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Abstract
This report is Volume 14 of individual reports of the Shared Analysis Project prepared
for the European Commission, Directorate General for Energy.

The three major objectives of the project were:
• to design a common framework of energy analysis that aimed to involve all Mem-

ber States and the experts of industrial research groups (the shared approach to en-
ergy analysis).

• to analyse generic EU-wide issues important for energy policy and for future en-
ergy demand and production, putting particular emphasis on world energy market
trends, strategic energy policy responses to the Kyoto process, and evaluation of re-
sponse strategies to increasing energy import dependence and to climate change
activities

• to carry out quantitative analyses of energy trends and scenarios as an input for dis-
cussion.

The present volume considers three main issues concerning energy policy responses
to the climate change challenge:
• the penetration of CHP and renewables according to official objectives, focusing on

infrastructure and institutions rather than technology
• the consistency of promotion of CHP, renewables and energy savings at the same

time.
• consumers' choices and priorities in a liberalised market

The volume describes examples of policies in several Member States for these tech-
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Executive summary

The market potential for CHP

In the Communication from the Commission to the Council and the European Par-
liament of October 1997 "A Community strategy to promote combined heat and
power (CHP) and to dismantle barriers to its development" (COM(97) 514 final), it
was stated that: "CHP is one of the very few technologies which can offer a signifi-
cant short or medium term contribution to the energy efficiency issue in the Euro-
pean Union and can make a positive contribution to the environmental policies of
the EU." In 1994 less than 10 % of the electricity generation in the EU was com-
bined production with significant variations among Member States, from more than
30% in the Netherlands, Denmark and Finland to less than 5% in the UK, France,
Greece and Ireland. The maximum technical potential of CHP has been assessed by
different studies to 40% of the total electricity generation in the mid 1990s.

This potential includes CHP for both industrial steam raising and district heating
and cooling. Increased energy efficiency in industrial processes and space heating
will reduce the technical potential for heat supply from CHP, which is dependent of
the heat densities of the local heat markets. However, past experience has shown
that the penetration of CHP has been widely different in the countries in north-west
Europe, in spite of no significant difference in climate and urban physical structure.
The main explanation is the relative power of various institutions.

CO2 taxes or tradable payments as a driver for new technologies

Model calculations - using a bottom-up optimisation model - of technology choice
for the supply of water-based heat distribution systems facing a electricity market
indicate that CHP technologies do respond to an introduction of CO2 payments,
mostly in the form of faster penetration of new and more efficient technologies.
Another response is the substitution of gas for coal. However, this substitution may
be reversed, if the gas price will increase faster than the coal price.

CO2 payments above some 20 Euro per ton CO2 are unlikely to be transferred to the
market price for international electricity market price, because too higher electricity
prices would attract investors to build new generating capacity for export and, thus,
reduce the international market price by competition.

These results indicate that CO2 taxes or tradable permits may not be applicable
alone as a driver for investments in technologies that are necessary to meet the
emission reduction targets in the Kyoto Protocol. The range of acceptable CO2
payments could be too narrow to have any major impact on investment, and the
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economic evaluation criteria are too uncertain to justify the level of CO2 payments
that would be necessary as a major driver for investment.

Experience has shown that targeted measures for selected particular technologies
(e.g. guaranties prices or competitive tendering for wind and small-scale CHP) does
create an incentive for investment. However, a shadow price on CO2 may be a
proper tool for an ex ante analysis for selection of the mix of technologies that shall
be included in a strategy for emission reduction.

A broader modelling framework

None of the bottom-up or top-down models that are used by the European Commis-
sion for energy and environment studies are well suited to address such types of
market realities that often will offset conclusions based on techno-economic effi-
ciency. Even within a framework of techno-economic efficiency, these models have
not been developed to address the spatial element necessary to describe the devel-
opment of a network infrastructure or the competition between electricity, gas and
district heating networks.

Thus, a much broader modelling framework will be needed for the analysis of CHP
in a liberalised European energy market in addition to the traditional energy-
environment-economics framework. The expansion of the modelling framework
must go in two very different directions:

• Detailed description of urban structure at the local level based on Geographical
Information Systems (GIS) modelling of buildings and networks.

• Models describing the behaviour of agents in an imperfect international energy
markets, focusing on hedging against risks of price volatility, market failure of
various, unexpected regulation and taxation, and regulation failures.

Both types of models are existing. There is a vast commercial market for financial
modelling, while GIS modelling for broader purposes have been the objective for
several large research and development project supported under various European
Union programmes.

Uncertainties about the sizes of the heat and electricity markets for CHP

The size of the market for CHP referred to in the Communication from the Com-
mission may be questioned. However, the definition of "district heating" is unclear.
The term normally refers to public networks that are combining many property
sites, while a similar heat distribution network for several buildings within the same
site may not be considered as district heating. Thus, water-based heat distribution
systems for blocks of flats or large institutions may be transferred to district heating
systems without much additional investment in piping.

10 Ris0-R-1147(EN)
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Although the total market for heat from CHP may decrease in the future, the share
of electricity from CHP will increase significantly. New technologies such as the
combined cycle gasturbine - or fuel cells in the future - have a much larger power-
to-heat ratio than the current average. Thus, even a decreasing heat market will be-
come the basis for a much larger electricity generation.

Inconsistent economic evaluation criteria

A key observation by comparing studies of different instruments is that there is sub-
stantial inconsistency in the criteria for economic evaluation:

• The subsidised penetration of industrial CHP in the Netherlands in the 1980s
should lead to simple pay-back over 2-5 years to be economic attractive for the
investors.

• The future reduction of space-heating demand in Germany driven by regulation
and stricter building codes was evaluated on the basis of amortisation at 4% in-
terest rate over 40 years.

The impact of such inconsistencies in the economic evaluation criteria will by far
outweigh any inconsistency in the promotion of CHP, renewables and energy sav-
ings on a European level.

Synergy of CHP and energy efficiency

An important issue for the Commission has been the consistency check for a mas-
sive introduction of CHP, renewables, and energy efficiency at the same time.
There are examples of such inconsistencies from the past, but experience also
shows how these instruments can be complementary or even synergetic.

The opportunities of synergy between the different measures during implementation
are far more important that the risk of inconsistency. For example, the development
of new built-up areas and urban renewal are the best opportunities for implementa-
tion of saving and district heating at the same time. The instruments to achieve such
a synergy are physical planning and appropriate regulation of property develop-
ments. The national traditions influencing the application of these instruments are
widely different, and there is little tradition for a European harmonisation of these
markets.

Competition and consumer sovereignty in different markets

Both European and national competition authorities tend to have a bias towards
cash-and-carry items with low transaction costs, and high discount rates. These
features are compatible with goods and services that are internationally traded, and
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the recent development has shown that several goods and services that were consid-
ered as natural monopolies have been successfully converted into competitive goods
or services, e.g. telecommunication, public transport, electricity and natural gas.

Other markets have features that are very different from these, e.g. the real estate
market. In particular the market for resident-owned housing is characterised by
long-term investments, very high transaction costs, and low personal discount rates.
In countries with tradition for individual home ownership financed by long-term
mortgage loans, there is also a tradition for very strict physical regulation.

For most individuals and families the housing market is far more important than the
energy market.

A more competitive market for space heating in single-family houses

With increased income for the European consumers, there will be a much larger
market for occupant-owned single-family houses. In many countries the standard
solution for heating is natural gas delivered to a house boiler. While new district
heating grids in existing neighbourhoods may be too expensive, this may not be the
case for new developments. Here, district heating becomes an alternative to invest-
ments in a new gas grid with individual boilers. Zoning for district heating in new
developments of single-family houses will give home-buyers an alternative to natu-
ral gas, thus reducing the market power of the incumbent natural gas suppliers. At
the same time there may be an even larger - but more competitive or contestable -
market for natural gas.

A contestable market is a market that may be served by monopolies, but it offers
effective and reliable opportunities for new entrants.

The role of infrastructure and collective decisions

Many energy efficiency measures do not require a special infrastructure in the form
of energy networks. Retrofit insulation of owner-occupied single-family houses
may be done independently of the neighbours and other economic agents.

However, most energy saving measures in multi-family houses can only be decided
by a collective decision by owners or tenants, or by urban renewal activities that
involve decisions by public authorities and often profound legal, economic and
physical consequences for the building occupants. Expensive urban renewal will
often lead to a complete exchange of the population of the renewed area. Energy
saving measures in industry, on the other hand, requires corporate decisions. Such
decisions may be taken, if they are cost-effective and - more critical - if they are
within the attention of senior management. There is a wide range of instruments to
promote such decisions. CHP for space heating is available only via infrastructure
in the form of a heat distribution system.

12 Ris0-R-1147(EN)
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The role of local government and local interests

Although the traditional organisation of the electricity industry has been monopo-
listic in all EU countries, there are many important differences in the organisation of
the industry, which will survive the process of liberalisation:

A key issue is the role of local government and local interests in the electricity sup-
ply industry and other utilities. In some countries local government is directly or
indirectly owner of utilities or has an important influence on physical planning and
urban/regional development. For these local utilities district heating is a business
opportunity rather than a competitive threat. In other countries the utilities have
been either nationalised or privatised sector by sector (i.e. electricity, gas, water,
etc.).

New technologies for CHP systems

New technologies may be important for the speed and direction of the development
of CHP. The combined-cycle gas turbine (CCGT) has made small-scale CHP more
attractive. Further development of CCGT on very small scale (e.g. using gas driven
engines or, in future, fuel cells) might also make large-scale CHP less attractive,
although large-scale systems could still be an option for competition between pri-
mary fuels. An important feature of the new technologies is a much larger power-to-
heat ratio, i.e. about 1.0 for new CCGT or gas engines compared to 0.4 for tradi-
tional gas turbines a decade ago. Thus, the same heat market will become the basis
for a much larger electricity generation.

Heat pumps may be an attractive option for operators of district heating and heat
distribution systems. This technology is both competitive and complementary to
small-scale CHP. Used in combination they will add to ability of to take advantage
of the volatility of electricity prices on a liberalised market. Thus, heat is generated
either by consuming electricity or combined with generation of electricity, and in
both cases very efficiently.

CHP and renewables

The use of biomass will be most efficient when there is a district heating infra-
structure for CHP or combustion of biomass. This is essential in urban areas for the
incineration of municipal solid waste, or in towns and villages close to rural areas
with access to agricultural or forest waste.

The massive introduction of wind power in a region will benefit from all types of
CHP that are able to respond at short-term price signals on the electricity market.
Although power and heat may be generated in combined production, heat storages
connected to CHP plants can provide the necessary flexibility between the local
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demand for heat and the sale of electricity at higher prices during peak load or lack
of wind power. Europe-wide introduction of wind power, covering different
weather zones will reduce the need for back-up power, provided that there is a reli-
able international trade mechanism.

The limitations of the single-energy-carrier directives

Both directives on liberalisation of the energy markets have provisions that support
the development of CHP. The Electricity Market Directive allows the Member
States to give priority to CHP plants when the system operator is dispatching gener-
ating installations. The Gas Market Directive was "expected to increase the avail-
ability of gas at more competitive prices and so contribute to the economic viability
of gas fired CHP plants". None of the two directives for single energy carriers,
however, seems to contain provisions that can support the development and expan-
sion of the district heating infrastructure, which is necessary for CHP for space
heating and cooling. Nor does a proposal from 1997 for a Council Directive entitled
"Restructuring the Community framework for the taxation of energy products",
which offers the possibility to Member States to grant fiscal advantages to renew-
able energy sources and to cogenerated heat.

A European policy on heat distribution networks

A key instrument for the infrastructure development is the distinction between the
monopoly and competitive elements of the industry. Local heat distribution net-
works for district heating have more in common with water and sewage pipes than
with gas pipes, because the heat pipes are replacing individual boilers, while large-
scale urban district heating grids may be a common carrier for competing suppliers
of heat using different technologies and fuels.

A community policy for support of the infrastructure necessary for further penetra-
tion of CHP should include framework conditions for local heat distribution net-
works that are compatible with the different national traditions of regulation of real
property. Most of the elements for such a policy are found in existing EU legisla-
tion. However, existing legislation may contain a wide range of inconsistencies and
conflicts that may be obstacles for both CHP, energy efficiency and renewables.

14 Ris0-R-1147(EN)
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Introduction

This volume will consider the three main issues concerning energy policy responses
to the climate change challenge:

• the penetration of CHP and renewables according to official objectives, focus-
ing on infrastructure and institutions rather than technology

• the consistency of promotion of CHP, renewables and energy savings at the
same time.

• consumers' choices and priorities in a liberalised market

In particular the volume should focus on the following two policy issues concerning
the barriers for a substantial deployment of these technologies within the overall EU
energy mix over the period to 2020:

• To what extend might the benefits for CO2 emission reduction of a massive and
simultaneous introduction of CHP, renewables, energy efficiency offset each
other?

• How can heat grids, renewables etc survive discount rates of 10-15% real,
which will apply in a truly competitive market with electricity and natural gas
for heating without protection or subsidies of various kinds?

1.1 Method and basic assumptions

CHP and market liberalisation

In the Communication from the Commission to the Council and the European Par-
liament of October 1997 "A Community strategy to promote combined heat and
power (CHP) and to dismantle barriers to its development" (COM(97) 514 final), it
was stated that: "CHP is one of the very few technologies which can offer a signifi-
cant short or medium term contribution to the energy efficiency issue in the Euro-
pean Union and can make a positive contribution to the environmental policies of
the EU."

"Different studies assess the maximum technical electricity production potential of CHP in the E.U.-
15 to 900-1000 TWh per year, which is about four times the amount of CHP produced electricity in
1994 and represents 40% of the total annual electricity generation in the Community in 1994. Rough
estimations indicate that full exploitation of this potential replacing existing electricity and heat pro-
duction plants, could reduce CO2 emissions by 300 Mt per year or 9% of the EU-15 total of 3457 Mt
in 2010 (conventional wisdom scenario). Despite this, the penetration of CHP in the EU (expressed
as the CHP electricity production by private and public utilities as a fraction of the total electricity
production) had decreased in the period 1974-1990. The electricity production by CHP plants in the
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European Union is disappointing and varies significantly between Member States, from 1% to 40%.
Only in recent years has this negative trend been reversed." (ibid.)

This potential includes CHP for both industrial steam raising and district heating
and cooling. Increased energy efficiency in industrial processes and space heating
will reduce the technical potential for CHP, which is dependent of the heat densities
of the local heat markets. However, in those countries where the penetration of CHP
have been most significant (Denmark, Finland and the Netherlands), there have
been sustained co-ordinated policy initiatives for both CHP and energy efficiency
during the last two decades.

The starting point for an operational definition of a market-based development is
Directive 96/92/EC of 19 December 1996 concerning common rules for the internal
market for electricity. This Directive, however, contains important - mainly transi-
tional - elements of command and control, e.g. the single buyer option, and - more
significant for this paper - Article 8, Subsection 3: "A Member State may require
the system operator, when dispatching generating installations, to give priority to
generating installations using renewable energy sources or waste or producing com-
bined heat and power". This provision applies to the transmission system operator.
The same provision is repeated in Article 11, Subsection 3 for the distribution sys-
tem operator.

Maturity of liberalised markets

As the liberalised market matures, such elements of command-and-control may be
replaced by complex arrangements of contracts and other financial instruments.
There is good reason to assume that this process of maturity will take many years. A
few years ago the British model - starting for electricity in 1990 - was seen as 'a
model to follow'. It has, however, been increasingly criticised for not meeting the
expectations of competition, and the electricity Pool and the system of bidding by
generators is now facing a major reform.

Currently, the model to follow seems to be the Norwegian one. It was developed
over more than two decades in a hydro-based system. It has worked apparently very
successfully during more than three years for the mixed hydro-thermal system in
Norway and Sweden, it was expanded to Finland one year later, and it is now being
expanded to Denmark and copied elsewhere, e.g. the Netherlands and California.
However, some very important elements of this system have not yet been fully
tested - especially given that very little new generating capacity has yet been or-
dered under the new competitive regime.

The experience, so far, with competitive markets for electricity has shown that
capital-intensive technologies are loosing, because competitive risk leads to higher
discount rates and the search for shorter pay-back times. This is one of the reasons
for the success of the combined-cycle gas turbine. Other factors include technology
development, the conventional wisdom assuming low fossil fuel prices in the fore-
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seeable future, and the somewhat lower carbon content of natural gas (compared
with coal) leading to modest CO2 reductions that are visible very quickly in national
statistics.

The European Directive on the internal gas market is aimed at creating competition
among different suppliers of natural gas by means of third party access as in the
case of electricity. A directive on competition on urban district heating markets has
not yet been proposed.

It may be the same political and cultural features that is needed for good planning,
which are necessary for developing rules for a liberalised market and financial in-
struments to meet environmental challenges. The liberalised market benefits from a
good infrastructure, but the market may not be well suited to create this infrastruc-
ture. Both the development of infrastructure and penetration of new technologies
takes time. A key element of the method for this analysis is to benefit form the ex-
perience that has been recorded since the oil crises in the 1970s. The impact of these
crises was much higher fuel prices for more than a decade, giving incentive to both
new technologies and infrastructure development.

Low fossil fuel prices

Although fossil fuel prices are assumed to remain low within a foreseeable future, it
is a basic assumption that the total cost of fossil fuels will increase, perhaps consid-
erably. CO2 emission reduction targets are translated to shadow prices that may be
implemented in different ways: excise taxes, tradable permits, or national emission
quotas that are distributed among industries. This may outweigh the disadvantage of
capital intensive non-fossil fuel technologies.

Possible conclusion: Organisational and market instruments

In conclusion the contribution aimed to assess for each country - or group of coun-
tries - the main traditions for instruments used for energy and environmental policy,
emphasising the choice between organisational (i.e. planning, standards and infor-
mation) and price driven incentives including organised markets.

1.2 Sources for the analysis and work plan

There have been two main types of sources for the analysis:

• technology oriented studies focusing on the penetration of a particular technol-
ogy with discussion of the influence of the institutional framework.

• analyses of instruments and policies with international comparisons
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The original work plan for the study consists of two main steps

• Selection of a limited number of articles, conference papers or reports covering
the issues mentioned above, i.e. 5-10 items for each of technology oriented and
instrument oriented studies.

• Based on these sources to describe a series of examples similar to those men-
tioned above in order to illustrate the various instruments in a systematic way.

A part of these articles were selected from a database of annotated references cov-
ering the topic over the last two decades. In particular technology references were
selected from journals and conference proceedings of the time of the two oil price
shocks (e.g. IEA 1980). Newer references for these technologies have been
searched for comparison and discussion of relevance. The Internet has been used
extensively for the search of recent references in particular official papers from the
Commission, national governments. This search has been limited to documents in
Scandinavian languages, English, German, and (partly) Italian.

1.3 The structure and contents of this volume

Chapter 2 on "Techno-economic potentials" describes a present view on the pene-
tration of CHP and the prospects for energy savings in buildings. These issues are
described using two large examples: (i) the subsidised penetration of industrial CHP
in the Netherlands in the 1980s, and (ii) the future reduction of space-heating de-
mand in Germany driven by regulation and stricter building codes. The key obser-
vation is that there is substantial inconsistency in the criteria for economic evalua-
tion: (i) simple pay-back over 2-5 years vs. (ii) amortisation at 4% interest rate over
40 years. The impact of such inconsistencies in the economic evaluation criteria
will by far outweigh any inconsistency in the promotion of CHP, renewables and
energy savings on a European level.

Chapter 3 describes material and immaterial infrastructure for CHP/DH inherited
from the past. The chapter focuses on the development of the necessary infrastruc-
ture and the design of markets, which is essential for the penetration of most of the
technologies and instruments. The large example from Denmark is justified by the
fact that the penetration of DH have gone much further than in the large countries in
north west Europe, in spite of no significant difference in climate and the urban
physical structure. The main explanation is the relative power of various institu-
tions. Most of the features in the development in Denmark are also found in Ger-
many, but their relative importance has been different. The institutions in countries,
where the utilities were nationalised (in particular France and the UK) are very dif-
ferent from those in Germany and Scandinavia. The main difference is the role of
local government. The chapter will end focusing on differences in the competitive-
ness for different types of energy services, for which the institutional framework
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and the time-horizon of consumers is far more important than a textbook based
competition on a single market. In particular, the survival and enlargement of CHP
and renewable energy technologies are doubtful under competitive conditions on a
common market for all technologies. The measures to address such difficulties are
both well-proven methods of physical planning and direct regulation as well as
more innovative methods of incentive regulation and market design, e.g. 'green
markets'.

Chapter 4 describes modelling tools for analysing the impact on the future focusing
on bottom up modelling or bottom-up elements for top-down modelling. The chap-
ter starts with an overview of examples of local or regional configurations for CHP.
Model results from selected regional configurations of infrastructure and technol-
ogy mix are used for an analytical generalisation for most other local configura-
tions. Model results for the long-term penetration of new technologies as well of
modelling of the impact of electricity spot markets on the operation of CHP units.
In conclusion a broader modelling framework will be needed, which is able to ad-
dress the very different issues of (i) a more detailed description of urban structure at
the local level based on Geographical Information Systems (GIS), and (ii) describ-
ing the behaviour of agents in an imperfect international energy markets, focusing
on hedging against risks of price volatility, market failure of various, unexpected
regulation and taxation, and regulation failures.

Finally, Chapter 5 contains conclusions concerning the role of local governments,
the uncertainty of economic criteria, consumers' choices and priorities, and possible
elements of a European policy on heat distribution networks
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The techno-economic potentials

This chapter describes the techno-economic potential for CHP in the European Un-
ion and renewable and energy saving technologies that are competitive or comple-
mentary to the development of CHP. This chapter focuses on the policy instruments
to promote these technologies and develop their market potentials, while the spatial
and infrastructural elements will be addressed in Chapter 3.

2.1 The potential of CHP in the EU member states

The combined production of heat and power (CHP) is an option for the efficient use
of the thermal electricity production, provided that there is a local demand for heat
or steam. This form of CHP is very common for some process industries, like
chemicals, refining or pulp and paper. In climatic zones with a demand for space
heating and large-scale water-based heating systems, CHP is an option for efficient
use of energy at nearly all scales. Large-scale CHP for district heating has been im-
portant for decades in the Nordic countries, Germany and Eastern Europe. The re-
cent development in combined-cycle power stations tends to make even very small-
scale usage competitive

"Different studies assess the maximum technical electricity production potential of
CHP in the E.U.-15 to 900-1000 TWh per year, which is about four times the
amount of CHP produced electricity in 1994 and represents 40% of the total annual
electricity generation in the Community in 1994." (COM(97) 514 final).

2.1.1 The penetration and potential of CHP

Table 2.1 shows the existing CHP capacities and generation in the EU Member
States. However, as indicated by the notes to this table, there is much confusion
concerning the statistical measurement of CHP, and it is not possible to find com-
prehensive international statistics on CHP1. The figures in the table covers both
industrial cogeneration and CHP for district heating. Although the two countries
with the highest penetration of CHP - Denmark and the Netherlands - have similar
climatic and structural conditions, the structure of CHP is very different. In Den-
mark CHP is nearly exclusively used for district heating, while industrial CHP is

1 The Euroheat District Heating Statistics, prepared by Euroheat & Power Study Committee for
Nomenclature and Statistics is available on the Internet for the years 1993, 1994 and 1995, contains
statistics on the heat, cooling and power production from district heating undertakings in most Euro-
pean countries. http://www.energy.rochester.edu/euroheat/1995.htm.
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dominant in the Netherlands. In Finland, Austria and Germany CHP is used both in
industry and for district heating. In Sweden district heating has the same share of
the heat market as in Denmark and Finland, but only a very small part of district
heating is supplied by CHP. In all other Member States CHP is nearly synonymous
with industrial cogeneration. In southern Europe the heat demand is too small to
justify very capital-intensive heating systems, but the climatic and structural condi-
tions in most northern European countries are not less favourable for district heating
that those of Denmark.

Table 2.1. Total gross electrical installed capacity and total gross electricity genera-
tion in 1994 in E.U.-l 5.

Countries

Belgium

Denmark

Germany

Greece

Spain

France

Ireland

Italy

Netherlands

Portugal

UK

Finland

Sweden

Austria

E.U. 15

Total gross
electrical
installed
Capacity in
MWe

14899

10604

114811

9545

44489

107232

4039

64163

18348

8833

69019

14143

35914

16032

532559

of which
CHP

1805

7496

26184

182

1533

3222

58

6328

6148

892

3042

4085

2808

3247

67030

12

71

23

2

3

3

1

10

34

10

4

29

8

20

13

Total gross
electricity
generation in
GWh

72236

40096

528229

38936

161775

476337

15147

231498

79677

31380

325379

65546

142850

54645

2263191

of which
CHP

7645

15724

47750

845

8537

9492

192

26477

31543

3112

11996

20312

9257

11722

204604

11

39

9

2

5

2

1

11

40

10

4

31

6

21

9

National
targets in
2000,
MWe

1000

2222

8000

5000

Important notes
1. Data for Greece and Ireland are provisional and concern 1993
2. In Germany for units operated as pure CHP during part of the year, the total installed capacity is
recorded, but only the electricity generated during the period of pure CHP operation is included in
the figure of 47.750 GWh for 1994. This explains the big difference between the 9% part of electric-
ity generation and 23% in installed capacity.
3. In Denmark CHP units operated over part of the year in cogeneration mode, have been included in
the installed capacity. However only part of electricity generation (i.e. cogeneration mode) during
that period of time is included in the electricity generation figure of 15724 GWh. The total electricity
generation from CHP units was 32734 GWh.
Source: COM(97) 514 final Communication from the Commission on a Community strategy to pro-
mote combined heat and power (CHP) and to dismantle barriers to its development Data source
Eurostat.
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Table 2.2 shows a schematic calculation of the potential electricity generation in the
EU based on the penetration of district heating in the market for space heating, the
share of district heating supplied by CHP and the power to heat ratio.

Table 2.2. Potential CHP contribution shares in the electricity market in the EU.

TWh

Total electricity generation in EU, 1995 2308

70% CHP in existing DH systems, power-to-heat ratio 0.5 257

70% CHP in DH covering 50% of the heat market, power-to-heat ratio 0.5 666

90% CHP in existing DH systems, power-to-heat ratio 0.7 319

90% CHP in DH covering 50% of the heat market, power-to-heat ratio 0.7 1055

Source: Nielsen and Bernsen 1998.

The maximum technical electricity production potential by CHP according to the
Communication from the Commission could be achieved, if the penetration of CHP
in some Member States is expanded to all Member States with similar climatic and
structural conditions. The calculation in Table 2.2 shows that this potential is simi-
lar to the district heating market under apparently extremely optimistic assumptions.
The table considers three parameters:

• the penetration of district heating to the heat market

• the penetration of CHP to the district heating market, and

• the power-to-heat ratio

The definition of "district heating" is unclear. "District heating" normally refers to a
public networks combining many property sites, while a similar heat distribution
network for several buildings within the same property site may not be considered
as district heating. In Sweden "district heating" is understood as municipal heat
distribution systems, in France district heating networks has been defined as those
systems having a capacity in excess of about 46 MW2, and in Denmark the heating
systems of many blocks of flats and large institutions were transferred to district
heating systems without much additional investment in piping during the 1980s.

2.1.2 The technology basis for further penetration of CHP

The fast development of very efficient small-scale gas turbines in recent years
makes the penetration of CHP to the existing district heating markets or large prop-
erty sites more attractive. During the last twenty years much publicity has been
given to the German term "Blockheizkraftwerk", which focus on this opportunity.

2 Ramain,1980. This corresponds to a rating of 40 kilothermies/hour. The kilothermie/hour is the
standard unit of power in France and is equal to 1163 kW.
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The increase in the power-to-heat ratio, which is shown in Table 2.2, is very mod-
est. Ten years ago, advanced large-scale extraction-condensing power plants might
reach a power-to-heat ratio about 0.6, while the ratio for traditional gas turbines was
as low as 0.4. For modern gas motors or combined cycle gas turbines, which be-
came available in a much smaller scale the power-to-heat ratio may well be above
1.0, and for fuel cells, which are under development in an even smaller scale, the
power-to-heat ratio is likely to be much higher3.

Although the building space that needs heating will increase, the demand for space
heating may decrease considerably, because of better insulation of buildings and
better thermal performance. This development will make capital-intensive heating
systems less attractive. On the other hand, existing heat generating capacity may be
freed for a larger market, and new markets for heat can be developed in areas al-
ready served by district heating systems, e.g. hot water for appliances. Finally, there
will be an increased demand for air conditioning, which will increase the demand
for electricity, or create new opportunities for CHP or district heating systems4.

In summary, the traditional potential for heat from CHP - large energy consuming
industries and densely built urban areas - becomes smaller, but new small-scale
technologies have become available for new market segments, and the amount of
cogenerated electricity from a given heat market becomes much larger.

If these new segments of CHP markets are developed there will come many much
smaller generators of electricity.

The main techno-economic features of CHP for district heating are

• Water-based heating system necessary (like central oil or boilers but unlike
electrical heating).

• House installations: Heat exchanger or direct flow from street pipes (only in-
stallations valves, and meters)

• Distribution network in public roads.

• Local central for heat production or part of an urban network.

• Large overall investment costs, but flexibility in access to low-cost fuels.

3 0-15 MW Solid oxide fuel cells are assumed available from 2005 with an electric efficiency 50%
and power-to-heat ratio 1.7, Energistyrelsen 1995.

4 The Euroheat District Heating Statistics also contains information for district cooling. However,
there are figures only for France and Italy, 1172 and 117 TJ (0.03 and 0.003 Mtoe) in 1995, respec-
tively.
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2.1.3 Industrial cogeneration

Industrial CHP is one type of energy saving measure in process industries with an
input of steam or heat and an electricity demand that may be generated on site or
purchased from the electricity market. It will often require the infrastructure of the
public grid for back up or sale of excess electricity. Traditionally industrial CHP
was an option for large energy consuming industries with a demand for both elec-
tricity and heat or steam, and in several countries a significant part of the electricity
was generated outside the utilities by industrial generators. In most of the countries,
where the electricity supply industry was nationalised, industrial generators did not
become a part of the nationalised industry.

The monopolies in the electricity market may have imposed a range of barriers
against efficient use of industrial CHP in the past, but these barriers are now being
removed by the process of liberalisation and by the watchful eyes of the new regu-
lators, who are keen to remove any constraints on trade and on new entry.

Industrial CHP has been promoted in many countries as a part of the public energy
policy. The most consistent policy for promotion of industrial CHP has been in the
Netherlands, where the share of CHP in the electricity market is among the highest
among the EU member states, in spite of a very limited penetration of district heat-
ing.

