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Extended abstract

It is often accepted that the combined heat and power (CHP) is more energy efficient in comparison to the separate heat and power (SHP) in the residential sector. As a part of energy conservation policies, subsidies and/ or tax incentives are granted to CHP/district heating (DH) operators. The European Union (EU) set in their cogeneration strategy of 1997 an overall indicative target of doubling the share of electricity production from cogeneration to 18% by 2010 (EU Commission, 1997). As the indicative target value from the 1997 strategy could not be realized due to existing barriers and due to difficulties to penetrate the liberalized energy markets, the European Parliament together with the EU Council abandoned the indicative target and urged Member States to support only those CHPs which provide at least 10% energy savings compared to separate heat and power (European Parliament and the Council of the EU, 2004). Governmental supports would be justified because CHP were only economical on longer term due to high initial investments, although CHP/ DH were more energy efficient than SHP.

However, this view of higher energy efficiency of CHP has been questioned. An Italian study on local or district heating by natural gas concludes that “Regarding energy efficiency and emissions, modern local heating turns out to be more efficient than DH for most CHP technologies.” (Lazzarin and Noro, 2006). Park and Kim (2008) shows that DH in combination with large modern CHPs in the agglomeration of Seoul is not more energy efficient but substantially more expensive compared to individual gas heating by efficient condensing boilers in combination with combined-cycle power plants. Recently, the German Physical Society (DPG) also claims that the saving effect of CHP tends to zero or even become negative (DPG, 2010).
The aim of this paper is to review whether the CHP/DH saves energy compared to the individual gas heating using gas boilers with latent heat recovery function (short gas condensing boilers). Such a review is especially necessary because efficiencies of combined-cycle gas power plants (CCs) including CHPs and gas condensing boilers have substantially improved in the last two decades (DVGW-Forschungsstelle, 2005; Lazzarin and Noro, 2006).

First, the superiority of district heating over individual heating claimed by proponents is based on a somewhat one-sided comparison between rather modern CHP and outdated SHP. A fair or correct comparison between both heat supply systems presupposes “the same fuel categories”, in this case natural gas and “best available and economically justifiable technology” under realistic operational conditions (European Parliament and the Council of the EU, 2004; Luther; 2008). The CHP system should be compared with the SHP system consisting of combined-cycle power plants and condensing boilers. 
Second, in comparing both energy supply systems “data from operational use under realistic conditions” should be considered or all the components of the CHP system such as operation of heat-only boilers, supply peak load without heat use, and transmission and distribution losses should be included, as mentioned before. A district heating system requires the operation of heat-only boilers (HOB) as residential heat demand varies seasonally very much. The efficiency of the district heating system will be reduced with growing ratio of heat production in HOB to that in CHP.
Third, CHP cannot be optimized or operated with Mode I throughout the year due to seasonal variation of the heat demand. There will be also temptation to generate electricity as much as possible by operating Mode III during peak load for economic reasons. Fourth, district heating will cause transmission and distribution (T&D) losses.
The question of the superiority of district heating will largely depend (i) on the ratio of heat production in HOB to that in CHP and (ii) on the share of electricity generation of Mode III in the total electricity generation of CHP and (iii) T& D losses.
If district heating operators make use of the condensing effect, the district heating system may more efficient than individual heating (Ulbjerg and Steffensen, 2005).
It is also claimed that CHPs were required to use heat produced in waste incineration plants. However, such heat can be used locally in combination with HOB and there is no need to make heavy investments in CHP. Municipal waste heat can be used to generate electricity as well.

The claim for the superiority of district heating over individual heating is not based on a fair or correct comparison between both heat supply systems in the residential sector. Both systems should be compared under realistic operational conditions. District heating or CHP system should include the operation of HOB and T&D losses. The efficiency of individual heating has substantially increased not least thanks to improvement in the performance of gas-condensing boilers and combined-cycle gas power plants.
The result of this comparison is relevant for a decision on the heat supply system in newly developed residential areas and existing apartment complexes, which consider replacing their old central gas heating systems by district heating or individual gas heating by condensing boilers.
In the light of the present improvements in the performance of gas-condensing boilers and combined-cycle power plants, the validity of the assumption of high energy efficiencies of CHP/ district heating together with the justification of the governmental support policy for district heating has to be reviewed.
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