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Introduction

DistrictHeating(DH)is atechnologyto transferheatthrougha pipe networkfrom one or more
production points to severalfinal users Its fundamentalidea is & (i use local fuel or heat
sourcesthat would otherwisebe wastedto satisfylocal customerheatR S Y | y(Boéirée S
Frederikseand S Werner,DistrictHeatingand Cooling FirstEdition,2013).

Whydistrictheating?

Districtheatinga & & U rBa¥iddgantages

allowflexibilityin the choiceof the heatsources

permit more costeffectiveoperationandindependencef a soleheatsource
enableopportunitiesto uselocalenergyresourcesandto reducefossilfuel consumption
the centralizedheat generationbenefitsfrom usinglarge units that have higherenergy
efficiency,are equippedwith more advancedcontrol and can benefit from economyof
scale

To T>o I I

Whendoesdistrictheatingmakesense?

Districtheatingsystemsare generallyconsidereda valid solutionto satisfythe heatdemandof
the usersin areaswith a high-demanddensity Indeed, havinga high linear demanddensity
(i.e., heatdemandper unit length of the network)allowto keeplow distribution costs,mainly
representedby thermal losses,pressuredrops along the pipes, and investmentcost of the
network
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Breakdown of fuel use in District Heating and Cooling
Today, in most countries, renewables account for only a systems worldwide, 2014
minor proportion of the energy used in district heating Sofuels and
SYStemS!!! waste Solar Gfothermal ___Other
ey, . 00% / 02% " 25%

The mix of fossil fuels is coveredpredominantlyby coal (43%), N“C'fard__...a-
especiallyin China,by naturalgas(43.2%), in particularin Russia, oilandits 74
and by oil (4.3%). Renewablesepresentedessthan 8% of global products —
districtheatingsupplies 4.3%

Europecurrently leadsrenewablesintegrationin district heating,
with about 25% of its district heat supplies produced from

renewable sources Particularly high rates are observed in

countriessuchas Sweden,Denmark,Austria, Estonia,Lithuania,
Latvia,andlcelandwheremorethan 50%of districtheatisfuelled
by renewables

Coal and its
products
43.0%

Natural gas
43.2%

Source: International Energy Agency (IEA), 2016.
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LIFE 4 HEAT
Parameters illustrating volumes of heat supply from district heating RECOVERY
networks in selected countries o .
District heating
60% s
T in
S so%
Heat sold Pl 3182 107 399 344 18.3 9.0 455 £ "
% 40% NS
Installed DH ) 4656 300 498 565 2.5 4.2 89.6 <
capacity o 30%
el
Network . "5 X
length 103km  187.2 29 20.3 16.1 1.4 0.7 (*) 3.3 o 20%
S x & = 52
b a7z ol / 304 1342 317 153 136(*) 5800 (*) s 0% - © N ©
networks .
] ] mE °
Sources: 0% ) :
China: National Bureau of Statistics of China (2016), Odgaard (2015); Denmark: Danish Energy Agency (2014), Dansk China  Denmark Germany Poland Switzerland Japan us

Fjernvarme (2014); Germany: BMWi (2015), AGFW (2015); Poland: IRENA, Central Statistical Office of Poland (2014);
Switzerland: Bundesamt fiir Energie (2016); Japan: Kainou (2014), JHSBA {(2016); US: IRENA, Euroheat & Power (2013),
Cooper et al. (2012); multiple countries: Euroheat & Power (2015)

(*) district heating and district cooling together

SourceRenewabl@nergyin districtheatingand coolingg A sectorroadmap
for remap IRENAInternationalRenewablé&nergyAgency)March2017.

The last statisticalsurveyby Euroheat&Powereports that about 6@00 district heating networkswere in operationin Europe
supplyingabout13%of the total heatdemandin 2017.
Asreportedby the IEA district heatingsystemscoveronly8%of the globalfinal heatconsumption
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Facts

Share of district heating demand

100%

90

B

80

R

70

B

60

R

50

B

40

®

30

B

20

®

10

B

0%

China Denmark Poland  Switzerland

Germany Japan

N Households Mindustry M Commercial #Space heating EiwWarm water [lll Process heat

Percent age of district energy generation

100%

LIFE 4 HEAT
RECOVERY

District heating
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Source Renewablesnergyin district heating and cooling¢ A sectorroadmapfor remap IRENA
(InternationalRenewablé&nergyAgency)March2017.
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Atraditional district heatingthe first three generations of district heating) 1GDH 2GDH 3GDH SES
is characterized by high supply temperatuadmve 80°C 200°C @
o> Steam plant
Thetrend overthe yearis to lower the distributiontemperatureof the network ‘§§ Steam storage
allowing 5zl Coms
A the reductionof thermallosses = )t
A greateropportunitiesat incorporatinglow-temperaturerenewableenergy 100°C — | _
sourcesandlow-gradewasteheat; | ‘ (51 ::d:t:sl‘
A the increaseof the efficiencyof heatproductionplants o | (& o |
Centralised
Butthere arealsosomeweaknesseandthreats :e:p,: z
A the substationsin the fifth-generationare more expensivethan those in e 3
previousgenerations - | e EET
A largerpipelinediameterand storagethermal capacityare required due to B e
the low temperaturedifferencebetweensupplyandreturn pipes B8 oecenaise I
A highpumpingcostsper unit of energydue to smalloperativetemperature T Decentralsed 1 EE
differenceandhigherfluid viscosity % R 11
A installationis invasiveboth for the pipelinesandusersubstations Gl B
1880 1930 1980 2020 2050

A the approachin designand sizingadoptedin traditional DHsystemaeeds g 3
Source: KGjokg B.RismanctE I y R w® | ®-gdndidtian gigridiReating C
a Y
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District heating: overview of the main components o\
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Thermal storages
Heat generat:on plants End-users
Pumping station
Thermal network

Heat generation plantshey supply heat to the network. Pumping stationit ensures the circulation of the heat carrier

Network it consists of underground pipes which transport the thermal fluid within the network.

energy from the heat sources to the end users. Endusers they are the customers of the systems, extracting heat

Thermal storageshey consists of a heat reservoir that is cyclically charged from the network. The interface between the easer and the

and discharged during system operation. network is represented by trsubstation
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State of the art Heat sources and heat carrier fluid W

LIFE 4 HEAT

, . RECOVERY

Traditional DH A Gas boilers 1%t generation: steam
A 1stgeneration A CHP plants _ _
A 2ndgeneration A WasteTo-Energy systems 2 and 3¢ generation: pressurized water
A 3dgeneration A Waste heat from industrial plants
A Biomass boilers _
A SOIar CO||eCt0I'S * Flue gas recirculation | To stack
. .. . Biomass Steam boiler
New generation DH In addition to the previous: th . fumace - : |~ Fluegas —
_ _ 4t generation: water V Oix
A 4t generation A Centralized heat pump = )
A 5th generation DHC A Geothermal resources 5l generation DHC: water or watglycol mixture feedwater
um
A Lowtemperature waste heat recovery Ar P m
0SPIdPEI FNRBY RFEGF OSYUSNE adzLJISNXI NJ SdaXxo prim <t
Deaerator
. m Extraction
ERR pump
Enn -
== || N Paun e
— nn T > Qs
| S | . Schematic of CHP plant
: oniiny 3 source: Sartor K. et al - Simulation and optimization
5 s HEAT STORAGE H:. of a CHP biomass plant and district heating network
C o p e n h a@openhillsvaste-to-energy plant Solar district heating
Designed by Bjarke Ingels Group source: www.solar-district-heating.eu

source: www.arch paper.com
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The network is an underground infrastructure to connect the heat
productionpointsto the final users

The network is typicallytevo-pipe systemIt consists in a supply and a
return pipe. All the buildings are connected in parallel, so their inlet
temperatures are comparable, with any variances resulting from heat
dissipation along the supply pipe.

