\. Hy4 Heat

demonstrating
hydrogen for heat

Heidi Genoni ARU P

Utility Week Live — 21 May 2019



GLOBAL GREEN
HYDROGEN
REMOTE OFFSHORE

CARBON CAPTURE
WIND HYDROLYSIS L A AND STORAGE

IMPORTED

HYorogen

CARBON
DIOXIDE

’ e s
" CARBON
> Lo II DIOXI?
REACTOR B > £
S

| Jif~

NATURAL GAS . = v
L\ ,
s /’.% -

STORAGE

TRANSMISSION P = ‘“ I-\' %
By |- % ' Lz
\ w7
= S 4 ‘ 3 z 1 / . = |

WIND
TURBINES

ELECTRICITY

DISTRIBUTION

1
i
§

HroRo ; % HYDROGEN GAS

PUMPED
STORAGE

STORAGE
Ry
cvaensicuniny %b

SYSTEM OPERATOR(S)

# A~
o
CYBERSECURITY

4 - g
= ﬂ Q ¥ SYSTEM OPERATOR(S)
LED STREETLIGHTS 2 DEMAND SIDE = — o~ (
_ I “mesponse
cooLing
DATA-CENTRES,

ELECTRIC POWERED
10T EXPORT &MPWY PUBLIC TRANSPORT \
OFFICES & RETAIL

£S
> MICRO CHP /‘
= BOILER a
SOLAR PANELS > 3

Arup’s ‘Future of Energy = =~

2035’ map, showing the ' /4 y AR P
energy system of the - l l

future



Policy Is set out in two key documents

Clean Growth Innovation Challenges

“Clean fuels such as hydrogen and e L. -

bioenergy could be used for transport, Industrial %

iIndustry, and to heat our homes and Strategy g5

businesses. We need to test how they : (ﬁ@

work in the existing gas network, whether 908 oo Sty

they can fire industrial processes, and . N .

how they could be used in domestic @,\(@

appliances.” R @@Qr
Clean Growth Innovation Challenges - Clean Growth :

Strategy
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The UK government has a 2050 target to reduce
carbon emissions by 80% of 1990 levels

Carbon Dioxide is contributing to
climate change and global warming
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Heating and cooling UK homes is about half all energy

consumption and a third of carbon emissions
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80% of homes and business use natural (methane) gas. When used
for he.:tmg and cooki ing, this releases water and carbon dioxide
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The challenge — UK energy demand
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Conceptual view of a hydrogen system

Methane reformer

Natural gas extraction

Balancing renewables
on the grid %
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Hydrogen as industrial
feedstock

Hydrogen

@ for cooking

Hydrogen for heat
in buildings
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Hydrogen innovation programmes

siprg st — BEIS Hy4Heat — Hydrogen end use

H21 — Hydrogen in the distribution network
BEIS — Hydrogen supply & storage

H100 — Hydrogen end use (new build)

HyDeploy — Blending 20% hydrogen in the
network

DfT — Hydrogen for transport

Other sources of Hydrogen
7" (e.g. Coal gasification)

BEIS — Industrial fuel switching
 HyNet — End to end demonstration
« H21 — North of England feasibility study
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Hy4Heat mission

To establish if it is technically possible, safe and convenient to replace
natural gas (methane) with hydrogen in residential and commercial
buildings and gas appliances

This will help enable the government to determine whether to proceed
to a community trial of hydrogen
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Hy4dHeat programme work packages
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Programme & technical

management
Domestic appliances ¢¢

_ @ Appliance certification

::I\TDROGEL'II - Meters — EH] =
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Hydrogen quality Demonstration trial Community trial
standards

preparation

Commercial appliances

——
Safety assessment
v

~ Industrial appliances .
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Hy4dHeat programme timeline overview

2018 2019 2020 2021

Hy4Heat
ends

WP1&9 PMC Managing WPs in preparation for a Community Trial

Possible
Community Trial

‘ ﬂﬁ- WP4 Development of certified domestic appliances and WP10 Metering development

WP8 Demonstration trials

WP5 Commercial appliances

Understanding the market Potential commercial appliance development

WP6 Industrial appliances
2L Potential industrial appliance development

Understanding the market




Hydrogen quality & standards (WP2)

