B Ref. Ares(2020)1781508 - 26/03/2020

(E\PAC E Deliverable 1.9 — Report 1 on Training and Certification

Pathway to a Competitive European
Fuel Cell micro-CHP Market

Element Energy — March 2020

e

W
)

- \
ells and'Hydrogen 2 Jo tUndertt?king unde> grant

PACE project has rec
This Joint Undertaki

¥ N l N
m the Europeangnigaés.Horizon 2020 research and in\n{«(ﬁ qgramme and Hydrogen Europe an'd Hydrogen Research.

B

'R .

i




(E\PAC E Deliverable 1.9 - Outline

Pathway to a Competitive European .. ipe .
Fuel Cell micro-CHP Market Report 1 on Training and Certification

e The first PACE report on training and certification has been prepared by Element Energy as a set of training
materials which provide an introduction to fuel cell mCHP as a technology, focused particularly at installers.

e These materials have been created using training modules from the Callux project as base material. The
training modules were first translated into English and then updated to reflect the current knowledge of the
PACE OEMs.

® The training material is split into 3 core modules:
1. FC mCHP Basics
2. Planning, Dimensioning and Formal Requirements
3. Electrical and Heating Installation

e In the next phase of T1.4 (Working group on training and certification), these training materials will be
disseminated to key training and certification stakeholders in the FC mCHP industry.
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(E\PAC E Introduction

Pathway to a Competitive European .
Fuel Cell micro-CHP Market Module 1: Basics

e The purpose of these training modules is to provide a general overview of the potential of Fuel Cell micro-
Combined Heat and Power (FC mCHP) units as part of the future of European domestic energy.

e Each module in turn will focus upon a different aspect of FC mCHP units, with the aim to provide a working
knowledge of the considerations installers working with this technology will need to make.

e Specific material for each FC mCHP product can be obtained from each unit manufacturer, who also offer
specific training on their units.

e These materials have been based upon material developed during the Callux project (2008-2016).
Consequently, thanks go to NOW GmbH for permitting the use of this material:

) calluxc NOW

[ ]
Praxistest Brennstoffzelle firs Eigenheim NOW-GMBH.DE
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(E\PAC E List of Abbreviations

Pathway to a Competitive European .
Fuel Cell micro-CHP Market Module 1: Basics

® CHP — Combined Heat and Power (also known as e kW —Kilowatt

Cogeneration) e kWh — Kilowatt Hour

® mCHP — Micro Combined Heat and Power Unit e MW — Megawatt

® FC—Fuel cell ® PEMFC — Proton-Exchange Membrane Fuel Cell

® FCHJU —Fuel Cells and Hydrogen Joint Undertaking ' ¢ yr _ colid Oxide Fuel Cell

® GDL — Gas Diffusion Layers o VPP — Virtual Power Plant
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Pathway to a Competitive European
Fuel Cell micro-CHP Market

. Basics
1. Cogeneration (CHP)
2.  Fuel Cell (FC)
3. Primary Energy Comparison

Il.  The Fuel Cell CHP (FC CHP)

1. General (Promising features, how it works etc)

2. Market and Environment

lll. Fuel Cell CHP Consultancy

1. Goals, methods, process (advice for selling the right unit to the right customer)

I\VV. Further Topics

1. CO, and pollutant emissions

2. FC CHP in the energy system of tomorrow

3. Operation and safety

Contents

Module 1: Basics



(E\PAC E |. Basics

Pathway to a Competitive European .
Fuel Cell micro-CHP Market | 1. Cogeneration (CHP)

Definition

. ) Heat
Gas / Oil » CHP y
‘ Electricity

Source: WBZU, ZSW, Callux / ModernLearning GmbH

Definitions of terms:

“Combined heat and power generation is the simultaneous conversion of fuel into electrical energy and
useful heat in a stationary technical plant”

(Germany’s Combined Heat and Power Act, 2016)
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(E\PAC E |. Basics

Pathway to a Competitive European .
Fuel Cell micro-CHP Market | 1. Cogeneration (CHP)

The energetic advantage of combined heat and power generation:

