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10. Conclusions

What lessons can be learned from the research presented in this
dissertation? In the final chapter, it will be tried to integrate the empirical
research results outlined in Chapter 3 to 8 with the evaluation by the
expert panel presented in Chapter 9. First the research method will be
assessed and recommendations for further research will be given.
In the subsequent section general lessons learned from the individual case studies will be discussed. Main empirically found underlying
factors for cogeneration, wind energy and demand-side management
development will be summarised and, based on the evaluation of hypotheses in the previous chapter, effects of liberalisation will be outlined.
Finally, we will return to the initial and fundamental research question posed at the outset of this thesis: if, and how energy conservation
and electricity sector liberalisation can be reconciled.

Method
Lessons Learned

It would lead too far to discuss all practical problems encountered
during the research project. They include matters as diverse as having to
refine the research method whilst collecting empirical information,
limitations to elaboration and detail of case studies posed by presenting
the research in separate research papers and having to 'shoot' at the
moving target of electricity sector structures. Attention therefore will
focus on some more fundamental issues apparent from hindsight.
In general, the research method developed worked satisfactorily in
terms of research targets set. It turned out to be both consistent enough
to assure that research results of the individual empirical case studies
could be compared, and flexible enough to be adapted where considered
necessary. In particular, the understanding of the concept 'liberalisation'
was improved during the project as a result of increasing information
that became available whilst conducting research. In the course of the
project, it was realised that changes in electricity sector structures as a
result of the liberalisation process, rather than the structures themselves, could provide the means to understand effects of the organisation
of electricity sectors on energy conservation. Hence, in the course of the
project attention gradually shifted from a more static interpretation,
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which put the internal and external dynamics of sector structures central, to a more dynamic viewpoint in which unbundling, introduction of
competition and privatisation as structural changes were focused on.
Apart from the limitations of the project already mentioned in the
methodology chapter (Chapter 2), which refer in particular to external
validity of conclusions from individual case studies, one particular shortcoming of the project in light of the research targets set needs to be
discussed here: research did not reveal a clear picture of the role of
privatisation.
Reasons for this are to be found particularly in the selection of
countries in which case studies were carried out. Despite care taken to
select countries with different electricity sector structures regarding
vertical structure, market structure and ownership of utilities, in none of
the four countries in the time-span examined privatisation was carried
through separate from unbundling or introduction of competition. As a
result, possible effects of privatisation in practice remained blurred.
The Future: Recommendations for Further Research
Further research could broadly develop along two lines: although
this dissertation has shed light on some important issues, the normative
question 'what would be an optimal structure of the electricity sector in
the future?' still is far from solved. Furthermore, still much analytical
research remains to be done to improve understanding of electricity
sector structures and their effects on energy conservation.
In this thesis, it has been normatively assumed that demand-side
management, wind energy- and cogeneration would be useful elements
of a future 'optimal' electricity sector structure. This assumption was
based on the perception that these three options at this moment appear
promising and distinctively different ways to contribute to energy conservation in the wider context of reducing greenhouse gas emissions.
However, this focus for research purposes should not be misinterpreted to mean that 'all future policy and regulatory efforts have to
be directed at stimulating these three options only'. Obviously, many
other options - for example solar energy, heat pumps, biomass and fuel
cells - have to be taken into account as well when considering future
electricity sector structures. The fundamental underlying issue for
further normative research therefore is what criteria should be used as a
guideline for establishing an optimal electricity sector structure, keeping
in mind that what is considered 'optimal' at a certain point in time might
already be outdated one decade later and that a co-existence of more
than one 'optimal' solution might very well be possible.
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An important option for further analytical research relating to this
dissertation is to make a more detailed categorisation of electricity
sector structures, ways of implementation of the liberalisation process
and environmental policy options employed in different stages of that
process.
Improving the quality of data and data collection methods, would
be another possible research field. Particular attention here would have
to be paid to ways of monitoring progress in terms of attaining environmental policy targets set. An expansion of research to the energy sector
as a whole would also be useful in this respect, taking into account that
an increased use of electricity can be beneficial from an environmental
point of view as well, on the condition that this is compensated by a
more than equivalent reduced use of other energy forms.

