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Executive summary

In the PACE project, micOHP (combined heat and power) units based on fuel cells are being
demonstrated in private homes and small commercial buildifdere than 2,800 units will be
demonstrated during the project period 20923.

Thisthird report on performance validation includes data from operation in the field until March 31,
2022. Data has been reported fromix manufacturers: Bsch BDR ThermeaHexis, SOLIDpower
SunfireandViessmann.

As of March 31 2022154units wereinstalled throughout Western Europe with a high number of units
demonstrated in Belgium and Germany. The total installed capacity2®@8kW of electrical power
and 1967kW of thermal power.

The units operate with a high robustnegs:ailabilities for multiple products are at, or above, 99%. In
general,availability is above 97%. Some failure and availability reporting may benefit from additional
validation by the manufacturer.

Mean values othe gas utilisation §verageelectrical efficiencyluring the reallife operation is found
to correspond well with the rated efficiencies and the spread in utilisations are lowtrendheans
accurate Clear seasonal trends can be seen for severatleadtproducts. This validatéise different
characteristics and designs of the produictsealoperation conditions

Of the installed units, 86 were reportindull performance dataDiscounting units not connected to
the internet by choice of the endserthis number goes up t@84% In total these units have been
operating for23,390,524 hours and produce@3,991,535kWh of electricity since the beginning of the
PACE project.

Further data validation will take place and the data collection in the project will continue. The results
will be followed up in thdourth and finalreport on performance validation.

t !/ 9 LINR7228déport on @eHofnance validation of units installed 4137
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About PACE

PACE is sixyear project that will deploy more than 2,8®f the next generation Fuel Cell Combined
Heat and Power (or Fuel Cell migogeneration) units in 10 European countries by 202

The project brings togethesixleading European suppliers (Bosch, Hexis, SOLIDpower, BDR Thermea
(Senertec), Sunfire, andessmann), and will focus @omestichousingand small enterprises. The
manufacturers are supported by associations, consultancies, and research partners providing specific
expertise (COGEN Europe, DTU, Element Energy and Hochschule Luzern).

t !/ 9 79@ milion mublieprivate project cefunded by theFuel Cells and Hydrogen 2 Joint
Undertaking(FCH JU).

For more information, visitvww.paceenergy.eu
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1. Background

Summary of the chapter

The objective2 ¥ (G KA a NBLRZ NI Iig/tR redoili e technical Petidrrhaict
validation and operational reliability of the demonstrated fuel cell based miCtdP units. The
collection of the performance data and the type of results to be repowee outlined in this
chapter. Operational data until March 31, 2DBas been included in the repiing.

1.1 Objective

This document is the periodic reporting of performamedidation of the demonstrated fuel cell micro
CHP (combined heat and powerlnits installed in thePACE projectThese unitsare being
demonstrated indomestic housingnd small commercial buildings.

The objective with this deliverable is to report the technical performance and operational reliability
based on actual measurements during k8t largescale demonstration.

1.2 What is being measured and how?

As the PACRroject is a demonstration of cloge or just marketready products in large scale, 2,800
units or more,in consumer households or small businesskda collection needs be to simple and
robust. Thereforethe data monitoringfor the performance validabin of the installed DC mCHP units

in PACE ibased on thearray ofsensors already part of the unit3hisavoids the significantosts
associated with detailed metering equipment. The insights such detailed metering equipment could
add into the performane of the mCHP units would not be sufficient to justify the expense associated
with the procurement, installation and operation of the equipmeltshould be noted that the unif3
internal gas sensors are designed for validation of flow and as such apgewigion instruments. All
validation calculations involving gas consumed by the units are therefore limited in precision by the
gas sensorddowever, as will be seen in sectidm, the mean results are still of high accuracy.

The dataobtained from the installed units is collected through online connections by each
manufacturer. All data is then transferred to Dfdd data validation and is analység DTU to validate
the performance of the unitsThe data transferred includes:

1 Gas consumption (in ¥

1 Electricity production (in kWh)

9 Operating hours (h)

9 Issues encountered (Failure date, type and duration)

t !/ 9 LINR7228déport on @eHofnance validation of units installed 6/37



= PACE

Pathway to a competitive European
Fuel Cell micro-CHP Market

Gas consumption, electricity produced and operating hours anepdirted as quarterly data points;
one point for each 3nonth interval. Issues encountered are reported as one data point per failure
event.

Besides the reporting of performance data to DE&d¢ch manufacturer haseported, through aunit
deploymenttracker, the country and postal code of installation for each unit. Also stated is whether
the unit is of first, second, or third development generation (labelled Gen X, Gen Y and Gen Z
respectivey. See Table 1for each unit the manufacturer indicates to the project whether it will be
part of failure recording and analysiAt least five percent of the units per manufacturer should be
selected for logging of failure3he selection is dongrior to the commissioning of the units. Finally,
information on the calorific value of the natural gagailablein the area of installation is stated when
available. Alternatively, a general gas quality (L gas or H gas) is reported from which the caleeific val
can be estimated. The calorific potential is a measure of the specific energy content of the gas
expressed in kWh per cubic meter of the gas.

