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» Research presentation
* Research focus

» District heating and cooling systemsT

 Heat and cold demands

 Excess heat recovery —

* Local heat resources

* Spatial mapping
 Research fit with the 4DH project

« PhD 2.4 Low-temperature energy sources for district heating
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Research focus

» District heating and cooling systems .+ " &

« European DHC-database
i... ..'Z :_".‘x'...'\-_...:.‘é‘g::

Nr. of systems 4209 3584

Created in June 2010: updates June 2011, May 2012.

Halmstad University District Heating and Cooling Database (HUDHC).

European cities with
district heating systems
Population
< 5k
e 5k-80k
e 80k - 500k
® >500k
EU27
Non EU27
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12%
Research focus 0

o District heating and cooling systems
* Heat and cold markets

17-20%

District heating heat market shares in EU27 Member States, 2008
(Sources: |EA Energy Balances 2010 and Bertoldi et al. 2007)

m Share of residential & service sector heat demands
m Share of industry sector heat demands
m Share of total MS heat demands in residential, service & industry sectors
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Source: U. Persson, 2011. Realise the Potential! Cost Effective and Energy Efficient District Heating in European Urban Areas. Licentiate Thesis. Chalmers University of Technology.
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Research focus

o District heating and cooling systems
» Economy of heat and cold distribution  ry,c pistibution Capital Cost, ¢, [EURIG
 Specific investment costs

. a(Cl +C2 °da)

| Distribution cost [€/GJ] W Heat generation cost [€/GJ] Q

L

General comparison of total customer costs for local heat C
generation alternatives and district heating d

Very Sparse Moderate Dense Very

sparse dense
Local heating District heating ) :
alternative Q/L = Linear Heat Density [GJ/ma]
e B (‘,SKO£
competitive S,
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Research focus

o District heating and cooling systems
« Economy of heat and cold distribution

 Specific investment costs C a(C,+C,-d,)
 Theoretical reformulation of traditional “ 9
expression for linear heat density, (Q/L) — L
 Alternative data categories:
* Population density (p) ] Cd _ a (Cl + C2 da)
* Specific building space (a) o p - O - q - W

— —

 Specific heat demand (q)
o Effective Width, w =AL/L!
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Research focus

o District heating and cooling systems
 Specific investment costs

20% — 60%
Remaining 40% —

Marginal distribution capital cost levels and corresponding
urban district heating heat market shares.
[€/GJ] (Four studied countries in appended paper |)
8
- || —France Major finding:
5 | =—Grand total Relatively flat GT
5 || —Germany curve in heat market
—Netherlands | Segment 10% to 60%!
4 I
3 Belgium
2 _________
1 ,,,,,,,,,,,,,,,,,,
0 ! | .-OGSK(){
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% |=* '74:
Share of total
heat market 0
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Research focus

* Heat and cold demands

Fl
. European population
Population density
 Population and demography analyses v
b B <500
o & A B it 500 - 1000
& 3 iy ;5‘ i 1000 - 3000
- NV v ; B 3000 - 6000
o ! SRty M >6000
% T EU27
= it | iy Non EU27
Inhabitants per B L ' ';_.‘:
ka e _ . ¥ Pl: :
100000 St :
| x City Districts M :
— O City Average L X > i * : SK
10000 } NN AT i
A L i FR 2l . _ RO -
Vi . "s[ ; . :
1000 Oy %
™ ‘fxx ¥ ;
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100 o VI PT . . ’ A i . ' 2
X & Es . o <54 e 2 ‘ A
10 N cYy
10000 100000 1000000 10000000
TOtaI Clty pOpUlatiOn = il NUTS data © EuroGeographics for the a
Source: U. Persson & S. Werner, 2011. Heat Distribution SKO,
and The Future Competitiveness of District Heating. Applied hide secrets! Q;O )
Energy 88 (2011) 568-576 . o
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Research focus

Heat and cold demands

« Demand distributions

Park area settlements (A) may prove
unfeasible for DH expansions, due to
insufficient Linear Heat Densities

Depending on settlement structure, the
Land Area may include territory not to be
targeted by DH (B)

A matter of resolution level in population
data — DH is a local solution not favoured
by low resolutions

DH opportunities may be overlooked or
depreciated by population and heat
density data established on mean values!

