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1. Introduction

The Celsus project aims at developinoptimizing and promoting efficie decentralized heating
and cooling systemis cities by consistently contributing to the retla of CC, emission and of
primary energy consumption.

The project involves five different cities (Gothemt, Cologne, Genoa, London and Rotterd
and foresees the realization and monitoring of @& demonstrators covering different efficit
technologies, systesrand practices: development of ICT tools for thanoization of the energ
management, innovative solutic for storageand load control, development of smart grids
increase the use of waste and renewable e sourcesdevelopment of innovative ajoaches
for integrating energy centres to the grid, expamsif existing district heating/cooling netwoi
Besides the new demonstrators that will be realized operated during the Celsius proj
operational existingemonstrators in the five citiare also part of the project aimat covering a
wide range of state-of-thet demonstratorbelonging todifferent categories for increasing t
potential of replicability of the most efficient am solutions in suitae contexts

A list of new and existing demonstrators with thec#fipeID code is reported in the tables bel

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

COo1 Cologne Heat recovery from sewage water (school buildi
GE1 Genoa Energy recovery from the natural gas distributiebwork

Table 1- New demonstrators in the Celsius project
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12C0Oe Cologne Biogas residential heating stammh
28C0e Cologn KlimaKreis Koln funding local El-initiatives
6CQOe Cologne Geothermal heatir
36GOe Gothenbur Total production andistribution systel
19GOe Gothenbur Absorptioncooling
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
20G0Oe Gothenbur Solar heat by DH syste
17ROe Rotterdar Cooling by river wate

5RO0e, 14R0e Rotterdar Vertical city

Table 2-Existing demonstrators in the Celsius project

The following deliverablevas developed in the framework of the WP4 wtraims to identify
methodologies and protocols that will be used feasurements, monitoring and evaluation of
demonstrators includeih the framework of the Celsius pect In particular,the present
document has been developed wi the task 4.2 “Measurement and monitoring protocaligiich
is focused on two main issu

» Definition of a commormethodology for measurememidnitoring ancof a common data

structure amonthe different demonstratc;
» Definition of a detailed metering/monitoring protbéor eachdemonstratc.

According to theaims described above, the document has bivided into two different part

» The first part is focused on the definition of amtocn monitoring methodology applied
the framework of the Celsius project, by takingoitccount botltechnical and social
aspectof the monitorin. A common data structure has been elaborateddier ¢o collec
monitored data during tfoperation of the demonstrators;

» The second pars demespecific and reports the most relevanergetic and nenergetic
parameters tde measured, recorded and elabordor each demonstratcduring the
operation The elaboratic of monitored data will be of crucial importance for tl
calculation of specifi KPIs for each demonstrat in order to compal social, economic,
environmental and energetic performances of theodstrator withthe business as usual
situation (i.e., baselin.
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2. Common monitoring methodology

Since theCelsius project aims to be a corner stone in thgelacale deployment of smart citi
demonstrators’ monitoring is essential in evaluatthe transfer and replication potential
different European regions.

Therefore, a commomonitoring methodology apjcable to different demonstras has been
set-up followinga common approach for the evaluation of demo pediorces in view of potenti:
future replicability of therojects in othecontexts.

A schematiaepresentation of the followed common monitoringhodology has ken reported in
Figure 2.1.

In particular the followedpproacthas included the developmenttafo parallel activitiesalong
the life-cycle of eackdemo projec

» Monitoring of theprogress in the design and realization of the new demonstrats, by
identifying possible bottlenecks/barriers and bwrgig with demo responsible partn
strategies t@vercome them in view 'the start-up phasé detailed report of this activil
and of the prgress of each demonstrairealizationis reported in the deliverable -
“Progress and achievements on each demonstratoanalysing causes for deviatio
(M12).

* Monitoring theoperating performance both of new and existing demonstrator; this
activity has foreseen a preliminary step focusedtlton identification of specifikey-
parameterso be monitore in order to evaluate the derperformances from an energe
economic, social and environmental point of v Based on the defined lis (reported in
the deliverable 4.1 “Report on KPIs values”), & difspecific energetic and n-energetic
parameters has been identified for each demons
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Life-cycle of Demo projects

Feasibility _ _
Planning & Permitting P — Executive Construction/

Design Design Installation R—

Operatiol

Definition of
specific
Analysis of Identification energetic, List of key
the demo of baseline economic, parameters tq
concept situation social and be monitored
environmenta
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Data collectior
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performance
(results)

Monitoring the performance (methodology

Calculation of
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Monitoring the progress in the design and realization

Figure 1 Common monitoring methodology followed in the @elgiroject
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2.1.1 Monitoring of progress in the design and realization of the derstators:
methodology

With regards to thenonitoring of the construction and operation progr, a specific template for
reporting progress towards the realization phasebean implemented. The aim of this temp
is to identify for each phase of the derrealizationprocess possible bottlerks/barriers and to
share with demo responsible partners strategietheir overcoming.

The monitoring methodology proposed for demos’ pegeg monitoring during realization ph
foresees that the developed template shall bel filedby each demo’s reonsible once every six
months, thus allowing D’Appolonia team in chargenainitoring activities to collect and proce
the data. A detailed report of this activity andtbé progress of each demo project will
reported in the deliverable 4.3 “Progreand achievements on each demonstrator and ana
causes for deviation” (M12). This deliverable v progressively updated, with a six mor
frequency (in order to take track of the demonste’ realization process.

The adopted common methodolor demo progress monitoring is articulated in défe step:
as presented in the following li

» Identification of common project pha: in which the realization process can be split
The identified phases and the related definitiordiated below

o Feasibility phase this phase is based on the examination o project concept
from differentperspective and considering different technical solutions idesrto
identify the design of the solution that best fite mapped demand and -
investors’ requirements. This phase ends up wighavailability of the busine:
plan which is the tool on which the CNO GO decision for the investment to
made is taken;

o Planning and design phason the basis of the condion of the feasibility phas
the detailed design of the solution to be adoezhiried ou

o Permitting phase:this phase includes all the autization and permitting
procedures that shall be completed in order towaltmnstruction/installatio
phase’s startir;

o Area Preparation/Procurement phasghis phase includes all the activities requi
for the site preparation necessary for complethe project andor the acquisition
of the main equipme;

o Installation/Construction phase:this phase corresponds to the effec
Demonstrator’s realization phg;

o Commissioning/Start up phasthis phase is the final step before Demonstra
productionruns;

o Production/Operation phasethis phase corresponds to the steady state ©
Demonstrator.

* Analysis of the progress of each project ptin accordance to the time scheduling defi
in the Description of Wor(Annex |, Grant Agreement);

» Identification of possible delays and deviati from the original scheduled plan a
detailed analysis of the related causes. The irdtaon gathered through this analysis \
be extremely relevant in order to define critigatderiving from the apication of each
innovative technology in tt specific contexts in which they have been develoféuls
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phase will result intéhe identification of «eries of lessons learnt, ain at increasing the
potential for replication of the developed projdatshe future;

Investigation ofdeviation’s impact on the other project phiin order to have a genei

overview about how delays/deviations in one projpbise may affect the timeli
scheduled for the following project pha;

Suggestions for corrective actions/contingency $to be adopted for reducing delays ¢

guaranteeinghe successful implementation of the proj
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2.1.2  Monitoring the performance (methodolog

Regarding the monitoring methodolowhich will be implemented fc the evaluation of the
performance of each demonstrator, the follo\ necessarworking phases have beidentified:

e Analysis of the demo conce each demonstrator included in the Celsius prdpest its
own specificity both in terms oechnologies/smart solution which will be implemer
and in terms of final er-usersbenefitting of the future operation of the demasustr. In
light of this, a specific ca-by-case analysis taking into account both aspectsbbaen
performed. In partidar, the followingdatainformation are of primary importance for
in-depth analysis of the demo concept: backgroundatsito, objective of th
demonstrator, technical solution, simplified layotithe process/flow diagram, investm
costs, identificaon of the involved stakeholders and -users and incations on the
management model,

» Identification of the baseline situat: the business as usual situation has been ident
for each demonstrator, aimed at defining a refexescenario to whiclcompare the
situation after the implementation of the innovatsmart solution developed and oper:
in the framework of the Celsius project. Baselimgiation corresponds to the natu
prosecution in the future of the situation priorth@ implementtion of the demonstratc
and it will be inferred by collecting data from egg demand and use from the same
before the installation and operation of the dertrat@rs or by similar contexts where 1
heating/cooling demand is managed in a converl way;

» Definition of specific and general KF relevant specific performance indicators h
been identified for each demonstrator in accordamt its main objective and forese
impact by taking into account energetic, econoraggial and environmeal aspects. A
detailed description of the identified KPIs hasrbegported in the specific deliable 4.1
“Report on KPI values

» List of key parameters to be monito: in accordance with the defined specific KPIssh
of energetic and neanergetic key-parameters to beeasured and recorc during the
operationhas been identified fothe new demonstratorand shared with each der
responsible partne€oncerning the existing demonstrators which areaaly in operatior
a twoway communication with demo responsible partnesspecessary intermediary 1
the collection of information, has been establisimedrder to select only those parame
which will be relevant for estimating thmost significant KPIs in accordance with -
main objectives of th€elsius project.

A common template for data collect from monitoringhas beerset-up in order to
uniform data variable names and facilitthe subsegent elaboration phas

« Data collection and elaboration from monitoi: following the provided indications ar
common template, monitoring data from the differdamonstrators will be periodical
collected and analyzed, in order to trace the tidritle different parameers during time;

e Evaluation of the performan: data from monitoring will constitute the basig filne
periodical calculation of the defined specific KPils order to evaluate the performan
trend during time. Moreover, specific KPIlues will include comparison with tt
baseline situation in order to measure the effiy and impactof the new solution at
energetic, economic, social and environmental glevel.
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2.1.2.1 Common data structu

The quantitative aspects of mcoring take into account all tigarameters of relevant importal
which are worth tdoe measure and recordediuring the operation of thdemonstrators. The
monitoring of the demonstrator consists of twoetiéht phase

* Phase A (definition of a preliminary monitoriplan);

* Phase B (elaboration of demonitored during the operation).
Phase A
In order to define a plan for the monitoring of leatemonstrator, common templa has been
set-up in order tadentify the relevant categories of information to be collecduring the
operation of the demonstratc
In particular,as reported in the template in Figui, for each identifiegparameter the followin
information are necessary:

* Typology of data to be measu and recordedthe main physical parameters which v
be measured during the monitoring are: tempergtithermal enerc, electric energy
consumptions, water/ gélows, etc... Apart from energetigarameters, a list cnon-
energetic parametem®t related to energy efficien(i.e., tariffs, environmental emissior
etc..), have been alsdentifiec for each demonstrator;

» Data variable nameeach parameter will have a specific identificatitame in order t
avoid possible misunderstandings cng from the monitoring of similar physic
measurements performed in different ps and possible mistakes in the monitoring p
due tothe large amount of data to be elaborated. Inqadati the following nomenclatul
has been suggestadcording tohe identified macraategories of possible measurem:

Q=thermal energ;

C=electric energy consumpti;

P=electric energy generati;

G,V=mass, volume flow rg;

T, F= tariff, fee;;

Te=temperature;

o E= pollutant emissio factors;

* Units of measureme;

* Location of measureme in many cases, different sites (production diistribution
site, enddser site) are involvedn the same demonstrafoeach having specifi
parameters to be measureln light of this for each parameter, the location
measurment must be indicated, possibly reportingdistances among the differe
measurement locatig;

* Monitoring equipmentfor each parameter, tleguipment used for monitori will be
indicated once the demonstrator will be in operatidn particular, it \ill be
recommendable to includdnformation on data accuracy associated to
implemented monitoring equipmy, thus allowing the estimation uncertainty
associated to measureme

» Recording frequenc: considering the specific purpose of tdemonstrator and the
associated KPIs to be evaluated from monitoringhgarameter will have a speci
recording fequency (hourly, daily, month ...) which mist be indicated in the
template;

O O O0OO0OO0OOo
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 Commentsall relevant comments must be reporin order o keep track of unusual
situationswith particular reference to possitfailures oreventual period calibration
testsof monitoring equipmnt.
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DATA VARIABLE UNITS OF LOCATION OF RECORDING MONITORING EQUIPMENT AND DATA COMMENTS
TYPOLOGY NAME MEASUREMENT MEASUREMENT FREQUENCY ACCURACY
Parameter 1
(e.g.: indoor
temperature)

Parameter 2

Parameter 3

Parameten

Table 3Common data structure

12
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Phase B

Raw data frommeasuremes of the new demonstratorperformed according to the protc
agree in the monitoring plarindicated in phase A will belectronically store by each demo
responsible partner and $eo D’Appolonia team for the elaboratigghas: with a six month
frequencyin order to trace the tre during timefor each monitored parameter and calculate
identified performance dhicators following the methodology of calculatioindicated in the
correspondent deliverable 4.1 “Report on KF.

Results of datalaboration will be shared and agreed with dempaesible partners and th
included inthe progressive deliverable - aimedat evaluating the main hievements on each
demonstrator.

Concening the existing demonstrators, data stored frmonitoring will be collected an
analyzed oncéor a specific year in order to calculate the K¥Pdtues and provide valuable inpi
to the Celsius toolbox aimed at supporting any aityEurope in maximing the efficient
utilization of its energy resources in an integilateay

13
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3. Specific nonitoring protocols: new demonstrators

Following the common template in Figure 2, a prefiany monitoring plarwas elaborated for
each demonstrator and shared with each demo rabjsopartner

Concerning the new demonstratoihe actual implementation of the suggested measuntsmal
be subject to a costenefit evaluation bpartners who willsustain the cosfor the installation of
the necessary equipment. As a consequ demo responsible partners will evaluate, when
time is mature enough with the demo implementasicimedule, the real measurements tc
implemented.

