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During the 1960s only municipa solid waste was a mgor source of renewable energy. As in most other
European countries the promotion of other sources of renewable energy was spurred by the oil criss in
1973. The first Danish energy strategy was adopted in 1976 and assigned priority to security of energy
supply. Especidly smdl bailers and stoves for individua households and farms became widespread during
the 1970's. During the 1980’ s the energy policy increasingly emphasised economic sustainability and saved
foreign currency from declining imports of foss| fuels. The second energy strategy gave impetus to the con-
verson of cod and oil-based didtrict hesting to biomass-based district heating. A biomass-based pro-
gramme for combined heat and power - hereafter caled CHP - was dso initiated; this was in the latter half
of the 1980's. Wind energy dso gained in importance during the 1980’ s. Joint projects between the Danish
Energy Agency and the utility companies were carried out to prepare the expanded use of especidly land-
based turbines.

Following the Toronto conference in 1988 and the establishment of Intergovernmental Pand of Climate
Convention (IPCC) the Danish government initiated the preparation of a new and more comprehensve
plan of action for especialy biomass and wind energy. The priority of environmental sudtainability was
added to the existing ones of security of supply and economic viability. This third energy srategy, Energy
2000, aimed at erecting land based windmills with a capacity 1,500 MW before year 2005. The future use
of biomass was outlined in the so-cdled Biomass Agreement, which initiated the establishment of bio-
mass-based didtrict heating outsde the collectively supplied areas. The previous use of biomass for digtrict
heating or combined heat and power production had been directed at the areas with an existing heat distri-
bution net, and the new policy thus expanded biomass utilisation to the smal urban communities outside the
collectively supplied areas. An important revison of the Biomass Agreement took place in 1993, in which
the utility companies by government decree became obliged to replace 6 pct. of the total consumption of
cod with straw and wood.

In the spring 1996 the Danish government endorsed the present energy strategy, Energy 21. The gods of
Energy 2000 are expanded and a long-term perspective has been added on the bas's of new assessments
of natural resources.



Energy 21 reinforces the governments aim to reduce the nationd CO,-emission by 20 pct. by year 2005
and by 50 pct. by year 2030 as compared to the 1988 level. IPCC's recommendation of a 20 and 50 pct.
reduction by year 2005 and 2030 now congtitutes the officia benchmark. Two means are adopted to pur-
sue this. Fird, substantia energy savings will take place. Secondly, the consumption of naturd gas and ail
will remain amost the same, but the use of cod will be abolished by rapidly expanding the use of renewable
energy.

On 3 March 1999 alarge mgority of the Danish Parliament entered into an agreement on a comprehensve
electricity reform. Part of the Agreement concerns renewable dectricity. A mandatory target of doubling
the share of renewable dectricity till 20 pct. by 2003 was adopted. According to the indicative target in
Energy 21, the share of renewable eectricity shal range 2/3 by 2030 (annex 1).

Thus, the utilisation of renewable energy in Denmark will be raised from the present level of around 8 pct.
to 12-14 pct. by 2005 (100 PJ) and 35 pct. by the year 2030 (235 PJ).

The types of renewables to carry through this rapid expansion of renewable energy are illustrated in below
table. The present dominance of waste, wood and straw is obvious. In the next 10-20 years wind power
will gain condderable in importance. In the long term the maor renewable sources will ill be waste,
wood, straw, energy crops and wind power, with aless sgnificant role ascribed to biogas. The technolog-
cd deveopment within other fields such as solar cdlls, heat pumps and wave energy etc. might gain some
importance on a smdler scae. The types of renewable energy to play a mgor role in the long term are
specified in annex 1.

PRODUCTION OF RENEWABLE ENERGY

[Dir ect Energy Content [TJ] 1980 1989 1990 1996 1997 1998
TOTAL 25844 47,765 50,862 70,378 74,214 76,729
Solar Energy 50 61 105 259 280 300
\Wind Power 38 1,050 2,197 4,417 6,963 10,005
[Hydro Power 123 118 101 69 69 98
Geotherma Energy - - 48 32 50 54
Straw 4840 11258 12481 13616 13,350 13,359
\Wood Chips - 1,604 1,724 2,762 2,704 3,038
[Fire Wood 6,071 7,814 7,019 9,768 9,603 8,339
\Wood Pdllets - 355 1,575 2,215 2,290 2,261
\Wood Waste 3,648 6,383 6,183 5,726 5,939 5,85]]




[Biogas 184 354 752 1,990 2394 2,670
Waste Combustion 10584 14414 15471 26287 27,224 27,310
[Heat Pumps 306 2489 2462 3176 333 3,430

Solar pandls are digible for recaiving financid support in order to double the annud sale of solar heeting
from some 2,500 by 1995 to 5,000 within afew years. Initiatives will be taken to promote the use of larger
solar hedting units, induding solar heating inddlations in public buildings with large water consumption.
Devedoping collaboration with the energy supply companies on solar energy will dso be sought. These ini-
tiatives do not currently contribute sgnificantly to the renewable energy production and will not receive
specid atention in this paper.

Energy crops can - depending on EU’s policy pertaining to set-aside land and non-food crops - be con+
verted to other types of biomass. This decison hinges upon the results of a demondration programme for
energy crops, which commenced Spring 1997 and runs for a period of 4 years. But it remains without
doubt that especidly agricultural and forestry residues will be assgned high priority vis-avis energy crops
and liquid biofuels. This is a smple choice made on the basis of available resources and an ungtable eco-
nomic environment for energy crops.

