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situation in which this management system is increasingly coupled with
information, agreements, and financial tools (i.e.. taxes and grants) (Ministry
of Environment and Energy, 1995).

Agenda 21 and Denmark

Prior to the 1992 United Nations Conference on Environment and
Development, the Folketing (Danish parliament) enacted a plan for a 20%
reduction of CO2 emissions by the year 2000. This plan was enacted two
years before Denmark became a signatory to Agenda 21, the United
Nations (UN) program of action for sustainable development; the Rio
Declaration on Environment and Development; and the UN Framework
Convention on Climate Change among others. Denmark has taken its
commitment to the reduction of greenhouse gases seriously, and is one of
only five countries who have implemented CO2 reduction strategies (Ministry
of Foreign Affairs, 1995).

Following the Rio conference, the Folketing moved to increase Danish
international assistance for environmental protection and disaster relief to
0.5% of gross domestic product by the year 2002. Some of these funds are
earmarked for developing countries and the Arctic region and are
administered by the Ministry of Environment and Energy through the Danish
agency, DANCED, Danish Cooperation for Environment and Development,
started in 1993 to further Agenda 21. The Folketing appropriated 300 million
DKK (approx. 60 million USD) in 1995 towards technology and expertise
transfers to southern Africa, South-East Asia, China, and other nations
(Ministry of Environment and Energy, 1995).

DANISH ENERGY POLICY

Energy 2000

As a commitment to global climate policy, Folketing enacted an action
plan in 1990 for the reduction of CO2 entitled "Energy 2000". The overall
objective outlined in Energy 2000 was a 20% reduction in 1988 CO2 levels
before the year 2005. By 1993, however, the Ministry of the Environment
published a report showing that CO2 levels had actually increased because
the plan had not been fully implemented and relied on overestimates of
energy reductions in certain sectors. A number of assumptions about









consumption were made more stringent in 1994. These regulations included
a change in the subsidy scheme for improvements in apartment complexes
to provide for individual metering for electricity, gas, water, etc. and
requirements for new buildings to be serviced with district heating. Another
efficiency measure is the Government's Bill on standards for energy efficiency
in electrical equipment, including household appliances. The law is intended
to authorize the Energy Agency to create binding efficiency standards for
appliances. In addition to these regulations, a strong information campaign
was intended to inform the Danish market of energy conservation, including
energy labeling, informative electricity bills, and campaigns for replacing
inefficient appliances.

in the public sector, a plan was to be implemented which requires
energy management in all local government bodies, and energy standards
monitored in the purchase of equipment. In the industrial sector, a number of
measures have been started, including the introduction of the CO2 tax,
subsidies for energy savings, committee discussions with trade organizations
on the introduction of green taxes without hindering competitiveness, and
voluntary agreements on energy efficiency with industries.

Today the total gross energy consumption in Denmark is
approximately at the same level as in 1971 (Danish Energy Agency, 1995).
The Danish plan for future electrical supply and demand centers on co-
generation of heat and power (CHP) plants. The idea behind CHP is
simple, electrical power companies produce a fair amount of excess (waste)
heat which is released into waterways in many countries and consequently
act as a form of pollution on water plants or animals. CHP plants transport
steam or water waste heat through insulated, underground pipes into
surrounding residential communities and businesses, serving as a district
heating network. This heat source reduces the amount of electricity or natural
gas a home uses. CHP plants burn a variety of fuels including biomass,
straw, natural gas, coal, and oil. The Government anticipates that the
power companies will substantially contribute to realizing energy policy
objectives and reducing environmental impacts. To this end, the Government
has begun a series of environmental planning projects to guide the Danish
utilities into the 21st century.

The energy supply network, the method for heating and powering
Danish households and businesses, will be systematically updated.



Several measures have been introduced to increase energy efficiency,
including a bill for amending the Heat Supply Act which requires residences
and businesses within a central heating district to utilize the system instead
of converting to electric heat. Conversion to electric heat generally causes
consumption of more energy than heat based on natural gas or CHP and
makes later connection to district heating supply more difficult. Another
element of the supply network plan is expand CHP production and change
steam-based heat networks to water-based district heating.

The Government's commitment to renewable energy is considerable.
A committee has been established to promote municipal wind turbine
planning and a large-scale information campaign to municipalities about the
benefits of wind technology. Another initiative has been drawn up to
promote the replacement of less efficient wind turbines with the latest
technologies. Yet another committee has begun to evaluate further off-shore
wind development possibilities. Small wind turbines have also been
promoted for private businesses and municipalities.

