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Vision 2050 For Belarus

In the coming 50 years, it will be crucial that the world’s energy systems be made environmentally benign and sufficient to meet everybody’s energy needs. We have better technologies than ever before to use energy efficiently, and to use the world’s renewable energy resources without harming the environment. While other work of International Network for Sustainable Energy have shown how it could be done overall on global scale, this paper concentrates on the situation of Belarus. It shows one way of replacing fossil fuel with efficiency use of renewable energy. 

If we can keep global warming below 1°C within the coming century, and if we can return the rate of warming to below 0.1°C per decade within the next two - three decades, we should be able to reduce the speed of climate change to a level that nature can accommodate. To do this, we have to limit greenhouse gas reductions drastically. If we limit global CO2 to 250 G ton of Carbon or less within the 21st century, it should be possible to achieve this, to keep climate change within a range that nature can adapt to in general. 250 Gton of Carbon is equal to only 35 years of current consumption, but a phase out of fossil fuel use until 2050 would achieve this. From independent researchers some proposals exist with fast CO2 reductions, leading to a situation in 2050 with no use of fossil fuels. We should also minimise other dangers of energy supply, including the hazards of nuclear power plants and their waste. Thus, nuclear power is not an option.

Regarding the economy of changes to renewable energy and to energy conservation, a massive introduction of new technologies will lead to huge reductions of costs for those new technologies. Many technologies can be competitive with fossil fuels before 2025 if developed vigorously, some are already cost-effective today.  The investments necessary for these developments will be paid back with the availability of a cheaper renewable-energy supply and of energy-efficiency technologies in the future. 

The changes will have a number of beneficial effects, they will give a more stable energy supply than the current, they are compatible with global equity, and the additional costs to the society will be small or even negative, if the changes are well planned and phased in as part of the natural change of plants and equipment. The changes will, however, require initial investments and long-term strategies, nationally and internationally. It will also require a major shift in the energy supply system and in energy consuming equipment and structures.

In the following is an overview of opportunities for Belarus, mainly based on Belarus sources, but also including international prospects for long-term energy-efficiency potentials and energy supply technologies.

Renewable Energy Potentials in Belarus

Wood

Belarus has 9 million ha of forest of which 53% is commercial. If each of these 4.5 million ha of commercial forest produces forest residues with an energy content of 5 MWh, the potential energy use from this is 23 TWh/year.

The ministry of environment estimates that from this forest can be used 2.5-3 million m3/year in the coming years (around 2010).  

It is a general estimate that 30% of forest removals end up as residues, and that half of this is available for energy, while the rest are used for pulp etc. With expected forest removals of 2.5-3 million m3/year, and an average energy content of 2800 kWh/m3, the available energy from wood industry residues is 1.15 TWh/year.

In an article from Kulikov is estimated the economic potential of annual wood for energy use to be 2.65 million ton of oil equivalent, equal to 30 TWh in 2015. An official estimate (state committee of energy efficiency report, 2003) is that 3.5 million ton of oil equivalent (Mtoe) can be used in 2020 with 2.02 used in 2010, equivalent to respectively 23 and 147 PJ. These official estimates are used in this report.

Probably this includes removals from forests that are contaminated with radioactivity from the Chernobyl disaster, and that must be treated specially. It does not include major developments of energy-forests.

Agricultural residues

The Belarus grain production was 4.86 million ton in 2000 and has varied between 7.5 million in 1992 and 3.65 million in 1999. The straw production is similarly to the grain production about 5 million ton/year. Half of this is used in the agriculture, while the remaining half – about 2.5 million ton/year - could be used for energy. An official estimate (state committee of energy efficiency report, 2003) is that 1.48 million ton/year would be available for energy. In this report is used a potential of 2 mill ton/year (1999 was the only year since 1970 with a grain production below 4 million t). With an energy content of 4.1 kWh/kg of straw (15% humidity), the potential is thus 8.2 TWh/year equivalent to 30 PJ.

Biogas

In 2000, there were 4.22 mill cattle of which 1.84 mill cows. There were 3.43 mill pigs, 0.15 mill sheep and goats, 0.22 mill horses, and 30.1 mill poultry (number of heads). 2/3 of the animals are on large farm (agricultural enterprises), while the rest are on very small farms (household plots).

An official estimate (state committee of energy efficiency report, 2003) of the biogas potential is 0.16 Mtoe, equivalent to 25 PJ/year, of this 9% is expected to be used in 2005.

Wind power

An official estimate (state committee of energy efficiency report, 2003) is that there is a potential of 1600 MW of wind power capacity with an annual production of 3.3 TWh. This is equal to 2062 annual average full load hours or an average capacity factor of 24%. This is better than many sites used in Germany, but is not a high capacity factor compared with other leading wind power countries. 

