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ARTICLE INFO ABSTRACT

Artice bty In the past four decades following the global oil crisk in 1973, Denmark has implemented remarkable
Availahle anline o0 changes in its energy sector, mainly due o the energy conservation measures on the demand side and
- the energy efficiency improvements on the supply side. Nowadays, the capital intensive infrastructure
Keywards: investments, such as the expanson of distrct heating networks and the introduction of significant heat
Energy system madek saving measures require highly detailed decision-support tool. A Danish heat atlas provides highly
detailed darabase with extensive information about more than 2.5 million buildings in Denmark. Energy

o system analysis tools incorporate envi nomic, energy and analysis of future
Hest st ¥ energy systems and are considered crucial for the quantitative assessment of ransitional scenarios

towards future milestones, such as ELI2020 goals and Denmark's gal of achleving fossil free society after
2050. The present paper showshow a Danish heat atlas can be used for providinginputs o energy system
madels, epecially related to the analysis of heat saving measures within building stock and expansion of
district heating networks. As a result, marginal cost curves are created, approsdmated and prepared for
the use in optimization energy system model. Moreover, it is concluded that heat atlas can contribute
as a ool for data storage and visualisation of results.
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1. Introduction

Before 1973, the time of first oil crises, Denmark was totally
dependent on the imported oil, with oil making for 92% of the total
primary energy consumption. Almost entire transportation sector
and residential heating was oil-based, while share of oil in electric-
ity production was 78%; the rest of electricity produdtion was
based on oal [ 1]. Sudden rise in oil prices foroed Danish authori-
ties to pursue different energy planning strategies than just build-
ing new production, transmission and distribution fadlities and
thus serving consumption that was inreasing from year to year.

Denmark drastically changed appearance of its energy system
during past decades - total primary energy supply remained
unchanged while wtal energy wsed for heating buildings was
reduced by 26%. In the same time period, total heated area grew
up for mare than 50% [2]. This is done by constantly improving
energy efficiency and introdudng energy saving measures. Wall
|2] identified analogous strategy for designing energy systems as
the proper direction towards sustainable sodety, while [4] found
that energy conservation is cucial for reducing harmful environ-
mental impacts. Energy efficiency was mainly affected by intmduc-
ing large number of (HPs (Combined Heat and Power) in the
system, technologies which are using waste heat from electricity
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production as a heating source for residential buildings or indus-
trial processes. Energy savings in buildings were achieved by using
materials with smaller heat condudtivity in the buildings’ enve-
lopes. Along with reduction in the primary energy consumption
and fighting the issue of msource depletion, energy savings and
efficiency measures have decre ased harmiul environmental impact
of energy systems. Also, use of oil for covering heat demand is
reduced from more than 90% in 1972 to about 10% in 2011, thus
improving security of energy supply and making complete energy
system less prone to changes in oil prices.

The i al impact of imp energy efficiency is
even more evident when considering the current Danish heating
systern: 57% ol the total net heat demand in Denmark is covered
by district heating, of which 76% is produced in the CHPs [1].
One third of energy produced in CHP processes in 2007 was based
on renewable energy [6] - this Fact shows how the environmental
impact is reduced by the use of CHPs and district heating technok
ogies. Lund and Andersen |7] observed that CHP-based district
heating is essential for implementation of dimate change response
objedives in many countries. Similarly, positive global environ-
mental effects have been observed in [E] In line with this, in
2008, Denmark, as one of EU members adopted long term targets
in the area of renewable energy and energy efficiency: (1) 20%
reduction in emission of greenhouse gasses by 2020 compared
with 1990, (2) by 2020, 20% of final energy demand should be
covered by renewable enerzy, such as wind, solar and geothermal

[Please cite this article in press as: Petrovic SN, Karkson KE. Danish heat atlas as asuppert tool for energy system models. Energy Convers Manage (2014,
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Abstract: Since the global ol erisis in the 1970s, Denmark has followed a path towards
energy independency by confimuously mmproving ifs energy efficiency and enerzy
conservation. Energy effictency was maimly tackled by mtroduemg a high number of combmed
heat and power plants in the system while enersy conservation was predomunantly approached
by mnplementing heat saving measuwres. Today, with the goal of 100% renewable enerzy
within the power and heat sector by the year 2035, reduciions in energy demand for space
heating and the preparanon of domestie hot water remain at the top of the agenda m
Denmark. A lughly detailed model for deternining heat demand, possible heat savings and
associated costs m the Damsh bullding stock is presented Both scheduled and
energy-saving renovations uniil year 2030 have been analyzed The highly detailed
GI5-based heat atlas for Denmark is used a5 a container for stonng data about physical
properiies for 2.5 mllion bnldings in Denmark. Consequently, the resulis of the analysis
can be represented on a smgle bmlding level. Under the assumphion that bmldings with the
most profitable heat savings are renovated first, the consequences of heat zavings for the
economy and energzy system have been quaniified and geograplically referenced The
possibiliies for frther mmprovement: of the model and the application to other
geographical remons have been discussed

