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HYDROGEN AS AN ENERGY CARRIER
The idea of extensive use of hydrogen (or the “hydrogen economy”) has been on and off the energy agenda since the 1970s, with occasional spikes of interest
but without ever catching hold—the drivers have simply not been strong enough.
Hydrogen has several advantages:

• it can be used in most of the same applications as natural gas.
But also has disadvantages:
• it is more expensive and more difficult to handle than other fuels,
• it is not as versatile as electricity (for example, hydrogen cannot power
electronic devices).

Energy density per unit volume (MJ/Litre)

• it is a very clean fuel at the point of use,
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• hydrogen is not a source of energy at all; rather, it is an energy carrier:
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It does not occur naturally on Earth in its elemental form:
hydrogen production requires a lot of processing using energy
from another source.
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At present, about 94% of hydrogen production in Western Europe is from fossil fuels: 54% from natural gas, 31% from oil, and 9% from coal (1) .
So, although hydrogen does not emit carbon on combustion, traditional hydrogen is not a low-carbon fuel.

4
1. Sorurce: IHS Markit 2019.

LOW-CARBON HYDROGEN PRODUCTION ALTERNATIVES1
Feedstock

Renewable hydrogen

Water (and
renewable
electricity)

Splitting water into
hydrogen and
oxygen

Alkaline water
electrolysis
PEM water electrolysis
SOEC water
electrolysis

Splitting water into
Water (and sun
hydrogen and oxygen
irradiation)
w/o electricity
intermediate path

Biomass
and biogas

Low-C
hydrogen

Technology

Light
hydrocarbons

Water
Photoelectrocatalysis

TRL
9
(8 at large scale)

Low temperature electrolyzer (60-80ºC) using solid acidic
membrane as electrolyte.

5-6

High temperature electrolyzer (600-700ºC) using a solid oxide
electrolyte.

5

Direct conversion of sun energy into chemical energy at ambient
pressure and temperature.

Biochemical
conversion

8-9

Biomass gasification
/ pyrolisis

6-8

Steam reforming with
CCUS

8-9

Methane
pyrolysis

electrodes

8

Paths to biohydrogen

High temperature
catalytic conversion
of hydrocarbons /
methane molecule
splitting

Low temperature electrolyzer (60-80ºC) using
submerged in a liquid alkaline electrolyte.
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Biomass molecule breakdown or digestion in the absence of
oxygen (anaerobically) to produce biogas (methane) that can be
converted to hydrogen by steam reforming.

Biomass reaction with steam or by partial combustion to produce
syngas (CO+H2). CO is further converted with water into CO2+H2

Steam reforming of natural gas (SMR) or other hydrocarbon
source with carbon capture and use/storage.
Methane in natural gas (or other HC source) is decomposed at
high temperature generating hydrogen and solid carbon.
1.
2.

Low-carbon H2 from nuclear power not5 listed
TRL: Technology Readiness Levels

INTRODUCCIÓN A LA ELECTRÓLISIS
Unidades
• Parámetro
Comparativa
de los

Objetivos a 2030

objetivos
de la FCH
JU
AEL
PEM

SOEC

AEM

37

48

A nivel sistema
Consumo
eléctrico

kWh/kg

Demanda de
calor

kWh/kg

-

-

8,0

-

Coste equipo

€/(kg/d) [€/kW]

800 [400]

1000 [500]

800 [520]

900 [450]

Velocidad de
respuesta

Segundos

10

1

180

1

Tiempo de
arranque
desde parado

Segundos

300

10

14.400

10

m2/kW

40

25

50

50

Degradation

%/1.000 hrs

0,1

0,12

0,5

0,15

Densidad de
corriente

A/cm2

1

3,5

1,5

1,5

Huella

48

50

A nivel stack

The objectives of the developments of each technology
show that there will not be a single technology better than
the rest, but that each technology will have its advantages
over others and will depend on the use:
• Equipment coupled to industry and with a constant
power supply: in this case the two outstanding
technologies are alkaline and SOEC, being these the
ones with lower CAPEX and operating costs (O&M +
electricity consumption). Between the two, SOEC
stands out if there are usable waste heat sources.
• Equipment directly connected to renewable energies: in
this case, membrane technologies (PEM and AEM)
stand out due to their good response to changes in the
power supply. The small footprint of PEM technology
makes it ideal for small off-site units.
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LOW-CARBON HYDROGEN PRODUCTION ALTERNATIVES
Bio-hydrogen production

Organic waste treatment

Technology

High temp.
pyrolysis

Anaerobic
digestion

Gasification

Biogas (methane) production

Biogas upgrading

H2 production

Wide range of technologies

Need for contaminant removal

Gas separation and/or H2 conversion.
Possibility of integration with
existing SMRs

Description
• Heating at high temperature (500 - 750ºC) in the absence of O2 to cause
depolymerization of the feedstock
• Pyrolysis products: solid char, hydrocarbon liquid and syngas (mixture of
hydrocarbons, H2, CO and CO2) that need to be upgraded before use.