Other configurations are possible: eppe systems, threpipe systems
and fourpipe systems.

Supply and return pipe of a district
heating network.

These are pre-insulated pipes installed
approximately 1-1.5 metres deep.

The grid topology and piping layout in existing DH
networks are determined by local conditions.

In general, there are three primary gid topologies:

radial grid, ring grid, and meshed grid. Costl

Network design

The optimal velocity is obtained
Investment by means of an economic
Sl it Meshed Grid Opt| mization
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State of the art Thermal Energy Storages (TES) e

‘ THERMAL ENERGY STORAGES J

SENSIBLE } ELATENT 1>9 [EHEMIEAL

|

Short and longerm

SHORT-TERM
LONG-TERM applications

@
B

source: Guelpa, Verda - Thermal energy storage in district heating and
cooling systems: A review
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p 55 3555

Main advantages of using TES in DH:

Thermalpeakshavingandvalleyfilling
Relievantermittenceof renewables
Solvepossiblelocalbottlenecks
Reducgumpingconsumption
Networkmanagementlexibility

Installation at

the network level:

Installation at the buildings level:

Charge




¢II
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Centralizedpumping to ensure that each user receivesat least the RECOVERY
minimum water flow rate, a minimum pressurediﬁereﬂce between the Decentra"ze(pumping in this Configuration’if the pressure
supplyandreturn line mustbe guaranteedat eachsubstation differencebetweenthe supplyandreturn lineisnot enough
The pumping station must provide the following pressure head: to guaranteethe requiredwater flow rate by the user,the
N%5) Yb Yb ¥P localcirculationpumpis activated
YD diotal pressure drop in the supply line from the pumping station to the —0—
D

critical substation !

YD djotal pressure drop in the return line from the pumping statontothe N7
critical substation

YD  dminimum pressure difference required by the critical substation

&)
Jasn

Thedesignmustbe doneaccordinghe followingconstraints
Pressure head A The pressureof the water in the network must be always

1 abovethe boilinglimit
A Thepressureof the water mustnot exceedthe designpressure

levelof the pipes

~

Apmin
| Heat consumer | | Heat consumer |

ApPpump < Heat source

Solutiongo avoidpressureissues
L A Pressurizationf the system(dynamicor static)

A Installation of in-line booster pumps (in the supply and/or
return line).
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Directconnection Indirect connection
Thereis no hydraulicseparationbetweenthe Thepresenceof a water-to-water heat exchange(typicallyit is a plate heat exchanger)
distribution network andthe usercircuits the ensuresthe hydraulic separation between the distribution network and the user
latter must withstand the district heating circuits the pressuresare decoupled
pressures A circulation pump on the usseide is required.

While this solution requires more installation spaceand is less efficient due to the
temperature difference required by the heat exchangerjt increasessafety and it is
mandatorywhennetwork pressuresare high (abovePNs or PNLO).

End-user

DH network building HEX
circuits [ —— @
-_— User-side End-user
DH network pump building

circuits

Source: www.danfoss.com
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State of the art Substations (-\)
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Traditional District Heating
The supply temperature (>80) is high enough to directly cover both the space heating and the domestic

hot water demand of the connected users.

HEX HEX

& . [ O
% el 1 o

- =5

G
1# @ DHW 15

vV

Indirect connected substation with instantaneous Indirect connected substation with hot water storage
production of domestic hot water. tank.
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(a) - Booster unit on primary side of DHW heat exchanger. (b) - Booster unit on secondary side of DHW heat exchanger.
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4" Generation District Heating
The supply temperature (50-70°C) is still high enoughto directly cover the spaceheating demand of
almostall the connectedbuildings Instead for the domestichot water productiona boosterunit couldbe

required in some cases The latter could be an electricalresistancea boiler or a heat pump and the
installationcanbe madein differentways

HEX HEX

HEX

DH network %5 @ SH DH network %5‘ @ sH
— DH network

WV

¢V

HEX HEX

Booster S
unit "b
A DHW

..... | o i
1l N . . N 'Tew
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5% Generation District Heating and Cooling RECOVERY
With the introductionof the fifth generationthe connecteduserscanrequire both heatand cold from the bidirectionalnetwork Thefollowingnomenclatures
typicallyadopted
- consumerg userwho absorbsheatfrom the network
- producerg userwho suppliesheatto the network
- prosumerg userwho canbe both consumerandproducerat differenttimes
Sincethe temperaturesof a 5GDHMetwork are not adequateto directly coverthe heat and cold demandsof the customers,a waterto-water heat pump is
necessaryn the substation If the heatpumpis reversible the samesubstationcancoverboth the spaceheatingand spacecoolingdemandof the user In this
casea bidirectionalconnectionwith the networkis required

WWHP

\/

e
}% substation | C00ling mode

__/—-—Dg—@___ | @
substation | Heating mode A (Q SH /SC
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Customer relations W
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The customersusually pay for the heat drawn from the district heating network
accordingto a heat rate, which normally consistsof one fixed portion related to the
capacityneededand one variableportion related to the amount of energybought In
somecase,there is alsoa portion relatedto water volumeexchangedvith the network
to promote alower return temperaturefrom the customersubstations

Forthis reason,the customersubstationsalsoincludea heat meter, basedon the water
8Qﬁnstantsand the measurementf the water flow and the supplyreturn temperature
Ifference

Thermostatic
valve

Radiator Hot tap water

‘T Source of the picture:
- Advanced District Heating and Cooling
o~ Cold waler (DHC) System$Robin Wiltshire, 2016

........ s

L Cold valve Cold valve - { Tap-

¢ Tﬂr ,_:VF‘;""""““"E:a heating tapwater .| CTR

District heating  : :

primary et

District heating
primary supply Tpg
— .
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Open points and future trends a\
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In order to improve the overall efficiency of district heating systems, several actions can be implemented

A Reductionof thermallosses
A Greater opportunitiesat incorporatinglow-temperature

/ A renewableenergysourcesandlow-gradewasteheat

Loweri ng:he DHtem peratures Increaseof the efficiencyof heatproductionplants

Integratlonof prosumers\ Thisconceptis the basisfor the 5th generationof DHC
: The presence of users in cooling mode allows the

Demandsidemanagement network to recover heat and to transport it to users

nearbyreducingthe loadof the heatingplants

Optimization of thermal storage installation:

Optimization of pumping system control logic.

It is one of the strategiesfor an optimal managementof DH

. . . networks Thisconsistan reschedulinghe time whenthe heating
AnaIyS|S of foullng of the SUbStatIOHS\‘ systemsare switchedONand OFFor modifyingtheir settings

o To Po Io Do I»

Themaingoalsare:

A peakshavingandvalleyfilling
Monitoring of the substationsn order to A meetingthermalproduction
analysehe statusof the heatexchangers A accountingor costevolution
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Definition of efficient district heating accordin%to article 24 of the
Energy Efficiency Directive (EED).
Required use of renewable / waste Minimum share of
heat / fossil-fuelled CHP (*) renewable energy
From 2026 50% / 50% /80% (or mix 50%) 5%
From 2035 50% [ 50% 20%
From 2045 75% [ 75% 40%
From 2050 100% / 100% 60%

In addition to higher adoption of renewable energy sources, such as solar thermal and
geothermal energy, there is alasignificant need in increased use of waste heat
heat source in district heating systems.
The focus on recovering waste heat into district heating systems is a key point for the
coming years.
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Waste heat is released bg-productof various industrial, commercial and residential
processes (e.qg., factories, data centres, wastewater facilities, supermarkets, and buildings) in
different forms such as: combustion gases discharged to the atmosphere, heated water
released into environment, heated products exiting industrial processes, and heat transfer

from hot equipment surfaces.
As such, waste heat sources differ regarding the aggregate state (mainly fluid and gaseous),
temperature range, and frequency of their occurrence.




