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This pa per shows that in sup port of its abil ity to im prove the over all eco nomic
cost-ef fec tive ness and flex i bil ity of the Dan ish en ergy sys tem, the fi nan cially fea si -
ble in te gra tion of large-scale heat pumps (HP) with ex ist ing com bined heat and
power (CHP) plants, is crit i cally sen si tive to the op er a tional mode of the HP
vis-à-vis the op er a tional co ef fi cient of per for mance, mainly given by the tem per a -
ture level of the heat source. When us ing ground source for low-tem per a ture heat
source, heat pro duc tion costs in creases by about 10%, while par tial use of con -
densed flue gas ses for low-tem per a ture heat source re sults in an 8% cost re duc tion. 
Fur ther more, the anal y sis shows that when a large-scale HP is in te grated with an
ex ist ing CHP plant, the pro jected spot mar ket sit u a tion in The Nordic Power Ex -
change (Nord Pool) to wards 2025, which re flects a grow ing share of wind power
and heat-sup ply con strained power gen er a tion elec tric ity, fur ther re duces the op er -
a tional hours of the CHP unit over time, while in creas ing the op er a tional hours of
the HP unit. In re sult, an HP unit at half the heat pro duc tion ca pac ity as the CHP
unit in com bi na tion with a heat-only boiler rep re sents as a pos si bly fi nan cially fea -
si ble al ter na tive to CHP op er a tion, rather than a sup ple ment to CHP unit op er a -
tion. While such re vised op er a tional strat egy would have im pacts on pol i cies to
pro mote co-gen er a tion, these re sults in di cate that the in te gra tion of large-scale HP 
may jeop ar dize ef forts to pro mote co-gen er a tion. Pol icy in stru ments should be de -
signed to pro mote the in te gra tion of HP with lower than half of the heat ing ca pac ity 
of the CHP unit. Also it is found, that CHP-HP plant de signs should al low for the
uti li za tion of heat re cov ered from the CHP unit’s flue gas ses for both con cur rent
(CHP unit and HP unit) and in de pend ent op er a tion (HP unit only). For in de pend -
ent op er a tion, the re cov ered heat is re quired to be stored.

Key words: large-scale heat pumps, sustainable energy system design, relocation, 
techno-economic analysis

Introduction

Large-scale in te gra tion of in ter mit tent re new able en ergy tech nol o gies such as
wind power and photovoltaics into ex ist ing en ergy sys tems rep re sents a ma jor op por tu -
nity for in creas ing en ergy ef fi ciency, re duc ing emis sions, and op ti miz ing the eco nomic
fea si bil ity of the en ergy sys tem [1-7]. Such de vel op ment re quires in no va tive so lu tions in
the de sign and op er a tion of the over all en ergy sys tem, in par tic u lar with re spect to pro -
vid ing bal anc ing ser vices in pe ri ods of ex cess power pro duc tion, main tain ing power
qual ity, and in creas ing the ca pac ity value of small power pro duc ers.
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In the case of West ern Den mark, with 24% of an nual elec tric ity de mand be ing
sup plied by wind power in 2005 and plans for fur ther in creas ing the share of wind power,
mea sures are be ing de vel oped for se cur ing a con tin ued ef fi cient and cost-ef fec tive in te -
gra tion of grid-con nected wind power.

Be sides large-scale pen e tra tion of wind power, the Dan ish en ergy sys tem is fur -
ther more char ac ter ized by con tin ued pol icy strat e gies to pro mote sys tem en ergy ef fi -
ciency in the form of dis trib uted com bined heat and power (CHP) pro duc tion, which sup -
plied 26% of elec tric ity de mand in 2006, while cen tral ized large-scale CHP plants
sup plied 39% of elec tric ity de mand.

Un der cur rent op er a tional strat e gies, such large shares of wind power and CHP
are re sult ing in pe ri ods of ex cess elec tric ity sup ply. While re corded data may not cor re -
spond to the most cur rent pro jec tions, fig. 1 il lus trates the in creas ing sig nif i cance of this
chal lenge as pro jected by the Dan ish En ergy Au thor ity in 2001 [8].

