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smart cities

1. Introduction

The Celsius project aims at developing, optimizamgl promoting efficient decentralized heat
and cooling systems in citithusconsistently contributing to the reduction of , emission and
of primary energy consumptic

The project involves five different cities (Gothemy, Cologne, Genoa, London and Rotterd
and foresees the realization and monitoring of && demonstrators covering different efficit
technologies, systesrand practices: development of ICT tools for th@noization of the energ
management, innovative solutions for storage aiad lcontrol, development of smart grids
increase the use of wasteea and renewable energy sources, development of irnive
approaches for integrating energy centres to tlik gxpansion of existing district heating/cooli
networks.

Besides the new demonstrators that will be realiaed operated during the Celsius proj
operational existing demonstrators in the icities are also part of the project aimed at coxpa
wide range of state-of-thet demonstrators belonging to different categofi@sincreasing thi
potential of replicability of the most efficient am solutions in suitable conte»

A list of new and existing deronstrators with the specific identificaticodein the Celsius project
is reported in the tables belc

GO1 Gothenburg Short term Storage

GO2 Gothenburg District heating to white goo

GO3 Gothenburg District heating to ships

RO1 Rotterdam The heat hub

RO2 Rotterdam Industrial ecology

LO1 London Active network management and demand resg

Capture of identified sources and waste hea

o London integration of thermal sto

LO3 London Extension of Bunhill “seed” heating syst

Cco1 Cologne Heat recovery from sewage water (school buildi
GE1 Genoa Energy recovery from the natural gas distributietwork

Table 1 - New demonstrators in the Celsius project
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12COe Cologn Biogas residential heatindammheim
28C0Oe Cologn KlimaKreis- Koln funding local El-initiatives
6COe Cologne Thermo slar plants for heatir
36GOe Gothenbur Total productiorand distribution syste
19GOe Gothenbur Absorbtion coolin
29GOe Gothenbur Climate Agreemel
11GOe Gothenbur Cooling by river wate
7GOe Gothenbur Industrial waste recove
2G0Oe Gothenbur Integration with other municipaliti
8G0Oe Gothenbur Recovery of heat waste incinere
9GOe Gothenbur Biofuel CHP
20GOe Gothenbur Solar heat by district heati system
17R0Oe Rotterdar Cooling by river wate

5RO0e, 14R0e Rotterdar Vertical city

Table 2 - Existing demonstrators in the Celsius project

The overall aim of this report is to present this ¢ key performance indicators (ks) that have
been setip in the framework of task 4.1 in order eval the differentimpacts of the Celsius
demonstration projectsn track

Since the Celsiuproject aims to be a corner stone in the largeesdaployment of smart citie
monitoringthe performance of the different demonstrz is essential in evaluating the trans
and replication potential in different Europeanioag.

Hence, relevaneconomic, energetic, environmental and s performance indicators (KPI
have been identified at two different lev

» Specific KPIs taking into account peculiar features of each atgstrato included in
the framework of the Celsiusoject;

» Generic KPIs aime( at identifyingcommon aspects covering all the demonstre
involved in the Celsius proje.

The document is divided into three different paeachcovering specific aspects related to
identification of keyperformancédndicators:

» Methodology in this part, th approach followedor the KPIs identificatio has been
detailed by providing an i-depth description of the metthmlogy applied for the
guantitative analysis both at specific and at segareve;

» Specific cas@nalysi: in this part, eacdemonstrator has been analyzed by identif
specific tailoed performance indicators ain at progressively evaluating tl

5
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technical, environmental, economic and soperformancesn comparison with the
identified businesas usual situation;

» Identification of common featur: the last part of the documeianalyzes the common
aspectof Celsiusdemonstrators by providing a set of general KP#t ill be usec
for the evaluation cthe global impact of the Celsius project.

Methodology

The set-up of tailoreddy performancendicatorsis a useful approach to prov a quantitative
measurement of the performance of the Celsius dstratar: during their operatic in order to:

guarantegransparenc and consistency of monitoring procedures;

evaluate theachievement of thiprefixed targetdy identifying possible deviations a
strategies for improveme;

comparethe application of tr innovative developed conceptith the respective business
as usual situations;

compare differentechnical solutions among the

communicatein a simple and understandable way the achievemexiged to the
operation of each demonstre to the involved stakeholdergublic authorities end-users
and people benefitting of thepplicaion of the new technologi, increasing public
awarenessand acceptancat different levelsand potential of replicability in simile
contexts.

The identification of KPIs has required the-up of a proper methodology that has been follo
in theframework of the Celsius project, consisting oferent working phases descritbelow:

a3
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Analysis of the concept of each demonsti: in particular, eaclklemcnstrator responsible
partnerhas been interviewein order to collect information on the objives of the
demonstrator, on the specific smart technologyieg@dbr reaching the objective, on t
integration of the process with possible existiagilities, on the expected impact and
the relative reference cont;

Identification of the baselit situation the business as usual situation has been idsshi
for each demonstrat, aime« at defining a reference scenarigvéac which to compare the
situation after the implementation of the innovatsmart solution developed and oper:
in the franework of the Celsius project. Baseline situatiamrespond to the natural
prosecution in the future of the situation priorth@ implementation of the demonstre
and it will be inferred by collecting data from energy demamnd ase from the same ¢
before the installation and operation of the dertratars or by similar contexts where |
heating/cooling demanss managed in a conventional way;

Definition of a list of specific KP: a list of specific technical, environmel, economic
and social KPIs halseen identified and shared with each dnstrato responsible partner
in order to ensure the convergence of the elatirdaeto the real implemented proje
and to the specific contg;

Definition of commm conventions and methodology calculatior of specific KPIs a
common nomenclature scheme has bee-up for the defined KPIs in order to harmon
the identification othe specific KPIs. In particulaan ID code has beeprovided to each

6
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indicator with a specific section indicat the name of theemonstrator, the typology

KPI (technical, economic, energetic and social) andgrpssive number for distinction

reported in the figuré.

Moreover,when usefu for each specific KPI a methodology of calculatitas ben set-
up in order to provideconsistent and transparefdarmula for the evaluation of tr
performanceduring the operation of the demonstrators. The ntedoformulaare the
mathematical combination of parameters monitored during the afem of the
demonstrators adefined in the deliverable 4.2 (Common monitoringtinmdology with

data/parameters which will be collected the evaluation of thbaseline situatior

Progressive

number

Figure 1: ID-code example for specific KPIs

Definition of a list of generic KP: the different analyseperformed on each demonstre
for the identification of specific KPIshave been combined in order to define comi
featuresto all the demonstratorfollowing a bottomup approac aimed at providing
general indicators that can be representative ef GelsiusCity concept and visio
increasinghe potentiafor replication of the developed model.
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3. Specific keyperformance indicators - new demonstrator:

Following the specifi@nalysis performed on each demonstrator, a lispetific KPIs hs been
setup in order to evaluate the performance and theaahpf each demonstrator from f
technical, economic, social and ennmental point of view. KPIs have been shared wihh
demonstratoresponsible partner in order to verify the suiiépibf the identified indicators to tr
specific context in which the demonstrator is agxp

An iterativeworking approach has befollowed, by establishing periodical contacts wptloject
partners, collecting their feedback on the prelamyn provided lists and progressive
implementing updated information in order to engheeconvergence of the elaboratec both to
the real mplemented technical solution ancthe specific context.

Considering the different degis of implementation of the varioweemonstratcs at the present
moment the list of suggested KPIs can be subjecpossiblemodificationyintegrations in the
future in accordance with the definitive design and maplementatiorof eachapplied technical
solution. Specific KPIs calculation will be based on tlresults of monitored paramete
measurements which will be collectevery six months during th@peration of the demonstrat
as described in the deliverable 4.2. The resulbsnfithe analysis will beincluded in the
progressivedeliverables 4.3 “Reports detailing progress andeaements on each demonstre
and analyzing causes for deviati.

In the subparagraphs below, the analysis of each new denatai to berealized and operated
the framework of the Celsius project is reportedifgfuding a description of the implement
technology and of the correspondent baseline siua@ simplifed layout of the technic
solution, the list of relevant specific KPIs andwammary table including, when necessary,
respective formulas for calculatis

For each demonstrator four categorie specific indicatorhiave been identifie:

e Technical indicators aimed at evaluating the energy efficiency of tldemonstrators
during the operation;

* Economic indicatorsproviding the evaluation of the economic impamt the involvec
stakeholders and main e-users;

* Environmental indicatol, providing estimations of thenvironmental impact derivin
from the impementation of the demonstrai

e Social indicators,aimec at estimatingthe main measurable social benefits due to
application of the technolo.
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3.1 Genoa demonstrator(GEN1)

3.1.1 Objective of the demonstrator and baseline situation

Along with energy saving and efficiency improvemeattions, a more widespread use
distributed generation and district heating/cooismglanned by Genoa City administratis
Distributed geneation is being in fact considered as a-element for the diversification of tt
energy supply mix, and one of the promising po&siton which the city administration plans
intervene in order to achieve the intended tarfmt2020. A more widespad use of distributed
generation would allow shifting from the actual esgread use of low efficiency independ
heating systems to higher efficiency solutions, sthreducing significantly overall fur
consumptions and G@missions. Thus, in order tccrease energy efficiency within an import
area of the city of Genoa, the Val Bisagno area, development of a local energy syst
integrating the industrial area is currently beptgnnec
In this specific context, the objective associdteGenoa’ demonstrator “Energy Recovery frc
the natural gas distribution network” (GE1) is narease the overall energy efficiency associ
to the gas distribution activity. In order to acleehe objective, the installation of an expan:
turbine interfacedo a gas fired CHP plant is foreseen. Thus, it béllpossible to recover both t
mechanical energy from the gas expansion processeat from c-generation, servicing a sm
heating network that will supply several buildingside and outside thndustrial park (Gavette
district). The industrial area where the demonstraill be built hosts the natural gas distribut
facilities, where the gas msure is reduced from 24 barsthe national trasmission network to
the 5 bar of the local distuhon. The actual plan foresees the installatioa tfrb«-expander able
to recover the mechanical energy inherent in tessurized natural gas (currently wasted with
standard lamination procesin order to generate electric energhhe expansiorturbine will
directly produce electric ener. Expansion with mechanical energy recovery is Gcgss tha
needs heat to compensate temperature drop ofrgesheéat is needed. Heat will be provided |
gasfired CHP. The CHP plant will also serve a sl heating network, providing heat to buildin
inside the industrial park as well as the firefggtg station outside of
The baseline situationidentified for the specific GE1 case is referredatstandard laminatic
process where mechanical enemherent in the pressurized gas (24 Imwyasted and heat to t
final endusers is supplied by means of independen-fired boilers. In particular, baseline
situation can be detailed by referring to the twanmmplemented equiprnts (expansion turbine
and CHP):

* without the realization of the expansion turbine,chamical energy inherent in t

pressurized natural is wasted within a standardination process; thus, electrici
required by the district is generated by the tradél mix of Italian eectric grid;

« without the gas fired CHP plant and the related ihgahetwork foreseen for tf
surrounding Gavette district, heat from the gasaespn process is wasted and he:
supplied by means afidependent gi-fired boilers.

A simplified layout of the process is reportedhe figure belo\.
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Figure 2: GE1 simplified layout
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List of specific KPIs

Technical KPIs

Ratio between the gas flow rate through the t-expander anthe gas flow rate throuc
the lamination valve;

Yearly amount of neglectric energy produced by the tu-expande- MWhelyear;

Y early amount of net electric energy produced byGh syster- MWhe/year;

Yearly produced netlectric energ- MWhelyear;

Amount of thermal energy producec the CHP -MWht/year,;

Amountof thermal energy proved by the district heatingdWht/yea,

Ratio between the yearly amount of thermal energ@dusr gas heating and the yee
amount of thermal energy producec the CHP;

Ratio between the yearly amount of thermal energgdua the district heating netwo
and the yearly amount of produced thermal er;

Environmental KPIs

Variation of emissions for the main considered yttalhts connected to the electric ene
production compared with the baseline situation (kgrfyef saved Plig, PMy s, TSP, NQ,
SQ, CO, CQ);

Variation of emissions for the main considered ygalhts connected to the thermal ene
production compared with the baseline situatiory&ar or kg/kvh of saved PN, PM; 5,
TSP, NQ, SQ, CO, C();

Yearly GHG savingskg/year of saved CO. and % of reduction).

Economic KPIs

Yearly savings generatety self-production of electric energyith reference to baselir
situation-€/yeatr,

Yearly savings arisig from the implementation of district heai network with reference
to baseline situatior€/yeal;

Yearly cost of gas burnt in the C- €/year;

Y early cost of gas burnt in the boil- €/year;

Costof maintenance of the tur-expander per each kWh of net produced electricgy-
€lyear,

Costof maintenance of the CHP per each kWh of net predelectric ener¢- €/kWhe;

Y early cost of maintenance of the entire sy- €/year,

Thereduction in the bill fc end-user€/kwht.

Social KPlIs

Number of working hours used for running and maintaining the -CHP system-
hours/year;

Number of workinghours used fo running and maintaining the district hea system-
hours/year,;

Number andtype of possible complaints (e.g. for noise) by titzens living in the
neighbourhood.

