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100 years DK DH history in 1 minute
1897 - 1903

ÅImpossible to find areas for landfills 
inside the boundaries of the municipality 
of Frederiksberg.

ÅConstruction of a new hospital.



1903



Denmarkôs Wake-Up Call was 35 Years Ago

Å 1973-74 oil crisis

Å 2 countries were more than 92 % 
dependent on imported energy: 
Japan and Denmark (oil and coal)

Å Sharply rising oil prices caused 
economic crisis and high 
unemployment.

A matter of national security and top economic 
priority to embark on new sustainable solutions



Today ï35 Years Later ïMain results DK

Å Net exporter of oil and gas.

Å Lowest energy consumption per GDP-unit 
in EU. 

Å Highest contribution to electricity from 
new renewables (non-hydro RE) in the 
world.

Å Most efficient clean coal technology world 
wide.

Å Leading nation of advanced energy 
solutions  (district heating and CHP, wind 
turbines, biomass plants, energy saving 
technologies é)



Heating Installations in Dwellings
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Production of District Heating
by Type of Producer

0

20

40

60

80

100

120

140

1980 '85 '90 '95 '00 '05 '08

PJ

Large-scale CHP Units Small-scale CHP Units

District Heating Units Autoproducers, CHP

Autoproducers, Heat only

Source: Danish Energy Authority

HOB





1985

Local

heat plants

(oil)

Local heat plants

(Oil, coal)

Waste Incineration plant



1991

CTR

Avedøreværket
CHP Plant

Waste Incineration plant

Power

Heat

Heat exchanger 

stations

Waste Incineration plant

Pump station

Local

heat plants

(oil)

Local heat plants

(Oil, coal)

AMV

HCV

CHP Plant

Pump station



Greater Copenhagen DH System 

18 municipalities

4 integrated systems

500,000 end ïusers

34,500 TJ (9,600 GWh, 

32,700 GBtu)
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Why built a heat storage?

ÅIncrease the flexibility of 
production facilities.
ÅPossible to produce electricity 

when prices at power market 
are high, but heat demand is 
low.

ÅPossible to produce heat 
during night time when heat 
demand is low.

ÅHeat demand in the morning 
peak can be covered partial 
from reloading the heat 
storage tank.



Why built a heat storage? 

ÅIncrease the flexibility of production facilities.
ÅPossible to integrate DH and wind power by using electricity for 

water heating when electricity prices are low.

Photo: Vattenfall



Why built a heat storage?

ÅImprove the DH companyôs 
opportunities for making 
business at the market for 
power regulation.

ÅAvailability payment for having 
engines standing in reserve to 
start-up, when the electricity 

system needs up-regulation.



Why built a heat storage?

ÅSmooth the heat demand
ÅSmaller pipe dimensions in the 

DH network.

ÅReduce the pumping costs.

ÅReduce the need for peak-load 
production.

ÅPossibility for reduced flow 
temperature.



Auning DH Company

ÅHeat accumulators
ÅCapacity of the small one to 

the right: 400 m 3.

ÅCapacity of the larger one to 
the left: 1,000m 3.



Brørup DH Company

ÅHeat accumulator with an 
effective volume of 1,200 m 3.

ÅHeight 14.5 m.



Heat accumulator with an

effective volume of 2,500 m 3

Helsinge DH Company



Energy Viborg

ÅPlant:
ÅCHP CC
ÅPower capacity of 57 MW.

ÅHeat capacity of 57 MJ/s.

ÅHeat accumulator:
ÅEffective volume of 19,000 m3.
Å 900 MWh heat



AVV CHP plant in Copenhagen

Heat storage with effective volume of 2 * 22,000 m 3

Photo: DONG Energy

Centralised 

heat storages



Photo: Energi E2

Volume: 22,000 m3 each

Heigh: 50 m

Temperature: Max 118oC

Load and reload: 330 MJ/s



Load dispatching
Å -2008

ÅThe duty to secure the optimisation of 
the total heat and power production in 
Greater Copenhagen (CPH) belonged 
to the power company DONG Energy.

ÅAs a consequence of the liberalisation 
of the electricity market the company 
Vattenfall bought on of the CHP plants 
in CPH.

ÅTwo power companies in competition 
with each other on the DH market in 
CPH.

Å Another body had to take over the 
responsibility for securing the total 
optimisation of the heat and power 
production. 

Vattenfall
DONG



Varmelast.dk - Background

ÅFour different main principles of load 
dispatching and pricing were analyzed:
ÅThe preconditions for an efficient, liberalised 

DH market is not present in the Greater 
Copenhagen area's DH system. Producers will 
have market power, which gives theoretical 
possibility of increasing DH payments with up to 
30 million ú/year.

ÅThe economic impact of splitting the heat 
market in two areas supplied by each 
producer could be increased DH costs in size 
from 4 to 10 million ú/year. This is because the 
DH transmission network is not utilised optimal 
with this principle. 