Building
Space Area

DH target
Land Area

Land Area

A B

Widely distributed (A) and concentrated (B) low
Heat Density area settlements
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Research focus

* Heat and cold demands

l 11100: Continuous Urban fabric (S.L. > 80%) I 12210: Fast transit roads and associated Iand- 13400: Land without current use
11210: Discontinuous Dense Urban Fabric (S.L.: 50% - 80%) 12220: Other roads and associated land 14100: Green urban areas
- 11220: Discontinuous Medium Density Urban Fabric (S.L.: 30% - 50%)- 12230: Railways and associated land 14200: Sports and leisure facilities
11230: Discontinuous Low Density Urban Fabric (S.L.: 10% - 30%) 12300: Port areas 20000: Agricultural Areas
11240: Discontinuous very low density urban fabric (S.L. < 10%) 12400: Airports - 30000: Forests and semi-natural areas
[ 11300: Isolated Structures B 13100: Mineral extraction and dump sites 40000: Wetlands [
- 412100: Industrial, commercial, public, military and private units 13300: Construction sites - 50000: Water
NUTS3 regions

Haimstad & Aalborg Universities, 2013
NUTS data ® EuroGeographics he ad trative boundaries
Urban Atlas @ Directorate-General Enterprise and Industry (DG-ENTR). Dir ate-General for Regional Policy

Land use data from the Urban Atlas dataset: French NUTS3 ©CSKO0s

regions surrounding FR101 Paris in center. A
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Research focus

* Heat and cold demands
» Heat and cold atlases

National heating index
EHI weighted
[%]

|| >80

| 80-90
] 90-95
] 95-96
96 -97
97 -98
98 -99
99 - 100
100 - 101
101-102
102-103
103 -104
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105 - 110
110 -120
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European heat atlas
Heat demand density
[TJ/km2]
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Research focus

» EXxcess heat recovery
 Theory and concepts of excess heat recovery and utilisation

Secondary Energy Supply:
Heat recycled from

The fundamental idea

combined heat and power, of district heating

waste incineration,

fuel refineries Heat delivered for

and industrial excess heat low temperature
heat demands

Primary Energy Supply: DlSt“Ct

Renewables as geothermal i

heat and biomass - Hea‘tl ng
. | ——

Primary Energy Supply: SyStem

Fossil fuels for peak and
back-up demands

l Heat losses @380

Source: Frederiksen S, Werner S, District Heating and Cooling. Coming english textbook on DHC.
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Research focus E.,..=E, +E

» EXxcess heat recovery
 Theory and concepts of excess heat recovery and utilisation

prim EXCESS

E
E

heat

* Recovery efficiency.' Mheat =
prim

E
o Heat recovery rate: & ponr = = At

excess
E Q. = Total heat demand [J]

heat

(:hot

» Heat utilisation rate: &, .., =
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Urban Persson, 4DH PhD Fellow Seminar, 7" of March, 2013, Aalborg, Denmark

Thermal power generation by fuel in EU27 and

ResearCh fOCU S Denmark, with conversion efficiencies and heat

recovery rates, 2008.

Absorbed energy is equal to electrical energy generated.
i EXCGSS heat reCOVG ry Persson & Werner 2012.

Source: [EA. Energy Balances 2008. International Energy Agency, Paris; 2010.

