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The Need for Energy Transition
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o Why do we need renewable energy 
resources?

o ²Ƙȅ ŎŀƴΩǘ ǿŜ Ƨǳǎǘ ŎƻƴǘƛƴǳŜ ǘƻ ǳǎŜ 
non-renewable resources?



The Need for Energy Transition: Climate Change

o CO2 is at 415 ppm (2021)

o Global warming ~ 1.1°C in the past 200 years

o Ocean acidification 

o Rising sea level ~ 3.2mm each year

o Decreasing ice sheet mass

o wŜǘǊŜŀǘƛƴƎ ƎƭŀŎƛŜǊǎ ό!ƭǇǎΣ IƛƳŀƭŀȅŀǎΣΧύ

o Decreasing Arctic ice at a rate of 13% each decade (413 Gt/yr)

o The climate challenge is no longer a scientific debate !
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The Need for Energy Transition: Climate Change

o FaceBookpost of Bjorn Moerman(captain/instructor on Airbus A380 overflying the North Pole en route from 
Dubai to Los Angeles at the end of July 2021):

άDƭƻōŀƭ ǿŀǊƳƛƴƎ ŀƴŘ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ƘŀǾŜ ōŜŎƻƳŜ ǇŀǊǘ ƻŦ ƻǳǊ Řŀƛƭȅ ǾƻŎŀōǳƭŀǊƛŜǎ ŀƴŘ ƻŦǘŜƴ ƭŜŀŘ ǘƻ ƘŜŀǘŜŘ 
discussions on both a political an a personal level. I am not here to say who is right or wrong, but want to 
share a recent aerial image shot over the North Pole, which is ςat least to me ςǉǳƛǘŜ ǘŜƭƭƛƴƎ Ηέ

Extensive studies show that the 
extent of the arctic sea ice has 
been on a steady decline since 
the first reliable satellite data 

have become available in 1979. 
The 2021 spring and summer 
melt till now, shows that this 
year unfortunately could be 
breaking the previous 2012 

record for the lowest amount of 
polar sea ice.

The climate challenge is no longer a scientific debate !
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The Need for Energy Transition: Climate Change

o Massive floods in Germany, Belgium, The Netherlands in July 2021

o At least 228 people have died in the floods, including 184 in Germany 
and 41 in Belgium. Belgian Minister of Home Affairs Annelies Verlinden
described the events as "one of the greatest natural disasters our 
ŎƻǳƴǘǊȅ Ƙŀǎ ŜǾŜǊ ƪƴƻǿƴΦά

o ¢ƘŜ ŦƭƻƻŘǎ ŀǊŜ ŜǎǘƛƳŀǘŜŘ ǘƻ ƘŀǾŜ Ŏƻǎǘ ǳǇ ǘƻ ϵнΦрр ōƛƭƭƛƻƴ ƛƴ ƛƴǎǳǊŜŘ 
losses, with the total damage costs being much higher.

o In the aftermath, scientists, activists and reporters all highlighted the 
connection to global trends in extreme weather, especially more 
frequent heavy rainfall caused by climate change.
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The Need for Energy Transition: Climate Change
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Five future impacts (AR6 IPCC)
o Temperatures will reach 1.5°C above 1850-

1900 levels by 2040 under all emissions 
scenarios

o The Arctic is likely to be practically ice-free in 
September at least once before 2050 in all 
scenarios assessed

o There will be an increasing occurrence of some 
extreme events "unprecedented in the 
historical record" even at warming of 1.5°C

o Extreme sea level events that occurred once a 
century in the recent past are projected to 
occur at least annuallyat more than half of 
tidal gauge locations by 2100

o There will be likely increases in fire weather in 
many regions

AR6 Report of IPCC (2021)

o Prepared by 234 authors during the last 4 years, report endorsed by 195 countries

o Based on 14.000 scientific papers

Conclusions

o Code red for humanity !

o Global surface temperature was 1.09C higher in the decade between 2011-2020 
than between 1850-1900.

o The past five years have been the hottest on record since 1850

o The recent rate of sea level rise has nearly tripled compared with 1901-1971

o Human influence is "very likely" (90%) the main driver of the global retreat of 
glaciers since the 1990s and the decrease in Arctic sea-ice

o It is "virtually certain" that hot extremes including heatwaves have become more 
frequent and more intense since the 1950s, while cold events have become less 
frequent and less severe

Å The Intergovernmental Panel on Climate Change (IPCC) is an intergovernmental body of the United Nations that is 
dedicated to providingthe world with objective, scientific information relevant to understanding the scientific basis 
of the risk of human-induced climate change, its natural, political, and economic impacts and risks, and possible 
response options.

