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ENGIE & ENGIE Research

3 pathways towards Carbon neutrality

ÅIncrease energy efficiency and increase circularity where waste becomes a feedstock

ÅElectrify as much as possible (far beyond electric cars)

ÅThe need for molecules: (green) hydrogen and synthetic hydrocarbons
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Context: what does the 2 Degree Scenario mean?1
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In December 2015 (@ CoP21 in Paris), 161 member states agreed upon the 2DS

ÂFor the first time in December 2015, 161 states officially adopted in Paris at the CoP 21 the target of max

temperature increase 2ÁC by 2100.

ÂThe CoP 21 agreement includes 3 goals :

Å Containing the rise of global mean temperatures ñwell below 2ÁC above pre-industrial levels, and to pursue effortsò 

to limit the warming to 1.5ÁC.

Å ñIncreasing the ability to adapt to the adverse impacts of climate changeò by promoting resilient and low-carbon 

development.

Å Making financial flows ñconsistentò with a low-carbon development.

-10

-5

0

5

10

15

20

25

30

35

40

2000 2020 2040 2060 2080 2100

C
O 2

e
m

is
si

o
n

s 
(G

tC
O 2)

Land-use change Energy (non-Power) Power Total

IPCC +2°C trajectory by sector

Source:  ENGIE  Corporate Strategy CODIR 20/07/2015 scenario for a 

+2°C target - Adapted from IPCC, AR5-WG1 and AR5-WG3

ÂScenario from the IPCC shows

that the power sector should

become CO2 negative by 2060 if

we are to achieve the 2°C target
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The difference between 1.5°C, 2°C or 3°C average

global warming can sound marginal but é

Źin fact, they represent
vastly different scenarios
for the future of
humanity.
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|  Confidential & Proprietary6

The frequency of disastersé
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More than half of the emission reduction will have to come from technologies that are 

today not mature: Innovation and R&D are crucial and need to speed up! 

Fatih Birol, IEA September 2020: óCCUS, Batteries and H2 are today where PV was 

10 years ago. GOVERNMENT need to support their development now!ô
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We must prove the alarming roadmaps wrong!

Good news: 

(i) Some companies are taking the 

lead (today mostly digital 

companies)

(i) All current alarming roadmaps do 

not take breakthrough technologies 

into account! 

ng the lead (w

ones 

So research & innovation can help 

prove these alarming roadmaps 

wrong!
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And what about the war? 

Fatih.ƛǊƻƭ όL9!Ωǎ 9ȄŜŎǳǘƛǾŜ ŘƛǊŜŎǘƻǊύ ƛƴ .ǊǳǎǎŜƭǎ ƻƴ 
24 February 2022: 

ά ¢ƻŘŀȅ Ŏŀƴ ōŜ ǘƘŜ Řŀȅ ƻƴ ǿƘƛŎƘ ǘƘŜ 9¦ ǎǘŀǊǘǎ ŀ 
historic redesign of its energy priorities & policy: 
build its own(ed) secure, affordable and clean EU 
energy future!έ

.¦¢Χ 
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ENGIE announced to be carbon neutral on all 3 scopes by 2045:
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ENGIE carbon footprint in 2019 

192 Mton CO2eq

(*) power sales emissions are not included. A 
first assessment of power sales emissions 
estimates these at ~30 Mton CO2e in 2019. 

(*)

Upstream emissions

Purchased goods & 

services, buildings

Energy Sales 

(Use of sold products)

Power generation 

(non-controlled assets)

Power, steam, heating, 

cooling consumption

Gas infrastructureScope 3
135 (70%) Scope 2

3 (2%)

Scope 1
54 (28%)

Power generation 

(controlled assets)

Proposed net zero ambition by 2045 covers all scopes including procurement and upstream emissions, but 

intermediate targets are limited to energy generation and sales, the two most important sources of emission



Emerging Sustainable Technologies

Biomass 

gasification

Gaya

France Belgium

Solar-H2 

panels 

France

OPV for 

Buildings

Heliatek

Global

Bifacial Solar 

testing

Chile

Decentralized 

Energy System 

for Islands

Singapore

Floating Wind 

turbine
High Altitude 

Airborne Wind

Portugal Germany

Battery 

Storage

Pilots are key for ENGIE and a large part of the research budget

France

Belgium

H2 co-

combustion in 

gas turbine

H2 injection in 

natural gas grid

France

High 

temperature 

SOEC/SOFC

France

Power to 

methane

US

Supercritical 

CO2 cycle

France

Solar cooling
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3 pathways towards Carbon neutrality

(i) Increase energy efficiency and increase 

circularity where waste becomes a feedstock



A renewable fuel to 

generate heat (hot water 

or steam) and electricity 

(CHP) on site

Biogas is purified to be injected into the gas grid for 

industrial and domestic uses, such as heating or 

cooking

Biogas

Digestate
Is used as natural fertilizer

Organic waste goes  

through an anaerobic 

fermentation process 

which produces 

digestate and biogas. 