To avoid the fore seen prob lems in plan ning for ex ten sive pen e tra tion of wind
power in Den mark’s West ern grid, cur rent plans sug gests that new wind farms should
better tar get ex port mar kets. Such strat egy will in volve ma jor in vest ments in in creas ing
trans mis sion ca pac i ties to neigh bour ing coun tries Ger many, Nor way, and Swe den.
Mean while, al ter na tive strat e gies that at tempts to as sess op por tu ni ties for al low ing an
even larger share of in ter mit tent renewables into the Dan ish en ergy sys tem (50% or more
of to tal an nual elec tric ity pro duc tion) may be more cost ef fec tive [2]. Such al ter na tive
strat e gies fo cus on in creas ing the flex i bil ity of the in ter nal sup ply and dis tri bu tion net -
work. Strat e gies to limit ex cess elec tric ity pro duc tion by in creas ing the closed sys tem
flex i bil ity, in volves the de sign of sus tain able en ergy sys tems which re lies on the in te gra -
tion of ef fec tive stor age and re lo ca tion tech nol o gies. Fig ure 2 il lus trates the prin ci ple by
en ergy sys tem de sign for the in te gra tion of stor age and re lo ca tion tech nol o gies.
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Figure 1. The current and projected share of wind power and CHP-based power
generation in Denmark’s Western grid (left), and the resulting projected excess power
generation (right)



But which stor age and re lo ca tion op tions are more fea si ble from a tech ni cal, en vi -
ron men tal, eco nomic, and fi nan cial per spec tive? Heat pumps (HP), elec tric boil ers, hy dro -
gen stor age, pumped stor age? Com par a tive techno-eco nomic anal y ses are re quired in or -
der to as sess com par a tive ad van tages and dis ad van tages, and pos si bly to iden tify op tions
which could ben e fit from par tic u lar at ten tion by pol icy mak ers and pro ject de vel op ers.

Lund et. al [3] points to one most prom is ing op tion in a short- to me dium-term
per spec tive; the in te gra tion of large-scale HP with ex ist ing CHP plants. From ex ten sive
sys tem anal y ses for Den mark, Lund finds that the levelized eco nomic ben e fit in the case
of West Den mark amounts to €2.5 mill. per year at cur rent wind power pen e tra tion lev els. 
The anal y sis shows that it will be fea si ble to in te grate a to tal of 350 MWe HP, equiv a lent
to the in stal la tion of one 1 MWe HP at the site of the av er age CHP-plant.

In fact, stan dard large-scale com pres sion HP are typ i cally avail able up to about
1 MWe, equiv a lent to 3-6 MW heat out put, though the in te gra tion of HP is likely to be re -
quir ing a cus tom de sign pro cess [9, 10]. Is sues re lated to ozone-de plet ing and global
warm ing con trib ut ing re frig er ants is a prob lem of the past as CFC and HCFC are be ing
phased out, in tro duc ing nat u ral work ing flu ids like CO2 and H2O. Find ings sug gest that
nat u ral work ing flu ids are in tro duced with out com pro mis ing the co ef fi cient of per -
for mance (COP), how ever it is known that us ing CO2 as a work ing fluid in com pres -
sion sys tems gen er ates high pres sure dif fer ences across the com pres sor as well as
large ef fi ciency losses as so ci ated with the throt tling pro cess [11]. The Dan ish Tech -
no log i cal In sti tute is cur rently col lab o rat ing with the Cen tre for Pos i tive Dis place -
ment Com pres sor Tech nol ogy to de sign and dem on strate a tech nol ogy that bal ances
the ro tor forces in twin screw com pres sors for high pres sure ap pli ca tions, thereby
sig nif i cantly im prov ing the ef fi ciency of large-scale HP us ing CO2 as the work ing
fluid [12].