Biomass is another form of renewable energy Denmark has been
steadily developing. An agreement was formed on June 14, 1993 between
the Government and the 3 leading opposition parties on the increased use of
biomass in energy supply. The agreement plans for large power stations to
increase their use of biomass so that by the year 2000 there is an input of
1.2 million tons of straw and 0.2 million tons of wood chips in use.
Concurrently, technical problems associated with the inputs of biomass and
residual products will be researched. Additional research has been initiated
into the feasibility of using biomass outside of collectively supplied districts,
the increased use of biogas from disposal sites, use of biogas for transport,
and a biomass development project on the small, agricultural-based island of
Bornholm. Development financing for Bornholm projects has been
guaranteed at approximately DKK 50-75 million.

Technological research and development in solar technology has
progressed due to a concerted effort by the Government to increase
alternative energy resource use. Solar heat prices have fallen by about 35%
in the Netherlands through large-scale production by power plants and
district heating plants who receive state subsidies for solar heating. The
transfer of such a subsidy scheme is an interest to the Danish government.



Overall energy research and development is a strong component in
Energy 2000 and the subsequent follow-up. The Government aims to
continue funding and promotion, including alternative financing schemes for
trade and industry involvement. A coordinated effort is to be made for
marketing transferable renewable technologies to Eastern and Central
Europe, and assisting with developing efficient technologies in those
countries. The Government is especially interested in strengthening the
export of biomass technology.

In terms of international initiatives, the Danish government has
designed and implemented Energy 2000 to follow up the Rio Climate
Convention. The Government will pressure and encourage international
organizations such as the Organization for Economic Development and
Cooperation (OECD) to be actively involved in setting and achieving CO2
reduction goals. In addition, Denmark is playing an active role in the overall
climate change strategy for reducing total EC CO2 emissions before the year
2000, as well as promoting CO2 monitoring and green taxes throughout the
EC. Denmark has made a firm committment to sustainable development
worldwide through its international development aid agencies (Ministry of
Environment and Energy, 1993).

Projected benefits. Denmark is experiencing a rising trend in total
energy consumption and it is the purpose of the follow-up to curb this rise.
Without the follow-up initiatives, total consumption of energy is expected to
rise by over 16% between 1992 and 2005, this rise concentrated primarily in
the manufacturing and service sector. Electricity consumed by households is
projected to stabilize. The original estimate of household electrical use in
Energy 2000 was much lower than current levels, leading to a re-evaluation
of energy strategies. Household use is targeted in the follow-up in order to
achieve this stabilization with combined heating districts, energy-efficient
appliances, and energy taxes.

It is assumed that 75% of electrically-heated buildings will convert to
natural gas or district heating as a result of regulations and incentives. In
addition, an expansion of wind turbines should average above 40 MW per
year. Connections to district heating, natural gas networks, and biomass
plants will increase. CHP will be promoted, leading to significant efficiency
improvements in the energy supply. Further expansion of power plants will
utilize natural gas, coal, or other fuels. An overall reduction of 20% in CO2



emissions will be achieved by a transition away from fossil fuels towards
renewable energy sources (figure 1 ).

Danish Fuel Consumption

2
7

%o

[J Natural gas

B Biomass
1988 2005 B Coal

Figure 1. Projected shift in resource
use resulting from Energy 2000 and | [J i
follow-up (Source: Ministry of the
Environment. 1993).

Projected costs. The Energy Agency's calculations on net cost of
CO2 reduction show that the initiatives will mean net costs during the first 15
years. After this period, the Agency anticipates a rising profit from exported
technology and efficiency savings to achieve a net neutrality. The Danish
Economic Council published in 1993 a survey of the costs involved in a 20%
reduction of CO2 emissions using a macro-economic model. The Council
found that the target reduction would be the result of an overall tax of DKK
300 per ton of CO2. This drop in emissions is caused by a change in the
efficiency of energy production and the use of more expensive fuels with less
environmental impact. If wages are flexible, this assumed tax level will
result in an approximate private energy consumption decrease of 1% by
2005. According to their calculations, the costs of reducing a ton of CO2 are
approximately equal to the assumed tax of DKK 300 per ton CO2 emitted.

Investments made in energy efficiency are estimated to be cheaper at
the present time than attempting to retro-fit existing operations in the future.
All of the independent assessments of Energy 2000's costs concede that a
considerable uncertainty exists concerning the development of both
technological and economic parameters. However, most economists predict
an overall rise in fuel prices as resources become depleted. This
development would no doubt be beneficial to Denmark's alternative energy



production sector, which is also problematic to quantify in an economic
model.

ENERGY INITIATIVES

Public sphere

Aesnaes power plant. Aesnass power station, with a production
capacity of 1500 MW, is Denmark's largest power plant, supplying 60% of
the demand in Eastern Denmark (where most population is concentrated).
The plant supplies electricity to the island of Zealand, district heat to the local
municipality of Kalundborg and process steam to neighbor companies. The
plant is coal-fired but is in a transition stage to burn a new type of fossil fuel
called Orimulsion, from the Orinoco River in Venezuela. The Riveris a
natural bitumen reservoir, and water is a carrier of bitumen so it is easy to
extract. In addition, Orimulsion is both cheaper than either heavy fuel oil or
coal and produces less CO2 when burned (Asnaes Power Station, 1995).