 Theory and concepts of excess heat recovery and utilisation

Thermal generation Eprim Eabs Eexcess Eheat Nabs Nheat ;heat

by fuel - EU27 [EJ] [EJ] [EJ] [EJ] [%] [%] [%]

Coal and coal products 9.30 3.35 9.95 0.60 36 6 10

Peat 0.10 0.03 0.07 0.03 32 33 49

Petroleum products 1.01 0.38 0.63 0.13 38 12 20

Natural gas 2.90 2.83 3.07 0.77 48 13 25

Nuclear 10.2 3.37 6.86 0.01 33 0 0

Combustible 1.49 0.40 1.09 0.27 27 18 24

renewable/waste

Total 28.0 10.4 17.6 1.8 37 6 10

Thermal generation Eprim Eabs Eexcess Eheat Nabs Nheat Zheat

by fuel - Denmark [PJ] [PJ] [PJ] [PJ] [%] [%] [%]

Coal and coal products 162 62.8 99.5 33.0 39 20 33

Peat 0 0 0 0 - - -

Petroleum products 11.3 4.1 7.2 3.4 36 30 46

Natural gas 67.5 24.9 42.6 30.2 37 45 71

Nuclear 0 0 0 0 - - - _o5KO,

Combustible 56.4 14.1 42.2 32.1 25 o7 76 Iy .

renewable/waste | )

Total 297 106 191 98.6 36 33 52 A —A
4LM5'Y?’
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ngeat ngeat
Research focus i 5
» EXxcess heat recovery 5-;1 j?j s

» Theory and concepts of excess heat recovery and utilisation ~ sowce:u.persson

& S. Werner, 2012.

District heating in
Analysis of EU27 MS thermal power generation with regard to Absorption sequential energy
Efficiency (nabs), Recovery Efficiency (nheat), and Recovery Rate (Zheat) supply. Applied
. Energy 95 (2012)
Source: IEA Energy Balances 2010, data for 2008 193-131
100% '
BElinheat [%]
90%
[Inabs [%]
80%
emmheat [%]
70%
60%
50%
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GL sJ o

Research focus - ..

» EXxcess heat recovery

» EXxcess heat activities
(TPG, W-t-E, and IHR)

D)

O
»
@

All unique EPRTR facilitylD's
per Main Sector Label

© Animal and vegetable products...

@ Chemical industry

V Energy sector

O Intensive livestock production...

_) Mineral industry

X Other activities

© Paper and wood production processing
@ Productiona and processing of metals

B! ¥ Waste and waste water management KZ
EU27

Non EU27

Waste management

v ey ¥ Waste to energy facilities 7 3 < =
EU27 ; 20 2 D oy '
Non EU27 ' \ v o
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Geothermal heat at 2000 m

Research focus o <

* Local heat resources
I 100-200
« (eothermal heat I - 200
« Solar & Bio — Learning phase!

FR106 Seine-Saint-Denis '
£

<40 or no data
40 - 60

FR101 Paris

FR105 Hauts-de-Seine

 Cities in NUTS3 region FR107 Val-de-Marne
Geothermal heat in Total DH deliveries

District heating [TJ/a] Geothermal heat [TJ/a]
< <100
200 8 100 - 150
. 200 - 400 150 - 200

>200
400 - 800 M FR107 Continous urban fabric
B FR107 Industrial or commercial areas

FR107 Discontinous urban fabric FR102 Seine-et-Marne
> 800 NUTS3 regions

2.2 [PJ/a]
12.4 [PJ/a]

CHALMERS
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Research focus

Urban Persson, 4DH PhD Fellow Seminar, 7" of March, 2013, Aalborg, Denmark

« (Geographic Information

* Spatial mapping System (GIS) software:
 ArcGIS applications

« (Convenient association of data
to any spatially defined location

 High capacity processing of
spatial information
 Data analysis
 Correlations
« Distributions
« Comparisons

Highly communicative map

0000OOO: o v ns e

| » 23\, KH23 o~
lection Favorites |Index | Search | Resus| [3 0 | & n 4| S
viAw 0) Avial ~jflov] Bz ulA~ B~ Ly o~ Ou pu S
3242586,582 2897730172 Meters
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Research focus
 Spatial mapping
« |dentification of “hot spots”