Central generation VS. Distributed generation

13,171 kWh EE ;k—»ﬁx —»  5200kWh, < " RARR ,
- Q7
@ 42%,, 6% losses 6% losses D 42%,,

2,850 kWh—p» Power feed-in ——p — 6,785 kWh

2,345 kWh

ﬁ
— Fue 36%,
. <« CHP 52%,,
as

22566 kWh —» i —p 21,438 kWhy, <—— 31523 kWh
Aux

4— condens 95%',

boiler

botler

95%, Figure Source:
“Advancing Europe’s
Energy Systems:
stationary fuel cells in

35,737 kWh primary energy E—— -240/0 e 27,083 kWh primary energy distributed generation”

(FCH JU, 2015)
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Pathway to a Competitive European
Fuel Cell micro-CHP Market

Classification

|. Basics

| 1. Cogeneration (CHP)

Designation Range of application

Technology used

Electric power

Possible fuels*

Decentralised in large

residential complexes,
hospitals, industry and
commerce

Large CHP plants / combined
heat and power plants

Internal combustion engine,
gas turbine

up to several MW

natural gas, heating oil EL,
coal, landfill, sewage, biogas

Decentralised in apartment
buildings, housing estates,
industry and commerce

small-scale cogeneration

Combustion engine, gas
turbine, fuel cell (up to 1 MW)

up to 2.000 kW

Natural gas, EL heating oil,
landfill, sewage, biogas,
hydrogen

decentralised in apartment

Combustion engine, Stirling

natural gas, EL heating oil,

Mid-scale CHP buildings, industry and Y Up to 50 kW e oo
commerce
decentralised in apartment Internal combustion engine, natural eas. liquid eas. EL
Mini-CHP buildings, industry and Stirling engine, steam Up to 15 kW ral gas, 1quid gas,
. . heating oil, biogas, hydrogen
commerce expansion engine, fuel cell
. decentralised in detached and Intcernal cor.nbustlon engine, natural gaTs, Il.qwd gas, EL
Micro-CHP . Stirling engine, steam Up to 5 kW heating oil, biogas, wood
semi-detached houses : .
expansion engine, fuel cell pellets, hydrogen
12/03/2020 *Depending on the technology used 10




= PACE

Pathway to a Competitive European
Fuel Cell micro-CHP Market

|. Basics

| 1. Cogeneration (CHP)

[ Micro-CHP 1

v '
[ Motor (engine) CHP } [ Fuel cell CHP }
Gaso_llne Stlrlllng PEMFEC SOFC
engine engine
Manufacturers/brands (examples):
Vaillant Remeha Viessmann SOLIDpower

“ecoPOWER1.0“

12/03/2020

“eVita 28c* “Vitovalor 300-P* “BlueGEN BG-15¢
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(E\PAC E |. Basics

Pathway to a Competitive European .
Fuel Cell micro-CHP Market | 1. Cogeneration (CHP)

Properties Micro-CHP (power < 5 kW,)):

Engine (combustion) Stirling (engine) PEMFC* SOFC**
Electrical Output from 1 kW from 1 kW from 0.3 kW from 0.7 kW
Thermal Output from 2.5 kW from 3 kW from 0.7 kW from 0.6 kW
Sensitivity to fewer moving parts, only fans, pumps only fans, pumps

many moving parts

maintenance external combustion contain moving parts contain moving parts
Electrical Efficiency ca.20-30% ca.10-15% 37 % 33-63%
Modulation Capability good good, but slower good design dependent

*Proton Exchange Membrane Fuel Cell
**Solid Oxide Fuel Cell

12/03/2020




='PACE

Pathway to a Competitive European
Fuel Cell micro-CHP Market

History:
Birth of the fuel cell 30;: engI.Wlkledia
- 1839: Discovery of the FC by Sir W. Grove

Renaissance of the FC - Space Travel

« 60s: Development and deployment of the Apollo program Source: NASA. public
- 80s : Development and deployment for space shuttle program

Early markets

« ca. 1990: rediscovery of the FC

- Approx. 2000: Prototypes and pre-series production

«  Currently: commercially available products

|. Basics

| 2. Fuel Cell (FC)

Examples of model mCHP units
Source: PACE

- Advances in (subsidised) market uptake particularly in Japan (ca. 400,000 units installed) and in

