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A Overview

« Heat Roadmap Europe 2050
— Background
— Logic
— Spatial mapping
— Modelling
— Results
— Conclusions
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# s Background

« District heating on the current European heat market

« Total heat market
share for DH: ~13% | >G5
(1.56 EJ of 11.80 -
EJ)

 Total urban heat
market share for
DH: ~18% (73% of
population in cities)

Geothermal; 0.03

- Combustible
Renewables; 1.21

Natural Gas; 5.20

e |ndividual use of
fossil fuels: ~64%
(7.53 EJ of 11.80

EJ)

e EU energy System EU2_7 resi_den_tial_ and service sector he_at demand l_)y heat supply ori_gin in 2010,

. . i not including indirect heat supply from indoor electricity use or other internal heat

ObjeCtlve. gains (EJ). Sources: IEA Energy Balances (2012) and Bertoldi, P., & Atanasiu, B.
(2007).

decarbonise 80% by
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#.s  Background

e Feasible expansion possibilities for district heating in European
cities
Marginal Distribution
Capital Cost [EUR/GJ]

8
o || T Thancs | Finding: / (
A —Grand total Relatively flat
—Germany C.':!T-.CUI’VE / // f'
5 | - within heat G
4l —Netherlands | market / /j
Belgium segment 20%
3 / Z
2
1
—
] - )

0% 10% 20% 30% 40% S50% 60% 70% 80% 90% 100%

Share of total
heat market

Source: Persson & Werner, 2011.
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W e, Logic

* Poor recognition of these possibilities

e Heating and cooling sector has largely
been overlooked in most scenarios
exploring the EU energy future towards
2050

— Prevailing 2050 assumptions: high shares of
electric heating and low heat consumption

— General consensus: “combined heat & power
and district heating are important” — but no
guantification as to which extent these options
can be used in the future energy system . ..

— Often too low time and geographical
resolution to model energy market realities

— General knowledge gap in Europe regarding
possibilities and benefits of district heating

— Depreciation of district heating as an effective

OUTLOOK

tool in reaching energy and climate targets —
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e Counteracting these tendencies and comprehensions

* A need for developing a major European research project
focusing on the future European heating & cooling market

— Initiators: Euroheat & Power, Aalborg University, Halmstad University

« Dissolving the national perspective

— Traditional European energy scenarios typically based on national
Member State energy balances

— Heat Roadmap Europe 2050 Project uses a higher resolution: the
~1300 NUTS3 regions Energy System

. . . GIS Mapping Modelling
» Focusing on local and regional solutions —
— Existing district heating and cooling systems Heating
— Utilisation of energy and industry sector excess he: sk
— Integration of local renewable heat resources Wy Diswict Heating
— Interactions with other parts of the energy market
. District
A new methodological approach Heating
— Combining energy modelling and spatial mapping

U. Persson. CEM & IEA CHP/DHC Joint Workshop, Helsinki, November 26 - 27, 2013
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W e, L ogic
 Reference scenarios for the two Heat Roadmap Europe pre-

) M?$esuns are Compared | Egjéa Primary Energy Supply for EU27
to the Energy Roadmap .

2050 60 HRE 1
— District heating has a dark 5
future herein — total heat HRE 2

market share of only 10% N

30

* Energy Roadmap 2050 N B
presents energy scenarios i —Energy R:admap 2050 (EU Commission)
for the EU27 N —Heat Roadmap Europe

2000 2010 2020 2030 2040 2050 2060

Reference: Business-as-usual

— CPI: Updated business-as-  pEEEEED
usual — RS for pre-study 1. 2030: Eﬁm oo S
Unaltered heat demands «CPI 2030:

— EE: Energy Efficiency — RS for [+30%DH |<EE - = || «48 A
pre-study 2. Reduced heat 2050: - 30% DH ' NE
demands -CPI 2050: = |

— CCS: Carbon Capture and Storage «50% DH | EE mw =

— Nuclear = 50% DH

neW@blﬁsﬁrﬁ]@E@)& IEA CHP/DHC Joint Workshop, Helsinki, November 26 - 27, 2013 8



.