In the subparagraphs below, the dysis of each new demonstrator realized and oparat¢he
framework of the Celsius project is reported byluding a description of the implement
technology, a simplified layout of the technicallsion, the list of relevanienergetic and
non-energetianonitoring parameters and a summary table con@imdications on frequenc
and location of measureents, according to the common template reporte¢akile 3

3.1.1 Genoa demonstratcGE1

3.1.1.1 Demo Concept

The main objective of Genoa’'s demonstrator is fola@kthe natural gas pressure drop ata r
gas distribution substation for generatielectric energy This will be possible through tt
installation of an expansion turbine; a new-fired CHP plant is foreseen to provide the
needed by gas expansion and to produce addilelectric energy.
The industrial area where tidemonstrator will be impleemted hosts the natural gas distribu
facilities, where the gas pressure is reduced fitmarhigh pressure transmission levels (24 ba
the national gas network to a reduced pressuranathrough a standard lamination process. \
the implementabn of the newdemonstrator, a large fraction of the incoming gadshe driven in
the new system instead of passing the existingnaftian valves. In the new system, gas will
pre-heated by means of heat coming from the-fired CHP plant, then it \l be expanded in the
turbo-expander which will generatelectric energy The CHP will produce additionzlectric
energy and it will produce thermal ene not only for the gas prieeating in th turbo-expander,
but also fora small district heating netwrk serving several buildings inside and outside
industrial park, as for examplefire-fighter’s station.
The demonstrator will benplemente and operatetly Genova Reti Gas (the Distributor Oper:
for the gas network of Genoa City) anis constitutef the following main equipmen
* Turbo-expander for natural gas (along with all its auxiliary corm@mts), which will
allow recovering the mechanical energy inherentha pressurized natural gas (currel
wasted within a standard laminatiqprocess) to generatelectric energ that will be
distributed to the distric
e Gas{ired CHP plant which will provide heat to the gdseating necessary before |
expansion in turbinand service the heating network of the surrounGavette district;
* Remote controlof gas consumption, which will allow the rationali®n of consumption
patterns within the industrial park and the disi

The lig of parameters to be monito during the operation of the demonstrator have |
identified and shared with the demo responsible partaccording to the common templ:
described in paragraph 2.1.1.

14
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A simplified layout of the process related to tBismonstrator is reported in the figure bel
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TO L.P. GAS
NETWORK

Figure 2 Simplified layout (GE1)

3.1.1.2 Parameters

The most important technicphrameters to be monitored i recorded art
« Natural gas flow Nnt/h:
0 Burned at each boil;
o0 Burned at the -generator;
o0 Through the turb-expander;
0 Throudh the lamination valv;
» Thermal energyas indirect measure obtained friwater flow rat, inlet and outlet water
temperature) kWht
0 At each boiler;

At the CHP;

At the turboexpander pi-heating and/or posteating sectior;

At the lamination batte;

At each district heating brar;

0 At eachbuilding substatioc;

* Thermal energyconsumptio in one building of Genove Reti Gi(as indirect measure
obtained from water flow rg, inlet and outlet water temperaturcoupled with a room by
room tempeaiture control syste;

» Electric active KWhe andapparentKVArh) energy:

o Gross electc energ' at the turbo-expander;

o Gross electc energyat the CHP;

o Electricenerg' consumption at the substation;

o Electricenerg' self-consumption of turbo-expander;
o]

o]

© O OO0

Electricenerg self-consumption of CHP;

Electricenerg' consumption at the main consumption cot,;
15
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» Sample measuremeot temperature at stacks of generator and of boile-°C;
» External ambient temperati- °C.

A detailed table, specifying for each technicalapaeter data type, data variable naunit of
measurements, location ofeasurement, rerding frequeng and possible comments, is repor
below:

16
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nd

nd

nd

nd

nd

DATA UNITS OF LOCATION OF
DATA TYPE VARIABLE MEASUREMENT | MEASUREMENTS REGOIMPINE FREQTISNEY [ INo=S
Natural gas flow at each boiler 6 Nm¥h At each boiler (i) Hourly -
Natural gas flow at the cogeneraton cds Nm/h At the cogenerator Hourly -
Natural gas flow at the turbo- Gre Nm¥/h At the turbo-expander Hourly -
expander
Natural gas flow at the lamination GLv Nm/h At the lamination valves Hourly -
valves
Thermal ener roduced by each Indirect measures, coming from direct measurerr
boiler P y Qs.i kwht At each boiler (i) Hourly of water flow (n%h), inlet water temperature (°C) a
outlet watettemperature (°C)
Thermal ener roduced by the Indirect measures, coming from direct measurerr
cogenerator gy p y Qchp kWht At the cogenerator Hourly of water flow (n*/h), inlet water temperature (°C) a
9 outlet water temperature (°
Thermal eneray needed by the turh Indirect measures, coming from direct measurerr
expander ay y Q;)TE kWht At the turbo-expander Hourly of water flow (n*/h), inlet water temperature (°C) a
P outlet water temperature (°
Thermal eneray at the lamination Indirect measures, coming from direct measurerr
valves ay Qv kWht At the lamination valves | Hourly of water flow (n*/h), inlet water temperature (°C) a
outlet water temperature (°
. N . Indirect measures, coming from direct measurerr
T_her_mal energy provided to the QbH,j kwWht At each q'St“Ct heating Hourly of water flow (n%h), inlet water temperature (°C) a
district heating ' branch (j) o
outlet water temperature (
. - Indirect measures, coming from direct measurerr
Thermal energy provided to the Qss, k KWht At each building Hourly of water flow (n%h), inlet water temperature (°C) a

building substation

substation (k)

outlet water temperature (°

nd

17
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At each room of one

Indirect measures, coming from direct measurerr

nd

Thermal energy at each room R® kWht building served by the Hourly of water flow (n*/h), inlet water temperature (°C) a
new system (h) outlet water temperature (°
Stack temperature at CHP e °C 'g‘éégig:gfokr of Sample measurements -
Stack temperature at boilers ghe °C At the stack of boilers (i) | Sample measurements -
External ambient temperature Text °C c())fuéﬂg?l:’sg]r;he same alreaHourly -
. . Hourly (if possible to be
Gross electric active (and apparent Pre kWhe (kVArh) At the turbo-expander intensified during specific -
energy at turbo-expander events/diseases)
Gross electric active (and apparent Hourly (if possible to be
PP Pcrp kWhe (kVArh) At the cogenerator intensified during specific -
energy at co-generator events/diseases)
Electric active (and apparent) energy At each buildin Hourly (if possible to be
for self-consumption at the Cask kWhe (kVAhr) substation (k) 9 intensified during specific -
substations events/diseases)
Electric active (and apparent) energy Hourly (if possible to be
for self-consumption at the turbo- | Cyg kWhe (kVArh) At the turbo-expander intensified during specific -
expander events/diseases)
Electric active (and apparent) powaer, Hourly (if possible to be
pp P Cchp kWh (kVArh) At the cogenerator intensified during specific -

=

self-consumption at the cogeneratg

events/diseases)

Table 4 -Technical monitoring parameters (GE1)
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Apart from the energetigarameters, aim at evaluating the energy efficiency of the impletee
solution for the GE1 demonstrator, a lisinon energetiparameters (i.e., tariffs) to be monitol
and recorded possibly on a monthly basis will befulsfor the evaluation of the performance
the demonstrator. In particular, the following terifvith details on the cost structure (as
example taxation rate, differentiation on the basithe time sl¢, etc.) have been identifie

« Tariff for natural gas provisic paid by the network manageNn>.

» Tariff for theelectric energiconsumption paid bthe network manag- €/kWh.

e Tariff for natural gas consurtion paid by the end-useg&/Nnr.

« Selling price ofelectric energ produced by the network manager and sold to nev-
users (if any)€/kWh.

« Tariff for thermal energy consumption paid endusers connected to the r heating
system €/kKWAh.

* Maintenance cost of the Clsustained by theistrict heating network manac- €.

* Maintenance cost of the Tsustained by theistrict heating network manac- €.

A summary table with the list of the identified @omnic parameters is reported in the table be

UNITS OF

DATA TYPE DATA VARIABLE MEASUREMENT RECORDING FREQUENCY
Tariff for natural gas consumptigraid by the
network manager Toas, DHM €/Nn? Monthly
Tariff for electric energy consumpti paid b
the network manager Tel, oHm €/kwhe Monthly
Tariff for natural gas consumption pdig the
end-user 9 P P 9 Tgas, end-users €/N|’TT3 Monthly
Selling price of electric energyroduced by th
network manager and sold to new ers#ys (il | Te|, end-user €/kWhe Monthly
any)
Tariff for thermal energy consumption paid |
endusers connected to the new hea Tt end-user €/kWht Monthly
system
Maintenance cogif the CHP for the distric .

. Mchp € Every six month
heating network manager
Maintenance cost of the TE for the disti .

. Mg € Every six month
heating network manager

Table 5 - Economic monitoring parameters (GE1)
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3.1.2 GothenburgDemonstrator GO

3.1.2.1 Demo Concept

The idea underlying the GO1 Demonstrator (“Usingding as short term storage”) is to expl
the thermal capacity of apartments’ structural eets (e.g.: floors, ceilings and walls) for h
storage anénhanced heat control purposes. The mentioned etemdl be “loaded” with energ
during low consumption hours (and the indoor tergture will slightly increase); 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 morning. The inhabitants sho
not notice these temperature chanand the inplementation of this Demonstrator will allc
keeping the heat production at a lower level durpepk hours. In total 900 flats will |
connected, avesponding to approximately ‘000 nf of living area.

A simplified layout of the GO1 demonstrator is reted in the figure belov

EXISTING BUILDINGS
Heat Demand Driven
By Thermostats And Users

FANCOILS

RADIATORS

GOTHENBURG
DISTRICT HEATING

DH
SUBSTATION

SUBS

P

DH
SUBSTATION

SUBS

e

NEW CELSIUS BUILDINGS
Heat Demand Driven
By Low Cost Heat Availability

HEAT LOAD OF MASSIVE
STRUCTURES

HEAT LOAD OF MASSIVE

Figure 3 Simplified layout (GO1)

* % %

* %
A o %
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3.1.2.2 Parameters

The most important specific technical parametersbéo monitored and recorded for G
demonstrator are listed belc

* Internal temperatures at apartmelevel (4 different apartments will be monitored

reference examples)e;

* Thermal energylelivered to the buildin— kWht

» Electric energyonsumption of control equipme— kWhe

» External temperature’C;

* Thermal energjoss in the networ kWht

» District heating production mi- MWht and composition %

» Electric energyonsumption in distribution network pun—kWre.

A detailed table, specifying for each technicalgpaeter data type, data variable name, un
measurements, location of measurnt, recoding frequency and possible comments,gerted
below.

Moreover, a list of noenergetic parameters to be monitored and recordeel lheen identified i
order to collect information during the operatiohtlee demonstrator which will be of crul
importance for the evaluation of the generic andcde KPIs identified in the framework
Celsius project.

In particular, the following parameters have besantified, discussed and shared with the d
responsible partners to be monitored durire operation of the demonstra

» Tariff for thermal energy consumption paid by -users connected to the new sys-
€/kWht
» Tariff for electric energiconsumption paid by the districetwork manag-€/kWhe
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DATA TYPE DATA VARIABLE UNITS OF MEASUREMENT LOCATION OF MEASUREMENTS RECORDING FREQUENCY NOTES

Internal temperature Fel °C At apartment level Hourly -
Internal temperature Fe2 °C At apartment level Hourly -
Internal temperature Fe3 °C At apartment level Hourly -
Internal temperature Ted °C At apartment level Hourly -

Indirect measures,
coming from direct
measurements of
Hourly oreach 15 minute water flow (ni/h),
preferabldf possible inlet water
temperature (°C) and
outlet water
temperature (°C)

Thermal energy
delivered to the Qv kWht At each building (i)
building

Electric energy

consumption of control C; kWhe At each building (i) Hourly -
equipment
External temperature Te °C Outdoor in the same building area Hourly -

District heating

production mix Qnmix, DH MWht and % compositic At district heating Monthly )

Thermal energy loss in

the network Quoss, bH kwht At district heating Monthly _

consumption in
distribution network Con kWhe At district heating Monthly -
pumps

Table 6- Technical monitoring parameters (GO1)
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UNITS OF
DATA TYPE DATA VARIABLE MEASUREMENT RECORDING FREQUENCY
Tariff for thermal energy consumptic
paid by enddsers connected to the ne | Ty, end-user €/kWht Monthly
system
Tariff for electric energgonsumptior Tol b €/kWhe Monthly

paid by the heat network manager

Table 5- Non-Energetic monitoring parameters (GO1)
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3.1.3 GothenburgDemonstrato GO2

3.1.3.1 Demo Concept

The overall objective of GO2 Demonstrai(“District heating to white goods”) is to insta
operate and monitor performances of white goodg. (@ishwashers, washing machines
dryers)able to use district heating hot water for heatieghand instead ccurrently dominating
electric resistances and usiatgctric energy only for motors and riare situations of high pe:
heat demand. The implementation of the Demonstrmigsees the verification of both t
operation of the machines themselves and theiallabn in the flats. This will L done by
installing totally 300 machines (100 dish washd&@) washing machines and 100 dryers
laundry rooms of buildings in the residential akeallebacker in Gothenbur.
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3.1.3.2 Parameters

The most importargnergetic monitorin parameters for GO2 demonstrator are listed bt
* Thermal energgelivered to white goo+- kWht
* Supply and return temperats of heating water°c;
» Electric energyonsumptio of white goods kWhe
» District heating production m- MWht and % composition
» Thermal energjoss in the networ %;
» Electric energyse in the distribution network pun- kWhe.