Between 1968 and 1988 1200 MW of CHP capacity was installed in the Nether-
lands, and the industrial generating capacity grew from 800 to 1800 MW. From
1978 onwards a number of stimulating measures was introduced in the Netherlands
to support the development of industrial CHP. Some of these measures were gov-
ernment incentives, others were agreements between the utilities and (associations
of) industrial companies, although the government played a stimulating role in the
negotiation and implementation of these agreements. These measures included:

• Additional natural gas was provided for CHP applications (the use of natural gas
for large-scale steam raising applications was restricted as in most countries))

• Utility capacity planning should leave room for industrial generating capacity

• Investment grants for industrial CHP both for own use and delivering excess
power to the grid

• Price regulation that was favourable for purchase of standby power and sale of
excess power.

• Development of contracts between the utilities and cogenerators, including
'wheeling', i.e. sale of electricity to other consumers to be delivered through the
public grid.

• Subsidising feasibility studies.

• Investment grants and credits,
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Although the payback times on CHP investments were favourable between 1980
and 1986, in many cases it was merely the combined effect of the measures that
brought the payback times into the sensitive range of two to five years, even for
CHP installation, where all the electricity could be consumed within the industrial
plant. Private CHP supplying most of their electricity to the utilities would not be
profitable. A possible major driver for the penetration of industrial CHP was the
availability of additional natural gas for industrial CHP, while natural gas for other
large-scale applications was restricted.

The study covers the period until 1988. By the end of this period most of the re-
maining potential for the expansion of the CHP would need to sell most of the elec-
tricity to the utilities. Further expansion of CHP has put more emphasis on small-
scale non-industrial gas turbine project, and the and the Electricity Plan 1991-2000
by the Dutch electricity Generating Board (SEP) included building of at least 1250
MW of natural gas combined cycle capacity, mainly for district heating (Blok,
1993).

The numbers found in Table 2.1 indicates a considerable expansion in CHP capac-
ity and generation in the Netherlands.

The availability of small-scale CHP units also expands the potential market for in-
dustrial CHP very considerably in all countries, because it is possible to install CHP
capacity for much smaller heat loads, and the installed capacity can produce much
more electricity for the electricity market.

2.2 Renewables

In the Council Decision on the Altener Programme in 1993 the intention was to
increase the share of renewable energies - including hydro power - from 4% of the
final demand in 1991 to 8% in 2005. In the Green Paper from the European Com-
mission "For a European Union Energy Policy" (COM(94) 659 final) from January
1995 efforts to implement this objective should be consistent with various Commu-
nity policies, notably the common agricultural policy. The three main areas for re-
newable energies are

• Electricity generation, which was dominated by large hydro. There is some
geothermal in Italy, and an increasing capacity of wind turbines, primarily in
Denmark, Germany and the Netherlands.

• Thermal use, totally dominated by biomass

• Biofuels, which are mainly vegetable oil and their derivatives, such as bio-
ethanol, which can be used as a motor fuel.
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2.2.1 Potential of renewables

In 1997 the Commission published a White Paper for a Community Strategy and
Action Plan "Energy for the Future: Renewable Sources of Energy (COM(97) 599
final). Table 2.3 and Table 2.4 compares the actual penetration of renewables for
electricity and heat in 1995 with Pre-Kyoto projections for 2010. For both these
uses the most significant increases are projected for biomass.

The objective set by Altener was to ensure that by 2005 biofuels will account for 5
% of the motor fuel market. However, this ambition was not repeated in the White
Paper, in which it is stated that specific measures are needed in order to help in-
crease the market share for liquid biofuels from the current 0.3% to a significantly
higher percentage, in collaboration with Member States." Currently, the production
cost of liquid biofuel is three times that of conventional fuels. Because motor fuels
are substantially taxed in all Member States, an increased use of liquid biofuels may
be obtained through tax relief and subsidised raw material production.

Table 2.3. Current and projected electricity production by RES for 2010

Actual in 1995 Projected for 2010 (Pre-

Kyoto)

Type of energy
Total

l.Wind

2. Total Hydro

2a. Large (inc. pumped storage)

2b. Small

3. Photovoltaics

4. Biomass

5. Geothermal

Total Renewable Energies

TWh
2,366

4

307

-270

-37

0.03

22.5

3.5

337

% of total

0.2

13.0

1.0

0.2

14.3

TWh
2,870

80

355

-300

-55

3

230

7

675

% of total

2.8

12.4

0.1

8.0

0.2

23.5

Source: COM(97) 599 final.

Table 2.4. Current and Projected Heat Production for 2010

Type of energy Actual in 1995, Mtoe Projected for 2010, Mtoe

1. Biomass 38.04 75

2. Geothermal 0.4 1

3. Solar Thermal Collectors 0.26 4

Total Renewable Energies 38.7 80

4. Passive Solar 35_

Source: COM(97) 599 final.

The major drivers of electricity and heat producing technologies of renewable ener-
gies would be:
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• Autonomous cost reductions and efficiency improvements of solar collector
systems, biogas and biomass using conversion technologies,

• Synergy with other policy issues, in particular various environmental issues,
urban waste treatment, agricultural, forestry and horticultural policies, preserva-
tion of landscapes.

• Investment in wind power by 'green investors' or by utilities supported by attractive
pricing of the generated electricity.

• Marketing campaigns and changes in value patterns of private households, small
and medium sized companies and public institutions.

• Demand for 'green' electricity by private or commercial consumers.

The development of renewables will not always be consistent with other energy
policy issues, and they may also be met by public hostility. Wind power in large
scale may well be in conflict with the preservation of landscapes and coastal areas
and wildlife conservation. Support for biomass may be in conflict with environ-
mental and agricultural policies, and the use of urban waste may be in conflict with
recycling policies. Such issues could significantly reduce the market potential for
these technologies.

2.2.2 Biomass

The driving force for the development of biomass energy may not be the energy
savings and environmental benefits, but rather agricultural and forestry policy and
interests. In the White Paper for a Community Strategy and Action Plan on Renew-
able Sources of Energy (COM(97) 599 final) the Commission will encourage
Member States and regions to give renewable energy projects a high priority within
their programmes for rural areas. However, the regions will continue to have to as-
sume their responsibility for the selection of the projects.

"The Common Agricultural Policy could contribute by supporting the biomass energy sector to in-
crease standards of living and income in different ways

• developing energy crops and utilising agricultural and forestry residues as a reliable source of
raw material, under the reformed common agricultural policy, negotiated in accordance with
Agenda 2000, making full use of the results of the research and development policy;

• giving support for bio-based renewable energies under the rural development policy and other
ongoing programmes;

• supporting the regions by co-financing innovative, demonstrative and transferable renewable
energy projects, such as the installation of combined solar, wind and biomass heat and electric-
ity production under a new Community initiative for rural areas, as it is already possible within
the existing LEADER programme;

• applying the regulation 951/97 on processing and marketing of agricultural products in relation
to renewable energy products wherever feasible; the Commission will table a proposal enabling
Member States to make the granting of direct payments for arable crops and set-aside condi-
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tional on the respect of environmental provisions, allowing them to be increasingly used to pur-
sue environmental objectives."

The district heating systems in northern Europe are important markets for biomass.
Municipal solid waste is used for base load in urban district heating networks with
intermediate and peak load from CHP, heat pumps (particular in Sweden), or boilers
fired by fossil fuels of biomass. Agricultural and forest waste - either in the form of
biogas or solid biomass - is best suited for small-scale district heating systems close
to rural areas or heat distribution systems in large building complexes, taking ad-
vantage of the recent development of small-scale CCGTs.

In a presentation for the World Renewable Energy Congress in Florence, September
1998, the European Biomass Industry focuses on the following most promising
short-medium markets (Grassi 1999)

• the heat market

• the power (cogeneration) market

• the oxygen fuels (ETBE, MTEB) for gasoline reformulation.

• the hydrogen market

• the desalinated sea-water (Mediterranean coastal areas)

While heat markets with water-based heat distribution systems are most important
in northern Europe the power market or integrated production of biomass cogenera-
tion and biofuels will be the most promising market in southern Europe. For all the
markets, however, various types of regulation, subsidies or tax relief will be neces-
sary for the development of technologies and markets.

2.2.3 Wind power

The massive introduction of wind power in a region will benefit from all types of
CHP that are able to respond at short-term price signals on the electricity market.
Although power and heat may be generated in combined production, heat storages
connected to CHP plants can provide the necessary flexibility between the local
demand for heat and the sale of electricity at higher prices during peak load or lack
of wind power. Also heat pumps - in any scale - that is connected to some storage
capability or electric boilers would add to the local or regional capability to absorb
excess electricity from wind power. The very short-term fluctuations of wind power
must be treated locally and regionally in the same way as load variations. A large
concentrated wind capacity, however, may add to the demand of ancillary services
to the electricity transmission and distribution grid.

Individual consumers or local utilities in the same region will have most incentive
to conclude 'green contracts' with the owners of wind turbines or wind farms - or
become owners or investors themselves.
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Europe-wide introduction of wind power, covering different weather zones will
reduce the need for back-up power, provided that there is a reliable international
trade mechanism. Long-distance transmission or wind generated electricity will not
be able to treat very short-term fluctuations. It is illustrative for the possibility of
using complementary wind power in other regions that existing concurrent wind
data in different regions has a time-resolution of three hours5.

2.2.4 Solar water heaters

In the White Paper solar thermal heating for domestic hot water is considered as an
almost fully mature technology:

"There is nevertheless scope for further cost reductions from larger scale production and improve-
ments in both production processes and marketing. At present in EU-15 about 300 small and me-
dium enterprises are active in this sector, directly employing about 10,000 people. Solar thermal
heating is cost-competitive today as compared with electric water heating, in particular in the south-
ern parts of the European Union. Design is constantly being improved to minimise visual impact.

In 1995 there were 6.5 million m2 of solar collectors installed in the European Union with a 15%
growth rate over the preceding few years. The annual current installation rate is 1,000,000 m2, con-
centrated in three EU member countries - Austria, Germany, and Greece. A growth rate of 25%
could be achieved if the other 12 European Union member countries even partially followed this
example. At a 20% annual growth rate, total installed capacity would be 100 million m2 in 2010
which taking all relevant factors into consideration is an achievable contribution to RES develop-
ment. Use of large collector fields in large-scale applications such as district heating systems - the
most economically rational way of using solar thermal energy - would in itself stimulate a dramatic
increase in collector production. Public awareness campaigns can effectively also boost the market
as has been borne out by experience in Greece." (COM(97) 599 final)

The vision of the International Energy Agency's (IEA) Solar Heating and Cooling
Programme (SHC) is up to 50% price reduction, which should be reached by facili-
tating co-operation amongst large scale buyers:

"Experience has shown that co-ordinated, large-scale international purchasing improves the com-
petitiveness of emerging technologies; the same is true for bulk purchasing by single companies. Our
aim is to increase the use of solar water heating systems by encouraging co-ordinated large-scale
purchasing; this will not only help to improve system performance but also reduce hardware, mar-
keting and distribution costs, as well as helping to meet environmental commitments. The procure-
ment efforts focus primarily on small active solar water heating systems, although it may also apply
to large systems.

The procurement will be of interest to utilities, housing companies, local/regional government and
other interested groups of energy users. It is anticipated that the widespread adoption of bulk pur-
chasing will help to create a new and sustainable market for solar water heating systems.

(...)

A key requirement for reducing the costs of solar water heating systems is encouraging international
trade for the products. Reducing market barriers and establishing international standards will facili-
tate growth of the solar industry, both domestically and internationally."

Lars Landberg, Ris0 National Laboratoiy, personal communication, June 1999.
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2.3 Energy savings

This section will focus on energy saving options that are competing or synergetic
with the development of CHP and renewables. Energy savings in industry and sav-
ings in specific electricity applications will not be addressed.

2.3.1 Space heating

The design of building envelopes is very different from country to country and the
demand for space heating is very dependent of the climate. The average number of
degree days varies from nearly 6000 in Finland to 1600 Spain (basis 20°C), and in
some countries there are different climatic zones with very significant variations in
the number of degree days (Eichhammer and Schlomann 1997). Thus, there are
great differences in the capital intensity of heating systems and the economic vi-
ability of savings measures to reduce the demand for space heating. More than half
of the population in the European Union live in climatic regions with degree days
between 3000 and 4000 (from the Alpine regions to southern Scandinavia).

Since 1991, there has been thermal insulation regulation in the building law in all
the Member States of the European Union. The UK was first to introduce this
regulation from 1965, and was followed by Denmark from 1972. In most countries
the details of the regulation are revised once or twice during a decade.

1980=100

100

• - Building space
—To ta l heat demand

Specific heat demand

1972 1977 1982 1987 1992 1997

Source: Danish Energy Agency. Energy Statistics 1997 - wmv.ens.dk).

Figure 2.1. Space heating demand in Denmark 1972-1997

Figure 2.1 shows the development of the specific demand for space heating in
Denmark, which has a moderately cold climate (3192 degree days, ibid.). During
the 25-year period specific heat demand was reduced by nearly 40%. The most
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dramatic reduction came in the first period as consumers' response to the price in-
creases of the oil shocks. There was little impact of technical improvement or tar-
geted policy measures during this period, but a significant reduction of comfort
level and an increase in consumer awareness supported by public campaigns.

From 1980 onwards the impact of technology progress and a broad range of policy
measures prevented the specific heat demand to return to the previous higher level
and led to further reduction in the specific heat demand. During the 1990s the re-
duction in the specific demand has been more modest.

The most important instruments were

• Taxes on delivered energy, which was increased in 1986 preventing the lower
import prices to be transferred to the consumers. (An additional argument was
that lower energy prices would lead to an undesirable macroeconomic expansion,
which - most convenient - could be neutralised by energy taxes).

• Building Code limiting energy requirement for space heating
• Subsidies for energy savings measures in the early 1980s targeting both owner-

occupied and tenant dwellings.
• Heat inspection by certified experts on energy consumption in buildings
• Requirement of declaration of heat expenditures in sales contracts for owner-

occupied dwellings.
• Individual metering and billing of electricity and heat in multi-family houses.

The overall average of specific heat demand in Denmark in 1997 was 132
kWh/m2«a in 1997 compared to 138 in 1990 and 217 kWh/m2«a in 1972.

The development in the final and primary energy demand for space heating has
been one of the most important targets for the Danish energy planning since the
mid-1970s. The Energy Plan 1981 presented a set of forecasts of the development
until 2000 based on the development of building space in different categories
(building year before and after 1979, and types of buildings and uses) and the pos-
sible development in specific energy demands for these building categories. The
actual development from 1980 to 1997 follows closely to the forecast labelled "low
economic growth, unchanged measures". The number of degree days in Denmark is
lower than most of the countries in northern Europe.

This method for forecast is being used in much further details in the German
IKARUS project, which has been developed during the 1990s (Stein, Wagner
1999). The average specific heat demand in West Germany by 1990 was 149
kWh/m2#a and 20-30% higher values for East Germany. Demolition and refurbish-
ment of existing buildings and construction of new buildings will reduce the aver-
age specific heat demand, because of the use of new and more energy efficient
technologies and the requirements of the Thermal Insulation Ordinance (Wdr-
meschutzverordnung, WSchVO), which has become much stricter from 1995 (see
Section 7.1 of the Shared Analysis, Main Report, Figure 7.2). A reference forecast
for 2010 show average specific heat demand at 105-110 kWh/m2»a with small

Ris0-R-1147(EN) 31



Shared Analysis. Volume 14

variations between East and West Germany and different types of buildings (Altner
etal. 1995).

Further investment in energy efficient technologies may lead to additional reduction
in average specific heat demand. The study describes target values at 70 and 80
kWh/m2»a for new and refurbished dwellings. Even lower values are quoted for low
energy design (30-70 kWh/m2#a).

The timing of the implementation of energy savings measures is important. Very
few investments in energy saving measures will be cost-effective alone by compar-
ing investment costs with the reduced energy cost, while measures implemented
during the cycle of building improvement are much more likely to be cost-effective.

However, the cost of achieving the specified energy savings targets in addition to
the reference scenario is far from cost effective. The study describes two target val-
ues for specific heat demand. The cumulated extra investment to achieve these tar-
gets is about 0.5 Euro per annually reduced kWh. These average investment costs
are different for West and East Germany and varies with the building type.

Looking at reduction in the space heating requirement as a measure for cost-
effective CO2 reduction, these variations in average costs dependent of location,
building type and the ambition for the reduction are insignificant compared to the
uncertainties that stem from the assumptions on fuel supply system, fuel prices and
amortisation of investment costs.

Table 2.5 shows the calculation of additional investment cost per unit of energy
saved. The primary amortisation assumption in the study is as favourable as 40
years and 4% interest rate. This assumption may be valid for owner occupied sin-
gle-family houses in a regulated market for housing mortgages. The mortgage re-
quirement for small businesses, which are also included in the study would be much
less favourable. In all the cases the shadow prices measured in Ecu90 per t CO2 or
Ecu90 per t C is far beyond those values that would be acceptable for CO2 taxes or
tradable permits.

The saved fuel costs in Table 2.5 are calculated on the basis of cif import prices for
natural gas in 1995 used in the PRIMES Post Kyoto scenarios with additional costs
for transport (less than 20%). These costs are the marginal avoided cost for the
saved gas to be delivered to individual boilers with a typical efficiency at 90%.
Table 2.6 introduces variations in these assumptions. Using fuel prices for natural
gas delivered to domestic customers in Germany in 1996 these energy savings
measures will have shadow prices in a reasonable range, and if electric heating is
assumed, the measures become cost-efficient with no allowances for CO2 reduc-
tions.

Comparing the German and Danish approaches to thermal regulation is a good il-
lustration of the differences in regulatory traditions. The German regulation came
later, is more ambitious, more research based, and less supported by tax incentives
than the Danish regulation. In contrast to Denmark, where lower fuel prices were
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neutralised by increased taxation, the collapse in oil prices in 1986 was deliberately
transferred to the consumers in Germany.

Table 2.5. CO2 reduction cost of investment in space heating in Germany until
2010. Fuel cost savings cif prices and transport cost for gas delivered
to individual boilers.

Additional investment cost, bill Ecu90

Reduction in heat demand, TWh/a

Additional investment cost

Annuity, 10% 10 years

Annuity, 6% 20 years

Annuity, 5% 20 years

Annuity, 4% 20 years

Annuity, 4% 40 years

Invest-

ment

cost,

Ecu90/

MWh

43.8

92.4

473

77.04

41.27

37.99

34.83

23.92

Saved

fuel cost,

Ecu90/-

kWh

7.37

7.37

7.37

7.37

7.37

Emis-

sion re-

duction,

kg CO2/-

kWh

0.224

0.224

0.224

0.224

0.224

Reduc-

tion cost,

Ecu90/t

CO2

311

151

137

123

74

Reduc-

tion cost,

Ecu90/

t c

1140

555

501

450

271

Source: Altner et al. 1995. Own calculations.

Table 2.6. CO2 reduction cost of investment in space heating in Germany until
2010. Different assumptions on heating systems and fuel prices

Saved fuel Emission Reduction Reduction

cost, reduction, kg cost, cost,

Ecu/kWh CO2/kWh Ecu/tCO2 Ecu/tC

No fuel cost savings, CO2 reduction as gas CHP

No fuel cost savings, CO2 reduction as gas boiler

No fuel cost savings, CO2 reduction as conv. electricity

Marginal avoided fuel cost, gas fired CHP

Marginal avoided fuel cost, gas fired boiler

Marginal avoided fuel cost, gas fired conv. electricity

Fuel price 1996, gas-fired boiler

Fuel price 1990, gas-fired boiler

Fuel price 1985, gas-fired boiler

Fuel price 1996, electricity

Fuel price 1990, electricity

Fuel price 1985, electricity

Source: Energy prices to domestic consumers. European Commission 1998.

0
0

0

3.32

7.37

16.58

23.36

26.86

39.61

111.53

129.00

125.58

0.101
0.224

0.504

0.101

0.224

0.504

0.224

0.224

0.224

0.504

0.504

0.504

237
107

47

204

74

15

2

-13

-70

-174

-209

-202

870
392

174

749

271

53

9

-48

-257

-637

-765

-740
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In summary, the major drivers of efficiency improvements in low temperature heat
demand are:

• Existing and upcoming building codes for new buildings.

• Renewal of the existing building stock.

• Possibly upcoming building codes for refurbishing existing buildings.

• Autonomous and price-driven efficiency progress of end-uses (window systems,
insulation material, control techniques).

• Price expectations of fossil fuels by end-users.

2.3.2 Passive solar design for buildings

The Commission's White Paper on Renewable Sources of Energy (COM(97) 599
final) also addresses the issue of passive solar design of buildings as an option for
reducing the energy demand for space heating:

"Thermal energy demand (mostly for space heating) in the domestic and tertiary sector in EU15
represents 23% of total energy demand. It is estimated that 40% of energy actually consumed in this
sector is in fact gained from solar energy through windows, but this passive energy supply is not
taken into account in statistics. Consequently, the potential for further reducing the thermal energy
demand in buildings with available passive solar techniques is very substantial. 'Solar' and 'low-
energy' buildings cost almost no more to build than conventional ones. Experience in Austria has
shown that passive solar construction increases overall dwelling costs by less than 4% while
achieving 75% reductions in heating energy. Large gains can also be achieved in the existing build-
ing stock by retrofitting windows and facades to make more use of natural sunlight and simultane-
ously insulate. New materials for windows, daylighting and insulation are commercially available.
Passive cooling techniques have also been developed during the last few years and could help reduce
the fast-growing cooling demand in southern European countries.

Even conservative estimates show that a 10% reduction by 2010 in thermal energy demand for
buildings is easily attainable by increased recourse to passive solar techniques. If it is assumed that
thermal energy demand in the domestic and tertiary sector remains stable (at 23% of the total), then
this represents fuel savings of 35 Mtoe. Switzerland has already committed itself to a 30% energy
reduction for heating in buildings by the same year. These additional gains should be counted in the
balance of the European Union's gross energy consumption."

2.3.3 Transport

The question of modal split from individual to public transport or technologies for
efficiency improvement for cars shall not be addressed in this paper.

Transport energy is the most important market for liquid biofuels, which may re-
place a share of the demand for petrol or diesel. Biofuels can be introduced gradu-
ally with little impact on transport behaviour and infrastructure.
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In the early 1980s compressed natural gas (CNG) was discussed as an option for
motor fuels as an option to reduce the dependency of imported oil. The introduction
of CNG would require a separate infrastructure with CNG available at filling sta-
tions, such an infrastructure had been developed in New Zealand and was also con-
sidered for some European countries. The build-up of this market would start with
owners of fleets of cars that were operating locally.

A similar development of an infrastructure for electric cars could be interesting for
European action during the next ten years. A massive penetration of electric cars
will reduce the demand for petrol, increase the flexibility of primary fuels, and sup-
port the penetration of new technologies for electricity generation. At present the
main constraints for the penetration of electric cars are their costs and the limited
capacity of the batteries and thus the range of the car after recharge. Mass produc-
tion will certainly lead to lower costs. The limited range may be overcome by a
dense network of recharge stations and standardised batteries that may be shifted as
fast as filling the fuel tank.

2.3.4 Utilisation of industrial waste heat and 'industrial symbiosis'

Waste heat from process industries is used for base load district heating systems in
several countries.

In many industrial areas with energy intensive industries, there are potentials for
'industrial symbiosis', where waste energy or waste products on one industry can be
used by others in the same areas. In some areas this potential has been developed
systematically. The standard reference for such an arrangement is Kalundborg,
Denmark, where co-operation was established in the 1970s between a power plant,
a refinery, a pharmaceutical industry, a gypsum industry and the local district heat-
ing utility. Important instruments for these arrangements are voluntary agreements,
physical planning and environmental regulation, co-ordination by local authorities,
and, possibly, national and European Union support. 6

2.4 New technologies and organisation of CHP systems

New technologies may be important for the speed and direction of the development
of CHP. The combined-cycle gas turbine (CCGT) has made small-scale CHP more
attractive. Further development of CHP technology on a very small scale (e.g. using
gas driven engines or, in future, fuel cells) might also make large-scale CHP less
attractive, although large-scale systems will open opportunities for a more competi-

6 http://www.caddet-ee.org/nl_html/99I_09.htm
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tive or contestable urban heat market with short-term competition between tech-
nologies and primary fuels. In contrast to a competitive market, contestable markets
may be served by monopolies, if there are effective and reliable opportunities for
new entrants.

The potential for new technologies for the physical transmission and distribution of
heat may be more limited. There is, however, a vast potential for innovation of or-
ganisation and operation of existing and new networks. Taking the availability of
much smaller CHP units into account, such networks are not limited to traditional
district heating networks, they will also include any transport of heating and cooling
media from combustion units to heating and cooling facilities for space heating and
cooling and hot water in buildings.

2.4.1 EU policy on CHP

In the Communication from the Commission on CHP it is recognised that the
Member States must undertake the main financing efforts in the further develop-
ment of CHP. However a reorientation of programmes emphasising CHP would be
essential given the limited alternative possibilities to rapidly decrease CO2 emis-
sions both within the EU and in third countries. In particular CHP has a demon-
strated advantage when biomass and organic waste are used as input fuel. The
European Parliament has asked the Commission to encourage the 'wider application
of CHP technology'.

"(In the JOULE-THERMIE Programme these) developments include improvements to cost effec-
tiveness, adaptation to new types of application, integration of non conventional fuel process (re-
newables, gassified coal, landfill gas, waste,...) and improvements to combustion systems to meet
tightening emissions standards. Without such development, the use of CHP may not be extended and
may not be adjusted to the continuously changing energy market. Biomass as a fuel for CHP/DH
systems deserve specific support. This applies also to the use of new coal cycles, and energy from
waste technologies. Within CHP production, the short term development targets focus on improving
the performance and reducing the equipment cost through development of better materials and
manufacturing processes, as well as improving control and monitoring systems. In spite of the fact
that best practice in design and operation of CHP systems are well developed, knowledge and expe-
rience are not as widely available as may should be.

In the context of the preparatory work for the 5th Framework programme the identified key areas for
technological development in CHP include:

• Higher conversion efficiency, leading to greater energy savings;

• Monitoring, control and optimisation of DH networks;

• Increased reliability, leading to lower maintenance costs;

• Lower emission technologies, particularly to reduce NOx emissions from gas turbines and recip-

rocating engines;

• Cost effective mini CHP, below 30 kWe ; and micro CHP to as low as 0.5 kWe;

• Materials and construction procedures for CHP boilers as well as low cost pipe materials;

• Low cost pre-fabricated components for low temperature DH systems;
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• CHP for use in the high temperature industries;

• CHP using renewable fuels, e.g. biomass, LHV (low heating value) fuels andjnixed fuels;

• Alternative prime movers, e.g. Stirling engines, fuel cells.
• Solutions of the environmental problem caused by the smooth water technology

In the district cooling sector the development of technologies which could lead to larger differential
temperatures and lower flow rates in central generation and transport systems, as well as the devel-
opment of heat driven absoiption chillers should be supported; they will significantly improve the
economics and annual load of DC systems. Additionally research into the development of methods
and instruments helping to suppress the non-technical barriers to the implementation of eco-efficient
technologies and more generally of sustainable development should also be promoted."

The key areas addressed for the 5th Framework Programme consider all levels of
CHP applications for space heating, from large-scale district heating applications to
gas-fired CHP applications in single-family house applications with a low demand
for space heating, much lower than the normal capacity requirement in northern
Europe (i.e. 5-10 kW).

2.4.2 CHP parameters and cost allocation between heat and power

To understand the cost of electricity and heat from cogeneration and the impact of
the recent technical development it is necessary to describe a set of techno-
economic parameters, which are derived from the thermodynamics of generation of
electricity.

Parameters for back-pressure and extraction condensing units

Two types of turbines are used for combined production of heat and electricity
(CHP):

• back-pressure units producing an output-mix that is split into heat and power
using the power-heat-ratio (Danish: cm-vcerdi, German: Stromkennzahl, Swed-
ish: alfavdrde)

• extraction-condensing units, which allow a flexible combination of heat and
power; heat extraction will reduce the power output by the power-loss-ratio
(Danish: cv-vcerdi, German: StromverlustkennzahT).

Figure 2.2 shows the operating area for CHP units. Back-pressure units produce
along the back-pressure line. Extraction-condensing unit may produce within the
maxima and minima for power and heat (Grohnheit, 1993).
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Figure 2.2. CHP parameters

The iso-fuel line describes the power-loss ratio. A typical value for both traditional
and modern units is cv=0.15. Typical values for the power-heat ratio are cm-0.5 for
a traditional gas turbine, cm=0.7 for a large modern extraction-condensing unit, and
cm=l .0 or more for a modern combined-cycle gasturbine for decentralized CHP.

In Denmark, where nearly half of the heat demand is met by CHP, the most impor-
tant type of CHP units are 300 MW extraction-condensing units located at the heat
distribution grids of the larger cities. These units gives the system much flexibility,
because it is possible to vary the electricity load very quickly within certain limits.
When operating in back-pressure mode there is a 'spinning reserve' that is available
for peak-load power supply at 15-20 per cent of the total capacity of the unit, The
heat load may then be reduced for a short time, and the heat demand can still be
met, because the district heating mains have some heat storage capacity, or there are
heat accumulators available for discharge, which have been built for this purpose.

Cost allocation of CHP

The production costs of CHP should preferably be determined by analysing the
system of combined production of heat for local industries or district heating grids
and electricity for the internationally connected electrical grid and not by isolated
data for production costs. In case of combined heat and power production, however,
the short-term marginal cost of power, which is essential for merit-order dispatch
and bidding on the electricity exchange, also depends on the value of the cogener-
ated heat. This is assumed in Table 2.7. For the back-pressure mode production of
electricity and heat there is assumed the marginal efficiency of the cogenerated
electricity at 0.85, while the efficiency of a modern condensing steam-generator
producing electricity-only will be 0.48 at optimal conditions. The short-term mar-
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ginal costs for the CHP units in Table 2.7 are similar to the short-term cost of nu-
clear power and hydro power using a water value concept.

Table 2.7. Short and long term marginal cost of different technologies for power
generation

Ecu90/MWh

Decentral gas-fired CHP

Central coal-fired CHP

Central gas-fired CHP

Coal condensing

Central gas condensing

Nuclear (France)

Nuclear (Germany)

Hydro (direct variable cost)

Hydro (water value)

Low fuel cost

Short term

9

8

9

15

16

7

9

2

8

Long term

24

25

19

31

25

28

46

23

28

5200 annual hours of production for all technologies, 5% discount rate.

Fuel prices: 1.57 Ecu/GJ for coal and 2.06 Ecu/GJ for gas

Source: OECD (1993).

If these marginal costs are used for the cost allocation between the cogenerated
electricity and heat, the electricity customers will receive all the benefit of the com-
bined production. In an open market for electricity the price which the CHP units
can charge will thus depend on the heat price and, therefore, the alternatives for the
heat consumers.