11
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ID KPI Unit of Measurement Formula Comments
Ratio between the gas flow rate through o . .
GE1T1 turbo-expander and the gas flow rate throl i G Th|§ indicator will be estllmated as an averageealu
- TE a six month average peri
the lamination valve G_
LV
Yearly amount of net electric energy _
GE1T2 produced by the turbo-expander MWhe/year Z (P _CT )
year\' TE E
Yearly amount of net electric energy
GELT3 produced by the CHP system MWhe/year Z year(pCHP - CCHP) i
GE1T4 Total produced net electric energy MWhelyear GE1T2+GE1T3 -
Yearly anount of thermal energy produc _
GE1T5 by the CHP MWht/year Z yearQCHP
Yearly anount of thermal energy provid: )
GE1T6 by the district heating Mwht/year z yearzj QDH j
Ratio between the yearly amount of ther Z Q
GE1T7 energy used for gas heating before the ) year <TE )
expansion in turbine and the yearly amc z Q
of thermal energy produced by the CHP year <CHP
Ratio between the yearly amount of then
energy provided by the district heating Z yearZ» Q )
GE1T8 - I "DH,j -
network and the yearly amounttbiermal
energy produced by the CHP ZyearQCHP

Table 1-Technical KPIs (GE1)
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ID KPI Unit of Measurement| Formula Comments

The calculation will take into account the spec
emission factorsE, 4/g) for each pollutant based
onthe average Italian electric grid emissions in
order to estimate emissions referred to the bas
situation. Savings must be reduced by taking
account specific emissions reed to the operation
of the CHF(Eel cyp is the emission factor related
to the elctric energy production from the CHP), [to
the operation of the TE (Eq¢ is the emission
factor related to the ectric energy production
from the TE) as well as the emissions associat
[(DTE the thermal energy produced by the CHP whic
mainly used for the p-heating of the gas before
the expansion in turbine. Different splitting of th¢
CHP contribution to the emissions related to thg
thermaland electric energy production will be
evaluated in the future based on how the CHP
be concretely operated (for gas-heating and for
heatsupply to district heating). The specific
emission factors will be derived from periodi
controls for the CHP (if available), from speci
nameplates of the equipments and/or available
provided by the demo responsible part

Variation of emissions for
the main considered
pollutants connected to the  Kg/year of saved E. [GE1T4-E P..—-E P. -
GELENL| electric energy production| TSP, NOx, CO, CO Zyeaf elgrid eICHP I CHP el g T TE ot
compared with the baseling
situation

CHP

Variation of emissions for . . L
Epoiier IS the specific emission factors for each

the main considered . > ) )
— ollutant associated ‘existing gas boilers that wijl
pollutants connected to the Kg/year of saved Eboiler @yeaé ‘,iGBi,baseIine Eboiler EZyearE l,iGBi, P 949

. be derived from periodical controls, from spec
thermal energy producth TSP, NOx, CO, CO nameplates of the equipments and/or available
compared with the baseline

situation provided by the demo responsible part

GE1En2

GHG emission will be calculated lapplying
GE1En3 Yearly GHG savings | kg/year of saved C@ specific conversion factors to greenhouse ga
the conversion into kg Coe

Table 2- Environmental KPIs (GE1)
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ID KPI Unit of Measurement Formula Comments
Yearly savings generated by self- Peost e1iS the produdon cost of produced electric energy ar
GE1Ec1| production of electric energy with €lyeal it will be evaluated based on the new investmeasts;
reference to baseline situation; GE1T4(T, pny — Pcost)) operating costs and maintenance ¢
GE1Ec2 Yearly cost for natural gas burnt in elyeal i
the CHP
ZyearGCHP ErgaSDHMcHP
GE1Ec3 E)(gﬁlerlr)é cost for natural gas burnt in elyeal i
ZyearZiGboileni ErgasDHM
GE1Eca Savings arising from the reduction Elyeal GpaselinelS the natural gas consumption in gas boilerseér
of natural gas consumption Zyeaerase"neD.gaSDHM —GE1Ec>GE1Ec3 baseline situatic
Cost of maintenance of the turbo-
GE1Ec5| expander per each kWh of net €/kWhe z M -
. year' "' TE
produced electric energy “GE1T2
Cost of maintenance of the CHP ger
GE1Ec6| each kWh of net produced electrig €/kWh Z yearM crp -
energy GE113
Yearly cost of maintenance of the
GELECT| entire system Elyea z yearMcrp + z yearM 7e i
Variation in the bill for end-users Tih enduserbaselin IS the tariff for thermal energy consumption
GE1Ec8 - €/kwt : - . -
for thermal energy consumption — paid by theend-user in the baseline situation
Tthend—user Tthend—userbase”ne

Table 3-Economic KPIs (GE1)
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ID KPI Unit of Measurement

GE1S1 r’?']‘;m?aei:“‘:]fgv‘;ﬁrekip_ggalgssysssgn for runningand | o ear

GE1S3 Number and type of possible complaints (e.g )
noise) by the citizens living in ttneighbourhood

GE1S4 Number of additional er-users benefitting of the )

implementation of the new syst

Table 4-Social KPIs (GE1)

15



celsius

smaf{ cities

3.2 Gothenburg demonstrator (GO1)

3.21  Objective of the demonstrator and baseline situation

The idea underlying the GOZemonstrator (“Using building as short term storagse’to exploit
the thermal capacity of apartments’ structural elets (e.g.: floors, ceilings and walls) for h
storage and enhanced heat control purposes. Thiomesh elements will be “loaded” wienergy
during low consumptionhours (and the idoor temperature will slightlyincrease); as a
consequence there will be a minor temperature asereluring night time, when the heat dem
is low, and a minor decrease during demand peak heuin the rorning. The inhabitants shou
not notice these temperature chanbut the implementation of thisemonstrator will allow
keeping the heat production at a lower level dupgagkhours In total 900 flats will be connect
to the new system, o@spondin to approximately 75,000 Twof living area

In this case, the baseline situation is referrethéosame buildings without t implementation of
the active heat load control.

A simplified layout is reported in the figure bel.

GOTHENBURG
DISTRICT HEATING

EXISTING BUILDINGS NEW CELSIUS BUILDINGS
Heat Demand Driven Heat Demand Driven
By Thermostats And Users By Low Cost Heat Availability

HEAT LOAD OF MASSIVE
FANCOILS

DH
SUBSTATION

SUBS

gy

HEAT LOAD OF MASSIVE
STRUCTURES

RADIATORS

DH
SUBSTATION

SUBS

S

Figure 3: GO1 simplified layout
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3.2.2  Listof specific KPIs
Technical KPIs
 Yearly heat @éman« kWh/nf;
« Change in yearlpeat emand in comparison with baseline situs- kWh/n3;
* Peak load reductic- kW,
* Average indoor temperature (seasonal ave- °C;
» Change of average indoor temperature with referembaseline situatic- °C;
» Variation of indoor temperatt- °C;
» Change of variation of indoor temperature in coriguer with baseline situati- °C;
* Average outdoor temperat+ °C.

Concerning economic, social and environmental K§dseric KPIs defined in chaptewill be
considered sufficient for summarizing GO1 achieveis
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ID KPI Unit of Measuremen! | Formula Comments
GO1T1| Yearly heat demand kWh/nf year
y y Z yearZi Qb/
At

Change in yearly heat demand o - )

GO1T2|in comparison with baseline | KWhinyear GOTEQ ., Qbase“_nels the correspondent heat demand describing trediba
LU baseline situation
situation
Calculation will beperformed by taking into account the peak loa
GO1T3| Peak load reduction kw the baseline situation and in the current situatamerage of dail
peaks in the seast

GO1T4 Average indoor temperature °C z Te, (h)

(seasonal average) “Lseason M1 7

hour%eason

Change of average indoor
GO1T5| temperature with reference tp°C Te.n vaselindS the average indoor temperature in the baselinatior

baseline situation GOT4- TQn,baselne

Variation of indoor o . .
GO1T6 temperature C O'(an) Standard deviation of indoor tempera

Change of variation of indoo
GO1T7 | temperature in comparison | °C

with baseline situation o (TQn) 4 (TQn,baselinQ
GO1T8| Average outdoor temperaturg°C ZseasorT € (h)

hour%eason

Table 5-Technical KPIs (GO1)
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3.3 Gothenburg demonstrator (GO2)

3.3.1 Objective of the demonstrator and baseline situation

The overall objective ofthis demonstrator is to install 300 innovative white d®o(i.e.
dishwashers, washingachines and dryers) using l-grade energydjstrict heating hot wat),
replacing conventional machines typically usingh-grade electric emgy both for running the
moving parts and for heating purpo:

The machines are connecteddistrict heating supply, independenttgm heat and domestic hot
water supply and their installation is planned @&urdry rooms of residential mi-family
buildings as well as in other typology of building (isport facilities).

The machines have been developed by ASKO CLINDA waede recently introduced on t
market. Preliminary tests have been performed enndw machines (washing machines
dryers) n order to evaluate the performance from the emiergeint of view, showing a high ra
of replacement oflectric energ comparedwith conventional machines (about 75% of elec
energy has been replaced by district heating hteénvaNevertheless, long term monitoring f a
higher number of machines, differentiated on the basigliiErent type of buildings and «
installed white goods is necessary to &s results on performances of the applied techno
from the energetic, environmental, econc and social point of view.

As baseline situation, the same type of laundryn®avith standar@ndnew white goods using
only electric energyalso for heating purposes) will be taken into actan order to evaluate tt
efficiency of the new machines comparison with conventional systems.

A simplified layout of this demonstrator is repatia the figure belov
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3.3.2 Listof specific KPIs
Technical KPIs

e Yearly heat émand per laundry roc- kWht/year laundry roo;
« Yearlyelectric energ savings per laundry roorkWhe/yeataundry roon;
» Percentage dubstitute electric energy with reference to thaseline situatic- %;
* Heat eemand per washing cy- kWht/washing cycle
» Electric energyavings per washing cy+ kWhe/washing cyc.
Environmental KPIs
* Yearly pollutant emissions and GHG savings dudééoréduction of electric ener:
consumption in comparison with the baselirtuation-kg/year
* Pollutant emissions and GHG savings per wash dtleetoeduction of electric ener:
consumption in comparison with the baseline sian- kg/wasl.
Economic KPIs
* Economic savings per washing cy- €/washing cycle
e Economic savings per ye €/year,
» Payback of the extra investm- years.
Social KPIs
* Time savings per wa- minutes
* Number of residents/users benefitting of the nevestmer.
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ID KPI Unit of Measuremen! | Formula Comments
GO2T1| Yearly heat demand per laundry room kWhtlyearaundry -
room
Z yearzi ng,i
GO2T2 Yearly electric energy savings per kWhe/yeataundry )
laundry room room -
y z yearzi ng,i Z yearzi ng,i—baseline
Averagevalues ofelectric consumption for the different
GO2T3 Pgrcentage of substitut.ed e!ectr!c energy, ng i—baseline ng,i machines .wiII be con;ider. . .
with reference to baseline situation Cug,i-baselindS the electric energy consumption of the tradiic
ng i-baseline machine in similar laundry rooms (baseline situgt
Each typology of white good will be considered (niag
. machines, dryers, dish washe
GO2T4| Heat demand per washing cycle kWht/was GO2T1 N: is thenumber of yearly washing cycles per typology ofte
Z year Z : N, good and per laundry roc.
GO2T5| Electric energy savings per washing cycléVhe/was GO212 Each typology of white good will be considered (niag

ZyearZi Ni

machines, dryers, dish washu.

Table 6-Technical KPIs (GO2)
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ID KPI Unit of Measuremen! | Formula Comments
Yearly pollutant emissions and GHG
GO2En1| S8vings due to th(_a repluctlon of_electn_c kglyear of saved Ce Emissionssavings will be calculated by taking into
fh”erbgy C?”SUTpt'tc_’” in comparison withlaundry room account the savings deriving fri the substitution of
e baseline situation ; ; iatpi ;
_ electric energ with low temperature district heating.
E el gaa [G02T2 E oumi  5O2T1 The calculation will take into account the spec
emission factors (¢ 4rig) for each pollutant based on
average electricity grid iSweden as well as the
emission factor for each pollutanty,ix) @associated
Pollutant emissi d GHG ) to the district heating mireplacing the use of
ollutant emissions and GRG savings per electric energ in the machines. GHG emission will
GO2EN2 wash due to th? re_ductlon Of elect_r\gg of saved C,e/wash Eelgrid [GO2T5 E DHmix [GO2T1 be calculated by applying specific conversion fex
energy consumption in comparison wit to greenhouse gas emission for their conversiar
the baseline situation
kg CO2e
Table 7-Environmental KPIs (GOZ2) of
ID KPI Unit of Measuremen! | Formula Comments
GO2Ec1| Economic savings per washing cycle |€/wash -
GOZTS |:relend—user - G02T4 DI thend-user
GO2Ec2| Economic savings per year €lyear -
Z yearng,i D-elend—user - z yearng,i DI thend-user
GO2Ec3| Payback of the extra investment Years - Based_on Investment C(.)Stf for the extra investn
operating costs and estims economic savings

Table 8-Economic KPIs (GO2)
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ID KPI Unit of Measurement
GO2S1 | Time savings per wa minutes
GO252 Number of residents/users benefitting of the | )

investmer

Table 9-Social KPIs (GO2)
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3.4 Gothenburg demonstrator (GO3)

34.1 Objective of the demonstrator and baseline situation

Traditionally, when a ship is at quay, electricahgrators and heating equipments are need
be run, usually consuming bunker In Gothenburg there are already possibilities tonewt
ships at quay to the electrical grid while heatetgiipments on board, i.e. oil fired boilers, ¢
need to be usedhe objective of thGO3demonstrator is to connect ships at ¢ in Gothenburg
to the district heating in order to reduce the comgtion of bunker oils, t consequently
decreasing the emissions level and contributingeamprovement of air quality in the i
In thisdemonstrator, one ship will be connected to theidiseaing network througt

» The adaptation of shif receive district heating (connections, heat argers etc;

* The installation and connection of lexible connectiorat quay, for the supply of distri

heating hot water.

As baseline situation, the samep, using standard oil fired boilers for heatinggmges at qua
will be considered in order to evaluate the impaicthe demonstrator in comparison with
conventional situation.
A simplified layout of this demonstrator is repatia the figurebelow.
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3.4.2 Listof specific KPIs

Technical KPIs
* Yearlythermal enerc delivered to ship in harbouMWht/year

* Change in yearlyse of oil at quay in comparison with the basesieatior- It/year.

Environmental KPIs

e Savings of PM10, PM2.5, TSP, NOx, SOx, CO, , with reference to the baseli

emissionkg/year;

* GHG savings connected to the reduction of oil ugk weference t the baseline
situation kg/year of saved C,e and ratio between the reduction and the bas
emissions).

Economic KPIs
« Economic savings per year due to reduction ofailstimptio- €/year,
» Payback of the extra investm- years.