Solar Energy

The output of solar energy systems in Belarus is estimated to be respectively 40% and 10% of the in-coming solar energy for solar heating and solar electricity (PV). This gives annual outputs of respectively 400 kWh/m2 and 100 kWh/m2 for solar heating and electricity, given that the solar energy influx is 1000 – 1100 kWh/m2 in Belarus.

The maximal area used for solar PV and solar heating is set to respectively 3.9 m2 and 3.3 m2 
per person, in total 7.2 m2 for solar energy. A large part of this is expected to be on rooftops, but also areas along roads, noise-screens, industrial areas without major dust pollution and other areas near infrastructure can be used. With this use of solar energy, the output of the solar installations will be 56 PJ of heat and 12 PJ of electricity.

Energy Forest

It is expected that 4000 km2 of land can be set aside for energy forest. This equal to about 7% of the arable land or 4.5% of the land used as arable land, for hayfields and pastures. The output is expected to be 10 tons/ha, equal to output of high-yielding willow, or miscanthus. The energy content is expected to be 4 kWh/m2 (14.4 GJ/tons), equal to the heating value of Danish willow dried to 20% humidity. The total energy output would be 16 TWh or 58 PJ per year.

Hydro Power

The hydropower potential is estimated to be 10 PJ according to the state committee of energy efficiency report, 2003 with only 80 TJ used today. In this vision only 15% of the potential (1.5 PJ) are used. The reason for this limitation is the currently uncertain environmental effects on some of the potential sites.
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Graph 1: Development of renewable energy according to vision2050

Geographical overview of Belarus

The total area of Belarus is 207,600 km2, of which 61,300 km2 is arable land, 29,900 km2 is hayfields and pastures, 16,400 km2 is used for other agricultural activities, and 77,000 km2 is used for forestry. 

The population of Belarus was 10.019 mill in 2000, but it decreases about 20,000 /year and was only 9.99 mill. in 2001.

Energy Consuming Sectors of Belarus

(When no other sources given, in this chapter data are from Republic of Belarus 2001 Statistical Yearbook, IEA refers to the International Energy Agency's Statistics for Belarus for the year 2000)

Freight transport

In 2000, the total freight transport was 40,240 million t-km. This has been stable since 1997, but declined in the first half of the 90's, and the transport was more than twice the 2000-level in 1990: 97,829 million t-km. The tendency is the same for railroad (31,425 million t-km in 2000, a decline from 75,430 million t-km in 1990) and for road transport (8.982 million t-km in 2000, a decline from 22,361 mill. t-km in 1990). Airfreight in Belarus was only 18 million t-km in 2000. 

It is expected that the freight transport will go up with the economic development and the expected increased integration of Belarus economy in European economies. For the vision is included a 30% increase 2000 – 2010 in road and rail transport and then a continued fast increase in road transport combined with a slower development of rail transport to reach levels of respectively 2.5 times and 1.5 times for rail and road transport. Navigation and pipeline transport are expected to be remaining constant.

Efficiency of road freight is expected to increase a factor of 4 with increased efficiency, including the change to electric and hydrogen fuel cell driven vehicles and the use of brake-energy stored on the vehicles and used for subsequent acceleration. A 40% efficiency gain is expected 2000-2030 mainly because of improved efficiency of vehicles while a further 60% efficiency gain is expected 2030-2050 mainly because of the change of motor technology and fuel.

Passenger transport

In 2000, the total passenger transport was 32,358 million passenger km by public transport. This is 30% lower than in 1990, but since a low-point in 1996 there has been a continuous increase in public passenger transport. 1998-2000 the increase was 5%/year. The distribution is 17,722 million passenger-km in trains, which was higher than any previous year (5% higher than 1999) and bus transport of 9,235 passenger-km, which was a bit less than 1999 and less than half of the 1990-level. To the train transport could be added trolley and tram transport of respectively 2,655 and 553 million passengers km and metro transport of 1,678 million passenger km to a total of  22,608 million passenger-km. 

There were 1.4 million passenger cars in Belarus in 2000, but no statistic is given regarding their usage.

For the vision is included a 30% increase in personal car use 2000 – 2010 combined with an increase in bus and rail use of respectively 20% and 10%. In the next decade, 2010 – 2020 is expected continued fast increase in car use and moderate increase in rail and bus use. In total is increased a 2.5 times increase of car use, 2 times of bus use and 1.5 times of rail use 2000 – 2050.  Navigation is expected to remain stable at the current low level of about 0.1% of Belarussian transport.

Efficiency of cars and buses are expected to increase a factor 4 with a combination of efficiency and change of motor technology, similar to road freight. For rail transport is expected a 30% increase of efficiency 2000 – 2050, but the efficiency potential is higher. For navigation a 25% increase in efficiency is expected.

Housing

By the end of 2000, the housing stock was 212.1 million m2, equal to 21.2 m2/person, according to Statistical yearbook of Belarus 2001. 135 million m2 was in urban areas and 77.2 million m2 in rural areas. Only 20.8% of the housing area was publicly owned. 95% of urban dwellings have central heating, opposite to only 32% in rural areas.