Å The IPCC was established in 1988 by the World Meteorological Organization (WMO) and the United Nations 
Environment Programme(UNEP) and was later endorsed by the United Nations General Assembly. Membership is 
open to all members of the WMO and UN.



The Need for Energy Transition: World Green House Gas Emissions
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Climate: The Challenges
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o Regulatory environment 

o International coordination 

o Tax policy (social equity, border 
adjustment, etc.) 

Public Authorities

o Sustainable lifestyle 

o Energy efficiency 

o Responsible consumption 

Consumers

o Energy efficiency 

o Innovation, R&D 

o Development of low-carbon products 

o Carbon sequestration

Businesses

Providing affordable 
energy to an additional 

3 billion people

Reducing 
Emissions

o A society challenge

o A corporate responsibility

o An opportunity as much as a constraint

World population estimates from 1800 to 2100, based on "high", 
ϦƳŜŘƛǳƳϦ ŀƴŘ Ϧƭƻǿά ¦ƴƛǘŜŘ bŀǘƛƻƴǎ ǇǊƻƧŜŎǘƛƻƴǎ ƛƴ нлмл ŀƴŘ ¦{ 
Census Bureau historical estimates (in black). Actual recorded 

population figures (as of 2010) are colored in blue. According to the 
highest estimate, the world population may rise to 16 billions by 2100; 

according to the lowest estimate, it may decline to 7.2 billions.



Climate: Activity Areas

Č Setting up business structures in TotalEnergies
to develop renewable energy sources:
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Biomass

Wind

Solar

Carbon Sinks



Climate: Activity Areas
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Plastic Recycling

Small Scale LNG Plants

LNG Bunkering

Biogas

Wind Power

Solar

CCGT New Energy Mobility
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Main Hazards related to New Energies

Severity of 
Potential 

Consequences of 
Accidents

Solar
o Electrocution
o Fire

Wind Turbines
o Fire in nacelle
o Turbine blade ejection
o Fall of mast/nacelle
o Ship collision (offshore)

Battery Energy Storage
o Thermal runaway of batteries
VHeat radiation due to fire inside 

BESS
VBlast wave due to explosion of 

flammable gas  inside BESS
VEjection of fragments upon 

explosion of flammable gas 
inside BESS

VDispersion of toxic smoke
VElectric fire

CO2 Capture/Transport/ Storage
o Intoxication upon large CO2 release (pipelines, 

ships, reservoirs) 
o Blast wave  upon pneumatic explosion of 

lines/vessels

Hydrogen
o Blast wave/ejection of fragments due to explosion in 

electrolyzeror electrolyzerhall
o Blast wave due to deflagration or detonation upon 

large release of hydrogen in line/vessel
o Heat radiation due to jet fire or flash fire upon large 

release of hydrogen in line/vessel
o Dispersion of toxic gas when using ammonia as 

hydrogen carrier

Biofuels/Biogas
o Dispersion of toxic H2S upon leakage
o Heat radiation due to jet fire or flash fire upon large 

release of flammable gas
o Heat radiation due to pool fire upon large release of 

flammable liquids
o Blast wave due to deflagration upon large release of 

flammable gases in a congested/confined 
environment (biofuels)

o Blast wave/ejection of fragments due to deflagration 
of flammable gas inside a building/vessel (biogas)

o Damage to environment in case of large spill of 
feedstock/digestat(biogas)

o Heat radiation due to storage tank boiloverfor some 
feedstocks (biofuels)