HALMSTAD

UNIVERSITY

Logic

 Combining energy modelling and spatial mapping

« Rationale: Only by considering local and regional resources
In energy modelling can heat synergy opportunities be
identified!

e GIS mapping:

NUTS3 regions

Land use & population
Heat demands

District heating systems

Thermal power generatiorr

Waste-to-Energy

Energy intensive industries

Geothermal resources
Solar irradiation

—

e Energy system modelling

EnergyPLAN

INPUT OUTPUT

Demands Distribution data Results

lectricit; B | 1 (Annual, Montht
E:‘;l:: ¥ ElectricityDemand —  DistrictHeating — Wind — Hydo — Wave — Waste (andnl‘-liiﬁr{yu\'naluis)
District Heatin g N ' 3 =z — -
Indhidual Heating Solarthermal  —  Ph jc |~ Geothermal - Individual Heatin Electricity Production
Fuel for Industry — v 2 Electricity Import/Export
Fuel for Tr = lectricity E> Producti

e Industrial CHP — Transportation —  Market Prices bk A i =2

Import Expenditures
RES l Export Revenues
gﬁlﬂa‘: Thermal Fuel Consumption
Photovoltaic B Regulation
Geothermal Technical Limitations - - s = €02 Emissions
Hydro Power Choice of Strategy il 22 T S B e -
Wave CEEP Strategies i ! [ = *  Share of RES
Transmission Cap. - BF = =
External Electricity A [~
Capacities & Mokt =1 ES ,—,J—F—F:
efficiencies oL i T
Power Plant -] =
Boilers — oo —
CHP =
Heat Pumps i
> Either: Technical regulation strategies. Lok
1) Balancing heat demand

Storage 2) Balancing both heat and electricity demand
Heat Storage Fuel Cost 3) Balancing both heat and electricity demand (reducing CHP even
Hydrogen Storagy - Types of fuel when partially needed for grid stabilisation
Electricity Storage " 4) Balancing heat demand using triple tanff

Or: Electricity market strategy
Market simulation of plant optimization based on business economic

e e
Transport marginal production costs. L R s e e 1|
Petrol/Diesel Vehicles Cost am
Gas Vehicles e 5 . Lo
Electric Vehicles - Variable Operation And: Critical Excess Electricity Production b B
V2G Electric Vehicles Fixed Operation Reducing wind . o
Hydrogen Vehicles Investment Replacing CHP with boiler or heat pump —————
[ e

Biofuel Vehicles Interest Rate Electric heating and/or bypass

Fuel Prices

mission Fact
CAES CO2 Emission Costs ‘ ™

The structure of the EnergyPLAN tool. Aalborg University.
EnergyPLAN: Advanced Energy System Analysis Computer
Model. Available at: http://www.energyplan.eu/.
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e European heat a

« Heat density by
km?
(~4 million
squares)

European heat atlas
Heat demand density
[TJ/km2]

[ zero

[ 0-15

] 15-50

I 50-150
I 150-1.500

Non EU27 lé

e ~2/3 of EU
population
Inhabitates 4 % of
the total land areg
(i.e. in cities)

4,,,,/‘37. E/ A
» Existing district™ - e W \
heating systems ~ . . e, it
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e European district heating systemsj

Lo European cities with
- ,/ district heating systems
: [Population]

- b5k -80k

o 80k - 500k

@ >500k
EU27

Non EU27

e Systems found in 7
~2200 cities and - f
towns having > 5000 ;g
Inhabitants ’

” ¥ ;
e ~1400 systems ij 51
sl

found in smaller A
towns and villages g\?, .
(DK, SE, CH, AT, o
CZ, and SK) . o

|

e
et

- E
|
* L
L
.

« Acc. to national o0
statistics, ~1500, . -

1

additional systems

A > 4 MT Halmstad & Aalborg Umv‘\erslﬁt\'es, 2013

L 2N W o
b ¢ o8y € e
L . o g iy (
S b | . {j
Sourcar@miaﬁd ' @F&Iﬁi@ﬁ\tabase. } % o NUTS aia © Euroeograsmice for e acminiahatvbGuncarios
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e EXcess heat acti@iﬁefé _TPG £4

e ~1100 thermal
power generation oy
faciliies > 50 MW 24

4

Excess heat activities
Thermal power generation

V Thermal Power Generation - AP
¥  Thermal Power Generation - MA
EU27

Non EU27 ;}
o« ~7 EJ of r
recoverable ey
rejected excess g

heat e C“j\gf
LS \)/

/// IS i}
Jo o

Source E-PRTR V33 Database ) ‘ ‘ A : - “"“ w‘" " Halmstad & Aalborg Umveﬁ\;nwﬁéé, 20.13

(EEA) R ¢ [ 1 - NUTS data © EuroGeographics for the administrative bm\‘gdawes
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¥Ry Spatial mapg
. Excess heat activities — TPG
e ~1100 thermal *

