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> The most abundant chemical substance in the Universe.
> The lightest element in the periodic table.
> Contains more energy per unit of mass than natural gas or 

gasoline (3X) – lower energy per volume (1/10 of natural 
gas)

What is Hydrogen?
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larger volumes of hydrogen are needed 
to meet identical energy demands as 
compared with other fuels

Source: IEA, 2019a



Phase H2 diagram

4Source: Shell, 2017



> In the begging of the XIX century H2 was incorporated 
in street lighting in Europe and USA as town gas 
(produced trough coal gasification)

> H2 was around 50% of town gas

> Why town gas? 
> Economic: Cheaper than whale oil
> Quality of services: Brighter and safer flame

The early entrance of H2 in the energy system
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- Widespread adoption of town gas in UK around 1820

- In Lisbon the public lighting trough town gas started in 
1848 (Chiado) 

> When electricity (and in some countries natural gas) appeared town gas started to disappear

> In Portugal for example the first eletric lighting appearred in 1878 and the town gas continue in the streets 
of Lisbon up to 1965 (Bairro Alto and Santa Catarina).



What is the current role of H2?
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Source: IEAa, 2019

Current H2 uses: 
> refining petroleum (e.g., 

lower the sulfur content of 
diesel fuel),

> producing fertilizer 
(ammonia) 



Why we are talking so much about H2?
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Climate Change -
Limiting global 

warming to 1.5◦C 
compared to pre-

industrial levels 

Source: IPCC, 2018
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1.8 ◦C

Energy system transformation
> Renewable energy sources 

(RES) will have a major 
contribution in reduction GHG

> Most of RES are intermittent

Source: IEAb, 2019

1.8◦C

Why we are talking so much about H2?



Why we are talking so much about H2?
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Source: AT Kearney Energy 
Transition Institute, 2014. 

Electricity Storage
> H2 can be 

storage at large 
scale

> Allows a 
seasonal 
storage



Why we are talking so much about H2?
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> H2 can be an alternative energy vector to lower the carbon intensity of transport (and heating)

- 1 000 2 000 3 000 4 000 5 000 6 000 7 000 8 000 9 000

1

Coal Oil Natural gas Electricity Heat Bioenergy Other renewables Other fuels

Industry                                   Transports                                    Buildings

Final Energy Consumption (Mtoe)

Source: IEAb, 2019

17 809 Mt CO2  (54% of 
energy-related CO2 
emissions)



What is H2 economy? | H2 chain
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Production Storage/Transport & Distribution Consumption

Hydrogen value chains can follow many different paths 



> The majority of H2 produced 
is from fossil fuels - 60% is 
from “dedicated” hydrogen 
production facilities

> Most is produced from natural 
gas

> Small fraction comes from 
water electrolysis (water + 
electricity).

> Less than 0.7% of H2 
production is from RES or 
from fossil fuel plants with 
CCUS

830 MtCO2/yr

The production of H2 today
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IEA, 2019a



H2 production
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Source: Shell, 2017

Green 
H2

Black H2

Grey/Blue 
(CCS) H2



SRM with carbon capture and utilization
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BLUE hydrogen

CO2 can be separated from the high-
pressure synthesis gas stream

CO2 can also be captured from 
the more diluted furnace flue gas

Source: IEA, 2019a



H2 Production | Water electrolysis
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> Electrochemical reaction that splits water into 
H2 and Oxygen, using electricity. 

> It is a 100% emission free and carbon-free 
process 

Electron to hydrogen

Power: 1 MW electrolyser ↔ ± 18 kg/h H2
Energy: +/- 55 kWh of electricity →1 kg H2 ↔ ± 9 liters demineralized water



Water electrolysis
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steam

potassium 
hydroxide (KOH) 
or sodium 
hydroxide (NaOH) 
solution

Electron to hydrogen

Polymer electrolyte membrane



> Alkaline electrolyser
> Mature and commercial technology 
> Do not operate on zero load
> Do not produce highly compressed H2 –

needs additional compression
> Needs the recovery and recycling of the 

potassium hydroxide electrolyte solution 
> PEM

> Produce highly compressed H2 
> Operating range can go from zero load 
> Need expensive electrode catalysts 

(platinum, iridium) and membrane 
materials

> SOEC
> Have not yet been commercialized
> Need a heat source (nuclear, solar 

thermal, geothermal)
> It is possible to operate in reverse mode

Water electrolysis
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Source: IEA, 2019aStudies indicate PEM as the main 
electrolyser technology in the future

Electron to hydrogen



How does an electrolyser (alkaline) look like?
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Source: 
https://hydrogeneurope.eu/sites/de
fault/files/2018-06/2018-
06_Hydrogenics_Company%20prese
ntation.compressed.pdf

https://hydrogeneurope.eu/sites/default/files/2018-06/2018-06_Hydrogenics_Company%2520presentation.compressed.pdf


> Steam Methane 
Reforming from Natural 
Gas is the cheapest way 
to produce H2

> Electricity price is the 
biggest component of H2 
production price 
(Renewable electricity 
price around 41€/MWh)