Waste heatOverview

Why recover waste heat?

Using energy that would

Improving energy otherwise go to waste would give
efficiency of the a productivity boost to the
system. economy and lower energy prices

for consumers.

Wasteheat can replace significant amounts of electricity or
gas that are otherwise needed to produce heat: recycling
heat is not only an overlooked measure in the current energy
crisis, but also the next frontier of the green transition.

2,860

TWh/year

of waste heat accessible in the EU,
almost the same as EU's total energy
demand for heat and hot water.

y

{ 2dzNOSY 9EOSaa
untapped energy soure®anfoss
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Industrial waste heat 200
The greater part is typicallyavailableat hightemperature but someindustrial
processesare characterisedalso by low-temperature waste heat (for example
wasteheatfrom coolingtowers)

= >1000°C = 500-1000 °C = 400-500 °C = 300-400 °C = 200-300 °C = 100-200°C m <100 °C

T T T T

Iron & Steel Non-ferrous Chemical Non-metallic Food, drink  Paper & Other

Despitethis, it is mostlyreusedby the factoryitself or in buildingsin the vicinity, metal mineral & tobacco  printing _ industries
becauseboth the investmentcostsand the thermal lossesof the network are Waste heat potential per industrial sector and temperature level for EU industry in 2015.
relevantsincethe factoriesare often not closeto the urbancentres

160

120

00
o

Theamountof industrialwasteheat availableand the respectivethermallevels
makeit one of the mostusedheat sourcesto increasethe efficiencyof district
heatingnetworkssincel98Gs.

Waste heat potential (TWh/year)
S
o

o

SourcePapapetrolet al- Industrial waste heat: estimation of
the technically available resource in the EU per industrial
sector, temperature level and country

Urban waste heat

It isgeneratedby activitiesin urbanareas data centres,supermarketswastetreatment plants,spacecoolingsystemsetc. Its thermallevelis typicallylower
thanthat of industrialwasteheat it is calledlow-temperaturewasteheat

Theadvantage®f exploitingurbanwasteheat are considerablethe sourcesof heatthat canbe usedare manyand availablealongthe network path, and
the dispersiorof heatthroughthe pipesislimited becausdhe distancedetweenthe sourcesandthe usersof the heatare small
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Waste heat; Overview a»
Wastewater heat recovery system and local = LIFE 4 HEAT
reutilization. RECOVERY

Heat recoveryis a widely used and wellFknown

solution,especiallyn the industrialsector i

The recovered heat can be reused within the = . ‘ Heatpum
sameprocessor canbe usedto coverother local l , £

heat demands (space heating, domestic hot

water production,etc.). _
Howevertypicallythe amountof availableexcess

Building heating heat
exchanger / \

Coolingloop N/ Source: WallinCase studies of
four installed wastewater heat

L recovery systems in Sweden
Local reutilization of y sy

heat exceedgshe localneeds the surpluswill be oxcess heat. _
lostinto the environmentaswaste Waste heat lost into N
the enVlronment Wastewater from building > I Waste::‘?;;lgeaving

Wastewater heat exchanger

The presenceof a district heating systemin

F-

the proximity of the sourceallowsthe waste Waste heat
heatto be recoveredand transportedto other source
connecteduserswhorequireit. mmm

This solution contributes significantlyto the LPHN

decarbonizatiorof the district heatingsector Local reutilization of
excess heat.

Waste heat recovered
into district heating.
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Waste heat recovery into district heating O
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Depending on the thermal level of the district heating network and waste heat, the recovery may take ple
In different ways:

A 4 4 O "Hi "I "H'HHI ORI DICAGAEAT CAOO

Hightemperature

waste heat source DH network
— —
A 4 4 O { "HH™M T HH"I "H'HH "I @DAIARERA | DA GABDKBDO x 1 O
Lowtemperature ' -
waste heat source Heat Pump DH network
ﬁ

telectricity
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Waste heat recovery into district heatingxamples WO

. . LIFE 4 HEAT
Excess heat recovery from data centre in Braunschweig, Germany. RECOVERY

Thetemperaturerequiredby the traditionaldistrict heating
network (supplytemperature of about 70 °C) is reached
througha seriessystem

A Lowtemperaturewaste heat recovery the return line
of the network is firstly pre-heated by a CQ heat
pump usingthe excesdheat from the coolingsystem
of adatacenterasasource

Excess heat recovery

{‘.\ —
A Hightemperaturewasteheatrecovery the pre-heated 4 & T
water is further heated by a heat exchangetwhich 48 2 4 o [
recoversheatfrom a combinedheatand power plant Resdentit are o

Theuseof the heat exchangelasa ¢ (i 2 LAR ¥ B!
aIIowsoperatlngthe heat pur_np ata 'F)Wer condenser SourceReUseHeatTransfer of best practices and lessons
temperatureandhenceat a higherefficiency learnt from urban waste heat recovery investments.
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Waste heat recovery into district heatingxamples

Lowtemperature waste heat recovery from sewage water in Nice, France.

In this case the low-temperature waste heat is directly
recoveredinto the district heating systemthrough a plate
heatexchanger

Thisis possiblesinceit is a low-temperaturenetwork each
end-useris equippedwith its own decentralizecheat pump
to upgradethe temperaturelevel

The presence of the buffer tank allows to bridge the
temporal mismatchbetween the availabilityof waste heat
andthe heatdemandon the network

0 the sea <

j--

HP

HP

HP

HP

LIFE 4 HEAT
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SourceReUseHeatTransfer of best practices and lessons
learnt from urban waste heat recovery investments.
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LIFEHeatRecovergemonstrateghe recoveryof urbanwasteheatavailableat low temperature(< 40 °C)
in highlyefficientdistrict heatingand coolingnetworksoperatedat conventionabr low temperature

The project includes:
A 3 demonstration cases:

o Ospitaletto, Italy: heat recovery from the cooling system of a foundry
o Aalborg, Denmark: heat recovery from a data center
o Heerlen, the Netherlands: heat recovery from the cooling system of a foundry

A 3 partner cities where the implementation of waste heat recovery into the existing district heat
network would be valuable:

o Castegnato, Italy
o Plymouth, United Kingdom

o0 Brunssumthe Netherlands

More information can be found at the project websh#ps://www.life4heatrecovery.eu/

i fi H |
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https://www.life4heatrecovery.eu/
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The main idea is to recover low-temperature waste heat from
sourceslocated in urban areasand in the proximity of existing
district heating networks (both high- and low-temperature
network)

The heat recoveryis performed by specificsubstationsensuring
the supplytemperaturerequired by the network Thanksto the
bi-directional connection the substationcan also meet the local
heatingneedsextractingheat from the network when the waste
heatis not availablepor it isinsufficient

PrefabricatedSKIDsvill be designedand manufacturedjncluding
allnecessarnydraulicselectricandelectroniccomponents
Thankdo this strategy,designandinstallationtime anderrorsare
minimised while manufacturingcostreductionis pursued

LIFE 4 HEAT
RECOVERY

Cooling SKID

iy (==

Bi-directional
Hydronics

— water
I I storage

Factory
DHC Network
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THE LIFE4HeatRecovery PROJECT
General design solutions
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Bidirectional connection with the network
Bidirectional connection between the user and the The prosumer is connected to both pipes of the district heating
network realised by using two pairs of thieay valves. network:
As an alternative, each threeay valve can be replaced Consumer modesupplyto-return connection. The user withdraws
by a pair of tweway valves. water from the supply line and returns it into the return line at a

lower temperature.
Producer modereturn-to-supply connection. The user withdraws
water from the return line and returns it into the supply line at a
higher temperature.

