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How heding and cooling is suppliedaries from country to country and from city to city. Reasons for
this variation are climatic conditions, locally available energy resourcesteatégic energy decisions
in the past.With the global trend to urbanization, a urban approach to supply heating and cooling
is increasingly relevant, limiting the import of energy

72% of the European population (EU28) lives in urban amefined a<ities, towns and suburbd1%
livesin cities and 31% in towns and subutbs

Itis in urban areas that the demand for heating and cooling assumes highest density. At the same time

a huge amount of diffused renewable and lgmade waste heat is availabléthin the urban texture,

the largest amount being rejected by @ionditioners, cooling systems in industrial processes and

tertiary buildings (i.e. dry coolers and wet cooling towers), chillers of refrigeration systems and service
facilities, e.g. seweripp e s . Datacentres’ chillers and super m
massive quantity of thermal energy: the refrigeration process in an avesizge supermarket

represents 50% of its energy uses and can cover the heating needs of 200 apartments.

Conventional 3¢ generation District Heatingnetworks distributing energy at 80-90°C from a
centrali'd generation plant to a number of remote customare nowadayssuitablesolutions and
consolidated praxis in many EU Member Stakéswever, thesesysems suffer from

1 significant heat losses

1 highly unexplored integration potential of different available energy sources (e.g. renewables and
waste heat) into the network

9 high installation costs.

4™ generation networksstarted to move in the direction ofodving these issues by reducing supply
temperature to customers down to 560°C, which strongly reduces distribution losses on the one
hand, andunlocksthe integration of a range of loemperature, urban available waste heat sources
on the other hand.

FIEXYNETS studiedageneration of district heating and coolitBHChetworks thatfurther reduce
energy transportation lossebeing operated atemperatures between 10 and 30°QGvhile reversible
heat pumps exchange heat with the netwoitself. In ths way, the same network can provide
contemporary heating and cooliran the same pipeline.

Moreover, FLEXYNETS solutioten integrate effectivdy multiple generation sourcesncluding
low-temperature renewable and waste heatvhere they are avilable along the DHC network.
5" generation DHC networks move forward from the state of the aas they allow each customer
not only drawing but also providing energy to the network, by rejecting waste heat from space
cooling and refrigeration

1 PBL Netherlands Environmental
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Fgurel - Hypothesis of DHC network based on the w#dep concept

Together withthermal energystorages, control strategies that optinsé the harvest of renewable
energy sources are key from the technical and economic pointsiefw On the one hand, strategies
are neededhat ensurea thermal balance among diffused heat generation, storage andatikdn. On
the other,approaches need to be agree¢al selectwhen energy is to be gathered locallyfoom the
electricitygrid.

Thisclearlycomplicates the management of the DHC network with respect to conventional solutions,
sinceit requires a high degree of digitalisatiorHowever, this also opens the doarto a number of
new possibility:

1 heating and cooling can be not only sold @ commodity, but also as a comfort servidatility
companies can profit of the digitalisation introduced by actively managing the energy exchanged
with the single buildings, therefore enabling Demand Response practices.

1 since compression driven heat pyps are widely used, an effective coupling of the heating and
electricity sectors is further enabledallowing to implement peak shaving and grid balancing
services.

The optimal management of such new generation networks will lead to a synergic effect omgy
energy savings (hence on the reduction of the {&issions), assuring at the same time invesnt
and operation profitability.

This document is not deemed to provide detailed information on the above questions, rather to be a
source of inspiratiot o uti l ity companies, urban planners
when they need to start the planning process of a new DHC network. As such, here we offer a
bird-eye view on the solutions analysed, while detailed information is reported intékbnical
deliverables published on the FLEXYNETS websiey.flexynets.eu
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What would be a suitable path for a network through a towFlZEXYNET@stried identifying the
optimum layout of aDHCnetwork in a real built environment a range ofsettlementshas been
analysedtogether with different network options in order to provide recommendations for thie
layout.