LNG/CNG
o Heat radiation due to jet fire or flash 

fire upon large release of CNG of LNG
o Heat radiation due to pool fire upon 

large release of LNG
o Blast wave due to deflagration upon 

large release of LNG or CNG in a 
congested/confined environment

o Blast wave due to RPT (rapid phase 
transition) when mixing LNG with water

o BLEVE of vessel filled with LNG
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Safety Aspects related to New Energies

Some safety aspects related to the development of new energies are given in the following slides:

o Hydrogen

o LNG/CNG

o Batteries

o Wind

Wind Power

LNG Plants



Accidents related to Hydrogen

6 may1937
Hindenburg zeppelin

(200.000 m3 of hydrogen)

Hydrogen accidents marking the public opinion

28 january1986
Challenger
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Properties of Hydrogen: Flammability Characteristics

Property

Molar mass 2.016 g/mol

Flash point < -253 °C

Auto-ignition temperature 585°C

LFL (LowerFlammable Limit) in air, standard conditions 4 vol%

UFL (Upper FlammableLimit) in air, standard conditions 75 vol%

Minimum ignitionenergy in air (1 bar, 25 °C) 0.019 mJ

Flammable in very wide 
concentration range

Ignites very easily
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Properties of Hydrogen: Flame Visibility

o The flame of a hydrogen fire emits predominantly radiation in the UV region and few in the visible region.

o Hydrogen flames are not (or difficultly visible) in daylight!

Image from a IR thermal imaging camera

Image from a video camera
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Properties of Hydrogen: Burning Velocities

o The laminar burning velocity is the flame front velocity relative to the unburnt mixture just ahead of the flame when 
burning in a laminar regime.

o Most hydrocarbons encountered in oil & gas industry have a maximum burning velocity of about 40 cm/s.

o Hydrogen has a much higher maximum burning velocity (about 10 times higher).

o High laminar burning velocities indicate a greater tendency for a deflagration-to-detonation (DDT) transition to occur.
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Hydrogen: Accidents Hydrogen explosion in hydrogen fueling station (Kjorbo(N), 2019)
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Hydrogen: Accidents
o During excessive charging(high current) of lead-acid batteries, hydrogen gas will 

be produced by electrolysis of the water in the electrolyte

o In most cases the battery itself will explode. The plastic casing ruptures and acid
is ejected. Potential damage is thus related to splashing of the acid or impact by
the plastic casing missiles.

o However, especially in large battery bank rooms, hydrogen gas can accumulate
in the room. This might lead to more severe impact by explosion in the room.
Pictures of the room explosion show the result of an incident during which a
local hydrogen detector alarm had been sounding for 3 days at a vacated plant.

Lead Acid Battery Explosion

Ruptured battery casing Results of hydrogen explosion

Results of hydrogen explosion
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Hydrogen: Accidents
o Date: 8 January 2007

o Location: American Electrical Power (AEP), Muskingum River Plant,  Ohio (US), hydrogen trailer unloading unit

o Fatalities: truck driver killed in explosion,10 other injured

o Cause: premature failure of 255 bar set pressure rupture discs on the receival storage cylinder (operating at 170 bar) 
during unloading of tube trailer. Rupture disc incorrectly replaced during annual maintenance.

Hydrogen explosion following failure of rupture disk
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Hydrogen: Accidents
o Hydrogen explosion in empty 97% H2SO4 storage tank during inspection. 

o 3 people were injured, of which 2 severely. At the time of the accident, the workers 3 were standing on the roof of the 
tank cutting the bolts of the manhole on the dome of the tank using a grinder.

o The  hydrogen was formed in the tank upon cleaning of the tank with water prior to its inspection.