Fuel Price ($/ton) Reduction ot CO2
(compared to heavy oil)

Orimulsion 30 40

Heavy oil 70 -

Natural gas n/a 17

Straw n/a 100

Table 1. Cost and CO2 savings from Orimulsion as compared
to other fuels (Source: SK Power, 1995).

The Asnaes power plant also forms the core of an experimental networking
of businesses to recycle waste products called the Kalundborg Industrial
Symbiosis, which will be discussed later.

Biogas. Denmark has been using biogas from methanization of
sewage sludge for motor fuel used in electrical production for more than 50
years. In response to the energy crisis of the 70's, Danish engineers began
to develop technologies to collect biogas from farm wastes. Biogas plants
digest 70-90% animal manure and 10-30% pure organic wastes from
slaughterhouses or food industries to make both biogas and fertilizers. The
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plants are said to benefit small farmers economically, improve utilization of
fertilizers, reduce greenhouse emissions, and encourage environmentally
sound waste recycling (Danish Energy Agency, 1994) Initially, small plants
on farms were developed. However, a number of large scale plants have
been developed for marketable energy. Presently, 10 farm plants and 9
industrial plants operate in Denmark. Seven of the large-scale plants
provide both heat and power production, while three of the plants provide
only district heating (Ministry of Energy, 1992). The annual potential for
biogas production in Denmark is estimated at 25-30 PJ which is 3.1 10 3.8 %
of the total energy consumption (Danish Energy Agency, 1994).

Biogas plants are environmentally attractive as an alternative to fossil
fuel combustion, because they emit less CO2. Farmers have also begun to
supply biogas plants with manure as a sound waste management solution.
This practice is reinforced by environmental regulations for the storage of
manure which have tightened in both Denmark and the EC as a whole.
Farmers reap financial advantages from biogas plants in terms of fertilizer
quality. The fertilizer returned to the farmer is a mix of high potassium cattle
manure and high phosphorous pig manure which, when digested, becomes
a highly concentrated chemical-free fertilizer, reducing nutrient runoff and
pollution. The farmers save an estimated DKK 4-5 (USD 0.60-0.70) per m3
of slurry due to the savings on fertilizers, waste storage, and slurry spreading
(Tafdrup, 1995).

Senderborg is a small municipality located on the Danish peninsula,
Jutland. This small town is home to a combined gas fired combined cycle
CHP plant. The plant is constructed to achieve a thermal efficiency of 86%
from the burning of 30 million m3 Danish natural gas and 55,000 tons of
refuse per year in order to suppply 183,000 MWHh/s of electric power and
221,000 MWh/s of hot water for district heating. Integrated into the design of
the flue gas cleaning plant is a scrubber which uses 40,000 m3 per year of
wastewater from a nearby municipal sewage treatment plant. The plant
was built and will be operated by an umbrella group composed of local
power, district heating, and refuse treatment companies (Ramsgaard-
Neilsen, 1994).

windfarms. The use of wind for energy purposes has a long tradition
in Denmark, beginning in the middle ages as a main source of energy for
small farms. During the second half of the 19th century, 3000 commercial



windmills supplied the population with mechanical energy. In the first
decades of this century approximately 30,000 farm mills were added to the
power structure, for a total approximate wattage of 150-200 MW. Modern
wind turbine production took off in the 1980's, increasing the available energy
to an average of 155 kW/windmill. As of 1991, the total number of grid-
connected wind turbines, privately or utility-owned, was 3,218 units, with a
total energy capacity of 418 MW. The power generation during this year
was 740 GWh, corresponding to 2.3% of the Danish electrical consumption
(Danish Energy Agency, 1992). A premier Danish wind tubine producer,
Vestas A/S, has built and supplied 4000 wind turbines to projects in 19
countries, including India, the US, and Greece, with a combined energy
capacity of 490 MW (Danish Energy Agency, 1992).

Since 1984 many wind turbines have been installed in windfarms,
most of which are owned by the electric utilities. The development of private,
small scale wind turbines is no longer promoted by installation subsidies.
Reasonable payback rates for excess production and exemption from
electricity taxes is the main economic incentive, which has remained popular
among farmers and small communities. Several agreements have been
reached over the years between utility companies and the Danish
government to install 200 MW in windfarms since 1985. These agreements
are characteristic of many Danish energy policies; they are not mandated by
legislation or regulatory requirements.