PROSUMER PROSUMER

Other solutions involving connection to a single pipe (i.e., stpply
supply or returAo-return connection) are also possible.

The bypass branch on the circulation pump makes it possible to ke
the pump switched off if the pressure difference between the
withdrawal and the returning pipe is such that the required flow rate

IS ensured.

a) Consumer mode b) Producer mode
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Reversibility of HBkid

Machine inversion

condenser

Heat Pump

evaporator

USER

l

I

DHN

consumer

evaporator

Heat Pump

condenser

!

DHN

producer

System inversion

condenser

Heat Pump

evaporator

I

DHN

consumer

condenser

Heat Pump

evaporator

DHN

producer

¢II
h»
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The reversibility of a Hékid can be
achieved in two different ways.

Machine inversiorreversible heat pumps
are installed in the skid. Operation inversio
typically requires some switching time.

System inversio@ hydraulic configuration
capable of reversing the heat source and
load of the heat pumps is installed. This
might allow smoother operation. System
hydraulics can also be used to combine

multiple HP modules and adjust intaitlet

temperature differences.
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Integration of a prosumer into a network

Before

After

Producer
(unidirectional)

|

e

Consumer
{unidirectional)

X9]

.

Consumer
{unidirectional)

LIFE 4 HEAT
RECOVERY

In typical configurations with a few
centralized producers and fixed
consumers, the flow direction in each
network section is fixed.

Producer
(unidirectional)

Consumer
(unidirectional)

Prosumer
(bidirectional)

T

The conversion of a consumer into a
prosumer connected to the supply and the
return pipe requires these network sections

to becomebidirectional

If the network is characterized by
decentralized pumpin@.e., each user has
its own circulation pump), then this
aspect is notriticaland conversion is

easier.
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Before

Integration of a prosumer into the network

Producer
(unidirectional)

Consumer
{unidirectional)

|

RESREE

Consumer
{unidirectional)

Producer
(unidirectional)

Consumer
(unidirectional)

1

+—>

Prosumer
(bidirectional)

:

After

Consumer mode

Producer
(unidirectional)

Prosumer
(bidirectional)

Consumer
(unidirectional)

fi

Producer mode

LIFE 4 HEAT
RECOVERY

If, instead, the network section is
characterized by centralized
pumping within-line booster

circulation pumpsabypass branch

Is neededn order toachieve the

bidirectionality.
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LIFE 4 HEAT

Monitoring RECOVERY

Monitoring activitiesof the wasteheatrecoverysolutionsinstalledat the different democasesare alsoplannedaspart of the project
Themaingoalsare:

A Verifythe ability of the skidto recoverheatinto the networkat the requiredtemperature

A Verifythe ability of the skidto meetthe heatingand/or coolingneedsof the user

A Evaluatehe perfomanceof the heatpumpsinstalledin the skid

A Evaluatehe overallperformanceof the skid

; Temperature sensor Heating

SKID

DHN
USER

Cooling

@ Heat meter @ Electricity meter @
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The optimal hydraulicconfiguration(i.e., the one that maximizesthe
passivesharingof heat) of the waste heat recoverysubstationvaries
dependingon the combinationof the thermallevelsof:

district heating network

user thermal demand

Examplesdevelopedfor the three demo casesof LIFBHeatRecovery
areshownbelow

temperature

Ospitaletto, Italy

Local heating demand
(4550°C)

Aalborg, Denmark

District heating
(>60°C)

Waste heat
(25-30°C)

Local heating demand
(50-60°C)

District heating
(15°C)

Waste heat
(2560 °C)

LIFE 4 HEAT
RECOVERY

Passive sharindheat transferred
without operating the heat pump.

Theoretical passive sharinghe
maximum amount of heat which can
be transferred passively according to

the thermal level conditions.

Heerlen, the Netherlands

Local heating demand
(5565 °C)

Waste heat
(2540 °C)

District heating
(30°C)
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LIFE 4 HEAT
. . . RECOVERY
Ospitaletto, Italy; Heat recovery from the cooling system of a foundry into a cold network
The groundwater wells are exploited as heat source
when the waste heat from the foundry is not available.
ASO steel mill Temperature level: 1€
mmm :__ ________ Each enelser is equipped with
Map | Wasteheat | consumers a decentralized HBased
recm:ry heat l : station gubstaﬁgn : substation
exchnanger
(snurcoga) I I |
I 1
$1 = | 1
1 1
heat exchanger
Mﬂ kit :prosumg‘:} :
. oo - I [ groundwater Local heating demand
Already existing waste heat (P - wells (:Du:e} ( 45_50goc)
recovery heat exchanger. | -\ 52 T
i o cooling Ibidirecﬁ?nal
Temperature level: 230°C - PO l D
District Heating Network (25-30 °C)
— — cen’tra]ised. — — —
— PUMPING STATloN e District heating
(15 °C)
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LIFE 4 HEAT

Ospitaletto, Italy; Waste heat recovery system description RECOVERY

Waste Heat Recovery Substation
A monodirectional HRkidprovidingonly heatto the

user.
) A hydraulic kitomprising @idirectional connection
<C====m| HPskid with the network.
ASO - A partially contributeto the cooling effect.
steel mill '
| G— <= District Heating
cooling circuit Network
~ Local heating demand
(45-50 °C)
Waste heat
(25-30 °C)
Hydraulic kit Already existing recovery heat
exchanger. District heating
=== > Heat flow (15 °C)




le
LIFE4HeatRecoveryWaste heat recovery solutions aN

LIFE 4 HEAT
. . . . RECOVERY
Ospitaletto, Italy; Substation configuration
O —-—  SH supply
e
_©_
=& Stratified — shw
/ Ev HP co TES | preparator o
@ M
Waste heat recovery T
heat exchanger. ><@ T
It allows waste heat
— —— SHreturn
to be recovered from [ >
the cooling towers
circuit, also ensuring DH network
hydraulic separation.
Heat Pump skid.
o It consists of a wateto-water heat pump to
Hydraulic kit. ensure the thermal level desired by the user and a

It represents the connection point between the WH heat stratified thermal energy storage.
exchanger, the HP station and the district heating
network. The connection with the latter is-tirectional.

Passive sharing: 0 %

>
i H
Y
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LIFE 4 HEAT
. . RECO
Ospitaletto, Italy, Operating schemes VERY

Stand -alone / Disconnected

If the power required by the heat pump on
the source side is equal to the power
available on the waste heat side, the skid
has no mteracno:evt\c\tgrtl?e district heating DH Hybrid: self-consumption and consumer

When the available waste heat is not
sufficient to cover all the local heat demand,

WH | HP

WH i HP

the residual is withdrawn from the network.
WH e HP DH
Producer
If waste heat is available and the heat pump
is not in operation, all the heat is recovered
within the district heating network. DH Consumer WH > HP
If there is no waste heat and the heat pump
is operating, all the required heat is supplied
) ) by the district heating. D
Hybrid: s elf-consumption and producer WH HP H
When the available waste heat exceeds

local demand, all excess is supplied to the
district heating network. Therefore, priority
is given to self-consumption. DH

> — >
— i

E E — P i - i, E [ | E
[ w1 N . N N'ewm Iy [ mlil N . N ew
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Ospitaletto, Italy; Monitoring system

ev HP co

Electricity consumption of

Local heat
Total waste heat ~ demand
| recovered I
waste heat .@:.
—
Heat to/f th @I]
eat to/from the
DH network, > |
DH network
Heat meter