Hydrogen explosion in dome of sulfuric acid tank

Original 
position of 

tank
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o The use of natural gas (compressed or liquefied) will play a critical role in the transition towards renewable energy 
sources

o !ǇǇƭƛŎŀǘƛƻƴ ŀǎ ŦǳŜƭ ŦƻǊ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴ ό//D¢ΣΧΦύ

o bŜǿ ŀǇǇƭƛŎŀǘƛƻƴ ŀǎ ŦǳŜƭ ŦƻǊ ǘǊŀƴǎǇƻǊǘ ŀǇǇƭƛŎŀǘƛƻƴǎ όŎŀǊǎΣ ǎƘƛǇǎΣ ǘǊǳŎƪǎΣΧύ

Natural Gas (CNG, LNG)

LNG : 400l #; 170 kg ; 8 bar CNG : 7 to 12 bottles ; 200 bar

LNG bunkering (ship to ship)
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Natural Gas (CNG): Hazards
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Intervention on a bus with CNG storage bottles  on top of a bus during a fire



Natural Gas (CNG, LNG): Hazards
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Catastrophic rupture of cryogenic storage tank



Cryogenic product storage: around -160ϲC

o Severefrost injury to menfrom liquid / spray/ vapors: coldburns

o Suddenbrittle ruptureof noncryogenicmaterials

High expansion ratio: 1 m3 of LNG generates 600 m3 of gas at 20ϲC

o BOGmanagement

o RapidPhaseTransition(RPT)if trapped,in water for example

Natural Gas (LNG): Hazards
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Source: LNG VESSEL CASCADING DAMAGE STRUCTURAL 
AND THERMAL ANALYSES-Sandia National Laboratories

RPT



Natural Gas (LNG): LNG Bunkering
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June 2021: First cruise ship to bunker LNG in North America
With 180,000 -gross-ton, the ship can accommodate more than 5,200 guests and a crew of 2,000.



Electricity Storage Systems

Mechanical Thermal Chemical Electro-chemical Electrical

o Pumped 
storage

o Compressed 
air

o Liquid air 
storage

o Flywheels

o Thermo-
chemical

o Sensible 
thermal

o Latent thermal

o Hydrogen 
storage

o Synthetic 
natural gas 
(SNG)

o Lithium-Ion 
battery

o Lead-acid 
battery

o NaSbattery
o Redox flow 

battery

o Super 
capacitators

Source: World Energy Council, 2016

Li-Ion Batteries
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Li-Ion Batteries
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o Electrodes

VPrimary function: determine the voltage, capacity.

VCan be solid, liquid, gas.

o Electrolyte

VPrimary function: assure the ionic path 
/transportation

VMust have conduction properties : solvent + salt

o Separator

VPrimary function: physical barrier to avoid electric 
contact between both electrodes

VPaper, microporous polymer.

o Passivation layer (SEI: Solid Electrolyte Interface)

VFormation during 1st charge with a small ratio of 
electrolyte reduction on the anode electrode surface

VTo protect the anode against corrosion (oxidation) by 
electrolyte

VCycling stability thanks to electrodes volumes 
stability

Cathode Anode
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o Benefits

VHigh average voltage (3,3 3,8 V)

VHigh specific energy (>180 Wh/kg

VHuge volumicenergy (> 500 Wh/l)

VGood cyclability (> 1000 cycles)

VSmall self discharge during storage

VCoulometric efficiency close to 100% and
energy efficiency > 90

VFast charge compliancy

VNo memory effect like Ni/Cd or Ni/MH

VBetter safety behavior than lithium metal

o Drawbacks

V Lithium, LiCxreacts with water

üUse of organic electrolytes

VNo involvement of the electrolyte in the reactions (no recombination reactions, like e.g.water on Lead and NI/Cd 
batteries)

üStrict control of the charging voltage needed (protection circuits) to prevent overloading of the electrolyte

Li-Ion Batteries
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Li-Ion Batteries: Hazards
Degradation inlithium ion (Li-ion) battery cells is the result of a complex interplay of a host of different 
physical and chemical mechanisms. 
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Li-Ion Batteries: Hazards
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Potential risk of thermal runaway with classic 
Li-ion technology 

Chain reactions contributing to heat, smoke, and potential runaway
(General Li-ion case)

o Thermal runaway is a 
phenomenon which consists in 
a melting of the separator of 
the Lithium-Ion cell at high 
temperature.

o This non-mastered action 
results to put in contact the 
positive and negative 
electrodes of the cell.

o It is followed by a high increase 
of the internal temperature & 
pressure of the Lithium-Ion 
cell.

o It can result into a cell vent 
opening and electrolyte, 
carbon powder and gas 
release.
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