Comparing the size of the dwellings with energy consumption in dwellings excluding electricity  (186 PJ, IEA statistics for 2000, sum of all fuels and heat consumed in households), the specific final heat consumption is found to be 880 MJ/m2 = 244 kWh/m2. With an assumption of an average efficiency of the heating systems in the houses of 75%, the specific net heat consumption is found to be 0.66 MJ/m2 = 183 kWh/m2. This is relatively low, as it is known that many houses have specific heat consumptions substantially above this level. On the other hand it is still 30% higher than in Denmark. One assumption is that a large number of people have improved their dwellings. Other explanations can be that not all dwellings are fully heated, or problems with the statistics, e.g. if there is a higher than estimated use of biomass etc. for heating than counted by IEA.

The development of specific heating demand is expected to be a gradually decrease and the development of the buildings heating system an increase. It is expected by the Belarus State Committee for Energy Efficiency that there is an efficiency potential of 50% in the sector. It is for this work expected that this potential can be exploited within 25 years, and that after 2030 additional efficiency improvements will lead to a situation with high efficiency in 2050. In the following table, such a possible development is given in the table below:

	Possible heat sector development
	2000
	2010
	2020
	2030
	2040
	2050

	Specific net heat demand, relative
	100
	90
	70
	55
	40
	30

	Specific net heat demand, kWh/yr
	183
	165
	128
	101
	73
	55

	Heating efficiency
	75%
	75%
	80%
	83%
	88%
	93%

	Specific final heat demand, kWh/yr
	244
	220
	160
	121
	83
	59

	Building area, relative
	100
	123
	157
	170
	180
	200

	Total final heat demand, relative
	100
	111
	103
	84
	61
	48


The table above demand describes an ambitious, yet achievable development. While the improvements of the heating systems will not be a large challenge, the improvements of the buildings will require a concerted action from state, regions and private sector with substantial improvements of building codes, and a substantial programme to increase the energy efficiency of existing houses. With the increasing energy prices, there is little doubt that the improvements can be made in cost effective ways, in particular for the first two decades, where the most profitable improvements should be made.

In 2000, new construction of housing was 3.53 million m2, a figure that had remained quite stable since 1997, similar to an increase of 1.6%/year. The average new dwelling was 90 m2. 2.45 million m2 of the construction was in urban settlements while the remaining 1.08 million m2 was in rural areas. 

In the forecast in the above table is used an expectation of the growth of 17% for 2000-2010, and for 2010-2020, similar to the continuation of the trend of 1.6% increase/year. This growth is lower than another source's forecasts for Minsk of growth of respectively 23% and 27% in the two decades.  This expected difference is because the development of houses is expected to be substantially larger in the Minsk region than in the rest of the country. 

After 2020, there are no forecasts, but the growth is expected to be 1.2%/year for the use in this vision (own estimate).

In 2000, major renovations were made to 24,200 dwellings (including families that received new apartments and that made major improvements), of which 15,500 in urban areas. In addition, 543,000 families registered improvements in their dwellings in 2000.

Service Sector Heat Demand

It is expected that the development of area and efficiency of the service sector follows that of the housing sector (own estimates).

Heat and Fuel Demand in Production

The heat and fuel demand of industry and farming is expected to grow 20% 2000-2010 and continue to grow to reach 2 times 2000-level by 2050 (own estimates). Construction is expected to be 60% and remain stable, following the increase in house construction and then a declining growth in house construction (own estimates).

Electricity Demand

Electricity demand in housing and service sector is expected to grow 10% more than the housing area to reach a level of 2.15 times 2000-level, or 10% more than the growth of heated floor space that is a factor of 1.95 2000 – 2050 (own estimates) 

For production sectors is expected the same growth in electricity than in the demand for heat and fuels (own estimates).
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Graph 2: Development of activities in selected sectors, if the vision is followed (base year 2000)

Heat and Power Sector, Hydrogen

Presently the cogeneration (CHP) power plants have average efficiencies of 16% electricity and 54% heat (IEA). This is expected to increase gradually to 50% electricity and 45% heat, similar to the best available near-commercial technology in the world today. There are today power plants fuelled with natural gas with higher electric efficiency, but it is expected that the CHP plants will be fuelled mainly with solid biomass in 2050.

The condensing power plants (power-only plants) are expected to have a decreasing role, in particular after 2030, but also an increasing efficiency from today's 37.5% to 62.5% (25% increase).

The heat loss is expected to decrease from today's 26% of production to half of that: 13% 2000 - 2050. Similarly the electricity loss is expected to decrease from 12% to 5% in the same period.

The introduction of heat pumps in district heating systems will convert electricity into heat in periods with high electricity production from intermittent production and high use of CHP. The Coefficiency of Performance (COP) of heat pumps is estimated to be 5 (own estimate, average). 