There is a conflict of interest between electricity and heat customers. Electricity
consumers wants to buy cheap electricity from the interregional electricity market,
while the heat consumers wants to sell local cogenerated electricity at good prices
in order to reduce the cost of the cogenerated heat. For this reason, heat consumers
could be more interested in municipal or consumer ownership than electricity con-
sumers.

If the marginal costs shown in Table 2.7 are used for the cost allocation between the
cogenerated electricity and heat, the electricity customers will receive all the benefit
of the combined production. The cost allocation between power and heat is illus-
trated in Figure 2.3 (Verbruggen, 1983). The line AD shows the set of all combina-
tions of positive prices for cogenerated heat and power. At the points A and D all
the costs of the back pressure production are assigned to one of the products; there
is a contract zone between the points B and C. Outside this range prices are not fea-
sible for unconstrained actors, because separate production for one of the products
will be cheaper.
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Price of power

B. All CHP benefits assigned to the heat

Contract zone

C. All CHP benefits assigned to the power

Price of heat

Figure 2.3. Price combinations for cogenerated heat and power

The Danish expansion of the use of CHP in the 1980s and 1990s (see Section 3.2.3)
was based on the cost allocation that is illustrated by the point B, where all the
benefits of CHP is assigned to the heat, thus providing means to develop the infra-
structure for district heating. However, the relatively small differences in the short-
term costs of heat between B and C can easily be offset by taxes and subsidies.

In an open market for electricity, the price the CHP units can charge will thus de-
pend on the heat price and therefore the alternatives for the heat consumers. Be-
cause local district heating systems are natural monopolies with a large amount of
sunk costs, it could be feared that the heat customers will be losers and will pay a
share of the costs somewhere between C and D in the figure. The short-term mar-
ginal costs for the CHP units in Table 2.7 represent the point C.

In contrast to other network industries, there is little or no experience with competi-
tive elements in the district heating sector.

Improved CHP parameters

An important feature of the recent technological development is the improvement of
the CHP parameters, in this case the slope of the back-pressure line (see Figure 2.2).
In Denmark, the first decentralised gas fired unit was a traditional gasturbine built at
Frederikshavn (Northern Jutland) in 1987. The slope of the back-pressure line for
this unit is about cm=0.5 and the total efficiency (electricity plus heat per unit of

fuel) is more than 0.9. The electric capacity is 17 MWe and its heat production cov-
ers most of the demand in a town with 25,000 inhabitants. The operation of the unit
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follows the heat demand, and the CHP unit covers the heat demand above the heat
base load from a waste incineration plant. In 1996 a modern combined cycle gas
turbine was commissioned in a neighbour city with a heat market of nearly the same
size. The slope of the back-pressure line is here about cm=1.0, and the maximum
electric capacity is 60 MW. A heat accumulator to enable the unit to benefit from a
time-of-day tariff or the operation on the spot market.

Electricity

per unit of fuel input

Traditional
back-pressure
unit

1 Heat per unit of fuel input

Modern
combined cycle
gas turbine

0,6 0,8 Heat

Per cent of heat market

Figure 2.4. Electricity and heat production from one unit of fuel input in old and
new small-scale CHP units.

To some extend the improvement of the CHP parameter is made at the expense of
the total efficiency of electricity plus heat, which is reduced to 0.88 instead of 0.92.
Another disadvantage is that the capital investment for a given heat market is much
higher and, thus, the financial risk for the owners of the units. The consequences of
the improved CHP parameters are illustrated in Figure 2.4.

For fuel cells, which are expected commercially available from about 2005 the
back-pressure line will be even steeper, up to about 2.0, which will make invest-
ment in this technology further dependent on sale to the electricity market at prices
that are able to cover investment cost. The steeper back-pressure line comes to-
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gether with a higher thermal efficiency of electricity generation. This development
will reduce the benefit of cogeneration compared to electricity-only generation.

2.4.3 Transmission and distribution

The communication from the Commission on CHP only addresses topics concern-
ing RTD activities for DH networks such as monitoring, control and optimisation of
DH networks, low cost pipe materials; and low cost pre-fabricated components for
low temperature DH systems.

The turnover of existing networks is slow, so there may be a large efficiency gain to
implement updated technologies to existing grids. Competitive tendering or sub-
contracting for the operation and maintenance of heat sources and grids may also
permit innovative thinking, bulk fuel ordering contracts, and lower staffing levels.
This may also lead to technology transfer via cross-country ownership and
outsourcing of routine operation to internationally operating specialist firms.

The increased use of small-scale CHP units could make large-scale, high-capacity
heat transmission and distribution networks less attractive, and the potential for new
technologies for the physical transmission and distribution of heat may be limited.
There is, however, a vast potential for innovation of organisation and operation of
existing and new networks. Taking the availability of much smaller CHP units into
account, such networks are not limited to traditional district heating networks, they
will also include any transport of heating and cooling media from combustion units
to heating and cooling facilities for space heating and cooling and hot water in
buildings (se Section 3.6).

2.4.4 IT tools for district heating systems

The development of information technology during the last two decades has made a
variety of tools available to operate more complicated networks and markets. The
IT tools used for the electricity exchanges that have gone into operation recently all
over the world are similar to the tools that applies for other commodity markets, and
they will also be available for an urban heat market.

There is a variety of commercially available tools available for the optimal opera-
tion of district heating grids and handling of bottlenecks. However, nowhere in the
communication from 1997 the application of Geographical Information Systems
(GIS) was addressed. However, a wide range of GIS applications was in focus of
several other large EU programmes; however, these projects were dominated by
technology within the fields of urban planning and information technology with few
references to economic applications (see Section 4.6)
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2.4.5 Operational optimisation and competition

Further potential may be found in optimisation of flows and temperatures. Intro-
duction of cooling distribution during summer will increase load factors and utilisa-
tion time. Increased competition for equipment, construction and operation of grids
may further increase efficiency and reduce cost. Commercial benefits may be
gained from electricity spot markets by management of generating units and heat
storages to sell peak load electricity or purchase of electricity for electrically driven
heat pumps or boilers at low electricity prices. International competition on the
building and operation of network may also reduce inefficiency due to local mo-
nopolies and further facilitate technology transfer and transfer of best practice.

2.4.6 Nuclear fission and fusion CHP

CHP extraction from nuclear power plants has been used only in very few places in
the world. However this option may be feasible, if new nuclear power plants are
accepted to meet the CO2 reduction targets.

Some studies on the use of CHP form nuclear fission for large-scale urban district
heating were made in the 1970s. The high temperature reactor was designed for
both electricity generation and process heat, but also the light water reactor could be
used for combined production (IAEA, 1977).

The key parameter for the extraction of heat from extraction-condensing power sta-
tions is the power loss ratio (see Section 2.4.2), i.e. the loss of electricity load per
unit of heat extracted. If the heat loss ratio is higher for a nuclear station than from
available coal or gas fired stations, it is cheaper to extract heat from these stations.
The heat loss ratio from fossil fuel fired stations has been very constant during the
last decades, about 0.15. There has been a wide range of assumptions of the heat
loss ratio from nuclear extraction units. In a presentation from the German Ministry
of Research and Technology from 1981 the number 0.14 was used for an example. 7

The same would apply to nuclear fusion, which may have a long-term potential be-
yond 2050. In the framework of a programme on Socio-Economic Research on Fu-
sion (SERF), which was adopted by the EU, DG XII In 1997, a recent study con-
cludes: "If fusion power is assumed available in a model of the Western European
energy system, it emerges as an economically viable option in the case of CO2 re-
duction policy. This analysis is based on various levels of global CO2 stabilisation.
Fusion power becomes competitive at cost of ECU 30 to 70/t CO2 (Ecu95 values,
Ecu90 25 to 60/t CO2, cf. Section 4.3.3). Several variants with different discount

7 Energiediskussionen - Argumente, Informationen, Meinungen, BMFT, Bonn 1981, pp. 25-30,
BMBF 1995.
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rates, variants with a large potential of renewable energy and ample fossil fuel
availability, etc. have been analysed." (Lako et al., 1999).

Neither in this model study using MARKAL scenarios until 2100, nor in the range
of long-term scenarios that were surveyed, the technology option of large-scale ur-
ban district heating was considered. In some of these long-term studies technology
development was endogenised (Lako et.al.1998). The development of district heat-
ing grids, which would require a detailed treatment of urban geography, has appar-
ently never been endogenised in long-term energy models.

The access for CHP from future fusion power to large-scale urban district heating
grids, which could be developed during the next half-century, would improve the
relative position of fusion power compared to the competing technologies, but it
would not drastically change the conclusions of the study.

An early study (Hazelrigg and Coleman, 1983) titled "A Preliminary Examination
of the Economics of Cogeneration with Fusion Plants" - with time horizon 2030,
assuming that fusion reactors would be available from 2010 - concludes that fusion
can "provide increased economic incentive to the implementation of cogeneration
systems. Conversely, cogeneration improves the economics of fusion". This article,
however, tends to use the prospect future fusion power as a driver for the develop-
ment of CHP for district heating in the Mineapolis/St.Paul metropolitan region in
the US.

2.5 Market opportunities for expansion of CHP

The market opportunities for CHP consist not only of further penetration into the
markets for heat and steam. Also new services to the markets already served should
be considered.

2.5.1 Peak load and ancillary services in the electricity system

CHP systems of any size have an influence on the load variations of the electricity
and gas supply.

Back-pressure cogeneration of electricity and heat must follow the local heat de-
mand. When there is no other cooling facilities, it is not possible to generate elec-
tricity without heat. However, the district heating network and the heat installation
in buildings have some storage capability. This heat storage capability may be in-
creased considerably by heat accumulators. If the electricity generating and heat
storage capacities are available it is possible to generate electricity for the market at
high and peak demand, when prices are high, and store the heat. There will be no
generation, when at low electricity demand during night, when prices are low, and
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the heat demand may be met from the storage. This operation strategy has been
used for most of the development of the Danish decentralised CHP. The strategy
has been encouraged by a contracted time-of-day tariff for electricity sales.

Large-scale extraction-condensing power stations can use the storage capability and
price variations at the electricity market differently. Heat extraction is made at the
expense of electricity (see Section 2.4.2) When stored heat is available to meet the
heat demand, the current electricity loss of the heat extraction is a spinning reserve
for electricity generation, which may be activated immediately.

The capability for a fast response to the needs of the electricity network has a mar-
ket value as an ancillary service, which may give an additional income to the gen-
erator. Ancillary service goes further than just meeting demand variations, they also
include services that are essential for the stability of the grid, such as frequency
response, reactive power, synchronous compensation, etc.

2.5.2 Air-conditioning and cooling applications

District cooling normally required a high-temperature heat distribution system. In
particular high-pressure steam distribution systems has been well suited for cooling
application. This is the case of the large Paris district heating system. The technol-
ogy of absorption cooling is operating at temperature levels that are higher that
those used in many systems in northern Europe, in particular in Denmark. New
technologies are being developed that are suitable also in low-temperature district
heating systems. This is particular attractive if the alternative to cooling application
is cooling away of heat from waste incineration plants, because the district heating
system, which is connected to the waste incineration plant, may be too small for the
heat supply during the summer. A THERMIE project was carried out in Helsinki,
Finland and Herning, Denmark introduced 'ejector cooling' and an attractive alter-
native absorption cooling. (Remigereau 1992, Laugesen and Hammer, 1998).

2.5.3 Hot water usage in domestic appliances.

In addition to the supply of radiator systems for space heating district heating is
normally used for the domestic hot water systems in the same buildings. However,
there is an additional use of domestic hot water in washing machines, dryers and
dish washers, in which water is heated by electricity in standard electric appliances.
Using domestic hot water from the tap instead of electricity would be an option for
substitution of hot water from supplied by district heating, heat pumps, solar panels
etc. for electricity.

Only few of the producers of domestic appliances are marketing washing machines
with intake of hot water. In Denmark, Sweden and the Netherlands there are ongo-
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ing demonstration projects to test house appliances. In countries with a large pene-
tration of district heating, there is a saving potential of 5% of the household demand
for electricity (Karbo and Vigand 1999).

2.6 Consistency of different instruments

An important issue for the Commission has been the consistency check for a mas-
sive introduction of CHP, renewables, and energy efficiency at the same time. The
reason for this concern is that these are competing measures to meet the same tar-
get, and the benefit of one of them may be offset by the introduction of another.
There are examples of such inconsistencies from the past. This issue was also ad-
dressed two decades ago after the oil shocks In the 1970s, when the objective was
the reduction of the dependency on imported oil, but the experience also shows how
these instruments can be complementary or even synergetic.

Neither CHP nor widespread energy savings will be introduced overnight. Energy
conservation in buildings will depend on a large number of individual and collective
decisions - often in connection with change of owners or occupants. The dimen-
sioning of CHP units depends on the local heat market rather than national or Euro-
pean energy policy. It takes several decades to develop a large-scale urban district
heating grid for CHP, adding pieces to pieces, which may have been constructed
under different technical, economic and political conditions.

2.6.1 CHP vs. building insulation

The concern on this type of inconsistency is not new. It was discussed in details
both in Denmark and in Sweden in the late 1970s and early 1980s. Obviously, the
benefits of massive investment to reduce the space-heating demand would be small
or negligible in buildings connected to district heating grids that was or should be
supplied by surplus heat from waste incineration or industry or very efficient use of
coal for CHP. The issue was discussed in Denmark - also formally between the
ministries of housing and energy - under the label 'regionalisation' during the
preparation and implementation of the Heat Supply Act, but the discussion never
led to any explicit regionalisation of the energy conservation efforts. The economic
attraction of saved investment was not sufficient to outweigh the administrative
disadvantages.

Looking back over the last twenty years, there seems to be good reason for this con-
clusion:
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• Energy conservation comes first. The economic assessments for the heat plan-
ning and zoning of built up areas were based on demand forecast assuming that
conservation measures had been implemented.

• Energy conservation in owner-occupied single-family houses is normally mar-
ket driven. Individual investment assessments will use existing and expected
tariffs. The tariffs for district heating were significantly lower in areas, where
CHP systems had been developed over decades.

• Subsidies for energy conservation were used only during recessions in the
building industry. These subsidies could be targeted to areas that were less
suited for CHP.

• If the capacity of CHP generating units is limited, energy conservation will en-
able a larger share of the market to be covered by CHP.

• Retrofit investment in energy conservation in older, substandard multi-family
houses must be integrated with housing improvement and other urban renewal
activities. The connection to an existing or expanded urban district grid is a
complementary rather than a competitive option for CO2 abatement.

In a European perspective there is hardly any reason for concern over the consis-
tency of massive investment in CHP and energy conservation, provided that there is
sufficient local co-ordination of these investments. The benefit from the synergy of
conservation and infrastructure development is most likely to outweigh unnecessary
extra cost from investments to meet the same energy savings targets.

The conclusion is different for insular small-scale CHP and energy savings or re-
newables on the same site. In such cases the reduced demand from energy savings
or the supply from renewables may well prevent small-scale CHP to break even.

The same may also happen in larger systems: A town where all the base load heat is
supplied by industrial waste heat from a steelwork is not the best site for a biogas
CHP plant. A waste incineration plant should not be constructed in a town where an
oversized CCGT plant had recently been commissioned, but rather in a neighbour-
ing town. Such cases may be unavoidable in countries, where all kinds of CHP and
renewables receive subsidies and much political support from the government, and
rival local authorities are strong and creative.

2.6.2 Synergy between different measures

The concern over any potential lack of consistency in a more market-based ap-
proach should not address the possible conflict between supply and demand instru-
ments, alone. Too much of the same technology vintage introduced too rapidly for
the same market is far more likely. There are numerous examples of this mechanism
from the past.

The history of district heating in Denmark shows several examples from the 1960s,
when many cities introduced district heating systems at the same time. In some
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systems the first vintage of the pipe system was leaky already a decade later due to
unproven technology or shoddy construction work. At least in one case a district
heating grid in a suburban village supplying about one thousand single-family
houses and some large corsumers was completely refurbished. In another case a
small grid was given up when natural gas was introduced.

Recent examples are the 'dash for gas' in the UK and the introduction of gas-fired
small-scale CHP in Denmark. The one example was driven by an imperfect market,
the other by direct regulation. Both were using the current vintage of combined-
cycle gas turbines, which may soon become obsolete.

The opportunities of synergy between the different measures during implementation
is far more important that the risk of inconsistency. For example, the development
of new built-up areas and urban renewal are the best opportunities for implementa-
tion of both energy saving and district heating. The instruments to achieve such a
synergy are physical planning and appropriate regulation of property developments.
The national traditions influencing the application of these instruments are widely
different. For this reason, there may be little European-wide benefit to harmonise
these traditions; although they may, in some rare cases, serve as trade barriers.
However, some harmonisation of the national markets for owner-occupied dwell-
ings will make the European mobility of the workforce more easy, thus serving one
of the most fundamental objectives of the European Community.

2.6.3 Inconsistency of economic criteria

The Dutch and German examples - on industrial CHP and energy savings in build-
ings (Sections 2.1.3 and 2.3.1) - as well as the modelling example (Section 4.3.3)
illustrates that just changing relative prices by taxes, subsidies, tradable permits for
CO2 emissions - within any politically acceptable level - may not be the major
driver for the development of CHP, renewables or energy saving. Although, these
types of manipulating of costs may be a necessary additional measure to support
regulation, campaigns etc.

The key observation is that there is substantial inconsistency in the criteria for eco-
nomic evaluation: (i) simple pay-back over 2-5 years vs. (ii) amortisation at 4%
interest rate over 40 years. The impact of such inconsistencies in the economic
evaluation criteria will by far outweigh any inconsistency in the promotion of CHP,
renewables and energy savings on a European level.
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Infrastructure and markets

The definition of 'district heating' is unclear. 'District heating' normally refers to
public networks combining many property sites, while a similar heat distribution
network for several buildings within the same property site may not be considered
as district heating. This chapter will focus on transmission and distribution systems
as an infrastructure for an urban or regional heat market. This will include not only
large-scale, high-capacity interconnected urban and regional district heating, but
also more innovative urban heat markets with less piping and more emphasis on
market organisation and trading rules. The immaterial infrastructure is just as im-
portant as the material.

3.1 The infrastructure for the urban heat market

Many energy efficiency measures do not require a special infrastructure in the form
of energy networks. Retrofit insulation of owner-occupied single-family houses
may be done independently of the neighbours and other economic agents.

However, most energy saving measures in multi-family houses can only be decided
by a collective decision by owners or tenants, or by urban renewal activities that
involve decisions by public authorities and often profound legal, economic and
physical consequences for the building occupants. Expensive urban renewal will
often lead to a complete exchange of the population of the renewed area. Energy
saving measures in industry, on the other hand, requires corporate decisions. Such
decisions may be taken, if they are cost-effective and - more critical - if they are
within the attention of senior management. There is a wide range of instruments to
promote such decisions.

CHP for space heating is available only via infrastructure in the form of a heat dis-
tribution system.

3.1.1 Large-scale urban district heat systems

The largest district heating system in the European Union is Berlin with sale of 11
TWh heat from the grid, followed by Copenhagen with 7 TWh. Cities in the range
of 5 to 6 TWh are Helsinki, Hamburg Stockholm and Paris. The largest systems in
the world are St. Petersburg, Moscow, Warsaw and Prague, while New York City,
Seoul and Bucharest have systems with sales in the range of the largest within the
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ETJ8. There are several grids with sales between 1 and 4 TWh, e.g. Gothenburg,
Sweden, Tampere, Finland, and five grids in Denmark.

None of the large-scale urban district heating systems in Europe has been developed
over a short period according to a single initial plan. They were developed over
decades for different reasons by adding new elements to the existing infrastructure,
often taking advantage of temporary and unusual situations, e.g. the high oil prices
in the period 1973-1985. The most constant elements have been local or national
actors with a consistent interest in finding ways and means for expanding the dis-
trict heating markets and networks. In addition, compulsion or long-term agree-
ments were often a feature of their development.

Many of the investments in the infrastructure may not have been cost-effective
when they were decided on most of the criteria that are used for economic assess-
ment. Later, however, they became important elements of a more robust energy
system that was necessary for the development of new opportunities or meeting the
problems created by changing economic and political condition.

3.1.2 Historical notes on district heating

The idea of district heating for urban heat supply is more than 150 years old. In
1834 a paper on "Suggestions for the Architectural Improvements of the Western
Parts of London" contains a proposal "the practicability of laying on heat to a long
range of these dwellings from one common source, a contrivance, which if per-
fected, would be of inestimable importance in London, where the high price of fuel
is so great a burden upon the poor". Fifty years later, in the 1880s, a systematic de-
velopment of an urban network took place in New York. However, although the
district heating network in New York became one of the largest in the world, it cov-
ers only a limited part of the city -. the famous areas in South Manhattan around
Wall Street and Midtown around South Central Park.

In Europe the technology was used for some large institutions and prominent new
buildings, e.g. the Technical University of Charlottenburg (Berlin), 1884 and the
Town Hall of Hamburg, 1893. The district heating system in Dresden, starting 1900
with the aim of reducing the fire risk for Zwinger and the royal palaces, may be
considered as the first urban system in Europe. Like in New York it was based on
CHP with steam distribution. From 1911 surplus steam was also used to heat a
small water-based network in Dresden. Some larger urban systems were developed
slowly after the First World War. Hamburg and Berlin were the leading cities in the
1920s, Copenhagen started in 1925 and Paris in 1930. However, most of the devel-
opment in European cities took place after the Second World War (Werner 1989).

8 www.energy.rochester.edii/dh/largest.htm
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3.1.3 Electricity market liberalisation and future infrastructure de-
velopment

Currently, market liberalisation, the low prices of oil and gas and over-capacity in
electricity will discourage any investment in capital-intensive equipment. Even the
investments in the least capital-intensive electricity generating equipment, are ap-
parently driven by market power and corporate strategies by the privatised utilities
rather than the liberalised market, e.g. the 'dash for gas' in the UK with several
large-scale gas-fired electricity-only units. The recent investments in small-scale
gas-fired CHP and wind power in Germany and Denmark are merely results of
regulation, public planning, large-scale subsidies. These facilities are, however,
eligible for priority according to the European Directive on common rules for the
electricity market.

The market liberalisation will also challenge both existing CHP generating facilities
and existing district heating networks. Challenging the incumbent generators is the
purpose of market liberalisation. If new entrants or new technologies for electricity
and heat generation become competitive compared with the existent they should
gain market shares. It is more complicated for the transmission and distribution
networks.

The future development of this infrastructure cannot be much different from the
past in terms of adding pieces to pieces. The penetration of district heating systems
may increase in most of the cities, where there is already a well-established DH
network and an accumulated tradition for collective heating provision. The avail-
ability of small-scale technologies will open new opportunities, but it will also re-
quire a shift in the way the network is operated, from heat distribution to market
organisation.

In cities where there is no existing grid and or tradition a future development of an
urban grid is most likely to be driven of small-scale CHP applications, the demand
for cooling, and peak load capability for the electricity market using diurnal heat
storages. Some elements - in particular heat transmission and distribution lines -
will require public co-ordination in the form of physical planning, other elements -
in particular those available in a small scale - are best suited to be market driven.

The existence of very large-scale district heating systems in some cities with high-
capacity transmission lines will offer market opportunities for very capital extensive
technologies like clean coal or nuclear fission. It is worth noting that the time-
horizon needed for the development of such systems from scratch is similar to the
time needed for the development of a commercial nuclear fusion reactor, which
cannot become available before 2050, if ever.

The Communication from the Commission on CHP focuses on technology and fi-
nancial issues and institutional barriers within the traditional monopoly-based in-
dustry. It does not explicitly address the issue of infrastructure development. How-
ever, it states that: "The CHP development in the Netherlands, Denmark and Fin-
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land shows that consistent strategies and objectives can result in extended penetra-
tion of CHP in the energy markets" (COM(97) 514 final).

3.2 CHP in an electricity market with international competi-
tion - the case of Denmark

The Danish electricity supply industry is characterised by its location within an in-
ternational competitive wholesale electricity market. CHP for district heating is an
integrated activity of the electric utilities, covering about one-third of the electricity
market and half of the market for space heating. Nearly all the large Danish power
stations have heat extraction facilities with connections to large urban district heat-
ing grids. On the other hand auto-producers of electricity and steam for industrial
processes have never had a significant share of the market.

3.2.1 International electricity trade and CHP in Denmark

More than 90 % of the electricity generation in Denmark is based on fossil fuels.
Domestic hydro power is insignificant, but recently, there has been a considerable
growth in wind power. Electricity trade with the hydro-based generators in Norway
and Sweden has been very significant for decades.

In terms of competition from electricity generators elsewhere as well as the climate
and urban structure the conditions for district heating in Denmark are not more fa-
vourable than in other regions in northern Europe.

Figure 3.1 shows the development of the Danish electricity generation during the
last two decades. The two main characteristics are the fluctuation in international
electricity trade and a steady increase in generation from large-scale and small-scale
CHP and - most recently also from wind. The fluctuation in international electricity
trade depends on the natural variations in precipitation - and, thus, hydro power
generation in Norway and Sweden. In contrast to the other Nordic countries, who
are protected from competition by their geographical position and the existing infra-
structure, the Danish electricity market is more open for international competition
than most other European countries.
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Figure 3.1. Electricity production and import - Denmark

The very significant variations in the electricity price on the Norwegian or Nordic
electricity exchange, Nord Pool during the recent years is reflected in the variation
in electricity export.

3.2.2 The structure of district heating in Denmark

About one-third of the total electricity demand in Denmark is supplied by CHP, and
district heating from all sources covers about half of the market for space heating
and hot water.

The interconnected district heating grid in the Copenhagen Region is one of the
largest in Western Europe. The Copenhagen grid covers also the suburban 'Fingers'
and satellite towns to the West and South within a distance of about 35 kilometres
from the city centre. There are similar grids in the city regions of Odense, Aarhus,
Aalborg, Esbjerg, and an industrial region with four towns around the Little Belt
bridges. These transmission grids are supplied from different heat generating
sources. Totally, there are about 300 distributors of district heating, either with in-
dependent supply systems covering a town or village, or connected to the large
transmission grids.

The historical development

Historically, Danish CHP started early in the century based on the supply of waste
heat from city power stations to buildings in the neighbourhood with water-based
central heating systems. In the 1950s and 1960s there was a shift away from solid
fuels both for room heating furnaces and in central heating systems. The main op-
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tion was oil-fired boilers, but many cities and towns invested in district systems that
were supplied by oil-burners or incineration of urban solid waste. This infrastruc-
ture offered a very flexible response to the oil price shock in the 1970s. The central
boilers could easily shift to coal or gas, and many local district heating grids were
connected to large urban grids already supplied by CHP.

The most important steps in this development may be summarised as follows:

1920s City power stations, heat supply for nearby buildings.
1950s Long distance electricity transmission from power stations far from the

city heat markets.
1960s Central heating in most buildings, and water-based radiators.

New oil-fired boilers for central heating.
Residual fuel oil from the new Danish refineries, and new district heating
systems.

1970s Larger and stronger municipalities.
Interconnection of local district heating grids, e.g. to enable sale of waste
incineration heat during summer.
Large construction activity of owner-occupied single-family houses.

1980s National heat planning: Zoning for district heating and natural gas.
Interconnected urban and regional heat transmission.
Expansion of CHP supply to the large urban grids.

1990s Gas fired combined cycle gas turbines and gas engines for CHP for
medium-sized and smallMz district heating grids.

The role of local government

By the end of the 1970s the penetration of district heating in the Copenhagen region
was much lower than in the four smaller Danish urban regions. The main explana-
tion is the difference in the municipal structure. Outside the Copenhagen region the
municipal reform in 1970 had created municipalities that were consistent with the
urban structure. In the mid-sized cities, e.g. Odense, local initiative had created
large interconnected district heating systems by connecting many small district
heating networks in the suburbs to the city network, which was supplied from a
large locally located and owned extraction-condensing power plant. An additional
motivation could be the threat from the entry of natural gas, which was expected to
be government owned or dominated. Rivalry among cities of the same size and in-
formal yardstick competition for the utilities in the different cities became a further
incentive for innovative local initiatives and quickly diffusion of new technologies.

In the Copenhagen region several attempts during the last century to create a local
governmental body failed, and the municipal rivalry continued discouraging com-
prehensive urban and regional planning. Since the 1930s the suburban municipali-
ties outside the City of Copenhagen had been very active in the development of
centralised electricity with large electricity-only power plants away from urban ar-
eas with long-distance electricity transmission - similar to the development in many
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other European countries. Even within the City of Copenhagen itself little or no
local initiative was taken to utilise the available opportunities for rational use of
energy by CHP within city limits. Uncoordinated development over several decades
had placed most of the heat market at one side of the harbour and the new CHP
units on the other, and no initiative was taken to connect them until government
intervention during the 1980s.

National heat planning as a catalyst for local initiatives

The national heat supply planning, which was introduced by the Heat Supply Act in
1979, balanced between the centrally planned introduction of natural gas and incen-
tives for local initiatives for the expansion of CHP systems.

The impact of the latter was most significant for the Copenhagen region. By mid-
1980s the cross-harbour link for district heating in the City of Copenhagen was fin-
ished, and two inter-municipal companies had been formed for the construction and
operation of heat transmission grids (see Section 3.7.3).

In the preparation of the Bill for the Heat Supply Act in 1979 it was argued to intro-
duce compulsory connection to the gas grid to build up the gas market very quickly.
However, the Act, which was a compromise between the Social Democrats and the
Liberals, gave a legal authority to the municipalities to use compulsion to the property
owners for connection to natural gas or district heating grids within nine years in areas
zoned for the use of natural gas and district heating. The nine years were set to allow
depreciation of existing boilers or burners.

This legal authority was seldom used for connection to the natural gas grid, which was
considered controversial and claimed unnecessary in most cases. On the other hand it
was often used to increase the rate of connection to existing and new district heating
systems, in particular in low-density areas with owner-occupied detached or terraced
single-family house. For these individual home-owners the heat economy - and thus
the property value and mortgage base - is dependent of a high connection rate to the
local heat distribution grid.

3.2.3 Development of natural gas and district heating grids

District heating and natural gas grids are not only competing. There may be syner-
gies in the development in these two types of grids. When natural gas was intro-
duced in Denmark in the 1980s, nearly all towns and larger villages had one or
more district heating grid, most of these supplied by fuel oil boilers. Thus, it was

9 In Denmark, the gas companies were the new entrants to the heat market, while the district heating
companies - together with the oil companies - were the incumbents.
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possible to build up a gas market without the development of a distribution network
to single-family houses or small housing units. The primary target of the Danish
energy policy at that time was substitution away from oil. When the district heating
boiler in the town or village was first connected to the natural gas grid it was easier
to expand the local natural gas market, both to industry and to space heating.

