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Denmark now and then - example of
transition

e Before 1973 Denmark was totally dependent on imported
oil — 92% of total primary energy consumption was based
on oil

e Increase in oil prices denoted start of energy planning

e Strategies: Energy efficiency improvements and energy
saving measures

e Results: Heat demand in buildings reduced by 26% while
area increased for more than 50%; share of for covering
heat demand in buildings oil reduced from ~90 to ~10 %

e Consequences: Reduced environmental impact
Reduced impact of changing of oil prices
Improved security of supply

Technical University of Denmark
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Denmark now and then - How ?

e Energy efficiency — District heating and CHPs

52 % of net heat demand is
covered by district heating

76 % of district heat is
produced in CHPs

One third of energy from
CHPs is based on renewables

e Energy savings — Reducing heat demand in buildings
Tightening building regulations
Aiming at NZEBs

e Denmark goes further - further than EU 2020 goals

30 % of final energy demand supplied from renewables in 2020
100 % renewable energy for power and heat production in 2035

100 % renewable energy system in 2050

Technical University of Denmark
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Heat Atlas — what is it?

e Bernd Mdller, (2008) "A heat atlas for demand and supply
management in Denmark"”, Management of Environmental
Quality: An International Journal, Vol. 19 Iss: 4, pp.467 -
479

e GIS based collection of spatially referenced data about 2.5

million buildings in Denmark, along with information about
age, area, use, heat installations, conservation status ...

e Other information could be added - property value, level
of income of inhabitants,...

e Other "thematic layers" could be added - district heating
areas and transmission networks, power plants, biomass
and solar resources...

Technical University of Denmark
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Heat Atlas — What does it look like?

Table 2
- B BREE
varmeatlas2_5
OBJECTID * Shape * Join_Count | TARGET_FID | x_utm | y_utm | e_type | muni| anv | opf_aar tot_area varmeinst fredning suppl_varm | demand_
» 487462 | Point ZM 1 487462 | 695355 | 617078 | 320_5 265 | 320 1971 700 1 | <Null> <Null> 85
487469 | Point ZM i 487469 | 694607 | 616917 | 140_6 265 | 140 1978 3434 1 | <Null> <Null> 399
487483 | Point ZM 1 487483 | 693768 | 616897 | 420_5 265 | 420 1964 1 | <Null> <Null> 1828
487484 | Point ZM 1 487484 | 693846 | 616889 | 320_5 265 | 320 1961 2 | <Null= 90 431
487485 | Point ZM i 487485 | 693826 | 617041 | 310_4 265 | 310 1951 1 | <Null> <Null> 368
1849150 | Point ZM 1 1849150 | 693499 | 617029 | 420_2 265 | 420 1917 1 | <Null> <Null> 45
1849151 | Point ZM 1 1849151 | 693485 | 617033 | 420_2 265 | 420 1897 1 | <Null> <Null> 16
1849152 | Point ZM 1 1849152 | 693499 | 617029 | 420_4 265 | 420 1960 9 | <Nul> <Null> 0
1849153 | Point ZM 1 1849153 | 693482 | 617022 | 420_2 265 | 420 1911 1 | <Null> <Null> 83
1849154 | Point ZM 1 1849154 | 693511 | 617027 | 420_7 265 | 420 1997 1 | <Null> S0 149
1849155 | Point ZM 1 1849155 | 693463 | 617023 | 140_2 265 | 140 1920 1 | <Null> <Null> 17
1849156 | Point ZM 1 1849156 | 692634 | 617056 | 120_4 265 | 120 1952 1 | <Null> S0 15
1849157 | Point ZM 1 1849157 | 692665 | 617056 | 120_4 265 | 120 1952 1 | <Null> <Null> 22
1849158 | Point ZM 1 1849158 | 692631 | 617058 | 120_4 265 | 120 1952 1 | <Null> <Nult= 19
1849159 | Point ZM i 1849159 | 692661 | 617058 | 120_4 265 | 120 1952 1 | <Null> <Null> 15
1849160 | Point ZM 1 1849160 | 692627 | 617060 | 120_4 265 | 120 1952 1 | <Null> <Null> 21
1849161 | Point ZM 1 1849161 | 692658 | 617060 | 120_4 265| 120 1951 1 | <Null> <Null> 15
1849162 | Point ZM i 1849162 | 692624 | 617061 | 120_4 265 | 120 1952 1 | <Null> <Null> 20
1849163 | Point ZM 1 1849163 | 692654 | 617062 | 120_4 265 | 120 1951 1 | <Null> <Null> 15
1849164 | Point ZM 1 1849164 | 692618 | 617063 | 120_4 265 | 120 1954 1 | <Null> <Null> 12
1849165 | Point ZM = 1849165 | 692650 | 617063 | 120_4 265 | 120 1952 1 | <Null> <Null> 15
< m