A strat egy in tended to pro mote the in te gra tion of HP sug gests the emer gence of
a new role for dis trib uted power pro duc ers in the reg u la tion of sup ply and de mand for
elec tric ity. Cer tain key con di tions needs to be taken into ac count for this pur pose; most
im por tantly the com mu ni ca tion be tween the sys tem au thor ity and the in di vid ual plant
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Figure 2. The 2nd generation sustainable energy system (2G) introducing
relocation and thermal storage for added operational flexibility



op er a tor and the abil ity of the plant to re act quickly to sup ply re quire ments. Re search
pro jects in di cate that start ing and stop ping plants cur rently may take from as lit tle as 10
min utes to as much as 4-6 hours. Fur ther more, the abil ity of dis trib uted pro duc ers to sup -
ply re ac tive power would in crease the flex i bil ity of the sys tem and al low for the sys tem
au thor ity to post pone cer tain in vest ments in for ex am ple condensators [13].

How ever, in or der to es tab lish such new re gime and role for dis trib uted pro duc -
ers, reg u la tors will be re quired to es tab lish new con di tions for grid-con nec tion un der
which in vest ment and op er a tional strat e gies will be re flect ing the eco nomic costs and
ben e fits. In fact, in March 2005, 26 Dan ish CHP plants of fered their com bined ca pac ity
of 361 MWe to the trans mis sion grid op er a tor, thereby sug gest ing a model for how it may
be come fi nan cially at trac tive for dis trib uted pro duc ers to pro vide reg u la tive ca pac ity
[14]. Dis trib uted pro duc ers may fur ther more pro vide ad di tional bal anc ing ser vices and
op er a tional flex i bil ity by mak ing use of HP for the pur pose of tak ing ex cess power pro -
duc tion in sit u a tions of such and gen er ally op ti mize their op er a tional strat e gies ac cord ing 
to spot mar ket fluc tu a tions.

Objective and methodology

In this pa per, it is eval u ated whether claimed eco nomic fea si bil ity of sys tem in -
te grated large-scale HP is cur rently re flected in the mar ket place, i. e. whether it is fi nan -
cially fea si ble un der cur rent mar ket con di tions for dis trib uted pro duc ers to in stall and op -
er ate a large-scale HP.

The anal y ses are mak ing use of a de sign and op ti mi za tion model of a typ i cal
CHP-plant with and with out HP, on the ba sis of which a fi nan cial cost-ben e fit anal y sis is
pre pared. The energyPRO soft ware [15. 16] is used to model and op ti mize the sim u lated
op er a tion of the plant over the plan ning pe riod un der given techno-eco nomic con straints. 
No other pro pri etary tools are used for this pur pose. On the ba sis of the fi nan cially op ti -
mized plant op er a tion, the re sult ing net pres ent value is used as key cri te ria for as sess ing
the com par a tive fi nan cial fea si bil ity of the op tions in cluded un der the anal y sis.

Techno-economic assumptions

In the com par a tive anal y sis of op tions for in te grat ing large-scale HP with ex ist -
ing CHP plants, three op tions are com pared (fig. 3):
– Ref er ence: Con tin ued op er a tion of an ex ist ing 4 MWe (3 MWe + 1 MWe) nat u ral-gas

fired CHP plant with 1,200 m3 ther mal stor age (grid-con nected, heat used for dis trict
heat ing).

– Option A: Reference plus 1 MWe HP, for which ground source is used for
low-temperature heat source.

– Option B: Reference plus 1 MWe HP, for which flue gas heat recovery in combination 
with ground source is used as low-temperature heat source.

For Op tion A, low-tem per a ture heat is re cov ered from ground source by a closed 
sys tem of tubes placed in bore holes or shal low trenches. For Op tion B, low-tem per a ture
heat is re cov ered from cool ing and con den sa tion of flue gas ses for con cur rent op er a tion
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of CHP unit and HP, and from ground source in com bi na tion with stored heat re cov ered
from flue gas ses for in de pend ent op er a tion of HP unit (with out CHP unit).