The majority of Danish voters are reported to favor renewable energy,
and this favor is reflected in the fact that all parties in parliament except for
one support strict environmental protection. With this disposition in mind, the
utilities prefer to negotiate with the government than to adapt to new
legislation. The cost of wind energy in Denmark has fallen approximately
75% since 1980. Further decreases are expected as the installation of larger
and more efficient turbines continues. For machines with a power capacity
of about 500 MW, the costs of energy are illustrated in table 2 (Nielsen,
1994).

The Danes have begun experimenting with off-shore wind farms.
October 1991 saw the first such farm inaugurated at Vindeby, north of the
island of Lolland. The project has received funding from the European
community (EC) and has a total budget of more than 80 mill. DKK (approx.
12.3 mill USD). The wind farm is composed of 11 wind turbines sited in two
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rows with a combined rated power of 450 kW. The specific output is
expected to be approximately 60% higher than for average onshore sites or

Year Cost (kWh/DKK) Cost (kWh/USD)
1987-1989 0.50 - 0.60 DKK 0.078 - 0.094 USD
1990 - 1992 0.38 - 0.45 DKK 0.059 - 0.070 USD

1993 (projected) 0.30 - 0.40 DKK 0.047 - 0.063 USD

Table 2. Comparitive yearly cost (kWh/DKK and USD)
of wind turbine electricity in the ELSAM area, Denmark.
US dollars based on 1993 exchange rate (Nielsen, 1994).

1130 versus 700 kWh per year per m2 of swept rotor area. However, the
cost of energy produced by this prototype is estimated to be 50% higher
than for average inland sites because of its high installation and
maintenance costs (Nielsen, 1994).

Two environmental problems associated with windfarms, noise and
disruption of bird habitat have been leading reasons for resistance by
Danish municipalities to construct more windfarms. To this end, a statutory
order was issued by the Ministry of the Environment and Energy in 1991
requiring the owner of wind turbines to prove to municipal officials compliance
to noise standards. The impact of wind turbines on bird life has been
studied in relation to two utility windfarms built near bird sanctuaries. Radar
observations at one site indicated that birds are generally able to detect and
avoid the turbines. In addition, the risks are comparable to the impacts of
nearby road and vehicle noise. Wind turbine construction noise and other
physical disturbance are the most intense impacts (Nielsen, 1994).

Solar Technology. During the last 25 years, approximately 16,000
solar heating systems have been installed in Denmark, the majority being
sold since the 1980's. Most active solar systems are used for the production
of domestic hot water for single-family houses, multi-story dwellings, and
institutions. Other uses include systems for both space heating and
production of domestic hot water, as well as various larger plants. Denmark
has provided a state subsidy of the establishment of solar systems since
1979. During 1994, support was given to 2,500 systems. The Danish
Energy Agency's subsidy scheme is divided among the following sectors:
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CHP and district heating 20%, natural gas 43%, and individual heating
systems 37% (Danish Energy Agency, 1995). The energy savings as a
result of both active solar heating systems and building-integrated and
passive solar heating systems are estimated to correspond to 0.25% of the
total heating and domestic hot water energy consumption.

The Danish solar plan of action, begun in 1992, has been updated
every two years. The plan of action from 1992 to 1994 has recently been
evaluated by the Solar Energy Committee. The principle goal of this period's
plan was to promote active solar heat. Two other dominant goals involve
building-integrated passive solar in the form of glass extensions, glazed
balconies, and solar walls as well as the promotion of solar cells, which
directly convert solar energy into electricity. Projects from this period include
the following: improvement of the quality of solar systems and their
installation, research and development, improvement of cost effectiveness,
and increasing the turnover of solar systems from 200 installed in 1987 to
2500 systems in 1994. The principle goal was to increase the installations
to 4-6000 systems per year, which still has not been met (Danish Energy
Agency, 1995).

The committee recommends that all three goals must be integrated in
order to make active solar systems attractive to the marketplace and to
achieve a turnover of 4-6000 systems per year. The committee anticipates
reaching this goal by a vigorous public information and marketing campaign,
research and development to create more efficient systems, and gradual
subsidy reductions in order to increase competition. 1992-1994 did not
achieve the 4-6000 system installation goal for several reasons. The
committee reports that the subsidy for active solar heating systems was
increased against their recommendation as part of a non-related housing bill.
The committee's intention was to spur competition in order to reduce prices
through marketplace incentives. Prices did not fall even though additional
manufacturers entered the market, partially due to the high subsidies.
However, information campaigns have been successful in motivating and
educating the public. The quality of solar systems has also been
dramatically improved during this period (Danish Energy Agency, 1995).

The first period of the plan brought about a "breeding ground” for further
development and cooperation from the utilities (electricity, natural gas, and
district heating) in the promotion and use of solar heating. Towards the end
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