Legend

@ Supply points small ring
= Aarhus C small ring
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Figure2 - Network layout example by using the GIS based tool for the case of Aarhus for the FLEXYNETS concept, small ring
structure scenario.

Local conditions have a significant influence on the optimum solufibe analysis of DHC network

layouts shows how a ring sticture can be a suitable solution for urban environmenthile aring

structure makes it possible to reach various heat sources along thereaghing the same sources

with a branch structurevouldr equi re a connection frgomotimd s our d
network. Hence,the benefits of a ring structurdbecome cleaiin caseof waste or renewable heat

that is:

1 Available in significant quantities
1  Scattered across the town/city
1 Limited in each supply point

On the contrary, if&rge size renewable energy sources feed the netwalbranch structure is more
economic feasible

For connecting several smaller grids, the distabheeveentwo rings is in general be shorter than
connecting two main brancbentre points Hence, the ring structure could have a benefit in terms of
scalability and connections a neighbouring network.

In addition to this,a ring structure seems to be moseéasiblein dense urban areas

However, the ring structurein some cases resugdtin an additional investment costs as well as
increased pumping costsso care should be taken to identify (and quantify) the benefits of a ring
structure in the specific in question and compare with the drawbacks before deciding the final
network layout.
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The benefit of the decreased network losses in the FLEXYNETS concept becomes clear when comparing

with conventional DH networkdn the elaborated cases, the FLEXYNmBE&Svork heat losses are
reduced with about 75% congred to conventional solutions

However, this benefit is partially compensated by the additional electricity use for network distribution
pumps and heat pumps. Future energy system scenarios with largerasof fluctuating wind and
solar electricity production will require smart electricity use, facilitating the balance of demand and

supply.
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Along the project lifesimulatiors have beerrun on selected scenaripi® assess interactions among
buildings, energy sourceand the network itself. The goalhas beento provide an approximated
description of the main effects at work and to identify energy performance and investment costs of
the FLEXYNETS concept.

8

7

Equivalent annual cost [M€/year]
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10FL 10DH 11FL 11DH 12FL 12DH

Cap. cost of DH network W Pumping cost
M Cap. cost + fixed O&M of heaters # Operation cost of heaters

Cap. cost + fixed O&M of substations m Cap. cost + fixed O&M of cooling units
% Operation cost of colling units Cap. cost + fixed O&M of reversible HP
# Operation of HP (heating) & Operation of HP (cooling)
B Cap. cost + operation of central chiller # Cap. cost + operation of cooling tower

Figure3 - Composition of the equivalent annual cost for FLEXYNETS s{ftgand for conventional DH dlifferent
scenariogLondonl0, Stuttgartll and Romd2)

The scenarios iRigure3, are calculated witka central gas boiler used as the main heat source of the

network aturalgascose q u al t o) aBdelec@icitjddetsr e | at i ve t o substati
€/

consumption born by t he tygcalofgh averagahsuseholoetayiff ( 2 00

In general, ithas beerfound that under these conditions and if only heating usage accounted for,

the FLEXYNETS approachbsut 50% moreexpensivethan conventional DH networkswhile lower
operation costs of central heaters are clearly encountered, theserame than topped by electricity
costs at cust omer sdistributiob Epeliag costs ars slightM lbwee due/t@cheaper
materials,but the investment needed to install the same substations is much larger than in case of
conventional solutions.

This shows howbuilding and managing®3 Sy SNJ G A 2 Yy Y SdmgeRaNie &onverdtiondél f 2 &

yStieg2Nlaé¢ Aa y20 F adaadrofsS azfd2iazy

Reducing operation costs through inexpensive waste heat and renewable energy sources is key.

E92y2YAO Iyl teaAra KFa akKz2gy inkdobtaifednrolghrécevering R2 6y
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waste heat from supermarkets and datacentres, and to harvesting renewable energy from geothermal
energy (especially from water wells).