Social KPIs
* Reductionof complaints for noise with reference to basetiteatior;

e The number of workinhoursused for running and maintaining the sys-
hours/year.
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ID KPI Unit of Measurement | Formula Comments
GO3T1 ;](ez?)rly thermal energy delivered to ship in MWhtlyea i
arbour z yearQsh
GO3T?2 C_hange in yea_lrly use o_f oil at quay in compari ;ﬂ/nyeal Z year(Vou Ybase”ne—Vo“ ) Vol baselin: is_ the_oil consumption in boilers in the
with the baseline situation v baseline situatic
Zyear oil ,baseline
Table 10-Technical KPIs (GO3)
ID KPI Unit of Measurement Formula Comments
GO3Ecl I_Economlc savings per year due to reduction 0f€/yea\
oil consumption
Z year(\/oil,baseline_voil ) EI_oil - GCBT:L D-thend—usel
Calculation will be performed
based on investment costs for
GO3Ec2| Payback of the extra investment years the extra investment, operating
costs, maintenance costs and
estimated economic savings
Table 11-Economic KPIs (GO3)
ID KPI Unit of Measuremeni | Formula Comments
Eoi-noiler IS the emission factor for each
pollutant associated to the consumptid
of bunker oil in the boilers. ggmix is the
GO3Enl kglyear of §aved P, PM, 5 TSP, N.Q' SQ" . | kglyea estimated emission factor for each
CO, CQ with reference to the baseline situatign ; .
pollutant associated to the district
_ —GO3T heating mix replacing the use of bunker
Z year(\/oil,baseline VoiI )DEoiI -boiler G 1|:EDHmi>< oil in boilers.
GHG savings connected to the reduction of oi GHG emission will be calculated by
GO3En2| Yse with reference to the baseline situation ka/vea _ applying specific conversion factors in
(kg/year of saved C and ratio between the aly order to convert greenhouse gas
reduction and the baseline emissions) emissions into kg of COequivalent

Table 12-Environmental KPIs (GO3)
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Unit of Measurement

ID KPI

GO3S1 R_edu_ctlon of complaints for noise with referencéaseline )
situatior

GO3S2 The number of workinhours used for running and hours/year

maintaining the syste

Table 13-Social KPIs (GO3)
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Cologne demonstrato (CO1)

Objective of the demonstrator and baseline situation

The main objective of thidemonstrator is to overcome technical and econbarigers to recove
heat from sewage network and usin decentralized local heating network supplying heat to
local school buildingsThe demonstratoforeseesthe application of this technology in thr
different spots of the city, with different conditis of the supply side on one heand similar
endusers (school buildings) on the other .

In particular:

Nippes three different schools are located close to mpung station of the sewas
network. Part of the sewage at the station willkdy-passed, and then fed to a h
exchanger. From there, heat will be transferred teat pump sysms (3 heat pumps of
160 kW each) situated in the central boiler roonthim Editl-Realschule for the base lo
supply to the three schools. Three new gas firedlensing boilers will e used for peak
load;

Mulheim: the Holderlin Gymnasium is located cl to a man pipe of the sewage netwol
The shape of the sewage pipe differs to the one@in/ ®Vahn. The heat exchanger will
instdled on the bottom of the pipe arhe heat pump will be placed in the heating roor
the cellar of the Hoélderlin Gymnaum. The peak demand will be supplied by a gas b«
Porz/ Wahn 2 schools are located close to each other, besiain pipe of the sewa
network. The heat exchanger will be installed amtibttom of the pipe. The water hea
through this heat excnger will flow to the heat pump in the central leoifoom in the
Otto-Lilienthal Realschule. The heat pump will supplgédoad heating and a condens
gas bder will be used for peak loe

The baseline situatiothat will be taken into accouiis referred to the utilization of gas fire
condensing boileras the sole equipment for supplying heat tc same school<A simplified
layout of the demonstrat@s reported in the figure belo
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352

List of specific KPIs

Technical KPIs

Energy efficiency at each s), defined as the ratio between heat produced &t gaut
and primary energy consumpti

Seasonal COP for each heat pump sy;

Variation ofprimary energy in comparison with the baselineagian at each sp;
Energy efficiency variation in comparison with theseline situation at each s.

Environmental KPIs

Variation of pollutant emissions with reference liaseline situation at each s
(kglyearof saved PMo, PMy 5, TSP, NQ, SQ,, CO, CQ);

Yearly GHG savingat each spouwith reference to baseline situat- kg/year of saved
COse and % of variatio..

Economic KPIs

Yearly operabnal cost per kWh of thermal energy supf at each spot-€/kWh
compared with operational costs per kWh of the loaséechnolog

Yearly fixed costs (depreciati + overheads) per kWbf thermal energy suppli at
each spot compared with fixed costs per kWh obgmeline technolog;

Yearly total costs per kWof thermal energy supplied at each : compared with total
costs per kWh of the baseline technol

Total cost (operating costs and yearly depreciatab@s) per saved ton of (e at each
spot €/ton CQe.

Social KPls

Number ofworking hoursused for running and maintaining the system at spdi;
Number and type of possible complaints (e.g. sntklling maintenance or in case
system failure) by students, employees and citiieimgy in the neighbourhood at ea
spot;

Internal floor area served by the new system at eagl- n;

Number of endisers benefitting of the new system at each.
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ID KPI kj/lmt o Formula Comments
easurement
The denominator of the ratio
represents the primary energy
consumption in the new systen
) + ) at each spot. This indicator will
[ Zyeafz'Qh” Zyeafz kao"erk \ be estimated by taking into
f (Z C +C +)) C.. + C.. +C_. . +> C,.. )+ f Q.. account specific conversion
CO1T1 Energy efficiency i ¢l @ye"’“ i ~hpi wp Z' st Zk bk awx zl dist,} th @yeaer boiler.k factor of electric and thermal
at each spot energy into primary energy
(respectively, § and ).
Quoiler  iS the thermal energy
provided by the peak gas boile|
(calculated on the basis of the
monitored gas consumptions,
ans boiler, )
Seasonal COP for Z Q...
CO1T2 | each heat pump - season *hP.i )
system zseason(chp,i + Caux)
Variation of
primary energy in Pe and Pgs.ineare respectively
comparison with ) the primary energy consumptiq
COLT3 | ihe baseline Pe—-Pe, ..in in the current and baseline
situation at each P situation
spot € aselin
\If:r?;gzr?mmency EffuaseiinelS the energy efficienc
comparison with CadlT1-Eff, e in the baseline situation (ratio
CO1T4 the k?aseline - between produced thermal
Eﬁbaselim energy and primary energy

situation at each
spot

consumption)

Table 14-Technical KPIs (CO1)
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Unit of
ID KPI Measurement Formula Comments
The calculation will take into account the specéiissior
factors € grig) for each pollutant based on average
Variation of pollutant electricity grid in Germar in order to estimate emissions
L P connected to the total electric energy consumptiche
emissions with Kglyear of entireheat pum system (G,); at the same time emission
CO1En1 |reference to the saved TSP, z eal (G asbaseline Z G )DE as-boiler Z Cmt (E,, id pum sy ' L .

. — Y 9 k ~ gas g year gn factors associated to gas consumption in condergsis
baseline situation at | NOx, CO, CQ boil ill be taken i both in th
each spot oilers (Enoiler) will be @a en |nt9 account ( ot_ in the ne

and in the baseline situation) in order to estintiax
variation of emission for each considered pollutar
comparison with the baseline situa.
. GHG emissios will be calculated by applying specific
CO1En2 Yearly GHG savings | Kglyear of - conversion factors in oder to convert greenhoust
at each spot saved CGe RN .
emission into C\, equivalent
Table 15-Environmental KPIs (CO1)
D KPI Unit of
Measurement
Yearly operational cost per kWh thermal energy at each spot compared
CO1Ecl with operational costs per kWh of the baseline edbgy €lkwht
Yearly fixed costs (depciation + overhead) per kwh of thermal energy
CO1Ec2| suppliedat each spot compared with fixed costs per kWiheftaselin €/kWht
technology
Yearly total costs per kWh of thermal energy sugbkit each sp
CO1Ec3 compared with total costs per kWh of the basekwhmholog' €/kwht
CO1Eca Total cost (operating costs and yearly depreciatibes) per saved ton €lton CQe
CO2e at each sg-

Table 16-Economic KPIs (CO1)
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ID KPI Unit of Measurement
CO1S’ Numbe( of yvprklng hours used for runn'mgnours/year
and maintaining the system at each spof
Number and type of possible complaints

(e.g. smells during maintenance or in case

CO1s. of system failure) by students, employees-
and citizens living in the neighbourhood jat
each spot

co1s Internal floor area served by the new m2
system at each spot

CO1S: Number of end-users benefitting of the

new system at each spot

Table 17-Social KPIs (CO1)
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3.6 London demonstrator (LO1)

3.6.1 Objective of the demonstrator and baseline situation

The LO1 projectdeveloped by UK Power Networldiffers from the other projects since it
specifically oriented to improv security of supply of electric energt local level instead ¢
improving energy efficiency.

The objective of thislemonstrator to implement a demand-resporsesten (DR) to alleviate
network’sconstraints and faults. At times of high networkndad, the transformers in substati
can reah loading levels outside of operational guidelindile this is not necessarily dangerc
when a transformer has exceeded statutory limitsiit lead to thermal and load faults. In b
cases the operation of the transformer will eingiomaticallytrip out or need to be temporar
suspended. If DR can be used to reduce the denraticeosubstation, reducing the loading,
number and magnitude of these faults may be redacestoided. Times of elevated loadirre
referred to as a ‘constraintVhen normal network running arrangements need tetanfigurec
due to, for example, a damaged cable or blown fié®js referred to as a ‘fault.’ In this case
surrounding substations will need tceet any shortfall in electric enel distribution, elevating
their load levels which can then result in thermgeionstraine.

Theload on the substation can be redi thanks to the smart management of an existingic-
scale co-generation systemhjch also feeds a DH systgnthat would be used al in case of
network failures or excessive loading at a | substation.

In particular,in case the district dema of electric energgxceeds the maximum power that
be provided by the substation’s transformers (duweexceptional demand or in the c of
maintenance or equipment fail., the exta energy is provided by the generator with no
discomforts for users: in these situations, thestvoase scenario would result in blackc

The possibility of using a generator out of its normal use as a backup poeeergtor implie:
varying its production profiles during periods whér operates at partial load, wasting some
or accumulating it into its thermal buffer, andnggit also—in case of nee— during periods out
of its use (i.e. in summer) venting the-generated heat.

UK Power Networks will be working with Islington @ocil who owis the Combined Heat ar
Power unit (CHP) at Bunhill Energy Centre (BEC)tmtract DR services as part of the Cel:
project. The aim of this exercise is to learn hastlio inccporate CHRgenerated electric enel
at times of network need.

The electric energyroduce! by the CHP plantluring such operation is likely to often cat
larger emissions than the powernts that commonly feed the gridevertheless, thimproved
short term security of supply, service quality gmidl stability are of upmost importance in s
energy systems, since LO1 project uses distribetesigy as a todo improve stability in a me,
today,where distributed production normally seen by grid operators acomplication to grid
stability.

The project does not only take into account thespay features of these problems but also |
economic consequences. Moreover, it is fcen in the project both to use the system for fa
real situations of faults, excessive loading areldbsociated shortages in supply and to sim
these situations, in order to better understandtane the optimal dema-response mechanisms
and therelated business mode

Concerning the identification of the baseline ditug it makes sense to consider asl baseline
systemsboth a normal power statiorwith the average features of the British electric ¢
eventually assessing the typical ples during peak hourand low demanhours) and a typical
diesel backup system: the first one can providetypial difference between the LO1 propc
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and an alternative solution considering an empowatnof the local substation; the sec one
providesthe baseline typical situation where security gfy is an indispensable solution (e.¢

hospital).
A simplified layout of the implementation solutiam the demonstrator LOis reported in the

figure below.
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Figure 7: LO1 simplified layout
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3.6.2

List of specific KPIs

Technical KPIs

In the following list both security of supply anteegeticaspectsre includec

Number of power interruptions avoided in a

Number ofpower quality issues avoided in ay;

Number of power interruptions not avoided in a ;

Number of power quality issues not avoided in &;

Number of fines avoided in a ys

Yearly amouh of natural gas used by thegeneradbr for assisting the substat-
Nnt/year;

Yearly amount of electric ener produced by the genereor for assisting the
substationMWhelyea;

Additional thermal losses due to the shift betweedpction and consumption durii
the heating seaseMWht/year.

Environmental KPIs

Variation of emissions with reference to baseliieasior- % of variation and kg/yee
of PMyo, PM 25 TSP, N¢, SQ, CO, CQ;
Yearly GHGuvariatior- % of variation and kg/year of G@.

Economic KPIs

Operation and maintenance ci of the c@enerator used in assistance o substation
paid by BEC, considering bc the part sustained to ensure the system availahitid
that sustained for the actually used ser- €/year;

Extra-cost for gas consumption used in assistance ¢ substation paid by BE-
€lyear;

Total earnings for BECue to the service given to UKPKEAea;

Total amount of finesvoided by UKPN thanks to the generator assistancdivided
per eacltypo of fault backed by the generator, among those truly oced and those
simulated-€/year per typology of fau;

Extra fee paid by UKPN to BEC per ei type of fault backed by the generator,
among those tiy occurred and those simula- €/year per typology of fau;

Extra cost sustained by BEC per € type of fault backed by the generator, among
those truly occurred and those simul- €/year per typology of fau.