A detailed table, specifying for each technicalgpaeter data type, data variable name, un
measurements, location of measurement, reccfrequency and podsie comments, is reporte
below.
A list of non-energetiparameters to be monitored and rded have been identified order to
collect information during the operation of the aerstrator which will be of crucial importan
for the evaluation of the generic and specific KiB&ntified in the framework of Celsius proje
In particular, thdollowing parameters have been identi:

* Number of washes;

e Time for a washing/ drying cyc- minutes

e Tariff for electric energy consumption paid by #re-user -€/kWte;

» Tariff for thermal energy consumption paid by time-user -€/kWHt.
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LOCATION OF RECORDING
DATA TYPE DATA VARIABLE | UNITS OF MEASUREMENT MEASUREMENTS FREQUENCY NOTES
Indirect measures, coming from dire¢ct
Thermal energy delivered to white . L measurements of water flow ),
goods Qug.i kwht At each machine (/) Hourly inlet water temperature (°C) and outlet
water temperature (°C)
Supply temperature Te °C At each laundry room (j) Hourly -
Return temperature 18 °C At each laundry room (j) Hourly -
Electric energy use of white goods (G kWhe At each laundry room (j) Hourly -
o . . . MWh and % distribution of eac _— .
District heating production mix X pH thermal sourc At the district heating branch Monthly -
Thermal energy loss in the netwan,ss pH % At the district heating branch Monthly -
Electric energy use in the I . )
distribution network pumps Con kWhe At the district heating branch Monthly

Table 7—Energetic monitoring parameters (GO2)

DATA LOCATION OF RECORDING

DATA TYPE VARIABLE UNITS OF MEASUREMENT MEASUREMENTS FREQUENCY NOTES

Number of washes N - Each laundry room (j) - Can be calculated from energy
’ measurements

Time for a washing cycle tw Minutes Each laundry room (j) Average value -

Time for a drying cycle td Minutes Each laundry room (j) Average value -

Tariff for electric energy

consumption paid by the end- | Te end-user €/kWhe - Monthly -

users

Tariff for thermal energy
consumption paid by end-user

sTth, end-user €/kWht - Monthly -

Table 8- Non-Energetic monitoring parameters (GO2)
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3.1.4 GothenburgDemonstrato GO3

3.1.4.1 Demo Concept

The overall objective of GO3 Demonstrator (“Distrieating to ships”) is to use district heat
to heat ships at quay in Gothenbharbour. Traditionally, when ship is at quay, it still needs
run electrical generators and heating equipmentmalty consuming bunker o for both
purposesin Gothenburg, there are already possibilitiesdonect ships at quay to the electr
grid, but heating equipment oioard still needs to be used.

Within the implementation of the new Demonstraone ship will be connect to the district
heating system from the citiifrough a mobile tul in order to reduce the consumption of bur
oils in traditional boilers for heating purpos

SUBSTATION BOAT AT PIER

FLEXIBLE
CONNECTION

/7
R

DISTRICT
HEATING

Figure 5: GO3 simplified layout
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3.1.4.2 Parameters

The most importargnergetic monitorin parameters for GO3 demonstrator are listed bt
» Thermal energyelivered to ship from the city district heatingn- kwht
* Oil consumption for heating purposat harbour #;
e Qutdoor temperature °C;
» District heating production m- MWht
* Thermal energjoss in the networ- %;
» Electric energwse in the distribution network pun- kWhe.

A detailed table, specifying for each technicalgpaeter data type, data variable name, un
measurements, location ofeasurement, rerding frequeng and possible comments, is repor
in table 9.
A list of other significanparameters to be monitored and recorded have deatified in «der to
collect information during the operation of the aerstrator which will be of crucial importan
for theevaluation of the generic and specific KPIs idesdifin the framework of Celsius proje
In particular, the followingnor-energetic monitoring pameters have been identif:
» Tariff for the electric ener¢ consumption paid by theigdrict heating networl
manager€/kwWh,
» Tariff for thermalenergy consumption paid by the emskrsconnected to the new
system €/kWHh;
» Cost for the maintenance of the new sy« €;
» Cost of bunker oil€/kg.
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DATA TYPE DATA VARIABLE | UNITS OF MEASUREMENT | LOCATION OF MEASUREMENTS | RECORDING FREQUENCY |[NOTES
Indirect measures, coming from
Thermal energy delivered direct measurements of water flow
to ship from the district | Qg kWht At ship Hourly (m¥h), inlet water temperature
heating system (°C) and outlet water temperature
S
Oil consumption for
heating purposes in Vil It At ship Yearly -
harbour
Outdoor temperature Ta °C QOutdoor, at quay Hourly -
District heating . o - L .
production mix Qmix, bH MWht and % compositic At the district heating branch Monthly -
Heat loss in the network| 6, on % At the district heating branch Monthly -
Electric energy use in the
distribution network Con kWhe At the district heating branch Monthly -

pumps

Table 9 - Technical monitoring parameters (GO3)

DATA UNITS OF

DATA TYPE VARIABLE MEASUREMENT RECORDING FREQUENCY

Tariff for the electric energgonsumptior

paid by the distdt heating networ Tel, DHM €/kWhe Monthly

manager

Tariff for thermal energy consumption ps

by the endisers connected to the ne Tth, end-user €/kWht Monthly

system

Cost of maintenance of the new sys M € Every six months
Monthly if possible (estimation

Cost of bunker oil for ship Toil €/t based ormssumed pricaccording to
available data).

Table 10— Non-Energetic monitoring parameters (GO3)
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3.1.5 Cologne BEemonstratorCO1

3.1.5.1 Demo Concept

The main objective o€ologne’s Demonstrator is to recover waste heat coming from sewag
water and use it in decentralized local heating netv by supplyingthermal enerc to local
school buildingsin particular the project involves three differsites

* Nippes three different schools are located close to a pumpiragicst of the sewag
network. Part of the sewage at the station willdy-passed, and then fed to a h
exchanger. From there, heat will be transferred teat pump systems (3 heat pump
160 kW each}ituated in the central boiler room in the E-Realschule for the base lo
supply to the three schools. Three new gas firedlensing boilers will be used for pe
load;

* Miulheim: the Holderlin Gymnasium is located close to a npage of the sewage twork.
The shape of the sewage pipe differs to the one@iin/ ®Vahn. The heat exchanger will
installed on the bottom of the pipe. The heat puwmipbe placed in the heating room
the cellar of the Holderlin Gymnasium. The peak dedwill be supplid by a gas boiler.

» Porz/ Wahn 2 schools are located close to each other, besidaia pipe of the sewac
network. The heat exchanger will be installed amtibttom of the pipe. The water hea
through this heat exchanger will flow to the heamp inthe central boiler room in tt
Otto-Lilienthal Realschule. The heat pump will supplgédoad heating and a condens
gas boiler will be used for peak lo

A simplified layout of the demonstrator is reportedhe figure below

PEAK
GAS FIRED

GAS BOILERS

SEWAGE

ELECTRICITY

SEWAGE /
WATER HEAT
EXCHANGER

I il S

SCHOOLS

WATER / WATER
HEAT PUMP

Figure 6- Simplified layout (CO1)
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3.1.5.2 Parameters

Considering that the technical solution implementethethree differensites it similar (i.e., heat
pumps recovering waste heat from sewage waterypeters to be monitored and recorded
be the same for the different si
Nevertheless a continuous monitoring of demonstrators at thrdecation: is necessary, due to
the different characteriss of waters used as sinks (with different degriesotids, viscosity
temperatures, etc.implying different performance
The identified energetiparameters to be monitored and recorded are listkxiv.
» Electric energy consumption of the heat pumpingesy- kWhe:
0 Used by the compress;
o Used for pumping syster,
0 Used for the internal un;
0 Used forthe external heat exchan;
Peak demand (kWer each consumption should also be reco
» Electric energy consumption of the wastewater pumgngiyster— kWre;
Also peak consumption (kW) should be consid
« Average flow rate and temperatures of incoming antjoingwastewate— m/h and °C
(the measurement of the flow rate is rather codemo responsible partr will examine
how this can be solved in a reasonable -benefit ratio)
* Thermal energywater flow rat, inlet and outlet water temperat)- kWh:
0 At the distribution min;
o At the heat pum;
0 Between the storage system anddistribution mine;

+ Refrigerant liquid type, pressutbar) and lossedt{year):
Heat pumps circuits are loaded usually with HFC gaskeaving high global warming potential. Th
circuits have small losses requiring periodical macge. The losses should be assessed annuallygi
pressure measurements in the heat pump circuitracharges should be measured. The register of t
data should also keep control of the work fluidety

« Gas consumption ipeal boilers-Nnt/h.
Other relevant non-energeparameters identified for the case are listed b

» Tariff for thermal enerc consumption paid by end-userennected to the new syst-
€/kWh.

« Tariff for natural gas consumption paid by the-user-€/Nnf.

« Tariff for natural gas consumption paid the heat network manag- €/Nn¥.

» Tariff for electric energ consumption paid bthe network manag- €/ kWh.

* Maintenance cost for the network man:- €.

« Exhausted gas flow ratNnt/h) and polluting emission concentrations ,, CO, NQ,
SQ, PM, PMyo, PMy s mg/Nm) by the peak load boilers serving the Celsius-project
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nd

nd

nd

DATA UNITS OF LOCATION OF RECORDING
RIS IS VARIABLE MEASUREMENT MEASUREMENTS FREQUENCY NOTTIES
Electric energy consumption
of the heat pumping system| Cy, ; kWhe At each heat pump system (i) Hourly -
Electric energy consumption
of the wastewater pumping | C,, kWhe At wastewater pump Hourly -
system
Wastewater flow rate through The measurement of the flow rate is rather co
the heat exchanger wW Nm¥h At wastewater heat exchanger Daily demo responsible partner will examhow this can
be solved in a reasonable -benefit ratio
Inlet wastewater temperature
P Tewin °C At wastewater heat exchanger Hourly -
Outlet wastewater
temperature Tew,out °C At wastewater heat exchanger Hourly -
Thermal energy at the heat Indirect measures, coming from direct measurer
pump Qhp.i kwht At each heat pump system (i) Hourly of water flow (n%h), inlet water temperature (°C) a
outlet water temperature (°
Thermal energy between the Indirect measures, coming from direct measurerr
storage system and the Qstaist, kWht At each storage system (j) Hourly of water flow (n%h), inlet water temperature (°C) a
distribution mine outlet water temperature (°
Thermal energy at the Indirect measures, coming from direct measurerr
distribution mine Quist. m kwht At each distribution mine (m) Hourly of water flow (n%h), inlet water temperature (°C) a
outlet water temperature (°
Gas consumption Gyas, k Nm*h At each peak boiler (k) Hourly -
Refrigerant losses
9 Lref It/lyear At each heat pump system (i) Yearly -

Table 11-Energetic monitoring parameters (CO1)
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DATA UNITS OF
DATA TYPE VARIABLE MEASUREMENT RECORDING FREQUENCY
Tariff for themal energy consumptic
paid by enddasers connected to the ne | Ty, end-user €/kWht Monthly
system
Tariff for natural gas consumption pe
by end.users PHON P T s, encuser €/Nn? Monthly
Tariff for natural gas consumption pe
by the heat network manag@HM) Toas, DH €/Nm? Monthly
Tariff for electric energgonsumptior
paid by the network manag(DHM) Tel DHm €/kwhe Monthly
Maintenance cost for the netwc M € Every six month
manager
Exhausted gas flow rate (Nfh) and
polluting emission concentrations (b, . . .
CO, NO, SO, PM, PMo, PMp < Gormicsion & Nméh According to national regulatic

mg/Nn?) by the peak load boile
serving the Celsius sutrojec

for periodical contrc

Table 12— Non-Energetic monitoring parameters (CO1)
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3.1.6 London Demonstrator LO

3.1.6.1 Demo Concept

The aim of LO1 Demonstrator (“Active Network Managent and Demand Response”) is
provide Demand Response (DR) to allev the electricnetwork constraints and faults by me:i
of incorporating CHRyenerate electricity as an ancillary suppht times of network nee

At times of high network demand, the transformarsubstations can reach loading levels out
of operational guidelines. While this is not neeetg dangerous, when a transformer
exceeded statory limits it can lead to thermal and load faults both cases, the operation of
transformer will either automatically trip out oeed to be temporarily suspended. The con
idea at the basis of LO1 Demonstrator is that, lviding a supplemeary supply within the
local networkthanks to the smart management of an existingict-scale cogeneration syste
(which also feed@ DH syster, the load on the substation can be reduced.

Thus, UK Power Networks will be working with Isliteqn Council who own the Combined He
and Power unit (CHP) at Bunhill Energy Centre (BEC)contract DR services as part of
CELSIUS project.

The events will be autonomously dispatched viastesydeveloped by UK Power Networks a
Smarter Grid Solutions (SGS). This Active Networlahdgement (ANM) system will be capa
of monitoring substation loads and dispatching DB#s when the network is in ne

A simplified layout of the process relate( this Demonstrator is reported in the figure be

IT MANAGEMENT

DEMAND-RESPONSE
(ANM)

DISTRICT HEATING

CASE OF NEED

BUNHILL

ELECTRIC COGENERATOR

SUBSTATION
POWER TO ISLINGTON

Figure 7- Simplified layout (LO1)

3.1.6.2 Parameters

The most impdant parameters to be monitored recorded are divided among service que
parametergcontinuous monitoring and energy parameters (be monitored during a speci
event).

In order to clearly decouple LO1 project featunesrf the normal operational routine of the-
generator, the main unit ttefine for the monitoring ighe event i.e. the single situation when t
DR system requires the generator tsupport the electric substation.
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The main parameters needed to define an evel

During

Date and time;

Type (real/simulated);

Previous conditions of the -generator (normal operatipwperatiol at partial load or
standby);

Request typepower increaseproduction anticipation atelay in case of DH operatio
Event duration.

each event the following technical paransetge recommended to be monito

Use of natural gaat the c-generator int);

Electric energyroduced kWhe)during the event;

Thermal energy produced and used in the kWh) during the eve;;

Thermal losseskiVh) during the event. We consider the difference betwtherma
energy produced during tlevent (and stored) and itslsequent use in a delayed ti
Electric energy usek\(Vre) to keep the caenerator ready to be used out of DH nor
use (dailyweekly or monthly evaluatio.

Non technical-parameters related to the economic aspects deriving fromirtiq@ementation o
the DR systenare also worth to be monitored and recorded dutiegevent in order to evalue
the economic impact for thevolved stakeholds.

The following nonenergetic monitorinparameters have been identified:

* The fee guaranteed by the Distribution Network @pmr(UKPN) to the c-generator
manager (BEC) during the event (per each everfgrresl to as utilisation paymer
(to be confirmed)€/event

* The fines paid by KPN to te industry regulator in the case of network ol -
€/each event

« The mainteance and operation ex-costs paid by BEC for the -generator
managemertb warrant its availability for fault managem- €.