—————

the HP

LIFE 4 HEAT
RECOVERY
Heat to the
user
-—  SH supply
—
Mee~e?_—
—
Stratified 1 suw [~
TES | preparator . >
~ NN
-—  SHreturn

 Power meter
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Ospitaletto, Italy; Monitoring system

LIFE 4 HEAT
RECOVERY
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LIFE 4 HEAT

. . . RECO
Ospitaletto, Italy; Monitoring results VERY

Heat exchange kit
5
4
s
- :° R E_th recovered
2
16.02.2024  23.02.24 § m E_th to dhr(¥)
2 23.02.2024 01.03.2024 7 0 ! m E_th local
0 I I
3 01.03.2024 08.03.2024 7 ) 1 5 4 : 5
4 08.03.2024 15.03.2024 7 period
5 15.03.2024 25.03.2024 10
Heat pump plant
6 25.03.2024 04.04.2024 10 5
=4
S
=3
> , m E_th user
L%’ m HP electricity
(*) For the heat exchanged with the DH network: 1
- positive values denotes heat recovered in the network 0
- negative values denotes heat extracted from the netw0|rk 6
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LIFE 4 HEAT
. . . RECOVERY
Ospitaletto, Italy; Monitoring results

Monitoring period 1 2 3 4 5 6

E_th recovered MWh 2.93 2.82 2.75 2.90 3.1 3.81
E_th to dhn MWh 0.35 0.55 0.06 -0.14 -0.13 0.02
E_th local MWh 2.57 2.26 2.69 3.05 3.30 3.79
E_th user MWh 2.72 2.28 2.78 3.26 3.69 4.16
HP electricity MWh 0.66 0.57 0.67 0.79 0.9 1.03
COP HRank - 4.11 4.00 4.13 4.12 4.10 4.04
COP skid - 3.28 3.04 3.20 3.30 3.20 3.24

The COP of the HBNnk system is computed as the ratio of the heat supplied to the user to the electricity
consumption of the heat pump. Thus, the pumping electricity consumption is not taken into account.
COP skid includes pumping consumptions excluding those towards DH and for user distribution.

> > . ll
i i Nd = N B
P ||

[ ] ] [} ] L ] ] . ﬁ [ -

w1l N
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LIFE 4 HEAT
: L RECOVERY
Aalborg, Denmark Heat recovery from a data center into a medihigh temperature network
Waste heat recovery system description
Server racks ’ e Hydraulic kit
. Data center
. HP-skid | > [ building
Server room ’ —_ > Heat flow
-/
' District heating
(>60 °C)
DH network
Waste Heat Recovery Substation

Local heating demand

A monodirectional H2kidprovidingcoolingto the servers.
(50-60 °C)

A hydraulic kitomprising @idirectional connectiowith the network.
A partially contributeto the local heating load.

Waste heat
(25-60 °C)
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LIFE 4 HEAT
: : : RECOVERY
Aalborg, Denmark Substation configuration, full concept _ _

A Theaimsare to cool the serverracksby keeping

them at atemperatureof 40-60 °Candto keepthe
serverroom at atemperatureof approx 20 °C

PATA CENTER PTG A The waste heat recoverysubstationwas designed

_______________________ ' to recoverheatboth from the liquid-coolingsystem

,,,,, ™ of the serverracksandfrom the air-coolingsystem

SERVER RACKS ’“'/ HT-TES | m===>>| HTHP “:ﬁ of the serverroom (parallelsysten). Sincethe heat
/ from the server rooms has a significantlylower

, 1 . ., thermallevelthanthat from the racks the skidwas
| parallel Series conceivedasa cascadesystemwith two dedicated
' ! g heatpumpsand storagetanks(seriessysten).
————————| A Two storage units decouple the waste heat
recoveryprocessfrom the cooling processof the
user, which also makesit possibleto compensate

SERVER ROOM ﬂ:, LTHP |==—=> LTTES | District Heating Network

----------------- for possible mismatchesbetween the required
coolingpower and the coolingpower provided by
the heatpumps

A The implemented demo only included heat
recoveryfrom the liquid-coolingsystemof racks

>
i H
Y
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LIFE 4 HEAT
L : C RECOVERY
Aalborg, Denmark Monitoring systems, passive liguadoling system
Heat from
Waste heat from the HRskid
servers (460 °C) 0
SERVER RACKS @ HT-TES .:2; HTHP -ﬂ
Electricity consumption Electricity consumption Heat recovered
of the servers of the HP into the network
. : g (60-80°C)

The demo focused on the liquid cooling part, based on a Heat to the

passive twephase thermosyphon circ(firoprietary design HPskid N E—

of project partneHeatflow). Such cooling system has higher e e ——

efficiency than air cooling: it is hence suitable for the state District Heating Network

of-the-art highpower CPUs/GPUs and at the same time it
allows for higher recovery temperatures. A peak temperature

of 59°C was reached, though a safer limit for the current

setup was identified to be 5C.
Heat meter | . Power meter
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LIFE 4 HEAT

. . RECO
Aalborg, Denmark Monitoring system VERY

A dedicated control interface g ey o

was developed for the demo.

Due to the prototype nature of
this installation, this was ideal
to flexibly test and adapt
operating conditions.

Storage and server racks section
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LIFE 4 HEAT
RECOVERY

Heerlen, the Netherlands Heat recovery from the cooling system of a foundry irgoldnetwork

Waste heat recovery system descriptifrst stage

foundry waste heat is available at a temperature

VDL foundry

Waste heat recovery from VDL foundpyoduce) and heat supply
to Otterveurdt swimming pooténsumey

—»—»

higher than the one of the network cluster D. As the
fFO0GSNI Aa | aO02tRé¢ ySGog2N] =

the maximum allowed recovery temperature is°@2

ClusterD
(2-pipe network)

#‘I

/

. . _ Waste Heat Recovery Substation
This skid only consists of a heat exchanger since e onodirectional HRkidprovidingonly heato the user.

A monodirectional connectiowith the network.

It could also include the waste heat available at the
swimming pool from the cooling process. In the first stage

of development, the HBkid is not ready to recover it.

| B | 1 I

(N 1 I
e y !

..... 1 | |

w1l N

Otterveurdt
swimming pool

Local heating demand
(55-65 °C)

Waste heat
(25-40 °C)

District heating
(30 °C)

il :
N
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LIFE 4 HEAT
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Heerlen, the Netherlands Substation configuratiofiirst stage VERY

_________________________________________________ A Theskiddrawsheatfrom the network

- Fm_%_@% and suppliesit to the user at the
1 desiredtemperaturelevel
X el - A Monodirectionalconnectionbetween

{asatuelesD) the skidandthe network

i A Oneor more heat pumpsconnected
| in seriesor parallel can be installed
| dependingon requirements
evaporator side | A Theheatexchangeenableshydraulic
& — ) separationbetweenthe skid and the
§ o | :
I
I
I
I
I
|
|

condenser side

Cluster D HPs

D

network

A Thisconfigurationallowsfor different
operating schemesto optimise skid
performance according to network

e o oo anduserthermallevels(seenext).




LIFE4HeatRecoveryWaste heat recovery solutions a»

LIFE 4 HEAT
Heerlen, the Netherlands Operating scheme: hydraulic separation RECOVERY

B Thermal level combination
e I ARFE R

TSP_HL
X
Passive sharing: 0 %

while the return water from the user goes

> e L EEEE e I O o _ _
. _M_i Heat pumps operation is required sinte
condenser side does not meet the level required by the
HPs user43 O .
o1 L. O - - e ‘ S The flow coming from the HEX is sent tc
éﬂ i I the evaporator side of the heat pumps

! to the condenser side.
""""""""" %I HPs allow for hydraulic separation
N between HEX and user.
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LIFE 4 HEAT
Heerlen, the Netherlands Operating scheme: spilit flow RECOVERY

Thermal level combination
= ANgE AR

:i@ TSP_HL
Theoretical passive shariﬂgin ?ﬂ% L ;
E

0o 72 : . . .
. % Heat pumps operation is required sinte
HPs does not meet the level required by the
. ... evaporator side user43 O .