Social KPls

a3
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Number of residents/users benefitting of the neoygar;

Reduction/increase of complaints due to the implgateon of new system in
comparison with baseline situat;

Working hourgpel year for operation and maintenamddghe new syste- hours/year.
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ID KPls Unit of Measurement Formula Comments

LO1T1 | Number of power interruptions avoided in a year

LO1T2 | Number of power quality issues avoided in a year

LO1T3 | Number of power interruptions not avoided in a year - -

LO1T4 | Number of power quality issues not avoided in & yed

LOLT5 | Number of fines avoided in a year

Yearly amount of natural gas used by the cogeneratp )
LOLT6 | ¢y assisting the substation Nrif/year Z‘ﬂlear CHP

Yearly amount of electric energy produced by the i
Lo1T7 cogenerator for assisting the substation Mwhelyear ZyearPCHP

Additional thermal losses due to the shift between Q -Q
Lo1Ts production and consumption during the heating seaso'VIWhtlyear Zyear( cHP bH ) )

Table 18-Technical KPIs (LO1)

ID KPIs Unit of Measurement Formula Comments

Emissions will be calculateby taking into account th
specific emission factors ¢ cyp) for each pollutant
relative to the CHP (based on periodical contrio
Variation of emissions with reference to baseline| Kg/year of saved TSP, NOX, Z\rllzlllgrk):ae\;;irlgrt:]l;Fc)iz(t:glgrg?/irggglg;ezlg;t:)]?ei(glcj)lrg]bl
situation Co,Ccq Zyear Perp [(EeICHP - Eehbase"ne) partners); baseline situation will be estimatedaiyng

into account both specific emission factors of
electric grid (baseline 1) and of a typical didsat}-
up solution (baseline

GHG emission will be calculated by applying spex

LO1En2 | Yearly GHG savings Kglyear of saved C@ conversion factors to greenhouse gas emissior
their conversion into kg COZ

LO1EN1

Table 19-Environmental KPIs (LO1)
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KPIs

Unit of Measurement Formula

Comments

LO1Ecl

Cost for O&M of the cgenerator used in assistance
the substation paid by BEC, dividbdtween the pa
sustained to ensure the system availability aatl th
sustained for the actually used service

€lyear zyearM CHP

LO1Ec2

Extra-cost for gasonsumption used in assistance of
substation paid by BEC

€lyear LOIT6I[T

gasCHPmanager

LO1Ec3

Total earnings for BEC due to the service given to
UKPN

€lyear z year Fc HP

LO1Ec4

Total amount of fines avoided by UKPN thanks to
cogenerator assistance, divided per each typautif fa
backed by the generator, among those truly occur
and those simulated

€/year per typology of faults

This indicator is derived by the number of finesided in a yez

LO1Ec5

Extra fee paid by UKPN to BEC per eagpe of fault
backed by the generator, among those truly occur
and those simulated

€/year per typology of faults

LO1Ec6

Extra cost sustained by BEC per each type of fault
backed by the generator, among those truly occur
and those simulated

€/year per typology of faults

Table 20-Economic KPIs (LOL

ID KPIs

Unit of Measurement

LO1S1 Number of residents/users benefitting of the nesygm

LO1S2

Reduction/increase of complaints due toimplementation of new system in
comparison with baseline situat

LO1S3 Working hourper year for O&M of the new syst«

hourgyeal

Table 21-Social KPIs (LO1)
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3.7 London demonstrators(LO2+L0O3)

3.7.1  Objective of the demonstrator and baseline situation

London Borough of Islington Council recently contpl® the first phase of Bunhill Heat a
Power, a 1km heat network served by a 2MWe gas &ttfihe. The second phase which will
developed in the frameork of the Celsius project (LO2 & 3) intends te@oger wate heat from a
large electric energgubstation and a London Underground -tunnel ventilation shaft using he
pump technology. It also aims to provide heatingutoadditional 620ouncil owner homes and
around 1,000 new buildomes, 000nf commercial space, student and hotel accommod:
The plans include a hydraulic connection to th&t fsthase’s heat network, which currently sel
880 residential council homes and two leisure esn

Within this district heating project, the Celsiusentbnstrators include the increase of thel
power supply of the district heating (LO2) and therease of the number of buildings servec
the district heating (LO3).

The first waste heat source islarge electric substation wheredt is generated from electric
transformers during their normal activity as a heetilosses incurred during voltage conversi
At UK Power Network Ltd.’s (UKPN) City Road substat the transformers are cooled usin
oil system and heat is currently lost to theironment. Separate from the station, a nearby
London Underground mitlinnel ventilation shaft ventilates the tube thiouthe use o
mechanical ventilation exhausting warm air into #rme/ironmen In bcth cases, heat will be
captured using heat exchangers and heat pump sysidma heat pump COP’s achievable
estimated to be approximately 3 for the ventilatstraft to approximately 5.5 for the electri
transformer at peak operating temperature peak thermal output available (approximately 1
MW) is expected to meet the base load for the cctedepropertie.

Islington Council plan$o incorporate a thermal stacloseto the electrical substation heat pu
to even out demand if necesseHowever, a better use of the existing 11° thermal storage will
be implemented through increased temperature diffexl across the sto

One more general baseline situation (baselinerl)®@®-3 project will be referred to the comm
mix of heating gstems used in London, consisting of natural geefboilers, oil fired boilers
electric heaters and electric heat pumps. Theerber and typical features of these systwill
be a census of heating systems at city level dtetet district leve or, even better, a study do
on the newoads to be connected to the district he: system during LG expansiot

A more specific baseline situation (baseline 2) also be takemto accour by considering the
alternative heating systeffor each of the connectior— i.e. for existing buildings the curre
heating system and for new buildings the alteresheating systenthat would be required 1
meet planning requirements and Building Regulati

A simplified layout both of LO2 andO3 projects igeported in the figuis below (temperatures
reported in the figure 8 may require to be amendextcordance to actual implementation of
demonstrator).

42



@00 00
smart cities
EXISTING GAS BOILER
FOR PEAKS
ELECTRICITY BUNHILL DH
RADIATORS
DH
HEAT SUBSTATION
EXCHANGER
S BUNFILL DH
FAN —.— 5-10°C EXSTENSION
HEAT PUMP
VENTILATION
SHAFT EXISTING BUILDINGS
t=22-28°C

EXISTING OIL BOILER
FOR PEAKS

FANCOILS

-

0

ELECTRICITY NEW BUILDINGS

EXISTING ELECTRICITY
SYSTEM FOR PEAKS

ELECTRICITY RADIATORS

o

—— ] 20°C

HEAT PUMP

Figure 8: LO2 simplified layot Figure 9: LO3 simplified layot




celsius

smart cities

3.7.2

List of specific KPIs

Technical KPIs

Y early amount of electric energy used by the instbHeat pump system at ventilat
shaft (A), transformer (B) and thermal storage- MWhe/yeay

Seasonal COP of the heatinump system at ventilation shaft : transformer;

Yearly amount of thermaenergy recovered/provided byentilation shaft (A),
transformer (B) and thermal storage - MWht/year,;

Thermal energylelivered to thebuildings connected to the district hea system in
the expansion of the netw- MWht/year;

Environmental KPIs

Variation of emissions with reference to baselirtaasior- kg/year of Ph\o, PM 5,
TSP, NQ, SQ, CO, C(, and % of variation;
Yearly GHG variatio- % of variation and kg/year of G@.

Economic KPIs

Yearly cost for electric energy consumption at ventilasbiaft (A), transformer (E
and thermal storage(- €/year;

Maintenance costs at ventilation shaft (A), transker (B) and thermal storage -
€lyear;

Yearly savingdor the en-user€/year per end-user.

Social KPlIs

Additional buildings connected to the district hea system;
Internal surface served by the new sy« nv;

Number of resideis benefitting of the new system;
Number of workplaces benefitting of the new sy:.
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ID KPIs Unit of Measuremen Formula
Yearly amount of electric energy used by Z yearChp,A
) the installed heat pump system at ventilafi
LO2-3T1 shaft @), transformerB) and thermal RMNhe/yea Z yearChp,B
storage C) Z C
year ~“C
Z yearth,A
Seasonal COP of the heating pump systems z yearChp,A
LO2-3T2 o ,
at ventilation shaft4) and transformerB)
z yearth,B
Z yearChp,B
Z yearth,A
Yearly amount of thermal energy
LO2-3T3 recovered/provided by A, B and C MWht/yea Z yearth,B
z year QC out
Thermal energy delivered to the buildings
LO2-3T4 | connected to the district heating system inMWht/yea z ve arZ» Qbuil d
the expansion of the network : '

Table 22-Technical KPIs (LO2-3)
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KPIs

Unit of Measurement

Formula

Comments

LO2-3Enl

Variation of emissions with
reference to baseline situatig

Kglyear ofsaved TSF
MNOx, CO, CQ

Ei
LO23T4Y vy 2 yearCot Feigria

The calculation will take into account the spec
emission factorsE, 41g) for each pollutant based g
average electricity grid ithe United Kingdom in
order to estimate emissions connected to the
electric energy consumption of new entire
system A+B+C (4); at the same time emission
factors associated the consumption of each
typology of fuel ir the different heating systems
(common mix used in Londc will be taken into
account (I). This factor must be corrected
according to the specific efficiencyi, of each
equipment using the fui and the relative weiglti
of each equipmeron the identified mix distributior
which is representative of the baseline situ:

LO2-3En2

Yearly GHG savings

Kglyear of saved

COe

GHG emission will be calculated by applyi
specific conversion factors irrder to convert
greenhouse gas emissions into kg o, equivalent

Table 23-Environmental KPIs (LO2-3)
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Unit of
ID KPIs Measurement Formula Comments
Yearly cost for electric energy LO23T1,, pum
) consumption at ventilation ' _
LO2-3kcl shaft (A), transformer (B) and Elyear
thermal storage (C)
. 2 yerM s
Maintenance costs at Z
ventilation shaft (A), Mg
LO2-3BC2 | 4o nsformer (B) and thermal Elyear year i
storage (C
g ( ) Z yearM C
€lyear end-user LO23TALT - T T paselinelS calculated from the cost of fuels and
’ thend-user Qbasetinelbaseiine electric energ used for space heating in the baseli
LO2-3Ec3 Yearly savings for the end- Nend_user S|tuqt|on in accordance to the mix of sources tise
user heating purpos.
QpaselinelS the thermal energy provided to buildings
the baseline situatic

ne

in

Table 24-Economic KPIs (LO2-3)
ID KPIs Unit of Measurement
LO2-3S] Additional bqulng_s connected to the distrjct )
heating system
LO2-3Sz Internal surface served by the new systgm m?
LO2-3S" Number of residents be.neflttlng of the new i
system;
LO2-35¢ Number of workplaces benefitting of the )
new system

Table 25-Social KPIs (LO2-3
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3.8 Rotterdam demonstrator: RO1

3.8.1 Objective of the demonstrator and baseline situation

The district heating system of Rotterdam was ewstaddl in1948 and it is currently sourced
two E.ONowned CHP’s and several local -fired peak plants. The district heating syster
mainly situated in the city centre and in 2003 awestigation into a major expansion of
district heating system was sed.

One of the major steps taken by Warmtebedrijf Rd#en (Heating Transport Company) |

consisted in the establishment of a network tosjpart residual heat from the A\-owned waste

incinerator in the port area to residential areathe southern «d northern parts of the city

Rotterdam. Warmtebedrijf Rotterdam has realise@ &8 transport infrastructure with a therr

capacity of 105 MW.

RO1 demonstrator (The Heat Hub) focuses on inangaiie effectiveness of the waste F

transportation netork of Warmtebedrijf Rotterdam with buffering, lhdmalancing, smart ICT ar

forecasting. It allows for an increase in totaltheéalivery of the waste heat network without ¢
additional investments in a new transport infradtite or by means of adconal heat sources.

The heat hub will be constituted of three differpatts

» A distribution stationfor the connection of the existing district heatsygtems to the sou
and north of Rotterdam;

« A well-insulated buffering tar with a buffering capacity of 185MWh and a dische
capacity of 30MWth. By placing the tank in the meldf the distribution network, instead
at the traditional location in the vicinity of tlpeoduction facilities, Warmtebedrijf Rotterde
increaseshe effectiveness of the buffering capacity, becdhsebuffered heat is closer to 1
endconsumer. There is also a positive effect on thallair quality because there are less-
fired boilers needed for peak lo

* A smart ICT-systenfor improving fcrecasting and heat balancing. This ICT system
crucial element in further optimization of heat gms, buffers, new connections and pumj
stations in the waste heat transportation infrastne of Warmtebedrijf Rotterdam and f
entire district heting system

Therefore, the use of the heat hub itself will tiesuadditional substitution of heat produced
fossil fuels by that produced from recovered indaktwaste heat, reducing the corresponc
emission levels. The smart ICT system wilntribute in this sense by optimized matching oftl
capacity and the heat demand in the city of Radéterthrough the use of the heat bu

The baseline situation will be referred to the cammmix of heating systems used in Rotterd
consisting of natral gas fired boilers, oil fired boilers, electheaters and electric heat pum
The reference and typical features of these systaeigit be a census of heating systems at
level or, better, at district level or, even beteistudy done on theew loads to be connected
the district heating system

A simplified scheme of the Heat Hub is represeimetie figure belo
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3.8.2  Listof specific KPIs

The following list of monitoring parameters is afminary list and cannot be considered as
definitive one. Therefore, the provided list canshbject to possible modifications/updates in
next future according to feedback provided by [ managers.

Technical KPIs

« Yearly amount of waste energy recovered by the lmgk- MWht/yea ;
* Yearly electric energy consumption of the buffermpuversus the yearly therrr
energy loading and unloading buffer t- MWhe/year and MWh/ye:i
* Maximizing cag@city of heat exchanger by utilizing the bu- % per yee
Environmental KPIs

* Yearly savings of C,- metric ton/year
» Yearly savings of Niy- metric ton/year
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ID KPIs Unit of Measurement Formula

RO1T1L Yearly amount of waste energgcovered by th MWhtlyear Z Oin
heat hub year
Yearly electric energy consumption of the bu Coum

RO1T2 | pump versus the yearly thermal energy loading | MWhe/year and MWht/year Z L 8
unloading buffer tank vear Qouffer

RO1T2 Maximizing capacity of heat exchanger by utilizi % per year
the buffer

Table 26-Technical KPIs (RO1)

ID KPIs Unit of Measurement
RO1EN1 | Yearlysavings of CQ ton/year
RO1EN2 | Yearly savings of NC ton/year

Table 27-Environmental KPIs (RO1)
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3.9 Rotterdam demonstrator: RO2

3.9.1 Objective of the demonstrator and baseline situation

RO2 Industrial Ecology consists of the integratadnexisting industrial sites with the heat F
developed by Warmtebedrijf Rotterdam (RO1). The timdustrial sites involved in RC
demonstrator are Meneba, a grain processing @adtRWZI Dokhaven, a astewater treatment
plant. Both Meneba and the wastewater treatmemt pdae located near the heat hub
Warmtebedrijf Rotterdam.