Reducing electricity costs to the final customer is also needed: if the eledtsicis fed to the

substations by the utility company managing the network, better tariffs can be indeed negotiated
(“industrial” electricity costs down to 100 €/ MV
the use of locally generated PV electydinproves significantly the economic performance.

Under these new operation conditions, the FLEXYNETS approach is around 20% moreie piezis
the conventional oneHowever,if space cooling ialsooffered as a service to tertiary and residential
customers, similar (in northern climates) or better performance (in southern applications) is
obtained, sincespace cooling through'Sgeneration network isnexpensivewith respect tomarket
available split units

Although space cooling is not strictly needed inthern climates, this could be offered as a free

service, in order to gather cheap waste heat partially balancing DHW uses. In southern countries, on

the contrary, space cooling could be offered as a service to custpmbestherefore paya tariff to

thenet wor Kk manager: 90 to 100 €/ MWh of cgssessed ng del
as suitablaariffs. In this case, not only the operation of thesgeneration network is less expensive

than the combination of conventional DH and space cooling delivered throupglit €inits, but the

network managercanexperienceadditional incomes

As a final consideration, investment coshaw r el at
been calculated based cegquipment(heat pumps, pumps, valves, thermal storage tanks,) gtice

lists and the setup has been imaginedaasustom solution mounted on site by professional. This gives

no margin to economies of scaleat can be obtained through industrialisation and prefabricatian:
prefabricated substation that is standardised and manufactured in a factory to be png-play

mounted on site, can reduce the initial investment hyp to 50%.With this further cost reduction,

the FLEXYNETS approach would be cheaper than conventionaeB¥brks,also considering heating

services only

This istherefore considered as an essential future step forwarthlashing the full potential of the 8
generationof DHOnhetworks.

V-4
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FLEXYNERSsanalysed the potential role of larggcale thermal energy storagesatow-temperature
district heating networkFourthermal storage types have been taken into consideration:

i Tanks (TTES)

1 Pits (PTES)

1 Aquifers (ATES)

1 borehole storages (BTES)

The storagdime scales, temperatures, volume, storage medium and investment costs have been
describel and quantified The required volume and investment costs are highly dependent on the
temperature difference in the storage itself. As the FLEXYNETS concept works with very low
temperature differences between forward and return temperatures (appret5K difference), this
would require any thermatnergy storages to be largthan at conventional district heatingetworks
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Tank thermal energy storage (TTES) Pit thermal energy storage (PTES)
(60 to 80 kWh/m®) (60 to 80 KWh/m?)

Borehole thermal energy storage (BTES) Aquifer thermal energy storage (ATES)
(15 to 30 KWh/m?) (30 to 40 kWh/m®)
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Figure4 - Concepts ofour different thermal energy storages. Figure from Mangold, 2007

However, scendos can bedentified where waste or renewabldeat is available at temperatures
higher than the network temperature, and thheat is directly transferret the largethermal storage.

The storage caim that casdake advantage of the larger temperatudéference between the surplus

heat temperature and the FLEXYNETS cold pipe temperature, which lowers the required storage
volume and investment.

The results of the simulationbaveshown that especially ATE®ut also PTES and BTESn be very

relevant asseasonal storage in the FLEXYNETS corinajaseexcesdeat is available to the system.
Ly@SadAy3a Ay adzOK GKSNXIf SySNHeE& aid2NdedisansOl y aa
associated with heating and cooling (by up to 95% e investigated scenariospnd the heat costs

(up to 50%in the investigated scenarigs Thesebenefits can playan important role duringthe
decisionmakingphase of a specific project

5 pl Sy SNISHM2WAY IS YFSYRY GSNF OGA2Y GA
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Hisworically, Demand Response programs in the electric sector have existed to gnsisreliability,
frequencybalancing and to prevent blackouts and brownouts.