In short, the important Danish sources of renewable energy are biomass from residues and wind power.
The policy for development of windmills will be outlined, before the development of biomass and the eco-
nomic incentives gpplied will be eaborated upon.

WIND POWER

Energy 21 has maintained the goa of erecting 1,500 MW of land based turbines before year 2005. A new
god of ingdling up to 4,000 MW off-shore turbines before year 2030 has expanded the role of wind
power. 9 pct. of the present Danish dectricity consumption is supplied by wind power and this share will
increase to 45 pct. by 2030.

The capacity reached 790 MW in 1996 and about 1700 MW in 1999. The wind turbines nowadays need
few subsdies. Capitd investment subsidies are no longer goplied, dthough some support off course is
granted for development and tests of technologically more advanced wind turbines. The only financid sup-
port for sandardised or commercidly avaladle wind mills is a so-cdled dectricity production subsdy,
which isredly an interndisation of externd environmenta costs.

Five years ago the typicad wind mill had a capacity of 300 kW. Today the ingtalled size averages 750 kW
and the next generation of 1.5 MW iswdl on the way.



Ultimo-1999 about 5,600 wind turbines were ingtdled in Denmark, 85 pct. of which were privately
owned. The power companies owned the remaining part, and this share is forecast to increase considerably
with the expansion of off-shore wind mills.

Medio-September 1997 the Danish government and the utility companies entered into an agreement about
ingament of the firgt batch of off-shore wind mills with a capacity of 750 MW. The production price for
off-shore based eectricity amounts to 0.35-0.38 DKK per kWh. (the price includes grid extensons, but
excludes back-up capacity). Land-based wind mills produce dectricity a an ever cheagper price than the
off-shore turbines, typicaly about 0.30 DKK per kWh without back up costs. Some land-based wind
mills, depending on locdlity, produces eectricity at same cost than coa-fired power plants. The production
cost of cod-based dectricity from newly built power plants ranges a 0.25 DKK per kWh and a large
number of wind millsin the western region of Denmark can compete with this.

App. 0.85 kg. CO, can be saved per wind-produced kWh. Thus, the first batch of off-shore wind mills
will contribute with a CO,-reduction of 2.1 mill. ton annudly - or 17.5 pct. of the totd Danish CO.-
reduction by year 2005. The total reduction of CO, from 5,500 MW by year 2030 is forecast to be app.
14 mill. ton per year - or about one-fourth of the present level.

BIOMASS

Energy 21 specifies that the utilisation of biomass shdl increase from 52 PJ by year 1995 to 85 PJ and
145 PJ by year 2005 and 2030, respectively.

Theincreasad utilisation of biomass is envisaged to lower the total CO,-emission by gpproximately one-
eight of Denmarks tota CO,-reduction by 2030. As athumb of rule, the eectricity production price of
biomass ranges at between 0.35-0.55 DKK per kWh. Thus the extra cost ranges at 0.10-0.30 DKK per
kWh when compared to a newly build cod fired power plants. If the externa benefits of renewables were
internaised, i.e. less health costs and less costs for environmenta restoration etc., the actua cost difference
would be limited. Straw/wood incineration at large-scale CHP has the chegpest price, while smdll-scae
biogas plants has the highest price. A sgnificant cost price reduction is expected due to the ongoing tech-
nologica progress at biomass-based CHP's.

Theincrease in use of biomasstill year 2005 will be pursued by the following means:



1. The utility companies are obliged to incinerate 1.2 mill. ton of straw and 0.2 mill. ton of wood chips ar
nualy before year 2000. Thiswill reduce the consumption of cod by 6 pct. Although this amount of straw
and wood chipsis only aminor part of the available resources, some of the power companies and digtrict
heeting plants have faced problems with price hikes due to a limited market compstition. The Biomass
Agreement was therefore amended the 1 July 1997 leaving the utilities with greater choice in the type of
biomass procured. Thus, the previoudy stipulated quantities of biomass are dtered to min. 1.0 mill. tons of
graw, min. 0.2 mill. ton of wood chips, and a free choice of min. 0.2 mill. tons of ether straw, wood chips
or chips from willow. The end result is the same: atotd incineration of biomass of 19.5 PJ from year 2000
onwards.

2. Biogas shdl increase sharply from 2 to 9 PJwithin 10 years (gas from landfill, plants on individud farms
or co-operatives etc.). To initiate this development the amended Biomass Agreement of 1 July this year
aso permitted inclusion of biogas and land fill gas in areas supplied with natura gas. The previous monop-
oly for naturd gas has thus been broken and biogas has been secured access to larger markets.

3. Denmark has around 90 digtrict heating plants on biomass. 40 of these will be converted to CHP on
biomass before 2005, the remaining 50 after 2005. These 90 didtrict hesting plants cover /5 of the total
Danish market for digtrict heating and it is the only heat production that is not produced as CHP. The con+
verson to biomass CHP has not been as speedy as envisaged. The average plant market gpproximates 70
TJ and service about 6-700 houses. This Sze makes didrict heating on biomass feasible, usudly not CHP
based on gasfication of wood and straw. In short, the technological and commercia development of small
scale CHP on biomass has been dower than expected. The Biomass Agreement was therefore amended
and is now gipulating that the conversions shdl take place not before year 2005, but when the conversion
istechnologicdly and economicdly feesble.