Currently the total heat demand of Meneba is sedpby a steam boiler, including the h
demand of activities with low temperature requirements. The aim of the RO2 detradosis to
use district heating for lower temperature requeets instead of steam. The total demanc
waste heat is between 20,000 GJ and 40,000 GXrpe

At RWZI Dokhaven plant, the sludge of stewater is converted by anaerobic fermentatiom
biogas which is then fed as a fuel to a CHP fordberoduction of electric energy and theri
energy. Heat produced largely exceeds the neettgeqgflant and is mostly wasted. The exis
CHP is atlhe end of its life cycle and needs to be substitt

The objective of the demonstrator is to feed that Heom the new CHP into the waste h
transportation infrastructure of Warmtebedrijf Rottam, by developing a connection betweer
CHP and the waste heat transport infrastructure of WarmtebeRdgfterdam to the heat hub. T
heat hub acts as a distribution station to thel®satand northern parts of Rotterd

For feasible integration of existing industrial smes with the waste heat transtation structure,
new business models need to be develc

For this specific case, the baseline situation Wil referred to the situation prior to i
implementation of the technical solution, whererit energy from biogas cogeneration is ¢
partially exploited for heating the anaerobic digestdR&ZI Dokhaven plant and heat at Men
grain processing plant is provided by conventiosgam boilers also for low temperat
requirements.

A simplified layout of the process is representethiefigure below:
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3.9.2 Listof specific KPIs

The following list of monitoring parameters is afminary list and cannot be considered as
definitiveone. Therefore, the provided list can be subjegidssible modifications/updates in f
next future according to feedback provided by ptaahagers

Wastewater treatment plan
Technical KPIs
* Rate of waste energy recovery and comparison Wétbaselie situatio- MWh/year;
Environmental KPIs
* Yearly savings of C,- metric ton/year
» Yearly savings of Ni- metric ton/year
Social KPIs
« Estimation of the umber of services and persons benefitting of therwention
» Estimation of ew job opportunitiescreated thanks to the implementation of
demonstrator.

Meneba
Technical KPIs
* Rate of waste energy recovery and comparison Wétbaseline situati- MWh/year;
Environmental KPIs
* Yearly savings of C,- metric ton/year
* Yearly savings of Ni- metric ton/year
Social KPIs
» Estimation of mmber of services and persons benefitting of therwentior (if
measurable);
» Estimation of ew job opportunities created thanks to the impldaten of the
demonstrato(if measurable.

Comments

ID KPlIs Unit of Measuremeni | Formula

Rate of waste energy

recovery and comparison
with the baseline situation
at WWTP

RO2T1 MWht/yea Z Qcup,uu(Qcup,cup)
year

Rate of waste energy
recovery and comparison
with the baseline situatio
at Meneba T

RO2T2 MWht/yea Z QMen,HH (QMen,Men)
year

Table 28-Technical KPIs (RO2)

ID KPIs Unit of Measurement
Yearly savings of C@at
ROZ2Er1 WWTP ton/year
.| Yearly savings of NOx at
ROZ2En: WWTP ton/year
RO2EN Yearly savings of C@at tonlyear
Meneba
RO2En: Yearly savings of NOx at tonlyear
Meneba

Table 29-Environmental KPIs (RO1)
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4. Specific keyperformance indicators: existing demonstrator.

As alreadymentioned in the introductir to the present document, the Celsius praincludes 14
already existing and operational demonstrators hvhidll be added to the analysis of t
performance in order to cover a wider range of netdgies, enlarging the Celsius City conc
and providing usful results for the set up of the technical toalldich will be developed in tF
future years of the projetr enabling upsca and rollout of all the demonstrato

The methodologyfollowed for settin-up the keyperformance indicatorsfor the existing
demonstratorbas been substantially the safollowed forthe new demonstrato

The existing demonstrators have been built in previgesrs answering to specific needs of
correspondent cities which they have been conceived and ap.

A Celsiuseriented approach has been followfor settingup a list of specific KPIby focusing
the efforts on the identification of a ¢«set of specific indicators which are really meafuhdor
the purposes of the prajein terms of potential of repability of the technoloc. Where not
explicitly mentioned general KPIs (chapt®) will be sufficient for describing the performande
each demonstrator.

Moreover, considering tham most cases the existing demonstrators are inatpe since man
yeass and thus they can be considered as s-state plants, thealculatior of the specific and
genericKPIs will be performed on« during the project duratiogovering an entire years
reference period.

In the subparagraphs below, the analysis of eaclsting demonstratowhich is part of the
Celsius project is reported by including a shodatiption of the implemented technology anc
the correspondent baseline situation, the list @dévan specific KPIs and a summary tab
reporting, when necessathe respective formulas for calculati
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4.1 Gothenburg Demonstrator (9GOe

411  Objective of the demonstrator and baseline situation

This demonstratoconsists of combined heat and powplant which aims at producirthermal

and electric energfrom renewable sources, i.e. wood chips. The plead originally built in

1985 as a coal boiler usddr heating purposes; later, in 2004 tpreviou: coal boiler was
converted into a renewable biomiplant for thermal energy producti@amd thenin 2010 a CHP
system was implemented inder to produce also electric ene.

The original use of codloiler is assumed as the baseline situefor estimatini the performance
of the demonstrator.

4.1.2  Listof specific KPIs
Technical KPIs
* Yearlythermal enerc production-MWht/year;
* Change in yearlyhermal energ production in comparison with the baseline situz-
MWhtand % of variatio;
« Yearlyelectric energ production-MWhelyear;
e Share of thermal energprovided by this demonstrator to Gothenburg district
heating mix %;
» District heating supply temperaturyearly average, summer average and wil
average)“C;
» District heating return temperatureearly average, summer average and wil
average)*C
* Power-toheat rati (ratio betweg electric and thermal energy product

For the economicgnvironmental and social aspects, the general E®defined in the chapter
will be sufficient for the evaluation of the penfioance of this demonstrat
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ID KPI Unit of Measurement | Formula
9GO0eT1| Yearly thermal energyrpductior MWht/year ZyeaTQCHp
Change in yearly thermal energy Zyear(QCHP - Qbase"ne)
9G0eT2| production in comparison with tt %
baseline situation Zyea,Qbaseline
9G0eT3| Yearly electric energy production MWhelyear Zyear Perp
Share of thermal energy provided by t Z earQCHF’
9G0eT4| demonstrator to the Gothenburg dist | % =
heating mix ZyearQDH
District heatingsupply temperatu z Te, o
9GOeT5| (yearlyaverage, summer average °C period | >R
winter average) period
District heating return tempetat Z _Te,,
9GOeT6| (yearlyaverage, summer average °C Speriod 77T
winter average) period
Power-to-heat rati¢ratio betweet 9G0eT3
9GO0eT7| electric and thermal energy producti | dimensionless —_—
9GO0eT1

Table 30-Technical KPIs (9GOe)
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4.2 Gothenburg Demonstrator (29GOe

4.2.1  Objective of the demonstrator and baseline situation

The overall aim of this demonstrator is to offeg tustomers a n-conventional energy contra
(“Climate Agreement”) by providing a set indoor teenature (e.g. 21 °C) at a fixed cost, inst
of a certain quantity of energy (kwWh). The prced agreement is offered either for a five or tt
years duration and by now has been undersignediftprmers within different areas for a tc
extension of 3.6 million square meters. The enegypany (GOTE) takes responsibility of
building energysystem and by the agreement gets incentives to saeegy as well a
continuously maintain the system, providing alstorimation to customers about their ene
consumptions.

The same buildings with standard energy contraetsre signing the Climate greement will be
considered as the baseline situat

4.2.2  Listof specific KPIs

Technical KPIs
* Yearly thermal energy consumption in buildings wi“climate agreement’-
MWht/year-;
* Yearly thermal energy consumption per square nudthieated area in buildings wi
“climate agreeme” - MWht/nfyear;
* Yearly reduction cthermal energy consumption in comparison with hasedituatior
- MWht/year and ©.
Economic KPIs

» Yearly savings fothe end-user €/year.
Social KPIs

* Average indooair temperaturéC;
» Standard deviation of indoor air temperature iugding with climate agreemel-°C;
» Share of customers appreciating the sion with the “climate agreemel- %.
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ID KPI Unit of Measurement Formula Comments
Yearly thermal energy
29G0eT1 consumption in buildings with MWht/yea Z yearQagreem
“climate agreement”
Yearly thermal energy z Q
i agreem
20G0eT?2 consumption per square meter orkWht/n"tyear year
heated area in buildings with A\
“climate agreement” emp
Yearly reduction in thermal MWh/yea and % with reference tp Z‘4year (Qagreem B Qbase“"e)
29G0eT3 energy consumption in - S
h : . ... baseline situatio Q
comparison with baseline situation year ~haseline

Table 31-Technical KPIs (29GOe)

ID KPI Unit of Measurement Formula Comments

29GOeEcl | Yearly savings for the end-user| €/year Tthend_user‘base”nez yearQbaseliﬂe - Tthend—userzyrear Qagreem

Table 32-Economic KPIs (29GOe)

ID KPI Unit of Measurement Comments

Average ndoor air temperature,
29G0esS1 (yearlyaverage, summer avera( | °C -
winter averag)

Standard deviation of indoor ¢
29G0eS2 temperature in a building wit °C
climate agreeme

Share of customers appreciat
29G0eS3 the situatiorwith the “climate -
agreement

Table 33-Social KPIs (29GQOe)
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4.3 Gothenburg Demonstrator (19GOe

431  Objective of the demonstrator and baseline situation

The aim of this demonstrator, “Absorption coolings',to produce enerc for the district cooling
network by means of absorption chillers. The thatymamic cycle of the absorption chillers
driven by a heat source and, considering this detnator, thrmal energy from district heating
used as heat source. Total installed capacity #\80and 45 GW/'of coolingc energy is produced
yearly, corresponding to 37 % of the total district coglproduction in Gothenbu

Electric chillers used focooling individual buildings are considerea$ the baseline situaticof
this specific case.

4.3.2  Listof specific KPIs
Technical KPIs
» Share of district cooling produced from absorptbiilers- %;
» Period of the year when absorption chillers arelusalistrict coling;
e Seasonal performance fac
» Use of thermal energy from district heatinyearly average)MWht/MWht.g;
* Yealy electric energy consumpti - MWht/MWht.qg;
» District cooling supply temperaturyearlyaverage, summer average and wil
average)}°C;
» District cooling return temperaturyearly average)°C;
» District heating supply temperatulyearlyaverage, summer average and wi
average)}°C;
» District heating return temperatulyearlyaverage, summer average and wi
average}°C;
Economic KPIs
» Payback time for energy compar years;
» Payback time for en-users- years.
Environmental KPIs

* Reduced consumption of refrigere- kg/year
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ID KPI Unit of Measurement Formula
— . z QC,DC
Share of district cooling produced by year
19GOeT1 . - % —
absorption chillers z Q
year <DC
19GOeT?2 Period of _the_yef_ir Wher_l absorption chill Date-date
are used in district cooling
season™C.DC
19GOeT3 Seasonal performance factor - —~
2ceasoCe
season
19G0eT4 Use ofthermal energy from district heatil MWht .o,/ MWht Zyea,QC,DC
(yearly average) ~ ~
zyeaerix,DH
19GOeT5 Yearly electric energy consumption MWhelyear
ZyearCC + yearCDC + ZyeaICDH
District cooling supply temperature (yearly
19GOeT6 average, summer average and winter | °C Zperiod Te;pc
average) period
19G0eT7 District cooling return temperature (yearly, C Z period Te nc
average) 7peri od
District heating supply temperature (yeafly Z Te
19GOeT8 average, summer average and winter | °C period ~ ~S.DH
average) period
District heating return temperature (yearly Z Te o
19G0eT9 average, summer average and winter | °C 7’“”0"_ "
average) period

Table 34-Technical KPIs (19GOe)
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ID KPI Unit of Measurement Formula Comments
Based on investment costs for
Pav-back time for ener absorption chillers and distrigt
19GOeEcl Y 9y years cooling network, operating
company )
costs, maintenance costs ard
revenues from sold energy
Based on investment costs for
19GOeEc2 Pay-back time for end-user years the extra investment, operating
costs and estimated econonlic
savings
Table 35-Economic KPIs (19GOe)
ID KPI Unit of Measurement Formula Comments
19GOeENL Re(_juced consumption of kglyea _
refrigerants

Table 36-Environmental KPlIs (19GOe)
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4.4 Gothenburg Demonstrator (11GOe

441  Objective of the demonstrator and baseline situation

The aim of this demonstrator, “Cooling by river @t is to produce coolir energy for the
district cooling network by means of using rivertarain heat exchange used to cool water, i.e.
free cooling Total installed capacity is 15 MW and 43 GWh preducedyearly, corresponding
to 35 % of the total district coolirproduction in Gothenburg.

Electric chillers used for cooling individual buihdjs are considered as the baseline situatic
this specific case.