The Case Studies
As main lessons learned from the research project, in this section
underlying factors for cogeneration, wind energy and demand-side management development, as well as effects of liberalisation found are
summarised.
Cogeneration
The main incentives found to determine attractiveness of cogeneration to investors can be put into four main categories (Table 10.1):
existence of infrastructural networks and domestic resources; technological development; rise of gas as a primary-energy source; and environmental policies of Governments.
Options for cogeneration development in a country are determined in the first place by the existing infrastructure and resources.
Particularly the existence of district-heating and gas-supply networks, the
overall heat-demand structure, as well as the availability of domestic gas
reserves are found to be important determinants for future cogeneration
development.
Technological development also plays a role in cogeneration development. This showed for example in the rise of so-called 'combinedcycle turbines' as a new technology for cogeneration in recent years, but
also in the ever decreasing scales of cogeneration applications. Cogeneration used to be predominantly a large-scale technology in which heat
via networks was supplied to districts and even whole towns. At present
tailor-made installations for hospitals, greenhouses, apartment buildings
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and offices are available, and even smaller applications f o r individual
dwellings are in a pilot phase.
T a b l e 10.1 Underlying Factors Cogeneration Development
Incentives
•

Existing Infrastructure and Resources
- Heat Demand Structure
- District-Heating and Gas Networks
- Gas as a Domestic Primary Energy Source

•

Technological Development
- New Technologies (e.g. 'Combined-Cycle Gas Turbines')
- Decreasing Scales of Cogeneration Plants

•

The Rise of Gas
- Decreasing World-Market Prices
- Direct Policy Support for Domestic Gas
- Gas Sector Liberalisation
- Low (C0 2 , S0 2 ) Emissions

•

Environmental Policies of Governments
- Direct Financial Support for Cogeneration
(investment subsidies, tax reductions, favourable loans)
- Cogeneration as a Means to Attain C 0 2 Targets set to Utilities
and End-users
- Installation of Independent Organisations as 'CHP Brokers'

Disincentives
•

Environmental Policies of Governments
- Reduced Heat Demand due to Stricter Energy Efficiency and
Insulation Standards

•

Sector Regulation
- Limited Grid Access and Countervailing Power of Existing
Utilities

The rise of gas as a primary-energy source is another factor found
t o contribute t o cogeneration development. Its substantially reduced
price relative t o o t h e r primary-energy sources in recent years as well as
its low C 0 2 and S 0 2 emissions substantially contributed t o appeal of
cogeneration t o investors. Since gas prices are t o a considerable extent
linked t o the price of petroleum, l o w gas prices are in particular the
result of relaxation of the OPEC petroleum-price controls in the mid-
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eighties. More domestic factors like gas-sector liberalisation in the
United Kingdom and politically determined prices for cogeneration
applications in the Netherlands also have played a role here.
Direct support for cogeneration in the light of environmental policies of Governments also contributed to cogeneration development.
Direct financial support was provided by way of investment subsidies, tax
reductions and favourable loans. Furthermore, cogeneration was agreed
to be a means to attain C 0 2 targets of utilities and industrial end-users,
and organisations were installed with the specific target to stimulate
cogeneration by acting as a broker between utilities and end-users for
cogeneration projects.
Environmental policies of Governments on the other hand also
provided barriers to construction of new cogeneration capacity: Stricter
energy efficiency targets for industry and insulation standards for
dwellings contributed to a reduction of heat demand in recent years.
Although from an environmental point of view very beneficial, these
policies reduced possibilities for further cogeneration development.
Specific electricity sector regulation was found to be a final important factor in determining cogeneration development. Countervailing
power exerted by existing utilities, as showed in the case of the Dutch
cogeneration moratorium, the Danish utility appeal to the EU-court and
several individual German cases, as well as limits to grid access for endusers considering construction of cogeneration plants were seen to
provide barriers to cogeneration development.
Linking cogeneration developments to liberalisation, and more
specifically to the liberalisation factors unbundling, introduction of competition and privatisation, four hypotheses were formulated (Table 10.2).
Evaluation of these hypotheses by a panel of international electricity
sector experts gave rise to several issues which are discussed in Chapter 9.
Taking into account the limitations to generalisation of the case
studies mentioned earlier, the research in this thesis indicates that liberalisation is likely to have in particular positive effects on industrial and
small-scale cogeneration. Better conditions for grid access, more market
parties offering cogeneration, and a reduction of countervailing power of
existing parties holds promises for tailor-made applications of these
flexible gas-based technologies.
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Table 10.2 Hypotheses Cogeneration and Liberalisation
•