> The 1st solar auction in 
Portugal has awarded 
around 1.4 GW, at an 
average tariff of 20,4 
€/MWh, with a lot 
awarded at 14,7 €/MWh, 
the lowest price in the 
world at the time

H2 production costs

19Source: IEA, 2019a

20€/MWh
41€/MWh

14€/MWh



> H2 low volumetric energy density at ambient conditions makes it considerably harder to store than fossil fuels –
compressions, liquefaction or absorption

> If hydrogen replace natural gas in the global economy today would need 3-4 times more storage infrastructure 

H2 Storage
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Source: 
https://www.eia.gov/todayinenergy/detail
.php?id=9991



H2 Storage
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LOHC – Liquid Organic H2 Carriers, e.g., methanol, dibenzyltoluene and toluene  

Note: Salt caverns are the only type of geological formation successful used to storage H2 underground to 
date. Other alternatives are under research to test leaks and reactivity with the host rock 

Cool it down H2 further, to 
its melting point (-260◦C

Source; 
BloombergNEF, 2020

3H2 + N2 → 2NH3

CO2 + 2H2 → CH3OH (methanol)

High energy 
lost (24-45%)

Energy lost 
(5-10%)



> The low energy density of 
hydrogen means that it can be 
very expensive to transport over 
long distances

> The best option: blending in the 
natural gas grid, dedicated grid, 
trucks or shipping will vary 
according to geography, 
distance, amount of H2 and the 
required end use of the 
hydrogen

H2 Transport & Distribution

22Source; BloombergNEF, 2020



H2 Road Transport
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Source: Shell, 2017



Blending H2 in the natural gas grid

Fonte: Nabeya Bi-tech
Kaisha (NBK®)

Limitations

> The material of the pipeline limits the amounts of H2:
> polyethylene distribution pipelines can handle up to 100% hydrogen
> some metal pipes can degrade when exposed to hydrogen over long periods, particularly with H2 in high 

concentrations and at high pressures – embrittlement - Literature suggests a maximium of 20% blending without
major transformations of the natural gas grid

> Energy density of hydrogen is around 1/3 of that of natural gas and so a blend reduces the energy content 
of the delivered gas – more volume needed

> Even a 20% blending of H2 only reduce natural gas emissions                                                                  
in 7%
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H2 Blending in the natural gas grid
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> There are 37 demonstration 
projects studying H2 blending in 
the gas grid. 

> The Ameland project in the 
Netherlands did not find that 
blending hydrogen up to 30% 
posed any difficulties for 
household devices, including 
boilers, gas hobs and cooking 
appliances 

Source: IEA, 2019a



> Dedicated H2 
pipeline already 
exist mostly 
associated with 
refineries/industry

Dedicated H2 pipelines
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Source: Shell, 2017



> Production represents is the principal driver in H2 costs
> The higher the RES potential de lower the H2 costs

Overall H2 economy
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Transport costs represent 
50km transmission pipeline

Assuming the current 
costs of electricity from 
solar PV (last auction ) 
Portugal will have a H2 
cost close to Australia



H2 -based energy conversion solutions
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Hydrogen to heat

Power to gas (methane CH4)
Power to Power (fuel cells)

(Ammonia)
(fuel cells)

Source: AT Kearney Energy 
Transition Institute, 2014. 

Synthetic fuels



H2 -based energy conversion solutions
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Source: AT 
Kearney 
Energy 
Transition 
Institute, 
2014. 



Fuel Cell
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Power production from a hydrogen PEM fuel 
cell from hydrogen (+/- 50% efficiency) 
Energy: 1 kg H2 → 16 kWh



H2 Uses – Transport Sector
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Since 50s –
cryogenic H2

Technology 
validated in 

relevant 
environment 

System
complet and

quaified

Source: Shell, 2017
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Source: http://www.dsdmip.qld.gov.au/resources/presentations/cq-hydrogen-presentation-2.pdf

http://www.dsdmip.qld.gov.au/resources/presentations/cq-hydrogen-presentation-2.pdf


> Caetano Bus (fuel cell
Toyota) manufacture 
the H2.City Gold

Fuel cell electric vehicle (FCEV) in Portugal
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FCEV | Private Cars
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2018:
FC total stock: 11 200 units
BEV total stock: 5.1 million 

FCEV is a type of electric vehicle, but instead 
of storing electricity, a FCEV stores H2 and a 
fuel cell acts as micro power plant to generate 
electricity on board

Source: IEA, 2019a

Source: Pielecha et al., 2018



FCEV vs other technologies
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Source: https://www.euronews.com/living/2020/02/13/hydrogen-fuel-
cell-vs-electric-cars-what-you-need-to-know-but-couldn-t-ask

https://www.euronews.com/living/2020/02/13/hydrogen-fuel-cell-vs-electric-cars-what-you-need-to-know-but-couldn-t-ask


> FCEV costs could break 
even. 

> Cost reductions in fuel 
cells and storage tanks, 
together with high 
utilization of stations, are 
the keys to achieving 
competitiveness. 