All op tions are op ti mized ac cord ing to an op er a tional strat egy that al lows heat -
ing de mand at any given hour to be met by the pro duc tion unit that pro vides heat at the
low est fi nan cial costs, shift ing be tween or com bin ing the CHP unit, the HP unit, and the
heat-only boiler, pro duc ing to ther mal stor age when ever fea si ble.

General assumptions

With 2005 as the first full year of op er a tion, all case op tions are an a lyzed over a
plan ning pe riod of 20 years, equiv a lent to the as sumed life time of the HP, fur ther more
as sum ing that to be the re main ing life time of the ex ist ing CHP unit; mak ing all in vest -
ments fully de pre ci ated within the plan ning pe riod.

A nom i nal fi nan cial dis count rate of 15% per year is ap plied. While this dis count 
rate may seem rather high, it is as sumed to mir ror well the time pref er ence for new in vest -
ments among the stake holders in fo cus. Cur rent fis cal pre mi ums and taxes are as sumed
con stant in nom i nal terms. Fixed and vari able op er a tional and main te nance (O&M) costs
are as sumed to in crease at the rate of in fla tion, which is as sumed to be 2% per year. A
70/30 debt-eq uity ra tio is as sumed, debt be ing fi nanced over 10 years at 5% per year ef -
fec tive. The re sults and con clu sions are not par tic u lar sen si tive to these as sump tions.

Fi nan cial fuel costs and rev e nues from elec tric ity sales are based on pre vi ous
year val ues (March 2004 to Feb ru ary 2005) pro jected to de velop over the plan ning pe riod 
at growth rates sim i lar to those pro jected for eco nomic costs ac cord ing to plan ning as -
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Figure 3. Conceptual plant diagram for options for integrating a large-scale HP with a
CHP unit allowing for independent operation of CHP unit and HP unit for operational
flexibility by relocation



sump tions sug gested by the Dan ish En ergy Au thor ity [17]. The ini tial nat u ral gas price is
based on fixed monthly prices for large con sum ers [18], and the elec tric ity sell ing and
pur chase tar iff is based on Nord Pool spot mar ket prices [19]. Elec tric ity pur chase taxes
for heat ing pur poses ap ply for elec tric ity used to feed the heat pump.

Case options

Ta ble 1 holds key techno-eco nomic as sump tions for the op tions un der anal y sis.
Par tic u lar un cer tainty re lates to the COP of the HP, which is highly sen si tive to the tem -
per a ture lev els of the heat source as well as of the heat sink. The av er age tem per a ture
level of the heat source is un cer tain due to the var i ous con di tions un der which the HP will 
op er ate. For Op tion A, the HP will op er ate on the ba sis of low-tem per a ture ground source 
un der which con di tions the COP may be less than 2, and is un likely to be higher than 4.
An an nual av er age COP of 3.0 is as sumed. For Op tion B, the HP may op er ate in par al lel
with the en gine-gen er a tor, al low ing for heat re cov ery by con den sa tion of flue gas ses,
which will re sult in a rel a tively small tem per a ture lift of the HP, as a re sult of which a
COP of be tween 3.5 and 5 may be achieved. Heat re cov ered from flue gas ses may be
stored for in de pend ent op er a tion of the HP, which in com bi na tion with us ing ground
source for low-tem per a ture heat source, will al low for an as sumed an nual av er age COP
of 4.0.
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Table 1. Key techno-economic assumptions

Ref er ence Op tion A Op tion B

Heating demand

– Annual supply including grid losses 24.5 GWh

Installed capacities

– HP heating – 3 MW 4 MW

– CHP heating 6.5 MW

– CHP electric 4.0 MWe

Efficiencies (annual average)