In the next phase in the 1990s - when the combined cycle gas turbine (CCGT) be-
came available with limited economies of scale - it was easy to replace the gas
boiler with a decentralised CHP unit. Within a few years CCGT units in the range
until 100 MW was established to supply a large share of the heat markets in most
mid-sized towns in Denmark. In the many smaller grids gas motors were usually
applied. Biomass in the form of straw or animal waste for generation of biogas was
used where available. In a number of cases new 'green-field' district heating net-
works were developed in rural areas with access to a surplus of biomass.

3.2.4 Organisation and regulation of the electricity sector

The Danish electricity industry was either organised by municipalities or consumer
co-operatives. Since the Second World War the system has gradually become much
more concentrated through mergers and co-operation. It is, however, still a bottom-
up system where the distributing utilities own the generating companies that co-
operate in two regional associations (east and west of the Great Belt). The company
boards at all the levels are dominated by politicians in local government. The or-
ganisation of the district heating systems is similar. In Copenhagen there is an inte-
grated municipal utility for both electricity, gas and heat within the city borders.
The Copenhagen utility is both producer and distributor of electricity and heat.
There is some unbundling of transmission and dispatch of both electricity and heat
into regional operators.

Price regulation and incentives for CHP and renewables

The prices of all utilities were subject to price control. The main principle was to
allow utilities to cover all necessary costs subject to a non-profit restriction. Before
taxes electricity prices are among the lowest in Europe. The production and supply
of energy in Denmark is heavily conditioned by energy taxes, which are among the
highest in the OECD area. These taxes will influence the electricity industry di-
rectly and indirectly because of its use of gas and integration with heat production.

An important objective of the regulation has been incentives for renewables and
small-scale CHP:

• Subsidies: 1.0 cEuro/kWh to gas-fired CHP, 3.7 cEuro/kWh to wind turbines
and CHP fired by biomass.
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• Ministerial guaranteed prices for power sold to the grid by wind turbines and
independent cogenerators.

• Agreements between the regional associations and the Ministry of Environment
and Energy obligating the former to construct a certain amount of small-scale
CHP and wind turbines.

• Public support of research and development in renewables and cogeneration.

The pressure for liberalisation

This organisation is being challenged by the pressure from outside for liberalisation
of the electricity sector. This pressure came from the other Nordic countries, but it
became the policy of both the authorities and utilities to follow the slow pace of
Brussels rather than the speed of the other Nordic countries. Thus, an amendment of
the Danish Electricity Act from 1976 became urgent in 1996. Although this
amendment anticipated most of the provisions from the Electricity Directive, which
was passed in December 1996, it was quickly prepared and passed through Parlia-
ment without much time for thorough preparations. Thus, it was decided to prepare
a major reform of the energy sector, in which the support of renewables and small-
scale CHP was a key issue.

The new legislation and priority for CHP and renewables

The new Electricity Supply Act, which was passed in May 1999, will come into
force gradually after decisions by the Minister of Environment and Energy and fully
implemented before 2003. It contains the following provisions:

• Full (mandatory) third party access

• An obligatory separation of monopoly (system operation, transmission and dis-
tribution networks) and competition (generation and supply) in independent
companies.

• The introduction of an independent regulating authority.

• A temporary continuation of the present protection of renewables and local CHP
by guaranteed prices and subsidies. The latter will no longer be financed by the
taxpayers but by mark-ups on the network tariffs. With respect to new renew-
able plant the intention is to substitute the guaranteed prices by a market for
'green certificates'.

The organisation of the electricity supply industry is redefined by specifying which
type of companies that are allowed to participate in which activities. The basic prin-
ciple is a clear separation of competition and monopoly. An additional principle is a
continuation of the direct consumer influence represented by the consumer co-
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operative and the municipal company. The following types of companies are speci-
fied in the new act:

• Generation, trade and supply of power are free activities, which can be per-
formed by any company.

• Grid companies, which are responsible for operating the transmission or distri-
bution grid, will require a license from the Minister of Environment and Energy.
The license is issued for a period of at least 20 years. Generation and trade com-
panies are not allowed to own a distribution network. To secure consumer influ-
ence a license will only be given to companies with a majority of consumer rep-
resentatives on its governing bodies.

• Electricity supply to customers who are not eligible for TPA (before 2003) or
have chosen to continue to be supplied to regulated tariffs will be provided by
separate supply obligation companies with a supply license issued by the Min-
ister of Environment and Energy. One-third of the board members of such com-
panies must be elected by the consumers.

• System-responsible companies (the system operator for transmission and overall
system responsibility) must be an independent company with state representa-
tives on its governing bodies. It needs a license issued by the Minister for at
least 20 years.

The Electricity Supply Act is accompanied by several acts on specific issues such as
emissions, taxation and support of renewables.

It will be the duty of the System-responsible companies to give priority to generat-
ing installations using renewable energy sources or waste or producing combined
heat and power (cf. the Electricity Market Directive Article 8, Subsection 3). The
priority will apply to both large and small-scale CHP generators. However, it may
not be necessary for large-scale CHP generators.

3.2.5 Danish CHP in the northern European electricity market

Within a few years the Norwegian electricity exchange developed from a market
place for excess power within Norway - from 1971 - to a Nordic power exchange,
which is being copied elsewhere in the world. From 1992 it became a spot market
for all generators and consumers of electricity in Norway, under the name Nord
Pool it was extended to Sweden from 1996 and later to Finland. From mid-1999 one
of the two Danish regions10 becomes a separate price region within the Nord Pool
area.

10 Denmark west of the Great Belt, which is operated by the system responsible company, Eltra,
which was formed in 1998 by separation from ELSAM. The eastern part of Denmark is still run by
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The first two years in which Nord Pool has been in operation as a common Norwe-
gian-Swedish market has shown great price volatility, because of the natural varia-
tion in precipitation. 1996 was a dry year, leading to very high prices, even during
the summer. The active participation of the Danish utilities led to a very large ex-
port in 1996 (some 50% in addition to national electricity consumption). In 1997
prices have been much lower. In contrast to the Electricity Pool of England and
Wales, diurnal price variations have been less important. Thus, price volatility is
well displayed by monthly averages, as shown in Figure 3.2. These monthly aver-
ages - between 11 and 40 Euro/MWh11 and are well above the short-term marginal
cost for coal and gas-fired CHP, while long-term marginal cost of CHP units are
within the range of the monthly averages. The price quotations at the Nord Pool
futures market for all-year contracts for the coming years are at the level of the
long-term marginal cost for large-scale gas-fired CHP, cf. Table 2.7.

The generation from the two new element in the Danish electricity supply - wind
power and decentral CHP (see Figure 3.1) is more or less independent of the elec-
tricity demand. It may, therefore, happen that the generation from these units is
larger than the domestic demand. This - so-called overflow - has traditionally been
considered as a major problem by Danish generators. However, given the existence
of an organised international spot market, this 'overflow' can always be sold on the
international electricity market.

NOK/MWh

1996 1997

Figure 3.2. Monthly average prices at the spot market of Nord Pool, 1996 and 1997

CHP generators may react flexibly to variations of heat demand and electricity spot
prices. Peak demand for heat is usually met by peak load boilers. Electricity con-
suming boilers or heat pumps may ad to the flexibility. In Denmark heat storages
are used systematically to adjust the combined generation to the demand for elec-

Elkraft, which is still an integrated company, but due to separation from 2000 according to the new
Electricity Supply Act.

11 8 NOK=1 Euro.
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tricity and heat. In the forced development of small-scale CHP in the mid-1990s the
use of heat storages was encouraged by a three-level time-of-day tariff for electric-
ity sales. This tariff war derived from the normal electricity load with the high price
during daytime peak load and a low price at night. However, this tariff was fixed to
the time-of-day, and, thus, it did not give any price signal from wind generation or
the hourly spot price from the electricity exchange. From July 1999 the western part
of Denmark has become a price region for the Nordic power exchange Nord Pool.
Experience from this day ahead spot market for electricity may lead to a different
tariff structure.

3.3 District heating and CHP in Finland, Sweden and Norway

The climate in Finland, Sweden and Norway is much colder than in Denmark and
other countries in northern Europe. The heat demand is higher and capital-intensive
heating systems become more attractive. Like in Denmark, the municipalities domi-
nate all types of utilities.

3.3.1 Finland: Rapid penetration of district heating systems

District heating in Finland started late, but the development has been rapid. The
country's first district heating power plant came on stream in 1952 in Helsinki.
Now, there is more than 200 district heating stations or power plants covering 46%
of the heat market. In Helsinki the market share of district heating is over 90%. The
fuels used for district heating depend on the location, coal is used in coastal regions,
natural gas is used in areas covered by the gas grid, and peat is used in inland loca-
tions. Oil is used in smaller units or in areas without access to peat or gas.

Like in Denmark, a large quantity of new combined heat and power capacity was
added during the 1980s either by new plants or converting existing condensing
(electricity-only) facilities. In addition to utility cogeneration, most district heating
plants buy the base portion of heat from industry-run back-pressure facilities.

It will be possible to increase combined generation significantly in the future. The
amount of electricity generated alongside district heat could nearly double by 2010.
This may be the result of the combined effect of the penetration of generating ca-
pacity with a much higher power-to-heat ratio and a larger market share of district
heating with CHP.

During the last two decades it was also possible to reduce the consumption of en-
ergy per unit of heated space by 40% (Ministry of Trade and Industry, 1996). This
feature was emphasised by Euroheat in the summery of the report "District Heat in
Europe 1999":
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"Finland stands out in more than one context. Finland shows us that a high DH penetration does not
necessarily have to do with cold weather. Even though the weather really is cold in Finland, the
specific delivery of district heat per m2 is not higher; but is in fact lower than in many countries
more to the south. Therefore, weather conditions may initially have been a determining factor for the
take up of district heating, but they are no longer determining for the success of district heating in
Europe."

Most of the development in Finland has been market driven, mainly by local initia-
tive from municipalities and local industries.

3.3.2 Norway: Hydro power and very little district heating

Nearly all electricity generated in Norway is hydro, which has been developed over
many decades. Thus electricity prices are low, which leads to widespread use of
direct electric heating. There is practically no thermal generation and thus very little
CHP, and very few district heating systems. Heat pumps would be an attractive op-
tion for more efficient heat supply from electricity. This technology was used for
the new Oslo airport, which was opened in 1998.

Norway is the largest gas producer in Europe, but has no domestic use of gas. A
proposal on the use of gas for the increased demand for electricity and electricity
export has become very controversial, because the CO2 emissions from gas-fired
electricity generation is considerable in a country dominated by hydro power.

Norway was the first country in Europe that liberalised its electricity supply indus-
try including the retail market with full third party access for all customers. The
industry has become very competitive with a large number of generators, suppliers,
traders and brokers. Unlike the Electricity Pool of England and Wales the use of the
spot market of Nord Pool is not a requirement, and there are competing markets for
bilateral contracts that have a larger turnover than the futures market of Nord Pool.

Norway has a very long tradition for a very stringent parliamentary regulation of the
electricity industry, and the very decentralised structure was based on municipal
ownership and industrial sites of large state-owned industries. After liberalisation,
nearly all generators and distributors have remained in public ownership, and the
new grid company Statnett became a state monopoly.

Individual customers are able to shift supplier on short notice with competitive price
offers on the Internet. In order to reduce transaction costs fees for shift of supplier is
forbidden and profiling is used instead on hourly metering. These opportunities
have been widely used by the consumers. However, it must be noted that the aver-
age consumption of private Norwegian customers is far higher than the average of
individual customers in all other European countries, due to the widespread use of
direct electric heating by resistance panels in all rooms.
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Although Norway is not a member of the European Union, most of the internal
market regulation also applies to Norway as a member of the European Economic
Area.

3.3.3 Sweden: Much district heating but little CHP12

Like Denmark and Finland, there is a very large share of district heating in Sweden,
but there is very little CHP, because electricity generation is dominated by hydro
and nuclear power.

The first trials with district heating in Sweden date back to the 19th century, but it
was first after the Second World War that district heating developed rapidly in
Sweden. In addition to the cold climate, it was the high degree of hot water-based
central heating systems, the extensive housing programme and the ability of the
energy industry to find new and efficient solutions that became the main drivers for
the expansion of district heating (SweHeat 1999).

The development of centralised electricity in Sweden was first based on hydro
power, mainly in the north with long transmission lines to the domestic markets in
the south. The further expansion of the electricity generating capacity in the 1970s
and 1980s was dominated by nuclear. Three of the four nuclear sites were located
too far from major heat markets to justify heat transmission. In the late 1970s there
was a project for the development of a nuclear-based heat transmission system in
southern Sweden from a third unit on the Barseback site. But this unit was never
build, and the location of the two units already build became controversial. After a
referendum in 1980 the total number of nuclear units was limited to twelve, and a
long-term phase-out of nuclear power was decided, which has led to a continuous
controversy over energy policy.

The traditional availability of cheap electricity has made electricity driven heat
pumps to an important generator for heat for district heating, covering 15% of the
district heating demand (Energy in Sweden 1998).

A few large-scale CHP plants based on coal and oil were built during the 1980s.
The availability of efficient CHP units in a much smaller scale in 1990s has led to
building of small-scale CHP units for existing district heating grids mainly based on
biomass and peat. Natural gas supply is limited; the only supplier is Denmark, and
the gas market is limited to the south western part of Sweden.

Many projects for new gas transmission lines from Norway and Russia have been
discussed, but up till now no decision has been taken. If natural gas become avail-
able for CHP in a larger part of Sweden, there will be a very large potential for a

12 Valuable comments for this section was received from. Dag Henning, IKP Energy Systems,
Linkoping Institute of Technology. Linkoping, Sweden.
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rapid penetration of natural gas fired CHP. The economic potential will be much
larger, if nuclear power is partly or fully phased out.

Swedish cities have also begun investing in district cooling systems, partly using
absorption heat pumps, which will further expand the market for cogeneration based
on the existing infrastructure for district heating.

After the separation of the Swedish integrated company Vattenfall into the network
operator Svenska Kraftnat and a commercial generator, heat has become one of the
most expansive branches of operation within the commercial firm Vattenfall AB.
The activities include that the company takes overall responsibility for all aspects of
the customer's heat production), district heating, and combined heat and power.
Solutions are marketed as tailored to suit the specific requirements of each individ-
ual customer, with the fuels and fuel combinations that give the best results - bio-
fuel, electricity, oil, gas, solid waste, etc. Bulk purchasing and rational management
is also claimed to lead to lower heating costs. The large generators in Sweden, Vat-
tenfall and Sydkraft, have taken over the operation of several municipal district
heating network in Sweden, and they are expanding elsewherel3.

3.3.4 Energy and environment taxation in the Nordic countries^

The existing taxation of energy varies considerably among the Nordic countries.
Heat and power taxation is no exception. As long as district heating and electricity
were organised by national or regional monopolies, these variations did not raise
major problems in terms of the choice of energy and energy supplies. However, the
liberalisation of the electricity supply industry in Norway, Sweden and Finland has
provided all electricity customers to all national suppliers and to suppliers in the
neighbouring countries as well. With some delay this liberalisation of the electricity
market is also being introduced in Denmark.

Three objectives are relevant for the design of taxes

• Revenue for public sector activities.

• Reallocation of resources.

• Redistribution of income.

Energy and environment taxes are mainly argued from the reallocation objective in
order to correct an otherwise inefficient use of economic resources, e.g. to correct
for externalities that are not included in the market prices for goods and services.
Thus, fuel taxes should be preferred rather than consumer taxes on the distributed

13 www.vattenfall.se, www.sydkraft.se

14 This subsection is based on a study for the Nordic District Heating Association (Nordvarme) on
cogeneration and taxation in a liberalised Nordic power market, Olsen and Munksgaard 1998.
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final energy. However, both the revenue and the redistribution objective will be
important for the practical design of taxes, and these objectives may even outweigh
the reallocation and energy-environment objectives.

The main features of the Nordic taxes for heat and electricity are as follows:

• The use of fuel and consumer taxes varies among sources of energy and among
countries. Fuel taxes are mainly applied to heat, whereas consumer taxes are
mainly applied to electricity.

• The tax rates per unit of heat or electricity produced or consumed varies enor-
mously.

The consequence of such large variations in taxation is, of course, different incen-
tives for producers and consumers of heat and electricity in the Nordic countries.
With respect to environmental goals tha tax has often only a very indirect connec-
tion to the relevant source of emission. Further, the external cost of e.g. one tonne
of CO2 signalled by the tax varies considerably among different production tech-
nologies and for the same technology when it is employed in different countries.

Among the Nordic countries, the Finnish energy tax that was used until the end of
1996 comes closest to the principle described above: The same principle of taxation
was employed for different energy industries and different applications of energy.
The system was as follows:

• each fuel was taxed according to its energy content (25% of the tax) and its
contents of CO2 75%). The tax rate for energy was about 0.5 Euro/MWh,
whereas the rate for CO2 was about 6 Euro per ton CO2.

• biofuels (wood) were not subject to taxation whereas peat was exempted from
the CO2 part of the tax.

• hydro and nuclear power were both subject to specific production taxes.

• imported electricity was taxed by a weighted average of the domestic tax on
electricity.

The introduction of competition on the Nordic power market exposed the Finnish
energy tax to pressure. The Finnish generators (including the cogenerators) using
fossil fuels had their prices increased by the fuel tax and could not compete with the
non-taxed producers in the other countries. As a consequence the Finnish power
industry had been pushing its government to have the fuel tax changed to a con-
sumer tax as in the other Nordic countries. The change of the Finnish energy tax in
January 1997 was a result of this pressure.

The analysis (Olsen and Munksgaard 1998) of the long-term generating costs dem-
onstrates that cogeneration can compete in a regime with no fuel or production
taxes. However, consistent environmental taxes like the former Finnish energy and
CO2 tax and the tax suggested by the European Commission will increase the com-
petitiveness of cogeneration. Such taxes will enlarge the contract zone for profitable
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cost allocations between heat and power (see Figure 2.3), thus increasing the flexi-
bility of cogeneration with respect to different market situations. The newest devel-
opment in the Nordic countries has been the introduction of a penal tax on CO2
emissions from the Danish utilities that exceeds a limit designed to meet the reduc-
tion target. The rate of this tax is 5.4 Euro per ton CO2 (20 Euro per ton carbon).

3.4 Germany, Austria and the Netherlands

Like in the Nordic countries, local government has a dominant influence on utilities
in Germany, the Netherlands and Austria, especially at the distribution level. The
climatic conditions for space heating is similar to those in Denmark. The market for
cooling and the opportunities for solar thermal heating may be larger than in Den-
mark. However, there is a much lower penetration of district heating than in the
Nordic countries.

Natural gas became an option for space heating much earlier than in the Nordic
countries, and the markets were developed gradually over a few decades. In many
cities those parts of the heat market that is best suited for district heating are already
supplied by natural gas.

3.4.1 Germany: Long tradition, but low penetration of district
heating

CHP for district heating has a very long tradition in Germany. Some municipal
utilities, 'Stadtwerke' claim that CHP was started about a hundred years ago.

By the unification in 1990, the penetration of district heating to the market for space
heating was 23% in the new federal states in the east but only 9% in the old Federal
Republic in the West. The development in the West was based on local initiatives
with some federal incentives, while an important objective of the development in
the former GDR was the use of indigenous lignite. A major restructuring and refur-
bishment of the district heating systems in the east was needed and implemented in
few years during the first half of the 1990s (Pietch, 1994).

3.4.1.1 Promotion of district heating.

There were much activity to promote CHP for district heating in Western Germany
in the late 1970s and the early 1980s, and many projects were subsidised by the
Federal Government. The lower fuel prices from 1986 discouraged much of the
proposed development (BMBF 1995). However, in the 4. Programme for Energy
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Research and Energy Technology, the development of districht heating systems,
"Fernwarme 2000", is number 3 of 14 highlights after CO2 reduction by combustion
technology and energy saving.15

Several papers on the development of district heating were presented at a the very
large IEA-conference in Berlin April 1981, when fossil fuel prices were at their
highest, New Energy Conservation Technologies and Their Commercialization,
(IEA, 1981).

According to a survey of the market for space heating in Western Germany only a
fraction of the current space heating markets would be free for the connection to
district heating (Rudolph 1981). An investigation by the Batelle-Institut on the fac-
tors influencing the district heating installation actually and in the future concluded
that

"from the legal side, the connection to district heating could be sustained by:

• obligatory connection and utilization or

• restaining the use of other energies with the aid of law.

As in the past, however, these measures will only be applied in certain exceptional cases"

Many of the opportunities for heat supply from industrial waste heat and CHP from
many different sites to existing district heating systems in residential areas in the
urban region have been developed by the construction of transmission lines for
long-distance heat supply. In Nordrhein-Westfalen this idea was adopted by the
district heating suppliers located in the Dinslaken-Duisburg area, and realized in
co.operation with both steel-manufacturing industry, and the chemical industry
(Tautz and Klopsch 1981). The project was implemented by 1985, seven independ-
ent district heating systems were connected by a 36 km long tranmission line, and
the total heat load of the systems being some 500 MW thermal, supplying some
400,000 inhabitants in the region. 16. Similar systems have been developed in other
industrial regions (Fernwarmeschiene Ruhr, Aachen, Saar, and Mannheim-
Heidelberg).

However in a study from the late 1980s from the Ministry of Economics of the state
of Northrhein-Westphalia on the economic efficiency of cogeneration and obstacles
to extensions on the part of municipal utility companies concluded that the devel-
opment of CHP in Western Germany was far behind the expectations from "Ge-
samtstudieFernwarme" from 1977 (BMFT 1977, Traube and Zeine 1987).

15 www.bundesregierung.de-/inkmd/bpa/bro/-jahr96-/-t0l970.htm

16 BMFT Mitteilungen 8/1981, BMFT Journal 3/1985 (BMBF 1995)
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3.4.1.2 The structure of the electricity industry: 'Stadtwerke' vs. 'Ver-
bundunternehmen'

The low penetration of district heating in Western Germany compared to Denmark
may be explained by an ongoing controversy on the structure of the electricity in-
dustry. Over decades there have been an ongoing argument over centralisation or
decentralisation.

In 1951, when the process of centralisation of generating units and interregional
transmission networks was at its beginning, it was argued that there was no need for
380 kV transmission lines or an Utopian European network. Instead of power sta-
tions located at coal mines, the author argued for coal transport to consumption
centres and the development of CHP for space heating of dwellings*?.

A similar discussion took place over the policy of the municipal utilities concerning
the centralisation and decentralisation of urban district heating systems. The policy
of 'fat pipes' ('Dicke Rohre') and a forced development of large-scale district heat-
ing systems was confronted with the gradually interconnection of existing insular
networks. In a paper from the mid-1980s the development in the industrial region of
Rhein-Neckar (Mannheim-Heidelberg) was criticised with reference to the small
city of Flensburg. Although the heat density in Flensburg was much lower and the
city had been assessed unsuitable for district heating, nearly all the heat market in
the city became supplied by district heating over few decades without the use of
compulsion. In Mannheim the penetration reached only 30%, although compulsion
was widely used in the form of a ban on the combustion of solid and fluid fuels as
authorised by the state and federal building laws. However, in contrast to Flensburg,
natural gas had been introduced in Mannheim a decade earlier, and a similar forced
development had been applied (Hennicke 1984).

After the unification a similar confrontation between the municipal utilities and the
regional electricity company took place in East Germany. The municipalities felt
robbed of their right to own electricity generation and went to the Federal Court in
1991, leading to the compromise that the municipal utilities should purchase 70% or
their electricity from the regional generator, VEAG, who was responsible for the
construction of new lignite mine-mouth power plants in regions with high unem-
ployment (Hansen 1996).

3.4.1.3 Small-scale CHP

Small-scale CHP (Blockheizkraftwerke) for both space heating and industry have
had an important role in the debate. By 1995 there was installed 2.5 GW capacity of

17 Marguerra, F., Verbrauchsorientierte Stromerzeugung. Eine Untersuchung iiber den kapital- und
kohlesparenden Verbund von rohstoff- und absatznahen Werken, 1951. Cited after Kohler 1984.
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small-scale CHP of gas turbines and gas motors in industrial firms, and the total
potential was assessed to 6.4 GW by 2010. (Gailfuss and Ardone 1998).

For space heating even very small-scale CHP units have received much interest.
The standard reference has been the small city of Rottweil (28,000 inhabitants).
From 1977 onwards have installed an increasing number of small-scale CHP units.
By 1991 there was 4 MW installed capacity by 18 facilities and 40 modules giving
the average size per module at 100 kW and covering about 10% of the local elec-
tricity demand. A scenario for 2010 assumes a lower demand by increased electric-
ity efficiency. The reduced demand may be covered by 40% natural gas fired CHP,
10% biomass CHP and small amounts of small-scale hydro, wind and photovol-
taics, while the remaining 40% of the electricity demand must be purchased from
outside.

An assessment of small-scale CHP units from 5 kW in a number of multi-family
hauses and institutions in Hamburg has shown that even at high load curves the cost
of electricity would be 15-20 Pf (8-10 cEuro) per kWh and would only be profit-
able, when all the electricity would be used locally, thus replacing electricity bought
at full consumer prices.

However, all those projects may be considered as demonstration projects using a
technology which has yet been produced in limited numbers. There is no assess-
ment of the potential of cost-reduction by mass production and international com-
petition (Rosenbauer and Kraft-Wolfel, 1998).

3.4.1.4 Municipal utilities and competition

The federal structure of Germany is important both as a driver and a barrier for in-
frastructure development and urban renewal, and many projects involve the three
levels of government (Bund, Land und Stadt) together with private consortia.

In contrast to Denmark the local or municipal utilities have no non-profit obligation.
They may be used as a source of income for local government and cross-subsidies
for other activities, e.g. public transport. In contrast to Copenhagen, which is unique
in Denmark, the 'Stadtwerke' of German cities of the same size have always faced
yardstick competition from rival cities.

There is a tradition for long-term concessions (25-50 years) from the municipalities
to the owners of the grids. From 1991 the length of the contract was limited to 20
years, and limits for the fees for the municipal rights of way (Wegerecht) were lim-
ited. In the new electricity act from 1998 there is no legal requirement for unbun-
dling of generation and networks, and the electricity grid is not treated as a monop-
oly in Germany. Competing electricity lines, e.g. for large customers are possible
according to the act, and such parallel links were seen as an important driver for
competition in the electricity sector (Olsen and Bjerndalen 1998).
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The new electricity act {Gesetz zur Neuregelung des Energiewirtschaftsrechts) was
finally passed in April 1998 after several years of discussion. The Act contains the
principle of full competition in the electricity market, but it also balances many con-
flicting interests. Following the Act there was reached an agreement in May 1998
between the association of electric utilities and the industrial generators and con-
sumers concerning network tariffs (Verbdndevereinbarung), which was approved
by the Ministry of Economics, and presented for the Federal Competition Authority
(Bundeskartellamt) and the European Commission. The principles used in the Ger-
man network tariff is different from the nodal price system, which is used in Scan-
dinavia and the UK. It is based on a principle of a cost based tariffs for the transport
of electricity between the points of feed-in and take-out. A special feature is the
distance element for transport on electricity over more than 100 km.

The process of liberalisation will open new opportunities, challenges and threats to
the municipal utilities. Energy efficiency was often considered more important than
economic efficiency, but with the protected local market. Much investment,
whether large-scale or small-scale may well be considered as 'stranded assets' fac-
ing the price of electricity that may emerge on the liberalised electricity.

Some municipal utilities have prepared for this development over some years,
changing the corporate culture in a more commercial and customer oriented direc-
tion. Some have opened energy trading branches, or diversified into consultancy
and foreign activities. Others are meeting the liberalisation as a threat for their CHP
activities and are looking for protection. The Internet is widely used by the munici-
pal utilities to promote district heating, most often with most emphasis on the envi-
ronmental benefit, in particular CO2 reduction. A search for the French word fort
district heating 'chauffage urbain' on the Internet gives several presentations in
French from German utilities looking for customers for their expertise in France.

As a consequence of the liberalisation many municipal utilities will loose contracts
on electricity supply to large customers, which were the basis for the economic vi-
ability of their CHP generation. In some cases CHP units have even been closed
down or mothballed. So far, there is no electricity exchange on the European conti-
nent with a spot market of any degree of maturity. In some cities trade is scheduled
to start during 1999. When matured, the price level on electricity spot market in
western Europe will be more likely to follow the price level pattern of the Electric-
ity Exchange of England and Wales rather than Nord Pool. The existing CHP sys-
tems will have much opportunity to benefit from this trade in competition with
electricity-only generators, provided that market power of the incumbent electricity-
only generators is avoided.

3.4.1.5 Climate Change policy and electricity generation

The German model for support of renewable energy for electricity generation has
been the Electricity Feed-In Act (Stromeinspeisungsgesetz) from 1991. Following
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this act the interregional electricity companies were requested to buy electricity
from a range of renewable sources at a minimum prices dependent of the technol-
ogy. This act has led to a very considerable increase in electricity generation from
renewable energies during the 1990s. The Electricity Feed-In Act will remain in
force after the new Electricity Act from 1998, but there are now more precise rules
for the economic responsibility for the purchase of electricity from renewables.

An important issue in the legislative process has been the activities of the municipal
utilities in the fields of Integrated Resource Planning and Demand Side Manage-
ment. This issue was addressed by at least two elements in the new act: The possi-
bility for the municipalities utilities to opt for the Single Buyer System until 2005,
and the concept of 'voluntary self commitment' for measures promoting a larger
share of CHP and renewables in the electricity supply.

3.4.2 Austria: Systematic development of large urban CHP systems

The Austrian electricity supply industry was nationalised in 1947 creating a hierar-
chical structure of 15 major utilities consisting of the Verbund and its subsidiaries
(mainly hydro generators), nine provincial utilities (including the City of Vienna)
and five municipal utilities for provincial capitals.

Austria has a hydro-thermal electricity system. The share of hydro power has been
70% since 1970 although the generation has increased from 30 TWh in 1970 till 57
TWh in 1995. More than two thirds of the hydro power is run-of-river, and less than
one-third is from hydro storage plants. Most of the thermal generation is gas-fired.
The demand for electricity does not follow the availability of hydro power. On the
contrary, the availability of hydro power is largest when demand is lowest (Haas,
Orasch 1997).

The development of district heating systems came late. However, over the last dec-
ades Vienna and five municipal utilities in the provincial capitals have systemati-
cally developed urban district heating systems, starting from existing central boilers
for large building complexes, adding pieces to pieces. Graz started in 1963, Vienna
from 1969, and Linz from 1970.