. Excess heat activities
p OWE r g e n e ratl O n ‘ V Thermal power generation
= . ermal Power Generation -
faCI I |t|eS > 50 MW jﬁ%\fs/w : I:erma: gower genera:ion ‘I?II?Q
e y/ ¥  Thermal Power Generation - WtE
e ~7 EJ of éw‘gf Kﬁ‘ R
W% Y .
recoverable v e,
. v ‘ P/
rejected excess R
heat %3 % '
T
=y FR. v

P T W\},

‘\f%t

i
4 S .
™ S
SV 52
IR AT

e 410 dedicated S W" jvvv e
Waste-to- Energyv g .mﬁiﬁﬁ

vw Pl
f I t “Z ¥5 N v YNy L ¥
aCI I IeS y vvvv { w w o @ \

° ~O 5 EJ Of | ‘YV o “Y“f:"jg/

13
zV Yo

Halmstad & Aalbc \gu $4t\a 2013
:sgrsﬁéeéve?%la@se (EEA), CEWEF” ISWA and some natlonal sourceé"!’or SE, DK, OVTOONOI... . - oseocschalde i
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Excess heat activi

Food and beverage: 47
Iron and steel:123

Non-ferrous metals: 42 = 87
Non-metallic minerals: 415 %

Paper, pulp and printing:

Fuel supply and refineries:111 L

~ 2.7 EJ of recoverable I o ”““fh > Gl
rejected excess heat ‘

e’; — Industrles

Considered facilities:
Chem. and petrochemical: 216

Excess heat activities
Industry sectors

? ry

Food and beverage
Iron and steel

Non-ferrous metals

L NONGN NON

EU27
Non EU27

Chemical and petrochemical

Non-metallic minerals
Paper, pulp and printing
Fuel supply and refineries

: -
W
% ;OO ® @ PR Y AR, N 2 R ee K \// .
 Teet
e
5
@ s o s
® O e
o0 ) v A o
°% o oute &
i p | r{
: / y ) 5 §
Source: E-PRTR v3.3 Database e W / . . MT Halmstad & Aalborg Uni s«té 2013
% ! 1 = NUTS data © EuroGeographics for the administr atvebaundar es

(EEA). o
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 Local renewable heat resources

Geothermal heat
at 2000 meters
[°C]

 Geothermal heat ¥
resources by
temp. at 2000 m
depth by NUTS3
region
— 4% of EU pop. in
regions > 200 °C
— 8%: 100 — 200 °C
— 20%: 60 — 100 °C

- 4
- 0 } ok ~ . = e
26% reachable. ?\w ?V ¢ - { B s

Pe
« Potential: 0.43 Eff f . 3 o |
o e A - 'w 7, @

Source: European Commission, Atlas of Geothgrmal Resources -~ g
mT Halmstad & Aalborg Uni .q;rté 2013,

in Europe. Publication EUR 17811, Luxembourg 2002. ! Y- NUTS data © EuroGeographics for the adminstrative poupdaries-
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40 - 60

[ 60-100

I 100 -200
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e |Local renewable a%resources

Global solar irradiation
at optimal angle

Solar irradiation by povinesl -
NUTS3 region 1300 - 1500

B 1500 - 1700
Bl 1700 - 2000
Non EU27

— About twice as
Intense in i
Southern Europe ﬁ
compared to
Northern Europe

— Optimal angle:
South oriented
tilted surface

N /"M\J“‘“/ }/
e Potential, solar S
o
thermal: ~1.3 *
gl b
2 Hif o J 5
i ; ’
Source EU JRC P ' "{ ‘\L "}» = o NUTS data © EuroGeogr: asm‘cs fto ifeécj?mit%at e‘%\;éndgmz'
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Weighted biomass suitability

oo -5
- |Il16-2
E2,1-25
[]26-3
B31-35
M6-4
Ms1-45
EU27
~ Non EU27

e Local renewable heat resources

* Bioenergy assetts
— Currently used in
many European
district heating
systems
— 0.241 EJ (2009)
— Fuel sources:
mainly forestry and
agricultural waste
o Suitability score:
— Avallability relat‘ve.-—a
population dens_y
 Potential: Not <& v + o~ R
quantified in study™® =~ © B8 TR ,(