Solar heating in district heating is expected to grow to 15% of total district heat demand, grid loss included. This will require heat storage equal to 5% of the heat demand, about 7 PJ. These storages will have losses of 10-20% equal to about 1 PJ or 1% of total district heat consumption. These losses are not included in grid losses, but are assumed to be included in the solar heating production. Thus, this has to be 1 PJ equal to 5% larger than the estimated 400 kWh/m2. It is found realistic to achieve this with technological development until 2050.

In the vision hydrogen stations are introduced after 2030 to produce hydrogen for transport and in 2050 they are used to produce 50% of the energy need for road transport with the other half being covered by electricity. The expected performance of the hydrogen plants is that they consume electricity and convert it to 75% hydrogen and 25% heat. The heat is consumed as district heating. With this use of hydrogen it will consume 27% of the electricity supply.

Belarus is today importing 26 PJ of electricity (2000). In the vision this is set to be gradually reduced to almost nothing in 2030 but to raise again in 2050 to about 17 PJ. In this way, Belarus will continue to be dependant on energy import, but much less than today, given that the oil, gas and coal import will be phased out until 2050 and that electricity import is reduced 40%.

Results of the Vision

If a development is realised following the elements of the vision described above, the gross energy consumption will be drastically reduced and will be covered with renewable energy except for the small electricity import. This is the because of the large increase in efficiency in demand as well as in supply, because the energy consuming sectors are all growing in this vision (housing, production, transport).
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Graph 3: Gross energy consumption according to Vision2050.

The electricity consumption will be stable, as the reduction because of increased efficiency in the current consumption sectors will be balanced by new consumption for heat pumps and hydrogen.
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Graph 4: Development of electricity supply according to the vision.

The fossil fuel supply will be reduced, which will make Belarus gradually independent of fossil fuel imports.
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Graph 5:  Gradual phase out of fossil fuels.
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Graph 6:  One of the results of the vision is a phase-out of CO2 emissions.

Costs of the Vision

The gradual introduction of energy efficiency is usually cost-effective. Several of the renewable energy solutions proposed are not cost-effective today, but they are gradually falling in price while fossil fuels are increasing in price, so it is expected that by the time they are introduced in large scale, they are cost-effective. There will be a need for some investments in introduction, demonstration models etc., but the large-scale employment is expected to be cost-effective. This is also why biomass and wind power are introduced first and solar energy later.

With the increasing prices of fossil fuels, the costs of not following a development as described in this vision will be costly, and probably more costly than the vision. If environmental costs are included, there is no doubt that a development similar to the vision is less costly than a continued fossil-fuel use.

Recommendations of the Danish expert

Gunnar Boye Olesen, International Network for Sustainable Energy and the Danish Organisation for Renewable Energy, February 2004. http://www.inforse.org/europe

For Belarus NGO energy report, Belaya Rus

Introduction

With the large import of energy, it is important for Belarus to use own energy resources as far as possible. Belarus is in the same situation as most of the EU countries and Ukraine that are large energy importers, all of which have to face the increasing prices of fossil fuel in the coming years.

The opportunities for Belarus are to increase energy efficiency and to use own energy resources as far as possible. The country has large potentials for increase in energy efficiency as well as for increased use of renewable energy. With the increasing import prices of fossil fuel, it will be more and more cost-effective to increase energy efficiency and the use of renewable energy.

Denmark and all other Western European countries have strategies to increase energy efficiency and the use of renewable energy, to reduce dependence of imported fuels, and to improve the environment.

This chapter gives recommendations by a Danish energy expert, based on knowledge about the methods, strategies and experience from Denmark and other Western European countries for increase energy efficiency and the use of renewable energy. The chapter is divided in the main sub-sectors of energy consumption and renewable supply: Heat conservation in buildings, electricity efficiency, service sector, industrial energy consumption, heat and electricity supply, solid biomass, biogas, wind power, solar energy, and transport. For each of these sectors are highlights of Western European experience and strategies in the field as well as recommendations for Belarus and other countries in a similar situation.

Heat Conservation in Buildings

One of the sectors with large potentials for increased energy efficiency is the building sector, including housing, institutions and other service sector. There is a large potential for reduction of energy consumption for heating. The main tasks are increase of the efficiency in the heat supply in the buildings, regulation of the heating, and reduction of heat losses in the building envelope. The main measures are:

- insulation of attics, walls and floors

- reduction of drafts of windows and doors

- thermo-windows with low-emission coatings, if windows need replacement. Today windows with U-values of 1.1-1.4 W/m2'C (two layers of glass with one layer of coating) will be cost-effective in Belarus, if they are imported in larger quantities.

- regulation of heating systems with thermostats etc.