4.4.2  Listof specific KPIs

Technical KPIs
» Share of district cooling produced as free coobggiver watel- %;
* Period of the year when river water can be usezttirin district cooling
» Seasonal performance fac
* Yearly electric energy consumpti— MWhelyear,;
» District cooling supply temperaturyearlyaverage, summer average and wil
average}°C;
« District cooling return temperaturyearly average)°C;
» Temperature foriver water to heat exchangeyearlyaverage, summer average :
winter average)°C;
» Temperature of water from heat exchangek to the river yearly average}°C;
Economic KPIs
» Pay-backime for energy compar— years;
» Payback time for en-user— years.
Environmental KPIs
* Reduced consumption of refrigere- kg/year
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ID KPI Unit of Measurement Formula
Share of district cooling product Z:yeaer'DC
11G0eT1 as free cooling by river water % Z Q
year <DC
Period of the year when river wa
11GOeT2 |can be used directly in distri Date-date
cooling
,DC
11GOeT3 | Seasonal performance factor |- Lseason ™72
ZSeasonCr ,DC
Yearly consumption of electr
11GOeT4 MWhelyear
energy 4 Z:yearCDC + ZyearCquC
District cooling supply temperatu Z - Te e
11GOeT5 | (yearlyaverage, summer avera |°C Lperiod P
and winter average) period
Latr ; T
11G0eT6 District cooling return temperatu oC Zperlod €.oc
(yearly average) period
Temperature ofiver water to hee
11GOeT7 exchanger (yearly average, o Z periOdTes,river
summer average and winter —_—
average) period
Temperature of water from he z , qu iver
11GOeT8 | exchanger back to the riverearly | °C pee
average) period

Table 37-Technical KPIs (11GOe)
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ID KPI Unit of Measurement Comments
Based on investment costs
Pavback time for ener absorption chillers and distri
11GOeEcl Y 9 Years cooling network, operatin
compan - .
costs, maintenance costs ¢
revenues from solenergy
Based on investment costs
11GOe Ec2 Papack time for en-user Years the extra |nve_stment, operati
costs and estimated econor
savings
Table 38-Economic KPIs (11GOe)
ID KPI Unit of Measurement Comments
11GOeEnL Reduced consumption kglyear )

refrigerant

Table 39-Environmental KPlIs (11GOe)
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4.5

45.1

Gothenburg Demonstrator (2(GOe)

Objective of the demonstrator and baseline situation

The 20GOe demonstrator is a system of solar coliegtlaced on the roof of a mi-dwelling

building in Gardsten, Goteborg. The building is mected to the distrt heating networ and the
installed system offsets the district hea demand of the building by supplyirheat from a
renewable source to heat spaand to produce domestic hot water, by reducingqgimentity of
heat that has to be produced at Géteborg Enengidugtion facilities
The baseline situation will be refer to heat entirely supplied by the district heatiggtem, i.e
the current production mix of the Gothenburg netweill be compared to the solar heat syst

4.5.2

Technical KPIs

Specific heat outp- kWh/year m2 collector area,;
Temperature of delivered heiyearly average):C
Period of the year with significant heat produc

List of specific KPIs

District heating supply temperatulyearlyand winter/summer averag- °C
District heating return temperatulyearlyand winter/summer averag- °C

KPI

Unit of
Measurernr
ent

Formula

Comments

20G0OeT1

Specific heat
output

kWhiear
m2 collector
area

Zyear(?SC
Acoll

20G0OeT2

Temperature 0
delivered heat

(yearly
average)

Z period T SsC

period

20G0OeT3

Period of the
year with
significant heat
production

(months)

This indicator vill be defined based on
production dat

20G0OeT4

District heating
supply
temperature,
yearly and
monthly
averages

ZperiodTeSvDH

period

20G0OeT5

District heating
return
temperature,
yearly and
monthly

averages

ZperiodTevaH

period

a3
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Table 40-Technical KPIs (11GOe)
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4.6 Gothenburg Demonstrator (8GOe

4.6.1 Objective of the demonstrator and baseline situation

The 8GOe demonstrator aims at recovering the whett from an incineration plant
Gothenburg, operated by Renova (a waste managemedt recycling company). Tt
demonstrator consists of a combined heat and pplaat that produces boelectric and thermal
energy.

The walls in the combustion chamber of the inciterare covered with tubes containing water wi
is evaporated into saturated steam before beingnebgqal in a turbine that is connected to a gene
producing electricityAfter the expansion in the turbine, thet steam is cooled with district heati
water and the transferred heat is delivered tont#tevork. Flue ge from the combustion chamber
cooled down by providingdditionalheat to the district heating network.

The baseline situatiomwill be referred to the case no waste heat recowy, resulting in a
consequent increase thife production at the Rya natural gas CHP fac

4.6.2  Listof specific KPIs

Technical KPIs
» Percentage of Gothenburg district heating prodingetthis demonstratc- %;
* Yearly net electric energy product- MWhe/yeay
« Power-to-heat rati¢ratio between electric and thermal energy prodnd;
* Yearly amount ofncineratecwaste (tons/year).

Unit of
ID KPI Measurement Formula
Percentage ¢
Gothenburg distric ZyearQi“C
8GO0eT1 | heating produce | % ~
by this ZyearQDH ,mix
demonstratc
8GOeT?2 Yearly net electric MWh Zyear Pac — Zyea, Cinc

energy productic

Powe-to-heat ratio|
(ratio betweer 8G0OeT2
8G0eT3 | electric anc (dimensionless) N\ ~
thermal energ' zyearQi“C
production
Amount of
8GO0eT4 | incinerated wast | tons/year Zyearvwaste
(tons

Table 41-Technical KPIs (8GOe)
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4.7 Gothenburg Demonstrator (7GOe

4.7.1  Objective of the demonstrator and baseline situation

The demonstrator includes two waste heat recovacilities that are part of the Gothenbi
district heating system. Waste heat from two diinexies (Preem and Shell) are recovered
delivered to the district heating grid. Thankshe tmflementation of this demonstrator, heat f
would otherwise be lost to the environment is useldeat homes and produce domestic hot w
As a result, primary energy consumption at Gotelingrgi’'s own facilities can be consequet
reduced.

The basehe situation will be referred to the case of no tedseat recovering, consequer
increasing the production at the Rya natural gaP Gidility.

4.7.2  Listof specific KPIs

« Waste heat temperatuyearly average®C;

» Share of Gothenburg district heatiproduced by this demonstra-%;

» District heating supply temperatt- °C;

» District heating return temperatt- °C;

» Electric energy consumptions needed for recovesiagte hea- MWhel/year.

ID KPI Unit of Measuremeni | Formula Comments

Waste heat Values provided for
7GOeT1 | temperature, yearly |°C Teyaste,average each waste heat
average recovery site

Share of Gothenburg
district heating
produced by this
demonstrator

7GOeT2 Zyear Qrec,DH

Zyear Qmix,DH

District heating supply
temperature oc Yperioa T€spu

(yearly , monthly and period
seasonal averages)

7G0OeT3

District heating return
temperature oc Yperioa Te€rpn
(yearly, monthly and period

seasonal averages)

7GOeT4

Electric energy
consumption needed
for recovering waste
heat

Values provided for
MWhelyea Cot each waste heat
year recovery site

7G0OeT5

*
LT ¢

Table 42-Technical KPlIs (7GQe)
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4.8 Gothenburg Demonstrator (36GOe

4.8.1  Objective of the demonstrator and baseline situation

The demonstrator encompasses the entire distriatinge system and is intended to give
overview of an existingmature district heatir system in operation in Gothenburg. Dist
heating has been developed in Goburg since 1953. The system has gradually expaird
terms of the geographical size of the network, nemdf customers connected and numbe
production facilities. Over the course of the desadhe sources of heat have changed radi
through theconversion of existing production plants to othexl$ as well as through the addit
of new heat production plants and technolo

4.8.2 Listof specific KPIs
Technical KPIs
* Yearlydelivered heat to customers per market se- MWht/year per market sec;
* Yearlyproduction mix- % for each type of heat input;
» District heating supply temperatt- °C;
» District heating return temperatt- °C
* Relative distribution losse- %;
* Yearlyelectric energy consumptio- MWhel/year;
* Linear heat densit- kWht/m;
Social KPIs
e Number of users/customers per market se
» Market share in different sectc- % of total number of custom;

* Number of people employed directly and indirecyaaresult of the district heat
operation
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ID KPI Unit of Measuremen Formula Comments
Sectors: single-family homes,

36G0eT1 Yearly delivered heat to CUStomeri/IWht/yea Z Qsector pH multl-dwglllng bU.I|dIngS,.

per market sector — commercial/public buildings,

Y industries, ground heat.
36G0eT2 Yearly production mix % for each facilit Qf.pn Calculated for each facilityf)(
year

District heating supply temperature . Te
36G0eT3 | (yearly and winter/summer °C M

averages) period

District heating return temperature Y erioa T
36G0OeT4 | (yearly and winter/summer °C Speriod ~ T.DH

averages) period
36G0eT5 Relative distribution losses % Zyear Zfacilities Qf,DH - Zyear Zsector Qsector,DH )

Zyear Zfacilities Qf,DH

36G0eT6 Electric energy con;gmptlons at MWhelyea Z Cron Calculated for each facilityf)(

each production facility yoar

36G0eT1
36G0eT7 Linear heat density kWht/m _— -
Lpipe

Table 43-Technical KPIs (36GOe)
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ID KPI Unit of Measurement Formula
36G0eS1 Number of users/customers | _
market sectc
. . Nc,sector
36G0eS2 Market share in different sectc % of total number of customers =
Zsector Nc,sector
Number of people employe
36G0eS3 directly andindirectly as a result | -

of the district heatir operation.

Table 44-Social KPIs (36 GOe)
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4.9 Cologne Demonstrator (12COe

The residential area Kol8tammbheir is located in the north of Cologne. The local hog:
association GAG Immobilien AG owns 1.700 apartmearid 100 houses there. From 200:
2007 GAG modernized 633 apartments and 87 hougdes.y&arly thermal energy required

heating these buildings about 10 GWh. One of the largest sewage treatpiants in German
(GroRRklarwerk Stammbheim) is located one kilomewayfrom the residential are

In 2010 the municipal water company (Stadtentwésgmbetriebe StEB), GAG Immobilien A
and RheinEnetig AG started a joint project to exploit biogas guwoed by the digester fi
supplying heat to the residential area in Stammheéion this purpose, StEB invested about
million € in an existing CHP to improve the electrical @éhcy and the use of e heat.
RheinEnergie AG built a peak and backup boilerampensate the seasonal variations due t
fluctuation of biogas production and a one kilometnecting pipe from the sewage plant to
residential area. For allocation to the houses mlfnergie bought and refurbished the exist
five-kilometres pipeline network in Stammheim. GlobaRheinEnergie invested 4.7 millic€E.
On average, the required heat is supplied at 8¢ ¥hd biogas fired CHP. The rest is gener:
by natural gas. The newnnovative concept has lead to an estimatingngpef 4,100 tonnes (
CO; per year and a cost reduction for the residents7/b%

A possible baselinesituation that will be considered for the followirdemonstrator will b
referred to a previous oil ber systen (no CHP) providing the same heat provided by the 1
district heating system.

4.9.1 Listof specific KPIs

* Yearly thermal energy producti- MWht/year
« Change in yearly thermal energy production witlerefice to baseline situat- %;
* Yearlyelectric energy producti- MWhelyear

Other relevant energetic, environmer economic and social KPtkat will be calculatedfor this
specific case are included in the table of genePRds (table 4%
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Unit of
ID KPI Measurement Formula
Yearly thermal Z Qere
12C0Oe1 | YEAMY INEMMALENeIG |\ \\whiyear year
production
Change iryearly Zyear(QCHP—Qbaseline)
thermal energy 0 )
12C0e2 | production with % baseline
reference to baselir
situation
12C0e3 Yearly electric energ MWhelyear Z (Pcup — Cenp)

production

year

Table 45-Technical KPIs
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4.10 Cologne Demonstrator 6COe)

Besides the District HeatingRheinEnergiéAG is promoting heat supply solutions local areas
in the city. In the 80 and ‘s the heat production was gas based only. In the yeats
RheinEnergie extended the sources for the heatupiion trying to use environmental
sustainable sources. Up 2013 several technical facilities of this typer@vbrought into servic

* 9 bioimethane projects (6,000 kW heat, 80 GWI-methane),

* 10 geothermal heating (heating power betwe-70 kW)

e 4 wood pellet projects (1~ 850 kW; 600 t p.a.)

« 6 thermo solaheating systems (1 120 kW; collector surface 13155 nf)

Thermo solar systems are used for water heatinguatiocal heat supply sites. They hav
smallish part of the whole energy consumption at $ites. In reference to the main issue
CELSIUS —large scale systems for urban heating and coc it is rdevant to report atut a
geothermal heating project in Herler Carre, in @@ogne districtBuchhein, where several
houses are buitin a 20,000 ¢ plot. Three heat pumps are installed to use gewidieznergy fol
heating. The residential complex will csist in its final state of about 250 apartmentshy
underground parking spaces.

4.10.1 List of specific KPIs

* Yearly thermal energy producti of each heat pumpAWht/year
e Yearly gas and electric energy consumption of desat pum- MWhelyes;
e COP of each hegumg- MWhe/year

ID KPI Unit of Measurement

6COel| Yearly thermal energy production of each heat ¢ | MWht/year

6COe2| Gas and electricity consumption of each heat | MWh/year and MWhelye

6COe3| COP of each heat put
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5. General KPIs

General KPIs are of relevant importance in orderdé&dine common indicators which ¢
summarize in a clear, measurable and communicadjetie most important achievements of
Celsius projectinder the technical, economic, environmental athbpoirt of view.

As reported in the previous paragraphs, the newodstrators developed in the framework of
Celsius projects have their own specificities abgectives in relation to the specific backgroul
in which they have been conceived and implend.

The demonstrators cover different aspects relatethé development of innovative large sc
heating and cooling systems:

- Recovery of wasfeenewabl energy (CO1, LO2, RO1, RO2, G, 7GOe, 8GOe, 9GOe,
11GOe, 19GO0e, 20G(, 12COe, 6COe)

- Storage and lahcontrol (GO1, LO2, RO.

- Development of ICT tools for the optimization ofetlenergy management (RO1, G
LO1)

- New applications of the district heating for -users (GO2, GQ39GOy)

- Expansion of the existing district heating netw@r®3, ROZ, 36GO¢)

Beyond the specific aspects analyzed for each mmghéed smart solution, all the demonstra
developed in the 5 cities of the project aim tongigantly reduce Ck emissions, developing
decentralized energy and district heating and ngatietworks ad utilizing energy in an efficier
way.