4. 105 new didtrict heating plants will be constructed outside the public aress. These digtrict heeting plants
cater for smal urban communities of maybe a few houndred houses with local community supplies of straw
and wood.

5. Findly, 350 block hesting units with hesting requirements above 250 kW will be established. These units
are typicdly large indtitutions and they are dl located outsde didtrict heating and naturd gas distribution
ZOnes.

The above biomass-technologies do of course not represent al types of biomass-utilisation in Denmark. In
1996 there was aso 11,000 individua straw and wood pellet boilers at the farms (12 PJ), 400,000 indi-
vidua wood stoves at private homes (4 PJ), the wood industry’ s use of waste wood (5 PJ) and more than



30 waste incinerated heat and CHP plants (25 PJ), and some 60 district heating plants (5 PJ). Most of
these types of biomass utilisation have been developed during the previous energy action plans of the past
25 years and have limited possibilities for future expanson.

AGENDA 21 AND FUTURE BIOMASSUTILISATION

<--- 1995 ----- > Lmmmmmmmm e 1995-2005 ----------mmmmu--
-->
(Rounded figures) ACTUAL USE PLANNED GROWTH CO,-REDUCTION
- 32 wasgte incineration plants 24 PJ
- 12,000 farm straw & wood boilers 7 -
- 500,000 individua wood stoves 7 -

- 90 Didrict Hegting plants 6 -
- Wood industry’ s use of waste wood 5-

- Other biomass utilisation 4 -

- Utility companies 2 - 17 PJ by 2005 1.1 mill ton by 2005
- Biogas 2 - 7- - - 04 - - - -
- 40 DH plants converted to CHP 3- - - 03 - - - -
- 105 new DH plants 3- - - 03 - - - -
- 350 indtitutions to central heeting 1-- - 02 - - - -
Tota 57 PJ 31 PJ by 2005 24 mill ton by 2005

In the long-term amgjor increase is forecagted in the following use of biomass:
- More than 80 PJ by year 2030 shall be incinerated by the utilities a large-scde CHP' s.
- 30 PJ of biogas shall be produced.

As biomass has not yet reached the same level of commercid sustainability as wind mills, some additional
economic incentives are needed. These economic means will be éaborated upon in the following.




ECONOMIC INCENTIVES FOR PROMOTION OF RENEWABLES

There are severd types of economic incentives. Taxes and fees are used to affect the consumption of foss|
fuels and renewables, and subsidies are used to increase the biomass-utilisation for eectricity production
and heet. The taxeswill be outlined first, and their actua use will be described afterwards.

A hogt of energy taxes has been gpplied during the last 25 years. An important one isthe ‘energy tax’ from
1986, which serves the purpose of maintaining a stable price relation between foss| fuels and renewables.
In the latter half of the 80's the internationa price level of oil decreased consderably. In order to protect
the domestic market for natural gas and renewable energy, a fossil energy tax was introduced to maintain
the fairly high price levd of ail.

The CO,-tax from 1992 extends the taxation of fossl fuels, and for the firgt time the private sector enter-
prise sector isimposed an energy tax. The so-called green taxes from 1995 increase the CO,-tax and en+
ergy tax, and comprise an additiona SO.-tax; see figure below. The totd Sate revenue from dl types of
energy taxes and fees amounted to 27,6 bill. DKK in 1998. About 5 hill. DKK was collected from CO,-
and SO,-taxes.

"GREEN’ TAXESTO SUPPORT RENEWABLE ENERGY

Space heating:

Housing, industry, Light industry, Heavy indu-
Per ton CO,/year trade & commerce trade & service grid production  SO,-feet”
CO,-tax (1992 100 DKK 50 DKK >50 DKK -
Green taxes (1995) 800 DKK >90 DKK >25 DKK 10 DKK

(*): Perkg. SO,
(#): Gradua increase from 1996 to 2000. In industry, commerce and trade, the green taxes will be
reduced according to documented energy savings.




A minor part of the taxes and fees is used for promotion of renewable energy in anumber of ways.

1. Energy research:
The energy research programme commenced in 1991. Funds are granted for research in development of
new RES technologies. The research support for RES typicaly range at 40 mill. DKK annudly.

2. Running cost subsidies:

A mgor economic incentive for renewable energy takes form of support to electricity production (Law
No. 944 of 27 December 1991), which is the only scheme providing a subsidy for running costs. This sub-
Sdy consggs of two grants. The first (0.17 DKK/KWh) is a generd incentive to expand eectricity produce
from renewables. The other grant (0.10 DKK/kWh) serves to internalise part of the externa costs of fossl
fues. The said amount condtitutes compensation for the autométic levying of the CO,-tax on dl eectricity
at arate corresponding to the CO, emitted during the coa-fired generation. The tota eectricity production
subsidy amounts 0.27 DKK per kWh. For the utility companies only 0.10 DKK per kWh. is granted.
From 1 January 1997 the CO,-subsidy for waste incinerated CHP plants was reduced to 0.07 DKK per
KWh.

In 1998 the totd dectricity production subsidy amounted to 703 mill. DKK, 606 mill DKK of which is
subsdies for wind-based eectricity. Municipaity solid waste received an additiond 71 mill. DKK.