– CHP unit, electric 39%

– CHP unit, overall 90%

– Heat-only boiler 95%

– HP, COP – 3 4

Investments

– HP – 0.7 mill.  € 0.9 mill.  €

Variable annual O&M costs

– CHP unit (€/MWh electric production) 6.5  €/MWh

– Heat-only boiler (€/MWh heat production) 1.5  €/MWh

– HP (€/MWh heat production) – 4.0  €/MWh 4.0  €/MWh



The spe cific in vest ment cost for large-scale HP is not ex pected to change to -
wards 2030; how ever the COP for new HP may be ex pected to im prove by as much as
20% by 2030 with out any in creases in in vest ment and O&M costs. The po ten tial in crease 
is not con sid ered un der this anal y sis. The tech ni cal life time of the HP is as sumed to be 20 
years at the spec i fied O&M cost ing lev els.

Results

Hav ing es tab lished op ti mized op er a tional strat e gies un der given con straints on
an hourly ba sis for each year of op er a tion, i. e. strat e gies for us ing avail able pro duc tion
units for pro vid ing heat ing at low est fi nan cial costs, fig. 4 il lus trates the op er a tional pro -
files for the three op tions un der anal y sis for a se lected week in No vem ber 2005.
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Figure 4. Operation profiles for optimized plant operation
top: reference, middle: option A, bottom: option B



The top fig ure il lus trates the op ti mal mode of op er a tion for the Ref er ence for
this week. It ap pears that the CHP units are pri or ity pro duc tion units. The mid dle fig ure
il lus trates Op tion A’s op ti mal mode of op er a tion, from which ap pears that the HP unit is
the pri or ity pro duc tion unit for most hours, and gen er ally over takes the larger share of the 
heat pro duc tion from the CHP units. The bot tom fig ure il lus trates Op tions B’s op ti mal
mode of op er a tion, from which ap pears that the HP unit al most com pletely re places heat
pro duc tion from the CHP unit. 

It ap pears from a re view of the op er a tional pro file over an en tire year that fol -
low ing the in te gra tion of CHP unit and HP unit, the HP unit will sig nif i cantly over take
heat pro duc tion from the CHP unit, for Op tion B more so than for Op tion A.

Ta ble 2 holds the key fi nan cial re sults for the op er a tion of the three case op tions. 
A key cri te rion for com par i son is the net costs of heat pro duc tion for each op tion. The fi -
nan cial pres ent val ues do not in clude in come from heat sales and are thus neg a tive. It is
found that Op tion B sup plies heat at the low est costs un der given as sump tions. The fi nan -
cial pres ent value for Op tion B is  –5.7 mill. € cor re spond ing to levelized heat pro duc tion
costs of 37.7 € per MWh-heat. In com par i son to Ref er ence op er a tion, Op tion B thereby
re duces heat pro duc tion costs by 8%, while Op tion A in creases heat pro duc tion costs by
10% from € 41.1 to € 45.7 per MWh-heat.

The re sults pre sented in fig. 4 and tab. 2 shows that the in te gra tion of a
large-scale HP (Op tion A and Op tion B) with an ex ist ing CHP plant (Ref er ence) may be
fea si ble from a fi nan cial per spec tive, in par tic u lar when the op tion in cludes heat re cov ery 
from flue gas ses (Op tion B). How ever, a large-scale HP may have sig nif i cant con se -
quences to the op er a tional strat egy of the CHP plant. For ex am ple, for Op tion B, the HP
unit al most com pletely takes over pro duc tion from the CHP unit, re plac ing rather than
sup ple ment ing CHP unit pro duc tion.