- insulation of heating and hot water pipes

- improvement of boilers

-consumer behaviour to save energy, e.g. closing windows except for a short ventilation periods

For insulation of attics, walls and floors it is important to use correct methods with a tight layer inside the insulation. The vapour tightness of the cover inside the insulation should be 10 times as high as for the layer outside the insulation to guarantee that moisture cannot accumulate in the insulation layer. It is also important to make adequate fire protection. Different insulation materials should be used according to their different qualities:

- paper wool is an environmental benign insulation material made from old paper that is treated with boron to make it more resistant to fungus etc. It is a loose material that can be used in cavities and on unused attics, where there is no need for fire protection. If production is started in Belarus, it is can be produced at a substantially lower cost than other insulation materials

- mineral wool (rock wool and glass wool) is available in loose form and in sheets in different qualities. It is unflamable and it has fire protection qualities, in particular rockwool. It is well suited for most purposes. When it is cut and installed it gives fibres than can be inhaled; therefore workers need more protection when they work with mineral wool.

- plastic foams have good insulation properties and stability, but they must not be heated to more than 60'-80'C (depending on type) as the foam start to emit gases that can be hazardous and the material degenerates. Thus, it is best used in foundation and other places where there is no risk of fire or of overheating, e.g. overheating by the sun in the summer.

-natural materials such as straw can be a good insulation material. Their insulation properties are less than dedicted insulation materials, typically half as good, but they have low a low price and the lower insulation value can be compensated with a thicker layer.

When tightening houses, it is important that there is enough ventilation made to avoid damp houses, either as mechanical ventilation systems or manually by the inhabitants.

While it is expected that the medium-term potential for heat reduction in houses in Belarus is about 30-40% (in 15-20 years), the long-term potential is estimated to be as high as 75%, to be reached in 40-50 years, if heat insulation is effectively integrated in renovation of buildings as well as in new constructions. The use of this potential would reduce today's heat consumption of about 250 kWh/m2 annually to about 160 kWh/m2 in average by 2020 and to a level as low as 60 kWh/m2 in 2050. 

Experience from Denmark, Sweden, Germany and other countries is that it is possible to the reduce consumption for space heating drastically and at the same time improve living standards. 

INSERT FIG. 1 HERE

INSERT FIG. 2 HERE

The heat consumption in Danish dwelling was reduced with 27% during the two decades 1980 – 2000.

Electricity Efficiency

Electricity use can be reduced by use of energy efficiency equipment, efficient light bulbs etc. It is possible to show that with the best available technology, the same services (light, use of electronic equipment etc.) can be provided with ¼ - 1/10 of the electricity used today. Just as important is the behaviour of the users. Turn off light and apparatus that is not used, use washing machines, cooking plates, toasters, etc. efficiently, are well-known recommendations. In addition modern apparatus with stand-by functions should be turned off at the wall-socket, computers set-up to use power saving modes, etc.

For light, fluorescent light bulbs use only 20% of the electricity of ordinary, incandescent light bulbs. While these low-energy light bulbs used to be either expensive or of poor quality, it is now possible to get these low-energy light bulbs with lifetimes of 6000 hours or more for only 2-3 Euro each. To introduce these cheaper low-energy bulbs in a large scale, a reliable quality information system is important to select the good from the bad products. There are still many bad products with much too low lifetime on the international market, mainly of Chinese origin.

The savings of e.g. a 12-Watt fluorescent light bulb replacing a 60-Watt light bulb is 288 kWh during its 6000 hours lifetime. If comparingly the normal light bulb was replaced with one a halogen lamps, consumption could go up because of stand-by consumption (see below).

For refrigerators and other cooling equipment, the best types (with EU-label A) uses only about 1/3 of the standard models sold a decade ago. The EU is now introducing higher efficiency classes (A+ and A++), expecting that in the future efficiency will be further increased. 

The savings of an efficient refrigerator of 200 litre compared with one of the less efficient, older types can be as much as 200 kWh/year (from 400 kWh/year to 200 kWh/year for models with freezer included). During a lifetime of 11 years (typical lifetime for fridges in Denmark), the savings is 2200 kWh. The extra price for an efficient model is often very little, but prices varies a lot and there is no direct relation between prices and efficiencies of freezers.

For electronic equipment such a televisions, computers there is also considerable difference between efficient and inefficient models. An efficient personnel computer can use 50-60 Watt with a flat screen while an inefficient model can use 200 Watt, and the difference is even higher between different TV's. Today flat screens are too expensive to justify from electricity savings, but their prices have halved within a few years, so it is expected that they will soon be cheaper than the energy they save, compared to normal screens.

For electronic equipment, a special concern is the stand-by function, where the apparatus is able to start from e.g. a remote control, or has an in-built clock. This function is responsible for half the energy consumption of Danish TV's videos, PCs etc. In this way, half the electricity consumption of this equipment is wasted when they are not in use. The problem is gradually recognised in Western Europe, where a new voluntary standard of maximum 1 Watt (8 kWh/year) for stand-by functions is introduced. For new televisions in Denmark stand-by consumption varies between 0.33 Watt (2.5 kWh/year) to 6 Watt (48 kWh/year). For a decade-old apparatus, a stand-by consumption of 10-20 Watt (80-160 kWh/year) is not unusually. On the other hand, stand-by is not used as much in older equipment. 