ELECTRICITY PRODUCTION SUBSIDY

Private & decentraised Utility
electricity producers companies

Support for renewable energy
(wind, hydro & biomass)  0.17 DKK/kWh -

CO,-tax (*) 0.10 DKK/KWh 0.10 DKK/KWh

TOTAL SUBSIDY 0.27 DKK/KWH 0.10 DKK/KWH




(*): Basad on an estimated shadow price = 100 DKK per ton CO, (1992).

The dectricity subsidy has made biomass-based electricity somewhat competitive vis-arvis fossl fuds.
Biomass-based heat production is also made competitive. This is, however, not reached by direct subs-
dies but by tax exemption.

Due to the rapid technologica development, the above subsidy of 0.27 DKK pr. kwWh proved to be too
high. Thus, from 1 January 2000 green certificates with avaue of 0.10-0.27 DKK pr. kWh will gradualy
replace the fixed dectricity production subsdy for al new RE plants and excigting wind mills. The value of
the certificate will be set on amarket. This market will be described at length in alater chapter. The ex-
cigting biomass plants will continue to receive the dectricity production subsidy (see annex 3). Law No.
377 of 2 June 1999

3. Capital investment subsidies:

Investment subsidy is another economic means to promote biomass and other types of RES. Investment
subsidies are granted via three programmes. The so-caled CHP-fund (Combined Heat and Power-fund),
the so-called * Development and Demongtration Programme for Renewable Energy’, and

1) The so-caled CHP-fund was set up in 1992 to support the converson from biomass-based district
heeting to CHP (Law No. 3 of 3 January 1992). The programme was supposed to last till 1997 but has
been extended till 2002. Most projects receive a support of 10 till 25 pct. The upper ceiling for support is
50 pct. and gpplies for the most risky or development-oriented projects. In 1998 this type of support
amounted to 45 mill. DKK.

2) The so-cadled ‘Development and Demondtration Programme for Renewable Energy’ began in 1992
(Law No. 837 of 7 October 1992). The duration has not been decided upon but the programme is sup-
posed to cease its activities in accordance with the commercidisation of RES technologies. Investment
subsidies are offered to spur the dissemination of commercially available technologies, such as solar
pands, heat pumps, smal scae biogas plants, straw and wood based boilers etc. The subsidy varies be-
tween 15 and 30 pct. of the congtruction costs. No subsidies are given to purchase of wood stoves, which
are commonly used in privates homes and subsidies are not necessary for this widely adopted technology.
In 1998 atotd of 45Y2 mill. DKK was spent on investment subsidies.
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Besdes supporting the commercialy available technologies, the ‘Development and Demondration Pro-
granme a0 offers subsdies for demonstration projects Especiadly decentralised CHP, biogas, new
straw and wood-based boilers, new types of wind mills and solar panels are found digible for support. The
subsidy rate typicaly ranges between 20 and 40 pct. 50 pct. is maximum. A few RES technologies at the
development stage, i.e. pre-commercial technologies, receive support above 50 pct. 45 mill DKK was
granted for demongtration (and development) of RES-technologies in 1996. Another 42 mill. DKK was
spent by tet-gations for dissemination of knowledge, information and advice to overcome specid trade
barriers. Although the latter type of grant cannot be categorised as a capitd subsidy, the budget item is
included in the capita investment support programme.

3) The so-cdled ‘Fund for Development of New Renewable Energy Technologies was established in
1997. The programme aims to contribute to the development of new technologies, which could supplement
the ongoing efforts to attain the long term targets of Energy 21. From 1997 till 2000, a total of 100 mill.
DKK can be granted to the development and testing of wave power, seasona heat storage from solar
energy, privately owned off-shore wind turbines, and hydrogen technology. An additiona grant scheme has
been established for this programme, which is administered as part of and in accordance with the rules of
above mentioned ‘ Development and Demonstration Programme for Renewable Energy’ (Law No. 837 of
7 October 1992). Some co-operation with research programmes al so takes place.

In 1997 a new sub-programmes for promotion of renewable energy were launched. The so-cdled re-
newable energy idand programme. The idand of Samsoe with 4,400 inhabitants has been selected to
demondrate the possihilities of a smal community to base its entire energy supply on renewable energy,
including the trangport sector. The total investment amounts to 600 mill. DKK, 70 mill. of which condtitutes
the need for investment support from the Danish government, EU etc. This programme will be financed
from the existing grant schemes.

The above three RES programmes disbursed capitd investment subsidies worth of 189 mill. DKK in 1998.
The grant disbursement is summarised in the table below:

INVESTMENT SUBSIDIESFOR RES

DISBURSEMENT SUBSIDY
(1998) (MILL. DKK) PURPOSE RANGE




11

CHP FUND 45.1 Converson of biomass DH to CHP 10-50 %

DEVELOPMENT &
DEMO. PROGRAMME:
- Purchase of equipment 454 Small scale boilers (not stoves), biogas plants,

solar panels, heat pumps etc. 15-30 %
- Demo projects 45.1 RESin generd 10-50 %
- Test stations etc. 42.4 RESin generd 10-100 %
NEW RE
TECHNOLOGIES 11.2 Wave power, heat storage, hydrogen power 30-100 %

FUTURE FINANCIAL SUPPORT FOR RENEWABLE ENERGY

As shown in the table below, the financia support to renewable energy increases from the present dis-
bursement level of dmost 1 hill. DKK to maybe 300 mill. DKK by year 2002 (support for information
campaigns etc. has been included in category of capita investment subsidy).