In Linz the development of the natural gas and district heating networks are being
optimised by and agreement between the electricity and gas companies concerning
an energy plan for the city. The agreement, which was concluded in 1994, includes
a co-ordinated development of the grids with zoning of the city areas for either dis-
trict heating or natural gas. The main criterion for the selecting on one grid over the
other was the heat density.
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The 'Stadtwerke' of these cities (and many others) have extensive consumer-
oriented web-sites for information and promotion of district heating1^

3.4.3 The Netherlands: Competition and opportunities from domes-
tic gas

The climate, urban structure and the administrative and political traditions in the
Netherlands are just as favourable for a widespread penetration of CHP for district
heating as in Denmark. However, natural gas from the Dutch fields at Groningen
penetrated most of the space heating market in the Netherlands during the 1960s
and 1970s covering most of the potential market for district heating and CHP.

3.4.3.1 Electricity market liberalisation

The structure of the electricity supply industry is similar to that of Germany and the
Nordic countries with many utility companies and widespread public ownership,
and many local utilities are active in several fields of supply. There are four re-
gional generation companies that are owned by distribution companies, municipali-
ties and provinces, and they are co-operating in the umbrella organisation SEP
(Samenwerkende Elektriciteits Produktiebedrijven).

The process of liberalisation started by an attempt from the Ministry of Economic
Affairs, which is responsible for energy, to encourage a merger of SEP and the four
generating companies. The purpose was to create a large Dutch company that would
be able to compete with the large European companies. The large merger was given
up in April 1998, because of difference of interests among the various utility com-
panies. The market opening will be gradual, since 1998 customers with a demand
load over 2 MW are eligible to choose their supplier (about 33% of the market), and
all consumers will be free by 2007.

An important element in the liberalisation is the establishment of the Amsterdam
Power Exchange (APX) from 1999 following the model of the Nordic power ex-
change, Nord Pool. A transmission cable to Norway, NorNed, was scheduled for
commissioning by 2001, but is likely to be delayed or cancelled.

3.4.3.2 CHP policy

From the late 1970s a very consistent policy for promotion of CHP in the Nether-
lands was adopted. The target became industrial applications of CHP as described

18 www.fernwaerme.co.at, www.gstw.at, www.esglinz.co.at
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in Section 2.1.3, while the development of CHP for district heating remained very
limited.

The Euroheat statistics has very modest figures for district heating in the Nether-
lands in 1995, only 3-4% of the heat market, nearly all of which is natural gas fired
CHP. However, the existing structure of the Dutch energy system has a very large
potential for further penetration of CHP. The most important parameters for the
penetration will be the size of the existing water-based heat distribution systems in
institutions, blocks of flats and office buildings and the cost of small-scale gas-fired
CHP units.

3.4.3.3 Green Labelsl9

In 1995 the Dutch Ministry of Economic Affairs issued the Third Energy Paper
outlining the issues, purposes and instruments for the future. The government goal
is that 10% of the electricity in the Netherlands should come from renewable
sources by 2020.

In 1997 the government issued a White Paper on Renewable Energy. An action
programme was aiming at improving the price-performance ratio of renewables,
promote market penetration and remove administrative bottlenecks. In the same
year, the Dutch association of energy distributing companies, EnergieNed, issued an
Environmental Action Plan for the period till 2000, in which they voluntarily com-
mitted themselves to generate 1.7 TWh (2% of the total generation in the Nether-
lands), compared to 0.7 TWh in 1997, from renewable energy by the end of 2000.
This target should be achieved by using the market mechanism in a separate market
for green electricity.

In 1998 a system of green certificates was introduced, called Green Labels, which
functions as an accounting system to verify whether the obligations for generation
by renewables have been met by the distribution companies that are members of
EnergieNed. Thus, through the establishment of a green certificate system a sepa-
rate market for renewable will exist besides the market for conventional electricity.

The Green Labels are issued by EnergieNed to producers of renewable electricity.
The unit is 10 MWh that is fed into the grid. In the voluntary system that is cur-
rently in operation the Green Label is valid only in the year of issue.

The current market value for electricity in the Netherlands is about 3.5 cEuro/kWh
plus the regulating energy tax (Dutch abbreviation REB) at 1.5-2.5 cEuro/kWh de-
pendent of the type of consumers. With the exempt of the REB energy tax the green
electricity will be competitive below 5.0 cEuro/kWh. It is expected that the average

19 This section is based on Voogt, M.; Boots, M.; Schaefer, G. I ; Martens, J. W. (1999), Renewable
electricity in a liberalised Dutch electricity market — the concept of green certificates. In. Confer-
ence papers: Design of markets and environment. The Nordic Energy Research Programme. May 20-
21, 1999, Copenhagen
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cost of generating the committed 1.7 TWh of renewable electricity is 7.5
cEuro/kWh, which means that a Green Label should generate some 2.5 cEuro/kWh.
In the early 1999 the price quotation for one Green Label for 10 MWh was 500
NLG (225 Euro).

In the Netherlands Green Labels are issued for those renewables that are exempted
from the Dutch energy tax (REB-payment): solar and wind power, small-scale hy-
dro power (<15 MW), electricity from landfill gas and biomass gassification.

An example of the experience with the operation of the system is that a distribution
company in the south of Netherlands bought labels from a private wind farm lo-
cated in the north west of the country. This wind farm sells its electricity to the local
distribution company, but the Green Labels are sold to the other distribution com-
pany located elsewhere. Another distribution company bought Green Labels from
National Wind Power in the UK early in 1999. However, it is still debated whether
the company may use foreign labels to meet the target.

CHP in general is not included in the Dutch system for Green Labels, although it
may be argued as a measure for energy efficiency and thus energy savings.

3.5 Nationalised electricity supply industries and their priva-
tised successors

In all the countries in Western Europe, where district heating has penetrated to any
significant share of the market for space heating, municipal utilities have been very
important. Probably the most significant obstacle to the development of district
heating and CHP for space heating has been the nationalised single-energy-carrier
industries in many European countries. The overall benefit of these nationalised
electricity supply industries became a standardised electricity system that was able
to utilise economies of scale and new technologies for an efficient, secure, and
equal supply of electricity to all types of consumers.

When these nationalised industries are being privatised the main issue is competi-
tion and consumer sovereignty rather than energy efficiency and environmental
protection.

The role of local government is different in the three countries that will be consid-
ered. Italy has a long tradition for strong city government, while government has
been more centralised in France and UK, and between these two countries there are
significant differences. Alone the number of local government units are very differ-
ent, there are some 400 units in the UK compared to more than 30,000 in France.
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3.5.1 France: Some district heating but little CHP

The nationalisation law from 1946 gave the monopoly of production, transmission
distribution, import and export to Electricite de France (EdF) and a similar monop-
oly was given to Gaz de France (GdF) by the same law. There were few exceptions
to this monopoly, other public companies are running a total generating capacity of
some 3 GW (railways and coal mines) and auto-producers were allowed to the limit
of 8 MW. There are 195 municipal distribution companies with a total supply of 15
TWh to medium and low voltage grids at the same tariffs as EdF (Finon 1997).

District heating in France covers about 5% of the market for space heating, but only
a small share of the district heating comes from CHP. One of the largest district
heating systems in Europe is in Paris, where district heating covers about a quarter
of the heat demand. The Paris system is a steam distribution system, where steam at
19.5 bar and 230 °C is fed into the grid with water being condensed and returned at
approximately 70 °C on average. The steam is generated mainly from incineration
of urban waste and coal. The Paris system is not well suited for CHP, because the
feed-in temperature is high, and the power-loss-ratio would be must too high (see
Section 2.4.2). Outside Paris the most usual heat transfer fluid is superheated water
(140-180 °C. Thus, most French systems are well suited for cooling applications by
absorbtion cooling. (Ramain 1980, Remigereau 1992)

Both EdF and GdF have developed a strategy of being present in the field of cogen-
eration. According to a recent parliamentary paper describing the technology in
other European countries and recent French initiatives to promote CHP the installed
capacity of gas-fired CHP in France has accelerated in the period 1991-1997. By
1997 the accumulated decided capacity was 483 MW for heating applications and
721 MW for industry, and more capacity is under construction. An estimate of fur-
ther expansion of CHP capacity to existing district heating network with expansion
to nearby heat markets is some 1.3 GWe, and the potential for small-scale CHP ap-
plications is between 50 and 1000 MWe with a potential maximum as large as
12,000 MWe. The industrial potential was estimated to 2500 MWe. (Bataille, Gal-
ley 1999).

The institutions in France are very different from those in Germany and Scandina-
via, and in particular the role of Suez-Lyonnaise des Eaux and its subsidiaries, in
particular ELYO, who is operating the large district heating network in Paris, about
100 other networks in France and some networks abroad. The French institutional
structure is interesting in the light of acquisitions and take-overs of municipal utili-
ties in Germany and Sweden. As a result of the liberalisation the large French utili-
ties have become very active in the electricity, gas and district heating sectors in
other countries
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3.5.2 UK: Many 'CHP schemes' but little penetration of district
heating

Although the climatic and structural conditions in the UK are similar to most other
countries in northern Europe, there is very little tradition for district heating in the
UK, in the sense of an infrastructure for distribution of heat from different sources
to an urban heat market. There has been a great number of reports on 'CHP
schemes' over the years, and some 'schemes' were actually implemented, but the
share of district heating in the market for space heating remains negligible. Ac-
cording to Euroheat statistics^, heat delivered to district heating systems in 1995
was 1.6 TWh in the UK compared to 35 TWh in France. All the district heating
systems in the UK are supplied by CHP or waste incineration, but only some 5% of
the electricity generated by CHP was cogenerated with heat for district heating.

The best explanation for this difference among the European countries may be the
role of local government. During this century a range of public services became
detached from local government, notably gas, electricity and hospitals21.

Before nationalisation in the 1940s the UK energy supply industry was based upon
small-scale, local, private and municipal companies. The public ownership was or-
ganised differently in England and Wales, Scotland, and Northern Ireland, and the
organisation was changes a few times during the forty years of public ownership.
Before privatisation there were vertically integrated Boards in Scotland and North-
ern Ireland, while there was a hierarchical stricture in England and Wales consisting
of the Central Electricity Generating Board, which was responsible for generation
and transmission, and twelve regional Area Electricity Boards, responsible for dis-
tribution and supply. Since 1947 independent private generation declined in impor-
tance to about 6% in 1989, and very little of this production was sold to the public
grid, although the Government sought to encourage competition from independent
generators during the 1980s. (Surrey 1996).

3.5.2.1 Promotion of CHP Schemes by Parliament and local authorities

No major CHP scheme for district heating was implemented in the UK by the late
1980s. This was in spite of many detailed studies and sustained interest from local

20 1995 Euroheat District Heating Statistics. Prepared by Euroheat & Power study committee for
nomenclature and statistics, www.energy.rochester.edu/euroheat/1995.htm

21 Friend and Jessop (1970), "Local Government and Strategic Choice" describe the planning proc-
ess within a major local authority over a four-year period in the mid-1960s. During this period the
research team had access to all political and administrative committees. District heating was not
mentioned at all, and electricity and gas had not been the responsibility of the local authority for
some decades. "In each case, a pattern of regional organization has been introduced, providing
greater scope for co-ordinated planning and operational control in meeting local demands, but only
at the expense of a less direct representation of local interests." p. 247.
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authorities and the House of Commons Select Committee on Energy, Lead City
Schemes, as well as the Energy Act of 1983, which removed legal barriers. Between
1977 and 1984, the Department of Energy has published three Energy Papers on
Combined Heat and Power and District Heating in the UK.22

Physical factors such as dwelling densities, climate, and heating systems may ex-
plain why the penetration of district heating in the UK is lower than in the other
countries. The United Kingdom has a relatively mild winter climate, so that the
peak heating requirement is lower in London than, for example, Stockholm.

"This factor is well known and often quoted as one favouring district heating in colder climate. It is
not always recognised, however, that more severe winter conditions result in lower load factor (...)
and this tends to cancel out the above climatic effect."

The Energy Paper mentions the institutional arrangements as the probably most
important factor in explaining the absence of district heating in the UK:

"It is common in European countries for one organisation, often controlled by a local authority, to be
responsible for gas and electricity supply and district heating. Integration of local planning and en-
ergy distribution is thus facilitated, and it is possible to designate high housing density areas for
district heating, intermediate density areas for gas, and low density areas for electric space heating,
This is contrast to United Kingdom context, where energy supply is the responsibility of separate
national bodies, and there is a wide range of consumer choice particularly with privately owned
houses" (Energy Paper 20, p. 19-20)

In Energy Paper 35 (1979) the majority of the Combined Heat and Power Group
recommended that one or more lead city schemes of CHP should be started as soon
as practicable. The most important key points for this recommendation were:

"When oil and natural gas are no longer available for heating, the potential for CHP/DH could possi-
bly be in the region of 30 per cent of the existing domestic, commercial and institutional heat load in
the UK. (...)

We cannot emphasise too strongly that a prerequisite of having CHP/DH in the future is to develop
district heating networks in the meantime. This means making a start with heat-only boiler schemes
(and perhaps small sized CHP plant) so that they can be connected up to medium or large CHP plant
at a later stage.

22 The review of the Energy Papers etc. from the 1970s and 1980s was made by the author as visit-
ing fellow with Science Policy Research Unit (SPRU), University of Sussex in 1988 (summarised in
Grohnheit 1989).

Energy Paper No. 20. District Heating combined with electricity generation in the United Kingdom.
Prepared by the District Heating Working Party of the Combined Heat and Power Group. (HMSO,
London, 1977) 120p.

Energy Paper No. 35. Combined heat and electrical power generation in the United Kingdom. Report
to The Secretary of State for Energy. Prepared by The Combined heat and Power Group. (HMSO,
London, 1979) 82p.

Energy Paper No. 53. Combined Heat and Power, District Heating, Feasibility Programme: Stage 1.
Summary report and recommendations. Prepared by W.S. Atkins & Partners. (HMSO, London.
1984) 138p.
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In the short term, CHP cannot be expected to take off on its own accord on any scale, largely be-
cause of the competition from other fuels, particularly gas. However if nothing is done, we shall not,
because of the long lead times, have a CHP option when we need it."

The later Energy Act from 1983 drew considerably upon the much famed US
PURPA (Public Utilities Regulatory Act). The aim was to encourage the develop-
ment of private generation, providing competition to the nationalised electricity
supply industry, and develop and publish tariffs for the purchase and transmission
of electricity produced by private generators.

The Energy Papers 53 from 1984 identified nine cities for Lead City Schemes. Out
of these grants were given three: Belfast, Edinburgh, and Leicester in North Ireland,
Scotland, and England. For the Lead Cities and some other cities (e.g. Sheffield)
CHP Consortia were set up consisting of utilities, fuel industries, local authorities,
banks, civil engineers, and suppliers of hardware.

However, the Energy Committee of the House of Commons remains pessimistic:

"...The institutional weight standing against the development of CHP is enormous - the forces ranged
on its side are fragmented, underfunded and peripheral to mainstream political concerns. (...) CHP is
an orphan technology" (p. xv)

"the continued existence of this attitude of 'product and by-product' in the electricity supply indus-
tries" (p. xviii) "(...) a simple cash-flow for the (nuclear) Sizewell B investment, which appeared to
value the electricity from this station at 5 p/kWh over its life, compared with the 2.7 p/kWh currently
offered for purchase tariffs to private generators" (p xix).

Further, the Committee focuses on the issues on economic evaluation criteria and
institutional ability:

"We recommend that the financial framework of the electricity supply industry should be set explic-
itly to include CHP and the sale and marketing of that as activities to be tested against the same crite-
ria as the development of electricity-only generation."

" ( . . . ) - the Water Authorities - have a clear expertise that might make them appropriate vehicles for
the sale of heat in the form of hot water from CHP without being subject to the same conflicts of
interests that besets the ESI. (...) (we) recommend that the necessary amending legislation be intro-
duced to make it possible" (p xxi).

In the Energy Papers 53 from 1984 the London Boroughs of Tower Hamlets and
Southwark were described as one of the most advantageous potential CHP areas. In
the late 1980s and early 1990 a huge urban redevelopment took place in the London
Docklands as an extension of the office space of Central London. However, the
opportunity to supply this area with CHP in the future was not mentioned in the
report. A development corporation independent of the local authorities has been set
up for planning and co-ordinating the development of the area.

The first incineration plant for urban waste to contribute to a district heating scheme
was switched on early in 1988 by the Energy Minister. This plant will supply heat
for the Newcastle district heating scheme.23

23 Energy Management. Monthly, February 1988
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Also in 1998 the Sheffield Heat and Power (SHP) was established as a private util-
ity company as a private and public sector partnership. By 1999 there is 37 kilome-
tres of pipeline installed, supplying heat to more than 3000 homes. Part of the fuel
input is incineration of domestic refuse.24

3.5.2.2 CHP and natural gas

Natural gas supply is well established in the UK, covering some 60% of the heat
market in the late 1980s. Virtually all areas suitable for district heating are con-
nected to the gas system, providing a clean, convenient, and well-known source of
heat supply. The consumer, therefore, has little incentive to prefer district heating to
gas. However, the availability of natural gas and small-scale CHP facilities could be
a driver for CHP in the UK as well as in other countries. It does require a suitable
heat distribution system for large building complexes. A water-based radiator sys-
tem that is fed by small gas boilers in each flat in multi-storey buildings will not be
suitable for natural gas fired CHP.

3.5.2.3 Industrial CHP

The total output in 1983 was 7.1 TWh and the total installed capacity of CHP plants
in industry was 2057 MWe. (Department of Energy 1986). It is one of the aims of
the 1983 Energy Act to encourage industrial CHP, which is also seen as an impor-
tant competitive element in a privatised Energy Supply Industry. There was no net
increase until 1990. In the government's 1990 White Paper on the Environment
CHP was described as a way of both cutting energy costs for users and of reducing
the UK's CO2 emissions. A target was set for year 2000, which would double the
installed capacity, and in 1993 this target was lifted to 5000 MWe (Brown 1994).
By 1995 both installed capacity and output had increased by 50%, covering about
4% of the electricity market.

3.5.2.4 Electricity privatisation

In a study facing the proposal for privatising the Electricity Supply Industry (ESI)
(Holmes, Chesshire and Thomas 1987) the structure of the industry is described in
detail, some lessons from Europe are drawn, and scenarios for changing the struc-
ture of the ESI are discussed. District heating and industrial cogeneration is dis-
cussed under the heading 'the Municipal/Industrial Route'.

"Since neither of our scenarios involves an increased local authority stake in electricity generation,
neither is likely to benefit CHP. The conditions most likely to benefit CHP are a devolution of power

24 Euroheat & Power, Unichal News, May 1999.
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and finance to local authorities and an entrepreneurial local government sector committed to regional
development - hardly the direction of policy under the Thatcher government to date." (p. 124).

Even if it became the policy of the UK government to devote power and finance to
local authorities and an entrepreneurial local government sector committed to re-
gional development, it would most likely take decades to develop.

In contrast to the previous nationalised industry, the new generators after privatisa-
tion vested in 1990, National Power and PowerGen, have set up special businesses
to market CHP to industrial energy users, while some of the regional companies
became well established suppliers of small-scale, packaged CHP units for buildings.

During the first half of the 1990s some optimism was expressed by the Combined
Heat and Power Association. There were growth in all sectors, and city-wide dis-
trict heating (or 'community heating') schemes were emerging. Several of the city
district heating schemes are distributing heat recovered from a municipal waste in-
cinerator as base load, with further base load, intermediate and peak load from coal
boilers or new gas-fired CHP. However, selling electricity was still not easy, and
low and variable prices in the electricity pool was not seen to help CHP, nor would
they encourage more of industry to switch to cogeneration (Brown 1994).

Privatisation discouraged investment in large-scale, capital-intensive electricity
generation, i.e. coal and nuclear, but it did not become a driver for investment in
small-scale CHP. Instead, the two large privatised generators and major new en-
trants have invested in large-scale, electricity-only combined cycle gas turbines
(CCGT), which are competitive to all other new investment in generating facilities
on the basis of a high discount rate and the expectation of sustained low prices on
oil and gas, the so-called 'dash for gas'.

Electricity liberalisation had an effect on the development of 'embedded power
generation plants', which is one of many labels which are used to describe small-
scale power plants that may be connected directly to the distribution network rather
than the high voltage network of the National Grid Company (NGC). However, the
term 'embedded generation' is most often used to describe plants with capacities of
less than 50 MW. This is because they do not have to bid into the electricity Pool,
and they avoid central dispatch by the NGC. These plants are most often industrial
CHP plants, but also electricity-only gas turbines were developed driven strategies
of the regional companies to give a degree of autonomy from the national transmis-
sion company.

Also 'multi-utilities' have developed rapidly in the UK since 1995, which is break-
ing the tradition of single-energy-carrier companies inherited from the nationalised
industries. Some of the Regional Electricity Companies was taken over by US util-
ity groups and water companies followed by diversifying into gas supply. However,
local government does not seem to have any role in the development of multi utili-
ties, and German or Scandinavian municipal utilities looking for new markets have
not yet entered the British market. Schemes with capacities in the 10-50 MW range
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require Government consent to burn gas, and planning permission issues are de-
cided by the local council.

3.5.2.5 The current reform of the privatised industry

The new Labour Government, which came into office in May 1997 is continuing
the process of liberalisation, emphasising the further development of competition, in
particular the introduction of competition in electricity supply (the electricity retail
market) scheduled for 1998. However, a reform of the wholesale electricity market
has been introduced, focusing on the performance of the Electricity Pool of England
and Wales, which started in 1990 and has since been under constant criticism for
inadequate competition leading to too high and volatile electricity prices.

In October 1998 the Government published a White Paper on energy sources for
power generation. In addition to 'competition' the keywords were 'security and
diversity'. Although the new CCGTs are competitive with other new investment in
generating capacity, they are not competitive to existing coal-fired capacity. The
very fast shift from coal to gas as the major fuel for electricity generation was seen
as a threat to the diversity in the fuel mix, future competition on the markets for
primary fuels, and security of supply.

"Diversity is closely linked to security. If we get too much of our energy from a single fuel, technol-
ogy, or source of supply, we may be running the risk either of failure of supply or of significant price
distortion, as happened in the 1970s. A key part of energy security is therefore an acceptable level of
diversity, so as to assure our flexibility to be able to respond to the unexpected." (para. 2.8)

It is further discussed whether market distortions are underlying the increase in gas-
fired generation:

"During the course of the Review, it was widely claimed that there are distortions in the electricity
market. Having carefully studied the issues, the Government has concluded that this is indeed so
(...), and moreover that the distortions created by the design and structure of the electricity market
put in place in 1990 require urgent attention. These distortions can be seen in two overlapping and
reinforcing areas:

• the operation of the wholesale market (the electricity Pool): distortions here have affected
competition between different fuels and between existing and new plant, so encouraging new
plant to enter the market;

• and inadequate competition, particularly in the coal-fired generation sector. This has led to
prices in wholesale markets being higher than necessary, also encouraging the building of new
plant." (para. 2.17)

The concern over diversity has led to a moratorium for investment in large-scale,
electricity-only gas-fired capacity:

"The Government has concluded that during the period of the stricter consents policy, there will be a
general presumption that new gas-fired stations will normally be inconsistent with its energy policy
objective. Certain types of plant may, however, have benefits that outweigh the concerns and may
therefore be looked on more favourably. Combined heat and power turbines." (para. 10.41)

80 Ris0-R-1147(EN)



Shared Analysis. Volume 14

All through the White Paper the further development CHP is argued as one of the
most important means for both energy efficiency and diversity and flexibility of
supply, and the various policy instruments for promotion of CHP, renewables and
energy efficiency is discussed:

"To fulfil its responsibilities, the Government has a number of policy instruments available. The
promotion of effective competition in the UK and Europe is central for the reasons given above.
Other measures include support for particular sources or technologies (such as renewable energy
...); economic instruments (... looking at the scope for using taxation or other economic instru-
ments such as tradable emissions permits for improving energy efficiency and contributing to our
climate change objectives) and in some cases direct regulation." (para 3.16)

The Non-Fossil Fuel Obligation (NFFO) in England and Wales were introduced at
the time of privatisation in 1990 as an instrument for support of nuclear and renew-
ables, for which the targets of deployment would not be met by operation of the free
market alone. The NFFO is a system of tendering for a range of technologies in-
volving landfill gas, waste, hydro and both large and small wind farms. In the Fifth
NFFO Order in 1997 the average bid price was 2.86p/kWh, which was a reduction
of 22% per cent compared to the average NFFO-4 contract price. In Scotland, the
corresponding mechanism to NFFO is the Scottish Renewables Obligation (SRO).
(OFFER 1998).

3.5.2.6 Future prospects for CHP in the UK

Much of the arguments in the recent White Paper are an echo of those presented in
the Energy Papers in the 1970s and 1980s. At that time the techno-economic condi-
tions were favourable for district heating with CHP, but the institutional environ-
ment was hostile. Today, it is apparently vice-versa. With low energy prices and
requirement for a very high discount rate in a competitive market, the economy is
not very attractive, but the institutional conditions are better. Although city-wide
district heating grids in the UK are dwarfs compared with those on the Continent,
the necessary institutions have been established in some cities, the competitive
electricity market is not biased towards or against any particular technology, and
there exists market conform mechanisms to support CHP and renewables, which
have been applied over several years.

The development of 'multi utilities' and the many small-scale CHP units, which
will require planning permission from the local authorities may increase the role of
local government. There is a long tradition in the UK for town planning, which has
been an inspiration for local government and national planning agencies at the Con-
tinent over many decades. The traditional direction of this inspiration may be re-
versed in the future on the basis of the experience of German and Nordic munici-
palities in the field of local utility planning.
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3.5.3 Italy: Climatic differences between regions

There are very significant differences in the need for space heating in the different
regions of Italy. In the Alpine regions of the north, the number of degree days is
about the same as in Denmark or Germany, while the climate in the South is so mild
that capital-intensive heat installations are seldom justified.

In North Italy there were few district heating systems by the mid-1980s, but more
systems were planned and further promoted by the five national energy plans that
were approved between 1975 and 1988. The total heat production by district heating
facilities was 1.1 TWh heat in 1986, half of which was CHP25. About 60% of this
output was located in one single city, Brescia in the Lombardia region. According
to the national district heating programme of the 1980s the annual heat production
should be some 13 TWh by 1995 with an increased use of natural gas in district
heating plants. By 1995 the actual output was 2.7 TWh heat of which 2.0 TWh
came from CHP according to the Euroheat statistics.

Industrial cogeneration is far more important in Italy. The total electricity output
from CHP was 40 TWh in 1997, compared to 12 TWh in 1986. The largest contri-
bution are from the chemical industry with 15 TWh in 1997. Half of the electric
output in 1997 came from combined cycle gas turbines commissioned during the
1990s26.

3.5.3.1 District heating and the nationalised energy industries

The electricity supply industry was nationalised in 1962, when ENEL, Ente Nazion-
ale per I 'Energia Elettrica was formed as a vertically integrated utility. Municipal
utilities and industrial autoproducers were exempt from nationalisation. The Italian
electricity system is a hydro-thermal system about one-third of the capacity and
about one-fourth of the generation from hydro power. There is also some contribu-
tion from geothermal energy.

The development of district heating systems was regulated by the 1982-law on en-
ergy conservation and development of alternative sources of energy. According to
this law district heating plants was allowed to produce electricity subject to the con-
straint that the total power of the plant did not exceed 3 MWe. The construction of
these small plants was subsidised by the state, and the development of district heat-
ing systems is administrated by the local authorities.

25 Source: Associazione Italiana Riscaldamento Urbano (AIRU), unpublished 1986, quoted from K.
Halsnees, H. S0rensen, Simulation of the Italian Energy System with the DESS-Model, Ris0-M-2798,
Ris0 National Laboratory, 1989.

26 Statistical source UNIPACE (1997). Augusto Ninni, personal communication, September 1999.
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An important law passed in 1991 entitled "Measures for the execution of the na-
tional energy plan" offered the possibility that a huge independent generation of
independent producers could be developed in Italy. The freedom for independent
generators was expanded substantially beyond the limits in the 1962 nationalisation
act. Firstly, autoproducers may generate to meet their own requirements on a group
basis, with ENEL being committed to guarantee transport against payment. The
excess of their generated must be sold to ENEL, because the monopoly of ENEL
for sale to third parties was totally maintained. ENEL was also requested to pur-
chase electricity from renewable energy sources or cogeneration plants at a price set
by the authorities.

The intention of privatising both ENEL and ENI (Ente Nazionale Idrocarburi) the
state-owned oil and gas company with its subsidiary SNAM, which dominates the
gas sector, was announced in 1992 (De Paoli 1996). By 1998 ENEL has been trans-
formed into a company, which is still state owned. ENEL provides for 79% of elec-
tricity generated, other public-owned utilities (municipal) share 4% and private,
autoproducers. 17%.

3.5.3.2 Projects and feasibility studies for district heating and cooling

Some papers on planning methods and feasibility studies for the development of
cogeneration systems with heating and cooling distribution were presented at a the
IEA-conference in Berlin 1981 (IEA 1981).

One of these described the Reggio Emilia Project on "Total Energy District Heating
and Cooling" arose on the initiative of the local Gas and Water Distribution Utility
(AGAC) and has been conceived as a demonstration project of the Total Energy
concept application. The project covers residential buildings with 440 flats, office
and facilities buildings with a total building volume at some 250.000 m3. The elec-
tricity capacity is some 4 MW. Hot water at 45 °C is produced in winter and chilled
water at 6 °C in summer. In economic terms, the system would allow a recovery of
the larger required investment as to conventional solution, in about 7 years at (the
very high) 1980 oil prices. (Campagnola, Dallavalle. 1981).

While the penetration of industrial CHP in Italy is above the EU average (see Table
2.1),the development of district heating systems has been modest, in spite of the
objective and targets set up in the National Energy Plans.

With the exception of Brescia most Italian cities did not develop any noticeable
district heating system. In the large city of Torino there was only one small system
covering the demand from 1.3 cubic metre of residential building volume by the
early 1980s. Recently, a diesel engine CHP plant has been installed with this sys-
tem, and two other district network are being developed, which will supply a total
of 24 million of building volume with heat and cooling for a part of these buildings.
By year 2000 Torino will have the largest district heating system in Italy. A com-
puter aided procedure for local energy planning was used to design the district
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heating network using GIS-files for building characteristics and design data such as
specific peak loads, etc. (Lavagno, Scaramuccia 1999).

3.6 Markets for 'green energy'

In particular, the survival and enlargement of CHP and renewable energy technolo-
gies are doubtful under competitive conditions on a common market for all tech-
nologies. The measures to address such difficulties are both well-proven methods of
physical planning and direct regulation as well as more innovative methods of in-
centive regulation and market design, e.g. 'green markets'.