In terms of service quality/grid stability/security of supply, the main parameters to
continuously monitored anecordecare:

At the substatioon a minutely bas:

0 Real PowerkW,
Max Real Powe kW,
Real Power set point (threshol- kW,
Reactive Pow¢ kVAr,
Reactive Power SPoint (thresholds)kVAr,
Volts-V;
Power Factor-(L to 1).
Max positive Power Factor (0 to
Max negative Power Facto-1 to 0)
Current-A;
Major fault indication I/O);

o Capacity available for ANM dispat- kW,
At the cogenerator on a minutely bas

O O0OO0OO0O0OO0OO0OO0OO0OOo

36



celsius

smart cities

O O O0OO0OO0OOo

DR availability- kW,
Real PowerkW,
Voltage-V;

Current f)

Power Factor-(L to 1)
Reactive Pow kVar.
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the DH normal system

DATA UNITS OF LOCATION OF
DATA TYPE VARIABLE MEASUREMENT MEASUREMENTS RESORIDINS FREQITIENSY
Use of natural gas &P Nm*h At the CHP At each ever
Electric energy produced during the = KWhe At the CHP At each ever
event cHp
Thermal energy produced during the Q KWht At the CHP At each ever
event CHP
Thermal energy used by the DH syste At the district heating branch
during the event Qo kWht served by the CHP Ateach event
Thermal losses during the event L& kwht ':;rtc: ddés)’/trt'ﬁ; fgsgng branch At each ever
Electric energy used by the CHP out o Corr KWhe At the CHP Every minut

Table 13 -Technical monitoring parameters during the eve@(

DATATYPE VARMBLE  |MEASUREMENT | MEASUREMENTS RECORDING FREQUENCY
Real Power Rai s kw At the substation Every minut
Max Real Power Bals max kw At the substation Every minut
Real Power Point Set-Point rells set kw At the substation Every minut
Reactive Power Bac. s kVAr At the substation Every minut
Reactive Power Set-Point relR. s set kVAr At the substation Everyminute
Voltage \A Volt At the substation Evg minute
Power Factor PF Varying from -1to 1 At the substation Every minut
Max Positive Power Factor PRax+ Varying from 0 tol At the substation Every minut
Max negative Power Factor Phax- Varying from-1t0 0 At the substation Every minut
Current l's A At the substation Every minut
Major fault indications Faultg 1/0 At the substation Every minut
DR availability DR kw At the co-generator (CHP) Every minut
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Real Power Prepp kw At the co-generator (CHP) Everyminute
Voltage Venp Volt At the co-generator (CHP) Every minut:
Current | chp A At the co-generator (CHP) Every minuti
Power Factor PFeyp Varying from -1 to 1 At the co-generator (CHP) | Every minuts
Reactive Power PreaoCHp kvar At the co-generator (CHP) Every minut

Table 14 -Non-Energetic monitoring parameters during theneyeO1)

DATA TYPE

DATA
VARIABLE

UNITS OF
MEASUREMENT

LOCATION OF
MEASUREMENTS

RECORDING FREQUENCY

The fee guaranteed by the Distribution
Network Operator (UKPN) to the co-

management

generator manager (BEC) during the | Fcrp €/each event At the co-generator Every six months
event
The fines paid by UKPN . At the substation and Per network outage (missed ev
Fines € . . e
surrounding network response/insufficient respon
The maintenance and operation extra-
costs paid by BEC for the co-generatof M, » €leach event At the cogenerator Every six month

Table 15-Technical parameters for continuous monitoring (L.O1
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3.1.7 London DemonstratorLO2-LO3

3.1.7.1 Demo Concept

London Borough of Islington Council has recentlyngetedthe first phas of Bunhill Heat and
Power, a 1km heat network served by a 2. gas CHP engineThe secnd phasewill be
developed in the framework of the Celsius proand corresponds to the realizat, operation
and monitoringof two demonstratcs with the objective of developirgsystem to capture and utili
waste heat from identified local sour (LO2), in order to expanthe actue Bunhill district
heating system (LO3).

The two sources of waste heat, identified by IsbngCouncil in charge of the Demonstratc
realization, are:

* UK Power Network’s Sustation heat is generated from electrical transformersndt
their normal activity as a result of losses incdrdeiring voltage conversion. At U
Power Network Ltd.’s (UKPN) City RoaSubstation,the transformers are cool
using an oil system and the heaicurrently lost to the environment. The feasibi
study indicated that the expected available heatth&f three transformeris
approximately 160 kW petransformer at full loadat oil temperaties assumed to be
at least 48 °C;

 London Underground’s m-tunnel ventilation shaftthe ventilation shaft expe
exhaust air at a rate of 3C¥/s at a temperature of 22°C in winter and 28°Cuimer.
The heat output for the n-tunnel ventilation shaft is estimated to be aro0MW.

Heat from these two sourcedll be captured using heat exchangers and heapmystemsbeing
able to provideheating to an additional 620 council owned homes @ound 1.000 new bui
homes, 5.000 frrommercial space, student and hotel accommod:

The plans include a hydracilconnection to the first phase’s heat networkiclWiturrently serve
880 residential council homes and two leisure esntMoreover, Islington Council plans
incorporate a thernhastorage syste near to the electrical substation heat pump to ewd
demand if necessary. CHP generation is also bengidered to drive the heat pun

A simplified layout of the process related tese Demonstrators reported in the figure belo
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Figure 8- Simplified layout- (LO2 -left side,- LO3-right s)de

3.1.7.2 List of parameters

A list of energetic monitorinparameters has been sgtin order to measure the performanci
the waste heat sources utilization (LO2) and thaaich of the extension of the DH system (L(

VENTILATION SHAFT (A)
» Electric energyonsumption of the heat pui systemkWhe
0 Used by the compress;
o Used for pumping syster,
o Usedfor the external heat exchan;
Also peak consumption (kW) should be considereddoh compone.
» Electric energy consumption the subway extraction systenkWhe ;

» Pressure drop across the heathanger in the ventilation shafiar ;
Also peak consumption (k\should be considered
» Temperatureat the subway extraction syste °C;
Temperature should be measured both te and after the heat exchanger.
* Thermal energywater flow rat, inlet and outlet temperaturddwit;
o Atthe heat pun;
0 At the external heat exchanc

TRANSFORMER (B)

» Electric energy consurtion of the heat pump systekiwhe
0 Used by theompresso;
o Usedfor pumping systen;
o Usedfor the external heat exchan;

Also peak consumption (kW) should be considereddoh compone.

* Inlet and outlet b temperatureat the heat exchang€c;

* Inlet and outlet oil temperatuin the normal cooling systenf¢c;

» Oil flow rate through the heat exchanger through the conventional coo- kg/h;
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e Thermal energykWht
o0 Atthe heat pum
0 At the transformer cooling syst;

THERMAL STORAGE (C)
Actually London Borough of Islington is reasoning different possibilities for thermal stora
solutions. In any case set of parameters to be monitored has been propwste list beloy;, a
revision/integration of th@rovidec list may be required following theal implementation of th
identified solution for the thermal store

» Thermal energysupply sid- kWh;

* Thermal energyusers’ sid- kWh

» Temperature profile in the storage em;°C

BUILDINGS connected to the DH in the expansiorhenetwork(aggregated dati- (D)
« External temperaturécC,;
* Thermal energy delivered to buildings connecteth&DH in the projec- kwht.

Apart from technical parameters to be monitora list of other significant nc-energetic
parameters hdseen identifie:
» Tariff for thermal energy consumption paid by th-user in buildings connected to t
DH system-€/kWht
* Maintenance cosbf the ventilation shaft he pump systemg;
* Maintenanceost for the transformer he pump systemg;
« Maintenance cost for the thermal storage sy- €,
» Tariff for theelectric energiconsumpidn paid by the network manag- €/kWh;
« Exhausted gas flow ratNnt/h) and polluting emission concentrations ,, CO, NQ,
SQ, PM, PMyo, PM,s- mg/Nnt) by the peak load boilers at buildii- Nnt/h.
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DATA UNITS OF LOCATION OF

PSS VARIABLE | MEASUREMENT MEASUREMENTS RECEINEING HREQIIENEY | NoTEs

Electric energy consumption of the heat _—

pump system at the ventilation shaft Chp, A kWwhe Ventilation shaft Hourly )

Electric energy consumption of the Co KWhe Ventilation shaft Hourly _

subway extraction system '

Inlet air temperature at the heat exchangeg,;, °C Ventilation shaft Hourly -

Outlet air temperature at the heat o I

exchanger Tesirout C Ventilation shaft Hourly -
Indirect measures, coming from direct

Thermal energy at the heat pump system p, Q kwht Ventilation shaft Hourly er:tae srut;er%i?;&g\?gr;ffﬁ?é;U\Igf[er
temperature (°C)
Indirect measures, coming from direct

Thermal energy at the external heat I measurements of water flow ), inlet

exchanger Qne, A kwht Ventilation shatt Hourly water temperature (°C) and outlet water
temperature (°C)

Pressure drop across the heat exchangerg,, P bar Ventilation shaft Hourly -

Electric energy consumption of the heat Co s KWhe Transformer Hourly _

pump system at the transformer P

Oil inlet temperature at the heat pump Ten, oC Transformer Hourly i

exchanger :

Oil outlet temperature at the heat pump o

exchanger Tenp, out C Transformer Hourly -

Oil inlet temperature at cooling system | ke °C Transformer Hourly -

Oil outlet temperature at cooling system  obeout °C Transformer Hourly -

Oil flow rate through the heat pump Vairs o t/sec Transformer Hourly _

exchanger 1P,

Qil flow rate through the conventional Vool & t/sec Transformer Hourly i

cooler c00h

Thermal energy at the heat pump system p, £ kwht Transformer Hourly -

Thermal energy at the transformer cooler ¢ kwht Transformer Hourly -
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Thermal energy, supply side wec Nmh Thermal storage Hourly -
Thermal energy, user's side w®c Nm*h Thermal storage Hourly -
) o Thermal storage (in
Temperature profile Tsk C different pointsk) Hourly -
Thermal energy delivered to buildings o S Aggregated Data will be provided for
connected to the DH in the project Qouid, i kwht At each building (i Hourly elaboration
District heating production mix &, bH MWht and % composition At the DH branch Monthly -
MWh and % distributior N
Fuel mix E mix of each source (nucle: At the electric grid Monthly -
’ ' connected to the CHP
PV, wind, etc...
Table 16-Energetic monitoring parameters (LO2-3)

DATA TYPE DATA VARIABLE | UNITS OF MEASUREMENT | LOCATION OF MEASUREMENTS RECORDING FREQUENCY
Tariff for thermal energy consumption paid

by the end-user in buildings connected t® Ty, eng-user €/kWht At buildings connected to the district hagti Monthly

the DH system

h/lalntenance cost for the ventilation shaftMA € Ventilation shaft Every six months

eat pump system

Maintenance cost for the transformer he i‘\/IB € Transformer Every six months
pump system

Maintenance cost for the thermal storage Mo € Thermal storage Every six months
system

Tariff for the electric energy consumption

paid by district heating network managen Te; pym €/kWhe Electric grid Monthly

(DHM)

Ez)(lrl]uatliJnSte:rr?iEsi:iggvgc:ﬁieegﬁg)ioinsd(go At new buildings viich will be connected to the distr

p 9 Gemission,i Nm*h heating system if availablé possible according to periodic| Yearly average value

CO, NQ, SQ, PM, PM10- mg/Nm) by
the peak load boilers at buildings

controls

Table 17-Non-Energetic monitoring parameters (LO2-3)
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3.1.8 Rotterdam Demonstrator RC

3.1.8.1 Demo Concept

Rotterdam Heating Transport Company (WarmtebeRuojterdam) implemented in the pas
transport infrastructure with a thermal capacityt®5 MW to transport residual heat from

AVR-owned waste incinerator in the port area to resideareas in thsouthern and northel
parts of the city of Rotterdam. The new infrastauetis an integrated double pipeline of
Kilometres.

RO1 Demonstrator (“The Heat Hub”) is a physicalistre placed at a strategic location r
the waste heat transportationrastructure and the district heating systems, wiagseis to
act as a distribution station and connect the iegddistrict heating systems in the south

north of Rotterdam. The heat hub is provided \

* A well-insulated buffering tank (located the middle of the distribution network
order to be closer to e-consumers);

* A smart ICTsystem, representing a crucial element in the éurtiptimization of hee
sources, buffers, new connections and pumping osttiin the waste he
transportationnfrastructure of Warmtebedrijf Rotterda

This heat is transferred to the existing distrieating network of Eneco by means of two p
heat exchangers.
The implementation of the RO1 demonstrator wilbailWarmtebedrijf Rotterdam to stc
heat at tk primary side of the heat hub by means of an giher&c heat buffer. The he
buffer consists of a hot (approximately 98°C) andekatively cold layer (approximate
60°C) and has a heat storage capacity of approziyn@85 MW, at a temperature diffence
between the cold and hot layer of 30°C. The mampmanents of the heat hub ¢
e A buffer loading and unloading pun
* Areturn pump needed to transport the return wadek to AVR (heat supplie
e Two plate heat exchangers with a capacity of apprately 35 MW:. These heat
exchangers are the physical separation of the nelvdsimary side and the existir
secondary side (Enec
e Two secondary pumps needed to transport the retamer of the secondary si
through the plate heat exchangers to trt supply line of the secondary si

A simplified layout of the process related to tie&smonstrator is reported in the figure be
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Figure 9- Simplified layout (RO1)

3.1.8.2 Parameters

The following list of monitoring parameters i preliminary list and cannot be nsidered as
the definitive one. Therefore, the provided list can be subject to {obs:
modifications/updates in the next future accordmdeedback provided by plant manag

The main monitoring parameters suggesor RO1 monitoring are listed belc

* Incoming thermal energy (from the waste incineréahe Heat hukt— kWht
The data collected should be associated with tlaetedate and time in order to assess the amou
energy stored and reused and the lo:

e Outgoing thermal enerc- kWht
The data collected should be associated with tlaetekate and time in order to assess the amou
energy stored and reused and the los

» Efficiency for loading and unloading buffer te:
o Electric energy consumption the buffer pump kWhe:
o0 Thermal energy in and out of the bu- MWh
» Maximizing capacity of heat exchanger by utilizthg buffe- MWF