The development of industrial and small-scale space heating cogeneration
is stimulated by an organisational unbundling or by further liberalisation.'

•

'If unbundling takes place simultaneous to the introduction of competition
then industrial / small-scale space heating cogeneration could be expected
to become a niche option rather than a dominant option for electricity
generation.'

•

'Unbundling prior to introduction of competition could particularly stimulate cogeneration development.'

•

'District heating cogeneration is not likely to prosper in a liberalised
situation without additional Governmental support.'

A particular role here appears to be played by unbundling.
Although unbundling in itself probably is not sufficient to stimulate
cogeneration, a step-wise regulated liberalisation starting with unbundling
may offer incentives which can direct an expected increase of new generation capacity after reorganisation into a cogeneration boom. In case
of an introduction of competition simultaneous to unbundling, it is far
more difficult to set limits to the kind of generation capacity to be constructed. Empirical evidence from the British context suggests that in the
latter case non-cogeneration gas-based power plants will be a very
attractive option to investors.
Further development of district-heating cogeneration, on the other
hand, is likely to remain predominantly dependent on Governmental
support. The large networks required make district-heating a relatively
expensive and inflexible option. Although still often efficient from an
energetic point of view, without additional long-term guarantees by
Governments district-heating investments by market parties in a liberalised situation appear unlikely.
Wind Energy
The development of wind energy in this dissertation was shown to
be predominantly dependent on Governmental support. Technological
development also played a role in the advance of wind power (Table 10.3).
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Governments provide financial support by way of investment subsidies, tax reductions and favourable loans. Also, in all examined countries wind power is supported by way of subsidised k W h rates f o r
electricity fed into the grid. Here t w o main systems are identified: in the
first system, a fixed k W h price is set by way of Governmental decision
o r legislation - commonly as a percentage of the end-user price. In this
system, no limit is set t o the quantity of renewable energy t o be supported. It is applied in Denmark and Germany.
T a b l e 10.3 Underlying Factors W i n d Energy Development
Incentives
•

Environmental Policies of Governments
• Direct Financial Support for Wind Energy
(investment subsidies, tax reductions, favourable loans)
- Subsidised kWh-Rates for Electricity fed into the Grid:
i. price-based systems
ii. quantity-based systems

•

Technological Development

•

Voluntary Support by Utilities

- Increasing Scales of Wind Turbines
- Motivated for Environmental or Commercial Reasons
Disincentives
•

Opposition to Wind Turbine Siting
- Countervailing Power Exerted by Local Authorities, Citizens
and NGO's