. b A e g? (’ : . < Halmstad & Aalborg Unlver‘sm\e\s 2013»
Source: European Forest Institute. 7 s NUTS data © EuroGeographics for the adminisiralive boundaries
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ONIVERSITY Modelling

e E delli T
nergy mo e In Tool . i 3 e - Operation Investment
Simulation Scenario Equilibrium Top-Down Bottom-Up S ok S e
Optimisation Optimisation
. = - AEOLIUS Yes - - = Yes = =
° ReVIeW Of eXIStIng mOdeIS BALMOREL Yes Yes Partial - Yes Yes Yes
. . BCHP Screening Tool Yes - - - Yes Yes -
—_ COMPOSE - - - - Yes Yes Yes
S I m u I atl O n E4cast - Yes Yes - Yes - Yes
H EMCAS Yes Yes - - Yes - Yes
— Scenario evineNT . . . .
ags . EMPS - - - - - Y o
-_ Eq u I I I b rl u m EnergyPLAN Yes Yes - - Yes Yzz Yes
PRO Y Y - - - Y Y
— FEtc ENPEP-BALANCE D v v N N
' GTMax Yes - - - - Yes -
1 1 1A H2RES Yes Yes - - Yes Yes -
e Main criteria: - - : :
. HYDROGEMS - Yes - - - - -
— Integrated analysis of IKARUS - - - -
INFORSE - Yes - - - - =
electricity and heat sectors | e = ' :
LEAP Yes Yes - Yes Yes - -
MARKAL/TIMES - Yes Yes Partly Yes - Yes
(and transport) Mesap PlaNet - Yes - - Yes - -
. MESSAGE - Yes Partial - Yes Yes Yes
— Include hourly changes in | wucaw o v e e
NEMS - Yes Yes - - " ”
ORCED ¥i Y Y - \( Yi Yi
energy supply and demand| == . e
PRIMES - - Yes -
H . H . ProdRisk ¥ - - 2 = Y ¥
e Main objectives: o - . — - -
RETScreen - Yes - - Yes = Yes
- 2 : 80% lower 2 SimReN
050. _80 ower CO - _
STREAM Yes
emISSIOnS (ref 1990) TRNSYS16 Yes Yes - - Yes Yes Yes
— Energy system alternatives| . A : = : —
WILMAR Planning Tool Yes - - - - Yes -

with low l0-

t 0 eSt Socio Source: Connolly D., Lund H., Matiesen B.V. & Leahy M. A review of computer tools for

economic COStS analysing the integration of renewable energy into various energy systems. Applied Energy
2010;87(4):1059-1082.
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#os Modelling
e Energy modelling

¢ The EnergyPLAN tOOI F”“"”"”“"‘“‘*’*‘“‘“?z\:ﬂ Hwilrwumlm:im
— Simulation & scenario o | el

model
— Hourly time-steps over
one-year periods

ezl

Fooetpaps | Deands | Capockiss [Fogdbon | RES | Setp | Greshics | F

— Uses bottom-up inputs R L

Stabdsation shave of CHPZ. 0 sdsontector 17|

(spatial mapping)
— ldentifies investment
options and alternatives
— Uses different regulation

strategies to optimise The EnergyPLAN tool. Aalborg University. EnergyPLAN: Advanced
Energy System Analysis Computer Model. Available at:

operation_ _ http://www.energyplan.eu/.
— Seeks efficiency
improvements in central The EnergyPLAN tool is open source,

energy conversion to
reduce primary energy
supply
— Shows socio-economic
' ASIHS — C@gfgstﬁmi@{V‘P/DHc Joint Workshop, Helsinki, November 26 - 27, 2013 19

free of costs, and available online!




#os Modelling

 Energy modelling |

§ -
Calibrating the model :
— Interpreting the reference % o | .l
scenarios in Energy 2 oo I I = ==
Roadmap 2050 5 o I I ------
o A i mmE =
o Alternative view on e e

Residential floor area W Non-Residential Floor Area " Population MEE Hot Water BHRE? Hot Water

compared to reference

— Anticipated population growth

— Increasing individual use

— More single households

— Building area expected to
grow (35% from 2015 to
2050)

_.
2
=

=
=

[
2
=

(95}
e
=

Annual Average Growth Rate (%o/year)
2

=
(=]

2015-2020 2020-2025 2025-2030 2030-2035 2035-2040 2040-2045 2045-2050
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 Pre-study 1

« HRE 2050 compared to EU

CPI 2050:

5% reduction in PES

10% reduction in fossil fuels
13% reduction in CO2-
emissions

e Costs and job creation
Total cost reduced by 14 Bn
€/a in 2050

Saved fuel costs ~30 Bn €/a
in 2050

Total additional investments
of 500 Bn €

Additional jobs from to 2013
to 2050: 8-9 million person-
years in total (~220,000
jobs)

Primary Energy Supply (TWh)

:

20 000
18 000
16 000
14 000

o w o 9
g 8 & 8

. 8

Annual Heating Building Costs

IEA
12% DH

2010

m Fuel

(Billion Euro)