Excess heat activities ) \/J
* Chemical and petrochemical N g
Food and beverage ) \3
- Iron and steel \ 'r'vcj"‘i-NJ - moag'
Non-ferrous metals Avres ;
Non-metallic minerals : :
- Paper, pulp and printing L
Fuel supply and refineries .
© Thermal Power Generation - AP
*  Thermal Power Generation - MA -
Thermal Power Generation - WtE b~
Cities by population = % ess
20k - 50k S :
50k - 100k () MK
100k - 1000k AR
>1000k ? 80 s—
B Industrial or commercial areas \
Discontinous urban fabric L
B Continous urban fabric : :
cay
1} e IVCC:': A
7 ' K 'R 7
~ ~ . CRS ficas A V. o
prow et 2 Py
K.\ R L ( WY gt
PL‘ ! . X g \V'\ 3 b
ot © 3 \
g ug.:.a | 5 ’/7
- oz | ™ j . 28
\k » ) /)/ / o . h (“
prpe— R |- ore 5 pAn )
Heat Roadmap Europe 2050 - Pre-study 2 A e 6SKO
Excess heat hot spots by MS NUTS3 regions [ \ SO —— Q;‘o Ly 4
Italy | Dute: February 1,201 B A
Preliminiary selection of NUTS3 region excess heat “hot spots” for the second pre-study of the HRE 2050 project. '%mr-
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Research focus
 Spatial mapping
« |dentification of “hot spots”
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Excess heat activities
@® Chemical and petrochemical
©  Food and beverage
@ Iron and steel
O Non-ferrous metals
Non-metallic minerals
Paper, pulp and printing
Fuel supply and refineries
Thermal Power Generation - AP
Thermal Power Generation - MA
Thermal Power Generation - WtE
Cities by Population
10k - 50k
50k - 200k
200k - 1000k
> 1000k
Il Continous urban fabric
I Industrial or commercial areas
Discontinous urban fabric

14 4% 00

Preliminiary selection of NUTS3 region excess heat “hot spots” for the second pre-study of the HRE 2050 project.
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Title/subject {working title)

Research fit with the 4DH projegf e i i

by low-temperature DH
Supply of domestic hot water

* PhD 2.4 Low-temperature energy | =t comforttemperatures

. . , withouwut legionella

sources for district heating 13 | Comverson of exising D o
ow Temperature opsration

and extension of new areas of

buildings

14 | Minimising losses in the DH

—=aer] _ distribution grid

2.1 | Energy Scenarios for Denmark

2.2 | Thermal storage in district

Administrative and h'.Eatl.nE =
2GDH WFG} 2.3 | Distributed CHP-plants
- sstrict Heating Production and optimized across more
Companents ] Systemn Integraticn (WPZ) /
- House installation, pi . : . .
E E h:ntu:u:lhrfr-ia:rznn pipes, pumps - JE mﬁwn::rﬂréupﬁmn 2.4 LG'I'-‘-tEFI'IPEIE.ﬂJF.E- E-I"IEI'E"!."
£ = —_———— sources for district hieating
'.E_' g ‘E ;:Il:.‘ﬁll.:v:ﬂp-en'tum dlistribartion # nationzl energy \ i_
LI - 2.5 | The role of district heating in
£ § E g e the Chinese energy system
§ ‘E E E _ 3.1 | Strategic energy planning in a
o & ¢ = - Heat atlas and 515 planning tools icipal d leeal
£ £ § & municipal and lega
== Institutions and Public Regulation perspective

3.2 | Price regulation, tariff models
and cwnership as elements of
strategic energy planning

3.3 | Geographical representations
of heat demand, efficiency -'OGSK 05,,
and supply <z
34 | Geographical representations
of remewable energy systems

o
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MNo. | Title/subject (working title)
1.1 | Heating of existing buildings
A by lowe-temperature DH
TE Supply of domestic hot water
" at comfiort temperatures
U without legionella
13 | Conversion of existing DH to
low temperature operation

and extension of new areas of

bui |l:|il'|EE

P-)