• Microbial process in which microorganisms break down biodegradable material in
an oxygen-free environment to produce a solid digestate along with biogas
(mixture of methane and CO2). Methane yields H2 by SMR
• Mature technology, with several technology suppliers.

• Conversion of organic material at high temperatures (>700 °C), under controlled
amounts of oxygen and/or steam, into a syngas (mixture of hydrocarbons, CO,
CO2 and H2).
• Flexible to process different types of raw materials.
• High capex due to cost of the gasifier and several stages of syngas cleaning,
relative high scale required to be economic.

Pros

Cons

Maturity

TRL 6
Possibility of
modular plants

Need of
upgrading

TRL 9
Mature
technology
Possibility of
modular plants

Need of
upgrading

TRL 8
Feedstock
flexibility

High CAPEX
Need of upgrading
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LOW-CARBON HYDROGEN PRODUCTION ALTERNATIVES

LCOH 2020 – 2030: average and range by technology
LCOH – 2020

LCOH – 2030

6

€/kg H2

5
4
3
2
1
0
SMR + CCS

•

Bio-Hydrogen

Electrolysis

SMR + CCS

Bio-Hydrogen

Electrolysis

LCOH ranges are wide as it is heavily impacted by different relevant factors:
– SMR + CCS: natural gas price, CO2 capture and transportation costs, price of carbon for non-captured CO2
– Bio-Hydrogen: biogas production and upgrading route and its costs, raw material supply costs

– Electrolysis: electricity cost mainly, capex.
•

SMR + CCS hydrogen (steam reforming of natural gas with CCS) is the most competitive option today as long as storage or CO2 use option exist.

•

Biomass hydrogen may have a competitive advantage when combined with existing SMR units, but production may be limited by raw material availability.

•

Electrolytic H2 could become cost competitive as electricity prices decrease and electrolyzers become cheaper with technology improvement and economy
of scale.

•

Deployment of renewable hydrogen routes in this decade will be highly influenced by specific regulatory support and incentives
Source: “The future of hydrogen” IEA – 2019, “Green Hydrogen Cost” IRENA – 2020
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HYDROGEN
FOR INDUSTRY

DECARBONIZATION POLICIES

Industry sector as a key element of the decarbonization strategy
Current scenario

Industry
emissions
(2018)2

74

Industry sector accounts for the 26% of Spain’s
GHG emissions1 (including refineries, fuel
combustion and industrial processes)

63%

Electrification and low C gases will significantly
reduce the demand of mineral fuels that are
currently in use.

37%

Industry-Processes is the only sector of the
economy that will increase its emissions (4%)
between 2020-2030.

Industry
Mt CO2eq emissions
Combustio
Mt CO2eq n emissions
Process
Mt CO2eq emissions

90%

Industry
overview

Cogeneration

500

ktons/y

4,5-5

Mt CO2eq

Installed
capacity
H2
demand
H2
emissions

The main fuel consumed by cogeneration plants
is natural gas, which represents 84% of electricity
production and 86% of heat production,
The vast majority of H2 consumption is produced in
the manufacturing plants of industrial products
(ammonia) and in the refining industry. Current
production processes emit 9-11 tCO2eq/T H2

…further initiatives should be implemented to meet Green Deal targets

Share of CO2 Equivalent Emissions in Spain by Sector (2018)1
Agriculture
15,3%

Power generation
19,1%

Residential &
Commercial
8,5%

Industry
26%

334,25
Mt CO2e

Transport
27,0%

Waste
4,0%

An industry decarbonization roadmap should be:
Energy efficient. Improving energy efficiency in existing production
processes is needed to reach short term emission targets.
Digital. By using sensors, artificial intelligence and big data, improved
process control is possible for allowing efficiency gains and process
integration.
Sustainable. Industrial clusters will help to create synergies around
technologies based on circular and bio-based feedstock, waste
minimization, longer lifespans and recyclable materials.
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INDUSTRY DECARBONIZATION: PROPOSED ROUTES

A blend of the five proposed levers supports the target of decarbonizing the
industry

Definition

Technological
Pathways

Applications

ENERGY EFFICIENCY
INITIATIVES IN
INDUSTRIAL PLANTS

RENEWABLES +
ELECTRIFICATION
OF PROCESSES

Reduction of energy required to
produce products by integrating
complementary processes, new
technology
or
additional
intelligence.