Traditional measures

The traditional measures for support of CHP and renewables, which are widespread
used in the EU Member States, are direct regulation by command and control, sub-
sidies, tax reduction and exempt, guarantied prices, investment subsidies, etc. Na-
tional and Community research and development programmes have been important
for more than two decades for both technology development and the design of
methods to support of the penetration of the technologies.

The German model for support of renewable energy for electricity generation has
been the Electricity Feed-In Act (Stromeinspeisungsgesetz) from 1991. Following
this act the interregional electricity companies were requested to buy electricity
from a range of renewable sources at a minimum prices dependent of the technol-
ogy (see Section 3.4.1).

In Denmark, command and control measures have been used over two decades and
co-ordinated with subsidies, tax exempts and guarantied prices. In the new Electric-
ity Supply Act there is a temporary continuation of the present protection of renew-
ables and local CHP by guaranteed prices and subsidies. The latter will no longer be
financed by the taxpayers but by mark-ups on the network tariffs. With respect to
new renewable plant the intention is to substitute the guaranteed prices by a market
for 'green certificates', (see Section 3.2.4).

The Non-Fossil Fuel Obligation (NFFO) in England and Wales were introduced at
the time of privatisation in 1990 as an instrument for support of nuclear and renew-
ables, for which the targets of deployment would not be met by operation of the free
market alone. The NFFO is a system of tendering for subsidies to a range of tech-
nologies involving landfill gas, waste, hydro and both large and small wind farms.
The aim of the tendering system is that subsidies are granted to the most efficient
projects for each band of technologies (see Section 3.5.2).
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Green certificates

As a result of the liberalisation of the electricity sector many utilities are marketing
'green electricity' to their customers at a higher price than conventional electricity,
and various forms of financial contracts are being developed to support 'green elec-
tricity'.

In a system of green certificates, electricity distributors or consumers are required to
demonstrate, through the ownership of tradable certificates, that they have sup-
ported the generation of a specified amount of renewable electricity generation. The
market determines which renewable plants to built, where, and for what price, so
that the most efficient are built first.

Green certificates are issued by a government agency - or the independent system
operator of the national grid - to generators of renewable electricity, who will re-
ceive certificates for each unit that are fed into the grid, while the consumers will be
required to meet a targets for the consumption of green electricity. The consumer
must hand over certificates at a given point of time, and penalties are set if they are
not able to meet their obligations. It is expected that competition among generators
and an increasing supply of renewable electricity will lead to decline in the price for
the certificates.

A system of Green Labels was first introduced in 1998 in the Netherlands by a vol-
untary commitment by the Dutch association of energy distributing companies (see
Section 3.4.3). Through the establishment of a green certificates system a separate
market for renewable will exist besides the market for conventional electricity,
which may be organised in the form of a power exchange as in the Nordic countries,
England and Wales, and from 1999 also in Amsterdam.

Early 1999 some distribution companies from the UK, Denmark and Germany have
joined the Dutch Green Label system. Introduction of a green certificate system on
a government level is being discussed in the Netherlands, UK and Italy. In Denmark
it will be introduced from 1 January 2000 as a result of the new Electricity Supply
Act, which was passed in May 1999.

'Green electricity' must be defined. As long as the existing capacity of renewables
is negligible, it is not essential to distinguish between existing and new capacity. In
the Netherlands Green Labels are issued for those renewables that are exempted
from the Dutch energy tax, i.e. solar and wind power, small-scale hydro power,
electricity from landfill gas, and biomass gassification.

Large-scale hydro is under debate and will become an important issue for the al-
ready integrated Nordic electricity market, which is dominated by large-scale hydro
power. Also CHP could be argued to be included as 'green electricity' as a means
for energy efficiency and thus energy savings.

Green markets to support renewables are the topic for some ongoing EU research
projects:
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• EU-DG XII JOULE III REALM project (Renewable Electricity And Liberalised
Markets),

• EU-DG XVII Altener programme "The implications of tradable green certifi-
cates for the deployment of renewable electricity"

Green markets and innovative types of market design is also an issue for the new 5th

Framework Programme.

3.7 Competitive and monopoly elements in the electricity, gas,
and district heating industries

The key to the successful liberalisation of the electricity and gas markets has been
the distinction between the activities that may be subject to competition (e.g. gen-
eration, meter reading, energy services and supply to final users) and those that
must remain a natural monopoly subject to regulation (e.g. the 'pipes and wires').

A competitive market cannot exist without an appropriate infrastructure and a
regulatory framework that encourages competition and limits monopoly powers
wherever possible. Not only the physical infrastructure is important. The immaterial
infrastructure consisting of the legal framework, entrepreneurs and consultants with
interest and competence is essential for any development.

Up till now the development of competition in network industries has focussed on
single-energy carrier networks. This section will explore the possibilities to expand
the concept of liberalisation to heat distribution networks and competition between
different networks.

The distinction between competitive and monopoly activities has a great impact on
the discount rate that investors apply. The British experience indicates that investors
in the competitive part of the industry require discount rates of 10-15% real, which
are necessary to meet the financial risk of the investment in a competitive market,
but it does not apply to the regulated monopoly. Here the 'regulated cost of capital',
especially on long-life assets, may be only 6-8% real.

3.7.1 Vertical disintegration and outsourcing

Until recently the electricity supply industry was considered as a natural monopoly,
although with competition between different generating technologies and fuels.
Now, there is a new regulatory framework being developed for the interconnected
European network that will allow competition among a variety of companies, and
organised markets are being established with physical and financial trade. Organ-
ised markets for coal and oil have existed for many years. These products can be
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moved and stored with no physical constraints. The challenge for the electricity and
gas markets has been the development of spot and futures markets for products that
require a special infrastructure of 'pipes and wires'.

The prospect for competition in the gas market is more limited than for the electric-
ity market. Gas-to-gas competition between gas suppliers and distributors may be
developed similar to electricity, but there is little prospect for interfuel competition,
although in the future there may be some competition from methane based on bio-
mass, coal gassification or hydrogen.

The principle that is used for introducing competition in the electricity and gas sup-
ply industries is that generation and supply are subject to competition, while the
grid activities - transmission and distribution - remain natural monopolies subject to
regulation. A similar concept may be developed for district heating, either on a na-
tional level or harmonised for the Member States and Accession countries of the
European Union.

Vertical disintegration of the grid activities between transmission and distribution
offers various opportunities for introduction of competition into the local distribu-
tion activities. One example has been the competition for acquisition of the regional
electricity distribution companies (RECs) in England and Wales among interna-
tional operators or companies with activities in other supply fields, e.g. water,
leading to the development of regional 'multi-utilities' (see Section 3.5.2).

Also the routine operation (as opposed to the ownership) of the infrastructure can be
opened to competition from a range of possible, specialist, operators by tendering.
This type of competition has been widely used in other fields, e.g. public transport.

3.7.2 Competition within urban heat markets

CHP for space heating is available only via infrastructure in the form of a district
heating grid. These grids may be small (e.g. one factory and adjacent offices or
homes), or much more extensive (e.g. a whole urban area). This infrastructure is the
most complicated to establish, because it is not a natural monopoly like water and
sewage and not universal as in case of the electric grid. In the space heating market
the district heating grid is in direct competition with the gas grid and heating oil for
individual boilers, but it has the disadvantage of being more capital intensive.

However, the district heating grid offers the exploitation of the higher fuel effi-
ciency for CHP compared with gas boilers and, in addition, the flexibility of fuel
competition in the heat production process. With the liberalised electricity market
CHP becomes the combined production of electricity for the competitive
interregional electricity market and heat for a local market with no or limited com-
petition.
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3.7.2.1 Competition between gas and district heating networks

Both types of grids are most profitable in urban areas, but a gas distribution grid is
less capital intensive and will be cost-effective in areas with lower heat densities
than those required for a district heating grid. An incumbent grid of either type will,
in most circumstances, be an effective barrier for the other. Free competition be-
tween grids may be costly for both utilities and customers, in particular for imma-
ture grids and areas with low heat densities. Several technologies are competing
against both types of grids: Electric heating may be attractive for very energy effi-
cient buildings, heating oil is universally available, and various types of renewables
may reduce the market for gas or district heating.

The gas transmission and distribution grids may be a common carrier for competing
gas suppliers. However, this competition is limited to gas-to-gas competition with a
very limited range of primary suppliers and technologies. The potential for district
heating grids to be used as a common carrier for different technologies, suppliers
and primary fuels is far greater, in particular for large-scale urban district heating
grids. To achieve this potential for competition, regulation at the local level and
physical planning will be necessary to support the infrastructure.

Urban areas that are well suited for district heating are also attractive for gas supply
to individual boilers. However, the recent development of efficient gas-fired cogen-
eration units may reduce this conflict. The economies of scale for these units have
become limited. Thus, an urban gas grid with many small cogeneration units may
well be competitive with an urban district heating system that is supplied by a large-
scale extraction-condensing power station, provided that that gas prices will remain
low. At higher gas prices the urban district heating system will benefit from a much
larger flexibility concerning primary fuels.

The status and prospects for the development of a competitive market are different
for urban gas and district heating grids. The European Directive on the internal gas
market is aimed at creating competition among different suppliers of natural gas by
means of third party access as in the case of electricity. Such gas-to-gas competition
should lead to more efficiency in the gas industry, but gas customers remain de-
pendent of the price at the European gas market with limited opportunities to sub-
stitute a cheaper fuel for gas.

A European Directive on competition on urban district heating markets has never
been on the agenda.

3.7.2.2 Small-scale CHP for existing heat distribution systems

Small-scale district heating systems in smaller towns and villages may well remain
monopolies also for heat production. Their small size, however, will allow con-
sumer ownership and direct consumer influence.
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With the availability of small-scale CHP the heat distribution systems within office
buildings, institutions, blocks of flats etc. can also become networks for distribu-
tions of CHP. Small-scale CHP units will be marketed as competing brands by
many producers. Each brand is available in a limited number of capacities, and the
consumers (i.e. the operators of small heat distribution networks) may prefer a unit
size which is different from the optimal size for the local heat distribution network.

Small-scale CHP is far more capital-intensive than traditional boilers and there are
still significant economies of scale, and the development of new, more efficient
vintages has not finished. Thus, investors will need to consider all options for
merging with neighbouring network operators, including purchase of heat from op-
erators. These features could create incentives for the gradual development of larger
grids in urban areas.

To achieve such opportunities, there is an obvious need for a broker or operator
function. This is not very different from the way many of the existing large-scale
urban district heating networks was developed, where the initiative often came from
the municipal utilities, e.g. in Vienna and other large Austrian cities, see Section
3.4.2. In countries with no tradition for municipal utilities, this function would be an
opportunity for gas or electricity distribution companies, or independent public or
private brokers.

At a European level this market for small-scale CHP could be enormous, but it is
difficult to quantify in the relevant market segments. The full potential is all boilers
for water-based space heating systems. Only the segments of the larger units would
be attractive in the shorter term, but the dynamics of downsizing CHP units will
make the small-size market segments attractive over a few decades. The technology
options for CHP generation range from current medium-sized CCGTs to future fuel
cells in the kW range that might be suitable for single family houses.

3.7.2.3 Large-scale urban grids as infrastructure for a competitive heat
market

Large-scale district heating networks have many characteristics that are similar to
the electricity market, although the geographical extension of the grid is effectively
limited to an urban region. There is no example of an urban district heating grid
with full-feature third party access and competition between many suppliers, but
there are examples of unbundling between competing heat producers, a monopoly
transmission company, and several local distribution companies. The latter may be
subject to various elements of competition, in particular competition between local
heat production and purchase from the transmission grid. Large-scale urban net-
work may be supplied from a variety of primary fuels and technologies. This could
discourage future increase of the prices of natural gas from an oligopolistic natural
gas market.
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A well-designed, centrally planned urban network for distribution of heat from a
large-scale CHP unit have few effective bottlenecks. The central unit should not be
dimensioned to meet the peak load in the coldest part of the winter, which must be
met by local boilers, which are less capital-intensive and running at a very low load
factor. Conversely, a large network developed from below may have a large number
of bottlenecks, which would require a modification of merit order operation, or op-
eration based on bidding from competing heat producers.

Using the analogy of the most developed electricity markets in Europe offers differ-
ent options for solutions to this problem. The Electricity Pool of England and Wales
sets a single price every half-hour for the whole pool area, and constraints in the
network is met by the grid operator, ordering units to be constrained in or out ac-
cording to regional shortage or surplus. The cost of this arrangement is added to the
'uplift', which must be paid by all customers. A different system is used in the Nor-
dic countries. Constraints in the transmission system will lead to different prices in
different regions. However, Sweden is one price region for electricity in spite of
significant bottlenecks in the transmission system, which is handled by the grid op-
erator by 'counter purchase'.

An urban heat market could be developed without connecting all the networks in
the urban region by physical links. Non-existent links could be treated by the inde-
pendent network operator as a bottleneck having zero capacity. The existence of a
gas network and widespread use of natural gas for CHP or boilers connected to lo-
cal heat distribution grids will offer a good opportunity to for a system of 'counter
purchase', and thus a single price for heat to all customers that subscribe to the ur-
ban network

The experience from the liberalisation of the electricity and gas markets indicates
that unbundling of generation and grid operation may be a suitable option for pro-
moting competition in a mature network. It may, however, be less suitable for the
build-up of a network, when local generators will have the choice of own produc-
tion for the local market and purchase from outside through the connection to other
producers.

3.7.2.4 Electricity and heat liberalisation in Poland

The liberalisation of the electricity market in Poland follows a time schedule for a
gradual opening of the electricity market similar to several of the existing Member
States of the European Union. The time schedule for opening the Polish electricity
market started in September 1998 opening the grid for customers over 500 GWh per
year, ending by December 2005 for customers below 1 GWh per year. District heat
consumers will achieve access rights to transmission services according to the fol-
lowing schedule (Jankowski 1999):
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>2000TJ 01.01.1999
>500TJ 01.01.2000

>5TJ 01.01.2001
<5TJ 05.12.2003

3.7.2.5 New activities for the utility companies

With electricity market liberalisation the incumbent electric utilities are loosing
their status of local, regional or national monopolies, and they are facing a decreas-
ing market share for their generation of electricity. In some countries, however,
notably in Denmark, Finland, and in many German cities, the utilities have been
active during decades to develop the infrastructure for large urban heat markets,
where they have either a monopoly position or a strong competitive position.

In some other countries, e.g. Sweden, France and Germany, there are large existing
district heating networks currently supplied by heat-only boilers or heat pumps,
which could be supplied by CHP from the incumbent utilities or new entrants, and
new infrastructure for space heating and cooling may be developed over time.

Procedures for international tendering for operation of district heating networks are
under development and some experience has already been gained. This procedure is
being introduced for the modernisation of district heating systems in Central and
Eastern Europe. One of the first projects is the tendering procedure for the "right to
enter into a Lease Agreement for 15 years to manage, invest and operate in the heat
production and distribution system in Kaunas City (Lithuania)". The modernisation
will be partly financed by the European Bank for Reconstruction and Development
(EBRD), and the Tender Rules is being developed in collaboration with the EBRD.
The project started in 1996, there has been three rounds of tendering with modifica-
tion of the Tender Rules to address differences in interests concerning promotion
and restriction of competition. Several companies from Sweden, Germany, France,
Denmark and the UK took part in the various stages of the procedure. The tender
was won by Vattenfall in May 1999 (Keserauskas and Bakas 1999).

3.7.3 The Copenhagen regional heat exchange27

The district heating companies in the Copenhagen region and some other large dis-
trict heating regions are vertically disintegrated. There are many local distribution
companies and several heat producers. In between there are special companies that
are responsible for heat transmission, purchase of heat from the CHP producers and

27 This section is based on personal communication with H. C. Mortensen, Managing Director of
CTR, Copenhagen, November 1997 for the project "A Northern European Power Exchange" under
the Danish Energy Research Programme (Grohnheit et al. 1998).
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waste incineration utilities and sale to the heat distribution companies. The heat
transmission companies are owned by the municipalities in the region, while the
heat distribution companies are either municipal utilities or consumer co-operative.

In the Copenhagen metropolitan area there is an interconnected district heating grid,
which is operated by two transmission companies (covering the central city and the
western suburbs). The transmission companies purchase the heat at a wholesale heat
exchange that has some of the same basic features as the Electricity Pool of England
and Wales, although there are much fewer participants. The heat demand in each
hour during the coming week is forecasted on the basis of a seven-days weather
forecast. The bids by the heat producers are based on their available capacity and
marginal cost of heat generation. The heat price, which is paid to all producers are
calculated on the basis of supply and demand for each hour, but the price is aver-
aged over 24 hours.

In practice there are two producers who own the CHP stations in the mid-merit
price setting range. The waste incineration utilities do not take part in the market,
because they always produce base-load heat at very low marginal cost. The trade
takes place every Thursday for the coming week, but prices are modified the fol-
lowing Monday for the remaining three days. This market place has been in opera-
tion for several years. It is operated very informally according to an established
practice, and it has never been described for a larger audience.

The two transmission companies sell the heat to the distribution companies within
their regions. Like the tariffs of all other energy companies in Denmark, this sales
tariff is composed of a fixed and a variable part, as required by the Heat Supply Act
to reflect the cost structure of the company.

The fixed element of the tariff must cover amortisation of debt, depreciation, possi-
bly a provision for future investment, fixed operation and maintenance costs, ad-
ministration, lease of peak-load boilers, etc. The variable element is the residual,
covering fuel, electricity for pumping, and variable operation cost.

For the transmission company covering the central city (CTR) the fixed element is
about 50% of the price paid by the distribution companies; for the company in the
western suburbs (VEKS) the fixed element is about two-thirds of the price.

3.7.4 Overlapping international electricity and gas markets

Widespread introduction of small-scale gas fired CHP, replacing gas boilers, will
increase the seasonal variation in the demand for natural gas. This may lead to less
favourable gas contracts or higher prices at a future gas spot market. The variation
will be much larger than the variation in gas demand from gas boilers for space
heating, because gas is used for generation of both electricity and heat at the same
time. In addition, the more efficient the cogeneration is in terms of electric effi-
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ciency the larger the variation in gas demand will be (see Section 2.4.2. This feature
may decrease the benefit of very efficient gas-only fired cogeneration. In large dis-
trict heating systems, however, there will be generating units of different vintages
and fuel flexibility, so coal or oil fired units may be used during peak load for the
natural gas grid.

International connections of electricity and gas transmission systems can develop
new opportunities for a more efficient use of energy and infrastructure, provided
that also the market organisation is developed. In many cases an appropriate market
structure will reduce the need for new transmission capacity. An important conclu-
sion from the Baltic Ring Study of the electricity markets of the countries around
the Baltic Sea was that only few new transmission lines were needed (e.g. from Po-
land via the Russian city Kaliningrad to Lithuania). Most of the benefit could be
achieved by a better organisation of the market for international electricity trade.

The electricity and gas markets become more overlapping. The new Gas Connector
between the UK and the Continent may not only have impact on the gas trade. It
may also lead to further integration of the European market for wholesale electric-
ity. With the gas connector and the increasing capacity of gas fired electricity gen-
erating units gas will be used for electricity generation, where the price of electricity
is highest. The organised markets for spot and future electricity already exist. The
Electricity Pool of England and Wales has been in operation for nearly a decade,
since 1992 the power exchange in Oslo, Nord Pool, has developed from a national
Norwegian electricity exchange to a Nordic exchange covering four countries by
1999, and the Amsterdam Power Exchange has started from 1999.

3.8 Competition and consumer sovereignty in a liberalised
market

The most downstream element in the vertical chain, namely house installations,
should not be ignored. Such installations are often treated as a part of the capital
value of the building. In most countries the housing market is very different from
the market for industrial facilities. Housing is a major political concern in all coun-
tries, and housing financing is essential for the social welfare of the population,
which has lead to sustained market regulation over decades. When financial markets
are working properly, housing will be financed by long-term mortgage loans. Over
the last decade competitive financial markets have improved substantially, and in-
dividual home owners have been able to benefit from low interest rates.

The promotion of competition and consumer sovereignty is one of the main objec-
tives of a liberalised market. The other important objective is economic efficiency.
All other things being equal, economic efficiency will lead to more cost-effective
solutions of environmental targets.
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3.8.1 Cash-and-carry items vs. real property

However, both European and national competition authorities tend to have a bias
towards cash-and-carry items with low transaction costs, myopic agents, and high
discount rates. These features are compatible with goods and services that are inter-
nationally traded, and the recent development has shown that several goods and
services that were considered as natural monopolies have been successfully con-
verted into items that are traded within a competitive market, e.g. telecommunica-
tion, public transport, electricity and natural gas. The most important features of this
transformation is a mature infrastructure, which can be used as a common carrier
for competing producers, and the development of new, less capital-intensive tech-
nologies, e.g. mobile telephones, or the combined cycle gas turbine for electricity
generation.

Other markets have features that are very different from these, e.g. the real estate
market. In particular the market for resident-owned housing is characterised by
long-term investments, very high transaction costs, rational expectations agents and
low personal discount rates.

The conflict between home buyers and building entrepreneurs are well known. In
countries - like Britain, the Netherlands and Denmark - with a long tradition for
individual home ownership financed by long-term mortgage loans, there is also a
tradition for very strict physical regulation. The image of the traditional English
town with occupant-owned terraced houses indicates that consumer sovereignty
may have very collective features, which have been broadly accepted and enforced
over a very long period.

3.8.2 Consumers' choice for space heating

The real choices always faced by consumers for their space heating system are very
dependent of the type of building and the available collective heating systems.
These choices and the possible restrictions on the freedom of choice is described in
Table 3.1 for various types of buildings and the available heating system.

The physical structure of building and neighbourhood is more important than own-
ership. Both single-family houses and flats in multi-storey buildings may be owner-
occupied or rented. A tenant in an obsolete flat with a paraffin stove in a multi-
storey building has the freedom of choice where to buy a can of paraffin to carry
home. On the other hand, the owner of an up-to-date detached house connected to a
natural gas or district heating grid may have no choice of supplier as a captured
customer, either by a long-term contract or compulsory connection to the grid.
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Table 3.1. Heating systems in different types of dwellings

Flats in multi-storey buildings

Central heating by a
single pipe water-based
system with serial con-
nected radiators without
valves

This was the Soviet type of heating systems in blocks of flats often con-
nected to an urban district heating system. The beginning and end of the
heating season and the temperature was controlled centrally. The only pos-
sibility for consumers to regulate the room temperature was opening the
windows, which would be without consequences for the individual bill.

Central heating, individ-
ual regulation and col-
lective metering

This system was widely introduced in new multi-family houses in Denmark
during the time of sustained low fuel prices in the 1960s and early 1970s. It
was considered important to avoid the nuisance of meter reading and indi-
vidual billing. The total heat bill for a large number of flats was distributed
among the residents on the basis of floor area or the number of radiators.
Much effort and subsidies was used during the 1980s to introduce individ-
ual metering.

Central heating system
with thermostat valves
and individual metering.

This is probably the most widespread system for flats in modern multi-
storey buildings in most countries. The heat central may be a oil or gas
boiler or connection to a local district heating grid. Large central heating
systems are also suitable for small-scale CHP.

Individual natural gas
boiler for central heating
of a radiator system in a
single flat.

Individual natural gas boilers, e.g. for a radiator system may give the con-
sumer a feeling of autonomy and the gas liberalisation enables the choice
among many suppliers using the gas grid as a common carrier. Examples
are found in, e.g. the UK and Italy.

Flats with room heating Room heating independent of collective systems gives the consumer the
choice between electric heating and oil or paraffin boilers. Both options are
often very expensive and the latter can be a strain on the old or disabled
people who are frequently residents of outdated flats.

Single-family houses

Water-based radiator
systems connected to a
district heating grid

The local district heating grid is a part of the necessary heat system for the
house, and it can also legally be a part of the individual real properties. The
individual heat installations are often very simple: only pipes, valves and
thermometers for feed and return of hot water and a meter for water flow or
heat delivery. In Denmark the meters are often read by the consumers
themselves once a year and sent to the local company for billing. Long-
term contracts or compulsory connection may be necessary to maintain a
high rate of connection to the local grid. If the local grid is connected to a
mature large urban district heating grids, it may be part of a common car-
rier for competition between many suppliers of heat.

Gas burner connected to
a natural gas grid

Individual boilers may give the consumers a choice of fuel, e.g. LPG.
However, long-term contracts or compulsory connection may be necessary
for the establishment of a new grid, although the cost of the local gas grid is
smaller than for district heating,. In the UK, the mature natural grid is al-
ready used as a common carrier for competing suppliers of gas.

Individual boiler for fuel
delivery

There are no restrictions for consumers to choose among competing suppli-
ers.

Electric heating Electricity from a mature electricity distribution grid is universally avail-
able, and after market liberalisation consumers will have the right to choose
among competing suppliers.among competing suppliers.
Renewable heating systems, e.g. solar thermal panels may cover only a part
of the heat requirements. These systems may be eligible for subsidies or
exempt from requirements for connection to a district heating or gas grid

Renewable heating sys-
tems
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Drawing: Knud Sorensen Schon. Source: Naturgas i Danmark, AKF-" 1980

Figure 3.3. The dream or the nightmare of competition2 8

The physical rationale of restrictions on flats in large buildings is obvious and will
apply whether the dwelling is owned or rented by the occupant.

For single-family houses in an urban or suburban environment most restrictions
does not reflect such obvious physical factors of building construction, and they
may be legally imposed as restrictions on the property that must be registered with a
public register of mortgages and restrictive covenants (Danish: tinglysning, French:
inscription hypothecate, German: Eintragung ins Grundbuch) in accordance with
the different legal systems of regulation of real property in the EU Member States.
Piped energy distribution system may be treated similar to the universal systems of
water, sewage and electricity. Such restrictive covenant (Danish: servitut, French:
greve d'une servitude, German: Verfugungsbeschrdnkung, Grunddienstbarkeit) is
most often in the interest of the property owners, and they may be important for
keeping the value of the property for sale or mortgage loans.

With increased income for the European consumers, there will be a much larger
market for occupant-owned single-family houses. In many countries the standard
solution for heating is natural gas delivered to a house boiler. While new 'green
field' district heating grids in existing neighbourhoods may be undue expensive,
this may not be the case for new development. Here, district heating becomes an
alternative to investments in a new gas grid and individual boilers. The new grids

28 Bundgaard-Jorgensen et al. 1980.
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may be connected to the existing or they can be fed from the most recent vintage of
small-scale CHP. Zoning for district heating in new developments of single-family
houses will give home-buyers an alternative choice to natural gas, thus reducing the
market power of the incumbent natural gas suppliers. At the same time it may create
an even larger - but more competitive - market for natural gas.

For the individual consumer or family the housing market is far more essential than
the energy market. Although housing regulation were introduced to meet very es-
sential social needs, the prolonged distortion of housing markets in many European
countries has been a daily nuisance for consumers over generations. The ability to
rent or buy, keep or change a dwelling at reasonable cost and the appropriate time-
horizon that is the objective of the housing market.

The energy market must be subordinate to this objective. Otherwise, energy market
liberalisation becomes only job creation for new entrants to the industry, rather than
opportunities for the consumers these efforts were claimed to benefit.
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CHP modelling29

CHP producers are operating in two markets: the electricity market, which is be-
coming increasingly international and competitive, and a heat market, which must
be local with many monopoly elements.

Industrial CHP plants are most often based on the steam or heat requirement from
the particular industrial site itself, thus an external heat market may not be consid-
ered at all. An important driver for industrial CHP and industrial autoproducers of
electricity in the past has been the autonomy from the public electricity supply in-
dustry and monopoly pricing. The same driver has also been very important for lo-
cal utilities of any size, from small village co-operatives to metropolitan multi-
utilities.

The motivation of autonomy may well survive in a liberalised electricity market in
order to circumvent the conditions of regulation and payments, which are frequently
changing in a very regulation-intensive competitive market. CHP technologies, in
particular, may be well-suited to enable a flexible response to changing market con-
ditions as a contribution to a portfolio of facilities and technologies for hedging
against the risks of price volatility, unexpected regulation and taxation, and market
or regulation failures.

The quantitative analysis in this chapter will be based on the type of energy-
environment-economics modelling that has traditionally been applied in the frame-
work of analysis supported by DG XVII. However, none of the bottom-up or top-
down models that are used by the European Commission for energy and environ-
ment studies are well suited to address such types of market realities that often will
offset conclusions based on techno-economic efficiency. Even within a framework
of techno-economic efficiency, these models have not been developed to address
the spatial element necessary to describe the development of a network infrastruc-
ture or the competition between electricity, gas and district heating networks.

4.1 CHP in different local urban environments

Many energy systems models or even macro models treat CHP, efficiency in low
temperature use and the use of renewables in a partial manner without considering
the underlaying interrelationships at the local level.

29 Conversion of currencies and price levels for different years is a major source of uncertainty in
quantitative modelling, see Appendix A: Currency conversion and price levels.
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Table 4.1. Examples of local or regional configurations for CHP.

1. Down town efficient
solution (high heat
density)

2. Densely built multi-
family houses in sub-
urban areas (medium
heat density)

3. New (to be con-
structed) settlements in
suburban areas (me-
dium to low heat den-
sity)

4. Town or village
district heating grid

5. Large-scale regional
district heating grid
connected to extrac-
tion-condensing power
stations of different
vintages

6. Paris district heating
system

• existing building stock, but increasing share of multi-floor-buildings

• cooling demand for commercial and office buildings

• relatively high electricity prices

• owner of the district heat system: utilities, gas companies, municipali-
ties, district heat companies

• existing building stock and commercial areas with existing DH grid

• some cooling demand (super markets, commerce)

• high electricity prices

• CHP plant with biomass possibly economic in rural environment or near
forests

• owner of the district heat system: municipalities or district heat compa-
nies

• densely situated new residential houses and small commercial areas with
small DH grid and solar heat/engine driven CHP or fuel cells

• high electricity prices

• owner of the heat grid: specialised energy service companies

• increasing share of buildings with access to the district heating grid

• low temperature in district heating grid (not suitable for absorption
cooling)

• limited cooling demand in commercial and office buildings

• electricity market prices or guarantied price for electricity sales

• owner of the district heat system: utilities, municipalities, district heat
companies

• increasing share of buildings with access to the district heating grid

• different temperatures in different parts of district heating grid (partly
suitable for absorption cooling)

• limited cooling demand in commercial and office buildings

• electricity market prices

• hierarchy of owners of the district heat system.

• High temperature steam distribution grid (very suitable for absorption
cooling)

• Return of condensed water at 70 °C (may be suitable as secondary low-
temperature heat applications

• electricity market prices

• owner: subsidiary of large private company with similar activities else-
where

Source: E. Jochem, FhG-ISI and P. E. Grohnheit, Ris0
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Table 4.1 shows examples of different types of local configurations, which will
have much impact on the prospects for the penetration of CHP.