Collaborations
 QOther PhD projects in 4DH

Minirnising loss=s in the OH
distribution grid

21

Energy Scenarios for Denmark

Thermal storage in district
heatin; Fystems

A
/
/
/
/
II
/ 22
/
/
/
/

s

Distributed CHP-plants
optimized across more

glectricity markets

Transition to six strategic future supply sources

2.4

Low-temperature energy
sources for district heating

Transition to 4! generation temperatures

The role of district heating in
the Chinese energy system

Strategic energy planning in a
municipal and lega
perspective

E

Price regulation, tariff models

of heat demand, efficiency

and cwnership as elements of

strategic enerey glanning .

Geographical representations

Data, statistics, methodology, spatial analysis, mapping

Needs to be further discussed

Geographical representations
of renewable energy systems
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Collaborations

* Private partners from industry/consultancy
« Contact with Forsyningsvirksomhederne, Aalborg Forsyning, Varme
o Study visit to Portland Cement, Aalborg 130308
» Industrial process excess heat — recovery to district heating
network of Aalborg (c:a 20% of total DH heat delivery)
 Contact person: Jesper Mgaller Larsen, Afsnitsleder
« Invititation for a longer visit/cooperation...

« Contact with PlanEnergi Nordjylland
» Discussions on a study visit to one or more of the Danish solar
district heating systems. No date set.
« Solar heat intergation with DH systems, and seasonal storage
technologies. )
« Contact person: Morten Vang Jensen S
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Thank You!

Questions?
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EU27 Member States

Sweden
Denmark
Finland
Lithuania
Bulgaria

Czech Republic
Latvia

Poland
Romania
Austria

Estonia

Slovak Republic
Hungary
Slovenia

EU27

France
Germany
Luxembourg
Netherlands
Greece
Belgium

Italy

Portugal

United Kingdom
Cyprus

Ireland

Malta

Spain
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Additional slides

» EXxcess heat recovery
 Theory and concepts of excess heat recovery and utilisation

Industrial heat recovery in
district heating systems
[EJ]

0.0175
0.0027
0

OO OO OO0 OO Oo

District heat deliveries to
residential and service
sectors [EJ]
0.154
0.090
0.097
0.029
0.019
0.059
0.022
0.200
0.060
0.053
0.019
0.027
0.033
0.005
1.394
0.157
0.304
0.001
0.033
0.002
0.004
0.006
0.001
0.018
0

0
0
0

Share of recovered heat
in total district heat
deliveries [%]
71
82
74
50
84
78
53
64
78
68
29
53
70
78
75
98
74
100
89
100
100
100
100
0

Qtot
[EJ]

0.258
0.183
0.196
0.057
0.064
0.236
0.060
0.709
0.293
0.247
0.039
0.109
0.220
0.039
11.502
1.702
2.733
0.019
0.503
0.162
0.343
1.099
0.105
1.473
0.010
0.119
0.002
0.520

§heat

[%]

43
40
37
25
25
19
19
18
16
15
14
13
1
10

o

1 OO = a2 a0 N oo oo
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Additional slides

« District heating and cooling systems
« Specific investment costs

Marginal Distribution
Capital Cost [EUR/GJ]

8
—C (0se<0,3) /
7 |
—B(0,3<e <0,5) /
6 Ll
—Grand total
5
—A(e 20,5)
4 Ll
3
2
1
0 __O(*,SKO£
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 2 '7'1:
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heat market qu@
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Additional slides

« District heating and cooling systems
« Specific investment costs

Marginal Distribution
Capital Cost [EUR/GJ]

j —60k-150k )I U
5 | —150k-500k // /
| s 2
;‘ — 1000k - — //j ')

2
1
O | |
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