Replacement of fossil fuels in
industrial processes by low
carbon electricity (power-toheat, etc).

CIRCULAR
ECONOMY

Efficient use of improved
materials, new business models
in major value chains, and large
shares of materials recirculation

Decarbonization
of
hightemperature
heating
and
process
emissions
though
recirculation or direct capture

Used as product or feedstock
presents a great abatement
potential for heavy industries
processes heat and storage.

• IIoT

• Equipment electrification

• Thermochemical platform

• CCS in power generation

• LowC Hydrogen

• Robotics

• Solar PV

• Biological Platform

• CO2 separation tech.

• Renewable Hydrogen

• AI

• Solar Thermal

• CO2 transport

o Electrolysis

• Waste Heat recovery

• Geothermal energy

• CO2 storage

o PEC

• EMS

• Energy Storage

• Negative Emission tech.

o Alternative technologies

• Operational excellence

• Biomass

• Tasks automation

• Heat generation

• Heat generation

• CO2 EOR

• Hydrogen as raw material

• Real time monitoring

• Cold generation

• CHP units

• CO2 to chemicals

• Hydrogen as energy vector

• CO2 for fuel synthesis

• Re-electrification

• Hoja de Ruta de Biogás

• Directive 2009/31/EC

• EU Hydrogen Strategy

• PNIEC

• Ley 40/2010, de 29 de
diciembre

• Hydrogen Spanish Roadmap

• Energy savings
• Directive (EU) 2018/2002

Policies &
Strategies

LOW C
HYDROGEN

CCUS

• Ley 18/2014, de 15 de octubre

• Estatuto del Consumidor
Electrointensivo (to be passed)

• PNIEC.

• PNIEC

• PNIEC
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HYDROGEN FOR INDUSTRY

Demand and requirments

Iron and Steel

Chemicals and Refining

Application

Future demand

Reducing agent: Replace
fossil fuels in DRI process
with H2

Feedstock for ammonia,
methanol and low carbon
fuels production.

Chemical: expected to grow a 31%,
reaching 14 megatons of hydrogen per
year by 2030. (1)
Refining: expected to grow a 7%,
reaching 41 megatons of hydrogen per
year by 2030. 1

Producing two million tons of hydrogenbased steel requires a green hydrogen
amount of 144.000 tons. A capacity of
900 MW, or nine of the world’s largest
planned electrolysis plants producing
100 MW 2

Process industrial sectors
Industrial heat for all
industrial sectors
(chemicals, iron and
steel, aluminum,
ceramics, cement, pulp
and paper, etc)

Hydrogen has the potential to
decarbonize “hard-to-reach” segments
of industry where nor electrification or
bioenergy is an alternative and high
temperatures are required. 1

Requirments
Industrial processes
require supply stability

1

The Future of Hydrogen. IEA. June 2019
2 Decarbonization challenge for steel .Hydrogen as a solution in Europe. McKinsey & Company. April 2020

Continuous/
discontinuous
consumption
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RENEWABLE H2 VALUE CHAIN

From renewable electricity and from waste to hydrogen

Vía electrólisis
De la electricidad renovable al
hidrógeno

Generación eléctrica

Producción H2

Almacenamiento H2

Hibridación de tecnologías de
generación

Opciones tecnología (alcalina, PEM,
SOEC) Nueva acometida eléctrica

Necesidad de almacenamiento de H2
función de dinámica de electrolizador y
SMR

Almacenamiento eléctrico
Sistemas de almacenamiento con
respuesta rápida y lenta

Usos H2

Vía biogás
Del residuo al hidrógeno

Tratamiento de residuos

Producción biogás

Upgrading biogás

Producción H2

Hibridación de tecnologías de
generación

Diversidad de procesos (digestión
anaerobia, pirólisis, gasificación, etc.)

Necesidad de retirar contaminantes y
otros gases

Generación de hidrógeno
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H2 USES. POWER TO X

CO2 valorization

Producing e-fuels1,2

Investing e-fuels2,3

Renewable power generation

H2O

Hydrogen electrolysis

O2

H2
Production of liquid fuels

CO2

Methanol Synthesis
Methanol can be processed
further into gasoline via the
Methanol-to-Gasoline
process (MTG).

