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Coherence of HyWays (1)
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Coherence of HyWays (2)
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Methodology (1) H y

Issues to be addressed are

* most relevant 5 - 6 member state specific hydrogen energy chains
(WtW/StU or combined) and processes concerning

- individual geographical and climatic conditions,

- primary energy resource situation and
- policy orientation/stakeholder interest

» relevant regionalised processes and the specific techno-economic input
data or regional limitations

to identify

» global energy chain and individual process efficiencies, GHG emissions
and (micro-economic) hydrogen supply costs for the chains identified

« common and different energy chains between member states

www.HyWays.de



Methodology (2) H y

The member states experts and stakeholders are ,coached” by the
WP1/WP2 modelling partners CEA, ECN and LBST,

iteratively comprising the following steps:
1.

® N O OAWN

Participants

|dentification of relevant hydrogen energy MS experts, industry
pathways Well-to-Wheel (WtW) for road transport
and Source-to-User (StU) for all other applications

. Structuring of the hydrogen energy pathways WP1/ WP2 partners
|dentification of data gaps WP1 partners
Data provision WP1 partners, external*
Incorporation of data in relational database WP1 partners

. Calculation of CO, equivalent emissions and costs CEA, ECN, LBST
Interpretation of results and screening of pathways WP2 partners
Presentation of results and reporting WP2 partners

www.HyWays.de

* Original dataset based on CONCAWE, EUCAR, JRC WtW study in E3Database



Methodology (3)

Typical hydrogen energy chain

Ry

CGH,
—»
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Energy loss
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I I 0.457 MJ T
Natural gas | . Reformer H, _
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0.230M! 0.150 MJ

www.HyWays.de



www.HyWays.de

E3database



E3database (1) H y
Scope

Calculate total specific energy consumption, local/global emissions and
(complex) energy chains in iterative runs to accompany the HyWays
regionalisation process

 use validated input data (harmonised datasets, e.g.
CONCAWE/EUCAR/JRC)

« identify data gaps and distribute work load among WP1 / WP2
participants (mainly industry) to acquire data (partially MS specific)

 graphically present energy chains (WtW, StU)

 deliver output data in EXCEL format as interface to economic models
(i.,e. MARKAL)

www.HyWays.de



E3database (2)
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E3database (3)

User Interface for Data Input

Process Description
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Results (1) (Energy Chains identified in RED) H

No. PE Production 1st Conversion Transport 2nd Conversion End-use
Distribution
1 NG onsite SMR(*?) - - CGH, FS FC/ICE car, (FC)
2 NG central SMR(*) - pipeline CGH, FS FC/ICE car, (FC/GT)
liquefaction ** LH, truck LH, FS FC/ICE car

3 WW/FW1 gasification - pipeline CGH, FS FC/ICE car, (FC/GT)
4 biogas onsite SMR - - CGH, FS FC/ICE car (FC)

5 offshore central electr nineline CGH_FES EC/NCFE car (FC/GT)

wind(El-mix) | Qriginal set of energy chains identified (Example: Germany, tentative)

6 onshore  onsite electr. - micro grid CGH, FS
wind(El-mix(****))

FC/ICE car. (FC)

7 lignite EI* onsite electr. - micro grid CGH, FS FC/ICE car, (FC)
central electr. - pipeline GT
8 hard coal* gasification - pipeline CGH, FS FC/ICE car, (FC/GT)
liquefaction *** LH, truck LH, FS FC/ICE car
9 by-product - pipeline CGH, FS FC/ICE car, (FC/GT)
10 lignite gasification - pipeline CGH, FS FC/ICE car (FC/GT)
LWW - waste wood, FW - farmed wood *** H, liquefaction with German electricity mix 2020
* with CCS **x% with grid control (low electricity costs)

** H, liquefaction with NG fueled CCGT



Results (2) H y

GHG emissions (WtW): FCVs - non-hybrid (Example: Germany, tentative)
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Results (3) H yWayS

Hydrogen fuel supply costs (WTT) (Example: Germany, tentative)
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Results (4)

Hy

Priority of hydrogen energy chains over time (Example: Germany, tentative)

Wildcard
Description Entry Vector | Transition Phase Vision Aggregated vision Vision as decided in
P Y ggreg 2nd MS WS