FUTURE GRANT DISBURSEMENT FOR RENEWABLE ENERGY

(Mill. DKK) 1998 1999 2000 2001 2002

Capitd investment subsidies

- Devel. & demo. programme 140 130 118 141 114
- CHP fund 45 80 38 25 25
- New RES technologies 11 26 24 12 5
Electricity production subsidy(*) 703 715 90 100 110
Research 40 40 40 40 40
TOTAL 939 991 310 318 294

(*): From 16 August 1999 excisting wind mills no longer receive this subsidy from the state budget but from the
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consumer hill in atransitional period, after which they will receive green certificates. All new wind turbines
will immediately receive green certificates from primo-2000. Excisting biomass plants still receive this subsidy.

Subsidies for municipality solid waste— app. 75 mill. DKK per year —are not included in this table.

There are no officid estimates of the amount of private invesments for RES ingdlations brought about by
the above support schemes. However, a thumb of rule can be applied: The totd private investments are
estimated at 3-4 fold the tota amount of capita investment subsidies.

The above outline of future financia support shows that the total state finance support for renewable energy
declines sharply due to the dectricity reform. In June 1999 a law on, among e se, the so-called green cer-
tificate market was adopted by the parliament, and the entire energy sector will be restructured and re-
formed in the coming years. From 2000 the éectricity production subsidy for new RE plants and excisting
wind mills will not be financed from the state budget. The subsidy takes form of a green cetificate, the
vaue of which will be determined by the market. All consumers are obliged to purchase the certificates.
Thus, the running cost subsidy will most likely be reduced and added to the dectricity bill of the consumers.
The capital investment subsidies are presumed to decline from 1999 onwards, as the market matures and
the technol ogies becomes more commercidly available.

REFORM OF FEED-IN TARIFFS AND RULES FOR RES-ELECTRICITY

By 3 March 1999 alarge mgority of Danish Parliament entered into an agreement on a comprehensive
electricity reform. Part of the Agreement concerns eectricity produced from renewable energy sources. A
competition-based green market shdl be introduced, as stipulated in Law No. 375 of 2 June 1999

The tables in annex 3 summarise the trandtional scheme for exising RES-plants and the introduction of
semi-green market conditions for the new RES-plants erected before the end of 2002. 2003 will have es-
tablished afully functiona green marked.

The green market for RES-ectricity was designed after consultation with relevant parties in the area, -
cluding professona experts and various organisations in the fied. In January 2000, a report with recom+
mendations on the specific organisation of the green market was submitted. Some of the green market
components are sketched below.

GREEN MARKET REFORMS OF THE RES-BASED ELECTRICITY
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The specific means adopted to achieve the development of RE in Denmark are part of the EU-liberdisation
of the internd market and the use of market instruments in a harmonised EU-framework. In line with other
EU-members Denmark aims & extending the role of the market while, at the same time, ensuring the de-
velopment of renewable energy by indirect State guidance.

Annual quotas

Within the framework of liberdisation of energy markets annud quotas for development of RE will exert an
active government policy. The annud quotas are compulsory for al customers. The ditribution companies
are obliged to pay afee, if the annua quotais not fulfilled. This purchase guarantee is a confidence building
measure for the manufacturers of RE equipment in order to bring about increased invesments into renew-
able energy technologies. A stable commercid infrastructure is an important precondition.

It is conddered to be a PSO-obligation to issue quotas of RE-electricity, to certify and monitor the certifi-
cate market, to provide net services, to baance demand and supply and voltage regulation (individua con-
nection to the nearest feed-in point of the grid will be paid by the individua producer). The PSO-agency
will be empowered to impose upon the energy distributors the obligation to provide and sell a certain share
of energy from renewable sources.

Green certificate market

The nationd government defines the norms for green eectricity, i.e. eectricity from renewables produced
on approved and certified, environmentdly friendly, equipment. Electricity from nuclear power and large
hydro power plants (above 10 MW) will not be defined as * green dectricity’ in Denmark. The producer of
green dectricity receives so-cdled green certificates according to actua amount of green dectricity ddiv-
ered to the grid. The dectricity is sold to the distribution companies on the same terms and conditions as
conventional generators. This means that the owner or operator of a sustainable energy plant actually has
two products. eectricity and green certificates.

The financid market for the green certificates can be a nationd stock exchange or smilar financia market.
A green certificate exchange has severd advantages. The transaction codts are lowered, as a cumbersome
process of commercid bargaining with a host of potentid buyersis replaced by a sngle, independent mar-
ket operator with smple procedures; the small-scae producers have the same bargaining position as large-
scale producers, the additional costs of RE are represented by the vaue of the green certificates and cost
trangparency is thus ensured; the producers can at their own discretion choose between more stable long-
term contracts or the potentialy high-value spot market contracts. Furthermore, a national green stock
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exchange enables internationd trade, as the certificates are financia  vouchers which can be traded in an
internal EU-market.

The consumer/digtribution companies fulfil their quota by purchasing certificates at the nationa stock ex-
change for green certificates. This enables a free market for green certificates, and supply and demand sets
the price. If the consumer/digtribution companies do not fulfil their quota, they are imposed a fee of DKK
0.27/kWh, which is de-facto a price celling for the green certificates. Thus, production and digtribution of
RE shdl take place on market conditions; increased efficiency shdl be pursued by controlled commercid
incentives. The producers and distributors offering the most competitive prices for green eectricity will
autométically be awarded.