Varmelast.dk - Background

ÅFour different main principles of load 
dispatching and prizing were analyzed:
ÅOne single heat price / volume agreement

would also likely lead to increasing DH prices. Such 
an agreement would not address the fundamental 
problems with collaboration between commercial 
producers on load dispatch.

ÅOne coherent market with DH companies as 
load dispatchers based on an overall 
optimization of heat and power production and 
agreed sharing of the benefits coming from CHP 
production seemed to imply most advantages and 
fewest disadvantages for the DH consumers. 



Varmelast.dk (Heat-load.dk) 
An important DH operator in Greater Copenhagen

Å2008
ÅConcrete cooperation ïnamed 

Varmelast.dk - between the DH 
companies in Greater CPH - VEKS, 
CTR and KE - started.
ÅThe task for the cooperation was to 

secure the economical optimisation 
of the heat and power production in 
Greater CPH.
ÅVarmelast.dk went into operation 7 

January 2008 by taking care of the 
optimisation of the water based DH 
system.
ÅSince 27 April 2009 Varmelast.dk has 

also been responsible for 
optimisation of the steam based DH 
in the area.

Vattenfall
DONG



Varmelast.dk - Responsibility

ÅPlanning the next operating day in 
collaboration with the owners of the 
CHP plants. 

ÅAdjust the heat-plans at 8 am, at 3:30 
pm and at 10 pm.

ÅDaily operational monitoring.

ÅDeveloping tools for joint optimisation.

ÅSecuring the necessary data base.

ÅCooperation with VEKS and CTR 
control room and back office functions 
for each of the three companies ï
VEKS, CTR and KE.

Vattenfall
DONG



Varmelast.dk - Challange

ÅFirst and foremost maintain 
confidentiality between the parties, 
who also acts in the electricity 
market.

ÅEnsure an optimal production of both 
electricity and heat, taking into 
account priority heat from waste 
incineration plants and the 
geothermal plant.

ÅEnsure that three integrated DH 
systems play together and that all 
customers constantly around the 
clock are supplied with DH.

Vattenfall
DONG



Varmelast.dk ïDaily heat-plan

ÅThe heat-plan is based on heat 
demand and the total production 
costs. 

ÅThe tender procedure for the next day 
starts before 8 am when forecasts for 
next day's water and steam 
production are sent to the producers.

ÅLater Varmelast.dk receives tenders 
from both producers.

Vattenfall
DONG



Varmelast.dk ïDaily heat-plan

Å Varmelast.dk calculates the cheapest way 
to get heat demand covered and order the 
desired quantity of hot water and steam 
from each of the producers. 

Å Producers calculate the cheapest way to 
meet Varmelast.dk 's order for DH water 
and steam hour by hour, taking into 
account:
ÅProduction of electricity,

ÅFuel prices,

ÅCO2 quotas

ÅEnergy taxes

Vattenfall
DONG



Varmelast.dk ïDaily heat-plan

ÅWhen Varmelast.dk have received 
preliminary heat-plans from the 
producers, the plans are 
corrected with regard to hydraulic 
limitations in the DH network and 
optimum utilization of the heat 
accumulators at the two CHP 
plants AMV and AVV based on the 
basis of marginal costs.

Vattenfall
DONG



Varmelast.dk ïDaily heat-plan

ÅThe final heat-plans are sent to each 
producer with an indication of heat 
production for each block hour by 
hour for the for the next day. 

ÅHeating-plan must be in place within 
am 10.30, to ensure that the 
producers know how much heat 
they have to produce ïand thus 
how much electricity they can offer 
for sale on the power pool - Nord 
Pool.

Vattenfall
DONG



2*500 m3 heat storage ïformer fueloil tanks

Brøndby DH Company



Incentive (load-factor) to smooth the heat demand

Load-factor f = 0,90 + 0,23 * Tv

Å Tv is the annual uniformity -factor calculated as followed:

ÅQt - heat demand/hour.

ÅQm - Average heat demand for one day.

ÅFq - Proportion between heat demand/hour (Qt) and average 
heat demand/day (Qm).

ÅFor all Fq > 1.0 the uniformity -factor for the day ( Td) is 
calculated:

Td = ((Fq1 - 1,0)2 + (Fq2 - 1,0)2 .... + (Fq24 - 1,0)2)0,5

Å Tv ïcalculated as the average of the values of Td weighted 
based on the heat demand/day.



Calculation of load-factor for one day
Average heat demand/day (Qm) = 747,29 GJ

ÅUniformity-factor for the day

ÅTd = 0.437791

ÅLoad-factor for the day

Åf = 0.90+0.23*0.437791

= 1.000692

ÅUniformity-factor for the day

ÅTd = 0.0

ÅLoad-factor for the day

Åf = 0.90
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Development in load-factor
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Brøndby DH Company



Summary 

Å Increase the flexibility of 
production facilities.

Å Increase the integration between 
RE (solar, wind, geothermal 
energy) and DH.

ÅImprove the DH companyôs 
opportunities for making business 
at the market for power regulation.

Å Smooth the heat demand

Heat demand
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Thank you

Further information:

www.veks.dk

lg@veks.dk

http://www.veks.dk/