A detailed table, specifying for each energetic anc-energetic parameter data type, ¢
variable name, unit omeasurements, location of measurement, recodirgudrey anc
possible comments, is reported bel
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UNITS OF LOCATION OF
DATA TYPE DATA VARIABLE MEASUREMENT MEASUREMENTS RECORDING FREQUENCY | NOTES

The possibility to increase recording
frequency up to 15 minutes will be evaluated
Incoming thermal o KWht / GJ At the use-side of the heat hub Hourly with the demo r_esponsible_ partners; indirect
energy system measures, coming from direct measurements
of water flow (ni/h), inlet water temperature
(°C) and outlet water temperature (°C)
The possibility to increase recording
frequency up to 15 minutes will be evaluated
with the demo responsible partners; indirect

Outcoming thermal At the supply-side of the heat hub

Qout kWht / GJ HOUf|y . .

energy system measures, coming from direct measurements
of water flow (n¥/h), inlet water temperature
(°C) and outlet water temperature (°C)

Electric energy .

consumption of buffer | Cyymp kWhe At the supply-side of the heat hub Hourly -

system
pump
Thermal energy in and Obuier MWht At the supply-side of the heat hub Hourly i

out of the buffer system

Maximizing capacity of
heat exchanger by Capacity MWht Hourly
utilizing the buffer

Table 18Energetic monitoring parameters (RO1)
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3.1.9 Rotterdam Demonstrator RC

3.1.9.1 Demo Concept

RO2 Demonstrator (“Industrial Ecology”) overall ebjive is to integrate two industrial sites
Rotterdam district heating system. The industritdss a wastewater treatment plant (RV
Dokhaven) and a grain processing plant (Meneba)path locatemnearby the heat hub forese
within RO1 dcemonstrator; thus, the connection between hub dartspwill be implemented |
order to allow heat exchanges between the plantsing the hub as a centre po

RO2 Demonstrator will be implemented in two crent phases:

« Phase 1l:the water treatment facility “Dokhaven”, producemmximately 3.570.700 3
of biogas per year, which is used in a CHP fordé-production of thermal and electi
energy. Thermal energy is used for sustaining thstevwater trement processes which
require a constant temperature of 31°C, but a lpageé of it is currently wasted. In tl
demonstrator the water treatment facility will deli thermal energy from biogas fir
cogenerator to Warmtebedrijf Rotterdam, allowingcoseing 76.377 GJ of hig
temperature heat. In return, the wastewater traatplant will be connected to the I-
temperature return flow of the district heatingwatk (cascade), utilizing 23.289 GJ
low-temperature heat for sustaining the wastewatetment proces

* Phase 2the second industrial site to integrate intogistem is the grain processing pl
“Meneba” that now is completely gas driven and Wwhglocated adjacent to the site of
old waste incinerator where the heat hub is bAt Meneba site, gas is currently burnt
conventional boilers to produce steam, which im igrused in the industrial processes
for space heating, including the heat demand ofvides with low temperatur
requirements. In order to optimize theergy efficiency in the industrial site, the dem:
for space heating will be supplied with heat getegfdrom the biogas from the sewe
plant (11.140 GJ) through the heat hub. The wastt ban also be used in parts of
production process.

Data Centre

Moreover, the KPN Waalhaven Rotterdam data centeated in south Rotterdam, a f
kilometres from the Heat H-area, will be used as a theoretical demonstratothimi the
CELSIUS projectAs a part of the CELSIUS project, the opportunibésntegraing data centre
with the waste heat transport infrastructure foroting needs will be explored. In this ce¢
absorption cooling systems will be considered wthen cooling capacity of the data centre
increased because of its expanding. The data c is located 200 meters from the waste |
transport infrastructure in the south of Rotterdand a few kilometres from the heat -area.

A simplified layout of the process related to thismonstrator is reported in the figure bel

48



smarf cities

COGENERATOR

ELECTRICITY

RAW BIOGAS CLEAN BIOGAS

WASTEWATER

@ ADSORPTION
Ct R COOLED

MENEBA KPN 7°C
DATA
CENTER [ 12°C

STEAM .
NATURAL GAS Hﬂ

< e—
STEAM
SOILER PROCESS

Figure 10 -Simplified layout (RO2)

3.1.9.2 Parameters
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 ptaahager:

The main monitoring parameters suggested for RO2itaming are listed belo\

Wastewater Treatment Plan (WWTP)
* Thermal energy supplied by the heat hub to the WWEERculated from water flow rat
inlet and outlet water temperatu- kWht
* Thermal energy provided by the biogas fire-generator to the heat hub (calculated fi
water flow rate, inlet and outlet ter temperature kWht;

Meneba
« Thermal energy provided by the heat hub to the Margrain processing plant (calcula
from water flow rate, inlet and outlet temperat- kWht
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DATA UNITS OF LOCATION OF RECORDING
RTINS VARIABLE MEASUREMENT MEASUREMENTS FREQUENCY NevES
Indirect measures, coming from dirt
Thermal energy supplied by the Qwwrp 1+ KWht At heat hub side or at Wastewate Hourl measurements of water flow h), inlet
heat hub to the WWTP Quwwrp, wwTp Treatment Plant side y water temperature (°C) and outlet we
temperature (°C
Thermal energy provided by the At heat hub side or at the Indirectmeasures, coming frosm d|_rect
. oy cHP HH measurements of water flow °/h), inlet
biogas-cofired cogenerator to th kwWht cogenerator of the wastewater | Hourly o ,
CHP CHP water temperature (°C) and outlet we
heat hub : treatment plant -
temperature (°C
Thermal enerav orovided by the Indirect measures, coming from dir
gy p y " Qumen,HH / At heat hub side or at the MenebaH measurements of water flow h), inlet
heat hub to the Meneba grain ' kWht ourly o ,
Quen,Men plant water temperature (°C) and outlet we

processing plant

temperature (°C

Table 19Energetic monitoring parameters (RO2)
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4. Specific monitoring protocols: existing demonstrators

As already mentioned in the introduction to thespré document, the Celsius project include:
already existing and operational demonstrators kvhwidgll be added to the analysis of t
performance irorder to cover a wider range of technologies, enarthe Celsius City conce
and providing useful results for the set up oftéehnical toolbox which will be developed in f
future years of the project for enabling upscalé efl-out of all the @monstrator.

Moreover, monitoring of the existing demonstrater be the basis for calculating specific KF
which will be relevant in order to identify opponities for optimizing the existing plant:
reducing the payack periods and increasingurn on investments.

The methodology followed for setti-up the monitoring parameters for the exist
demonstrators has been substantially the sameviedldor the new demonstratc

The existing demonstrators have been built in previgesrs answering to specific needs of
correspondent cities in which thhave been conceived and appliedCAlsiu-oriented approach
has been followed for settingg a list of specific KPIs by focusg the efforts on the identificatic
of a subset of parameters useful for the calculation afvaht KPIs which are really meaning
for the purposes of the Celsius project in termgatential of replicability of the implement:
technical solutions in othaimilar contexts.

Moreover, in most cases recording frequency scleeldidr each monitored parameter is redt
in comparison to the new demonstrators, considdahag the existing demonstrators are st-
state systems operating since severals.

4.1.1 Gothenburg demonstrator 9G(

4.1.1.1 Demo Concept
This demonstrator consists of a combined heat ameepplant which aims at producithermal
and electric energfrom renewable sources, i.e. wood chips. The plead originally built in
1985 as a coal boileused for heating purposes; later, in 2004 the ptevicoal boiler wa
converted into a renewable biomass plant for theemargy production and then, in 2010 a C
system was implemented in order to produce alsmredeenergy

4.1.1.2 Parameters
The most imprtant technical parame's to be monitored anm@corded art

* Thermal energy produceand delivered to the district heatinlyiWhi;
« Electric energyroduced and delivered to the g- MWhe

» Electric energyonsumed internall- MWhe

e Fuel (wood chips) consum« kg orMWh

* Energy content in fuel (wood chig- MWh /kg

» District heating supp temperature°C;

» District heating returtemperature °C;

 Thermal energyproduced in coal boiler and delivered to the distheating befor
reconstruction MWht,

» Coal consumed before reconstruct- kg or MWh
* Energy content in fuel (coe- MWh/kg
» District heating production mi- MWhand % composition.
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A detailedtable, specifying for each technical parameter digte, data variable name, unit

measurements, location of measurement, recordagguéncy and possible comments, is repc
below.
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DATA UNITS OF LOCATION OF
DATA TYPE VARIABLE MEASUREMENT | MEASUREMENTS B e SIS S S
Thermal energy produced and Output from CHP plant tg i
delivered to district heating Qerp MWht DH network Monthly
Electric energy produced and Output from CHP plant tg )
delivered to the grid Perp MWhe grid Monthly
Electric energy consumed internally MWhe CHP plant Monthly -
Fuel (wood chips) consumed bi¥nass kg or MWh Delivered to CHP plant Monthly -
Energy content in fuel (wood chips) pibhass MWh/kg Wood chips Average If amount ofconsumed fuel is given in kg.
__ . o Output from CHP to DH
District heating supply temperature| Ty C network Monthly -
__ . o Input to CHP from DH
District heating return temperature | & C network Monthly -
Heat produced in coal boiler and .
- o . _ Output from old heat plantMonthly data during one year
delivered to dls_trlct heating before | Qpaseline MWht to DH network e.g. 1990
the reconstructions
Monthly (if available, otherwise
Coal consumed before reconstructionyasGine kg or MWF Delivered to old heat plantyearly average data will be taken
into account)
Energy content in fuel (coal) Kseline MWh/kg Coal Average If amount of consumed fuel is given in
0
District heating production mix & pH &Vn\gggsr}go(c At production facilities Yearly District heating production mi

Table 20 -Technical monitoring parameters (9GOe)
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Apart from the technical parameters, ed at evaluating the energy efficiency of 1
demonstrator, the followingconomic parameters will lalso collected:

* Investment cost for the conversion of coal plant into biofugblantin 2004-€;

« Depreciation time foreconstruction/conversion equipm in 2004 years

* Investment cost of combined heat and poequipment installech 201(-£;

e Depreciation time fo€CHP equipmenin 2010-years

* Wood chips price €/kg or €/MWh (monthly dat;

» Coal price, during the same year considered fomibed chips price (e.g., 20- €/kg or

€/MWh

« Selling price of produceelectric energy€/kWhe

« Selling price of produced he €/kWht

* Operation cost€fyeal,

* Maintenance costé-

A summary table with the list of the identified @oonic parameters is reported in the table be
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DATA TYPE DATA VARIABLE wél/:\rSSUORZMENT RECORDING FREQUENCY
Investment cost for the comsgon of old coa || € i

plant into biofuel plant in 2004 biofuel

Depreciation time for . . to vears i
reconstruction/conversion equipment in 2 | ¢ biofuel

Inve_stment_cost o:Eombined heat and pow  cup € )
equipment installed in 2010

Depreciation time fo€HP equipment in 20: |ty chp Years -
Wood chips price Twood, DHM €/kg or€/MWh Monthly
o price hring e same Yot cOnSLETe 1y ergoremn oy
Selling price of produced electrnerg; Sei, pHM €/MWhe Monthly
Selling price of produced heat Sth, bHM €/MWht Monthly
Operation costs O € Yearly
Maintenance costs M € Yearly

Table 21 — Non-Energetic monitoring parameters (9GOe)
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4.1.2 Gothenburg demonstrator 29G(

4.1.2.1 Demo Concept

The overall aim of this demonstrator is to offee tustomers a n-conventional energy contra
(“Climate Agreement”) by providing a sindoor temperature (e.g. 21 °C) at a fixed costeac
of a certain quantity of energy (kWh). The progbagreement is ofred either for a five or thre
years duration and by now has been undersignedistprmers within different areas for a tc
extension of 3.6 million square meters. The energypammy (GOTE) takes responsibility of t
building energy system and by the agreement geteniives to save energy as well

continuously maintain the system, providing alstorimation to customers ab¢ their energy
consumptions.

4.1.2.2 Parameters

The most important tecival parameters to be monitored recorded art
* Total thermal energy delivered by the district reatto buildingshaving adopted the
“Climate Agreement” contra- MWht
» Thermal energy delivered to representative builsiwgh agreemeni- MWht
» District heating delivered to buildings before haysigned the agreeme- MWht
* Indoor temperaturas representative buildin- °C
» District heating production m- MWh and %of each fuel respectivg;

A detailed table, specifying for each technicalgpaeter data type, data variable name, un

measurements, location of measurement, recordetgiéncy and possible comments, is repc
below.
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UNITS OF LOCATION OF
DATA TYPE DATA VARIABLE MEASUREMENT MEASUREMENTS RECORDING FREQUENCY NOTES
Total thermal energy
delivered by the - . .
district heating to Q agreem MWht At buildings with climate Yearly -
o . agreements, total
buildings with
agreements
Thermal energy
delivered to At buildings with climate
representative Q agreem, refi MWht agreements, five representative Yearly -
buildings with buildingsf) with climate agreement
agreements
District heating
delivered to buildings . , At five representative buildings) ( i
before having signed Q baseiie, ret Mwht with climate agreements Yearly
the agreements
: _ R At five representative buildings) (
Indoor temperatures | T&oor, reti C with climate agreements Hourly -
District heating Qnix.oH MWh and % compositic | At production facilities Yearly -

production mix

Table 22 -Technical monitoring parameters (29GOe)
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Apart from the technical parameters, air at evaluating the energy efficiency of i
demonstrator, a sef non energetic parameters to be monitored amafded has been identifi
and listed below:

Number of customers;

Totalfloor area of buildings benefitting of t “climate agreement’n?;

Floorarea of five representative buildinbenefitting of the‘climate agreemen- n;
Investment cost of the equipment necessantemperatureontrol in five representativ
buildings-€;

Operation and maintenance cosi five representative buildingse:

Depreciation timdor theequipment installeth five representative buildin- year,

Yearly savings for energy comparwith reference tofive representative building-
€lyear,

Tariff for thermal energy witF“climate agreement’in five representative building-
€/kWht