2. Anaerobic DigestionOrganic waste are collected and 

transported to the methanization site1. Collection

3. Upgrade4. end -uses

Biomethane is 

considered carbon-

neutral

CO2 from the atmosphere is 

captured by organic waste used 

to produce biomethane

Its combustion produces

biogenic C02 emissions 

Compensation effect: almost 

no impact on greenhouse gas 

emissions.

1 RGGO = 1 MWh green 

gas injected

©Engie BU GEM



3 pathways towards Carbon neutrality

(i) Increase energy efficiency and increase 

circularity where waste becomes a feedstock

(ii) Electrify as much as possible (far beyond 

electric cars)
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We have proven the roadmaps wrongé



Emerging Sustainable Technologies

PV efficiency will continue to increase, thanks to the industryõs 

continuing R&D efforts

Å Over the last 4 decades, the PV industry has continued to find ways to increase the efficiency of the photovoltaic effect and

this will not stop. But the real challenge is the cost: even for Silicon-based PV, significant R&D is necessary to reach the 

efficiencies between 24 and 26% in a cost-effective way.
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Batteries are experiencing similar drastic cost reductions as PV and Wind 

in the past; but remain expensive and business model not always easy
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Flexibility and Demand side management will be 

crucial for a successful electrification
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Provide flexibility locally 

and in the system
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EMS, aggregation ïHybridisation with storage ïVehicle to grid ïé

Operational R&D pilot with 5 

different OEM battery solutions 

delivering ancillary services

Power quality with EMS for 

cattle farm with  manure-based 

biogas plant

Sector coupling EM and Energy 

markets via smart charging  ïFlexibility 

pilot for low CO2 energy supply at 

Rotterdam for 58 chargers

Carbon neutral industry ï

battery, PV, wind, cold process, 

EV, EMS, battery health 

monitoring

Oud-Heverlee pilot, local 

B2C LEC with battery and V2G
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Natural hydrogen PV everywhere: the eraof 
Integrated Photovoltaics(X-i-PV)

Road to 30% efficiencyPV cells

Metal fuels Fusion Power

New emerging technologies to watch out for 

Wind Turbine Blade Circularity

Four out of the six technologies in our 2021 document deal with electricity! 
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Marginal abatement costs differ as a function of the industry 

for the different pathways towards carbon neutrality

Falko Ueckerdt, Christian Bauer, Alois 

Dirnaichner, Jordan Everall, Romain 

Sacchi, Gunnar Luderer. Potential and 

risks of hydrogen-based e-fuels in 

climate change mitigation. Nature 

Climate Change, 2021; 

DOI: 10.1038/s41558-021-01032-7

3 pathways towards 

carbon neutrality 

(order is 

important!):

1. Increase 

efficiency

2. Electrify what is 

possible

3. Need for 

molecules

http://dx.doi.org/10.1038/s41558-021-01032-7
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Belgianôs federal planning bureau estimated that even in the deep electrification scenario 

(electrify as much as possible also in industry), molecules and import of renewable Energy 

will be  important  and need new emerging technologies (P2X)

88 TWh in 

2018

Both scenarios do not 

diverge (much) in terms of 

their annual net import 

position in 2050: 29.4

TWh in óDiversified Energy 

Supplyô and 29.0 TWh in 

óDeep Electrificationô



3 pathways towards Carbon neutrality

(i) Increase energy efficiency and increase 

circularity where waste becomes a feedstock

(ii) Electrify as much as possible (far beyond 

electric cars)

(iii) The need for molecules: (green) hydrogen and 

synthetic hydrocarbons
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Hydrogen is a low carbon energy solution with a lot of 

potential but é

GN

Pyrolysis H2
Cracking of methane under the effect 

of heat separating H2 from solid carbon

SMR-CCS H2
Reforming of natural gas to 

produce H2 associated with the 

capture and storage of CO2.

Renewable H2
Electrolytic process breaking 

down water into dioxygen and 

hydrogen, using electricity 

from green sourcing By product H2
Produced from other 

industrial processes

H2 Storage

Nat Gas

Nat Gas

CO2

CO2

©Engie BU GEM
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How to transport or store 10kWh of energy?

