Vision for a sustainable energy development for Poland 2000 – 2050 

· A national vision based on INFORSE's Vision2050

Background note, December 1, 2004, INFORSE-Europe

Please send comments to: Gunnar Boye Olesen, gunnar_olesen@internet-mail.org

Polish renewable energy potentials per capita are not large compared with many neighbouring countries; but can anyway supply most or all of Poland's future energy demands, if the energy is  used efficiently. 

This background note gives an overview of the potentials for renewable energy and energy efficiency that is Polish part of the sustainable energy vision by International Network for Sustainable Energy (INFORSE) - Europe, for the EU-25. This note also include the development in the energy consuming sectors in Poland that is used for the current (December 2004) version of the vision for EU-25.

The current (Dec. 1)  version includes some crude estimates that we will work to improve. 

All comments are welcome.

Renewable Energy Potentials

Windpower:

For windpower is used a potential of 5500 MW and an average capacity factor of 21% equivalent to 1800 hours of full-load production during a year. This gives a total potential power output of 10 TWh equivalent to 36 PJ.

The installation of windpower is expected to be primarily in Northern Poland, near the Baltic Sea, and in good locations in the hilly areas in Northern Poland. These are the places with the best windpower potential.. Off-shore installations in the Baltic Sea is an additional opportunity.

Different studies cite different windpower potentials:

-EC Baltic Renewable Enrergy Centre, 2000
 states a potential of 36 PJ

-Report prepared for the World Bank 1996 gives a potential of 4-5 PJ

In this vision, the development of windpower in Poland is expected to start with 500 MW until 2010, including already installed capacity. This is equal to an average installation of 100 MW/year after 2005, and will be enough to develop an independent wind energy sector with most of the windturbines and components produced in Poland. After 2010 is expected an increasing development adding 200 MW/year in average until 2020 and 300 MW/year 2020-2030, where the potential is fully used.

Solar Energy

The potential is limited to 16 m2/capita of surface allocated for solar energy. This is of course not an absolute maximum. In the current vision the area is divided equally between solar collectors for hot water (for district heating or directly used domestically) with an annual yield of 400 kWh/year (about 40% efficiency) and solar solar electric cells (PV-cells) with an annual yield of 100 kWh/year (about 10% efficiency). With these assumptions the solar energy potential is 288 PJ of heat and 72 PJ (20 TWh) of electricity. The total area covered to reach this potential would be 400 mill. m2, or 400 km2. A large part of it would be on roofs. 

An alternative estimate (EC-BREC 20001) is a solar potential of 1340 PJ, or 3.7 times the potential used in this vision.

The development is expected to be slow in the first year, with only 1% of the potential (1% equals 4 mill. m2) used by 2020. Then the development is expected to take off with developments of 30 mill. m2/year 2020-2030, 60 mill. m2/year 2030-2040 and 100 mill. m2/year 2040-2050. More than 3/4 of the development after 2020 is expected to be PV. The large developments follow the expectations of drastic price reductions. With the proposed development, most components can be produced in Poland after 2020, as the domestic market is sufficient to support national production. In 2050 11% of the solar heating and 60% of the PV potential will be used with the vision (current version).

Geothermal energy
For the potential of geothermal energy is taken a figure of 200 PJ from EC-BREC, 20001. This potential is expected to be available as heat, mainly for district heating.

Other estimations of geothermal energy is:

-Report prepared for the World Bank 1996 gives a potential of  approx. 200 PJ

-Ministry of Industry and Trade cite in a report from 1992 a potential of 100 PJ

In the vision, the use of geothermal heat is expected to be increased with 1% of the potential (2 PJ) per year after 2010. In this way 40% of the potential will be used by 2050 in the vision. The use is not expanded more because of the uncertainties of the potential and how it can be exploited.

Biomass

The potential for solid biomass is expected to be 450 PJ (125 TWh). This includes use of wood and straw ressources, but not dedicated energy crops.

The potential for biogas from waste water and landfill gas is conservatively set to 20 PJ. In addition to that is estimated a potential for biogas from animal manure of not less than 30 PJ. Thus, the total potential of total “biogas” is estimated to 50 PJ.

The potential for energy crops is dependant of the excess land of agriculture. It is estimated that a maximum of 7% of the Polish agricultural area of 185,000 km2 can be used for energy crops such as energy forest. This area is chosen as half of the 15% set-aside land that has been used in EU countries as part of the common agricultural policy. With a yield on the land of 9 tons dry matter/ha and a caloriferic value of 4.9 MWh/ton
 of dry matter, the corresponding energy potential is 55 TWh = 200 PJ.

The total biomass potential for biomass from existing land-use, biogas, and energy crops add up to 700 PJ in this vision.

