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What and why fuel cell micro-cogeneration?
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Empowers consumers

Supports the European energy transition

Thermal Energy

—— Electric Energy

Provides greater flexibility for the energy
system

Fosters innovation and high-value jobs
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Driving the Fuel Cell micro-Cogeneration sector
closer to mass market uptake
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How to overcome the point of greatest risk in new product commercialisation?

Risk for Volume

manufacturers

Reduce costs and improve competitiveness

Improve products’ performance

KFW433
O callux \ ‘
— — s " Establish Fuel-Cell micro-Cogeneration as a standard technology
field trials demonstration market uptake Mass market
2 callux® || eane.field” | | (=PACE KFW433
Calux ene feld PACE KFWA433 Raise awareness on Fuel-Cell micro-Cogeneration

» Period: 2008 — 2015

» Total budget: €75 million

« German MIP co-financing: 509
« 500 systems installed in
Germamy

= 5 million operating hours

« €O, reduction by 30% on

aVErage per year

= Pericd: 2012 - 2017

+ Total budget: €52 million

= EU co-financing {FCH JU/FPT):
505

+ = 1,000 systems inztalled

in 11 European countries

«= 3 million operating hours 5o

far

= Period: 2016 - 2021

» Total budgst: €90 million
» EU co-financing (FCH
JU/Horizon 2020): 37%

» =2 500 systems to be
inztalled

in 11 European countries
» 500 units/manufacturer

+ Period: started in 2016

+ Gerrnan MOW NIP grant
scheme adminizterad by KW
bank

» Beneficiaries: End customers
« Eligible size: 0.23 ke - 5 ke
« Grantvalue per system:

€5, 700 — £28,000

#PRD2020

#CleanHydrogen

Demonstrate product readiness as a key component in the
delivery of EU’s energy goals
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PROJECT OVERVIEW
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=Call year: 2016

=Call topic: Large scale demonstration of puCHP fuel cells
"Project dates: 01/06/2016—-31/08/2021

=% stage of implementation 01/11/2017: 738% as of 01/10/2020
=Total project budget: EUR 90,307,094.50

="FCH JU max. contribution: EUR 23,932,752.75

=s0ther financial contribution: EUR 56,374,341.75

sPartners: BDR Thermea, Bosch, COGEN Europe, DTU, Element
Energy, HSLU, SOLIDpower, Sunfire, Viessmann

#PRD2020
#CleanHydrogen FCH
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New systems in PACE
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Summary report on generation 2 systems
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 PACE Deliverable 1.7 provides information on the next generation (‘Generation Y’ or ‘Generation 2’ FC mCHP systems being deployed by the unit

manufacturers in PACE. Information in the report includes:
* Technical specifications of the new units;
* Improvements made from the previous unit generation;
 Feedback from customers;

* Market material for all manufacturers and methods for meeting and contacting manufacturers.

Product Highlights
) BOSCH

" sunfire Sunfire-Home 750 Sunfire-Home in Action

e Operation with liquid gas (propane/butane) and

Fair event and training with installers’ feed back
therefore a clean alternative to fuel oil. -

K

o Heat extraction also possible at high return
temperatures (up to max. 65 °C). Ideal for existing
buildings.

» Continuous operation possible, as no regeneration

times are required. Installers’ feedback to newest model: High quality and

very flexible
e "Made in Germany" - from development to the ry =

finished product

#PRD2020
#CleanHydrogen
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Fuel Cell Success Story

House Type Privale
Instalaton Year 2019

> Renovation of an old {isted building

Two BlueGEN for a villa

Hom, o BlueGEN BG-15s suppty 3 hstorkc vila with highly
efficen enargy Despie the eatanor of tha NoUSe dating o
3 differert trre, modem technology in Be form of the
BlueGEN units ensures 3 highly affoant enangy supply

“I have a green heart, andso | want to use
clean energy for our house.”

Customer’s wish Technlcal requirements
~ AZUSIRANE OVEraR ENEDY CONCIR - Chadenpe NONUmSE pIoacnon

for the new heat and pawer supely - nstafatons wal heating, tene water
~ A [GUCESN I dacricity costa Paal pump, Saura & ovon wih 9 8%

eleclr. Power and an eleciic cr

The efficient villa of the Wintzen family

Snoe 2012 Pariaa and Bama Wintzen hawe wvad n the
V-2 Hoges In Vier=en. The red back and the whle faves
of IN% WiNAOWS Immedaldy calch the ¢pe. But athough tha
via 1 moes than 200 years oid, 1= Dy O mears from
SNOthar trng. On e Contrary: two innovatiee BUCGEN
BG-15 fued cols prowmde the Wintzes amily with clean
sfMoan! and low-cost docricey