Tariff for thermal energy (delivered to customan)five representative buildings befc
having signed th&climate agreemen- €/kWht

A summary table with the list of the identified eoonic parameters is rorted in the table belo
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UNITS OF

DATA TYPE DATA VARIABLE MEASUREMENT RECORDING FREQUENCY
Number of customers N, Number Yearly
]'o.tal floor area of b’ylldlngs benefitting of t A P Yearly
climate agreement P
Floor area of five representative buildir A P i
benefitting of the “climate agreement” temp,ref
Investment cost of equipment necessary

S : g | € -
control in five representative buildings
Operation and maintenance costs in

. - M € Yearly

representative buildings
Depreciation timdor the equipment installein t ears i
five representative buildings d.ref y
Yearly savings for. energy company in fi SV o € Yearly
representative buildings
Tariff for thermal energy with” climate
agreementin five representative building Tin, end-user €/kwht Yearly
Tariff for thermal energy (delivered to
customer) in five representative buildir Tth, end-user, baseline €/kWht Yearly

before having signed thelimate agreeme”

Table 23 —Non Energetic monitoring parameters (29GOe)
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4.1.3 Gothenburg demonstrator 19G(

4.1.3.1 Demo Concept
The aim of this demonstrator, “Absorption cooling'to produce cooling for the district cooli
network by meansf absorption chillers. The thermodynamic cycletleg absorption chillers
driven by a heat source and, considering this detmator, thermal energy from district heating
used as heat source. Total installed capacity igV80 and 45 GWh cooling arproduced
annually, corresponding to 37 % of the total disteooling (DC) production in Gothenbur

4.1.3.2 Parameters

The most important tecioal parameters to be monitored recorded art
* Coolingenergy delivered from absorption chillers to didtdooling network-MWht
» District cooling network supp temperature°C;
» District cooling network retul temperaturéC,
» District heating supp temperaturécC;
» District heating returtemperatureC;
* Chillers’ electric energy consumpti- MWhe
e Total cooling energproduced at production faciliti- MWht
e Total cooling energgelivered at customers substati- MWht
» Electric energyonsumptio of the district cooling distribution netwc - MWhe
* Amount of refrigerants/chemicals u- kg;
» District heating prduction mi>- MWh,
* Heat loss in the district heating netw«- MWht
» Eledric energy consumption of t district heatingdistribution networ- MWhe

A detailed table, specifying for each technicalgpaeter data type, data variable name, un

measurements, location of measurement, recordagguéncy and possible comments, is repc
below.

60



celsius

smart cities

UNITS OF LOCATION OF
DATA TYPE DATA VARIABLE MEASUREMENT MEASUREMENTS RECORDING FREQUENCY | NOTES
Cooling energy delivered by
absorption chillers to district Qc, bc MWht Production facility Monthly
cooling network
District cooling network supply o Production facility, outlet to
temperature &, oc c district cooling network Monthly
_ . Production facility, inlet to
District cooling network return Te pc °C chillers from district cooling Monthly
temperature ' !
network side
District heating supply o Production facility, inlet to
temperature &, on ¢ chillers from district heating Monthly
District heating return o Production facility, outlet from
temperature T on ¢ chillers back to district heating Monthly
Chillers e_Iectrlc energy C. MWhe Production facility, |nc_Iud|ng Monthly
consumption pumps and other equipment
Total cooling energy produced at . i
production facilities Qopc MWht All DC production facilities Yearly
Total cooling energy delivered at -, District cooling customer
customers substation Q' oc MWwht substations Yearly
Electric energy consumption of A . o
the district cooling distribution | Cpc MWhe District cooling distribution Yearly
network
network
ﬁsn;c(njunt of refngerants/chemlcalsR kg Absorption chillers Yearly
I . . . - District heating production
District heating production mix @, bH MWht and % composition facilities Monthly
Heat loss in the district heating (ratio between the delivered heat t
network Qioss,DH % District heating network Yearly customer substations and the
produced heat)
Electric energy consumption of
the district heating distribution | Cpy MWhe District heating network Yearly

network

Table 24 -Energetic monitoring parameters (19GOe)
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Apart from the technical parameters, air at evaluating the energy efficiency of i
demonstrator, a sef non energetic parameters to be monitored amafded has been identifi
and listed below:

Number of customers connected to district coo

Total cooled area of buildings connected to distramling network- nv;

Type of buildings connected district cooling networkresidential/commercial- % per
category

Investment cost for absorption chille €;

Depreciation time years;

Tariff paid by the district cooling network manag&CM) for electric energy used fi
absorption chillers € MWhg;

Tariff paid by the district cooling network managéDCM) for thermal energ

consumption from district heating used in absorpthillers- € MWh;
e Operation and maintenance ¢ €,
* Investment cost of district cooling netw- €;
» Depreciation time of district cooling netwc— years
» Operation and maintenance (s of district cooling networke:
e Selling price of produced cold (to customer, ave}i-€/kWh.

UNITS OF

DATA TYPE DATA VARIABLE MEASUREMENT RECORDING FREQUENCY
Num_ber of customers connected to tha Number Yearly
cooling system
Total floor area of buildings
connected to the district cooling Apc m? Yearly
network
Type of buildings connected to the
district cooling network - % per category Yearly
(residential/commercial)
Investment cost for absorption chillerk, € -
Depreciation time to.c Years -
Tariff paid by the district cooling
network manager (DCM)for electric | Te; pem €/MWhe Monthly
energy used for absorption chillers
Tariff paid by the district cooling
network manager (DCM) for therma
energy consumption from district Tin. oowm €Mwht Monthly
heating used in absorption chillers
Operation and maintenance costs | M € Yearly
Investment cost of district cooling | €

DC -
network
Depreciation time of district cooling toc vears i
network P,
O_pe_ratlon a}nd maintenance cost of M € Yearly
district cooling network
Selling price of produced cold (to
customer, average) Toc, end user €Mwht Monthly

Table 25— Non Energetic monitoring parameters (19GOe)
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4.1.4 Gothenburg demonstrator 11G(

4.1.4.1 Demo Concept
The aim of this demonstrator, “Cooling by river @} is to produce cooling for the distri
cooling network by means of usiriver water in hat exchangers as cold sot. Total installed
capacity is 15 MW and 43 GWh ayearly produced, corresponding to 35 % of the total dit
cooling production in Gothenbu

4.1.4.2 Parameters

The most important techral parameters to be monitored aecordecdare
e Cooling energy delivered from river water to disticooling networ- MWht
« District cooling network supp temperature°C;
» District cooling network retul temperaturéC,
* Inlet temperature of river watin the heat exchangef§;
« Outlet temperature afver water from the heat exchangébsick to the rive-°C;
» Electric energy consumpti for pumping systems for the heat exchan - MWhe
* Total cooling energproduced at production faciliti- MWht
» Total cooling energgelivered at cusmers substationdAWht
» Electric energy consumption of the district cooldigtribution networl- MWhe.

A detailed table, specifying for each technicalgpaeter data type, data variable name, un

measurements, location ofeasurement, recording frequency and possible consmis reporte:
below.
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DATA UNITS OF LOCATION OF
DATA TYPE VARIABLE MEASUREMENT MEASUREMENTS RSSO RIS O SNo OIS
Cooling energy
delivered from river . .
water to district Qrpc MWht Production facility Monthly
cooling network
District cooling Production facility, outlet from
network supply Tes pc °C heat exchanger, on district Monthly
temperature cooling network side
District cooling Production facility, inlet to heat
network return Te, pc °C exchanger, on district cooling | Monthly
temperature network side
Inlet temperature of . I
river water in the heat Teg river °C Production faC|I|_ty, |n|_et to hea Monthly
' exchanger, on river side
exchangers
Outlet temperature of . .
river water from the | Te, e °C Eég?:ig?]gr]:azrt%nox\t)g: ;rlgr; Monthly
heat exchangers ger,
Electric energy
consqmptlon for Cooe MWhe Production facility, |nqlud|ng Monthly
pumping systems for| ~" pumps and other equipment
the heat exchangers
Total cooling energy . . .
produced at Qe MWht All Q|§tr|ct cooling production Yearly
: - facilities
production facilities
Total cooling energy . .
delivered at customersQ’ pc MWht SD'SS;'t(;tt%?;“ng customer Yearly
substations u :
Electric energy
consumption of the Coc MWhe District cooling distribution Yearly

district cooling

distribution network

network

Table 26 -Energetic monitoring parameters (11GOe)
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Apart from the technical parameters, air at evaluating the energy efficiency of i
demonstrator, a list of non energetic parametetsetmonitored and recorded has been iden
and listed below:
* Number of customers connected to district coo
+ Total cooled area of buildings connectecthe district coolinqnetwork- m?;
* Type of buildings connected the district cooling networkresidential/commercial- %
per category
« Investment cost fathe river water district cooling facilities€;
» Depreciation time years;
» Tariff paid for theelectric energy consumptic by the district cooling network manag
(DCM)- €/ MWhe
* Operation and maintenance cost of river wateridistooling facilities- €;
* Investment cost of district cooling netw- €;
« Depreciation time of district cooling netwc— years
e Operation and maintenance cost of district coofiatyvork-€;
« Selling price of produced cold (to customer, avej-£.

UNITS OF
DATA TYPE DATA VARIABLE MEASUREMENT RECORDING FREQUENCY
Number ofcustomers connected to distt N Number Yearly
cooling
Total cooled area of buildings connecte( A oe 2 Yearly

district cooling

Type of buildings connected to district cooli

0
(residential/commercial) /6 per category Yearly

Investment cost for river water district cooli

facilities I € -
Depreciation time toc years -
Tariff paid for the electric energy consumptic
by the district cooling network manager (DC Tel pem €Mwhe Monthly
Operation and maintenance costioér water

A . - M ¢ € Yearly
district cooling facilities
Investment cost of district cooling netwc Ioc € -
Depreciation time of district cooling netwc tooc years -
Operation and maintenance cost of dis!
cooling network Moc € Yearly
Selling priceof produced cold (to custom Ton end veer €/MWht Monthly

average)

Table 27 — Non Energetic monitoring parameters (11GOe)
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4.1.5 Gothenburg demonstrator 20G(

4.1.5.1 Demo Concept
The 20GOe demonstrator is a system of solar coliegtlaced on the roof of a mi-dwelling
building in Gardsten, Goteborg. The building is mectedto the district heating netwc and the
installed system offsets the district hea demand of the buding by supplying heat from
renewable source theat internal spac and to produce domestic hot water, by reducing
quantity of heat that has to be produced at Gotgkaergi’s production facilitie

4.1.5.2 Parameters

The most important technicphrameters to be monitored erecorded art
e Supply temperature of hot water produced by tharsmillectors syste- °C;
* Heat produced by the solar collectors sy- MWht
» District heating supply temperat- °C;
» District heating return temperat- °C;
« Collector areant;
» Direction;
« Tilt angle:®;
» Electric energy consumpti- MWhe.
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DATA TYPE DATA VARIABLE UNITS OF MEASUREMENT LOCATION OF MEASUREMENTS RECORDING FREQUENCY NOTES
Supply temperatur "Ts °C Solar collectors Hourl
of hot water sc y
Heat production @ MWht Solar collectors Hourly
DH supply Ts o oC Dls_t_rlct heating connection at one productlonHOurly
temperature i facility
DH return o District heating connection at one production

TrDH C L Hourly
temperature : facility
Collector area A m2 Solar collectors )
Direction Dir (point of compas! Solar collectors -
Tilt angle Deg ° Solar collectors -
Electric energy C MWhe Solar collectors Monthly
consumption

Table 28 -Energetic monitoring parameters (20GOe)

67




celsius

Other nonenergetic parameters which will be useful to morgted record are listed belc
* Investment costs (possibupdatedby taking into account the current market condgi
for the implemented technolo¢- €
* Maintenance cost€
e Operating cost/yeal
» Tariff for heat consumption paid by tend-users€/kWht

DATA TYPE DATA VARIABLE | UNITS OF MEASUREMENT | RECORDING FREQUENCY
Investment costs | € -

Maintenance costs M € Yearly

Operating costs Oc € Yearly

l-r?::liﬁj 1‘Soerr2eat consumption paid by tF T onduser €/kWht Monthly

Table 29 - Non-Energetic monitoring parameters (20GOe)
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4.1.6 Gothenburg demonstratc8GOe

4.1.6.1 Demo Concept

The 8GOe demonstrator aims at recovering the whst from an incineration plant
Gothenburg, operated by Ren (a waste management and recycling comg. The
demonstrator consists afcombined heat and power plant that produceselectric and thermal
energy.The walls in the combustion chamber of the incit@rare covered with tubes containi
water which is eaporated into saturated steam before being exp in a turbine that is
connected to generator producing electric ene. After the turbine, the hot steam is ced with
district heating water and the transferred healels/eredto the network. Als flue gas from the
combustion chamber is cooled dc by providing additional heat the district heatin network.

4.1.6.2 Parameters

The most important techral parameters to be monitored aecorded art
* Thermal energproduced at the waste incinerator p- MWht
* Thermal energproduced by the distriheating systemMWht,
» Electric energyroductio- MWhe
* Internalconsumption of electric ener- MWhe
* Amount of waste incinerat- tons
* Energy content of wasMWh/kg.