Gradual introduction of the green market

To ensure that the investors have stable economic conditions until the market is fully functiona, guaranteed
electricity prices will be used. The new plants, which are congtructed before the end of 2002, will obtain a
fixed feed-in tariff for aten-year period + certificate. After ten years the remuneration is market price of
electricity + certificate. From 2003 onwards al new RES-plants immediately receive the market price for
dectricity + catificate.

Flexibility - different levels of support to different RES-technologies

Some less matured technologies are needed to fulfil the long-term targets for RES. Renewable technologies
are at different stages of maturity and the support needed for e.g. wind power technology is much lower
than the support needed for biomass gasification technology.

Less matured technologies of medium and large scae are supported by other means in order to avoid that
they will be outstripped by wind turbines as a consequence of the short-term higher costs. One measure
could be to issue the same amount of certificates to dl technologies, and grant an additional eectricity pro-
duction subsidy to the less competitive biomass technologies. The size of this PSO-financed subsidy will be
adjusted annudly for new equipment in accordance with the technological progress.

Another measure is to introduce market price for eectricity more gradudly for the less matured technolo-
gies. From 2003 onwards newly ingtaled biomass plants etc. could be remunerated at a fixed feed-in tariff,
which could be lowered towards the market price in accordance with their technologica development and
improved competitiveness.
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Small-scale technologies

All photovoltaics, household wind turbines and small-scae hydro power plants below 25 kW may be ex-
cluded from the certificate scheme and in stead be part of a net metering programme - i.e. permitting the
electricity meter to “run backwards’ when production exceeds the actud consumption. Thus the consumer
only pays for the net consumption and the own generation of dectricity is thereby exempted from energy
taxes and fees.

A supplementary tendering model

A tendering modd, like the NFFO in England, could be used as a supplement to the ‘voluntary’ green cer-
tificate market. Some RES-technologies are large-scae, require capitd and equity availability, and have
only few potentia developers.

These types of RES, i.e. off-shore wind farms and large-scale biomass plants, may benefit from an open
tender procedure, where the limited number of interested investors can bid at the same time and submit
comparable offers according to pre-defined conditions. The bidding criteriawill be, anong dse, the offered
saesprice of dectricity + certificate.

TOTAL ECONOMIC COSTS OF RENEWABLE ENERGY

In comparison with the total cost of the Danish energy sector (renewables and fossil fuels as well as dll
types of investmentsin energy plants), the cogts for renewable energy are not sizegble,

The costs of fud, operations and maintenance, as well as investments and reinvestments in supply facilities
and consumersingdlations - for renewable energy as well asfossle fules - comprise DKK 28 hillion annu-
aly in 1995-2005. This figure will increase to DKK 41 hillion annualy from 2020-30. The bulk of invest-
ments and purchase of fud etc. is due to renovation of excisting CHP's, congtruction of new natural gas-
fired CHP s etc.

The extra costs of renewable energy are estimated to range between DKK 1 and 1% hillion per year.
Thus, 4-5 pct. of the Denmark’s total costs of the energy sector ensures the fulfilment of Energy 21's pol-
icy target for renewable energy. Technologica development and improved cost-efficiency due to the -
creased market incentives and an interna EU-market has not been taken into consideration in the above
cost-estimates.

The direct additionad employment as a consequence of the present energy action plan is estimated to be
3,000 - 5,000 man-years'annudly during the whole period. The gaff in the conventional energy sector may
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stagnate or decline, and the net-expanson of employment is largdly carried through by the employment in
the renewable energy sector. Thus, the wind mill manufacturers has provided direct and indirect employ-
ment for 10,000, and the biomass sector has an estimated 3-5,000 people on their payroll.

In 1998 the Danish export of renewable energy technology topped DKK 5 hillion. Wind turbines contrib-
utes most to Danish export, but the biomass equipment to large-scale CHP s and smdl-scale heating fur-
naces are envisaged to capture an important share of the growing market for RES technologies. The Danish
export of biomass equipment ranged a 1 bill. DKK in 1998.

SOCIO-ECONOMIC COSTS FOR CO,-ABATEMENT

The financia support for RE agppears to be large but that is only due to the fact that externa costs of using
cod have not been internalised. The externa costs of environmental retoration, costs for additiona hedlth
sarvices, loss of agricultural produce and trade etc. are sizeable. Such cogts can be added by a so-caled
life-cycle andysis. If these codts are included, severd renewable energy technologies are able to compete
on equa termswith fossl fudswithout any subgdiesat dl.

As shown in the figure below, reducing CO, can save cogs by biogas and smal woodpill boilers. The so-
cio-economic cost of producing dectricity by wind millsis neglectable. The figures sem from 1993.

SOCIO-ECONOMIC COSTSPER SAVED TON CO, IN DENMARK

RE-SOURCE SOCIO-ECONOMIC COSTS
Biogas - 50 DKK/ton CO,
Woodpillsin smdl boiler o - - -
Largewind mills 1120 - - -
Woodchips 195 - - -

Heat pumps 45 - - -

Solar heeting 2360 - - -
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Solar cdls 8700 - - -

(Datafrom 1993)

More recent figures show that the socio-economic costs, or shadow codts, are even lower for other types
of renewable energy technologies. As mentioned previoudy, the energy taxes from private enterprises are
channelled back to the sector in the form of subsidies to energy saving, purchase of renewable energy tech-
nologies etc. The actua investments and CO.-reducing measures have demonstrated de-facto tha the
socio-economic costs of industriadl CHP range from -200 to 0 DKK per ton CO.. Thus the typicdly heavy
energy consuming industries can regp direct and tangible benefits from renewable energy technologies. The
same applies for newly deployed power and CHP plants based on naturd gas. Entirely straw-based power
plants showed to have a shadow price of only 300 DKK per ton CO..