« Standards - IGEM are developing standards, by
reviewing and revising existing relevant standards e.g.
o Materials
o Leakage rates
o Ventilation
o Installation
o Air supply, etc.
* Purity & Colourant - DNV GL are defining requirements
for heating
* Odorants - NPL determining options

$
IGE

Institution of

Gas Engineers & Managers
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Safety assessment (WP7)

« Comparing hydrogen with natural gas
* Building on knowledge, data and

evidence that exists already e.qg. /\.

collaborating with the GDNO'’s

* Further experimental testing about to |
commence to gather further evidence

« HSE engagement
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Domestic hydrogen appliances (WP4)

* Need to develop appliances to enable
hydrogen end use:

o gas bollers
o gas cookers
o gas fires
o Innovative hydrogen appliances
» Approach broadly ‘like for like’ and
‘hydrogen ready’ replacement
 SBRI Pre-Commercial Procurement

Innovation competition currently underway
and into Phase 2

& Industrial Stragtyegy Ny H y4 H eat



Phased competition structure — Domestic Appliances

Nov 2018 Feb 2019 Mar 2020 Mar 2021

| PHASEI | |
| Solution design 48 ! |

PHASE 2b
Prototype development v2.0

$ 12 months$

| WPS8

PHASE 2a
Prototype development v1.0

3 months 14 months

Demonstrations

Appliance certified

for demo trials Fully certified



Hydrogen appliance certification (WP3)

» Hydrogen appliances to be certified
under GAR (Gas Appliance Regulation) :

« BSI (British Standards Institute)
developing PAS 4444

bsi.
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Hydrogen meters (WP10)

* Need to develop hydrogen meters
to enable hydrogen end use

* Fiscal and smart enabled meters

 OJEU Innovation Partnership
procurement currently underway

Department for 17
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Commercial / Industrial appliances & equipment (WP5&6)

* Market study into commercial
and industrial sectors
« Contracts awarded to:
o ERM (WP5)
o Element Energy (WP6)
* Reports to be published In
coming months

HH
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elementenergy  FRM
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Commercial hydrogen appliances & equipment (WP5)

* Industry stakeholder engagement event on
21 May 2019
« Seeking to procure the development of:
o Catering appliances
o Space heating and hot water
o Innovative appliances
o Critical system components e.g.
connectors, sensors, fittings and valves
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Demonstrations (WP8)

« Showrooms of hydrogen appliances
and equipment I.e. unoccupied
demonstration trial, mock up living
room, kitchen, home etc.
* Anticipated spring/summer 2020
* Using the hydrogen prototypes
developed in WP4,10,5 ‘ =
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Potential community trial (WP9)

* Planning and preparation
necessary for a potential
community trial

* Proposed to run from 2021
onwards

Butess, Enor 21 N Hy4 Heat
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Carbon Dioxide is contributing to
/‘ climate change and global warrning
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/‘ U defining a hydrogen quality standard...

—

The UK government has a 2050 target

2 807% of 1990 levels

to reduca carbon emissions by at least

The Hy4Heat Programme
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HydHeat is part of this work - andis a

group of industry partners and experts...
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developing appliances for use with
/‘ /‘ hydrogen gas...
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and testing them to make sura they're

safe, reliable and cenvenient
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Heating and cocling UK homes is about
half all energy consumption and a third
of carbon emissions

8 through to hew much a change might cost 7
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Craating dernonstration trials and
getting people’s feedback...
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80% of homes use natural gas (methane). BEIS (Department for Business, Energy &

When used for heating and cocking, this 5 Industrial Strategy) is locking atways of

releases water and carbon dioxide decarbonising heat. One of the options is
replacing methane with hydrogen
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BEIS is considering everything: from how Hydrogen, when convertad to heat
hydrogen could be produced sustainably, releases no carbon dioxide
in bulk, with minimal carbon emissions...

and planning in the future to pessibly change
awhole community te using hydrogen
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www.hy4heat.info

@Hy4Heat

hy4heat@arup.com

 Quarterly Newsletter
* Progress Reports
 Updates

* Documents/ITTs etc
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Summary

* Decarbonising heat is arguably the greatest challenge in
meeting UK climate change targets

* There are a range of practical programmes and projects
underway to provide evidence required

* |t's difficult to envisage a future whole energy system
solution that wouldn't involve hydrogen in some areas