Fischer-Tropsch
synthesis
E-liquid fuels as e-gasoline,
e-diesel and e-jet provide
similar and even superior
performance than fossil fuels.

Gasoline,
kerosene,
diesel
H2O

Heat

Regarding to final products, Fischer-Tropsch (FT) in combination with hydrocracking
produces naphtha, diesel or Kerosene while methanol synthesis followed by MTG
process produces gasoline.
Methanol synthesis can tolerate higher amounts of CO2 in the feed, or even use
100% CO2 as a carbon feedstock while FT synthesis requires a previous CO2 reduction
step with H2 (Reverse Water Gas shift reaction) to obtain CO that is fed into the FT
reactor along additional H2

Progressive CAPEX reduction is expected over time, due to economies
of scale and learning curve advancements (mainly in H2 production).
Electrolysis could represent almost half of the total investment for an efuel plant but falling to below 25% by 2050, where CO2 supply becomes the
main driver of total investment (DAC considered).

Both routes display similar overall process efficiencies (power-to-fuel), which vary
between 30% to 45% (MJ fuel/MJ primary energy).
1.
2.
3.

Source: The role of e-fuels in the transport system in Europe, 2019.
Source: Role of e-fuels in the European transport system, 2020.
CAPEX for power generation is not included in efuels plant investment. Depending on the level of deployment of e-fuels, additional power generation CAPEX could have an impact on electricity price.
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…ALTHOUGH SOME CHALLENGES NEED TO BE ADDRESSED
• Production of H2: Bio-H2, research and development of technologies to increase H2
performance
Technology

• Production of H2: Improving efficiency of electrolyzers

• End uses: Scaling up technologies to convert hydrogen into carriers and power to x.
• Production of H2: Building and strengthening manufacturing industries to produce electrolyzers
and associated components

Industry

• End uses: Strengthening manufacturing industries of logistics and specific equipment
• Transmission of electricity: Streamlining administrative processes to obtain connections to the
electric grid for electrolyzers and batteries
• Transmission of electricity: Extending the self-consumption scheme to remote generation and
consumption of electricity

Regulation

• Production of H2: Establishing clear requisites to label renewable electrolytic hydrogen (time
and space correlation in generation and consumption and additionality criteria)
• End uses: Adapting regulation to include all types of renewable hydrogen

REPSOL’S NETZERO STRATEGY:
HYDROGEN

SUSTAINABLE COMPANY
REPSOL is the 1st energy company committed to achieving net zero emissions by 2050, including our production and
products, setting intermediate targets in 2025, 2030 and 2040.

DECARBONIZED INDUSTRIAL SITE

From current refinery and petrochemical processes...

...towards low carbon refineries and petrochemical sites

Renewable H2 capacity, GW eq

0.55

2025

2030
H2 production

Combining all technologies: biogas,
electrolysis and photoelectrocatalysis

Usos finales
de hidrógeno

Producicción
de hidrógeno

1.9

Generación
eléctrica

REPSOL FULLY COMMITTED TO FOSTER TECHNOLOGIES
ALONG THE COMPLETE CHAIN…
• New electric generation and storage to feed electrolysers
.

• New plants to produce biogas from waste
• New plants to produce renewable H2 from water
electrolysis.
• Joint Venture with Enagas to develop
photoelectrocatalysis technology to produce hydrogen
directly from sunlight

• Demo plant for e-fuels production (~2000 t/a) announced
in Bilbao together with Aramco
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REPSOL’S NET-ZERO STRATEGY – HYDROGEN
Bilbao Synthetic Fuel Plant
• Water and CO2 as only raw
materials.
• Renewable power for the
whole process.
• Synthetic fuel produced can
be used in current
combustion engines (ICE).
• Initial phase: 50 barrels per
day of synthetic fuel –
Scalable.
• Net zero CO2 emissions in the
entire production cycle.
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REPSOL’S NET-ZERO STRATEGY – HYDROGEN
Sun2Hy
Sun2Hy is a project focused on developing a new
photoelectrochemistry technology for renewable hydrogen
production.

•
•
•
•

100% CO2 reduction vs grey hydrogen.
Based on direct utilization of solar energy.
100% renewable.
Different public and private entities involved:
• Technology developed in partnership with Enagas.
• In collaboration with the Group of Applied
Electrochemistry and Electrocatalysis of the University
of Alicante (LEQA), the Catalonia Institute for Energy
Research (IREC), the Aragon Hydrogen Foundation
(FHa) and Magrana.
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TechLab