Tablel: Product name and characteristics of the installed generations of units forleac
manufacturer

Product Name Electrical [Thermal |Electrical [Overall |Calculated [Stack

E:;ZE?)"V‘CZ: ot 07 056  45% 859 40%  SOFC
BIueGEN 1,5 06  60% 88 28% SOFC
BIueGEN BG5 15 08 579 909 33% SOFC
Dachs InnoGen 07 09t  38% 89 51% PEM FC
53532%’36 0,7¢ 11 38% 929 54% PEM FC
Leonardo 1,5 21 409 959 55% SOFC
Vitovalor 306P 0,7¢ 1 379 909 53% PEM FC
Vitovalor PT2 0,7¢ 11 379 929 55% PEM FC
Vitovalor SA2 1,5 2,1 40% 95 55% SOFC
SunfireHome 750 0,7¢ 1,2t 38% 88% 50% SOFC
BIueGEN 1,5 06  60% 88 28% SOFC
BIueGEN BG5 15 08 579 909 33% SOFC

Viessmann, SOLIDpowend8h BDR ThermeaHexisand Sunfirall had units in operation prior to 31
March 202 and are actively collectingnd transferringperformance data to DTU for the analkysThe

t !/ 9 LINR7228déport on @eHofnance validation of units installed 7/37
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manufacturers are actively involved in the validation of the data sets, including correction of faulty
data. Performance data has been collected for operationughMarch 31, 202.

For some units, the performance data cannot be logged due to the unibeioig connected to the
internet. This isnost often a result of the end costumer not agreeingheovethe unit connected. For
these units, only the general information (location and generation) is availdlalele 2 gives an
overview of the number of units installed and the number of units reporting performance date in
PACE project until March 31, 20Z8% of the installed units report full data. If units not connected to
the internet, due to the wishes of the ertistomer, are discounte84%of eligible units are reporting
data.2%of the units have onlyecentlybeeninstalledand are not eligible for dateeportingyet.

Table2. Status of units installed and units reporting performance data as of March 312202

LYy AG &
Lyadal € [Fdzf ¢

No
QX
)

: OKX DS 96

. 2340K> DS 19C 17¢ 0 -
25 23 5 :
36 36 0 0
. 5w ¢ KS ND 406* 33€ 19 13
3 3 0 0
403 253 1 56
401 26¢ 27 28
30 16 0 0
{ dzy T ANB X 13 9 0 -
. £ dzZSDSy 3 { 42¢ 38¢€ 0 -

. fdzSDSy = 122 112 0 -

¢2 0l f

*It should be noted that the discrepancy between installed units and units reportingfdaBDR Thermea Gen

Yis a result of units being reported as installed may not yet be commissioned or they are installed in newly build
premiseshut these premises are not yet occupied.

1.3 What is being reported and how?

Thispurpose of thigeportis to validate the performancef the FC mCHP units deployed in the praject
covering geographic locations of installedits, number of units, installed capacity, operating hours,
electricity producedgas utilisation (averagelectrical efficiency and reliability (availability antypes

of issues encountered). Amyantifiable andhotable changes in the unit performance witlspect to

time will also be recorded where applicabfes mentioned above, the nature of the internal gas sensors

used to report gas consumed by the deployettsi confers an uncertainty on the results derived from

the gas consumptiorAs will be discussed in detail in Sectibd ¢ 6Gasto-power utilisations = G KS & S
uncertainties appear to be randomly distributed which has the upside that mean values are a reliable
expression of performance even when the individual values are associated wittaan @mount of
uncertainty.
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This annual report includes performance data from operation in the field until March 32,fa202ll
manufactures.

Thedata hasundergonea validation check, and obvious faulty data has been omifié@. majority of
data ponts removed have been so because the data surpassing physical limits (conversion rates greater

than 100%, negative values for gas consumption etc.)

t !/ 9 LINR7228déport on @eHofnance validation of units installed 9/37
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2. Results

Summary of the chapter

The technical performance of the demonstrated fuel cell baséto-CHP units in PACE has bee
analysed and the results until March 31, 20fas been reported.

2154units has been installed throughout Western Europke total installed capacity &L54kW
electrical power and967kW thermal.The units operate with a high robustnegszailabilities for
multiple products are at, or above, 99% general,availability is above 97%. Some failure and
availability reporting may benefit from additional validation by the manufacturer.