Stand-by consumption is not only an issue for electronic equipment, e.g. halogen lamps are equipped with transformers and often these transformers are not switched off on the lamp. Therefore the lamp consumes power when the lamp is off. Stand-by consumption of 5-10 Watt (40-80 kWh/year) is not unusual for such transformers. The best alternative would be to replace the lamp with an energy-efficient one, but another alternative is of course to turn off the lamp at the wall-socket.

For other household equipment, the possibility to save electricity is similar, e.g. washing machines, cooking stoves etc. In general heating and cooking with electricity should be kept to a minimum, using e.g. gas for cooking and biomass for heating.

If all electric equipment in Danish homes was replaced with the most efficient types on the market today, more than half of the electricity consumption could be saved. This, of course, does not happen over-night, but indicates the large potential. Since 1980, energy consumption of Danish household equipment have been reduced 18-41% per piece for different types of equipment, but since more pieces are used, the consumption have not gone down. In the 80's and early 90's household electricity consumption actually went up, while in the second half of the 90's it stabilized, and consumption for freezers actually started to go down. This correlates well with the focus on efficient use of electricity that in the 90's and the raise of taxes on electricity. If consumer information and energy efficiency are continued, it is expected that in the future efficiency will increase faster, which can lead to substantial reductions of consumption.

To introduce cost-effective measures to increase energy efficiency in Belarus, it is important to introduce reliable consumer information, including labelling and local information centers with relevant information. Such activities can be financed with a small levy on electricity, 1-2%, similar to the Danish system. It is also important to have a clear price policy, where electricity prices are increased gradually with the increased of costs of natural gas, electricity imports, etc. in a transparent way, but not so fast that it will have negative social effects.

It is often cost-effective to buy highly efficient equipment, when it has to be replaced anyway. In most cases it is not economical to replace working equipment with new, just because the new is more efficient.

It seems that the efficiency potential is larger in Belarus than in Western Europe, but it is also likely that economic growth will increase the number of electricity consuming equipment considerably. It seems that efficiency can be more than doubled in 10-20 years, if activities to save electricity are introduced, and in the long run, efficiency can be increased 4 times or more. This can lead to substantial reductions in electricity consumption, but if no activities are introduced to increase efficiency, the economic growth can lead to substantial increase in household electricity consumption. The current consumption is not high compared to many Western countries with a similar climate.

To avoid large increase in electricity consumption, it is important that electric heating is avoided and that cooking continues to be with gas mainly. Some countries (Sweden, France etc.) have introduced electric heating, which resulted in a boom of electricity consumption in households, and in Sweden scarce supply in dry years when hydropower produces less than normal.

Countries as Belarus should also be concerned with the possible import of new or used goods with low efficiency, including equipment with large stand-by consumption. If such equipment is imported from Western Europe, energy efficiency data are usually available, and the consumers can be informed about the electricity costs that they will get if they buy these usually cheaper products.

Service Sector

In the service sector, whether it is public service such as schools & administration, or private service with shops, private offices etc., the same opportunities to save energy exist as in the households. If managers of the buildings and equipment increase focus on energy, and energy efficiency becomes a parameter when choosing new equipment and buildings, there are large potentials for reducing energy consumption with efficient use of energy. 

In the service sector, there is a special issue of using natural light as much of the consumption in many buildings is for light.

The service sector can be a driving force for energy efficiency in households. This has been done in several countries, e.g. with schools that show the pupils how to save energy, a knowledge the children can also use at home.

The general Danish experience in the service sector have been an increase in efficiency, but also an increased activity, so the result have been an increase of energy consumption with 1.7% 1980 – 2001, because of more than 30% increase of economical activity. The small increase is a combination of a reduced heat consumption and an increase in electricity consumption. Since 1997, when electricity efficiency activities started to work, the electricity growth has decreased and the consumption is stabilising.

The conclusions and recommendations for Belarus are the same as for households heat and electricity use (see above).

Industrial and Commercial Energy Consumption
The opportunities to save energy in industry are just as good as in the household and service sectors. Often focus on energy management can reduce consumption with little or no costs. In addition many investments are cost effective, including insulation, efficient motors, variable speed drives. 

It is typically possible to reduce consumption with 25-50% of individual processes, while if a production process is completely optimised for efficient energy use, it is possible to reduce consumption with as much as 90% per produced unit in a longer perspective and 50-75% in a shorter time perspective. Several Western European cases have shown that this is possible. One good example is the Danish company Brothers Hartmann A/S that has reduced energy consumption for producing egg trays by 75% within in a few years, starting in 1995.

The general conclusions and recommendations for Belarus are the same as for households heat and electricity use (see above), and the expectation is that the long-run potential is an increase of energy efficiency 5-10 times similar to Western Europe, or maybe even more. 

Heat and electricity supply. 