1

i Y i Y A

I The flow coming from the HEX is sent tc
both the evaporator and condenser side ¢
the heat pumps. The return water from

_________________ %I the user directly goes to the HEX.
------------------------------------- R Multiple HP modules manage temperatur
differences.

[ B I | (RN}
NN HH o -
[

--rH . A EmRLEBRL] . n--
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Heerlen, the Netherlands Operating scheme: heat pump bypass

_________________________________

LIFE 4 HEAT
RECOVERY

Thermal level combination
g e

Passive sharing: 100 %

Since the temperaturé of the hot water
leaving the heat exchanger is higher thal
the temperature4 B required by the
user, the heat pumps can be bypassed.
The flow coming from the HEX is directly
supplied to the user.
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LIFE 4 HEAT
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Heerlen, the Netherlandg Monitoring system VERY

Otterveurdt swimming pooténsumey

VDL foundryproduce) R i ittt - - -
_________ | [ —
1 I <l 2 I
I Waste heat from I I I
I the foundry I ! ~ Swimming
| 1 | : X pool
| — I Heat f th (heating load)
I eat from the |
I > | J : network [| X T o '
' : ! SR ided b | |
waste heat | - » Heat provided by 7 |
Cluster D ® ©— ' édﬂ the HPs Heat to the user:
“ | condenser side o .
| ~I Cluster b HPs H Electricity consumption :
| I -‘ evaporator side of the HPs :
| | o L ﬂé , Heat to the HPs I
I ) 3 ' ¥ '
_________ | | T |
I I
I I
I I
I
Heat meter | . D :
I
| Skid > :

 Power meter

L}

L}

1

llll [ B B | L/ - ||
=1lNEkd.
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LIFE 4 HEAT
o RECOVERY
Heerlen, the Netherlandg Monitoring results
900
SWIMMING POOL 322 Operating scheme of the HRid:
(consumer) T 500 hydraulic separation
? 500
Heat drawn: 6.3 M\Wh §, 400 —P_th_user
Heat supplied: 8.3 MWh g 222 —P_th_dhn
Electricity: 2.1 MWh T 00
COP: 4 T
07.02.24 00:00 07.02.24 12:00 08.02.24 00:00
time
900
800 _
FOUNDRY = 700 Direct recovery through
(producer) % 600 heat exchanger
2 500
g
— 400
Heat recovered: 2.5 MWh g 00 —P _th_rec
Electricity: 22 kWh 3 500
'_
100
0 ‘M\ —e,
07.02.24 00:00 07.02.24 12:00 08.02.24 00:00

time

B ¥ i : I I i : H el

i . o [ ' . [ | NN\ ! i
lllll Len NENER AnEEn 1 | | i i EEEEL

[ mlil N . [

N
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LIFE 4 HEAT
. . RECOV
Heerlen, the Netherlands Monitoring results ERY

FEBRUARY 2024 MARCH 2024
Heat supplied to the user 206 MWh Heat supplied to the user 198 MWh
Heat drawn from the network 157 MWh Heat drawn from the network 150 MWh
Total electricity consumption 54 MWh Total electricity consumption 55 MWh
COP of the skid 3.8 COP of the skid 3.6
Operating scheme Hydraulic separation Operating scheme Hydraulic separation
54 MWh 63 MWh
Heat recovered in the network (35 % of the heat drawn Heat recovered in the network (42 % of the heat drawn
by the consumer) by the consumer)
Electricity consumption for pumping 0.31 MWh Electricity consumption for pumping 0.42 MWh

> i . > .
hi = = | || : ) o , ||
[

- l r!] . L] | e [ ] ]
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LIFE 4 HEAT
RECOVERY

Heerlen, the Netherlands Heat recovery from the cooling system of a foundry into a cold networ

Waste heat recovery system descriptieacond stage (possible future expansion)

Waste heat recovery from VDL foundpyofducel and heat and cold
supply to Otterveurdt swimming pogrosumej

— — ClusterD = = Otterveurdt
VDL foundry (2-pipe network) S — ’ swimming pool

/

Waste Heat Recovery Substation

Local heating demand

L . : o : oV (55-65 °C)
This skid only consists of a heat exchanger since the A - pjgirectionalHRskidprovidingboth heat and coldt
foundry waste heat is available at a temperature the same timdo the user.
higher than the one of the network cluster D. As the A bidirectional connectiomith the network. BT LI
fFrGGSNI Aa  ad2t Ré ySio2N] = (25-40 °C)
the maximum allowed recovery temperature is°@2 _ _
It also includes the waste heat available at the

swimming pool from the cooling process.

District heating
(30 °C)
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LIFE 4 HEAT
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Heerlen, the Netherlands Substation configuratiosecond stage

A Now the skid can supply both heat and
=TT T T T T T TS T T TS T TS m e cold to the user at the same time.
: A The shortage of heat/cold is drawn from

i the network thanks to a bidirectional

. [ connection made by two pairs ofiday
valves.

"""" A One or more heat pumps connected in
series or parallel can be installed
depending on requirements.

evaporator side A The heat exchanger enables hydraulic
separation between the skid and the

oL S network.

' swimmingpesi. A To optimize the performance, different
. (cooling load) operating schemes, decided according
- thermal levels of the user and the

| o D o D o o o . network, are enabled by the complex

hydraulic configuration.

X X

|
|
|
|
I
|
|
|
|
|
I
1
1 condenser side
|
|
|
|
I
|
|
|
|
I
|
|

Cluster D HPs X
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LIFE 4 HEAT

Heerlen, the Netherlands Substation configuratiosecond stage RECOVERY

Strengths and weaknesses of the substation A Strengths

V Modularity.Using multiple HP modules, a
larger flexibility in the sizing is introduced.

5 V ReplicabilityEasy adaptation to different
| Swimming pool combinations of thermal levels.

, I V BivalentAvoiding the installation of two

X X

O G R [ — e dedicated heat pump modules for heating
ﬁx% " : and cooling load, respectively.
— condensesr side % :
‘ s : A Weaknesses

V Complex hydraulic&lany hydraulic

. components (valves, actuators, piping) ar

| present. 2
| - ! V Complex controSwitching between the
I e different operating schemes requires a

smart control unit with transition hysteresi:
to avoid instabilities.
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LIFE 4 HEAT
RECOVERY

Conductingsimulationson energysystemssuchasdistrict heatingnetworksand substationsis relevantfor severareasons

A Planningand design duringthe designphase,simulationsenabletesting of different configurationsand scenarioshelping
to chooseoptimalsolutionsbeforeactualinstallation

A Impactassessmentsimulationsallow for the evaluationof the impactof new solutions/scenariosn existingsystems For
examplethe integrationof a heatsource,of a storage,or anew groupof usersinto an existingdistrictheating

A Performanceanalysisthey allowfor the preliminaryestimationof systemperformanceunder variousoperatingconditions
andscenariosleadingto a better understandingofthe & & & (icapafliiesandlimitations

A Efficiencyoptimization simulationshelp identify the most efficient waysto operate, manageand control energysystems,
reducinglossesandimprovingoverallefficiency

A Riskmanagementsimulationscanpredictand analyzepotentialfailuresandissuesaidingin the developmentof mitigation
strategiesandemergencyplans

A Economicevaluation they enable the assessmenif the economic aspects,such as costeffectiveness,return on

investment,andoverallfinancialimpactof different scenarioandtechnologies
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Why perform simulations?