Therefore, a common strategy for evaluating irrs at project level is needed in order to en:
the learning from a diverse range of situaticsupporting the tracing & Celsius City Roadme
that will be able tsupport other EU cities in the integration of snaartl sustainde heating and
cooling systems in relation to the achievementhe EU targets, increasing the potential
replication of the Celsius City Concept in otheniar contexts

To achieve tIs objective, generic KPIs have been properly idiedt by following a bottor-up
approach, starting from the analysis of each siedémonstrator and then performing
comparative analysis aimed at highlighting commeatdres of the different casunder the
identified macroeategories of interest (energetic, environmentanemic and socia

Once the newdemonstrators will be in operation, generic KPIdSl We calculated for eac
demonstrator based dmet measurements from monitori

5.1 Energy indicators

« Yearly amount othermal energy produced/provided by the new systkis;indicator
is aimedat providin¢ the size of the different projects, consideringvariety of cases
developed in the framework of the Celsius projdttis parameter isf significant
relevance especially for the economic evaluatisteted that economperformances
are strictly connected to t size of the different projects;

e Saved primary energy in comparison with baselineasior; this indicator aimsat
providing anevaluation ofthe effectiveness of the projeutith reference to the
business as usual situati

* Energy efficiency of the proje: this indicator will be calculated as the ratidvieen
the yearly amount of thermal energy produced/preditly the demorrator and the

primary energysed for the energy producti
75
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» Share of wasfeenewabl energy: this indicators particularly significant for all th
demonstrators recovering waste heat sources (heat fventilation shaft an
transformers at powtsubstation, heat from the urban waste incineratahalpy in the
pressurized natural gas, heat from the sewage rk, cooling from river water
cogeneration from wood chips, solar heat to dishiatin(, geothermal heatii).

5.2 Environmental indicators

« Yearly GHG savings in comparison with the basetieatior;

* Yearly GHG emissions related to the prg;

* Yearly reduction of pollutan emission in comparison withaselin: situation;

* Yearly pollutans emissio related to the project;

* Ecological and carbcfootprint.
Footprints are aggregated indicators, aimed at tfyisig with a single number th
impact of a given product or service on the envimment, considering its whole i
cycle or part of it, in a way similar to what lifgycle analysis does.wo of these
indicators have been selected as CELSIUS indicatarbon footprint anecological
footprint.

o Carbon footprint measures the amount of greenhouse gases emi
released to the atmosphere by an organizatiomaupt or a person. As fi
the ecological footprint and LCA, some simplificats are needed. Carb
footprint is calculated as trcarbon dioxide equivalt (CO2e) using the
relevant 10-year global warming potentiglGWP100). The differenc
between carbon footprint and the other indicatapased for assessil
greenhouse emissions stays in the consideratitmo(ah in a simplifiec
way) of indirect emisions in providing the service: greenhouse g
(GHGs) can be emitted through transport, land ale@@, and th
production and consumption of food, fuels, manuwfeed goods, material
wood, roads, buildings, and servic

o Ecological footprint, measuringhe impact of a given system (or prod
or service) on Earth’s ecosystems in terms of lgicklly productive lant
and sea area necessary to feed (or to produce powide) it. Ecological
footprint analysis compares a given system, producervicedemand of
nature’s services with the biosphere's ability égemerate resources &
provide services. For a given service, it does thys assessing tt
biologically productive land and marine area reggito build the machine
needed to provide it in eir life cycle, to provide the service itself aral
absorb the corresponding waste, using prevailirdprtelogy. Footprin
values at the end of a survey are categorizedaidron, food, housing, ar
goods and serviceSince terrestrial and marine ecctems have different
capacities to produce and provide goods and senaceund the globe, ¢
average value of productivity of the earth is cdased and the “weight” ¢
the given systemproduct or service is measured into “global hesfs
(gha) The eference standard source of conversion factorsbeithe 200!
standard, available cvww.footprintstandards.org

Therefore footprints will be calculatedor all the demonstrats, as regards their operation ¢
with particular care to the use of high impact mate (e.g. refrigerantsand where possible,
assessing cotny specific conversion facto
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Economic indicators

The evaluation of theconomic indicators will be perimed based on the economic data provi
by the demo responsible partners on the followiogt category: ivestment cost, depreciati
time, operating costs, maintenance costs, savangsiues deriving from the operation of
demonstrator.

Internal raé of return (IRR of the new investment;

Net present valugNPV);

Yearly depreciation rate per kWh of saved primargrey;

Yearly depreciation rate per ton of saved C;

Total cost(yearly depreciation rate + operating c) per kWh of saved primai
energy;

Total cost (yearly depreciation + operating c) per ton of saved CO.

All indicators shall bessessed both in presence and abse of the EU contribution

5.4

Social indicators

Number of residents/users benefitting of the neoygar;

Reduction/increase of complaints due to the implgat®n of new system i
comparison with baseline situat;

Variation of workinghoursper year for O&M of the new system in comparisomhy
baseline situation;

Internal floor area served by the new sm.

A table summarizing the identified general KPIsemergetic, environmental, economic and sc
aspects and the relative specific cases for whiohy tare relevant is reported be.
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ENVIRONMENTAL

_ IRR of the new investment

General KPIs UM GO1 GO2 GO3 GE1 COo1 LO1 LO2 LO3 RO1 RO2
The yearly amount of thermal
energy produced/provided by the  kWhlyear X X X X X X X X X
new system
Saved primary energy in
comparison with baseline kWh/year X X X X X X X X X X
situation
Energy efficiency of the project % X X X X X X X X X X
Energy recovery from kWh/year indirect indirect indirect X X X
waste/renewable sources
Yearly GHG savings in
comparison with the baseline % X X X X X X X X X X
situation
Yearly GHG emissions related
to the project ton CG dJyear X X X X X X X X X X
Yearly pollutant emissions Only Only
related to the project kglyear X X X X X X X X NOXx NOx
Yearly reduction of polluting
emission in comparison to X X X X X X X X
baseline
Carbon footprint ton Clyear X X X X X X X X
Ecological footprint ha X X X X X X X X

% X X X X X X X X
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Net present value

Yearly depreciation rate per kW
of saved primary energy

=y

Yearly depreciation rate per ton
of saved CGe

Total cost (yearly depreciation
rate + OPEX) per kWh of save(
primary energy

Total cost (yearly depreciation A
OPEX) per ton of saved G®

Number of residents/users
benefitting of the new project

Reduction/increase of complain
due to the implementation of ng
system in comparison with
baseline situation

ts
W

Variation of working hours per
year for O&M of the new systen
in comparison with baseline
situation

The internal floor area served b
the new system

€ X X X X
€/kWh X X X X
€/t COe X X X X
€/kWh X X X X
€/t COe X X X X
X X X

X X X X

hours/year X X
e N X X

Table 46-General KPIs for the Celsius project: new demotstsa
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ENVIRONMENTAL

General KPIs UM 9GOe 29GOe | 19GOe | 11GOe | 20GOe | 8GOe 7GOe | 36GOe | 12COe | 6COe

The yearly amount of thermal
energy produced/provided by tHe kWh/year X X X X X X X X X X
new system
Saved primary energy in
comparison with baseline kWh/year X X X X X X X X X X
situation
Energy efficiency of the project % X X X X X X X X X
Energy recovery from kWh/year X X X X X X X X X X
waste/renewable sources
Yearly GHG savings in
comparison with the baseline % X X X X X X X X X X
situation
Yearly GHG emissions related ton CG

: X X X X X X X X
to the project Jyear
Yearly pollutant emissions Kajvear X X X X X X X X
related to the project 9y
Yearly reduction of polluting
emission in comparison to X X X X X X X X
baseline
Carbon footprint ton Clyear X X X X X X X X X X
Ecological footprint ha X X X X X X X X X X

% X X X X X X X X

_ IRR of the new investment
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Net present value

Yearly depreciation rate per kW
of saved primary energy

Yearly depreciation rate per ton
of saved CGe

Total cost (yearly depreciation
rate + OPEX) per kWh of saved
primary energy

Total cost (yearly depreciation +

OPEX) per ton of saved G®

Number of residents/users
benefitting of the new project

Reduction/increase of complain
due to the implementation of ne
system in comparison with
baseline situation

Variation of working hours per
year for O&M of the new systen
in comparison with baseline
situation

The internal floor area served b
the new system

€ X X X X X
h
€/kWh X X X X X
€/t COe X X X X X
€/kWh X X X X X
€/t COe X X X X X
X X X X X
s
W
X X X X X
' hours/yea X X X
Vo X X X X N

Table 47-General KPIs for the Celsius: existing demonstgator
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0. Conclusions

The Celsius project aims at develop optimizing and promoting smart decentralized hegéind
cooling networks in cities by consistently conttibg to the reduction of C, emission and of
primary energy consumption.

The project involves five different cities (Gothemy, Cologne, Genoa, ndon and Rotterdam)
and foresees the realization and monitoring of &é® demonstrators covering different aspect
energy efficient technologies, systems and praz Besides the new demonstrators that will
realized and operated diog the Celsiusproject, existingenergy efficient demonstrators are ¢
included in the project, aimed at covering a widmge of starof-the-art energy efficient
solutions.

Since the Celsius project aims to be a corner stonlee large scale deployment of smaties,
monitoring the performance of the different demmatsts is essential in evaluating the tran
and replication potential of the m¢promisingsolutions in different European regic

In this sense, the sap of keyperformance indicators is of crucial importance oirder to
summarize the main achievements of the differemhafestrators and communicate them
stakeholders, customers and public authoritieeemtost effective way

In the present documerthe common working methodology followed for the defioiti of the
KPIs has been defined and then applied to eachfispesse. In particular, the technical solutic
implemented in each demonstrator have been analyzedler to highlight the mairnnovative
elements of concern, by identifying the correspomdesiness as usual situat

The application of the defined methodology hasvedio the identification ospecific energetic,
environmental, economic and social Kifor each demonstrator included ire project.

Moreover, commongeneric KPIs have been properly identified by feilog a botton-up
approach, aimed at highlighting the common featofeall the differentdemonstrato, setting-up
a strategy foproviding a quantitative evaluation of the iacts related to the implementation
the Celsius project.
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Appendix

List of acronyms

B: Boiler

BS: Building Substation

CHP: Combined Heat and Power cogene
DH: District Heating

DHM: District Heating Manager
DR: Demand Response

HH: Heat Hub

IC: Incineration Company

LV: Lamination Valves

R: Room

TE: Turbo Expander

List of symbols

GE1l

Gg,i: Natural gas flow at each boiler, [P/h]

Genp: Natural gas flow at the cogenerator, [*/h]

Gre: Natural gas flow at the turbexpander, [Nr¥/h]

Gv: Natural gas flow at the lamination valves, [*/h]

Qg,i: Heat flow at each boiler, [kwWht]

Qchp Heat flow at the cogenerator, [kKW

Qqe: Heat flow at the turbo expander, [kW

Quv: Heat flow at the lamination valves, [kKW

Qon,: Heat flow at thedistrict heating, [KWh'

Qgs, . Heat flow at the building substation, [kW

Qr, 1 Heat flow at each room, [kWht]

Tecnp: Stack temperature at CHP, [°C]

Teg;: Stack temperature at boilers, [°C]

Text: External ambient temperature, [

Pre: Gross electriactive (and apparent) power at tu-expander, [kWhe (kVArh)]

Pchp: Gross electric active (and apparent) power -generator, [kWhe (kVArh)]

Cgs k Electric active (and apparent) energy for-consumption at the substations, [kWhe (kVA

Cqre: Electiic active (and apparent) energy for -consumption at the turbexpander, [kWhe (kVAhr

Cchp. Electric active (and apparent) power -consumption at the cogenerator, [kWhe (kVAhr)]

T g4as, orv Tavriff for natural gas consumption paid by théwak marager, [€/NM]

T o, pum: Tariff for the electricity consumption paid byethhetwork manager€/kwWhe]

T gas, end-usersT ariff for natural gas consumption paid by theafienc-user, [€/NM]

T e, end-user S€lling price of electricity produced by tnetwork manager and sold to new ersirs (if any), €/kWhe]
Tins end-user Tariff for thermal energy consumption paid by -users connected to the new heating syst€/kWht]
Mcyp: Maintenance cost of the CHP for the district lrgahetwork manage[€]

Mg Maintenance cost of the TE for the district irgahetwork manager€]

Eel gric- Emission factor for each considered pollutant basethe average Italian electric grid emission; fijhe]
Eechp : Emission factor for each considerpollutant related to electric energy produced by CHB/kWhe]
E.rre: Emission factor for each considered pollutant reldteelectric energy produced by the ti-expander; [kg/kWhe]
Ewmcnue Emission factor for each considered pollutant reldtethernal energy produced by CHP: [kg/kW
Eboiler: Emission factor for each considered pollutant asgedb existing gas fired boilers [kg/®]

Gy,i baseline Ga&S consumption in existing boilers (i) the baseéiteation [Nr/year]

GO1

Qmix, p: District heating production mix, [MWh and % compositi
Quss pH: Heat loss in the network, [kKWI

Cpn: Electricity consumption in distribution networkimps, [kWhe
Ten, 1: Internal temperature, [°C]

Ten, 2: Internal temperature, [°C]

Ten, 3: Internal temperature, [°C]

Ten, 4: Internal temperature, [°C]

Qp,- Heat flow delivered to the building, [kWI

C,: Electric energy consumption of control equipmékityhe]

Te o« External temperature, [°C]
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Tth, end-user Tariff for thermal energy consumption paidcivil end-users connected to the new sys, [€/kWht]
Tei, pum: Tariff for the electricity consumption paid byetheat network manage€/kWhe]

Qpaseline Thermal energy consumption in the baseline sanafkWh/n? year]

Te in baseline aVerage indoaiemperature in the baseline situation,

GO2

Qug i Heat delivered to white goods, [kW

Tenj: Supply temperature, [°C]

Teou,; Return temperature, [°C]

Cwg, : Electricity use of white goods, [KWt

Qmix, pn: District heating production mix, [MW and % distribution of each thermal source]

Quss pH: Heat loss in the network, [%]

Cpn: Electricity use in the distribution network pumgsihe]

Nw, j Number of washes, [-]

tw: Time for a washing cycle, [Minute

td: Time for a drying cycle, [Minutes]

Tel, end-user 1alriff for electric energy consumption paid e ten-users, [€/kWhe]

Tth, end-user Tariff for thermal energy consumption paid by -users, [€/kWht]