Bult in 1908 the vib with 350 sgquare melres of _ s
resioental spaca has Loan & k0od aldng snce 1989, And TS oS 4 paticular chalinge n the
refrbishment, not ast bacausa nadason of the exador Tacade & only posabile on e back of
e houes Jue 10 e MOosuMant prOtecion & was mgamenad 0 2017 Dus 1o e lask of
ISUENoN and e S gZNG, Y &g POUSS NeQUNes Peating Proughous T sl monTs n
oz 10 vl cooRng, even mavidud roorms. From the cented starwed the heal is recksinbuned
10 the acioinng roomes. even when ihe landionds are traveiing
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System Logaplus

Overview of systems in PACE

BlueGEN
BG15

BlueGEN

Dachs 0.8 elLecta

Vitovalor 300-
P, PA2 and SA2

Sunfire-Home

100 200 750 200 300 >750 500
SOFC SOFC SOFC SOFC PEM PEM PEM & SOFC SOFC
0.7kW 1.5kW 1.5kW 1.5kW 0.75kW 0.75kW 0.75kW 0.75kW
i BORTHERMEA CROUP
Buderus oy Q) VIESMANN o
1-2 family
1-2 family homes homes, SMEs, apartment buildings and 1-2 family houses (for new and  Domestic and Residential
(up to end 2018) residential multifamily homes existing buildings) small building (with
buildings and commercial LPG supply)
SMEs with high
electricity

demand




= PACE

Pathway to a competitive European
Fuel Cell micro-CHP Market

108 PACE units installed
before April 2018

239 PACE units installed
before October 2018

528 PACE units installed
before April 2019

857 PACE units installed
before October 2019

1339 PACE units
installed before August
2020

02-12-2020




Customer survey

N ) Overview of customer and building characteristics
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Number of residents Who decided to buy the FC mCHP

Number of residents

6 or more
people, 8%

1 person,
4%

5 people, B Me (I do not own the building)
10%
H Me (| own the building)

B The person/organisation who owns the building
(I do not own the building)

Other (please specify)

75% of the customers live in a 2-4 person household
95% of the respondents chose to purchase the FC mCHP by themselves
91% of all customers own the building

#PRD2020 _\_
#CleanHydrogen FCH Y Furopean 9

Source: PACE Report on customer attitudes to fuel cell
micro-CHP



Customer survey

Customers' motivation to purchase a Fuel Cell micro-Cogeneration unit
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FC mCHP as a replacement or in addition?

Motivations to purchase FC mCHP?

100% B Low nhoise emissions

0% ®m No space for solar panels or
heat pumps

B Recommendation by
someone

® Independence from the grid

80%

B My FC mCHP has been installed in addition to my

L . 70%
existing heating system

60%

50% ® Wanting to buy a new
technology

B Aesthetics

B My FC mCHP has been installed as a replacement for
my previous heating system 40%

30%
B CO2 emissions reductions
Bl don't know 20%

10% B Costs savings

0% B Energy savings

Motivation to buy: Mostly linked to CO2, energy or costs savings opportunity

Replacement or add on: 63% replaced the existing heating system
31% in addition to existing heating systems 10




Customer survey

Overview of customer and building characteristics
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Building type

Year of construction

: : 3 140
. . Residential i
Non-residential 6%» 949 0 r» 120
7% § N B
1%\ == e , 100

6% s 4
hed 1 = 80

I EEEE—— - 60
Non residential: offices, educational building, o N
hotel, restaurant, wholesale and retail trade, B Flat : 20
others, : : 0 - -

Pre 1900 1901-25 1926-50 1951-19751976-2000 2001+

Building type: 94% Residential; 81% (Semi) — detached
Building age: Most building relatively modern < 50Y

#PRD2020
#CleanHydrogen FCH

European I
Commission _
Source: PACE Report on customer attitudes to fuel cell

micro-CHP
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Conclusions and recommendations
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Policy framework to

No regret 30-50% CO2 Fuel flexible and Enabler of the create a level

emission technology neutral integrated playing field on the

Future compatible . pathway to
reductions FC m-CHP could be energy system decarbonisation,

Providing the fastest TODAY reversible and fully of the future accounting for all
carbon reduction operated on H2 in benefits of FC m-

pathway the future CHP

Fuel Cell micro-Cogeneration

#PRD2020
#CleanHydrogen FCH

European
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PACE at international trade fairs and installers’ trainings

(PEH

L e




P o PACE communication and dissemination activities

2 PALE

The Hydrogen Initiative

Sepember 2018
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Fuel Cell micro-Cogeneration: Your home
unit to a low-carbon energy future!

Fuel Cell micro-Cogeneration: Putting
empowered European citizens on the road
to a low-carbon enerqgy future!