In recent years, Demand Response has become a more dynamic resource that can also provide price
mitigation and participate in providing ancillary services to utilities and grid operators. Until now,
Europe has mainly seen commercial and industrial Demand Response projects. Little has yet been done
in the residential sectors.

FLEXYNETS networks offer a massipportunity for Demand Response services as buildings
thermal loads are covered through heat pumptherefore thermal and electric sectors are coupled
andseveralthermal energy prosumersanbe aggregated through the networknanager Moreover,
the FLEXYNETS concept is largely based on the availabilitynmnagementof distributed thermal

2 Dirk Mangold, Seasonal Heat Storage — Pilot projects and experiences in Germany. Presentation at Intersolar 2007
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energystorages which can beeffectively used to shift thermaltherefore electric- loadsthrough the
day.

FLEXYNET®@s analysedtrateges for the energy efficient integration o DHC network with the
electricgrid. On the one handthe implementation of the control strategieshdl be basedon:

1 smart meters installed at eacltonnection to the network Theyare used to meter the energy
supplied and used, and tcommunicatein reattime energyneeds andhermal storage tanks
availabilitiegto the central management system

1 datamining softwarecapabk of gathering large amounts of monitoring datand converting it
into pre-elaborated information for the control

On the other hand, ty acting in advance with respect tthe foreseenthermal energydemandin

each single buildingan optimised balancingcan be continuously guaranteedtogether with low
energy production and transportation costs. To this purpogbe elaboration of management
strategies based oModel Predictive Control and adaptingo the ever-changingperation conditions
(through the day, seasons and yghave showrdargepotential.

Throughthis approach the managementof the network can cope withutility companiesrequesing

to reduce/increase electricity consumptionfor peak loadsshavingand grid voltage balancingrlhis
will be extremely valuablén the near future to avoid negative electricity prices on the stock market
during peak productiorhours.

Althoughcomputationally very efficienand technically effective from the load shifting perspective,
the implementation of advancedpredictive controls is quite complexdue to the monitoring ard
communicationinfrastructure that must be set into place for theitilisation {vhich is far ahead the
actual praxis in the DH secjofhus a thoroughdemonstrationphasecarried outin real networkss
yet neededto moveto the full-operation

? Cluster Manager s

Load and generation profile ;) Timetable thermal storage
¢ Weather forecast

* Simulation of energy generation
* Statistic electric loads

;) Timetable heat generation
(e.g. heat pump, CHP)

* User profiles

¢ Simulation of heat demand .
variable loads

Optimization

;) Timetable possible other

“\, Potential of available power sinks i
and power generation

K' Timetable heat pump + battery L)

—  Generator single

- schedule r—l

=8

Whole FLEXYNETS
grid as ,Virtual
Power Plant”

Summation Signal

Cluster j/

Figure5 - Flow chart of a building cluster manager optimization routine
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The distributed energy generation approach elaborated within FLEXYNETS produces heat marketability
and management i ssues: a change of paradigm is
generation, distribution and trading strticur e i@ mpl ement ed i n today’' s DH(
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where multiple actors can play the role of the energy provider and wkeresumers careventually
profit economicallyfrom their waste heat provided to the network.

Trading strategies must stimate on the one handeat productionfrom local RESs and waste heat
On the other hand, they must boost energy storage practices andpefék drawing from the
network. With respect to the first element, a number of sources can hesictered as witable for
integration, starting from high temperature solar thermal fields moving to urhaailable, lowgrade
waste heat provided by supermarkets, data centres ang@nditioning systems. With regard to the
second, as the source of therinanergy cannot be switched on and off on dematingrmal capacity
has to be wisely set up and managed at centralised and diffused ldkielsn@l storage tanks at
producers and users side).

Installing thermal storage tanks at customer site {péihal user and prosumer) produces contractual
issues due to the additional volume needed in the technical room (comparedomwentional
solutions) and to the eventual demand side management.