•

Sector Regulation
- Opposition of Utilities to Price-Based Support Systems

In the second system, it is the quantity of renewable energy t o be
supported in terms of a standard o r target set rather than the price
which is determined beforehand. This quantity is determined via a renewable energy target set t o end-users o r utilities. The price paid in this
system is determined by competition between generators of renewable
energy.
T w o variations of this system w e r e found in practice. In the United
Kingdom, this system is applied by organising a competitive bidding
procedure between renewable energy generators for funds collected via
a levy. In the Netherlands, price competition between renewable energy
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generators is organised via tradable 'green labels'. By setting a target for
the number of labels to be held by distribution utilities at a certain point
in time, a market for renewable energy is created.
Increasing scales of wind turbines have also contributed to the
growth of wind energy. In the last decade, the average size of installed
turbines has increased by at least a factor ten. As a secondary effect of
this technological development, the involvement of various actors in
wind power was found to be changing. Whereas wind power started
mainly as small-scale initiatives by individual enthusiasts which produced
electricity from wind energy for their own demand, at present it has
become predominantly a large-scale technology generating electricity for
the grid. As the increasing amounts of capital required can only be paid
by large-scale investors such as utilities, banks or co-operatives of endusers of a substantial size, the role of individual households is increasingly
limited to indirect involvement in stimulation of wind power. Green
investment funds of banks or green electricity schemes of utilities now
offer possibilities for households to contribute to wind energy development.
A major disincentive to a further growth of wind energy is found
to be the resistance of parties like local authorities, locals and non-governmental organisations to construction of wind turbines at specific sites.
Noise pollution, shade, bird casualties and adverse effects to the landscape are arguments used against wind turbines. A result of this
countervailing power is that turbines are now increasingly constructed in
large parks. A further step in this direction is the construction of offshore farms, of which the first already have been constructed in Denmark. These not only benefit from higher average wind speeds at sea,
but also suffer less from countervailing power by land-based parties.
The position of utilities regarding wind power, finally, is ambivalent. Some for either environmental or commercial reasons voluntarily
adopt higher implementation targets than Governmentally prescribed.
Others are vigorously opposed to in particular price-based support
systems for wind energy and other renewables, since in these systems
they have to pay fixed premium prices to all electricity from renewables
fed into the grid.
Four hypotheses on the relationship between wind energy development and liberalisation were formulated (Table 10.4). Research in this
dissertation showed that it is possible to maintain both price-based and
quantity-based systems in a liberalised situation. Whereas in Britain and
the Netherlands some time ago already a quantity-based system was
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adopted, and Denmark is recently considering to introduce a quantitybased system analogous to that of the Netherlands, in Germany it is still
planned to maintain the price-based system founded in the Electricity
Feed Law.
Table 10.4 Wind Energy and Liberalisation
'In a liberalised situation, various regulatory support systems for wind
energy and renewables can be maintained.'
'Wind energy development is dependent on a regulatory support system
rather than on the liberalisation process.'
'Voluntary 'green electricity schemes' cannot replace regulatory support
for wind energy and other renewables yet.'
'Systems with a fixed remuneration for wind turbine investors so far are
more effective in stimulating wind energy development than systems
without such a fixed remuneration.'

In the long run however, the price-based system would have to be
adapted in order to maintain a level playing field between competing
organisations. In the existing situation, utilities are the ones charged with
the obligation to buy all renewable energy fed into the grid. As these
organisations increasingly have to compete with other companies entering the supply and generation market, maintaining
their present
obligations would put them into a disadvantage compared with the other
parties. A solution here would be to move the obligation to buy renewable energy at a fixed price from utilities to the grid operator. As grid
based services even in a liberalised situation remain a monopoly, a distortion of competition in generation and supply would be avoided in this
way. Costs made by the grid operator as a result of this 'public service
obligation' could be recovered by charging a wires levy.
Despite their effectiveness in creating an initial market for wind
energy - as the German and Danish situation suggest - present trends are
against price-based systems. Not only is Denmark currently considering
to switch from a price-based to a quantity-based system, and in the
preparations for an EU renewable energy directive the latter kind of
support for renewables also appears to be preferred.
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Since wind energy development is presently still mainly dependent
on Governmental support, liberalisation effects on wind energy development are expected to be limited. However, if prices for conventional
electricity decrease after liberalisation this might negatively affect the
competitive position of wind energy and other renewables in the future.
The current rise of green electricity schemes of utilities can be regarded as another effect of liberalisation. Nevertheless, although
opinions vary about the prospects of this value added service to customers, it seems unlikely that they in future can replace Governmental
support for renewables if the current targets for renewables are to be
attained. Furthermore, it has to be noted that the development of green
electricity schemes themselves is sometimes also supported by regulation. An example is the current exemption from energy tax for
electricity bought by end-users participating in these schemes in the
Netherlands.
Demand-Side