A common feature of all markets for space heating is the declining heat demand per
m2 of building floor-area or m3 of building volume, because of improved technolo-
gies of building insulation. However, technology progress of heatmg, cooling and
ventilation systems for buildings may lead lower as well as higher demand for de-
livered energy, because such efficiency gains may enable a higher comfort level.
Increased use of renewables for individual buildings or district heating networks
may also reduce the demand for CHP.

The first three examples describe local configurations are devised mainly on Ger-
man experience for city areas and settlements, where small-scale CHP were consid-
ered in a market with captive electricity customers facing high electricity prices (see
Section 3.4.1). They also illustrate the issue of'embedded power generation plants',
which mainly reflects an issue for industrial CHP in the privatised UK electricity
market with a mandatory electricity Pool with uplift payment.

The Danish development of small-scale, 'decentralised' CHP in the 1990s falls
between these configurations and Example 4. These units are not 'embedded power
generation plants', because all electricity is sold to the grid at guarantied prices
above the average price on the Nordic power exchange. Their heat markets are ex-
isting heating grids in towns and villages with captive heat customers that are pro-
tected by price regulation (see Section 3.2).

Example 4 describes this local configuration facing an international competitive
electricity market. It represents the future market conditions for a large number of
small and medium towns in Denmark, Finland, Sweden, Germany and France, and
some few district heating systems in other countries. The common feature of all
these heat market is that they are not supplied from large-scale power plants, and
their heat markets are too small to be the decisive factor for the location of new
large plants. This is the key difference between the Examples 4 and 5. The latter
describes large urban district heating network in many urban region networks that
supply more than about 100,000 inhabitants in Denmark, Finland, Germany, and
Austria. Only few of the large urban district systems in Sweden are connected to
large extraction-condensing power plants (see Section 3.3.3).

Results from model calculations describing the Examples 4 and 5 may be inter-
preted in a generalised way to cover also most of the potential markets for CHP/DH
in Europe. Such a generalisation is also valid when applied negatively: Examples 4
and 5 describes such local configurations that are most favourable for the penetra-
tion of small-scale and large-scale CHP. Technologies that will not be selected un-
der conditions described for these examples will not penetrate on the same condi-
tions elsewhere. An exception to this possibility of generalisation is Example 6 de-
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scribing the large district heating system in Paris, which is unique in size and de-
sign30.

The assumptions used for reference in Examples 1, 2 and 3 are challenged by the
market liberalisation by the new German Electricity Act from 1988. The customers
of the municipal utilities are no longer captive. During 1999 German utilities have
sold electricity to large customers at 3-6 DPf/kWh. (15-30 Euro/MWh). Although it
is doubtful whether such low prices can be maintained over 10 years, it is reported
that such prices are undermining CHP/DH, and it is feared that a significant share of
such CHP/DH capacity could disappear. Comparing these prices of electricity to the
cost reported for new, very small-scale CHP installations in Germany, 80-100
Euro/MWh (Rosenbauer and Kraft-Wolfel, 1998) this conclusion could well be
valid.

However, price quotations in 1998 from the Nordic power exchange Nord Pool and
the power broker Skandinavisk Kraftmegling for forward prices for annual contracts
at about 160 NOK or 19 Euro/MWh at current prices. This price quotation (15
Ecu90/MWh) is within the range between the short-term and long-term marginal
cost for power generating units (see Table 2.7), except those of very small scale,
and it could well be used as a reference price for wholesale electricity on a market
with excess capacity (see Section 4.3.3).

Long-term contracts between consumers and generators of electricity does not
change the relevance of this reference price for sale of electricity in a liberalised
market. A generator who is selling electricity on the basis of a long-term contract
may sometimes be facing spot market prices that is lower that the short-term mar-
ginal costs of own production. In such cases secondary trade of electricity will be
profitable. This situation should not happen very often, but it is possible in regions
dominated by hydro power and a limited transmission capacity. Spot prices as low
as 5 Euro/MWh are often seen on the spot market of the Nordic power exchange,
Nord Pool, for regions in Norway during hours of low demand in spring and sum-
mer time when there is little excess reservoir capacity and much inflow of water.

4.2 Modelling the penetration of new technologies

Optimisation models like EFOM and MARKAL are well suited to describe the
penetration of new technologies. Thus, cogeneration of electricity and steam for
industrial processes is easily modelled by this type of models, because the heat is

30 An interesting observation is made by comparing the temperature of the condensed water from
the Paris district heating system: The average temperature of the return water in Paris, 70 °C, is
similar to the temperature of the water delivered to house installations in many Danish district heat-
ing networks.
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used for a single identified process. The market for urban district heating is mod-
elled using exogenous assumptions on the size of this market. There is no tool for
modelling the competition between a district heating grid and a natural gas grid.
There is, however, a widespread rule-of-thumb that 'where there is a natural gas
grid there will never come a district heating grid'.

The EFOM model, in particular, is described as a network of energy flows. There
has, however, never been a tradition to interpret this network - or part of it - as
spatial elements that contains producers or consumers of gas, electricity or heat with
different characteristics, between which connections can be built, if they meet the
optimisation criteria. Such a model variant will be most practical, when describing
the electricity and heating system in an idealised city rather than a model for the
national energy system.

4.2.1 Optimisation with emission constraints

This issue has been the topic of numerous studies using 'bottom-up' models since
the mid 1980s, when the reduction of SO2 and NOx was on the agenda, and later the
same models were used to describe the impact of CO2 emission reduction targets on
the national energy systems. One of the first multinational studies using the method
of emission cost curves was a study for the Commission DG XII covering all the
then 12 Member States (Coherance 1991). The results were presented by the impact
of stepwise tighter constraints on CO2 on total energy system cost and the technol-
ogy mix. An illustrative example was found for the Danish power system: The tar-
gets of constant CO2 emission in 2005 compared to 1988 until 30% reduction can
be met mainly by the substitution of gas for coal. However, a stricter reduction tar-
get would be met by less gas and expensive non-fossil fuel technologies (renew-
ables). To avoid 'stranded assets' in newly built natural gas generating units, in-
vestment in these non-fossil fuel technologies should start already by the year 2000,
when the reduction target were less strict than five years later (Grohnheit 1991).

4.2.2 Liberalised market

Although optimisation models for the energy sector were designed for the tradi-
tional organisation of the industry, these models with their detailed representation of
technologies and their simple optimisation algorithm are also useful for analyses of
penetration of technologies in a liberalised model environment.

However, the traditional model design for the national energy system covering all
energy sectors is not very useful. They must be redesigned to describe a single
agent or a homogeneous group of agents who are facing a large competitive market
that may be characterised by a set of exogenous prices.
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The competitive market is also described by a high discount rate and short time ho-
rizon. In reality, a competitive market may be more rather than less regulation-
intensive. Such elements of regulation will be treated as constraints in the optimisa-
tion model in a similar way as infrastructure and planning constraints in the tradi-
tional planning application.

The structure and boundaries of the optimisation model used in a liberalised market
is very important. A societal discount rate of perhaps 5% may be applied for the
common optimisation of the economy including elements that are regulated mo-
nopolies, while the optimisation for a particular agent in a competitive market must
apply a higher discount rate of 10% real or more. In the latter case all elements that
have a regulated monopoly character must be exogenous.

4.2.3 Low energy prices and internalised emission costs

A future of low real energy prices for consumers and producers may well be im-
portant in terms of the EU's global competitiveness; but it is unlikely to assist im-
plementation of the European Union's commitment to reduce the emissions of
greenhouse gases. The shadow prices of the emission limits will increase the effec-
tive price level of fossil fuel. These shadow prices may be implemented either by
taxes or tradable permits, which will change the relative prices of fuel use and
capital-intensive equipment in favour of the latter.

It has become conventional wisdom from numerous studies with econometric and
macroeconomic models that the allocation effect of an excise tax on energy is small
compared to the income and re-distribution effects of the compensation. The same
type of result may be found for tradable permits when using equilibrium models.

An important issue for these measures is: who will pay the taxes or the price of the
permits in the end?

For modelling purpose a CO2 tax or tradable permit can be added as a price tag to
the fuels that are used for electricity generation, but the full weight of this extra fuel
cost may not be transferred fully to the electricity price on the international whole-
sale market, because a higher price on the spot or futures market for electricity
would attract investment new large gas-fired power stations for sale on the whole-
sale electricity market. Such investments will limit further price increase by the
competition among the potential investors. Model calculations for this study indi-
cate that CO2 payments above some 20 Euro per ton CO2 are unlikely to be trans-
ferred to the market price for international electricity market price.

This result may well be generalised to most other regions in Europe, because the
winning technology is available everywhere. The 'dash for gas' in the UK is a
practical illustration of this result, showing the impact of too high Pool prices in an
imperfect market.
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4.2.4 The spatial element

The spatial element may be addressed within the framework of the type of model-
ling used so far by studies for DG XVII. The spatial element is introduced within
the framework of a techno-economic optimisation model, as soon as it is specified
geographically and contains an option for external purchase and sale and the neces-
sary physical capacity for transmission. Such elements representing different local
configurations as described in Table 4.1 can be connected into a network of any
size.

However, a more detailed description of urban structure at the local level must be
based on Geographical Information Systems (GIS) modelling of buildings and net-
works. Such computer systems have been developed over the last decades. This
development started by identification of selected items by geographical co-
ordinates, which can now be selected and processed by graphical data processing,
e.g. interpretation of aerial photos or three-dimensional graphical presentations.

GIS modelling is extremely data intensive, and it has been applied for many very
specific purposes, for which the owners of the data may have a natural monopoly
that stems from the vast amount of work that has been needed to develop the data.
Among those are models of all types of urban networks.

GIS modelling for broader purposes have been the objective for several large re-
search and development project supported under various European Union pro-
grammes.

At least three large-scale, multi-year project on GIS applications of relevance for
the development of CHP in Europe have been carried out during the last five years
with support from EU Programmes:

• INSPIRE (Integrated Spatial Potential Initiative for Renewables in Europe)

• COST Project C4: Information and Decision Support Systems for Management
of Integrated Urban Civil Engineering

• EC GIS Strategic Research and Development In Europe under the INCO Pro-
gramme of DG III (Industry) "Urban Planning and Environmental Monitoring
via GIS in Eastern Europe", 1997-1998.31

A thorough analysis of the future prospects for CHP on a European level will re-
quire an analysis based on selected elements from technology and energy systems
models, which must be applied for an appropriates number of representative local
urban configurations. A detailed description of physical networks of pipes and wires
will be need for modelling endogenous development of grids in energy models.
Such modelling will also be needed for modelling the competition between natural
gas and district heating

31 http://ams.emap.sai.jrc. itMg3gisMg3gis.htm
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4.3 Optimisation results for a CHP region32

The EFOM model, which is focusing on the technology choice and competition
between generating technologies, can be used to analyse the revenue requirement
from long-term contracts. The technology choice will depend on both the techno-
economic parameters for future technologies as well as fuel prices, demand for
electricity and heat, and emission constraints.

The physical network infrastructure for electricity, gas and district heating is exoge-
nous. However, it is an important feature of a liberalised market for energy that the
'pipes and wires' remain a regulated monopoly with access for all market partici-
pants.

4.3.1 The EFOM model for CHP systems

The EFOM-CHP model is used as an element within a set of modelling tools that
are available for analysing the options and strategies for electricity generators that
are operating in a an electricity market with competition and environmental con-
straints33. The energy system is described as a network combining the extraction of
primary fuels through a number of conversion and transport technologies to the de-
mand for energy services or large energy consuming materials. This model structure
may describe a country, but it may be disaggregated into regions or large utility
companies. The natural boundary for a CHP system is a town or urban region with
an interconnected district heating grid.

Figure 4.1 shows the principle for the links that is used to describe CHP either for
industrial steam raising or district heating. The model also allows technology sub-
stitution in the demand sectors, which may lead to different demands for electricity

32 Research grants for the research that is summarised in Section 4.3 were received from the JOULE
Energy Research Programme of the European Commission, the Energy Research Programme of the
Nordic Council of Ministers, and the Danish Energy Research Programme. Earlier versions of this
paper "Spot markets vs. long-term contracts - modelling tools for regional electricity generating
utilities" was presented at the conference "Economic and technical challenges of liberalized electric-
ity markets" Vienna 24-26 February 1999 and the Nordic Conference "Design of energy markets and
environment", Copenhagen 20-21 May 1999

3 3 The EFOM model (Energy Flow Optimisation Model) was developed as to the supply part of the
energy model complex of the Commission of the European Communities. It has been used for a
number of studies since the 1970s. It was used during the 1980s for reference projections of the
energy systems in the member countries; and scenarios with assumptions concerning economic
growth levels, oil import prices, or the role of solid fuels and nuclear power were studied. An exten-
sion of the model to include emissions of pollutants and abatement techniques has been used for
many international collaborative studies, e.g. for the construction of cost curves for emission reduc-
tion. The EFOM-CHP model is developed from the model version used for a study on analysis of
CO2 reduction options for the European Commission in 1990 focusing on CO2 reduction cost curves
(Coherance 1991).
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and heat. Each link in the figure can represent several competitive technologies or
several vintages of the same technology (Grohnheit 1993). The links refer to a data-
base containing techno-economic data, e.g. fuel efficiencies, investment and oper-
ating costs, emission factors, initially installed capacities and constraints on new
capacities or energy flows34.

Coal

Condensing units

Electricity

Coal

Back-pressure units

Output mix

Figure 4.1. Optimisation model for large-scale and small-scale CHP networks

The upper part of the figure shows condensing units and extraction-condensing
units for large-scale CHP systems (see Section 2.4.2). The flexible combination of
electricity and heat is modelled by converting part of the potential electricity to heat
using the inverse of the power-loss-ratio, l/cv.

Techno-economic data for a selection of these technologies are shown in Table 4.2.
Extraction-condensing units may operate either in condensing or back-pressure
mode. Table 4.2 also includes techno-economic data for non-fossil, electricity-only
technologies that may compete with CHP.

The lower part of Figure 4.1 shows small-scale CHP technologies that are available
for small district heating grids, mainly back-pressure units that generate electricity
and heat in a fixed proportion specified by the power-to-heat ratio, cm. Table 4.3
shows techno-economic data for selected small-scale CHP technologies, district
heating boilers, renewables and heat pumps.

34 The description of the infrastructure and the options for investment in new equipment and new
technologies and their techno-economic data was developed from the Danish national energy plan
"Energy 2000" from 1990. and updated from the most recent national energy plan "Energy 21" from
1996. Data for few of the technologies (e.g. nuclear power or heat pumps) are from other sources.
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Table 4.2. Technologies for electricity and central CHP

Electric
Efficiency

Cm
Value
Elec/
heat

Availabil-
ity
Hours/
year

Life
time
Years

Emission factors

kg/GJ-input
NOx SO2

Invest.
cost
kEcu-90
/MW

O & M
cost
%of
invest.

Condensing mode production
Coal units, adv. boiler, DeSNOx 0.47
Coal fired units, Boosted, DeSNOx 0.49

Old reference, coal 0.38
Gas units, adv. Boiler, DeSNOx 0.50
Gas units, combined cycle 0.60
Fuel cells, gas, melted carbonate 0.70
Gasturbine, peak load 0.32
Back-pressure mode production
Coal units, adv. boiler, DeSNOx 0.88
Coal fired units, Boosted, DeSNOx 0.90
Old reference, coal 0.87
Gas units, combined cycle 0.91

Fuel cells, gas, melted carbonate 0.93
Non-fossil - electricity only
Photovoltaic
Wave energy
Wind Turbines, land
Wind Turbines, land, future
Wind Turbines, sea
Wind Turbines, sea, future
Nuclear 0.33

0.65
0.86
0.44
1.10
2.70

0.90
0.90
0.82
0.91
0.94
0.90
0.90

0.90
0.90
0.82
0.94
0.90

0.17
0.25
0.24
0.24
0.38
0.38
0.89

30

30

25

30

30

20

30

30

30

25

30

20

30

20

20

20

20

20

40

0.05
0.05
0.48
0.06
0.05
0.01
0.10

0.05
0.05
0.48
0.05
0.01

0.04
0.03
0.66
0.00
0.00
0.00
0.14

0.04
0.03
0.66
0.00
0.00

921
777
814
580
551
927
324

921
777
814
551
927

1356
2170
797
686

1646
1208

2220

3.2
3.2
3.0
1.5
2.5
4.0
7.4

3.2
3.2
3.0
2.5
4.0

2.0
2.0
2.3
2.1
2.3
2.5
4.1

Source: EFOM-CHP model

Table 4.3. Technologies for small-scale CHP and district heating

Combined heat/power plants
Coal, back-pressure >50 MWe
Coal, atmos.circ.fluid bed

Gas units, combined cycle

Gas Units, simple cycle
Fuel cells, gas, melted carbonate
Dual-fuel gas engines, gas
Straw
Waste
Gasmotor, biogas
District heating plants
Fuel oil boiler
Natural gas burner

Coal boiler

Straw boilers
Wood chip boilers
Large solar panels, no storage
Large solar panels, n.s., future
Waste incineration plants

Heat pumps (20 MW)

Total
Efficiency

0.88
0.84

0.88

0.91
0.90
0.90
0.85
0.85
0.75

0.95
0.99

0.85
0.88
1.12
1.00

0.88
2.70

Cm
Value
Elec/
heat

0.65
0.70
0.85

0.66
2.00
0.90
0.43
0.45
0.60

Availabil-
Uy
Hours/
year

0.82
0.82

0.94
0.90
0.90
0.88
0.91
0.90
0.82

0.00
0.00

0.82
0.92
0.97
0.17

0.82
0.82

Life
time
Years

30

30
30

25
20
23
30
20
20

20
20
20
20

20
20

Emission factors

kg/GJ-input
NOx

0.48
0.05

0.05

0.05
0.00
0.17
0.16
0.23
0.20

0.15
0.15

0.20
0.25
0.09
0.00

0.15

SO2

0.66

0.08

0.00
0.00
0.00
0.00
0.10
0.23
0.00

0.49
0.00

0.66
0.09
0.06
0.00

0.68

Invest.
cost
kEcu-90
/MW

1085

1356

840
580

1275
695

2028
3477
1492

0
0

136

348
290

5703

217

246

O & M
cost
%of
invest.

3.0

4.0

2.5
3.0
5.0
0.0
4.0
5.0
4.5

6.0
7.0
3.5
0.8
0.8
3.0
2.0

Source: EFOM-CHP model
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Both the upper and lower parts of Figure 4.1 are available for large urban grids, or a
small district heating grid connected to a particular extraction-condensing power
station.

4.3.2 District heating networks for small-scale and large-scale CHP

Quantitative results for the local configuration for CHP, Examples 4 and 5 as de-
scribed in Table 4.1 are developed by an optimisation using the energy price fore-
casts and emissions constraints in the PRIMES Post-Kyoto scenarios with an opti-
misation model for electricity and heat supply options for different electricity and
heat markets.

A CHP model region is specified using a set of consistent data for electricity and
heat demand, equipment for generating electricity and heat, biomass resources, and
infrastructure constraints. The same model and basic data are used to model differ-
ent scales of district heating, using the capacity of heat transmission from large ex-
traction-condensing power plants as a key parameter.

The model is designed using data from a group of five Danish cities (not including
Copenhagen) with a high penetration of district heating (about three-fourths of the
urban heat market) where most of the heat is supplied form 250-350 MW multi-fuel
extraction-condensing units commissioned during the last 30 years. A minor part of
the base load is supplied from industrial waste heat and incineration of urban solid
waste. By parameter variation this model may represent most of the large-scale dis-
trict heating networks in Europe. The absolute value of the electricity and heat mar-
kets in this group of cities is similar to the largest district heating networks in
Europe (e.g. Berlin, Copenhagen, Helsinki or Paris). The electricity and heat de-
mand and constraints on flows and capacities for biomass, renewables, etc. are
shown in Table 4.4

Small-scale district heating networks cannot benefit from the economies of scale of
large power plants, so the capacity of transmission from large power plants is zero.
This model variant is using data for biomass resources, etc. from a group of some
20 smaller Danish towns with a high penetration of district heating. It may represent
all district heating networks, large groups of buildings with water-based heat supply
or industrial heat requirements that are suitable for CHP units over some 10 MW
electric. The absolute values for the electricity and heat demands are the same as for
the model variant with access to large-scale CHP supply.
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Table 4.4. Demand and infrastructure constraints.

Demand, TWh

Electricity
Heat
Maximum flows, TWh
Electricity export (=total demand)

Hydro power
Nuclear
Max. peat to exist, pp
Supply from large-scale CHP units

Fuel oil for DH
Coal for DH
Straw
Biogas
Wood
Waste for incineration

Industrial waste for DH
Maximum capacity, MW

Wind Turbines, land

Wind Turbines, sea

1995

6.3
8.3

6.3
0.0
0.0
0.0

10.3

0.8
0.1
0.0
0.0
0.0
1.2

0.9

1000
0

Large CHP networks
2000

6.3
8.7

6.3
0.0
0.0
0.0

10.8
0.7
0.1
0.0
0.0
0.0
1.7

0.9

1000

0

2010

6.2
9.1

6.2

0.0
0.0
0.0

11.3
0.6
0.1
0.0
0.0
0.0
2.2

0.9

1000

0

2020

6.0
9.2

6.0
0.0
0.0
0.0

11.3

0.6
0.0
0.0
0.0
0.0
2.2

0.9

1000

0

1995

6.3
9.0

6.3

0.0
0.0
0.0

0.0
0.8
0.1
0.5
0.3
0.3
1.0
0.3

1000
0

Small CHP networks
2000

6.3
9.6

6.3
0.0
0.0
0.0
0.0
0.7
0.1
2.1
1.2
0.8
1.3
0.3

1000

0

2010

6.2
10.3

6.2
0.0
0.0
0.0
0.0
0.6
0.1
3.9
2.4
1.4
1.7

0.3

1000

0

2020

6.0
10.5

6.0
0.0
0.0
0.0

0.0
0.6
0.0
4.1
2.9
1.4
1.8

0.3

1000

0
Source: EFOM-CHP model

Electricity and heat load variations during the year are modelled using two-step load
duration curves, describing peak and base load demand for the winter and summer
seasons, see Figure 4.2.

The last group of infrastructure data needed for running the model for a CHP sys-
tem is the initial capacities for electricity and heat generating equipment. The de-
fault assumption for a model region that does not represent a specific geographical
region is that there is no electricity and CHP generating capacity. Then, initially all
electricity will be purchased form the national or international market. The heat
demand, however, cannot be met by import of heat to the local district heating grid.
The default assumption that will represent most potential CHP networks will be that
some base load is supplied by waste incineration and the remaining demand by a
sufficient boiler capacity, which can burn all types of fossil fuels and biomass.

Electricity Heat

11 \—p Winter

0.8

-a
g 0.6
_i

0.4

02

Summer

f
04 0.6 0.8

Duration

0.4 0.6 0.8

Duration

Figure 4.2. Seasonal load duration curves for electricity and district heating
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Taking 1995 as a starting year this assumption is valid for most small-scale district
heating networks in northern Europe as well as many large water-based heat distri-
bution systems. This assumption is also valid for many large-scale district heating
systems, particular in Sweden and France. However, most large-scale district heat-
ing systems in Denmark, Germany, Finland and Austria and many small-scale sys-
tems for both industry and district heating were equipped with CHP facilities in
1995. Table 4.5 shows the initial capacities for 1995 in the same groups of district
heating networks as in Table 4.4, the phase out by age of these capacities during the
modelling period, and planned new equipment till 2010.

Table 4.5. Capacities for Electricity Generation and Transmission.

1995

Residual capacities

2000 2010 2020

Planned capacities

2000 2010

Large CHP networks
Large-scale thermal power generating unils(Exlraction-condensing), MWe

Old fossil plants
Bio boiler to exist, plant
Plants with FGD
Coal firing at new plants
Gas units, adv. Boiler, DeSNOx
Boosted coal boilers

Small-scale CHP generating units, MWe

Decent.CHP, waste incin.
Waste incineration for DH

Small CHP networks
Small-scale CHP generating units, MWe
Backpressure plants for DH
Decent.CHP, combined cycle
Decent.CHP, gas turbines
Decent.CHP, gas motors
Decent.CHP, waste incin.
Decent.CHP, straw

Decent.CHP, wood

Decent.CHP, biogas
Industry, Gasturbines
Waste incineration for DH
District heating boilers

1757
0

1480
1480

0
0

24

280

155
372

55
69
99

7

5
12

0
220

(Sufficient initial

1202
0

1080
1080

0
0

24

280

155
372
55
69
99

7

5
12

0
220

0
0

1080
1080

0
0

24

140

154
372

55
69
99

7

5

12
0

110

0
0

388
388

0
0

24

0

154
372

55
69
99

7

5
12

0
0

capacity is phased out by 2010)

1217
1217

0
280

0
0
0
0
0

0
0

0

0
220

1217
1217

24

210

155
372

55
69
99

7

5

12

0
165

Source: EFOM-CHP model
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4.3.3 The impact of tradable CO2 permits

The results are presented by a set of figures comparing five scenarios: a reference
scenario, three examples of prices for tradable permits (11, 23 and 43 Ecu90 per ton
CO2) and an example of physical constraint on CO2 emissions. Six sets of scenarios
are specified combining discount rates and infrastructure assumptions. Similar to
the PRIMES modelling for the Shared Analysis Project all prices are shown in
Ecu90, which is the price base for several consumer price indices and fixed price
presentations of national accounts. The consumer price index in Ecu for 1998 with
1990=100 is 125 (the conversion factors for DKK and NOK 1998 are 9.382 and
10.596, respectively (see Appendix A).

The PRIMES forecast for fossil fuel prices has been used. However, the very im-
portant prices for wholesale trade of electricity cannot be derived from the PRIMES
assumptions. An annual contract price 2001 is assumed on the basis of price quota-
tions in 1998 from the Norwegian-Swedish electricity exchange Nord Pool and the
power broker Skandinavisk Kraftmegling for forward prices for annual contracts at
161 NOK per MWh (15 Ecu90). This price is divided into two components: the
variable cost of a coal or gas fired power plant and a residual that represent the
contribution margin for the marginal generator. However, this margin is very small,
leaving much existing capacity as 'stranded assets'. For a preliminary model analy-
sis the variable component was assumed to follow the price forecast for coal and
gas respectively, see Table 4.6.

Table 4.6. Price assumptions for fuels and electricity trade.

Coal
Fuel oil

Gasoil
Gas
Straw
Wood
Urban waste
Electricity import

Electricity export

1995
4.92
6.97

13.47

6.63
6.88
5.59

-8.31
17.21

13.75

Ecu90/MWh

2000
4.79
6.17

12.15
6.43
6.88
5.59

-8.31
16.92

13.46

2010
4.87
7.27

13.96

7.86
6.88
5.12

-8.31
17.10

13.63

2020
4.99
8.37

15.77
9.29
6.88
5.12

-8.31
17.36
13.89

1995
57
81

157

77
80
65

-97

200
160

Ecu90/toe

2000
56
72

141

75
80
65

-97
197
157

2010
57
85

162
91
80
60

-97
199
159

2020
58
97

183

108
80
60

-97
202
162

Sources: PRIMES Post Kyoto Scenarios and Energistyrelsen 1995.

The CO2 payment is modelled as a price tag to fossil fuel prices, which may be fully
or partial transferred to the electricity market price. The conclusion of the prelimi-
nary model analysis was that assuming that the price of an annual contract for elec-
tricity shall follow the lowest of a coal or gas reference price with CO2 payments.
Given the remaining assumptions for the CHP model regions, this assumption will
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lead to a reasonable balance between electricity purchase and sales for the different
types of CHP regions and power generation without heat supply.

4.3.4 Model results for small-scale and large-scale CHP networks

The results are shown in a series of graphs that display the technology choice for
electricity and heat generation, new capacities for electricity and heat, primary fu-
els, annual expenditure and CO2 emissions from the CHP region.

One of the groups of scenarios is chosen for the detailed presentation, namely the
combination of:

• Small-scale CHP network

• No initial CHP

• Discount rate 10%

• The price for an annual contract on the international market follows the lowest
of coal and gas prices with CO2 payment.

Other variants of the parameter assumptions are shown for comparison for graphs
that illustrate the technology choices for electricity and heat generation. These are

• Discount rate 5%.

• Existing CHP capacity 1995 for the CHP regions and a planned development to
2010 as shown in Table 4.5 (with the coal-gas price reference and 10% discount
rate).

• Availability of large-scale CHP.

Some model results were also tested using a 15% discount rate to represent risk-
averse agents in a very competitive market. This higher discount does not change
the main pattern of the technology choice, but investment in new capacities and sale
of electricity will be discouraged, while it becomes more attractive to purchase
electricity from outside. This mechanism may lead to higher electricity prices after
a decade with low prices.
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Electricity generation by technology

The various assumptions on fuel and electricity prices have significant influence on
the amount of import of electricity and local generation. In general, there will be a
shift from purchase on the national or international electricity market to local gen-
eration, and the higher the fuel and electricity prices the more electricity will be
generated locally, see Figure 4.3,

TWh

20 T—

Electricity generation by technology

-10 J J
95 00 10 20 95 00 10 20 95 00 10 20 95 00 10 20 95 00 10 20

Reference CO2 11ECU CO2 21 ECU CO2 43 ECU CO2 Cnst.

QH Decentral thermal

BCentral thermal

El Nuclear

OWind power

• Import

• Export

MU05w08e 25-09-99

© 1999 by P. E. Grohnhgi.
RisB National Laboratory, Oanmaik

Figure 4.3. Electricity generation by technology

If the wholesale electricity market price follows the rise in coal price with the cost
of CO2 quotas and the full weight of the permit price is transferred to the electricity
price on spot or futures markets, there will be an incentive to invest in new capacity
to generate for sales to the market. However, if this becomes the reaction of all
utilities, there will be overcapacity, and market prices will be reduced by competi-
tion among generators.

An initial capacity in 1995 has little influence on the technology choice. Under most
assumptions the optimisation will choose the same technologies as in the regions
with a planned development. When large-scale CHP is available this technology
seems to be dominant, i.e. it will be chosen both at higher CO2 payments and lower
discount rate. For small-scale CHP the technology choice is much more sensitive to
variations in assumptions. However, the overall pattern of the results is not very
sensitive to different assumptions.
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Small-scale CHP
5% discount rate. No initial CHP

Large-scale CHP

•J i l l lilUUlJ I

10% discount rate. No initial CHP

liiUlillll

10% discount rate. CHP capacity

Figure 4.3. Electricity generation by technology (Continued)

Thus, the assumption used for the development of the electricity market price (i.e.
the lowest of coal and gas prices with CO2 payment) seems to develop market equi-
librium with export from some regions and import to other regions, see Figure 4.3
(Continued). However, at the low discount rate, 5% and CO2 payment 43 Ecu90,
operators of both small-scale and large-scale CHP will have an incentive to invest
in new large-scale capacity for sale on the wholesale market in the period 2010-
2020. Also at 10% discount rate there will be some sale to the wholesale market in
the later periods.
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District heating supply technologies

The impact on district heating technologies is visible, but moderate as shown in
Figure 4.4. In particular, there is an increase in biomass for the small-scale district
heating grids at the expense of fossil fueled boilers. The large share of central CHP
will remain unchanged, but - as shown in Figure 4.7 - the primary fuel will change
from coal to gas.