Different estimates of the biomass potential is available:

- EC-BREC 20001: total potential: 


895 PJ

· Report prepared for the World Bank 1996: 
638 PJ

· Piotr Kowalik 1994
: 



165-610 PJ

The current use of biomass is estimated to 3,84 Mtoe by IEA
, equivalent to 160 PJ. 94% of this is solid biomas (mainly wood) used for space heating, often in traditional ways. Alternatively EC-BREC has estimated the current biomass use to 102 PJ (for 1999).

Hydropower

The potential for hydropower is estimated to 43 PJ, following EC-BREC 20001 
Of this potential only about 7.5 PJ is used currently2, but due to the uncertainties regarding the possibilities for sustainable use of the potential, only 50% of the potential is expected to be used in this vision.

Efficiency Potentials

For the vision is used the finding that the efficiency can be increased a factor 4 with known technologies. This has been shown to be possible for sectors in Western Europe, countries and with the approximation of Poland to EU it will also be possible in Poland. Even though the increase of efficiency is cost effective, it will not happen by itself, as the decision-makers, e.g. the designers and manufacturers of equipment are not dedicated to supply and install energy-efficient products for a number of reasons. The increse in efficiency is in this regard measured as decrease in the specific amount of energy used to provide a certain energy service (heated floorspace, transported persons or amount of goods, amount of industrial production, use of electric appliances etc.)

For transport, electric appliances, and industrial production, the energy consuming vehicles and equipment will be changed several times during the 45 years that the vision covers. Thus it there will be no technical limitations for raising efficiency a factor of 4. 

For agriculture and construction lower efficiency increases are included: 30% for agriculture and 50% for construction. This is because the degree of mechanisation is expected to increase, which tend to increase energy consumption relative to production output.

For space heating there will not be the same rate of replacement as for energy using equipments, and it will be difficult to realise the factor 4 efficiency gain until 2050, even though the technical potential is higher. The limitation is given by the rate of heat conservation. This is characterised by an reduction of specific heat demand of 5% 2000 – 2010 and 2%/year after 2010. This gives a reduction in specific heat demand of 57% in the period 2000 – 2050. In addition is included an increase in efficiency of the heating systems of 15% (from 80% to 95%) calculated as the ratio between heat demand and final energy demand for heating. This might be a low estimate, as the average heating system demand might be considerably lower than 80% at present. On the other hand, the demand/ m2 might increase with the expected increase of living standards; an effect that will partly offset improvements.

For energy supply is expected increase in the conversion efficiency in the electricity-and heat sector, leading to a decrease in the average loss in power and CHP plants from currently 61% to 25% in 2050. Also the efficiency of the heat and electricity networks are expected to increase;  but unfortunately the statistics of the Polish energy sector does not include a figure for losses in the district heating systems; thus it is difficult to estimate the potential gains.

Demand for energy services

The demand for energy services (heated floorspace, transport etc.) is expected to increase as follows:

Heating (district heating + fuels):

-households: 1%/year until 2020 and the stabilising in 2030 on the level of 130% of 2000

-public service: same as households

-private service: 3%/year 2000 – 2030 and then stabilising on a level of 250% of 2000

-industry, construction, and farming: unchanged production volume during the period (but the value will increase)

Electricity:

-households are: 10% higher than the increase in floorspace, leading to a level of  of 143% of 2000 from 2040

-public service: same as households

-private service: 10% higher than the increase in floorspace, leading to a level of  of 275% of 2000 from 2040

-industry, construction, and farming: increase of 2%/year until 2020 (because of increased mechanisation) until 2020, then stable

Transport:

Passenger car use: increase of 3%/year until 2030, then stable on a level of 250% of the 2000-level

Passenger train: same as for cars

Buses: increase of 1%/year until 2020, then stable

Road freight: same as for passenger cars

Rail freight: same as for passenger cars

Navigation: stable 2000 – 2010, then 2%/year increase until 2030, then stable

Pipeline: stable until 2010, then reducing because of less Euroepan gas demand till 70% of today’s level in 2050

(air transport is not included in this vision)

� Source of energy EC BREC’s expert appraisal ‘Economic and Legal Aspects of Utilisation of Renewable Energy, 2000, quoted in Polish Development Strategy of Renewable Enregy Sector








� Biomass includes humidity and the calorific value depends on this. As an example coniferous wood with 40% humidity has a lower calorific value of 2.9 MWh/ton, but relative to the dry matter content (60%) the lower calorific value is 4.8 MWh/ton. For beech wood with 20% humidity the lower calorific value is 4.1 MWh/ton and relative to the dry matter the lower calorific value is 5.1 MWh/ton. For straw with 15% humidity the lower calorific value is 4.0-4.2 for different types of straw and relative to its dry matter content the lower calorific value is 4.7 – 4.9 MWh/ton. As an average the (lower) calorific value is set to 4.9 MWh (17.6 GJ) / tons of dry matter.


� Potencjalne mozliwosci energetycznego wykorzystania biomasy w Polsce, Gospodarka Paliwami Energia, 3/1994, p.9-12


� International Energy Agency, Energy Balances for OECD Countries 2000 – 2001, published 2004, Paris. Data used for 2000.