Kevwords: heat demand; heat savings; GIS; ensrgy conservaton; heat atlas
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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?

e General methodologies which can be adjusted to any
region

e Open source and documented data-models and TIMES files

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

e We are very interested in joining projects with others
within this area

6 DTU Management Engineering, Technical University of Denmark 03 July 2015



Finland

TIMES-DK

— Norway

.

Sweden

7

Germany
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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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Energy savings and district heating in
TIMES-DK
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GIS as a tool for creating input to energy
system models

Data with DTU Energy Atlas Model inputs:
spatial nature:
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District heating
in TIMES DK
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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
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A closer look at the areas
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Costs of expanding district heating

C = CT+CD+CC=

=cp-lr+cp-Sp +(CHE,S + CCONN,S) ‘Ng + (CHE,m + CCONN,m) ‘N, +(CHE,Z +
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Cost of connecting houses in "next to DH"
areas

Marginal investment costs of DH expansion (DKK/kWh)

Next-to-DH areas
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Cost of connecting houses within district
heating areas

Marginal investment costs of DH expansion (DKK/kWh)
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Aggregated cost curve for district heating
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Input to the energy system model

Distributions pipes:

i

Potential 1 (GWh) [Potential 1 (MW) |Costs 1 (MDKK/MW) |Potential 2 (GWh) [Potential 2 (MW) |Costs 2 (MDKK/MW)
East Central 900 513.70 2.82 97.34 55.56 13.79
Decentral 1500 856.16 3.60 649.94 370.97 7.46
West Central 100 57.08 2.94 59.27 33.83 30.41
Decentral 700 399.54 6.11 295.06 168.42 16.08
Connection pipes and heat exchangers:
Spec_inv_cost_c Spec_inv_cost_ |Spec_InvC_pip+
Inv_costs_conn_|onn_pipes Inv_costs HE |HE HE
Potential (GWh) |Potential (MW) |pipes (MDKK) [(MDKK/MW) |(MDKK) (MDKK/MW)  |(MDKK/MW)
Central 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
Decentral 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

17
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HE

Building categories

DK West DK East
Central De-central Individual
Multi-Storey Multi-Storey Detached Detached
>72 <72 <72 >72
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HE

Heat loss calculated for 360 building types

Qneat (€, U, 1) = Qur(c, 1, ) + Quene (€, U, 1) — Qaaalc, 1) + Qpuw(c,u)

Qwr(cu, t) = z Z Ugtem X A X ferem X (ting — Lout,m) X A X kgq X kglem
m elem
Quent(c,u, t) = Z(l —1) XpXcXqgX (tind — ITc:-u,.':,'.*n) Xy X Koy
m
Qaaa(c,u) = Qe + Qso1 =

=Zpi XA X dy X kyy X1
m

+E‘9><F{IXFQZPS{}E X A Xfwf.n.deXRZzLXIlh

m
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Assumptions/input

Excel heating model

Building physics - room height etc.

Indoor temperature before and after renovation

Costs of renovation:

i

Marginal costs

Full costs

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
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

Annuitized marginal costs (DKK/kwh)
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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?
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Input to the energy system model

i

DKE
C D
SFh MFh SFh MFh SFh MFh
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
Step1 |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) 3625 3279 3792 2235 3393 3284 3646 2298 3506 2636 3553  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
Step2 |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 2000 2612 2748 3943 2000  39.60 2754 3973 2898 3801  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
Step3 |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) 2607 29.83  20.00  40.00] 2000 3348 2019  4000] 2319  39.95 2069  40.00
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Results including DH and savings
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Heating of residential buildings
DK East DK East
RES-Heat Final Consunl RES-Heat Final Consumption
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Heat savings in residential buildings
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Heat savings in residential buildings
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Going back to GIS with the results

Cumulative heat savings
Year 2015
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1 Cumulative heat savings
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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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