PJ District heating

95 00 10 20 95 00 10 20 95 00 10 20 95 00 10 20

CO2 11ECU CO2 21ECU CO2 43 ECU CO2 Cnst.

@ Biolers fossil

El Heat pumps

• Large CHP

ESmall fossil CHP

• Biomass

• Indust. waste

MU05w08e 25-09-99

@ 1999 by P. E. Grohnhei.
Risa National Laboratory, Denmark

Figure 4.4. District heating technology choices.

The overall picture is that both small-scale CHP and large-scale will penetrate, but
large-scale CHP will dominate when available. A lower discount rate will speed up
this penetration of small-scale CHP, while higher CO2 payments will support bio-
mass.

An interesting feature, which appear at most of the different assumption is the
emergence of heat pumps in the last period 2010-2020. These model results may
even underestimate the potential for heat pumps, because the techno-economic as-
sumptions are very conservative. The assumed efficiency factor is 2.7 only, while
current vintages of large-scale heat pumps may have a much hicher efficient factor.

A more detailed and systematic set of assumptions for scales and vintages of differ-
ent CHP and district heating technologies can be used with in the EFOM-CHP
model, but this is beyond the scope of this study:
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Small-scale CHP
5% discount rate. No initial CHP

10% discount rate. No initial CHP

10% discount rate. CHP capacity

Large-scale CHP

DK2lw12< 28-09.89

Figure 4.4. District heating technology choices. (Continued)
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New electricity generating technologies

Figure 4.5 shows more details concerning the technology choice for local genera-
tion which was displayed in Figure 4.3. Under some assumptions, utilities in CHP
regions with no access to heat supply from large-scale power plants will prefer to
invest in cheaper technologies elsewhere rather than generate locally. At low dis-
count rate and high higher CO2 payment there will be an incentive to invest in wind
power for sale on the electricity market. Nuclear power, on the other hand, would
not be chosen within the range of assumptions that is used for this study; only at
even higher CO2 payment. However, only obsolete and tentative data has been in-
cluded for nuclear technologies, and nuclear CHP has not been considered.

GW

2.0 -r-

New electricity generating capacity

95 00 10 20 95 00 10 20 95 00 10 20 95 00 10 20 95 00 10 20

Reference CO2 11ECU CO2 21 ECU CO2 43 ECU CO2 Cnst.

• Fuel conversion

EHBiomass CHP

BDecentral CHP

E3 Central thermal

• Renewables

• Hydro/Nuclear

MU05w08e 25-09-99

© 1999 by P. £. Grobnhet.
Risa National Laboratory. Denmark

Figure 4.5. New electricity generating capacity.

Figure 4.5 (continued) on the facing page clearly the volatility of the results to the
variations of assumptions. However, it also shows the dominance of large-scale
CHP, when available. It means that within the given - rather conservative - set of
techno-economic assumptions (see Table 4.3) small-scale CHP applications cannot
compete with large-scale when these are available. Again, a more thorough study of
techno-economic data for different technologies could modify this conclusion.
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Small-scale CHP
5%> discount rate. No initial CHP

MUO5-0M IS-09 B9

10% discount rate. No initial CHP

10% discount rate. CHP capacity

ILL _rm Hen..

Large-scale CHP

I

Figure 4.5. New electricity generating capacity. (Continued)
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New heat generating technologies

Figure 4.6 shows the same development for new district heating capacity as Figure
4.4 for electricity capacity.

Obviously, there is little investment in new heat-only capacity in regions where
large-scale CHP is available. Only the waste incineration plants that are needed to
burn the urban waste that is available and some peak load boilers. At a low discount
rate, there will also be minor investment in heat pumps.

Again, it is shown that the technology choice is much more open in small-scale
networks.

GW

2.0

New district heating capacity

95 00 10 20 95 00 10 20 95 00 10 20 95 00 10 20 95 00 10 20

Reference CO2 11ECU CO2 21ECU CO2 43ECU CO2 Cnst.

• Fossil boilers

H Heatpumps for DH

EnBiomass boilers

BSmall-scaleCHP

• Large-scale CHP

HWaste incineration

^ Solar panels

MU05w08e 25-09-99

© 1999 by p. e Grohnhe*.

Risa National Laboratory. Denmark

Figure 4.6. New CHP and district heating capacity.
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Small-scale CHP
10% discount rate. No initial CHP

Large-scale CHP

11 11
10% discount rate. No initial CHP

i al JM
10% discount rate. No initial CHP

Figure 4.6. New CHP and district heating capacity. (Continued)

Primary fuels

Figure 4.7 clearly illustrate the dominance of gas for small-scale CHP applications.
Only the default assumption are shown, but parameter variations within the range
used for the previous figures have little impact on the dominance of gas.

In large-scale CHP regions with an initial capacity of coal-fired or multi-fuel ca-
pacity, the introduction of CO2 payment will lead to the substition of gas for coal,
reflecting the somewhat lower carbon contents of gas compared to coal (56 kg CO2
per GJ gas and 95 for coal). However, this result may be sensitive to the relative
prices of coal and gas. This is illustrated in Figure 4.8, which shows a return from
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gas to coal in the last period, 2010-2020, because the assumed increase in gas price
will outweigh CO2 payment at the moderate level at 21 Ecu90 per ton CO2.

PJ Primary energy for the electricity and CHP

70 -

60 -

50 •

40

30 -
I

•1
I •Ii UBiomass

• Uranium

El Natural gas

• Oil

El Peat

• Coal

95 00 10 20 95 00 10 20 95 00 10 20 95 00 10 20 95 00 10 20

Reference CO2 11ECU CO2 21 ECU CO2 43 ECU CO2 Cnst.
MU05w08e 25-09-99

9imbyP.E.Gmlmhe>.
Rise National Laboratory. Denmark

Figure 4.7. Primary energy - Small-scale CHP network with no initial CHP.

Primary energy for the electricity and CHP
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• Coal
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Reference CO2 11ECU CO2 21ECU CO2 43 ECU CO2 Cnst.
DK21w12e 26-09-99
© 1999 by P. E. GrohnbeH.
Rise National Laboratory. Denmark

Figure 4.8. Primary energy - Large-scale CHP network with planned CHP devel-
opment.
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Annual expenditure and investment for a CHP model region

Figure 4.9 shows the annual expenditure for the small-scale CHP region with no
initial CHP. The introduction of CO2 payment will lead to higher annual expendi-
ture both in the form of the CO2 payment itself and higher investment cost, and at
the highest CO2 payment also the fuel cost becomes higher. Figure 4.10 shows the
annual expenditures per kWh sold to the consumers in the CHP region.

Bill Ecu90

0.5

0.4

Annual exp. for electricity and DH

E3CO2 payment

CD New capacity

• Fuel, O&M

• Import

• Export revenue

95 00 10 20 95 00 10 20 95 00 10 20 95 00 10 20 95 00 10 20

Reference CO2 11ECU CO2 21ECU CO2 43 ECU CO2 Cnst.

MU05w08e 25-09-99

© 1999 by P. E. Grohnbei.
Rise National Laboratory. Denmark

Figure 4.9. Annual expenditure for electricity and district heating.
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Figure 4.10. Annual expenditures per kWh sold.
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The costs in Figure 4.10 are calculated as the expenditure to fuel, operation and
maintenance and investment in each year divided by the annual consumption or
generation. Thus, new investments are immediately reflected by an increase in ex-
penditure in this presentation.

Regional CO2 emissions

Figure 4.11 shows the CO2 emissions from the CHP region with no access to large-
scale CHP, cf. the primary fuel requirement shown in Figure 4.7. These are constant
in the reference case even at decreasing purchase from outside. Larger electricity
generation and sale with moderate cost of. CO2 tradable permits will lead to higher
emissions. In the extreme case, however, local the CO2 emissions will decrease.

CO2 emissions

1995 2000 2010 2020

Reference

—I—CO2 11 ECU

-©- CO2 21 ECU

-&- CO2 43 ECU

- - -CO2Cnst.

MU05w08e 25-09-99

© 1999 by P. E. Grohnhet,
Rise National Laboratory. Denmark

Figure 4.11. Emissions of CO2, - CHP model region with CO2 tradable permits

4.3.5 Tradable permits vs. targeted investment incentives

It follows from the conclusion summarised in Section 2.6.3 that inconsistency in the
economic criteria that are applies in different sectors may outweigh the results of
techno-economic comparisons. The highest assumptions on CO2 payments used for
this model results, i.e. 43 Ecu90 per ton CO2 is within the excessive range of un-
certainty displayed in Table 2.1 and Table 2.2 for the economic criteria that may be
used for investments in the space heating sector in Germany.

The overall conclusion from this modelling study is that CHP technologies do re-
spond to an introduction of CO2 payments, mostly in the form of faster penetration.
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Another response is the substitution of gas for coal. However, this substitution may
be reversed, if the gas price will increase faster than the coal price.

These results indicate that CO2 taxes or tradable permits may not be applicable
alone as a driver for investments in technologies that are necessary to meet the
emission reduction targets in the Kyoto Protocol. The range of acceptable CO2
payments could be too narrow to have any major impact on investment, and the
economic evaluation criteria are too uncertain to justify the level of CO2 payments
that would be necessary as a major driver for investment.

The CO2 payments at 11 Ecu90 per ton CO2 might be within the range that is politi-
cally feasible, but this may not be the case for levels of payments twice or four
times as high.

Experience has shown that targeted measures for selected particular technologies
does create an incentive for investment (see Section 3.6). However, a shadow price
on CO2 may be a proper tool for an ex ante analysis for selection of the mix of tech-
nologies that shall be included in a strategy for emission reduction. CO2 taxes or, in
particular tradable permits at any acceptable price level may also be useful tools to
generate a market for emission permits that may have far more impact on actual
investments than would immediately be justified by an techno-economic evaluation.

One reason for this could be that competitive markets are dynamic; market players
search for new opportunities, threaten incumbents of all kinds, must reduce cross-
subsidies, fight hard for market share in a slow-growing overall market; diffuse new
technologies quickly; and leave behind them frustrated ambitions of 'losers', and
'stranded' assets. Such competitive markets are not 'deregulated'. They are very
regulation-intensive, and market regulation may have many different and conflict-
ing objectives.

4.3.6 Model results as 'building blocks' for geographical regions

The model results from the EFOM-CHP model for the different types of CHP re-
gions can be used as 'building blocks' or modules to represent the existing and fu-
ture infrastructure of the electricity and heat markets in actual geographical regions
facing competition from electricity generators in neighbouring regions.

The modules are designed on the basis of techno-economic and infrastructure data
for Denmark. Each module represents 20% of the Danish market for electricity or
6.3 TWh of electricity demand. The two modules with CHP capacity can describe
70% of the Danish electricity market (2.5 large-scale modules and one small-scale),
while the remaining 30% of the Danish electricity market is covered by coal-fired
condensing power plants and wind power. The size and structure of the Finnish
market for district heating is similar, but the total Finnish electricity market is much
larger. In absolute terms the German district heating market is about twice the Dan-
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ish, but it covers only about 10% of the German electricity market. The Austrian
district heating market can be represented by one large-scale CHP module with ex-
isting and planned CHP capacity.

In all other European countries the modules with no initial CHP capacity will be
dominant. The large district heating systems in Sweden is represented by less than
one of the modules with CHP capacity, but several large and small scale modules
with no initial CHP. District heating in France outside Paris can be represented by a
few small-scale modules with no initial CHP, while the large and unique Paris dis-
trict heating system may be badly represented by the large-scale module.

Outside the district heating systems there are large markets for CHP for industrial
processes and water-based heating systems for large institutions and blocks of flats.
The industrial market is very significant in many countries. The best indication of
the significance of this market is the penetration to about 40% of the electricity
market in the Netherlands. The size of the latter may be significant, but the statisti-
cal basis for quantification is very weak.

It should be emphasised that the EFOM-CHP modules will address neither the im-
portant issue of network expansion nor the competition with improvement of the
thermal standard of buildings. However, heat pumps are included as an alternative
supply option for heat distribution networks, as well as renewables for electricity-
only generation.

The latter technologies are both competitive and complementary to CHP technolo-
gies. Heat pumps, which consume electricity and small-scale CHP, which generate
electricity used in combination will add to ability of operators of district heating and
heat distribution systems to take advantage of the volatility of electricity prices on a
liberalised market.
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4.4 Short-term evaluation using a load-curve model

The price quotations for annual contracts on a futures market for electricity used in
the previous section or the time-resolutions of the optimisation model (the year di-
vided into summer and winter and peak and base load) does not necessarily describe
appropriate aggregates on the trade on the electricity spot market. The parameters
used in these models may, however, be calibrated using past experience from the
spot market or a model that reflect the hourly price variations at a day-ahead market
or a real-time regulation market.

The pattern of trade during a few-days period, or the future revenue from trade on
the spot market can be analysed by a simplified short-term model. This is a spread-
sheet model, which calculates the short-term marginal cost of electricity on the ba-
sis of the concurrent chronological load curves for electricity and heat and the vari-
able generation costs in the merit order of the available generating units.

Figure 4.12 shows the presentation in a spreadsheet of the load variations electricity
and demand and generating capacities that are calculated from a set of scenario as-
sumptions selected from a small database. There are also some few techno-
economic data - e.g. efficiencies.

The example covers Denmark with no further regional subdivision in 1995. This is
equivalent to the first period in the EFOM-CHP model describes in the previous
section for 2.5 large-scale and 1 small-scale module covering 70% of the electricity
market. To use the model for a local generator - or a modular CHP region - it is
necessary to change only the annual demands for electricity and heat and the ca-
pacities of the generating units35.

Figure 4.13 shows the hourly marginal cost of electricity generation in Denmark,
assuming the prices on the Norwegian power exchange for the international trade
and fuel prices for 199536.

35 The load curves for electricity and heat in two-hours timesteps, which are used in this model was
published by the Danish utility Elsam in the early 1980s in annual reports on development planning.
They have been used for the development of several models of different complexity. The most sim-
ple model year that takes the seasonal variations of the power and heat demands into account was
composed of 61 winter and 61 summer periods, which were represented by the 3-day periods around
the equinoxes (Grohnheit 1993).

36 The load curve was developed for a project on "A northern European power exchange"
(Grohnheit et al. 1998). It is available on the Internet: www.risoe.dk/sys-esy/emod/.
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Load curves and marginal prices for electricity copyright 1997 by Poui Erik Gronnnen, Rise National Laboratory
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Figure 4.12. Model presentation of the demand for electricity and heat, and capaci-
ties of generating units and transmission lines.

The load curve model is a simplification of the unit commitment load dispatch
models that is used by the Danish regional utilities to optimise the electricity gen-
eration in the region as a whole and the heat generation for each of the large district
heating grids.
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Load curves and marginal prices for electricity
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Figure 4.13. Model results for electricity generation in Denmark, import and export.
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Generalisation of model results

The model describing Denmark in 1995 and like the EFOM-CHP modules in Sec-
tion 4.3.2 some of the results may be generalised to describe a region or a utility
company, when focusing on two particular characteristics:

• The region or utility produces heat for the regional market with limited compe-
tition.

• The electricity production is subject to very significant competition from other
regions and other utilities in a volatile environment.

Competition from import at low spot market prices

In 1995 the prices at the Norwegian power exchange was above the marginal cost of
the condensing (electricity-only) production at most of the efficient Danish coal-
fired units, except in the mid-summer. Thus, the model imports in the summer pe-
riod and exports in the spring, autumn and winter periods. In the summer period
even CHP production could not compete with import in most of the timesteps. The
operation of heat storages is not shown in the graphs in Figure 4.13, but the small
amount of condensing production during the day in the weekdays may be replaced
by back-pressure production, storing the heat to meet the demand during the night
and weekend.
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Sill f l rfi i
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Figure 4.14. Model result for the CHP model region (Denmark 1995), Autumnal
equinoxes 1996 and 1997

The load curve model is a short-term model, in which all generating equipment is
exogenous. However, it may be used to model the volatility of the market in a fu-
ture year after investment in new equipment and infrastructure.

The two years in which Nord Pool has been in operation as a common Norwegian-
Swedish market has shown great price volatility, because of the natural variation in
precipitation (see Figure 3.2). 1996 was a dry year, leading to very high prices, even
during the summer. The active participation of the Danish utilities led to a very
large export in 1996 (some 50% in addition to national electricity consumption). In
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1997 prices have been much lower. In contrast to the Electricity Pool of England
and Wales, diurnal price variations have been less important.

Figure 4.14 shows the results for the 3-days periods around the autumnal equinoxes
in 1996 and 1997. In 1996 the export was higher than in 1995, because also the pro-
duction at the less efficient power stations was competitive at peak load demand,
while in 1997 most of the condensing production was replaced by import.

4.5 The impact of spot markets and long-term contracts

Using these models with consistent data sets for many scenarios for a CHP region
or a utility company with significant activities in CHP for district heating will give
important insight in the techno-economic basis for market reactions both in the
short and long run. These models give less insight into the behaviour of the market
participants and their short-term strategies, which dominate most analyses of finan-
cial markets.

For the traditional engineering optimisation such behaviour could be considered as
'noise' that does not affect the long-term techno-economic fundamentals. However,
the performance of the financial markets have significant influence on the actual
choice of investment as well as the uncertainties for such techno-economic funda-
mentals as discount rates and energy price forecasts.

The choice between the risk of spot market dependence and the safety of long-term
contracts is significant not only for the local generators and their customers, but also
for economic and environmental efficiency of the electricity market. To meet this
target it particular important that local or regional generators of CHP, who are able
to react on price signals, do not conclude long-term contracts that include fixed
time-of-day tariff for sale of electricity.

The optimisation for the electricity and heat market in a region with a large and
diversified market for district heating and subject to competition on the electricity
market - consisting of different EFOM-CHP modules - indicates that tradable CO2
permits may lead to a very rapid substitution of gas for coal, but CO2 permits may
not be the major driver for new technologies with no CO2 emissions, but high in-
vestment costs. Other measures may be necessary to meet such targets, e.g. long-
term contracts supported by a market for 'green certificates'. The modelling tools
may be useful for analysing the cost-effectiveness of such arrangements.
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In summary it may be concluded from the generalisation of the model results:

• Local or regional generators of CHP, who are able to react on price signals,
should not conclude long-term contracts that include fixes time-of-day tariff for
sale of electricity.

• However, in such cases secondary trade on the spot market should be encour-
aged

• Tradable CO2 permits may lead to a very rapid substitution of natural gas for
coal

• Tradable CO2 permits within an acceptable level are unlikely to be a major
driver for new technologies with no CO2 emissions, but high investment costs.

A common European taxation of fuels or a European market for CO2 emission per-
mits will be favourable for capital-intensive, clean technologies that will reduce the
demand for fossil fuels. However, even very high taxes or permit prices are unlikely
to have much effect on the development of CHP unless further measures are taken.

4.6 A broader modelling framework

A much broader modelling framework will be needed for the analysis of CHP in a
liberalised European energy market in addition to the traditional energy- environ-
ment-economics framework.

The expansion of the modelling framework must go in two very different directions:

• Detailed description of urban structure at the local level based on Geographical
Information Systems (GIS) modelling of buildings and networks.

• Models describing the behaviour of agents in an imperfect international energy
markets, focusing on hedging against risks of price volatility, market failure of
various, unexpected regulation and taxation, and regulation failures.

Both types of models are existing. There is a vast commercial market for financial
modelling, while GIS modelling is extremely data intensive and applied for many
very specific purposes, each of those having a natural monopoly. Thus GIS model-
ling for broader purposes have been the objective for several large research and
development project supported under various European Union programmes.

A thorough analysis of the future prospects for CHP on a European level will re-
quire an analysis based on selected elements from technology and energy systems
models to, which must be applied for an appropriates number of representative local
urban configurations, using economic evaluation criteria from financial modelling.
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5 Conclusions

Three topics shall be addressed in summary of this volume:

• What has been the most important drivers and obstacles for the penetration of
CHP in the EU Member States?

• What are the priorities of the consumers, and

• What will be the possible European action

5.1 The role of local government and local initiative

Although the traditional organisation of the electricity industry has been monopo-
listic in all EU countries, there are many important differences in the organisation of
the industry, which will survive the process of liberalisation:

A key issue is the role of local government and local interests in the electricity sup-
ply industry and other utilities. In some countries local government is directly or
indirectly owner of utilities or has an important influence on physical planning and
urban/regional development. In other countries the utilities have been either nation-
alised or privatised sector by sector (i.e. electricity, gas, water, etc.). In Scandinavia,
Germany and the Netherlands there have been a strong involvement of local gov-
ernment and local interests in all types of utilities. For these local utilities district
heating is a business opportunity rather than a competitive threat.

Different municipal structure and traditions. The strength, financial sources, and
responsibilities of the municipalities are very different. Municipalities in Denmark
collect a significant part of the income, tax and the tax rates may vary by nearly
10% of the tax base. In Germany the utilities have been an important source of in-
come for the municipalities, and cross-subsidies are significant for providing mu-
nicipal services to the public. In other countries significant areas of responsibilities
were detached from the municipalities decades ago, in particular utilities. Although
the structure of government is very centralised in both France and the UK, the num-
ber of local governmental units are very different, there are some 400 units in the
UK compared to more than 30,000 in France. A key factor for the development of
district heating has been the consistency between the structure of local government
and the physical urban structure.

The role of local industry: In Finland local industry has been very important for a
fast development of district heating. In Denmark industrial waste heat has been en-
couraged for the supply of large district heating systems. In other countries 'embed-
ded power generation' has been a significant driver for industrial CHP, which was
profitable only when the generated electricity was used on site.
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Early development of natural gas grids has been a very important obstacle for the
development of district heating in several countries. The Nordic countries, where
natural gas came late are a significant exception. On the other hand, the existence of
many small district heating systems in Denmark was important for the development
of a market and infrastructure for natural gas. The existence of a gas grid has re-
cently become very important for the penetration of small-scale CHP based on the
combined cycle gas turbine.

Small-scale vs. large-scale systems: The search for autonomy from nationalised or
large public electric utilities has been an important driver for the development of
many small-scale CHP applications both in industry and for district heating. A
similar controversy between large-scale and small-scale application has been expe-
rienced for the district heating sector in countries with large urban networks for
district heating, where local interest have argued for small local units rather than
large-scale urban district heating networks.

CHP vs. nuclear power: CHP was often presented as an alternative to nuclear
power, and opposed by nation-wide electricity-only utilities. Thus, CHP is virtually
non-existent in France and the UK and far beyond the potential in Sweden and
Germany. Large-scale nuclear CHP was studied in Sweden, Germany and Denmark
in the late 1970s, but was never implemented in any of the countries in Western
Europe. In Denmark, large-scale CHP was expanded based on coal, in Sweden, low
electricity prices from hydro and nuclear lead to the use of heat pumps for district
heating rather than CHP, and in Germany fossil fuel based CHP was expanded in a
more limited scale.

Climate and heat densities: Cold climate is a necessary, but not sufficient condition
for district heating based on CHP. High heat densities in urban areas are not neces-
sary for district heating, provided that the infrastructure and organisation is avail-
able. District heating is also an option for an expanding market for single-family
houses in new developments.

5.2 Distribution effects and consumers' choice

Financial instruments with environmental objectives will often conflict with social
or distribution objectives or industrial policy. In some countries electricity or gas
prices are lower for households than industry, in other countries it is vice versa.

Economic evaluation criteria are very uncertain, and widely different criteria are
being used for different sectors. Discount rates used for investment in energy effi-
ciency facilities in industry are much higher than the interest rates on long-term
mortgage loans offered from the financial sector to owners of single-family houses
for new constructions as well as retrofit investment.
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Consumers' interests and priorities are not the same in different markets. The dis-
tinction between markets for cash-and-carry items and those for fixed property is
very important for consumers' priorities. In the latter case customers' interests are
considering not only the price of buildings etc. and the immediate transaction costs,
but also the operational costs over many years including a range of collective goods
and services. This is particular for the increasing number of private buyers of
owner-occupied dwellings. For most consumers the housing market is far more im-
portant than the energy market.

5.3 Possible elements of a European policy on heat distribu-
tion networks

Both directives on liberalisation of the energy markets have provisions that support
the development of CHP. The Electricity Market Directive allows the Member
States to give priority to CHP plants when the system operator is dispatching gener-
ating installations. The Gas Market Directive was "expected to increase the avail-
ability of gas at more competitive prices and so contribute to the economic viability
of gas fired CHP plants". None of the two directives for single energy carriers,
however, seems to contain provisions that can support the development and expan-
sion of the district heating infrastructure, which is necessary for CHP for space
heating and cooling. Nor does a proposal from 1997 for a Council Directive entitled
"Restructuring the Community framework for the taxation of energy products",
which offers the possibility to Member States to grant fiscal advantages to renew-
able energy sources and to cogenerated heat.

A key instrument for the infrastructure development is the distinction between the
monopoly and competitive elements of the industry. Local heat distribution net-
works have more in common with water and sewage pipes than with gas pipes, be-
cause the heat pipes are replacing individual boilers, while large-scale urban district
heating grids may be a common carrier for competing suppliers of heat using differ-
ent technologies and fuels.

A community policy for support of the infrastructure necessary for further penetra-
tion of CHP might include:

• A comprehensive definition of district heating and the development of statistics
covering the full range of potential for CHP, i.e. the size and types of energy
distribution network for space heating and cooling and domestic hot water.

• Non-discrimination for grid connection of heat generators and consumers.

• Framework conditions for local heat distribution networks that are compatible
with the different national traditions of regulation of real property.
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• Tendering for competing grids, i.e. natural gas and different types of heat distri-
bution grids.

• Obligation by grid owners for interconnection of grids and access for competing
suppliers of heat.

• System operator and public service obligation by member states

• European or national support for interconnections between grids - including
cross-border connections - between cities and regions with significant short-
term cost differentials for heat supply.

Most of these elements are found in different parts of the existing EU legislation.
However, existing legislation may contain a wide range of inconsistencies and con-
flicts that may be obstacles for both CHP, energy efficiency and renewables.
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BHKW Blockheizkraftwerk
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DSM demand side management
EBRD European Bank for Reconstruction and Development
ECU European Currency Unit (until 1998)
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GIS geographical information systems
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IAEA International Atomic Energy Agency
IEA International Energy Agency
IRP integrated resource planning
IT information technology
kW kilowatt
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MARKAL Market Allocation (optimisation model developed by the IEA)
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MW megawatt
MWe megawatt, electric
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NOx nitrogen oxides
O&M operation and maintenance
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REC regional electricity companies (UK)
RES renewable energy sources
RTD Research and Technology Development (EU Programmes)
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SPRU Science Policy Research Unit
TJ terajoule
toe ton of oil equivalent
TPA third party access,
TWh terawatt hours
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Appendix A. Currency conversion and price levels

Table A shows conversion factors between some selected currencies between 1990
and 1998. The table is used as follows:

Amount in target currency = Amount in source currency * inflator

Table A. Conversion factors between ECU, USD and European national currencies
1990-1998

Source

currency

ECU

ECU

ECU

ECU

USD

USD

USD

ECU 1990

ECU 1990

USD 1990

ECU 1990

USD 1990

DKK 1990

ECU 1990

USD 1990

NOK1990

ECU 1990

USD 1990

DEM 1990

Deflation

EU Consumer price

EU Consumer price

US Consumer price

EU Consumer price

US Consumer price

National cons, price

EU Consumer price

US Consumer price

National cons, price

EU Consumer price

US Consumer price

National cons, price

Target

USD

DKX

NOK

DEM

DKK

NOK

DEM

ECU

USD

USD

DKK

DKK

DKK

NOK

NOK

NOK

DEM

DEM

DEM

1990

1.273

7.857

7.964

2.052

6.185

6.257

1.615

1.000

1.273

1.000

7.857

6.185

1.000

7.964

6.257

1.000

2.052

1.615

1.000

1991

1.236

7.909

8.024

2.052

6.403

6.492

1.660

1.042

1.288

1.040

8.239

6.660

1.020

8.359

6.751

1.030

2.138

1.727

1.040

1992

1.295

7.809

8.032

2.052

6.027

6.204

1.559

1.084

1.403

1.070

8.466

6.449

1.050

8.707

6.638

1.060

2.225

1.668

1.090

1993

1.167

7.594

8.295

2.052

6.495

7.107

1.655

1.120

1.307

1.110

8.503

7.209

1.060

9.288

7.889

1.080

2.298

1.838

1.140

1994

1.184

7.543

8.352

2.052

6.352

7.053

1.621

1.148

1.360

1.130

8.662

7.178

1.080

9.590

7.969

1.100

2.356

1.831

1.170

1995

1.293

7.328

8.192

2.052

5.605

6.337

1.433

1.177

1.522

1.170

8.627

6.558

1.100

9.645

7.415

1.130

2.416

1.677

1.190

1996

1.253

7.359

8.088

2.052

5.796

6.455

1.504

1.207

1.512

1.200

8.881

6.955

1.130

9.760

7.746

1.140

2.476

1.805

1.210

1997

1.129

7.484

7.993

2.052

6.609

7.079

1.735

1.231

1.390

1.230

9.211

8.129

1.150

9.839

8.707

1.170

2.526

2.134

1.230

1998

1.122

7.500

8.471

2.052

6.697

7.550

1.758

1.251

1.403

1.250

9.382

8.371

1.161

10.596

9.438

1.193

2.567

2.198

1.238

Copyright 1999 by P. E. Grohnheit

Sources: Eurostat: Harmonised Indices of Consumer Prices. / Official ECU exchange rates calcu-
lated and published by the European Commission. Annual averages 1993-97(98) / Danmarks Statis-
tik. Tiarsoversigt 1998.

Notes: Development of a method for conversion of prices in different currencies and different years.
(Harmonised Indices of Consumer Prices from Eurostat and the official exchange rates from the
European Commission DG II covering ECU exchange rates between ECU and most European cur-
rencies, US $ and Yen in monthly and annual averages since 1993).

PRIMES is generally using ECU 1990. Fuel prices are quoted in US$ 1998. (inflation factor used for
USD98/USD90 1.25 exactly, which is consistent with a consumer price index for the US - 1997-
value 124, Statistics Denmark). By chance the ECU inflation factor 1990-1998 is also 1.25 (ECU
weighted consumer price index until 1995, HICP 1995-1997 and Euro convergence inflation 1997-
1998)
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