Efficiency of electricity and heat supply has been considerably improved in Western European countries in the last 2-3 decades. There have been increase of efficiency of fossil fuel and biomass fired power plants, increase of efficiency of electricity and heat networks, and for some countries such as Denmark and Finland increased use of cogeneration of heat and electricity. In Denmark the district heat supply have increased from 23% of the space heating to 48% since 1980, and at the same time the fraction of district heating based on cogeneration have increased from 39% to 82%. The most efficient Danish power plants are now the decentralised cogeneration plants, usually fired with natural gas, see graph below.

INSERT FIG. 3 HERE

In particular for district heating, distribution losses can be considerable, and there has been considerable efforts to keep these down. In Denmark, distribution loses have been reduced from 25% in 1980 to 20% today. This has been done by reducing temperatures and by improvements and pipe-replacements in the heat network.

Just as for other countries, it is important for Belarus to have a high efficiency in the conversion of primary energy to useful heat and electricity. District heating plays an important role in Belarus, providing more than half of the heating for households and 1/3 of the industrial energy consumption. With a relatively high loss in the district-heating network
, upgrade of the parts of the network with highest losses is important. Equally important is to address the supply: only half of the district heating comes from cogeneration of heat and electricity (CHP), and of the rest about 90% comes from imported natural gas. Seen from an energy efficiency point of view it makes little sense to produce heat by burning gas in boilers and distribute it in heat networks with high losses when the gas could be supplied with no losses to the consumers. On the other hand it is short sighted to change from district heating to direct gas supply when the natural gas is going to be more scarce and expensive within a few years. The alternatives that each of the district heating operators have to choose between are:

-to change from natural gas to biomass as fuel source, given that local biomass is cheaper and have a more stable price than natural gas. This should be combined with improvements in the heat network

-to change to cogeneration of heat and electricity, to improve overall efficiency. This should also be combined with improvement of heat network

-to close down the network, and let consumers instead use natural for heating.

In practice, it is sometimes possible to combine the alternatives, e.g. closing parts of the heat network with especially high losses compared with consumption, upgrade other ports, and switch supply. In some places other alternatives are also available, such as the use of industrial waste heat.

Solid Biomass

The use of solid biomass: wood and agricultural residues such as straw, is probably the most cost-effective type of renewable energy. In Western Europe, Sweden and Austria are leading in increase of biomass use, in particular wood; but also Denmark and many other countries have increased biomass use in the last decades. Increased use of biomass is the most important element in the EU target for doubling of renewable energy use 1995-2010, but the development in the 15 EU countries are not going as fast as expected. In Denmark the use of wood and straw have increased 2.4 times since 1980 and 2001 and is now providing more than 5% of primary energy use. The figure for Belarus is 3-4%, even though the potential is much larger. 

The most important use of biomass continues to be for direct space heating. Also in the future this is expected to be important, especially for the many houses outside the reach of district heating systems. To support the use of biomass for space heating, there is a need for efficient and clean boilers and stoves that can convert wood to heat with minimal loss and with minimal local pollution. In Western Europe is increasingly used automatic and semi-automatic central boilers that only need attention once a day or less. In addition Finish fireplaces that keep the only need to fired once a day are increasingly popular, not only in Finland.

It is important with provision of good consumer information about available boilers and stoves, their efficiency, performance, etc.

The use of wood and straw in district heating systems is another important development. In many cases it will require installation of new boilers. This requires that the district heating company can get sufficient capital for the investment.

Finally, wood and straw can be used in CHP, either as the only fuel or in combination with a fossil fuel such as natural gas. A number of such plants have been constructed in Sweden, mostly in the size of 40-100 MW electric capacity. These are quite capital intensive and requires a large district heating systems to use the heat produced.

Biogas 

Biogas from manure is a prosperous technology to use pig, chicken, and cow manure for energy while retaining its nutrient value and improve the management of the manure, leading to less pollution and more use of these natural nutrients in the agriculture. There is a prosperous development of biogas plants in Germany, Denmark, UK, and other Western European countries. 

Most plants are established at larger farms, but in Denmark are also a number of joint biogas plants are built, where about 10 farmers provide manure to one large biogas plant. Usually the biogas plants have digester tanks of 100 m3 or more and have gas motors with generators and use of the heat to heat the biogas digester as well as nearby buildings. In Denmark it is common practice that the plants receive waste from food industries and sorted household waste in addition to the manure. This increases gas production, but it requires that the waste is free from pollutants, such as heavy metals and persistent organic pollutants. 

In Denmark biogas alone provides 1/3% of the primary energy demand, and the share is increasing. The potential is about 3% of primary energy supply.

For Belarus, larger farms with animals are obvious candidates for biogas plants, in particular where biogas can combine the use of renewable energy with better treatment of the manure.