Management

Support in the light of environmental policies of Governments was
found to be the single most important factor for the development of
demand-side management (Table 10.5). Similar to the wind energy case
study, two general ways of providing support were found.
Table 10.5 Underlying Factors for Demand-Side Management Development
Incentives
•

Environmental Policies of Governments
- Direct Support for Demand-Side Management
i. 'integrated resource planning'
ii. quantity-based systems
- Installation of an independent 'Energy Saving Trust'
- Equipment- and Installation-Standards

Disincentives
•

Sector Regulation

- Demand Reduction conflicts with Profits of Utilities in Monopoly
Situation

The first, used in Denmark, obliges utilities to give a detailed account of demand reduction options in their area in so-called 'integrated
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resource plans', which are taken together to provide an overall
on the level of grid operators. Hence, in this system no pre-set
formulated for demand reduction, and all demand reduction
found are the result of co-operation of individual utilities up to
operator.

planning
target is
options
the grid

In the second system, applied in the other three countries, due to
Governmental decisions or legislation a pre-set target is formulated for
demand-reduction activities to be carried out by the utilities. These
activities are financed through a levy or surcharge on the end-user tariffs.
In both systems, it appears that the installation of an independent 'Energy
Saving Trust' charged with stimulating demand reduction and energy
efficiency initiatives can provide an additional incentive to demand-side
management initiatives. Demand for such initiatives on an end-user level
can be stimulated by setting equipment- and installation- standards.
The most profound disincentive to demand-side management initiatives observed is its conflict with profits of utilities. This holds
particularly in a monopoly situation, in which there is no need for utilities to bind customers by providing value added services like energy
efficiency. This conflict is compounded if large investments in generation
capacity have to be recovered by integrated companies.
Main empirical findings on the relationship between demand-side
management and liberalisation are summarised in three hypotheses
(Table 10.6). Since Governmental support was found to be a crucial
underlying factor for development of demand-side management, effects
of liberalisation appear limited in this case as well. Although commercial
demand-side management activities as part of energy services packages
provided to customers are currently developed, their extent so far
seems very limited. The British situation suggests that competition between parties is rather developing as a price competition than as a
competition for services. In addition, if electricity prices fall after liberalisation, end-user demand for energy efficiency could be anticipated to
drop as well.
Where commercial energy efficiency services are developing however, these might concentrate on industrial and business clients rather
than on households. Expected savings to be obtained here are larger, and
binding these categories of customers by providing services appears
more important to electricity providers than binding small-scale endusers.
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Table 10.6 Demand-Side Management and Liberalisation
'Demand-Side Management activities of utilities are dependent on the
regulatory support system set up rather than on the liberalisation
process.'
'Integrated Resource Planning as an instrument to stimulate demand-side
management is not likely to be fit for a liberalised situation.'
'Commercial demand-side management and energy efficiency activities are
not likely to be able to replace regulatory supported demand-side management activities in the near future.'

Integrated resource planning on a national level similar to the system applied in Denmark does not seem to be possible in a liberalised
electricity market. Long-term planning and co-operation between all
utilities up to the grid operator level, which are implied by system of
integrated resource planning in Denmark, are inherently conflicting with
competition between parties. However, it was suggested by some in the
expert panel that individual companies could adopt the method of integrated resource planning for internal planning. The more integrated a
company is, for instance horizontally with gas distribution, the more
options would be available for optimisation. Integrated resource planning
methods could also be applied by the grid operator in order to optimise
use of the grid in a liberalised situation.

Energy Conservation and Electricity Sector Liberalisation:
Towards a Green and Competitive Electricity Supply?
Summarising the main research results, the likely effects of electricity sector liberalisation on energy conservation can be attributed to a
few general trends (Table 10.7).
Liberalisation is likely to result in a more dynamic situation. New
parties will enter the electricity generation and supply market, and countervailing power of existing utilities, which in the past has shown to be a
disincentive to cogeneration and wind energy development, will be
reduced. Industrial and small-scale cogeneration are two energy conservation options which are likely to benefit from this development at
present low gas-price levels.
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T a b l e 10.7 Main Effects of Electricity Sector Liberalisation on Energy
Conservation
Main Positive Effects
•