Other relevant noenergetic parameters which will be monitored fas ttemonstratc are:
» Investment costpssibly actualized by taking into account the entrrmarket condition
for the implemented technolo¢- €;
* Maintenance cost€;
* Operating costs (including costs/revenue for w- €/year,
» Tariff for thermal energy consumption paid by end-users€/kWht.
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DATA UNITS OF
DATA TYPE VARIABLE MEASUREMENT LOCATION OF MEASUREMENTS RECORDING FREQUENCY | NOTES
_He_at produced at the Was“binc MWht At the incineration plant Hourly
incinerator plant
Total heat produced by the . . . . I
DH system Qmix, DH MWht All district heating production facilities Yearly
Electric energy production ;R MWhe At the incineration plant Monthly
Intern_al consumption of Cinc MWhe At the incineration plant Monthly
electric energy
Amount of waste L .
incinerated V waste tons At the incineration plant Monthly
If available, real data from operatio
Energy content of waste | Kl MWh/kg At the incineration plant Yearly will be used; otherwise a literature
analysis will be carried out
Table 30 -Energetic monitoring parameters (8GOe)
DATA UNITS OF

DATA TYPE VARIABLE MEASUREMENT RECORDING FREQUENCY

Investment costs I €

Maintenance costs M € Yearly

fOperatlng costs (includingpsts/revenu Oc Elyear Yearly

or waste)

Tariff for thermal energgonsumption pai

by the end-users Ttn,end-user €/kwht Monthly

Table 31 -Non-energetic monitoring parameters (8GOe)
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4.1.7 Gothenburgdemonstrator 7GC

4.1.7.1 Demo Concept

The demonstrator includes two waste heat recovacilities that are part of the Gothenb
district heating system. Waste heat from two diinexies (Preem and Shell) are recovered
delivered to the district heaty grid. Thanks to the implementation of this destator,thermal
energythat would otherwise be lost to the environmenused to heat homes and prod
domestic hot water. As a result, primary energyscomption at Géteborg Energi’'s own faciliti
can be consequently reduced.

4.1.7.2 Parameters

The most important techral parameters to be monitored aecorded art
* Amount of waste heat recovered (at each recovey- MWht
* Waste heat temperatr- °C;
* Total heat produced by the district heating sy - MWht,
» District heating supply temperat-°C;
» District heating return temperat-°C;
» Electric energy consumptions of the heat pumpsdah recovery sit- MWhe
* Pipe length (at each recovery s—m.

A detailed table, specifying for each techniparameter data type, data variable name, ur
measurements, location of measurement, recordagguéncy and possible comments, is repc
below.

DATA UNITS OF LOCATION OF RECORDING
DATA TYPE VARIABL | MEASUREMEN | MEASUREMEN NOTES
FREQUENCY
E T TS

Amount of waste heat Each waste heat
recovered at each sitg® ec.PH MWht recovery site Hourly
Waste heat T oC Each waste heat Hourl
temperature waste recovery site y
Total heat production All district heating
of district heating Q mix,DH MWht production Yearly
system facilities

L . District heating
Elljsmla tr:e(re]?“g%ture Tesph °C connection at one | Hourly

pply P production facility

- . DH connection at
District heating return Te o oC one production Hourly
temperature : i

facility

Electric energy
consumptions of the | Cy, MWhe Each WaSt? Monthly
h recovery site

eat pumps

. Each waste
Pipe length Loipe m recovery site i

Table 32 - Energetic monitoring parameters (7GOe)
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Apart from the energetigparameters, aimed at evaluating the energy effigienf the
demonstrator, a list of noeRergetic parameters to be monitored and recordedéen identifie
and listed below:

e Investment cost (updd costs) £

* Maintenance cost€;

e Operating CcoSst<;

* Fee paidoy the district heating manager (DH for waste heat recove- €/ MWht

» Tariff for thermal energy consumption paid by time-users €/kWht

UNITS OF
DATA TYPE DATA VARIABLE MEASUREMENT RECORDING FREQUENCY
Investment cost (updated costs) | today € -
Maintenance costs M € Yearly
Operating costs O € Yearly
Fee paid by the district heating mana
(DHM) for waste heat recovery Fin, oHm €/MWht Monthly
Tariff for thermal energy consumption paid
the end-users T[h’ end-user €/kWht Monthly

Table 33— Non energetic monitoring parameters (7GOe)
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4.1.8 Gothenburg demonstrator 36G(

4.1.8.1 Demo Concept

The demonstrator encompasses the entire distriatinge system and is intended to give
overview of an exighg, mature district heatii system in operation. District heating has b
developed in Gothenburg since 1953. The systengitaakially expanded in terms of geograph
size of the network, number of customers conneatetilnumber of production facilis. Over the
course of the decades, the sources of heat have@thaadically, through the conversion
existing production plants to other fuels as weslltlirough the addition of new heat product
plants and technologies.

4.1.8.2 Parameters

The most important tecioal parameters to be monitored recorded art

 Thermal energydelivered to custome per sector (i.e., sectors: sin-family homes,
multi-dwelling buildings, commercial/public buildings, diastries, ground hee -
MWht/sector

* Thermal energyproduction at each production faci- MWht

» Electric energy production at each CHP facilMWhte

e Qutdoor temperaturéc;

* Primary energy input at each production fac— MWh

» District heating supply temperatL-°C;

» District heating returtemperature°C;

» Electric energyonsumption (at each recovery s- MWhe

* Pipe length - km;

A detailed table, specifying for each technicalgpaeter data type, data variable name, un

measurements, location of measuremeicording frequency and possible comments, isrted
below
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DATA UNITS OF LOCATION OF

DATA TYPE VARIABLE MEASUREMENT MEASUREMENTS REC(IRDIEH A0 CIENSY M=

Thermal energy DH connection at each

production at each facilit Qr on MWht production facility (f) Hourly i
Option: annual figures per
sector, hourly total consumptio

Thermal energy delivere jQ MWht Sum of measurements at each Hourl Sectors: single-family homes,

to customers, per sector| ~ sector.DH point of delivery (customer) y multi-dwelling buildings,
commercial/public buildings,
industries, ground heat.

Electric energy

production at each CHP | Qcpp, | MWhe At each CHP facilityi( Monthly

facility

Outdoor temperature & °C At city level Hourly -

Primary energy input at . MWh (or other relevant un . i i

each production facility Q primary, oH depending on type of enert Production facilities Monthly

District heating supply Te. o oC DH. gonnectlon at one producti 'i‘—|ourly i

temperature i facility

District heating return Te o oc DH_ ponnectlon atone productlt)lp_'ourly )

temperature ' facility

Electric energy .

consumption Ci pH MWhe at each recovery site Hourly

Pipe length Loipe km - i )

Table 34 -Technical monitoring parameters (36GOe)
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Apart from the technical parameters, aimed at evaluating energy efficiency of th
demonstrator, a list of noerergetic parameters to be monitored and recordsdbéen identifie
and listed below:

» Tariff for heat consumption paid by the ~users €/kWht.

* Maintenance costs€;

» Operating COSt<E;

* Revenues from sold thermal energy for the dish@zting network manag- €;

* Yearly investment €;

* Number of users/customers in different sec

DATA TYPE DATA VARIABLE I\U/INEI,ISSU%FEMENT RECORDING FREQUENCY
Tariff for heat consumption paid by the « T enguser €/kWht Monthly

users :

Maintenance costs M € Yearly

Operating costs O. € Yearly
Rovenues rom sos rema e o0, e

Yearly investment | yearly € Yearly

Number of users/customers in different sec | N; - -

Table 35— Non energetic monitoring parameters (36GOe)
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4.1.9 Colognedemonstratoil2 COe

4.1.9.1 Demo Concept

The residential area Kolgtammheim is located in the north of Cologne. Toeall housing
association GAG Immobilien AG owns 1.700 apartmerid 100 houses there. From 200:
2007 GAG modernized 633 apartments and 87 houdes.y@arly thermal energy ired for
heating these buildings is about 10 GWh. One ofldhgest sewage treatment plants in Gern
(GroRRklarwerk Stammbheim) is located one kilomewayfrom the residential are

In 2010 the municipal water company (Stadtentwésgmbetriebe StE), GAG Immobilien AG
and RheinEnergie AG started a joint project to eipbiogas produced by the digester
supplying heat to the residential area in Stammheéion this purpose, StEB invested about
million € in an existing CHP to improve the etrical efficiency and the use of the he
RheinEnergie AG built a peak and backup boilerampensate the seasonal variations due t
fluctuation of biogas production and a one kilometnnecting pipe from the sewage plant to
residential area. d¥ allocation to the hous, RheinEnergie bought and refurbished the exis
five-kilometrespipeline network in Stammheim by globally investinvested 4.7 millior€. On
average, the required heat is supplied at 80 %héybiogas fired CHP. The res generated by
natural gas. The new, innovative concept has leadhtestimating saving of 4,100 tonnes of,
per year and a cost reduction for the residents/m%

4.1.9.2 Parameters

The most important techral parameters to be monitored arecorded art
» Thermal energy produced and delivered to distrettin- MWht
» Electric energy produced and delivered to - MWhe
» Eledric energy consumed interne- MWhe
* Fuel (digester gas and natural gas) cons-- MWh

A detailed table, specifying for each teclal parameter data type, data variable name, ui
measurements, location of measurement, recordegmiéncy and possible comments, is repc
below:

DAT
A
UNITS OF LOCATION OF RECORDING
DATA TYPE ngl MEASUREMENT MEASUREMENTS FREQUENCY
E

Thermal energy Output from CHP plant to DH

produced and deliveredQcrp | MWht network quarterly
to district heating

Electric energy

produced and delivered Pcp | MWhe Olumt .from.dCHP plant to quarterly
to grid electricity gri

Electric ener

consumed ingt]grnally Ccxp | MWhe In CHP plant quarterly
Fuel (digester gas and Vgas MWh Delivered to CHP plant quarterly

natural gas) consumed

Table 36 - Technical monitoring parameters (12COe)

Other relevant noenergetic parameters to monitored/recorded are listed bel
e Operating costs- €
* Depreciation costs- €
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DATA TYPE DATA VARIABLE |UNITS OF MEASUREMENT | RECORDING FREQUENCY

Operating costs Oc € quarterly

Depreciation costsDc € quarterly

Table 37 - Non-energetic parameters for monitoring (12COe)

4.1.10 Cologne demonstratc6COe

Besides the District HeatingRheinEnergie AG is promoting heat supply solutior 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 to 2013 several techracdities of this type were brought into serv

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

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

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

+ 6 thermo solar heating systems — 120 kW collector surface 13155 nf)

Thermo solar ystems are used for water heating at our local bapply sites. They have
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 relevant to reprt about 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 consist is final state of about 250 apartments v
underground parking spaces.

4.1.10.1Parameters

The most important technical parameisuggested for being monitoradc recorded are:
» Thermal energproducedby each heat pumihWwht
= Gas consumption of each heat pi- MWh
= Electric energyeonsumption of each heat pu- MWhe

DATA

UNITS OF LOCATION OF RECORDING
DATA TYPE ?_/QRIAB MEASUREMENT MEASUREMENTS FREQUENCY
Thermal energy
produced by eachQpy MWht At each heat pump (i) quarterly
heat pump
Gas consumption )
of each heat pum)VgaSvi MWh At each heat pump (i) quarterly
Electric energy
consumption of | Gy MWhe At each heat pump (i) quarterly
each heat pump

Table 38 - Technical parameters for monitoring (6COe)
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DATA TYPE DATA VARIABLE |UNITS OF MEASUREMENT | RECORDING FREQUENCY

Operating costs Oc € quarterly

Depreciation costsDc € quarterly

Table 39 - Non-energetic parameters for monitoring (6COe)

5. Conclusions

The Celsius project aims at develop optimizing and promoting smart centralized heating and
cooling systemsn cities by consistently contributing to the retiom of CC, emission and of
primary energy consumption.
The project involves five different cities (Gothemy), Cologne, Genoa, Ldon and Rotterdam)
and foresees the realization and monitoring of &é® demonstrators covering different aspect
energy efficient technologies, systems and pras
Besides the new demonstrators that will be realiaed operated during the Celsiuroject,
existing energy efficient demonstrators are alstusted in the project, aimed at covering a w
range of state-of-thart energy efficient solutio.
In the present work @ommon monitoring methodology applicable to diffeardemonstrators h
been setsp in order to follow a common approach for theleaon of demo performances
view of potential future replicability of the prajes in similar contexts. In particulare defined
monitoring strategy includew/o different aspect

« Monitoring of theprogress in thdesign and realizationof the new demonstrator:

* Monitoring theperformance of new and existing demonstratol

For both the aspects,cammor template for dataatlection has been elaborated and shared
demo responsible partnelsy identifying the categories of essential inforimatto be collecte
and bydefining a common nomenclature in order to harmetie subsequent elaboration pls
at project level.

Then, he elaborated methodology has been applied to gaetific case (both existi and new
demonstratopsby defining a specific monitoring plan of eachgle demonstrator included in t
project, identifyingenergeti and non-energetic parameters evhiare relevant fothe future
monitoringin order to calculate the general andcific KPIs providing a quantitative estimati
of the main achievementslated to the implementation of the Celsius piic
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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

GEL1- Energetic parameters

Gg ;. Natural gas flow at each boiler, [Nfi]

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, [kWht]

Qchp: Heat flow at the cogenerator, [kWht]

Qqe: Heat flow at the turbo expander, [kW

Q.v: Heat flow at the lamination valves, [kW

Qo ; Heat flow at the district heating, [kW

Qss, « Heat flow at the building swiation, [kwWht

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

Tecqp: Stack temperature at CHP, [°C]

Teg : Stack temperature at boilers, [°C]

Text: External ambient temperature, [°C]

Pre: Gross electric active (and apparent) power &tc-expander, [kWhe (kVArh)]

Pcup: Gross electric active (and apparent) power -generator, [kKWhe (kVArh)]

Css« Electric active (and apparent) energy for-consumption at the substations, [kWhe (kVAhr)]
Cqe: Electric active (and apparent) energy for-consumption at the turbo-expander, [kWhe (kVAhr)]
Cchp. Electric active (and apparent) power -consumption at the cogenerator, [kWhe (kVAhr)]

GE1- Non energetic parameters

T gas, o Tariff for natural gas consumption paid by théwuerk manager,€/Nn’|

T o, puw: Tariff for the electricity consumption paid by thetwork manager€/kWhe]

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

T e, enc-user Selling price of electricity produced by the netlvmanager and sold tew endusers (if any), €/kWhe]
Tin end-user Tariff for thermal energy consumption paid by -users connected to the new heating syst€/kWht]
Mchp. Maintenance cost of the CHP for the district mgahetwork manager€]

M+e: Maintenance cost ofi¢ TE for the district heating network manag€]

GO1-Energetic parameters

Qnix, pr: District heating production mix, [MWh and % consgteon]
Quoss pH: Heat loss in the network, [kWht]

Con: Electricity consumption in distribution networkamps, [kWhe
Ten, 1: Internal temperature, [°C]

Ten, 2: Internal temperature, [°C]

Te,, 3: Internal temperature, [°C]