Conversely, integrating diffused thermal energy producerbénnetwork involves a certain risk to the
energy utility company as the energy delivery through the years is not fully assured: what happens if
the provider moves or goes bankrupted? Contracts assuring penalties against missing energy
delivered, would redae the risk for the utility company but probably also dishearten entrepreneurs
from consider the eventual integration.

FLEXYNET&sanalyseda number of operation scenarios accounting for the integration of large and

smal size producers and prosumergjemonstrating the economic viability potential of the
C[9-,b9¢{ &az2fdziazya o0620K FTNRY G§KS Slymtidlar theaNe A RS
gquestionsaddressechave been:

1 What energy sources are worth to be integrated from the economic perspective?
1 What price shall be granted to each energy source?

I What business models are reasonable from the energy utility and the customer perspectives
(based on the entity bearing the investment cost)?

Figure 6 reports on the variants of usiness models accountedVe have consideed two main
segments: the first accounts for Energy Producers providing thermal energy to the network either from
waste or renewablefieat. The investment cost for the integration of the energyrse into the
network can be on the Producer itself or on a third part company.

In the first case, the Producer has strong interest in the implementation of the measure since it
experiences direct benefits, e.g. electricity savings for a datacentreoaditioning. In the second
case, the third party can be the emgr utility managing the network, @a8SCO or an Aggregator acting

as intermediary between the energy source and the network mandear.both combinations it is
possible in principle that thenermal energy harvested is remunerated or not, and that the electricity
needed to drive the Production substation is paid by Broducer or by the third pagompany.

A meaningful case is represented for example by the above datacentre, which integration to the
network is implemented by the utility company that also pays for the electricity running the substation.
In this case, the datacem owner encounters a reduced energy consumption without any initial
investment and minimal disruption during construction; therefore, it might well be that the owner is
inclined to render its thermal energy free available.

On the opposite, if the datacerd owner bears the initial investment costs and pays for the
substation’s electricitymustbesdtingpldceesome sort of re
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Figure6 ¢ Variants of business models dedicated to thernmargy Producers and Consumers
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The second segmemf business cases Figure6 mainly looks at residential and offiggosumers
gathering thermal energy from the network forape heating and DHW preparati@nd providing
thermal energy to the network during space cooling operationce more, the investment and the
el ectr i ci property @veer & onche utilityocempanyg (ESCOd e r e d
Aggregator respectively). The business cases one can imagine are largely the sarmaeicasly
explaired, however here we can al$magine that harvesting waste heat from space cooling is sold to

substati

the custome as a service. Therefore, the utility company gets a revenue both from selling energy for

on

’

S

heating purposes and gathering energy from summer cooling.
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The analysis of the heat trading modelsas shown that, @pending on the temperature levels of
energy source and network, the cost of energy made available can vary largely (factdi@pgover,
better performance is obtained if the utijitcompany managing the network also provides electricity

to the single substations: in this case, customers handle only one contract covering their heating and

cooling uses, while the specific electricity price is lower than what the single customer gatiate

As limited investments are involved in connecting substations to the network, business cases can be

defined where private producers/prosumers invest. In principle, the utility company can be owner
of the main network, while substations are all prate owned.

I ST

O2aila

%

0 KS hvepekRalciatedinghe tnast suitable cases df Waste

heat recovery. The same values are met with respect to renewable heating through
geothermal/ground water and direct solar thermal energy integran.

The largest portion of heat cost to the finaustomer is related to thenstallation of the substations
connecting the network to the single buildingsoverall final costs of energy between 100 and

Mp N

with traditional gas heating and conventional district heating networks.

€ khaveé lleen computedincluding heat harveting costs) The first value is competitive

Space cooling offered as a commodity or allowing to gather rejected heat for free during
summertime is suitable both in northern and souén countries. Waste heat from single households
is a viable solution to partially balance DHW loads
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