Fnabling low-temperature
renewable district energy |

-

Fih

Diana Moreno
« Ph.d. Fellow

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu
AAAAAAAAAAAAAAAAA

Aalborg University, Denmark



DEPARTMENT OF DEVELOPMENT AND PLANNING
AALBORG UNIVERSITY

Agenda

* Heating roadmaps — Where does
DH fitin?

e District Heating (DH) generational
transformation

* Low-temperature 4GDH
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Heat Roadmaps for transition

* |dentification of the technically Everywhere Urban areas Rural areas
possible &  socio-economically
feasible - |
Ener . District energy Mainly heat
. . BY savings networks pumps
® Consideration of local nature of
heating
Combine savings High demand Low demand
P Consideration Of the Wider energy and supply density areas density areas
system —
;30-50% Supply ~50% of Remaining ~50%
° . . . emand q q of the energy
Alignment to decarbonisation - reduction energy deman demand

Paris Agreement and NDC

(HRE, 2019)
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Key ele
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Mainly in
buildings & industry

EE measures can
lower temperature
requirements thus

improving efficiency
e.g. COP of HP

EFFICIENT
LOW-CARBON

HEAT SUPPLY

Often heat pumps — large ones
for DH, small ones in rural areas

A strategic approach can
optimise the joint efforts of
renovation and DH supply

Mainly
DH

THERMAL
NETWORKS

~ DH can facilitate
integration of more
fluctuating RE by
coupling H&C with
electricity and
gas sectors

HP often required

to utilise excess
heat for DH

(HRE, 2019)
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Steam systems
DH 15t generation -

Steam as heat carrier

High temperature (up to 300 °C)

WA
(4

Predominantly in systems before
1930

High heat losses

Can be used for industrial processes
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High temperature water systems
DH 2"d generation

ey .
* Pressurized hot water as heat carrier |
* Pressurized high temperature water s
(>100 °C)
* 1930-1980

 Still remains in parts of the current
water based systems
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Medium temperature water systems
DH 3" generation

Pressurized water as heat carrier
Between 70-95 °C (below 100 °C)
1980-2020

Current system in most Scandinavian
systems
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DH 4™ generation

e After 2020

ow temperature systems e
b
()

* Heat distribution to existing, renovated, e
and new buildings

Decarbonisation by
avoiding fossil fuels

* Recycles heat from low-temperature
waste heat sources and integrates RE

Lower heat
Lower temperatures

heat sources CRIEIE Sk in heat grids
buildings
Lower losses in Institutional
Heat recycling from heat grids frameworks
low-temperature
* Low-temperature (< 70°C) — unleashed excessheat  Integration of heat grids
into a smart energy

potential

system

(IEA, 2021)
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District Heating (DH
generational
transformations

* Technology transition
* Heating sources throughout

 Temperature and efficiency

AALBORG
UNIVERSITY

Energy efficiency / temperature level

1G: STEAM 2G:INSITU
Steam system, steam pipes Pressurised hot-water system
in concrete ducts Heavy eguipment

Large "build on site”stations

3G: PREFABRICATED

Pre-insulated pipes
Industrialised compact
substations (also with insulation)

4G: 4th GENERATION

Low energy demands
Smart energy [optimum
interaction of enengy

< 200°C Metering and monitoring sources, distibwtion
O flowr and consumption)
Zoway DH 4 D H
l l www.4dh.dk
DH return
50-60°C (70°C)
{ULTDH <50 °C)
<45°C ~ 35 °C
Energy Drata center W—
efficiercy Future
energy
seasonal % » X cource
hieat storage ,/y/// %
Large scale solar | g ﬁ Biomnass
. s
Large scale solar 1 Conversion
i’- Zway
Biomass / |
L— District
CHP Biomass q l # m—i—
Geothermal ﬂ‘ Heating
I &g supermarket S
PV Wave -
Wind surplus . CHP
Industry surplus ‘ Electricity = biomass
Cald
Centralised storage
district -
Heat Heat Heat coaling plant
storage storage storage
CHP waste
Steam a CHP coal CHP coal é I Centralised
storage CHP ail CHP ail Industry surplus —ﬂ heat pumg
T Also
Coal ﬁ Coal Gas, Waste ﬁ CHP waste low anergy
Waste | Waste Cil, Coal incineration buildings
_| ?
Local District Heating District Heating District Heating Dhstrict Heating
Development
| | | 1 (District Heating generation) /
1G /1880-1930 2G /1930-1980 3G/ 1980-2020 4G/2020-2050 ~ Periodofbest
available technology
I ‘
»
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3GDH vs. 4GDH