Wind Power 

Wind power has been the fastest growing form of renewable energy in Western Europe in the last decade, and in the world. In particular the growth in Denmark, Germany and Spain have helped a breakthrough of this technology. Other countries such as UK, France, Ireland, and Italy are now increasing their share of wind power as well. In Denmark wind power now cover close to 20% of electricity consumption. 

Wind power is an intermittent electricity source, and other sources must be available when the wind power production is low. The ideal combination is wind power + hydropower, but in countries with little hydropower such as Denmark, fossil fuel power plants are used in combination with wind power. The large share of wind power has not lead to problems with grid stability etc. neither in Denmark nor in other countries; but it has lead to more need for regulation of power plants and more work in the power dispatch center, in particular in Western Denmark, where most of the wind turbines are situated. 

For Belarus, the available wind power resources are less than e.g. in Denmark, and the first step for development of wind power would be to map the wind power resources of the country.

In addition to investments in new wind turbines, it is now possible to buy used wind turbines that are replaced with larger wind turbines in Denmark and Germany. Such second-hand wind turbines are considerably cheaper than new wind turbines, also compared with the electricity that they produce, but their lifetime is also shorter, typically about 10 years.

If Belarus would enter into a large program for wind turbines, installing 50MW/year or more, it is possible to produce most parts of the wind turbines in the country. Ukraine has went into joint venture with Western companies and are now producing wind turbines with very little use of foreign currency. In one of the joint venture agreements, imported parts were paid with spare parts produced in Ukraine.

Solar Energy 

Solar energy is increasingly used for heat and electricity in Western Europe with Germany, Austria, and Greece as the leading countries. Most cost-effective is solar heating that can provide more than 50% of the energy need for hot water in Germany that has similar solar conditions to Belarus. The systems are simply consisting of solar panels on the roofs, where a fluid is heated by the sun and pumped to a tank, where it heats water for hot water use. The fluid is usually water with an anti-freeze agent. The solar collector is usually 1-2 m2 / person while the tank is about 50 ltr./person, large enough to store hot water for 1-2 days.

In some countries, such as Romania, very simple solar hot water heaters are popular for summer use. They consist of a tank that is painted black and mounted on a pole. The water in the tank heats up during the day and provides hot water in the afternoon and evening. The system is mainly used in garden houses (Dachas).

Solar electricity is produced with photovoltaic (PV) cells, and either stored in batteries and used on the spot, or converted and fed into the electric grid. While PV cells can be the cheapest way to provide electricity to a stand-alone use such as a radio or light in a house without connection to the electric grid, the electricity price from PV cells are many times higher than for electricity from the grid.

Both solar heating and PV are growing fast and are becoming cheaper, but the current use is limited except for solar heating in Austria and in Mediterranean countries such as Greece and Israel.

For Belarus, introduction of solar heating could save natural gas and other energy during the summer. Since imported systems would be quite expensive, an idea could be to introduce self-built systems, where people can built the solar collector and install the tank themselves. Such self-building schemes have been very popular in Austria. 

In addition to the solar heating with solar panels, the sun is heating houses directly through the windows. If houses are designed to use this passive solar heat, solar energy can provide up to about 1/3 of the space heating needs. This requires that windows are larger on the southern sides of a house. In addition a glass extension (glass covered balcony) can conserve the heat and reduce heat demand of a house. When passive solar energy use is integrated in house designs, the costs are almost negligible, while it will not be cost-effective to rebuild a house just to improve passive solar gains.

In the longer time-perspective, both solar heating and solar PV is expected to become cheaper, and it is possible that a decade from now they will start to be economical feasible in Belarus. When the solar energy becomes cost-effective, the limitation is the available space to install the solar panels (panels for solar heating as well as PV panels). For Belarus a rough estimate is that an area of 7-8 m2/person could be made available for solar panels, about half on roofs that face south (+/- 60'), the other half on other structures and in special solar fields. Such solar fields have been made in a number of projects in Western Europe.

Transport

Today Belarus has substantially less transport per person than Western European countries. It is likely that the transport will grow with the economic growth, but the growth depends on many factors. These factors include: how fast the economic growth will be, how the structures will develop, how far people have to travel to work, etc.  In any case increased transport will lead to increased energy consumption that can only be reduced with increased efficiency of the vehicles and by use of the most efficiency modes of transport such as buses and railways rather than personal cars.

A particular concern is growth in personal cars and lorries as they are less efficient than public transport and railways, and more dependant on imported oil. If a large parts of the personnel cars are inefficient types, such as many of the second-hand cars imported from Western Europe, this will add to the energy demand. 

To reduce growth in transport energy demand, probably the best proposal is to have taxes of petrol and diesel high enough to finance not only roads, but also to make public transport cheaper.

In addition, renewable energy such as plant oil can replace diesel oil.

In the longer perspective must be considered a large transition from oil to renewable energy in transport. This can be with a combination of plant oil replacing diesel, electric vehicles, and in the future hydrogen driven vehicles. The electricity and hydrogen should be produced with renewable energy.

� Estimated to be about 25-30% of heat production.
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