Conclusions

In con clu sion, the re sults in di cate that when a large-scale HP with 50-60% of the 
CHP unit’s heat ing ca pac ity is in te grated with an ex ist ing CHP plant un der given as -
sump tions, the HP unit al most com pletely re places the CHP unit as the fi nan cially pre -
ferred pro duc tion unit. How ever, un cer tain ties re lated to the per for mance of the HP un -
der var i ous op er a tional strat e gies must be fur ther ex plored through tests and
dem on stra tion pro jects.
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Table 2. Key financial results

Ref er ence Op tion A Op tion B

Present value (mill. €) –6.3 –7.0 –5.7

Levelized production cost 

(€/MWh-heat)
41.1 45.7 37.7



On the fi nan cial fea si bil ity in clud ing in vest ment costs for HP unit in te gra tion, the
re sults in di cate that when us ing only ground source for low-tem per a ture heat source, the
over all fi nan cial heat pro duc tion costs in creases by about 10% (Op tion A). A de sign that
al lows for the uti li za tion of flue gas ses in com bi na tion with ground source for low-tem per -
a ture heat source, a COP in crease by 25% com bined with a 30% in crease in in vest ment
costs, re sults in over all heat pro duc tion costs be ing re duced by about 8% (Op tion B).

The fi nan cial re sults are sen si tive to the con di tions for grid-con nect ing dis trib -
uted pro duc ers. The re cent move by dis trib uted pro duc ers team ing up to sup ply firm ca -
pac ity to the grid may add op er a tional ben e fits to the CHP unit, if re warded. An other po -
ten tial im pact will be the com bi na tion of the in crease in elec tric ity de mand due to the use
of HP and the de crease in elec tric ity pro duced by the CHP unit, which will af fect spot
mar ket prices for elec tric ity and thereby ben e fit the CHP unit rel a tively over the HP.
Anal y ses will be re quired in or der to as sess the feed-back ef fect on the Nord Pool spot
mar ket from the pos si ble in crease in de mand from HP and the re duced elec tric ity pro duc -
tion from the CHP units.

With con struc tion pe ri ods of less than 1 year, the in te gra tion of large-scale HP
with ex ist ing dis trib uted pro duc ers may be the key to al low ing a large share of in ter mit -
tent renewables into the power grid in the short to me dium term. Such in te gra tion would
help to se cur ing a flex i ble and cost-ef fec tive op er a tion of the en ergy sys tem, and pol icy
strat e gies and mar ket con di tions should be de vel oped ac cord ingly.

How ever, the re sults show that large-scale HP in com bi na tion with CHP plants
should be in tro duced with care, not to jeop ar dize pol i cies to pro mote co-gen er a tion. The
in te gra tion of a large-scale HP  may in some cases al most fully re place ex ist ing CHP unit
op er a tion, so it is to be con sid ered to which ex tent large-scale HP should fully re place ex -
ist ing CHP pro duc ers, or con sider op tions that lim its the heat ing ca pac ity of the HP  to be
in te grated with the CHP unit. It is in di cated that the HP ’s heat ing ca pac ity at given COPs
should be much be low half of the CHP unit’s heat pro duc tion ca pac ity, es ti mated to about 
or less than 15-20% of heat the CHP unit’s heat ing ca pac ity.This would likely be the
better op tion for in tro duc ing some sys tem flex i bil ity, while con tin u ing sup port ing the
prin ci ple of co-gen er a tion.

Acknowledgments

The find ings in this pa per are part of the re sults of a Ph. D. pro ject at Aalborg
Uni ver sity, which is sup ported fi nan cially by Energinet.dk, the Dan ish TSO. More over
the pre sen ta tion is part of the EU-funded DE SIRE-pro ject Dis sem i na tion Strat egy on
Elec tric ity Bal anc ing for Large-Scale In te gra tion of Re new able En ergy.

References

[1] Niel sen, L., et. al., Large-Scale Pen e tra tion of Re new able En ergy in Elec tric ity and Heat Pro -
duc tion (in Dan ish), Risø-R-784 (DA), Risø, Den mark, 1994

151

Blarke, M. B., Lund, H.: Large-Scale Heat Pumps in Sustainable Energy Systems: System and ...