Chain <2010 2010 - 2020 2020 - 2030 2030 - 2050 for PE 2030 - 2050
1. onsite SMR 19,53 18,13 10,73 2,07
2.a) |SMR-CGH, 19,87 14,47 9,67 4,00
2b) [SMR-LH; 14,07 13,33 9,00 3,33
2.c) |SMR-CGH, CCS 0,13 3,27 5,87 8,13 24 15
2d) |SMR-LH, CCS 0,07 2,33 5,00 6,67
3a) |WW-CGH, 5,93 6,33 6.33 6.33
3.b) |FW-CGH, 0,60 3,07 4,87 6,93 13 10
4.a) biogas SMR 0,00 0,67 0.00 0.00
5.a) wind offshore pipeline 1,40 4,33 11,33 19,67 28 20
5.b) el-mix pipeline 0,60 0,67 2,33 3,00
6.a) wind onshore onsite 10,00 5,13 7,27 8,27
6.b) el-mix onsite 8,07 7,80 9,07 13,33 18 35
6.c) el-mix onsite arid control 0,13 0,33 0,87 1,93
7.a) lignite onsite CCS 0,00 0,00 0.00 0.00
8.a) coal gasification-CGH, CCS 0.00 0.33 2.20 5.00 12 15
8.b) coal gasification-LH, CCS 0.00 0.67 253 3.00
9.a) by-product local 19,27 17,73 9,33 4,20 4 5
10.a) |lionite gasification CCS 0,33 1,40 3,60 4,13

Total 100 100 100 100 100 100

Chosen main pathway

Sub-pathway to chosen main pathway

Discarded pathway (also in favor of other similar ones, e.g. coal includes hard coal and lignite)

Shares in [%]
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HyWays
Phase Il kick-off-Meeting

Presentation and discussion of HyWays final
products

Martin Wietschel
on behalf of the HyWays institute partners

Frankfurt, 20 December 2005
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Final product (major outcomes) of HyWays

Hy\Ways

- A European =
P EU MS Hydrogen
Hydrogen Energy Energy Roadmaps
Roadmap

Why?

Q)
0

I Long-term vision

www.HyWays.de
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[
I Long-term vision

Hy\Ways

- Give a qualitative description of the long-term state towards which the
energy system will evolve and the evolution towards that state

« A wide variety of relevant H, sources from fossil and renewable feedstocks, as well
as different scales of productlon from onsite to centralised production.

« CO,-reducing or CO,-free sources should play an important role

. Transport IS seen as the most promising application sector for hydrogen with a focus
on cars and regional vehicle fleets using hydrogen in fuel cells and, in the transition
phase, also in internal combustion engines

» For stationary applications, the potential to use hydrogen is also envisioned, but to a
lower extent

www.HyWays.de

Page 3



Final product (major outcomes) of HyWays

S Hy\Ways
A European U
Hydrogen Energy EU MS Hydrogen
Roadman Energy Roadmaps
Re ents
Why? What? When?

@ o

www.HyWays.de
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Technical Roadmap: Production

Ry

£ .8 |Time |Areas with low/high G Ital N
O & |frame|H, demand ermany any orway
2010 |Low/High | |
(2005
2015)
2020 |Low Onsite and decentralised grid &
2015 renewable electrolysis, onsite SMR
. High Central SMR; coal gasification + Central SMR and coal gasifica-
2020) ccs* tion app. 75 % (with CCS*),
S Increasing share of renewable
b hydrogen production (biomass,
= urban waste and wind)
o Implementation of large scale
o solar demonstration plants.
2030 |Low Onsite + decentralised Grid & re- ||Decentralised solar
(2025 newable (wind (on- offshore), geo-
— thermal) Electrolysis and biomass
2035) gasification
High Central fossil SMR + CCS or coal ||Central SMR and coal gasifica-
gasification + CCS could dominate ||tion + CCS
additional option: H, import (e.g.
..... from Norway)

wanwanLHyWays.de




Technical Roadmap: Transport & Distribution

Hy

.+.8  |Time-|Areas with low/high France The Greece
C 8 |frame|H, demand Netherlands
c 2010 |Low High Using existing infrastructure; pipe- |Use of existing hydrogen pipe-
2 (2005 line and trailer lines (Rijnmond area)
5 i}
= 2015)
A 2020 |Low Enlargement of existing hydro-
= 2015 gen infrastructure. Supply of
o - filling stations via on-site pro-
[ 2020) duction and truck
g High Existing gas pipeline with H; ex- | Enlargement of existing hydro-
@ traction gen infrastructure. Supply of
® filling stations via on-site pro-
= e duction and truck

Technical Roadmap:End Use

wanwanLHyWays.de




Technical Roadmap

Hy\Ways

Pathway I Key Change and
| avaysis Actor Vappine

Infrastructure
I Markal Model Analvsis
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)