Te, 4: Internal temperature, [°C]

Qp, Heat flow delivered to the building, [kWI

C,: Electric energy consumption of control equipm@kiyhe]
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Te o External temperature, [°C]

GO1- Non energetic parameters
Tin, end-user Tariff for thermal energy consumption paid byikcenc-users connected to the new syster€/kWht]
Ten pum: Tariff for the electricity consumption paid byetheanetwork manager, [€/kWhe]

GO2-Energetic parameters

Qug,i Heat delivered to white goods, [KW

Ten ;- Supply temperature, [°C]

Teou; Return temperature, [°C]

Cwg, : Electricity use of white goods, [KW¢

Qnmix, pr: District heating production mixMWh and % distribution of each thermal sou
Quoss pH: Heat loss in the network, [%]

Con: Electricity use in the distribution network pumfs/nhe]

GO2- Non energetic parameters

Nw, i Number of washes, [-]

tw: Time for a washing cycle, [Minutes]

td: Time for a drying cycle, [Minutes]

Tel, ena-user Tariff for electric energy consumption paid I ten-users, [€/kWhe]
Tin, end-user T@riff for thermal energy consumption paid by -users, [€/kWht]

GO3-Energetic parameters

Qsr Heat deliveredo ship from the district heating system, [kW
Vi Oil consumption in harbour for heating purpo$kk

Te ey Outdoor temperature, [°C]

Qnmix, pr: District heating production mix, [MWht] and % cpusitior
Quss, pH Heat loss in the network, [%]

Con: Electricity use in the distribution network pumfidVhe]

GO3- Non energetic parameters

Tei, pum: Tariff for the electricity consumption paid byetllistrict heating network manage€/kWhe]

Tin, end-user T@riff for thermal energy consumption paidthe end-users connected to the new systéf\ht]
M: Cost of maintenance of the new syste€]

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

CO1-Energetic parameters

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

C wp: Electricenergy consumption of the wastewater pumping sysievhe]
V,: Wastewater flow rate through the heat excharjtyen®/h]

Te, in: Inlet wastewater temperature, [°C]

Te,, out: Outlet wastewater temperature, |

Qnp, i Heat flow at the heat pump, [KWht]

Qstdist, ; Heat flow between the storage system and thélliion mine, [KWht
Quist, » Heat flow at the distribution mine, [kWI

Gyas, k Gas consumption, [Nifh]

L. Refrigerant losses, [It/year]

COL1- Non energetic parameters

Tih end-user Tariff for thermal energy consumption paid byikcenc-users (schools, swimming pool) connected to the sggtem
[E/kWht]

Tgas, end-user 1 ariff for natural gas consumption paid by theafienc-user, [€/Nn]

Tgas, onni Tariff for natural gas consurtipn paid by the heat network manag€/Nnt]

Tei, pum: Tariff for the electricity consumption paid byetihetwork manager€/kWhe]

M: Maintenance cost for the network manag€]

Gemission k. Exhausted gas flow rate (Nfh) and polluting emission ncentrations (C§ CO, NQ, SQ,, PM, PN;o, PM, = mg/Nnt)
by the peak load boilers serving the Celsius-project, [Nni/h]

LO1-Energetic parameters
Genp: Use of natural gas, [Niti]
Pcyp: Produced electricity during the event, [kW
Qche: Thermalenergy produced during the event, [kV
Qpn: Thermal energy used by the DH system during teate [KWht
80
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QLoss: Thermallosses during the event, [kW
Ccnp: Electricity used by the CHP out of the DH normgdtem, [kWhe

LO1- Non energetic parameters

Preais Real Power, [kW]

Prear,s max Max Real Power, [kW]

Preais set Real Power Point Set-Point, [kW]

Preac, s Reactive Power, [KVATr]

Preac, s set Reactive Power Set-Point, [KVAr]

V¢ Voltage, [Voli]

PF: Power Factor, [Varying from -1 to 1]

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

Faults Major fault indications, [I/O]

DR: DR availability, [kW]

Prcye: Real Power, [kKW]

Vchp: Voltage, [Volt]

| cyp. Current, [A]

PFchp: Power Factor, [Varying fromil-to 1

P.eaocHp. Reactive Power, [kVar]

LO1-Non energetic parameters

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 extoats (paid by BEC) for the co-generator managéeach even

LO2-LO3-Energetic parameters

Chp, o Electric energy consumption of the heating pugsgtesn at the ventilatioshatft, [kWhe]
Peal, » Peak demand, [kW]

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

Peak, » Peak demand, [kW]

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

Te,irout: Outlet air temperature at the heathanger, [°C

Qnp, o Heat flow at the heat pump system, [kKV

Qre, a Heat flow at the external heat exchanger, [k\

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

Tenp in: Oil inlet temperature at the heat pump exchanger

Teny out: Oil outlettemperature at the heat pump exchanger,

Tewoon iv: Oil inlet temperature at cooling system,

Tewoon out: Oil Outlet temperature at cooling system, |

Vinp, & Oil flow rate through the heat pump exchanger, [t

Viicool, & Oil flow rate through the conventional coolet/déc

Q.nps: Heat flow at the heat pump system, [kV

Qcool, & Thermal @ergy at the transformer coolekWht]

Qws, ¢ Thermal energy, supply sideNmh3/]

Qwu, ¢ Thermal energy, user's sid8im3/]

T« Temperature profile ,[°C]

Quuilg, - Thermal energy delivered to buildings nected to the DH in the project, [kWht]
Qnmix, pr: District heating production mixMWht and %composition]

E mix: Fuel mix, [MWh and % composition]

LO2- LO3 Non energetic parameters

Tin end-user Tariff for thermal energy consumption paid by #re-user in buildings connected to the DH syste€/kWht]
Ma: Maintenance cost for the ventilatishaft heating pump syster€]

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

Mc: Maintenance cost for the thermal storage syst€]

Tei, pum: Tariff for the electricity consumption paid byetimetwork manager (DHM)€E/kWhe]

RO1-Energetic parameters
Qin: Incoming thermal energy, [kWht / GJ]
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Qout: Outcoming thermal energy, [kWht / (
Coump Electric energy consumption of buffer pump, [k\}
Quuer Thermal energy in and out of the buffer, [MV

RO2-Energetic parameters

Quwrp, 1 Quwrpwwre Thermal energy supplied by the heat hub to the MPWkWht]
Qcnp.H{Qchp,cHe Thermal energy provided by the bio-cofired cogenerator to the heat hub, [kWht]
QuienH /Quenmen Thermal energy provided by the heat hub to thedbagrain processing plant, [KWI

9GOe - Energetic parameters

Qchp:Heat produced and delivered to the district heafidgVht]
Pcyp: Electricity produced and delivered to the grid, [M&)
Cchp:Electricity consumed internally, [MWh

ViomassFuel (woodchips) consumed, [kg or MW

HyiomassENergy content in fuel (wood chips), [MWh/l ggg9

Te, pn: Temperature of district heating supply [

Te, pn: Temperature of district heating return [

Q paselineHeat produced in coal boiler and deliverethe district heating before reconstruction [MV
C paselineCoal caxsumed before reconstructiokg or MWh]

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

Qnix,on: District heating production miMWh and % compositiot

9GOe- Non energetic parameters

| biotueir INVestment cost for the conversion of old coalplinto biofuel plant in 2004€]
tq, biotuei DEPreciation time of reconstruction/conversiomipment in 200- years

I cyp: Investment cost of combined heat and power egaipinstalled in 2010, [€]

t4, cue Depreciation time of CHP equipment in 2010, [y§

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

Teoal, pHv Coal price, during the same year considered fomtbod chips price (e.g., 201:€/kg or €/ MWh
Sel, pnv: Selling price of produced electric- [€/MWhe]

Sin, orm: Selling price of produced hea€/MWht]

O¢: Operation costs, [€/year]

M: Maintenance costs, [€/year]

29GOe- Energetic parameters

Q agreern Total thermal energy delivered by the districatirey tobuildings with agreements, [MWht]
Q agreem, retii Thermal energy delivered to representative bogdiwith agreemer, [MWht]

Q paseline, refi District heating delivered to buildings beforevimg signed the agreeme, [MWht]

T€ indoor, ret- INdoOr temperatures, [°C]

Qnix.on: District heating production m)MWh and % compositiol

29GO0Oe- Non energetic parameters

N¢: Number of customers, [Number]

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

Acemp,rei FloOr areaof five representative buildings benefitting of tienate agreements , 3

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

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

tqref Depreciation time in five representative buildinggears

Svt: Yearly savings for energy company in five reprgative buildings ,€]

Tin, enc-user Tariff for thermal energy with climate agreemeintsive representative building<€/kwWht]
Tih, end-user, baselind-ariff for thermal energy (delivered to customerYive representative buildings before having clienagreement:
[E/kWht]

19GOe - Energetic parameters
Qc, oc Cooling energy delivered by absorption chillersligtrict coolingnetwork,[MWHht]
Tes pc: District cooling network supply temperat,[°C]
Te, pc: District cooling network return temperat,[°C]
Te, py District heating supply temperati €]
Te, pu: District heating return temperaturi]
C.: Chillers’ electric energy consumptigklWhe]
Q pc: Total cooling energy produced at production feed,[MWht]
Q' bc: Total cooling energy delivered at customers sathmst,[MWht]
Coc: Electric energy consumption of the district cagldistribution network,[MWhe]
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R: Amount of refrigerants/chemicals ugéd]

Q mix, pn: District heating production mifMWht and % compositiol

Quss,pH Heat loss in the district heating netw,[%]

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

19GOe- Non energetic parameters

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

Apc: Total floor area of builithgs connected to the distrcooling network, [rfi

I Investment cost for absorption chiller§] [

t, - Depreciation time,[Years]

Tei, pem: Tariff paid by the district cooling network managBxCM) for eledric energy used for absorpti chillers, E/MWhe]
T, oom: Tariff paid by the district cooling network managB®CM) for thermal energy consumption from disttietating used in
absorption chillers MWht]

M: Operation and maintenance cos§, [

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

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

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

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

11GOe- Energetic parameters

Qpc: Cooling energy delivered from river water to didtcooling networ, [MWht]

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

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

Teqrver Inlet temperature of river water in the heat exxder, [°C]

Te, river: Outlet temperature of river water from the heathexmgers [°C]

C . pc: Electric energy consumption for pumpisystems for the heat exchangers, [MWhe]
Q pc: Total cooling energy produced at production féed, [MWht]

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

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

11GOe- Non energetic parameters

N: Number of customers connected to district coc

A pc: Total cooled area of buildings connected to iistooling, [m?]

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

t, - Depreciation time, [years]

Tei, pewm: Tariff paid for the electric energy consumptionstiy district cooling network manager (DC [€/MWhe]
M ¢: Operation and maintenance cost of river wateridistooling facilities [€]
Ipc: Investment cost of district cooling netw, [€]

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

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

Tin, end use€lling price of produced cold (to customer, age, [€/MWHht]

20GOe- Energetic parameters

Tssc Supply temperature of hot wat§tC]
Qsc Heat production, [MWht]

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

Acor: Collector area, [m?]

Dir: Direction, [(point of compass)]

Deg: Tilt angle, [°]

C: Electric energy consumption, [MWhe]

20GOe- Non energetic parameters

I: Investment costs, [€]

M: Maintenance costs, [€]

Oc: Operating costs, [€/year]

Tinend-user Tariff for heat consumption paid by the -users, [€/kWht]

8GOe - Energetic parameters

Qinc: Heat produced at the waste incinerator plant, [iM]
Qnmix, pr: Total heat produced by the DH system, [MV
Pi.c: Electric energy production, [MWhe]

Cine: Internal consumption of electric energy, [MW
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Vuwaste AmMount of waste incinerated, [tons]
Hwaste Energy content of waste, [MWh/kg]

8GO0Oe- Non energetic parameters

I: Investment costs, [€]

M: Maintenance costs, [€]

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

Tin.end-user Tariff for thermal energy consumption piby the end-users, [€/kWht]

7GOe - Energetic parameters

Q rec,oi Amount of waste heat recovered at each site, [¥

Twaste Waste heat temperature, [°C]

Q mixon: Total heat production of district heating systéktyht]

Tes py: District heating supplyemperature, [°C

Te pu: District heating return temperature, [°Cy:Electric energy consumptions of the heat pump$ifid]
L pipe Pipe length, [m]

7GOe - Non energetic parameters

I: Investment costs, [€]

M: Maintenance costs, [€]

Oc: Operating costéncluding costs/revenue for waste€/year]

Fu, onw: Fee paid by the district heating manager (DHM)wWaste heat recovery€/MWht]
Tinend-user Tariff for thermal energy consumption paid by teac-users, [€/kWht]

36GO0e - Energetic parameters

Qr, pn: Thermal energy production at each facility, [MV

Q sector,pr: Thermal energy delivered to customers, per sgfitht]

Qcwp, i Electric energy production at each CHP facilitWhe]

Te ex: Outdoor temperature, [°C]

Q primary, bH Primary energynput at each production facility, [MWh (or othedevant unit depending on type of ener
Tes py: District heating supply temperature, [

Te pu: District heating return temperature, [

C: p: Electric energy consumptiorMwh¢

L pipe Pipe length, [km]

36GO0e -Non energetic parameters

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

M: Maintenance costs, [€]

O . Operating costs, [€]

R Revenues from sold thermal energy for the diskrggtting network manage€]
| yearty Yearly investment, [€]

N¢: Number of users/customers in different sectc-]

12 COe- Energetic parameters

Qcrpe: Thermal energy produced by the GMWht]

Pcyp  Electric energy produced byetlCHP and delivered to the ¢, [MWhe]
Cchp. Electric energy consumed by the EHMWhe];

Vqas: Biogas/gas consumption

12 COe- Non energetic parameters
Oc: Operating cost, [€]
Dc: Depreciation costs, [€]

6COe- Energetic parameters

Qhp;: Thermal enegy produced by each heat pt, [MWHht]
Vgas;: Gas consumption of each heat pufiMWh]

Chp;: Electric energgonsumption of each heat pu, [MWhe]

6COe- Non energetic parameters

Oc: Operating costs, [€]
Dc: Depreciation costs, [€]
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