PACE at a glance

Fuel Cell micro-Cogeneration: A new > 2,800 >500 10 4 €90m
business opportunity for the energy sector!
- o - WAat B i it 3 b
. - et
= - —
weta -

VIEEMANN 108 repmwea » >10.000
.
— -~ P - b
. P 3
e Poweh— Less Cost pathway to a Competitive Eurgpean =
liffe PORS W Y Fuel Cell micro-CHP Market
HANNOVER MES S ‘ el Le . :
MESSE HANNOVER - C 3 BlueGEN = o il i =1l fuel cell m-CHP . | \
HYDROGEN +?$ELR ggf : [ siipenlideie riieiie o PN
™ +H,Y,DB.QGEN S-FUEL CELLS S-S ATTERI Ids - public buildi )
EN o FUEL CELLS 8-S ATTERIES el » . “
! HYD R 0 BATTERIES | & | 4 0
. . . : A’ & ) .:”’ N
ki PELLS - HANNOVER ME| 3 1 22 KR
. FU R MESSE HANNOVER MES | = 2 -
- [ " ES o Hmaose" { HYDROG = - i - =8
. HYDROGEN j HYDROS 8-FUEL CE |
B ATT 8 FUEL CELLS i FUE! 4 R :
A 4 [)AT & |
BATTERIES R . - A= |
1) Fust Cell Tochnology:  SORC : T CE =
3 m.-‘xvn: p 7,““;‘,9; < P ViEEmANN
: Elmcalo;p‘.(“ A‘l“w — — - COGEN B()SCH moel e
= it ‘ CFGM ,

® Ehxlmlofﬂo’el\cy: €O% (i ar

[1) Thormal autpat: 06kwW

1) Overall afficiency: U.p T
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Back-up slides
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Overarching PACE obje
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* Enhance the state-of-the-art for mCHP performance

* Improvements in efficiency and system performance and increased availability to 99%

* Confirmation of TRL 9 (actual system proven in operational environment) in PACE compared to
TRL 7 (system prototype demonstration in operational environment) in Callux and ene.field.

* Increased manufacturing volume leading to a reduction in cost over time

* Increased company level manufacturing capacity to over 1000 units/year for each manufacturer
will lead to reductions in unit price for the consumer over time

e 15 years system lifetime with >50% reduction in stack replacement or no stack replacement
during a 10 year service plan

* Develop efficient routes to market: innovation in sales, marketing and the consumer offer

* Identification of potential revenue streams from participation in the power markets and the
economic added value from the avoidance of grid expansions

* Develop a platform approach to component standardisation for FC mCHP across the EU supply chain

* Create the conditions for expansion of the market for FC mCHP across Europe

ctives

*estimated based on data available today

(average for project)

Numbers of units (to be)
installed
Overall efficiency

Units manufactured per year as
part of project

Manufacturing capacity/year
(company level)

Time before stack replacement
(years)
System lifetime (years)

Overall development- TRL
Availability

PACE objectives — on track to be achieved by end of project

>2800
>90-97%

343*
(additional units deployed
KfW 433)

1650*

>6

15-17*

(Strongly dependent upon
system conditions)
8-9
99%

Availability 99% / TRL 9 / Costs < 10k€/FC / overall efficiency > 90%

|_J \J \J E
#CleanHydrogen @ Commission
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Data collection
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: , Efficienc o ans
Number of units Total operating hours Total kWh produced y : Availability
(gas to power utilisation)
1.339 3.259.742 3.436.612 35-60% 99%
(as of October 2019)
Hours of operation, cumulative Electricity produced, cumulative
3500 3260 4000
3437
3000 3500
2596
= 2500 3 T 3000 2613
2 S 2
g 1954 - = 2500
4 2000 © %
E & 2 2000 1877
& 1500 1239 T @
z _E g 1500 1164
E 1000 688 “L'j -."-:"_.. 1000
446 oo I
500 271 500 231 I
115 g4
0 E | . l I 0 21 — - .
Q32017 Q42017 Q12018 Q22018 Q32018 Q42018 Q12019 Q22019 Q32019 Q32017 Q42017 Q12018 Q22018 Q32018 Q4 2018 Q12019 Q2 2019 Q3 2019
#PRDZ020 @ S
#Scoﬁrec:grllb%(ggqg-elg annual n performamidationCc?i!?xrrﬂlgsiir?&alled L




Customer survey
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Customers' Willingness to pay for a Fuel Cell micro-Cogeneration unit

Willingness to pay more tor a FC mCHP than for incumben

Week
aYadalaTallaYa
Compared with a conventional boiler, how much more would you Based on your answer to the previous question, how much
be willing to pay for a FC mCHP, assuming you made a total saving of more would you be willing to pay for a FC mCHP that reduced

€30/month (€360 a year) and reduced your carbon emissions by your household carbon emissions by 40% rather than 20%?
20%? 100
90
80
70
60
50
40
30
20

m _ _
0
| would not be  Anextra 1-2000 Anextra2001- Anextra 4001- Anextra 6001- An extra 8000+ O (i.e.  would pay 300 extra 600 extra 900 extra 1200+ extra
willing to pay any 4000 6000 8000 the same amount
more as previous answer)

72% of respondents would to pay more for a FC mCHP as for incumbent technology >50% would be willing to pay an
additional €2,000 or more assuming operational savings (€ 30/month) and reduced carbon emissions (-20%)

\

%\\ European | 18
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Source: PACE Report on customer attitudes to fuel cell
micro-CHP