Pathway

analysis H
y

J

U
- 10 identify 5-7 (optimum: 6) most relevant hydrogen energy chains

- Among others: Analysis of GHG-emissions and costs

Electricity :
NordPool Electrolysis _ _
0 — Fuelling station —_| H, transport
- Electrolysis — applications
Electricity y PP
wind Electrolysis Comoression
small scale P _‘
| com. & Serv. applications
Example ICE and Fuel cell
Storage
Norway .| Residential applications
Natural Gas _ De-central ICE and Fuel cell
(from LNG) SMR
Dlsitr:et;:JntéoSn — Fuelling station
Biomass Biomass | PIp GH2 transport
gasification applications
www.HyWays.d By-product H, (gzrsic;ﬁs) — Fuelling station
Long-distance  H, delivered to
Natural Gas Central SMR pipeline other countries




Hy

- Consider the most relevant European policy goals ,energy diversity*
(alternative energy sources), ,mitigation of greenhose effect* (GHG
equivalent emissions) and ,international technological competitiveness*
(microeconomic costs)

Example:
German
chain
analysis
GHG
emissions
for WTW
chains (FC
vehicles,
hybrid)

GHGs [g CO, equivalent/km]

300

250 -

200 T -1

150

100

50 1

B Vehicle operation
OFilling station

B H2 distribution

OH2 liquefaction

OH2 production

B Feedstock transportation
O Feedstock production

Natural gas

Biomass

|- Biogas--

Electricity

Hard

- coal | ||

=

* with CCS

** with CCS, H,
liquefaction with NG
fueled CCGT

*** with CCS, H,,
liquefaction with
German electricity mix
2020




)

)

Markal model

Hy

o

- Analysis of the impact of the introduction of hydrogen on the energy
system. The model will also be used to produce an integrated view on the
build-up of a hydrogen sectors, from production to final consumption.

- The effects are analyzed on following parameters:

Primary energy demand for EU,
Power sector build-up for EU - type of power plants (i.e. fuel),
Relative contribution of selected hydrogen energy chains per country

Relative contribution of hydrogen transport and delivery options;
refuelling infrastructure, per country

Number of hydrogen vehicles, per country
Impact on built environment, per country

Side benefits: CO,-emission reductions and Security of Supply, for
EU (national and sectoral level)

wanwanLHyWays.de



Hy

W Coal+CCS

O Wind electr,

B SMR

[0 SMR+CCS
[1Decentral SMR

production 0.4

[l Biomass

0.2 -

O By-product

1
0.8
Example 0.6 -
Hydrogen

2020 2030 2050 2020 2030 2050

Low High
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)

)

Infrastructure

Analysis

)

Hy

- Develop regional hydrogen infrastructure scenarios for given total
hydrogen demand and supply chains; giving input to the MS Roadmaps

and EU Roadmap as well as MS visions and EU vision.

- Following topics are analysed:
- User centre identification

- Demand split between the areas over time

- Split in central/decentral production

- Average transport distances (input to MARKAL)

- Infrastructure build up scenario for high and low penetration scenario

- Cash flow analysis for infrastructure build-up

- EU Identification of potential cross-border hydrogen flows

wanwanLHyWays.de



H, Demand in Most Attractive Regions
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Regional hydrogen
production separated Iin
central, decentral and
by-product hydrogen

Example,
only for
Illustration

wanwanLHyWays.de
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)

Key Change and
Actor Mapping

)

Hy

F- A systematic and qualitative assessment of the key changes required in the
HyWays technological transition and the influence of critical factors upon them

- The information gathered will be analysed through the following parameters:

- Country

- Hydrogen chain component
- Difficulty allocation

- Time frame

- Primary dimension allocation (political/institutional, techno-economic,

social, infrastructural)

- Likely level of required government involvement (EU, central, regional)

- Broad actor group

wanwanLHyWays.de



CHAIN: 4c

DIFFICULTY ALLOCATION

10

Feedstock / source

Production process

CCS

1st conversion

H2 transport

Local H2 distribution

End use

Current Profile

2

End Vision

Sum MSS KC difficulty allocation: 16
Sum G KC difficulty allocation: 18
Sum chain difficulty allocation: 34

wanwanLHyWays.de



Technical Roadmap

Hy\Ways

Stakeholder input

and evaluation
Pathway Key Change and
Analysis Actor Mapping

Infrastructure
Markal Model Analysis
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Final product (major outcomes) of HyWays

Hy\Ways

EU MS Hydrogen
Energy Roadmaps

Why? What? When?

e

Socio-economic roadmap

PV Y S
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I Socio-economic roadmap

Hy\Ways

I ISIS model

I Pace-T model I

Page 19



ISIS model Pace-T model

Hy

F isis: Analysis of the impact of the introduction of hydrogen on employment and
sectoral shifts. The effects are analysed on following parameters:

- Total employment effects,
- Sectroal shifts

- PACE-T: Analysis of the macroeconomic consequences of the introduction of
hydrogen. The impacts are analysed on following parameters:

- Transport demand,
- Real consumption,
- Welfare,

- GDP, and

- Wage rates

wanwanLHyWays.de



Hy\Ways
Structural Today's
identity  potential Pessimistic Optimistic

300000 ‘ ‘ ‘ 0,8%
- 0,6% —
Example <
Changein - 04% ©
total % - 0,2% %%
employment = g=
2: - 0,0% B—i
04% &
o
- -0,6% 2
-0,8%

www.HyWays.de



Hy\Ways

Real GDP (relative to benchmark)

1,007
1,006
1,005
Example: 1,004
— France
Real GDP 1.003 — Germany
In the I__IZH 1,002 Greece
scenario ’ — Italy
1,001 — Netherlands
— Norway

0,999
0,998

0,997

2000 2010 2020 2030 2040 2050

- www.HyWays.de
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Copert

Hy

- Analysis of the environmental benefits resulting from the introduction of
hydrogen. The impacts are analysed mainly looking at the pollutant
emissions provided by road transport at the point of use. To this end the
Impact is analysed in three different domains, including urban areas,
looking at the following indicators:

- Fleet composition per country and fuel type,
- Fuel consumption

- Carbon oxide,

- Nitrogen oxides

- Particulate matter

- Volatile organic compounds

- CO, and other greenhouse gases

wanwanLHyWays.de



120,0%
100,0%
(y 4 |
Example of 50.0%
Nitrogen ONOXx urban
. - 1] B NOx extra-urban
OXIdeS. | S 60,0% BINOx highviay
reduction in ENOX total
the different
: 40,0% |
domains
20,0% |
0,0%

Year 2000 Year 2010 Year 2020 Year 2030 Year 2040 Year 2050

years
wanwanLHyWays.de



Market
opportunities Hy

- The objective will be to identify relevant market opportunities and
challenges for hydrogen application and end-use technologies for MS
participating to the Hyways project.

- swoTt (strengths, weaknesses, opportunities and threats) approach with
following aspects:

Business opportunities for equipment producers, energy companies/utilities
and industries developing hydrogen related end-products

Business opportunities on the energy markets (primary feedstocks, H2
production, H2 transport, H2 trading, emission trading)

Opportunities related to the market structuring effects of hydrogen and fuel cell
technologies : decentralised vs centralised energy infrastructure, diversification
of energy sources

Opportunities for new product markets through innovative product
functionalities (new interactions between different applications, transformation
of consumer behaviour)

Opportunities emerging from intersectoral synergies and spillovers or spin-offs

wanwanLHyWays.de



I Socio-economic roadmap

Hy\Ways

Stakeholder input
and evaluation

I ISIS model

I Pace-T model I
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Final product (major outcomes) of HyWays

Why? What? When? How? When?

Technical Roadmap I EU Action Plan

Socio-economic roadmap

BT | —
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I EU Action Plan

HyWays

I Technical Roadmap Socio-economic roadmap
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EU Action Plan

Hy

- Analysis of the policy measures and key actions

 The potential support from (improvement of) the existing policy framework (e.g.,
emission trading, feed in tariffs) will be assessed as well as

- the introduction of new / additional policy instruments (e.g., clean air legislation,
subsidies and taxation, specific support instruments for infrastructure built up
etc).

- The action plan will also contains a brief description of the characteristics of the
early markets and main barriers to overcome and opportunities to cease in the
early phase of the transition.

wanwanLHyWays.de



Hydrogen demand

lllustration of possible outcome

Innovatipn Market diffusion

Today

Hy\Ways

Free market

»

Time



Toolbox

Hy

F Assist regions or other EU25 countries in their interest to introduce hydrogen
energy, by using a ‘standardised and reliable approach’ (= toolbox)’ for the
development of an own roadmap and action plan.

I~ Further for the HyWays MS countries this standardised approach could by used
for an actualisation of the the developed roadmap and action plan.

- Topics:
- Documentation of the working steps to develop a roadmap and action map
(including a description of the main difficulties which could come up)

- Documentation of the developed instruments (models, key change actor
mapping, market opportunities, pathway selection, bound setting,...)

wanwanLHyWays.de



Document
Description of final products

e Content: for each final product
— Title
— Responsible
— Objectives
« Within HyWays context
e Of the Task
— Timing
— Structure of template (data delivery)
— Examples (illustration of output)

wanwanLHyWays.de






ISIS (Integrated Sustainability Assessment System)

Phase Il kick-off / model meeting 20 February 2006, Frankfurt am Main Page 9



Data flows within the scenario building tool

technology
components

scenario X

v

sectoral
split

supplier
structure

baseline

www.HyWays.de

v

|

\
/

3 scenarios Hy

import export
scenario
development

~.

economic
balancing

Phase Il kick-off / model meeting 20 February 2006, Frankfurt am Main

sectoral
effects
employment
effects