Although Danish GDP has risen by 25 pct. from 1988 till 1998, the consumption of fossl fuds increased

by only 3 pct. The CO,-emission has declined by 8 pct. from 1988 till 1998. This development has dem+

ondrated important spin-off effects for other economic sectors in Denmark, which is the true basis for a
sustainable development.

Copenhagen/14.1.2000/M:/EU/AR-EU-RE 0100.DOC
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ANNEX 1
DEVELOPMENT OF RENEWABLE ENERGY

According to the Danish energy plan of action, Energy 21, the performance of various types of renewables
till year 2030 is expected as follows:

ENERGY 21
(PJ)
1996 2000 2005 2010 2030
WIND POWER 4.4 8.6 13.8 22.7 59.8
- of which dectricity 44 8.6 13.8 22.7 59.8
PHOTOVOLTAICS 0.0 0.6 1.0 14 3.0
- of which electricity 0.0 0.6 1.0 14 3.0
BIOMASS 61.4 73.4 84.9 95.9 145.7
- of which electricity 6.5 115 155 18.0 313
- Municipaity solid waste 254 22.7 22.6 22.6 221
of which eectricity 39 5.0 5.8 58 6.1
- Straw 137 24.8 26.7 217 33.6
of which eectricity 15 4.0 6.1 54 6.1
- Wood 20.3 238 26.5 26.5 24.3
of which eectricity 04 0.7 14 14 18
- Energy crops or other biomass 0 01 0.1 59 457
of which dectricity 0 0 0 11 11.9
- Biogas 20 5.2 9.0 132 20.0
of which electricity 0.7 18 3.2 4.3 54
OTHER (geothermal, hydro power) 3.5 0.7 1.9 2.8 26.4
- of which electricity 0.1 0.1 0.2 0.3 1.0
TOTAL RES-incl. MSW 69.3 86.4 101.6 122.8 2347
- of which electricity 110 20.8 30.5 424 95.1
Contrib. total primary energy consum. 7% 10-11% 12-14% 17-19% 35%
Contrib. tota eectricity consumption 9% 17 % 5% 3% 73 %
TOTAL RES- excl. MSW 43.9 63.7 79.0 100.2 2126
- of which electricity 7.1 158 24.7 36.6 89.0
Contrib. total primary energy consum. 5% 7-8% 10-11% 14-15% 32%
Contrib. total ectricity consumption 6 % 13 % 20 % 29 % 68 %

1996: De-facto.
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2000-30: According to national energy plan of action, Energy 21.

Figures for total RES congtitute the policy target, the contributions by each RES source are indicative.
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Summary of Danish plan of action for renewable energy

In 1996 Denmark elaborated an Energy Action Plan “Energy 21" including medium and long-term sce-
narios 2030. In the medium term, the development of renewable energy is expected to take place primarily
by means of increasing the use of bioenergy (especidly agricultura and forestry residues) and wind power,
which are aso expected to provide the largest contribution in the longer term.

As a conseguence of technologica developments within individua fields, other renewable energy technolo-
giessuch as solar cells, heat pumps, and vawe energy will become increasingly important.

By 2005 the utilities are presumed to incinerate at least 19.5 PJ of straw and wood chips, and up to 40 of
some 90 digtricts heating plants on biomass shdl be converted to CHP on biomass. 105 new digtrict heat-
ing plants and 350 block heeting units (< 250 kW) are expected to be constructed outside the collectively
supplied digtribution net. Landfill gas and biogas are expected to increase from 2 to 9 PJ annually.

In the long term especidly large-scde CHP's and biogas shdl condtitute the mgor sources of biomass
consumers. The utilities use of biomass shal top 80 PJ by 2030 and biogas shal range 20 PJ. The totd
bioenergy production is envisaged to increase from 85 PJ by 2005 till 145 PJ by 2030.

The tota capacity of wind mills is presumed to be at least 1,500 MW by year 2005 and 5,500 by 2030,
which shdl increase the tota wind production from 14 PJ by 2005 till 60 PJ by 2030. The off-shore wind
mills congtitute 4,000 of the 5,500 MW by year 2030.

By 2010 RES shdll contribute to 14-15 pct. of the total primary energy consumption (17-19 pct. if
MSW isincluded). This shareis forecasted to rise to app. one-third by 2030.

The RES-contribution to the total electricity consumption shall increase from the present level of 10 pct.
to 25 pct. by 2010 (or 12 pct. till 29 pct. by 2010 if MSW is categorised as a source of renewable e
ergy). By 2030 as much as 68 pct. of the Danish éectricity consumption shal derive from RES, if interne-
tionally concerted actions have been enforced.
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ANNEX 2
PREVIOUS FEED-IN TARIFFSFOR RESELECTRICITY

There are no legd redtrictions for private power generators. If the power generating capacity is higher than
25 MW, the Department of Energy shdl issue a licence. Energy Utilities are obliged to dlow private pro-
ducers access to the grid. The feed-in tariffs in Denmark are based on the principle of avoided cost and
include the cogts for fud, operation, maintenance and long run capitd costs. The private supplier of eec-
tricity is obliged to pay the costs for the connection to the nearest feed-in point of the grid. Any costs nec-
essary to enhance the grid shall be paid by the utility. Access to the grid is not subject for payment in the
form of afee, as this sarvice is indirectly taken into account when setting the tariffs and the payment pr.
kWh is estimated to be 0.07 DKK lower due to this indirect fee. This indirect fee is subject to regiona
variations and depends on the voltage level fed into the grid. The below ligted tariffs will no longer be vdid,
when the liberdised green eectricity market enter into force.