A More Dynamic Situation
- More Parties, Less Countervailing Power of Existing Parties:
Better Chances for e.g. Industrial and Small-Scale Cogeneration

•

Better Market- and Grid Access
- Better Chances for Innovative Suppliers of Cogeneration,
Renewables and Energy Efficiency

•

More Attention to Customer Demands
- Development of Energy Services, e.g. Green Electricity Schemes
and Commercial Energy Efficiency

Main Negative Effects
•

More Attention to Short-Term

•

Possible Drop of Electricity Prices

- Fewer Chances for Long-Term Solutions like District-Heating
- Competitive Position of Renewables Endangered,
Less Attention of End-Users to Energy Efficiency

Better grid- and market access also contribute t o development of
cogeneration, renewables and energy efficiency if grid tariffs really become transparent and non-discriminatory. Suppliers of these innovative
services will get a chance t o compete w i t h existing parties in what is
planned t o be 'a level playing field'.
Existing parties will also change their attitude. Customer demand
will become the basis of all activities of existing and new parties alike. As
this demand has already shown t o include renewables and energy efficiency, these services surely will be offered by market parties in a
liberalised situation.
O n the o t h e r hand, s h o r t - t e r m profits will become m o r e important w i t h increasing competition. This means that long-term options w i t h
high initial investment costs, such as district-heating cogeneration, are
likely t o suffer in a liberalised situation.
Finally, a possible d r o p in electricity prices after

liberalisation

w o u l d increase the price-difference between renewables and conventional electricity. Lower electricity prices also would be likely t o result in
a reduced interest of end-users in energy efficiency services.
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Some of these underlying factors, like world-market gas prices or
the availability of domestic natural resources, cannot be controlled by
electricity sector regulation or Governmental policies on a national level.
Others can. In this respect, two general conclusions of the research
project are particularly relevant. Research has shown:
•
The benefits of a step-wise regulated liberalisation process, in
particular an organisational unbundling of utilities prior to the introduction of competition, to the development of cogeneration;
and
•
The benefits of renewable energy support systems based on a
fixed price per kWh, which have, despite their claimed economic
inefficiency, shown to be very effective in creating an initial wind
energy market.
Less fundamental, but certainly also worthwhile to consider are
three examples of innovative instruments that were found in the project:
•
A tax or levy on heat-loss by power plants could contribute to
directing the construction of power plants into cogeneration development and would very well fit with the 'polluter pays' principle
of environmental policy;
•
An obligatory label on all electricity, stating its origin and the kinds
of primary-energy sources used, would help customers to choose
their supplier based on the 'quality' of electricity, rather than on its
price alone; and
•
Installation of an 'Energy Saving Trust' charged with collection of
funds generated by an energy efficiency levy on transmission of
electricity, and the organisation of a competitive bidding procedure
for these funds in which utilities and other parties can take part is
likely to result in a more efficient spending of funds.
Another conclusion from the research conducted is that the
development of district-heating cogeneration, wind energy, as well as
demand-side management in the near future will remain dependent on
Governmental support. Nevertheless, market-based initiatives in these
fields can contribute to stimulation of energy conservation. It is therefore suggested to closely monitor the development of these initiatives.
Referring to the case studies examined, in particular the following monitoring activities are recommended:
•
•
•
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Monitoring of heat demand in relation to supply by cogeneration;
Monitoring of development of green electricity schemes by utilities
or other parties in relation to renewables targets set; and
Monitoring of the development of commercial energy efficiency
activities in relation to overall electricity and energy demand.

CONCLUSIONS

Finally, the fundamental question of this dissertation was if energy
conservation and electricity sector liberalisation can be reconciled. Based
on the empirical evidence found, the answer to that question has to be
affirmative. However, it is also clear that the intention of Governments
to stimulate energy conservation in a liberalised situation will remain
crucial. Without carefully adapted, fine-tuned regulation and the aim to
intervene where necessary, it is far from likely that the level of energy
conservation activities in a liberalised market will result in attainment of
the environmental policy targets set.
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