Mean values ofhe gas utilisation (electrical efficiency during the rif@ operation) is found to
correspond well with the rated efficiencies and tblestering of utilisation values are tigahdthe
meansaccurate Clear seasonal trends can be seen for severatleaa products. This validates
the different characteristics and designs of the products in real operation conditions

Of the installed units, 8 have been reporting performance data. In total, these units have be
operating for23,390,524 hours and prodced23,991,535kWh of electricity since the beginning o
the PACE project.

2.1 Geographic locations

By the end of March 2@ in total2154PACE unite/ere installed.In Figurel, sites of installation are
presented on anap ofEurope. Data waesolved by postal code of the location of installation.

Comparing with state of installation presented in the previous performance validation report (status
as ofMarch 2021, see map inserin Figurel) most new installatiors have occurredn Belgium and
central Germany, though other markewsuch as Francend Italy showan increase in installations as
well.

t !/ 9 LINR7228déport on @eHofnance validation of units installed 10/37
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Figurel. Geographic locations of PACE units installed before April202

2.2 Installed capacity

The FC mCHP manufacturers in PACE have each depi®yed more generations of their produdts
domestic or small business setting$e first product generation demonstrated by each manufacturer
is labelledb DSy S NI (i A 2 ythe se€ondd"Bebgfation ¥'Gén Y) and so forth. Based on the
characteristics of each product typa terms of eleatical capacity and thermal capacity, the total
installed capacitys calculated and presented ifiable3. A visual representation of the information
from Table3 is shownin Figure2.

With a number o154 units installed, the total installed electrical capacitRi89kW. and the total
installed thermal capacity i$967 kWi. This corresponds to in average 1LKMNe. and 091 kWi, per
unit. The averages reflect the current mix of units installed.

Table3. Installed number of units, electrical capacity and thermal capacity as of March 32220

Number of units Installed capacity, KW Installed capacity, kKW
Bosch, Gen X 96 67 54
Bosch, Gen 'Y 190 285 114
Bosch, Gen Z 25 19 28
BDR, Gen X 36 25 34
BDR, Gen Y 406 305 447
Hexis, Gen X 3 4 6

t !/ 9 LINR7228déport on @eHofnance validation of units installed 11/37
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Viessmann, Gen X 403 302 403
Viessmann, Gen Y 401 301 441
Viessmann, Gen Z 30 45 63
Sunfire 13 10 16
SolidPower, Gen X 428 642 257
SolidPower, Gen Y 123 185 105
Total 2154 2189 1967

TOTAL INSTALLED CAPACITY

E kWe = kWth

2500
2189
2000
1500
1000
642
447 403 441 -
500 285 305= 302, 301 =257 185
67 54 %114 1928 258342E= 4563E= E= 4563 1016 == = 05
0 = == —_—— =i =i == — — =i =1=
AT A T TS N S VA S S
& & & . & Qfoef\ & & & & %\)&\K &sz\ ,\(960
&\ (J \ & 0 \ Q \ .'\55\ QQ\ QQ‘ QQ‘ \ Q/ \
<z)o‘c <2>o‘o Q,O"’ £J N & ‘9@@ 4—5& (;)(((b '820\\* O
AR &

Figure2. Installed capacity for each product and total as of March 31220
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2.3 Operating hours and electricity produced

All PACEmanufacturers loghours of operation defined as hourén which a commissionednit is
producing electricityand report there to DTISimilarly,the amount of electricity producedn kWh,
is collected andeported. The resolution of the data &month sums.

A summary of total operating hours and total k¥Vproduced up to and including March 31 20%
presented inTable4. The PACE units have been operatinga total of more thar23,390,000 hours
and have producednore than23,990,000 kWhof electricity. The corresponding average electrical
capacity of 1.8 kW is in goodorrespondencavith the average installed capacity, with the difference
likely being a result of variety of operation modes across the various unit types.

Note that these values only include units for whittil performance datais being logged and
transferred to DTUUnits where operating hours are reported but no production of electricity is
reported will not be included in the tally of total operating hours, and vice versa.

Table4. Operating hours and electricity produced until March 31,220

¢c201Ff 2LISNI ¢2 0 fsLINR RdzO |

SOLIDpwer 10,947,072 14,728,929
Viessmann 7,911,604 6,222,836
Bosch, Gen X 1,612,385 978,055
Bosch, Gen &nd Genz 3,081,607 4,109,029
Sunfire 80,602 49,283
Hexis 8,022 5,987

BDR 2,830,839 2,006,446
Total 23,390,524 23,991,535

A visualepresentationof the temporalevolution of operating hours and electricity produced is shown
in Figure3-Figureb below. As the resolution of the data reported to DTU is quarterly so is the resolution
of the figures.

t !/ 9 LINR7228déport on @eHofnance validation of units installed 1337
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Figure4. Cumulativeoperating hourspresentedper quarter for all products.
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