Germany and Belgium

12/03/2020
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=" PACE

Pathway to a Competitive European
Fuel Cell micro-CHP Market

|. Basics

| 2. Fuel Cell (FC)

Functional principle of a FC using the example of a PEMFC:

residual fuel gas

H ‘H

Anode (-)

@
®

cathode (+)

@ @ 4 catalyst t @
fuel gas (H,) Oxidizing agent (air / O2)
Anode diaphragm Cathode
2 H, 4"
—p

2H, —> 4H" + 4e"

4—02

> | O,+4H" +4e” — 2H,0O
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Pathway to a Competitive European
Fuel Cell micro-CHP Market

Construction of a stack of several fuel cells:

12/03/2020

Electric current
Electrolyte
3’ == (@)
Anode l Cathode cuelin e l Air in
NS = |4 el o
-
a=
H‘I‘
Hi .
¥ I:I'z
H I Unused
Excess air, water,
fuel out H:0| and heat
hededd =
Ny ) == -
i §
Y Anode | Cathade
Fuel Cell Stack Electrolyte

Source: Sigma Aldrich Source: Wikipedia

If several individual cells are connected in series, this is referred to as a fuel
cell stack. The voltages of the individual cells add up to the total voltage.

|. Basics

| 2. Fuel Cell (FC)
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Pathway to a Competitive European
Fuel Cell micro-CHP Market

Stack Build-Up

1. Electrolyte (membrane)

Provides ion transport and separates anode and cathode.
2. Electrodes
This is where the electrochemical reactions take place.

3. Exchange membrane

Electrode membrane: "heart" of the fuel cell.

4. Gas diffusion layers (GDL)

Are necessary for the supply and distribution of the reaction gases.

5. Bipolar plates

Fine channels in the plates ensure the supply and distribution of hydrogen and oxygen.
They also serve as "electron collectors".

12/03/2020

|. Basics

| 2. Fuel Cell (FC)
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(E\PAC E |. Basics

Pathway to a Competitive European
Fuel Cell micro-CHP Market | 2. Fuel Cell (FC)

1 direct current 1

What does a stack need?

Air (oxygen) ) = )¢ (oxygen)
residual air —
Hydrogen (reformate) ‘ fuel cells
stacks ¢ reformate
residual hydrogen _
- Exhaust gas with residual
Cooling water: return / ‘ air
flow (=
PEMFC 60°C SOFC 350‘800°C Source: WBZU

SOFCs cannot be cooled with water. Instead, the heat is discharged through exhaust gas with residual air. This discharge
is mostly used to heat the incoming air and gas, and to feed the gas-reforming process to create H, and CH,.

12/03/2020 17
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Pathway to a Competitive European
Fuel Cell micro-CHP Market

Fuel cell types

12/03/2020

|. Basics

| 2. Fuel Cell (FC)

Source: WBZU, ZSW, Callux

AFC SOFC*
Polymer electrolyte L
Designation Alkaline FC / direct methanol Phosphoric acid | molten carbonate Solid oxide FC
fC FC FC
Temperature low <100°C e - high
Catalyst Material noble ¢ Platinum Metals less noble
. =J. CnHm
Gas Requirement ultrapure 4504, p» less pure
-509° _G0Oo .
Cell Efficiency low 40-50% >0"RE - high
: . Reformer Internal Reformer
System Complexity high ¢ low
Start-Up-Time low ceconds He > high
Dynamism high ¢ low

*PEM and SOFC sutiable for use in fuel cell heaters

18



(E\PAC E |. Basics

Pathway to a Competitive European
Fuel Cell micro-CHP Market | 2. Fuel Cell (FC)

Examples of fuel cell types in domestic energy supply

PEMFC SOFC
Proton Exchange Membrane Fuel Cell Solid Oxide Fuel Cell
— Low temperature FC — High temperature FC
— Natural gas operation with external gas — Natural gas operation with internal gas
treatment treatment
— Catalyst material: Platinum — Catalyst material: Nickel
— Lower cell efficiency — Higher cell efficiency

— Quick start up time (0.5-1hr) — Longer start up time

12/03/2020 19





































































































































































































































