Eel gric- Emission factor for each considered pollutanedasn the average Swec electric grid emission; [Kg/kWh
Eonmix: Emission factor for each considered pollutanbeisdged to the district heating mix; [kg/kwW
Cug,ibaseline €lectric energy consumption for machines (iie baseline situati- kWhe

GO3

Qs Heatdelivered to ship from the district heating syst@kyht]

Vi Oil consumption in harbour for heating purpogkk

Vilpaseline Oil consumption in the baseline situation,

Te ey Outdoor temperature, [°C]

Qmix, p: District heating production mj [MWht] and % compositic

Quoss, pH Heat loss in the network, [%]

Cpn: Electricity use in the distribution network pumgsihe]

Eonmix: Emission factor for each considered pollutanbeisdged to the district heating mix; [kg/kwW
Tei, pnw: Tariff for the electricity consumption paid by the districatieg network manager€/kWhe
Tth, end-user 1ariff for thermal energy consumption paid by #re-users connected to the new syste€/kWht]
M: Cost of maintenance of the new syste€]

Toi: Cost of bunker oil for ship, [€/1t]

COo1

Chp, i Electric energy consumption of the heat pumpiysiesn, [kWhe

C wp: Electric energy consumption of the wastewater ping system, [KWhe

V,: Wastewater flow rate through the heat excharjtyen®h]

Te, in: Inlet wastewater temperature, [¢

Te,, out: Outlet wastewater temperature,

Qnp, i Heat flow at the heat pump, [kW

Qstdist, j Heat flow between the storage system and théllison mine, [KWht

Quist, » Heat flow at the distribution mine, [KWI

Gyas, k Gas consumption, [Nifh]

L. Refrigerant losses, [It/year]

Tih end-user Tariff for thermal energy consumption paid byikcand-users (schools, swirming pool) connected to the nesystem,
[€/kWht]

Tgas, enc-user 1 @riff for natural gas consunion paid by the final end-user, [€/Nm

Tgas, onni Tariff for natural gas consumption paid by Heat network manage€/Nnt]

Te), pnm: Tariff for the electricity consumption paid byethhetwork manager€/kWhe]

M: Maintenance cost for the network nager, [€]

Gemission k. Exhausted gas flow rate (Nfh) and polluting emission concentrations (OO, NQ, SCy, PM, PM,, PM, =
mg/Nnt) by the peak load boilers serving the Celsius-project, [Nni/h]

LO1

Genp: Use of natural gas, [Nifh]

Pche: Produced electricity during the event, [kW

Qche Thermal energy produced during the event, [k

Qpnx: Thermal energy used by the DH system during tleate [kWht
QLoss: Thermal losses during the event, [kW

Cchp. Electricity used by the CHP out the DH normal system, [kWhe]
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Preais Real Power, [kW]

Preas max Max Real Power, [kW]

Preais set Real Power Point S&eint, [kW]

Preac, s Reactive Power, [KVAr]

Preac, s set Reactive Power Sétoint, [KVATr]

V¢ Voltage, [Volt]

PF;: Power Factor, [Varying froml-to 1

PR max+: Max Positive Power Factor, [Varying from O t
PF max - Max negative Power Factor, [Varying frc-1 to 0]
| ¢ Current, [A]

Faults Major fault indications, [I/O]

DR: DR availability, [kW]

Prcyp. Real Power, [kKW]

Venp. Voltage, [Volt]

| cyp Current, [A]

PFchp: Power Factor, [Varying froml-to 1

Preaochp Reactive Power, [kVar]

Fcup: The fee guaranteed by the Distribution Networle@por (UKPN) to the -generator manager (BEC) during the ev
[€/each event]

Fines: The fines paid by UKPN, [€]

Mchp. The maintenance and operation e-costs (paid by BEC) for the co-generator managéeach even

LO2-LO3

Cip, a. Electric energy consumption of the heating pugsgtesn at the ventilation shaft, [KWI
Peak, » Peak demand, [kW]

Cex, a Electric energy consumption of the subway exioacsystem, [kWhe

Peak, » Peak demand, [kW]

Te,rn: Inlet air temperature at the heat exchanger,

Tesirout: Outlet air temperature at the heat exchang€l

Qnp, a Heat flow at the heat pump system, [kV

Qne, & Heat flow at the external heat exchanger, [k\

Cip, & Electric energy consumption of the heating puygiean at the transformer, [kW!
Peak, g Peak demand, [KW]

Ten, in: Oil inlet temperature ahe heat pump exchanger, [

Tenp out: Oil outlet temperature at the heat pump excharge]

Tewoon in: QOil inlet temperature at cooling system,

Tewoon out: Oil outlet temperature at cooling system, |

Voiinp, & Oil flow rate through the hegump exchanger, [It/se

Vilcool, & Ol flow rate through the conventional coolet/déc

Qupe: Heat flow at the heat pump system, [kV

Tins end-user Tariff for thermal energy consumption paid by #re-user in buildings connected to the DHtem, [€/kWht]
Ma: Maintenance cost for the ventilation shaft heapomp system#£]

Mg: Maintenance cost for the transformer heating psggtem, €]

Mc: Maintenance cost for the thermal storage sys€]

Tel, pnw: Tariff for the electricity consumptn paid by the network manager (DHM), [€/kWhe]

RO1

Qin: Incoming thermal energy, [kWht / C

Qout: Outcoming thermal energy, [kWht / (

Coump Electric energy consumption of buffer pump, [k\}
Quuier Thermal energy in and out of the buffer, [M\V

RO2

Quwrp 1 Qwwre wwre Thermal energy supplied by the heat hub to the MPWkWht]
Qchp 1 Qchp,cip Thermal energy provided by the bio-cofired cogenerator to the heat h{iyvht]
Quien.1H /Quenven Thermal energy provided by the heat hub tctMeneba grain processing plant, [k\W

9GOe

Qchp:Heat produced and delivered to the district heafiMyVvht]
Pcup:Electricity produced and delivered to the grid, [M¥]
Cchp:Electricity consumed internally, [MWh

ViomassFuel (wood chips) consumed, [kg or MV
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HpiomassENergy content in fuel (wood chips), [MWh/I

Te, pn: Temperature of district heating supply [

Te,, py: Temperature of district heating return [

Q paselineHeat produced in coal boiler and dered to the district heating before reconstructigivyht]
C paselineC0al consumed before reconstruction, [ kg or M

H paseiine: EN€rgy content in fuel (coal), [MWh/k

Qmix pn: District heating production mi [MWh and % composition]

| viotuel INVeStment cost for the conversion of old coahplinto biofuel plant in 2004€]

tq, biofuei DEPreciation time of reconstruction/conversionipment in 200- years

| cyp Investment cost of combined heat and power egaprimstalled in 2010€]

tq, chr Depreciation time of CHP equipment in 2010, [y§

Twood, pHv Wood chips price g/kg or €/ MWh

Teoal, pHv COal price, during the same year considered ®mtbod chips price (e.g., 201€/kg or €/ MWh
Se, pum: Selling price of produced eleicity- [€/MWhe]

Sih, pum: Selling price of produced hea€/MWht]

O.: Operation costs, [€/year]

M: Maintenance costs, [€/year]

29G0e

Q agreem Total thermal energy delivered by the districatirey to buildings with agreeme, [MWht]
Q agreem, retii Thermal energy delivered to representative builsliwgh agreemen, [MWht]

Q baseline, refsi District heating delivered to buildings beforevimg signed the agreeme, [MWht]
T€indoor, ret- INdOOr temperatures, [°C]

Qmix.pn: District heating production miYMWh and % compositiol

Nc: Number of customers, [Number]

Awemp Total floor area obuildingsbenefitting of the climate agreeme, [m?

Awemprei FlooOr area of five representative buildings bétieg of the climate agreements 2

I: Investment cost of equipment necessary for coimirfive representative buildings€]

M: Operation and maintenance costs in five reptaser buildings, €/year]

tyref Depreciation time in five representative buildindyears

Sv e¢: Yearly savings for energy company in five repreatwne buildings , €]

Tth, end-user Tariff for thermal energy with climate agreemeimisive representative building<€/kWht]
Tth, end-user, baselind:ariff for thermal energy (delivered to custonin five representative buildings before having elter
agreements, [€/kWht]

19GOe

Qc, oc Cooling energy delivered by absorption chillerslistrict cooling networ,[MWHht]
Tes pc:District cooling network supply temperat, [°C]

Te pc: District cooling network return temperati, [°C]

Te; py District heating supply temperat, [°C]

Te py: District heating return temperatt [°C]

C.: Chillers’ electric energy consumpti, [MWhe]

Q pc: Total cooling energy produced at production fiaed, [MWht]

Q' pc: Total cooling energy delivered at customers athmst, [MWht]

Cpc: Electric energy consumption of the district caglidistribution networ, [MWhe]

R: Amount of refrigerants/chemicals u;, [kg]

Q mix, px: District heating production m, [MWht and % composition]

Quoss,pr Heat loss in the district heating netw, [%)]

Cph:Electric energy consumption of the district hegtitistribution networ, [MWhe]

N: Number of customers connected to the coolingess, [Number]

Apc: Total floor area of builigs connected to the distrcooling network, [rf

I Investment cost for absorption chill, [€]

t, o Depreciation time,[Years]

Tel, oo Tariff paid by the district cooling network manad@B®xCM)for electric energy used 1absorption chillel, [€/MWhe]
T, pom: Tariff paid by the district cooling network managBxCM) for thermal energy consumption from disttietaing used in
absorption chillers § MWht]

M: Operation and maintenance cos§, [

Ipc: Investment cost of district cooling netik, [€]

t, oc: Depreciation time of district cooling netw, [Years]

M: Operation and maintenance cost of district captiatworl, [€]

Toc, end user Selling price of produced cold (to customer, agey, [€/MWht]
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11GOe

Q pc: Cooling energy delivereflom river water to district cooling netwc, [MWht]
Te, pc District cooling network supply temperat, [°C]

Te, pc District cooling network return temperat, [°C]

Te s iver INlet temperature of river water in the heat exder, [°C]

Te . nver: Outlet temperature of river water from the heathexgers [°C]

C . pc: Electric energy consumption for pumping systeardtie heat exchang, [MWhe]
Q pc: Total cooling energy produced at production faed, [MWht]

Q' pc: Total cooling energy delivered at customers sathusts, [MWht]

C pc: Electric energy consumption of the district cogldistribution networ, [MWhe]

N: Number of customers connected to district cot

A pc: Total cooled area of buildings connectedistrict cooling, [M]

It: Investment cost for river water district coolifagilities, [€]

t,« Depreciation time, [years]

Te), pewm: Tariff paid for the electric energy consumptionsth district cooling network manager (DC [€/MWhe]
M ¢: Operationand maintenance cost of river water district capfaxilities [€]

Ipc: Investment cost of district cooling netwe, [€]

t, oc: Depreciation time of district cooling netws, [years]

Mpc: Operation and maintenance cost of district cgptietworl, [€]

Tin, end user>€lling price of produced cold (to customer, age, [€/MWht]

20GOe

Tssc Supply temperature of hot wat{°C]
Qsc Heat production, [MWht]

Ts,pn: DH supply temperature, [°C]
Trpr: DH return temperature, [°C]

Acoi: Collector area, [m?]

Dir: Direction, [(point of compass)]

Deg: Tilt angle, [°]

C: Electric energy consumption, [MWI

I: Investment costs, [€]

M: Maintenance costs, [€]

Oc: Operating costs, [€/year]

Tthend-user 1ariff for heat consumption paid by the -users, [€/kWht]

8G0Oe

Qinc: Heat produced at the waste incinerator plant, [M]

Qnmix, pn: Total heat produced by the DH system, [MV

Pc: Electric energy production, [MWF

Cine: Internal consumption of electric energy, [MW

Vuwaste AMount of waste incinerated, [ts]

Hwaste ENergy content of waste, [MWh/I

I: Investment costs, [€]

M: Maintenance costs, [€]

Oc: Operating costs (including costs/revenue faste)a €/year]
Tinend-user Tariff for thermal energy consumption paid by teec-users, [€/kWht]

7GOe

Q rec. o Amount of waste heat recovered at each site, [

Tuwaste Waste heat temperature, [°C]

Q mix-oH: Total heat production of district heating systékyht]

Tes py: District heating supply temperature, [

Te pu: District heating return temperae, [°C] G,p:Electric energy consumptions of the heat pump$iyid]
L pipe Pipe length, [m]

I: Investment costs, [€]

M: Maintenance costs, [€]

Oc: Operating costs (including costs/revenue faste)a €/year]

Fw, ouw: Fee paid by the district heatinganager (DHM) for waste heat recovet€/MWht]
Tthend-user Tariff for thermal energy consumption paid by teec-users, [€/kWht]

36G0e
Qs pn: Thermal energy production at each facility, [MV
Q sector, o Thermal energy delivered to customers sector, [MWht]
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Qcrp, i Electric energy production at each CHP facility/he]

Te ox: Outdoor temperature, [°C]

Q primary, pH Primary energy input at each production faciliiyWh (or other relevant unit depending on typeenérgy)
Tes py: District heating supply temperature, [*

Te py: District heating return temperature, [

C: py: Electric energy consumptiorMhe]

L pipe Pipe length, [km]

Tth, end-user Tariff for heat consumption paid by tend-users, [€/kWht]

M: Maintenance costs, [€]

O .: Operating costs, [€]

Rin: Revenues from sold thermal energy for the diskrgztting network manage€]
| yearty Yearly investment, [€]

Nc: Number of users/customers in different secte]

12 COe

Qche Thermal energy produced by the CHP; [MV

Pcup Electric energy produced by the CHP and delivergtieayrid; [MWhe
Cchp. Electric energy consumed by the CHO; [MW

V4as: Biogas/gas consumption

Oc: Operating costs; [€]

Dc: Depreciation costs [€]

6COe- Energetic parameters

Qhp;: Thermal ensgy produced by each heat pumrMWht]
Vgas;: Gas consumption of each heat pumrMWh]

Chp;: Electric energgonsumption of each heat pumMWhe]
Oc: Operating costs; [€]

Dc: Depreciation costs [€]
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