4 1» 0

] (10755 out of 2498688 Selected)
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Heat atlas as basis for calculations

e Multiple studies show that gradual expansion of district
heating and heat savings in building stock are important
aspect towards 100 % renewable energy systems

e Low-temperature district heating in high heat density
areas and heat pumps in low heat density areas — heat
density analysis can be carried out in GIS

e Heat atlas can deliver basis for analysis of district heating
expansion and heat saving calculations — position, age,
use, heat demand, source of heating and potentials and
costs of heat savings on building level

Technical University of Denmark
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Heat atlas for analysis of expansion of .

district heating -
e Utilizes waste heat, adds flexibility to energy system with
increasing share of wind power

e But it has high investment costs and high transmission
losses

e GIS can be used to delineate DH areas, Next-to-DH areas
and Individual areas and to find the costs of connecting
these areas

Technical University of Denmark
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Heat atlas for analysis of expansion of .0
district heating

10

dDH—IND,Z

Roskilde Golf Klub

~

TIMES DK area’

dDH—IND,l Areas without DH
\ Central

Decentral

Individual

DH areas

1?‘ - Central
T { : - Decentral

=

Technical University of Denmark

Use of Danish Heat Atlas and energy system 24-09-2013
models for exploring renewable energy scenarios

oD



Heat atlas for analysis of expansion of
district heating

o Utilizes waste heat, adds flexibility to energy system with
increasing share of wind power

e But it has high investment costs and high transmission
losses

e GIS can be used to delineate DH areas, Next-to-DH areas
and Individual areas and to find the costs of connecting
these areas

e Cost of connecting certain area to district heating:
C = Crgr + Cpist + Cconn =
crr *dpu—inp + Cpist A + (CCONN,S + CHE,S) ‘N + (CCONN,m + CHE,m) "Ny + (CCONN,l + CHE,Z) "Ny

W

e Costs of transmission, distribution and connection
infrastructure are included

e GIS and heat atlas made possible to include information
about area, demand, distances, heat demand and number
of buildings

Technical University of Denmark
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Heat atlas for analysis of expansion of U
district heating - resulit
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Heat atlas for analysis of expansion of U

o

district heating - resulit -

Annualized investment costs of DH expansion in Individual areas
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Heat atlas for analysis heat savings in .
building stock

e Heat atlas contains information about age, use, area of
buildings

e Data about physical building properties are taken from
reports made by SBi and DTU Byg

e Calculations are done in 3 steps:

1. Calculating current heat demand
Hyem = Heny + Hyeny + Hgpyy — Hsop — Hipg

t

2. Calculating heat savings for different elements of building envelope

SAVeny = Z z (uelem,old - uelem,new) A felem ) (tind—tout,m) "y Koy kelem,t

m elem

3. Calculating costs of heat savings (marginal and full)

Technical University of Denmark
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of heat demand
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Map of costs of heat savings

&

= n§ oo i Costs of heat savmoogs '%wﬂso
039 o STADEN 8
o

°
2 Forskningscenter 6 °

o‘!win.v-z‘,nxl Riso
o
]
o
[ 5]
o
[} o
V4 B
o o %
Oo OO
® j ¢% @
&Ruphuse ° o
° [}
o ol )
o o °
oo °° ® p §3°o
0000
o %
gg ?
o
n@\ 8 o
(e} oo
o]
o
B o o° °
>
> % © o

i

marginal_undiscounted_walls

o

o

0.070000 - 0.370000
0.370001 - 0.650000
0.650001 - 3.530000

Technical University of Denmark

o Use of Danish Heat Atlas and energy system
= models for exploring renewable energy scenarios
>

16

10/10/2013



Heat atlas for analysis heat savings In
building stock - results

Annualized marginal additional costs of heat savings
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Heat atlas for analysis heat savings in

= = >
building stock - results =
Aggregated heat saving potential
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Type of heat savings: Roof, level 1

Achieved savings: 2202 kWh

Discounted yearly costs of heat savings: 0.051 EUR/KWh
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Heat saving curves as inputs to TIMES 31
model for Denmark -

Aggregated heat saving potential
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Heat atlas — resume

e Heat atlas is useful as data container, pre-analysis tool and
as tool for spatially representing results

e Could be improved by adding information about power
plants, transmission facilities, energy resources, but social
parameters would also be useful (hnumber of inhabitants,
their age, level of income,...)

Contact:

Stefan Petrovic, e-mail: stpet@dtu.dk
Kenneth Karlsson, e-mail: keka@dtu.dk

Technical University of Denmark
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