose to be –15% of 1990 as national target level. It will not cause
negative effect on economic growth and if the necessary condi�
tions are created it will facilitate innovative research, introduction
of modern energy�efficient technologies, and implementation of
effective forest management.

In case of positive answer from other countries and if they accept
adequately strict commitments the level can be reduced down to
–20%. Eventually it will bring benefit not only to the environment
but will also benefit Russian companies, population and nature,
will prevent damages caused by climate changes.

14

Russian commitments on GHG emission reduction

in 2013�2020



Avoiding Dangerous Climate Change, 2006 H.J. Schellnhuber, W.
Cramer, N. Nakicenovic, T. Wigley, G. Yohe (eds.). Cambridge
University Press, Cambridge. 392 pp.

Azar C., Lindgren K., , Larson E., and Ollersten K.M. 2006.
Carbon capture and storage from fossil fuels and biomass –
costs and potential role in stabilizing the atmosphere. Climate
Change v. 74. Pp. 47–79.

Bashmakov I.A., 2006. Possibilities for Joint Implementation in
heat supply systems. Report on Conference “Russia and Carbon
Market” 28–29 June 2006, Moscow, www.ncsf.ru

Den Elzen, M.G.J., Lucas, P. and van Vuuren, D.P., 2005;
Abatement cost for post�Kyoto climate regime. Energy Policy v.
33. Pp. 2138–2151.

Den Elzen, M. and M. Meinshausen. 2006. Multi�Gas Emission
Pathways for Meeting the EU 2 degrees C Climate Target. In:
Avoiding Dangerous Climate Change. Cambridge University
Press, Cambridge. Pp. 299–310.

Gleneagles, 2005, G8 Summit, Изменение климата,
экологически чистая энергетика и устойчивое развитие
(Climate Change, Clean Energy and Sustainable Development),
www.g8russia.ru

IEA, 2006. International Energy Agency. Energy Technology
Perspectives – 2006, 479 pp., www.iea.org 

IPCC, 2001. Third Assessment Report of the Intergovernmental
Panel on Climate Change (IPCC). Vol. 1 The Scientific Basis, Vol.
2 Impact, adaptation and Vulnerability, Vol. 3 Mitigation,
www.ipcc.ch 

IPCC, 2005 Carbon Dioxide Capture and Storage. Special Report
of the Intergovernmental Panel on Climate Change, 443 pp.,
www.ipcc.ch 

Kokorin А.О., Gritsevich I.G., Safonov G.V., 2004, Climate
Changes and the Kyoto Protocol – realities and practical possi�
bilities, Moscow, WWF�Russia, 64 pp. (in Russian), www.wwf.ru.

MEDT, 2006. Ministry of Economic Development and Trade of the
Russian Federation. Analytical materials for preparation of pro�
posals to position of the Russian Federation on future commit�
ments on anthropogenic GHG emission reduction in the period
after 2012 (Article 3.9 of the Kyoto Protocol), in Russian,
www.economy.gov.ru 

Nature, 2005, Climate Change. Regional Health Impact. Special
issue 17 November 2005.

Pacala, S. and R. Socolow, 2004. Stabilisation wedges: Solving
the climate problem for the next 50 years with current technolo�
gies. Science, v. 305, pp. 968–972., www.princeton.edu/~cmi 

Parry M.L., Arnell N.W., McMichael T., Nicolls R., Martens
W.J.M., Kovats S., Livermore M., Rosenzweig C., Iglesias A., and
Fischer G. 2001. Millions at risk: defending critical climate
change threats and targets. Global Environmental Change v. 11,
Pp. 181–183

Science, 2006, Climate Change. Breaking the Ice. Special issue
24 March 2006.

Sharonov А.V., 2006. On implementation of the UNFCCC Kyoto
Protocol in the Russian Federation. Report of MEDT on Moscow
Carbon Market Forum – 2006, Moscow, 3–4 April 2006 (in
Russian).

Socolow R. 2006. Stabilisation Wedges: An Elaboration of the
Concept. In: Avoiding Dangerous Climate Change. Cambridge
University Press, Cambridge. Pp. 347–354.

Third National Communication of the Russian Federation to the
UNFCCC, 2002. Interagency Commission of the Russian
Federation on climate change problems, Moscow,
www.unfccc.int

WWF Energy Task Force, 2006, Information from web�site
www.panda.org

UK Meteorological Office, 2005, Information from web�site
www.stabilisation2005.com/day1/Izrael.pdf

UNFCCC, 2006; Secretariat of the Framework convention on cli�
mate change. Information from web�site www.unfccc.int

15

References



WWF is one of the world's largest and most experienced independent conservation organizations, with
almost 5 million supporters and a global network active in more than 100 countries.

WWF's mission is to stop the degradation of the planet's natural environment and to build a future in which
humans live in harmony with nature, by:

conserving the world's biological diversity
ensuring that the use of renewable natural resources is sustainable
promoting the reduction of pollution and wasteful consumption.

WWF�Russia
19, bld.3 Nikoloyamskaya St.,
109240 Moscow Russia
Tel.: +7 495 727 09 39
Fax: +7 495 727 09 38 
russia@wwf.ru  
http://www.wwf.ru




