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IntERACT

2

http://www.ens.dk/en/info/facts-figures/scenarios-
analyses-models/models/interact

IntERACT is funded in the Danish Energy Agreement and is 
housed by the Danish Energy Agency:
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Heat savings in existing buildings are 
important!
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Heat savings are socio-economic feasible!
District heating stays important!
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How can this work benefit the energy 
system modelling community?

•General methodologies which can be adjusted to any 
region

•Open source and documented data-models and TIMES files

• It illustrates benefits from a close cooperation between 
research and authorities

•We are very interested in joining projects with others 
within this area 
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TIMES-DK
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Norway

Finland

Sweden

Germany

Two versions:

TIMES-DK stand-alone

All power trade are 
modelled with exogenous 
price profiles for each 
region (except DK East 
and DK West) 

TIMES-NordPool

Same as in TIMES-DK 
stand-alone except that 
the power supply system 
are modelled for Norway, 
Finland and Sweden thus 
given endogenous 
investments and power 
prices in these regions 
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TIMES-DK
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Energy savings and district  heating in 
TIMES-DK
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GIS as a tool for creating input to energy 
system models
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DTU Energy AtlasData with 
spatial nature:

Buildings

Measured demand

Power and heating 
plant

District heating 
grids

Power grids

Biomass potential

Wind/solar

Model inputs:

Heat demand on 
building groups

Building physics: 
Saving potential

Resource constraints:

Solar, PV, HP
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District heating 
in TIMES DK

• Two geographical regions: 

DKE and DKW

• Two types of district heating 

networks: Central and 

Decentral

• Two types of district heating 

areas: DH and Next-to-DH 

areas

• Two types of expansion of DH 

– within existing DH areas and 

to Next-to-DH areas

11



03 July 2015DTU Management Engineering, Technical University of Denmark

A closer look at the areas
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Costs of expanding district heating

𝐶 = 𝐶𝑇 + 𝐶𝐷 + 𝐶𝐶 =

= 𝑐𝑇 ∙ 𝑙𝑇 + 𝑐𝐷 ∙ 𝑆𝐷 + 𝑐𝐻𝐸,𝑠 + 𝑐𝐶𝑂𝑁𝑁,𝑠 ∙ 𝑛𝑠 + 𝑐𝐻𝐸,𝑚 + 𝑐𝐶𝑂𝑁𝑁,𝑚 ∙ 𝑛𝑚 + 𝑐𝐻𝐸,𝑙 +
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Cost of connecting houses in "next to DH" 
areas
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Cost of connecting houses within district 
heating areas
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Aggregated cost curve for district heating 
expansion (distribution piping) for a certain 
building type and area 
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Input to the energy system model
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Potential (GWh) Potential (MW)

Inv_costs_conn_

pipes (MDKK)

Spec_inv_cost_c

onn_pipes 

(MDKK/MW)

Inv_costs_HE 

(MDKK)

Spec_inv_cost_

HE 

(MDKK/MW)

Spec_InvC_pip+

HE 

(MDKK/MW)

Detached 1320.29 753.59 568.72 0.75 474.49 0.63 1.38

Multistorey 652.83 372.62 214.12 0.57 226.87 0.61 1.18

Detached 3443.76 1965.61 1257.04 0.64 1048.33 0.53 1.17

Multistorey 981.28 560.09 362.17 0.65 336.64 0.60 1.25

Central

Decentral

Potential 1 (GWh) Potential 1 (MW) Costs 1 (MDKK/MW) Potential 2 (GWh) Potential 2 (MW) Costs 2 (MDKK/MW)

Central 900 513.70 2.82 97.34 55.56 13.79

Decentral 1500 856.16 3.60 649.94 370.97 7.46

Central 100 57.08 2.94 59.27 33.83 30.41

Decentral 700 399.54 6.11 295.06 168.42 16.08

East

West

Distributions pipes:

Connection pipes and heat exchangers:
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Building categories
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Existing buildings

New buildings

Demand for housing

Heating model

Potentials, costs and lifetimes of  heat 

savings measures divided on three 

"steps"

Demolition 

rates

Heat demand in new 

buildings

DTU Energy 

Atlas

Heat demand in 

existing buildings

Demolition rates

Availability 

factors

Maximal heat 

savings per year

GIS
Excel

Methodology for 
modelling heat saving 
potentials and costs
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Heat loss calculated for 360 building types
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Assumptions/input
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Fixed "Additional thickness" Fixed "Additional thickness" 

DKK/m2 of element DKK/(mm*m2 of element) DKK/m2 of element DKK/(mm*m2 of element)

Walls 200 7 1500 7

Roofs 50 1 100 1

Floors 350 0 350 0

Marginal costs Full costs

Indoor temperature before and after renovation

Costs of renovation:

Building physics - room height etc.

Excel heating model

TIMES-DK

Demolition rate

Growth in build area

Renovation rate
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Cost curves for heat savings in single family 
houses build before 1972 (marginal costs)
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Aggregated cost curve for single family 
houses build before 1972
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Where are the savings in single family 
houses?
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Aggregated cost curve for multi family 
houses build after 1972
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Where are the savings in multi story 
buildings build after 1972?

26



03 July 2015DTU Management Engineering, Technical University of Denmark

Input to the energy system model
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B72 A72 B72 A72 B72 A72 B72 A72 B72 A72 B72 A72

Potential (TWh) 1.80 0.36 6.12 0.72 1.08 0.72 0.72 0.36 1.80 0.72 0.07 0.04

Aver. inv. cost (DKK/kWh) 0.50 0.79 0.50 1.12 0.37 0.79 0.40 1.08 0.46 1.21 0.36 1.28

Aver. lifetime (years) 36.25 32.79 37.92 22.35 33.93 32.84 36.46 22.98 35.06 26.36 35.53 22.53

Potential (TWh) 1.44 0.18 2.88 0.36 2.52 0.72 0.72 0.18 2.52 0.36 0.11 0.01

Aver. inv. cost (DKK/kWh) 1.00 1.68 1.30 1.57 1.08 1.69 0.81 1.53 1.02 2.00 0.80 2.26

Aver. lifetime (years) 39.44 20.00 26.12 27.48 39.43 20.00 39.60 27.54 39.73 28.98 38.01 34.18

Potential (TWh) 2.08 0.59 0.98 0.10 1.48 0.76 0.63 0.03 1.70 0.13 0.07 0.00

Aver. inv. cost (DKK/kWh) 1.64 2.28 1.55 3.56 1.74 2.50 1.48 3.54 1.72 3.64 1.56 3.90

Aver. lifetime (years) 26.07 29.83 20.00 40.00 20.00 33.48 20.19 40.00 23.19 39.95 20.69 40.00

DKE

C D I

SFh MFh SFh MFh SFh MFh

Step 1

Step 2

Step 3
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Results including DH and savings
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Heating of residential buildings

29

DK EastDK East
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Heat savings in residential buildings
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BASEWLP-NFE
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Heat savings in residential buildings
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Going back to GIS with the results
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Work to be done

• More flexible constraint on how fast heat savings can be implemented - is 
it a labour problem, an investment problem or something else?

• Include value of houses and other parameters for evaluation of financing 
investments in the building

• Full costs versus marginal costs - make both available in same model run

• More flexibility in the Excel tool plus include demolition and new buildings

• Move results back to GIS for presentation of results
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