[2] Lund, H., Ostergaard, P., Andersen, A. N., Hvelplund, F., Mæng, H., Münster, E., et al., Lo -
cal En ergy Mar kets (in Dan ish), Pub li ca tion No. 290, De part ment of Plan ning and De vel op -
ment, Aalborg Uni ver sity, Aalborg, Den mark, 2004

[3] Ostergaard, P. A., An cil lary Ser vices and the In te gra tion of Sub stan tial Quan ti ties of Wind
Power, Ap plied En ergy, 83 (2006), 5, pp. 451-463

[4] Lund, H., Münster, E., Man age ment of Sur plus Elec tric ity-Pro duc tion from a Fluc tu at ing Re -
new able-En ergy Source, Ap plied En ergy, 76 (2003), 1-3, pp. 65-74

[5] Lund, H., Andersen, A. N., Op ti mal De signs of Small CHP Plants in a Mar ket with Fluc tu at -
ing Elec tric ity Prices, En ergy Con ver sion and Man age ment, 46 (2005), 6, pp. 893-904

[6] Lund, H., Large-Scale In te gra tion of Wind Power into Dif fer ent En ergy Sys tems, En ergy, 30
(2005), 13, pp. 2402-2412

[7] Lund, H., Münster, E., In te grated En ergy Sys tems and Lo cal En ergy Mar kets, En ergy Pol icy, 
34 (2006), 10, pp. 1152-1160

[8] ***, Dan ish En ergy Au thor ity, Re port from the Ex pert Group on CHP and RES Elec tric ity
(in Dan ish), Dan ish En ergy Au thor ity, 2001, Co pen ha gen

[9] ***, IEA’s Heat Pump Cen tre, http://www.heatpumpcentre.org/, 2007
[10] ***, Dan ish En ergy Au thor ity, Tech nol ogy Data for Elec tric ity and Heat Gen er at ing Plants,

2005, Copenhagen
[11] Stosic, N., Smith, I. K., Kovacevic, A., A Twin Screw Com bined Com pres sor and Ex pander

for CO2 Re frig er a tion Sys tems, Cen tre for Pos i tive Dis place ment Com pres sor Tech nol ogy,
City Uni ver sity, Lon don, 2002

[12] Christensen, K. G., Patru, L. C., Poulsen, C. S., Rudmose, C., Hansen, E. N., Hansen, T. M.,
Mini-Scale Heat Pump Us ing CO2 for Dis trib uted Cogeneration Plants (in Dan ish), EFP 2003 
– j.nr.: 1373/03-0007, Dan ish Tech nol ogy In sti tute, Den mark, 2007

[13] ***, Energinet.dk, Dis trib uted Cogeneration on Mar ket Con di tions (in Dan ish), PSO R&D
project 5227, Fi nal report, 2004, Denmark

[14] ***, Energinet.dk (then Eltra), Eltra News let ter, http://energinet.dk, 2005
[15] ***, EMD In ter na tional, EnergyPRO Soft ware, http://emd.dk, 2007
[16] Lund, H., Andersen, A. N., Op ti mal De signs of Small CHP Plants in a Mar ket with Fluc tu at -

ing Elec tric ity Prices, En ergy Con ver sion and Man age ment, 46 (2005), 6, pp. 893-904
[17] ***, Dan ish En ergy Au thor ity, Assumptions for Eco nomic Anal y ses in En ergy Sec tor (in

Dan ish), Co pen ha gen, 2004
[18] ***, Dong, Nat u ral Gas Prices for CHP Plants, http://dong.dk, 2007
[19] ***, Nord Pool, Spot Mar ket Prices for Elec tric ity, http://nordool.dk, 2007

Author's address:

M. B. Blarke, H. Lund
Department of Development and Planning, Aalborg University,
13, Fibigerstraede
DK-9220 Aalborg, Denmark

Corresponding author M. B. Blarke
E-mail: blarke@plan.aau.dk.

Paper submitted: March 15, 2007
Paper revised: April 25, 2007
Paper accepted: April 30, 2007

152

THERMAL  SCIENCE: Vol. 11 (2007), No. 3, pp. 143-152