Electricity generated from biomass

If eectricity from biomass is fed into the grid, the utilities pay on the bads of avoided cogt. Thus, the price
depends on the specific time a which the eectricity is supplied. The private producer receives between
0.14 — 0.98 DKK/KWh from the utility. The average payment ranges at approx. 0.32 DKK/kWh. Added
to thisis the afore-mentioned electricity production subsidy (reimbursement for energy/carbon tax) of 0.10
DKK/kWh and (support for RES) of 0.17 DKK/kWh. Thus the total price varies between 0.41 — 1.25
DKK/kWh. The average price approximates 0.54 DKK/kWh.

Electricity generated fromwind power

The price for eectricity from land-based wind power systems congtitutes 85% of the net price of a con-
sumer of more than 20,000 kWh per year (minus costs for using the grid). The price paid by the eectricity
utility depends on the area, and varies between 0.25 — 0.39 DKK/kKWh. An eectricity production subsidy
is dso granted for wind power (0.27 DKK/kWh). Thus the total feed-in tariffs ranges between 0.52 —
0.66 DKK/KWh. The annua average throughout Denmark approximates 0.60 DKK/KWh.
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ANNEX 3
NEW FEED-IN TARIFFSFOR RESELECTRICITY
FOR EXISTING AND NEW RES-PLANTS
TIL THE START OF COMPREHENSIVE REFORM S, PRIM O-2003

Theinvestments aready made by wind mill owners, district heating and CHP plants etc. are based on ex-
isting regulations and a trandtiond phase should therefore be established for these investors. The amend-
ments in feed-in tariffs will improve the economic conditions for biomass plants and shorten the subsidy
period for wind millsin the trangtiond period.

1. WIND MILLS
Type Fixed price Fixed RES-subsidies Green certificates
(DKK/kWh) (0.27 DKK/kWh) (0.10-0.27 DK K/kWh)
EXISTING
WIND MILLS?*)
Privatewind millsbelow | 0.33 DKK/kWh until the Only for 25,000 - After 25,000 f-load hours:
200 kW **) ***) mill is 10 yearsold (but at full-load hours 0.10 DKK/kWh
least until the end of - From 2002: Certificates
2002) when mill is 10 yearsold
Private wind millsat 201- | 0.33 DKK/kWh until the Only for 15,000 - After 15,000 f-load hours:
599 kW **) mill is 10 yearsold (but at full-load hours 0.10 DKK/kWh
least until the end of - From 2002: Certificates
2002) when mill is 10 yearsold
Privatewind millsat 600 | 0.33 DKK/kWh until the Only for 12,000 - After 12,000 f-load hours:
kW and above **) mill is 10 yearsold (but at full-load hours 0.10 DKK/kWh
least until the end of - From 2002: Certificates
2002) when mill is 10 yearsold
NEW
WIND MILLS****)
Wind mills erected during 0.33 DKK/KWh NONE YES
2000, 2001 and 2002 for 10 years

*) The conditions for the excigting utility owned wind mills are covered by a separate agreement

**) Should these changes in the price subsidy for wind turbines result in the owner of the wind turbine not
being able to meet unpaid debts for the investment in the wind turbine, upon request from the owner of the
wind turbine the State will guarantee that the system responsible company can take over the wind turbine
and the payment of |oans outstanding which were taken out to finance the purchase of the wind turbine
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before the Bill was presented.

***) Specid rules are to be established to promote the replacement of old wind turbines under 100 kW.
Under the precondition that the existing wind turbine is decommissioned, the turbine owner can instead
acquire wind turbine sharesin anew, jointly owned wind turbine for eectricity production corresponding to
thetriple of the eectricity production at the decommissioned wind turbine for a guaranteed settlement price
of DKK 0.60/kWh for production corresponding to 12,000 full-load hours. After this, the wind turbineis
ensured a settlement smilar to other new wind turbines established during the period.

***%) Private wind turbines, purchased on binding, unconditiona contract before the end of 1999, and
which have the necessary permits, will be regarded as existing wind turbines. If the above contracts and
permits are achieved after 1 January 2000, the wind mills will be regarded as new.

Specid ruleswill apply for smal domestic turbines.

2. BIOMASS
Type Fixed price Fixed RES-subsidies Green certificates
(DKK/kWh) (0.27 DKK/kWh) (0.10-0.27 DK K/kWh)
EXISTING
BIOMASS PLANTS *)
Biogas plants 0.33 DKK/kWh YES NO
Loca biomass plants 0.33 DKK/kWh YES NO
NEW BIOMASS
PLANTS**)
Biogas and biomass plants 0.50 DKK/kWh NONE YES
erected during 2000, 2001 for 10 years
and 2002

*) The conditions for the excigting utility owned biomass plants are covered by a separate agreement

**) Local biomass plants purchased on binding, unconditiona contract before the end of 1999, and which
have the necessary permits, will be regarded as existing plants. If the above contracts and permits are
achieved after 1 January 2000, the biomass plant will be regarded as new.