å 13.3 L of H2

(20°C, 350 bar), gas

å 7.7 L of H2

(20°C, 700 bar), gas

å 4.2 L of H2

(-250°C, 1 bar), liquid

å 3.1 L of NH3

(-30°C, 1 bar), liquid

å 1.7 L of CH4

(-160°C, 1 bar), liquid

å 1.1 L of Diesel

å 27 L of battery electricity

* Mertens, J., R. Belmans and M. Webber, 2020. Why the carbon neutral transition will imply 

the use of lots of carbon. C-Journal of Carbon research, 6 (39), 1-8
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Or e-fuels
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Todayõs Gas System Takes Carbon From The Earthõs Crust and Puts 

It Into the Atmosphere

Natural Gas 

Infrastructure

CH4

CO2
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Natural Gas 

Infrastructure
CH4

CO2

H2O

CO2

Gas 

Synthesis

Energy 

Source

Tomorrowõs Gas System Could Take Carbon From The Atmosphere 

To Make The Gas
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Natural Gas 

Infrastructure
CH4

CO2

Gas 

Synthesis

Energy 

Source

CCS

CO2

H2O

The Day After Tomorrowõs Gas System Could Take Carbon From 

The Atmosphere And Put It Into Products or The Crust
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Power to Methanol Antwerp

Methanol 

synthesis 

CO2 + H2Baseload waste 

stream (process)

Flexible operated 

electrolysis (grid 

services)

CO2 capturing (flue 

gas or process)

Fuel purposes

- MTBE

- Direct injection

- Blending 

purposes

Distillate 

Methanol

Chemical grade 

Methanol

Chemical 

feedstock

- MDI

- MTBE

- future: olefins, 

BTX,é

Input Process Output and applications

H2

CO2
MeOH

5 MW

8 kTa

The concept is based on a high level of flexibility both regarding the feedstock input, the process 

capability as well as the output and applications.
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Demonstrator host site: INOVYN Lillo

Chlor-alkali process as ideal location to have access to fatal H2
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K. M. Van Geem and 

B. M. Weckhuysen, 

2021. Toward an 

e-chemistree: Materials 

for electrification of the 

chemical industry. MRS 

Bulletin,46, 1-10 
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R&D 

Pilot

Demonstration

(2014 - é) 
Thermocatalytic hydrogenation

H2 electrolyser (2 * 0.5 MWe)

Thermocatalytic hydrogenation

H2 electrolyser (1 Nm3/h -15 bar)

Formic acid 

DME 

E-methane

E-methanolPort of Antwerp

CCU Hub Ghent

Thermocatalytic hydrogenation 

H2 electrolyser @ 63 MWe

E-methanol

Hycaunais

Methycentre

E- methane

Engie ecosystem

BU-GEN, BU-H2, BU-MESCAT

STORENGY            AXIMA

ENGIE Impact         ENGIE Disruption

GRTgaz TRACTEBEL        

ELENGY                 GEM

GRDF ENGIE Research

E-methane

Bioconversion 

H2 electrolyser @ 1MWe

Thermocatalytic hydrogenation 

H2 electrolyser @ 3 MWe

Thermocatalytic hydrogenation 

H2 electrolyser @ 250 kWe     

Charleroi E-methane

Bioconversion 

H2 electrolyser @ 75 MWe      

HyNetherlands

100 MW (2024/2025)
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How were the technologies selected?

Current efforts to limit global warming to 2 degrees above pre-industrial levels, as agreed in 2015 at the

COP 21 in Paris, are insufficient.

The IPCC 2021 report ð like all other forecasting efforts ð makes no mention of possible breakthrough technologies which could emerge

and speed up our pathway to carbon neutrality. One could consider this a conservative approach, justified by the huge difficulty of

predicting the next technology breakthroughs and their potential.

In this Emerging Sustainable Technologies 2021 document we present topical areas we think will offer non-trivial benefits for this transition.

ENGIE does not only keep a close eye on their development but also has the ambition to help bring some of these technologies to the

market at an increased pace through piloting and demonstrating.

How did we select these technologies? We have tried several methods to pick them in an óobjectiveômanner using quantitative indicators

such as the number of publications and of patents, mentions in other reports and in press releases. However, we have not found any one

quantitative method that was satisfying on its own.

In fact, using óobjectiveôquantitative measures results in mostly digital solutions dominating the selection due to the enormous work being

carried out worldwide on our digital transformation. If ENGIE adopted the same approach we would, in effect, all be reporting the same

and add little value.

Instead, we decided to trust the insights of our ENGIE experts in a wide variety of domains to compile this selection. This approach implies

a degree of subjectivity, reflecting our unique ENGIE expertise in game-changing scientific and technological trends in energy-related

activities.
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Table of contents

New emerging technologies
to watch out for

What about the technologies
we reported on in previous 
editions?
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Natural hydrogen PV everywhere: the eraof 
Integrated Photovoltaics(X-i-PV)

Road to 30% efficiencyPV cells

Metal fuels Fusion Power

New emerging technologies to watch out for 

Wind Turbine Blade Circularity
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Metal fuels