Impacts of a waste heat sources integration

— N

Local impacts (i.e., on the user) Global impacts (i.e., on the district heating)

A Isthe wasteheatrecoveryskidableto meetthe localneeds A What is the contribution of integrating waste heat

ol § I EY A P

in termsof supplytemperaturesandthermalpowers?

In caseof localreutilizationof the heatrecovered,are the
technical and environmental performance of the skid
better than the ones of other alternative solutions(e.g.,

individualgasboiler or heatpump)?

|
[ |
1
-

sourcedo the decarbonizatiomf the districtheating”
What are the temperaturesand flow rates exchanged
betweenthe skidandthe network?

Doesthe integration of the waste heat source cause

hydraulidssuesn the network?
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. . LIFE 4 HEAT
Modelling of lowtemperature waste heat recovery substation RECOVERY

A Within the LIFBHeatRecoveryroject, it was necessaryto conduct substation
simulationdfor all the three democasesn order to asses®oth the overallsystem

performanceandthe impactof their integrationin the districtheating Heating substation

! :

|
. . |

A Theusedapproachinvolvedthe designof a low-temperaturewasteheat recover I S

pp g p y i @ Heat Pump @ TES 1 U S :
substationsufficientlyflexibleto replicateall three demonstrationcasesand similar : station Heating Load | I
<] < < I
|

applicationsthusavoidingthe developmenbf specificnodelsfor eachcase I

A Thisis madepossibleby the implementationof a smarthydraulicdesignwithin the

Heat Pump
Station

heat pump station, which enablesdifferent operating schemes(including the

bypassf the heatpumpin casethisis not foreseenin the actualinstallation) :

Hydraulic kit

Wt 7
N

TAAY:
_'

(ﬂ
N

QL A
N

<3

=

[3)+]

]

o

A Inthe model, the substationis implementedconsideringa complexand complete 1 S .

configuration, with two thermal energy storages and heat pumps, a smart

hydraulic design inside the heat pump stations, and with several modulating DHC network

pumps Despitethis complexity,actingon different parametersof the modelit is

alsopossibleo simulatesimplerwasteheatrecoverysubstations

>
i H
Y
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Detailed model of lowemperature waste heat recovery substatloN

LIFE 4 HEAT
I'I’.IERMALE‘{ERGYS’TDRAGE-TES] | RECOVERY

8 - T
Heat Pump Station 1 KITLINPUT_O GEN_I_DR - “ o i @ I
TEeLOuLO r TES1 VDI t f = TESL_WMD
HP station 1 |l —— 8 — TE!:I_—‘_._ TESI_UA
KITI_OUTPUT_O GEN_1_DS ™ msLnN oo ] @ §
TES1_IN I p TESLVMI TES1_VD2

omas | gy : Heating load
Heat exchange = = — 8 | B L .
with the s | T R, —

| ; L B
WEA_TAMB T_AMB :

network

< B

0 | THERMAL ENERGY STORAGE - TES 2 |

a 3 &
. —
e Heat Pump Station 2 m & — 8 TES2_OUT I —'—ﬁ) . [ :
23 _ouT 0 i X

P i @ || T . ) TES) UA
s xm_&!nn_n mﬁs ms:‘!m_o —_ran@v\n—l_}__m h { @T :
1 Il : - tes2_VD2
- — Waste heat from a

perererses TR Con . cooling load

Cooling Substation | coxTROLS? | WH INPUT o | | WH_DNPUTI [ VM4 PMS WH_PIPING_DS

Y

v
J%ﬁ | ?
Software envn‘onment TRNSYS 18 S _T&' e
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Detailed model of lowemperature waste heat recovery substatloN

LIFE 4 HEAT
RECOVERY
A Electrical consumptioof the A Bothone-sensor and twesensor A Performance mapf the heat pump
circulation pumps control logicsare implemented for

calibrated on real data.
the storages

A Differentoperating schemesf the
heat pump station (including the
heat pump bypass).

Head (H)

A Thermal lossesf the storages and
the piping

Flow rate (Q)

]
u"’u
Software environment; TRNSYS 18

: /7474
.....
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oy Software environment: TRNSYS 18

g,
A Ambient temperature A Heat fluxes Strengths
A Temperature of the network A Electricity consumption of the heat A Useful to estimate the impact of the
A Thermal power and temperature leve pumps integration of waste heat recovery
of the waste heat A Electricity consumption of the pumps  substation into the network
A Thermal power and temperature leve A Thermal losses A Useful to estimate the ability of the
of the local heating demand A Flow rates and temperature substation to meet the needs of the
A Technical information and exchanged between the network and user
performance data of the heat pumps the skid, and between the user and A Can be used to conduct sizing analy
A Geometry and insulation features of the skid of each components
the storages and pipes A COP of the heat pump
A Perfomance curve of the circulating A COP of the system Weaknesses
pumps A High computational effort
A Control logics of the system A The knowledge of several detailed

information is required

>
i
P

> o
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ReduceeOrder Model (ROM) of lotemperature waste heat (\II)
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I |
I |
l |
l |
I — : PROSUMER
| c
I —_— HP 1 —_— TES 1 ___ Heating
| - v | load
R N I e - I i -
I Hydraulic : %
: kit Cooling Substation : Ll —o
I 3 I
o - - E] o

| : ' Cooling W
| -— HP2 € ——— TES2 D load EE
l S e |
I |
| e e e e e e e e e e e e e e e e e e e e M2 |

DHC NETWORK =  thermal power information

P AT 7T A temperature and mass flow rate information

Software environment: python




ReduceeOrder Model (ROM) of lotemperature waste heat ol
recovery substation 2 s

Example of control logic: RECOVERY

TES 1 must be charged

\ yes
l

Signal to HP station 1: ON

no l

A Allthe hydraulicconnectiongi.e., pipesandvalves)reremoved

A Theheatpumpsandthe storagesare implementedasisolatedsystems,
exchangingemperatureandthermalpowerinformation

A The storagesare modelledusinga simplified approachwhich involves

two separatevolumesof hot and cold water, with an idealthermocline _ l Control unit defines the
Signal to HP operative scheme based
of zerothicknessasthe separatingsurface A calibrationof the return Stag?: L onTl I“d T2

Thermal power supplied
by the HP station is
computed

v

temperatureto the heatpumpisneeded

Vhot(e)
Thermal power through TES 1 and
thermal power supplied to the user
are computed
S(8)
Vcold(e) l

Updating of the state of
charge of TES 1

Software environment: python

> i o
I H i it | Hd
[ [ ]

' - .ll l [!] ) ) ﬁ | - NEEEL &




ReduceeOrder Model (ROM) of lotemperature waste heat ol
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P Software environment: python

Main outputs Strengths and weaknesses

A Ambient temperature A Heat fluxes Strengths

A Temperature of the network A Electricity consumption of the heat A Lower computational effort

A Thermal power and temperature leve pumps A Useful to optimize the control logics
of the waste heat A COP of the heat pump of the systems

A Thermal power and temperature leve A COP of the system A Less technical information is require:
of the local heating demand A Can be integrated into larger models

A Technical information and capable of simulating entire district
performance data of the heat pumps heating networks

A Control logics of the system

Weaknesses

A A calibration is required
A Less accuracy

>
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65
u g - = 607
A The thermal stratification in the storage — Ttop
ensuresa sufficientlyhighandapproximately — © s5; T0.7
constant supply temperature to the user v - Tg-“
. . . 3 | = | T bottom
duringthe periodwhenthe heatpumpis off. : 5 g T set point
o wn
A The stratification is almost completely lost 545 —— HPON
during heat pump operation due to high 40
mixingphenomena
35 / \ |\