Parameter

Yearly average supply/return temperatures at DH
plant

DH Grid losses

DH heat pump COP (resource temp. 5 °C; yearly
average)

DH heat pump COP (resource temp. 35 °C; yearly
average)

Waste heat sources for direct DH application

Waste heat sources for indirect DH application
through heat pumps

CHP (Combined cycle)
DH Biomass boilers with condensation

Thermal storage

Solar thermal

3GDH
80 °C/45 °C
AT=35K
28%

2.9

4.2

0.83 TWh +2.28 TWh from
district cooling

1.67 TWh

Added 0.4 TWh to electricity demand

Ne =52% & nt = 39%
95%

3.17 M€/GWh

544 €/MWh

4GDH
55 °C/25°C
AT=30K
19%

3.9

7.1

2.4 TWh +2.28 TWh
from district cooling

2TWh

Added 0.28 TWh to electricity demand

ne=52% & nt=44%
105%

3.70 M€/GWh

382 €/MWh

(Lund, H., et al., 2018)

Energy

Volume 164, 1 December 2018, Pages 147-159

Review

The status of 4th generation district heating:
Research and results

Henrik Lund * & &, Poul Alberg @stergaard %, Miguel Chang %, Sven Werner &, Svend Svendsen ¢, Peter

Sorknzes * Jan Eric Thorsen %, Frede Hvelplund %, Bent Ole Gram Mortensen ¢, Brian Vad Mathiesen

Carsten Bojesen ¥, Neven Duic ", Xiliang Zhang |, Bernd Maller *
Show more v

+ Addto Mendeley of Share 33 Cite

https://doi.org/10.1016fj.energy.2018.08.206 Get rights and content

1. <grid loses
2.>COP

3. Integration of waste heat
with  and without heat
boosting

4. Increased efficiency in
production of heat from
other technologies. E.g.
CPHP, boilers.
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Shifting pathways towards 4GDH

4GDH Low
temperature

3GDH Medium
temperature

2GDH High
temperature

1GDH Steam

The four generations of district heating technologies

Early adopters

M Best available technology

= Past technology

1990s

Global warming
awareness

1877 ;
Birdsill Holly

1970s
International oil crises

1920s
First European
commercial systems

1820 1840 1860 1880 1900 1920 1940 1960 1980 2000 2020 2040 2060 2080

New
district
heating
systems

Existing
district
heating
systems

oy

IEADHC|CHP

‘znunn] Technology
Hetwork

International Energy Agency Technology Collaboration on

District Heating and Cooling including Combined Heat and Power

Annex Xl final summary report

Transformation Roadmap from High to Low

Temperature District Heating Systems

Connection of Connection of Connected
new and existing existing buildings
buildings with buildings with
low heat high heat
demands demands
4GDH ekl .
iedhoolo technology in
gY advance
4GDH 4GDH
. : 2GDH & 3GDH
technology in technology in i
technologies
advance advance

(IEA, 2017)
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Network modernization for temperature reduction

* Modernization of current systems aiming at improving existing distribution networks and substations

Renewable energy source generation

e Renewable heat and low-temperature resources integration
e Variety of baseload sources
e Geographic availability

Reduction of existing temperature demands

e Energy efficiency measures in buildings and industry
e Retrofitting Low-energy, nearly zero-energy buildings

Planning frameworks

® Requires planning and strategic development of RES
® Strategic development of new 4GDH networks
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