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Different views

—> Divergent scenarios reflecting

high uncertainty
- Need for clear governmental
targets in order to trigger

iInvestments

—> Different models, different input
data and different assumptions
which lead to different results

—> Confusing Policy makers
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Scenario

comparison

— Most of the scenarios focus on hydrogen use in the mobility sector via fuel cell
electric vehicles

—> Scenarios for injection into natural gas networks are scarce despite the potential
of this market segment

- Hydrogen is more present in the normative scenarios with high constraints on
the CO2 emissions highlighting its carbon mitigation potential

—> The highest volumes are reached in the scenarios where hydrogen is used to
bridge between different sector creating synergies (example: E3 Modelling

scenario and Ecofys scenario)

Sensitivity to the data and the assumptions is key issue
—> Focus on TIMES-PT model
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Detailed hydrogen pathway
modelling & Open Data sharing
(highlighting the sensitivity of the
results to the input data)

Results :

Total hydrogen demand goes from
244 PJ in the current policy scenario
to 1606 PJ in the long term
decarbonisation one.

than 50% by 2050 (vs. 2010) with developed countries carrying out a

carbon capture and storage (CCS). Wind and solar™ are identified a5

author at: Center for Energy and Enviroamental Sciences, IVEM, University of

Coeresponding
E-madl address: 1) Blanco Reanotirug ol (H. Blanco).

sion of Power-to-Hydrogen, which can be subsequently used as energy
carrier (ie. hydrogen economy [2-4]) or as reactant for further com-
pounds (e.g. methane, methanol, long chain hydrocarbans). Typical
efficiencies (energy output vs. energy input) are 65-75% for Power-to-

6, 9747 AG i The

* The views expressed are parely those of the authors and may not in any circumstances be regarded as stating an official position of the Exropean Commissian.

? Referred in the rest of the document as VRE = Variable Renewable Energy.

Bitps://doi org/10.1016/] apenergy. 2018.08.027

Bt 0 Apell 218 Recefoed i sevkeal R 38 iy 2018, Acceyand § Mgy 2008

Available caline 04 October 20}

mm/omummuj Published by Elsevier Ltd_ This is an open access article under the CC BY license:

g/ .03

-  Focus on Power to Methane
contribution to the decarbonisation of the
European energy system

-  Results:

—> System drivers (CO2 reduction target,
REN share, etc.) have higher impact
than the technology drivers (invest
costs) on the appearance of PtM in the
results - Policy role

Global surface temperature has already increased by 0.9°C and
global mean sea level has already risen by 0.2m compared to pre-in-
dustrial times. To limit the temperature increase to 2°C by 2100, cu-
mulative emissions over the 2012-2100 period have to stay within
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Investigation of power to liquid
pathways in Europe in the context of
high decarbonisation

Results :

PtL arises only when constraints on CO2
storage are imposed (social
acceptability)
Need for higher temporal and spatial
resolution

ETSAP meeting | 7-8 November 2018 | Stuttgart




* H2 has always been part of the model - over the years variable
deployment in different policy support studies:

. Endogenous RES Low Carbon Role of electricity in Carbon Neutral
Expe rl e n Ce Energy, 2010 RoadMap, 2012 the economy, 2016 RoadMap, 2018
160
. . @ 140  Very high More moderate More moderate Lower H2
Wlt h | I l Od e | | | n g ‘5 120 economic growth! economic growth economic growth production costs,
= & disaggregate & cheaper electric blendingin
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mOdels (N EEDS RESZOZO Cascade-Mints D1.1 Fuel cell technologies and Hydrogen production/Distribution options,  Bolat et al, 2014; DOE/NREL,
: ! DLR, Sep 2005 2017; DOE, 2017; FCH/JU, 2017;
projects) H2 only cost-effective with CO2 cap NRC 2004 Liberatore etal,

H2 consumed in freight trucks and produced from:

Electrolysis (grid
electricity)

I Biomass gaseification & solar reforming Biomass gaseification
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* In TIMES_PT versions since 2016: input data determines H2 deployment or not —
competition with electric and/or biodiesel trucks

* Trying to model H2 as pathways instead of isolated technology options — very
complex and time-consuming — only possible when Hz2 itself is the focus of the

Hydrogen

mOde | | | ng analysis (instead of decarbonization as such)

-  Rapid pace of publication of recent information on H2 technologies - challenge to
Cha | |enges N include all in model. Also variation in relative H2 costs and efficiencies compared to
TI M ES PT alternatives depending on sources = H2 trucks are cheaper/more expensive...