Results

EU27 Primary Energy Supply & CO2 from 2010 to 2050

EPCPIvs HRE RE
4000
3600
3200
2800
2400 § ¥ Other Renewables
2000 g ® Biomass
'E ® Natural gas
1600 & ol
1200 °  mCaal
800 = Nuclear
® CO2 Emissions

400
0

EP CPI EP CPI

10% DH 30/oDH 10%DH 50/0DH

with RE with RE
2030 2050

Annual EU27 Costs for Heating Buildings from 2010 to

140

120 -

100

80 ——
60 -

40

20 -
0 -

2050

Fixed operation costs Annual investment costs

EP CPI ‘ HRE RE
2030

IEA
2010

EP CPI ‘ HRE RE
2050
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 Pre-study 2

« HRE 2050 compared to EU-

EE 2050:

— ~2% marginal increase in
PES

— Inclusion of additional
resources that would
otherwise be wasted (WtE,
geothermal, solar thermal)

— Added flexibility by
integating electricy and heat
sectors: ~5% more wind
power

e Costs
— Less investments in end-
use energy savings
— More investments in
redesigning the heating

Results

mNuclear mCoal ®mOil mGas = Biomass Waste RES

18.000 3.000
® 15.000 ® x 2.500
i ]
£
=
=
= 12,000 2.000
B
=
=
“i9.000 1.500
:
43 ]
E 6.000 1.000
£ x x
(=¥

3.000 il L - - 300

., H H W W
EU-EE ‘ HRE-EE EU-EE ‘ HRE-EE
2030 2050

M End-Use Energy Efficiency Investments
Cooling System Investments
mFuel

800

W Heating System Investments
Centralised Electricity & Heat Plants

(807

Carbon Dioxide Emissions (X, Mt/year)

700

500

400

300

200

100

Total Costs for Heating and Cooling in the
Residential and Services Sectors (BE/year)

0

EU-EE HRE-EE
2030

EU-EE
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s, Results
&

* Regional heat balances 2 &
* Main result from oo pestrte
I I M 1-2
spatial mapping m o
— Heat balances by moo
EU27 NUTS3 ,
regions 'f‘:"*:é%;
— Quota of o

recoverable excess
heat and building
heat demands
(ratio)

— Basis for qualitative ™% 4

assessment of ﬁé =P

strategic heat ?tu‘# .

synergy regions X

5 Halmstad & Aalborg Universities, 2013
NUTS data © EurcGeographics for the administrative boundaries
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A Results

o Strategic heat synergy regions — Excessheat ‘hot spots”

* |dentified NUTS3 Gy

regions with N 5
favourable heat O

synergy
opportunities

Categories:

— New establishments
— Refurbishments

— EXxpansions

RO

Piids

MT

U. Persson. CEM & IEA CHP/DHC Joint Workshop, Helsinki, November 26 - 27, 2013

Excess heat ratio

I NUTS3 Hot Spots

EU27
Non EU27

BT

; i A T,
Es : Ll el (gl A8 S U &

oy
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¥ aviEy  Conclusions
o Key study messages

* Increase competitiveness in Europe
— Annual savings while still achieving decarbonisation
— Reduced energy imports
— Job creation

 Recycle heat losses and expanding renewables
— More efficient use of renewable heat and electricity
— Recycling of heat otherwise wasted
— Large heat savings and more efficient energy conversion
 Reduce risks in the European energy supply
— Increased security of supply with local resources and RES
— Creating more flexible infrastructures

— Enhanced energy efficiency with a balanced choice of technologies
— Reducing risks from adverse effects of technology lock-ins

| BEEEY U Persson. CEM & IEA CHP/DHC Joint Workshop, Helsinki, November 26 - 27, 2013 25



¥ iviEy Conclusions
Key study experiences

A premiere

— For the first time ever, we have managed to quantify the
benefits of district heating in the future European energy
system — and developed a smarter system solution than
those found in other studies

A possibility
— By avoiding the most expensive energy saving

measures, and instead using district heating, EU climate
targets are within reach at lower total system costs

A paradox

— District heating, apparantly, has a higher competitiveness
In @ more energy efficient Europe!

" IEEEY U Persson. CEM & IEA CHP/DHC Joint Workshop, Helsinki, November 26 - 27, 2013 26
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« Thank you!

Helsinki - Heat atlas
Heat demand density
[TJ/km2]

zero

0-15
15-50

50 - 150
150 - 1.500
Non EU27

AEOEd

— Contact:
urban.persson@hh. i
se

vy

— Download the two
Heat Roadmap
Europe 2050 pre-
studies at:
www.4dh.dk/hre
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