196 197 198 199 200 201 202
Time [hour]
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Thanks to théhermostatic valvethe supply

. —— Ttouser —— TfromTES  -:--- Set point % recirculation
temperature to the user is regulated by 60
recirculation of the return water. g K/— 0
T L 40 2\ 0.75°2
/\ @ g 0.50.%
TES @ Space gzo— 025%
4 heating " '
%5 50 55 60 65 70 7500
The detailed model also makes it possiblhighlight
underSIZing Of the CirCUIation pumps —— Available —— Recovered e Requested —— Circulating
The graph shows an example where the circulation pump of - N 60002
the heat recovery circuit is undersized, so only part of the ¢ o 4000%’
available heat is recovered. — 5 100] e
‘ 2 50 20002
s
0 w 0
U‘U'H 70

i : i N = 5 : N
ol " Ba=r'EY Y VEH aBlal Ba1'AEY YA FEH e
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Simulation resultg Ospitaletto demo case N
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z — w;‘neat W Groundwater wells OFF Waste heat recovery substation
z [\ COP = 4.08 [\\ £ % i % i
gz COP = 3.57 : E 3# 1 0 8 30& 5 8
1 - -
296 197 198 199 200 201 202 Reference system

Time [hour]

Condensing boiler fired by natural gas, efficiency of 95%

I Waste heat local
B Groundwater
I HP electrical consumption

About 70% savings in noenewable primary energy
consumption and greenhouse gas emissions

?an Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

[ I |
- o "
s o 7
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Trading schemes and business models




Contributionto the project

Explore the potential of using waste heat recovery measures aatmhhigh temperature thermal

network.

C Individual customer) ( Utility company ) CEnvironmentaI interes%
X W &

Legislative framework and incentive schemes

. dzaAySaa Y2RStA 60G0GNY RAYT

LIFE 4 HEAT
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Business model D

LIFE 4 HEAT
RECOVERY

def. A business model describes the rationale of how an organization
creates, delivers, and captures value.

Vs

how a company intends to make money
throughthe 4 main areas of business:

CUSTOMER®FFER INFRASTRUCTURHENANCIAL VIABILITY

public authorities regulatory
I framework

I
I
! :
: ™ o \ !
. Heat prosumer =D BN :
: (producer + ] utility company |—— customers .
L - - I
| consumer) o o L ) () .
' | | 1
I‘ 1 1 . I ]




Business model canvas

LIFE 4 HEAT

KEY PARTNERSHIP AND RESOURCES VALUE PROPOSTITION CUSTOMER RELATIONSHIP AND SEGMENTS RECOVERY
Local authorities Environmental sustainability
Growing decision-making autenomy and responsi-
bility for municipalities regarding strategic Energy efficiency //' i\\
decisions on energy matters. Collabeoration is Domestic users
fundamental to guarantee financial support, Cost competitiveness
approval, concession for the use of public land,
and user connection. Incentive for local economic

growth Private house owner
National regulatory bodies private house owner | |essor
Collaboration with national regulators is cru- Increased security of supply tenant | Housing associations
cial for ensuring compliance with energy and Housing cooperatives
environmental regulations, facilitating the reg- End-user security \\_
ulatory process, and promoting user protection
and sustainability. //, ﬁ\\

Electricity and gas network operators Commercial customers
Suppliers, contractors, specialized installers

Heat producer/prosumer office building [ Local authorities

public building | Building owner
Investors:

- DH company
- Heat producer/prosumer

- Local authorities \\_ _//
- Subsidized loans
- Government funds

COST STRUCTURE REVENUE STRUCTURE
- Hydraulic Components N + tion:
- Electronic Components Payment for recovered heat €W customer connection:
- Heat Pumps . .
~ Heat R P c + Electricity for pumps and heat - fixed tariff

eat Recovery Components oumps _ variable tariff

— Connection to DH - metering tariff
— Pumps

- Adaptation of the supplier's
- Heating system (if prosumer)
- Construction and adaptation
costs

Administrative costs — heat exchanger tariff
Maintenance costs Avoided costs from alternative system replacement

Incentives and tax deductions




Investment agreement

Energy policies, regulations

LIFE 4 HEAT
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European institution
‘ Government I
| Local administration |

\ \
| | | ?

Non-repayable Incentives, Investment
| financing subsides costs

l I

| Contract between parties / Partnership / Joint venture / ESCO |

| I | T I 7 |

| Energy Share of proj. Operation, Share of proj. Operation,
| remuneration revenue investment costs revenue investment cost |
o l |
| + avoided costs + avoided costs !
\
\ \
‘ \
HEAT
\ T \
| Waste heat producer <« — o HEAT District heating operator Final user |
(prosumer) .
| € — — — — — — — — _- - = = - Heat tariffs |
- - = — <
| | Heat Distribution |
‘ geneation
- == - \
\ \
! <— Investment interface — ‘
| I |
L N7 N . NS ™ | " N N7 N N7 N |
- '
= o c S
@ 9 5 o | " 3 A
o = ow =] = b+ S +
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Economic evaluation of heat
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Paymentlype Case

OperationaParametergtemperature continuityX 0

MarginalCost (MC) IT

SeasonaPricing

Levelized Cost of Heat (LCOH) IT, NL, DK

Excess Heat @ero Cost IT, NL, DK . 'S'sttl rizlvays financially
Targets focCleanHeat

LYRSEFGAZ2Y (2 GKS Sai IT, NL —, Subjectiochangesin

market prices

Selvakkumaran et al. (2021), Liu et al. (202

i
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Waste heat mapping
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Maps & District Heating >0
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They can provide a visual representation of the physical
characteristicof a district includingthe locationand orientation
of buildings, roads, utilities, and other infrastructure This
information is critical to the design and planning of district
heatingsystems

The Impo_rtar_lce of using Theycan alsobe usedto identify potential heat sources(suchas

mapsin district heatin —> industrial processes with excess heat) and potential new

planning and design customers for district heating system (such as residential or
commerciabuildings)

N Theycan help district heatingplannersand engineersto identify

\ potential challengesor constraintsin the district that may affect

the designand implementationof the system,such as natural
features,zoningrestrictions,or accesgo existinginfrastructure



https://www.google.com/imgres?q=QGIS&imgurl=https%3A%2F%2Fupload.wikimedia.org%2Fwikipedia%2Fcommons%2Fthumb%2F9%2F91%2FQGIS_logo_new.svg%2F1024px-QGIS_logo_new.svg.png&imgrefurl=https%3A%2F%2Fit.m.wikipedia.org%2Fwiki%2FFile%3AQGIS_logo_new.svg&docid=naq9J0d8LNlKKM&tbnid=kdTwrS1ptzT6JM&vet=12ahUKEwiDu8zfuKOGAxX3hf0HHU3SA44QM3oFCIMBEAA..i&w=1024&h=1024&hcb=2&ved=2ahUKEwiDu8zfuKOGAxX3hf0HHU3SA44QM3oFCIMBEAA
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QGIS plugin for waste heat mapping >0
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Withinthe LIFBHeatRecoverproject EURA@evelopeda QGI$luginfor wasteheat (WH)mapping The
plugin facilitatesthe identificationof territories that are suitablefor the implementationof technologies
focusedon heat and energyrecovery Theseterritories can be taggedas "eligible," providingvaluable

insightsfor decisionmakingand planningprocesses

The waste heat sources mapped come from the

Urban and Industrial area:

A
A

Supermarket, mall and grocery
Swimming pool and wateelated recreational
centres like ic&inks

Bakery and butcher

Industrial firms

The waste heat is estimated using:

A Proxies (e.g., size of the building) and
literature coefficients forban waste heat

A Coefficients related to the firm economic
class (NACE code) and number of

employees fotndustrial waste heat
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