* Modelling pathways for only H2 can create “competitive disadvantage” with for
: example electric trucks = if adding detailed H2 supply structure in heavy duty trucks,
- Carbon neutrality roadmap for do the same for electric trucks, otherwise estimate of charging costs (ex. via additional

the Portuguese government delivery costs) becomes underestimated

- Assessing H2 deployment _ . : :
drivers for AP2H2 Portuguese * Capturing the flexibility of hydrogen electrolysers seems challenging with time

Hydrogen Association resolution of TIMES_PT model (12 time-slices) = modelling the participation of
electrolysers to ancillary services which was proven to enhance H2 production
profitability = otherwise are we penalizing H2 at the entrance?

* Sensitivity analysis: impact of H2 and alternative cost assumptions, CO2 caps... on H2
deployment in the Portuguese energy system
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What are the drivers for H2 cost-effective deployment in

Portugal? [PT has very high RES electricity share; high pumped hydro, limited biomass
available- mainly for heat production]

From discussion with stakeholders on 30th January 2018 ® ° o
1. Storage of wind & PV electricity N )
Hyd rog en 2. National CO2 mitigation targets [ )
Lower external energy dependance - Production of synthetic fuels for transport in the

mOdeulng g medium-term?
Cha”engES |n 4. Oﬁ:'gl’ld appllcat|on5

5. Development of a national economic cluster based on offshore wind power used for
TI M ES' P-I- desalination and H2 production via.electrolysis?. o | |

6. Valorisation of forestry waste for biomass gaseifications (side-effect of forest fire
prevention measures)

7. Avoid substantial infrastructure costs replacing existing diesel trains with electric ones
(convert instead to H2)

* Towhat extent H2 technologies costs hinder deployment?
» Oversimplification of electric vehicles’ limitations in past modelling work?

£ Mentimeter

Scales

(-]

[
Strongly agree

Strongly disagree
7
]
2
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Drivers for H2
deploymentin
Portugal

Heavy trucks, buses Less BEV, replaced
Heavy trucks & light duty trucks with biofuels leads
l to more H2 trucks

" II ||I |||| |II
I "mm D
2040

2030 2050

= RN N W W R
o u o u o o U

w

o

H2 Final energy consumption (PJ)

W REF m 75%CAP m85%CAP m95%CAP  -70%CostProd m-70%CostUse M -70%CostDist W LimEV

H2 mostly generated from large alkaline electrolysers, stored in large tanks and distributed to fuel
stations by trucks (that stay on site serving as storage)

With stricter CO2 caps, grid electricity costs become more expensive —electrolysis is also more
expensive and thus electric trucks (more efficient) become more cost-effective than H2 ones

(drastic) reductions in costs of end-use H2 technologies (buses, LDV and trucks) have the highest
impact in H2 deployment, followed by lowering investment costs of H2 distribution

When limiting BEV cars to 20% of cars pkm, BEV are replaced by hybrids using biofuels. Because
biomass very limited in TIMES_PT, less is available for heavy trucks (as in REF) and electric trucks are still
more expensive (no CO2 cap considered)
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Conclusion

* Next steps in H2 modelling in TIMES_PT

better assess interplay with battery trucks and electricity costs & impact
of more realistic modelling of BEV

- explore why offgrid electrolysis and synthetic fuels so far not cost-
effective

- specify format of operation for some technologies considering the
specific pathway (e.g. lifetime of PEM might not be 3 years depending
how it is operated)

* more detailed analysis H2 for energy storage?

- explore using different model with higher time resolution (64 time-slices) in
2019 complemented with dispatch model from EDP utility

+ simply test scenario with 3%, 5% and 10% annual generated electricity
stored — figures based in % of electricity currently traded in Iberian electricity
price at below zero price

- agreed with stakeholders leaving out of analysis: H2 for diesel trains and
offshore wind cluster
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