> Refueling infrastructure is 
determinant of the future 
competitiveness of FCEVs

FCEV vs other technologies

36Source: IEA, 2019a



> Heavy-duty FCEVs tend to 
be more immediately 
competitive against BEVs 

> H2 < USD 7/kgH2 in the long 
term makes FCEVs 
competitive in relation with 
IC

> The limited size of the truck 
market may limit the fuel 
cell price reduction 
(economies of scale). Price 
will rely on substantial 
deployment of fuel cells in 
cars. 

Heavy-duty (trucks and intercity buses) FCEVs
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Source: IEA, 2019a



H2 refueling stations
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Source: http://www.flanderstoday.eu/business/first-public-
hydrogen-fuel-station-opens-flanders

Source: IEA, 2019a

http://www.flanderstoday.eu/business/first-public-hydrogen-fuel-station-opens-flanders


Refueling Stations

39Source: https://h2stationmaps.com/

350 bar | 700 bar

200 -250 bar 
Container Trailer : 500 bar

4 bar

https://h2stationmaps.com/


Refueling Stations
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Source: FCH, 2019



> H2 can be used in 3 forms:
> Fuel-cell (H2 to produce electricity) – lower efficiency than 

direct use of electricity, higher control of power supply load 
curves

> Blended in natural gas (the % of blending depend on the 
equipment – due to embrittlement factor)

> 100% H2

H2 use for heating (Industry and Buildings)
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with H2 without H2

Sources:
“Heat Transfer in Industrial Combustion” , Charles E. Baukal

“Computational modelling of turbulent flow, combustion and heat transfer in 
glass furnaces”, Hoogendoorn et al (1994)

Stig Stenström (2019): Drying of paper: A review 2000–2018, Drying Technology

- Lower flame brightness affect some industrial 
sectors – e.g., glass, ceramic

- Higher production of NOX (additional control 
measures) and H2O steam

- H2 higher volatility and requires additional 
security measures to detect leakages



> The number of countries 
with polices that directly 
support investment in 
hydrogen technologies is 
increasing – 16 countries 
by May 20109 (Portugal 
not included)

> Over the past few years, 
global spending on 
hydrogen energy 
research, development 
and demonstration 
(RD&D) by national 
governments has risen

The growing interest on H2
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> Hydrogen can gradually replace natural 
gas as an energy fuel per se (often with 
energy efficiency losses) for heating 
purposes or in transport (used with fuel 
cells) and as feedstock for industrial 
applications (e.g. steel industry, refineries, 
fertilisers)

> H2 is consumed directly or is used to 
generate e-fuels

H2 scenario
> H2 represents to a maximum of 20% of 

final energy consumption
> H2 with a mix up to 50% in gas distribution 

in 2050 

What is the role of H2 in carbon neutrality?
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A European long-term strategic vision for a 
prosperous, modern, competitive and 
climate neutral economy

Source: EC, 2018



What is the role of H2 in carbon neutrality?
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Direct use of H2

Hydrogen is projected to have the highest share 
in transport energy demand in the H2 scenario 
(21% in 2050) - mostly for heavy duty vehicles

Source: EC, 2018

Source: EC, 2018

350-500 GW of electrolysers
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Hydrogen Roadmap Europe

H2 could close up 50% of the 
gap between Reference and 
2D scenario

Current Policies

-48%

-28%

Source: FCH, 2019



What is the role of H2 in carbon neutrality?
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Hydrogen could provide between 8% and 24% of total 
energy demand in the EU by 2050

Source: FCH, 2019

Hydrogen Roadmap Europe
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Source: FCH, 2019



What is the role of H2 in carbon neutrality?
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Hydrogen Roadmap Europe

Source: FCH, 2019



H2 Strategy for 
Portugal
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Mostly PV
& Onshore Wind

Exportação de H2 para a 
Holanda



Summary
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1 What is Hydrogen (H2)?
H2 is the simplest and most abundant element on earth. H2 is a flexible energy carrier, i.e., can store and deliver 
usable energy, but it doesn't typically exist by itself in nature and must be produced from compounds that contain 
it.

2 What is current role of H2?
H2 is mostly used as a feedstock in petroleum refining and fertilizer (ammonia) production. Today 95% of H2 is 
produced from fossil fuels, mostly from natural gas with consequent CO2 emissions.

3 Why we are talking so much about H2?
H2 can be produced from clean energy sources (e.g., renewables) and may deliver or store a tremendous amount
of energy*, without CO2 emissions supporting the decarbonization of economy. H2 can store electricity (chemical
storage) for higher periods of time than batteries (seasonal vs daily) and deliver this energy to different uses, for
example, can be used in fuel cells to generate electricity to transports or to stationary uses, can be used directly to
decarbonize industry heating
*It has 2 and 3 times more energy per unit of mass than natural gas and gasoline.



Summary
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4 What is the H2 economy?
H2 production
H2 storage
H2 transport & distribution
H2 utilization

Example of Hydrogen “green” and “blue” economy

SMR with 
CCS

CO2 capture

Green Ammonia



Summary
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5 What is the role of H2 in a carbon neutral economy (European case)?

6 What is Portugal saying 
about H2?

2050 |  5 GW electrolyser for 
75%/80% in natural gas grid 
15%/20% of H2 in final energy
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