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For some twenty years, ecological 
considerations in political decisions on 
both a national and local scale have 
led numerous cities across the world 
to put ‘clean’ mobility at the top of their 
agendas. This means developing vehi-
cles that emit low amounts of local 
pollutants (NOx, fine particles, etc.) and 
atmospheric pollutants (greenhouse 
gases).

We talk about a ‘clean’ vehicles when 
they produce little or no polluting emis-
sions, but in practice no vehicle is truly 
clean. They all emit local pollutants and 
greenhouse gases during their produc-
tion, during their use and at the end of 
their useful lives.

This article deals principally with the 
public health aspects of ‘zero direct 
emission’ transport (called hereafter 
‘zero emission’ or ‘ZE’ for the sake of 
simplicity), which emits no direct pollu-
tion (exhaust emissions), in contrast to 
decarbonised transport, which emits 
little or no CO2 and depends on the 
energy mix of each country.

European regulations requiring low- or 
zero-emission public transport have 
caused the number of calls to tender 
issued by cities for these types of trans-
port to grow. In France, the LTECV law 
(for Loi de Transition Energétique pour 
la Croissance Verte – Energy transition 
for green growth law) has scheduled 
investments in transport infrastructure.

At present, electric battery buses are 
the most advanced solutions from a 
technical and industrial perspective 
for zero-emission transport. Demand 
for electric battery buses has therefore 
exploded in Europe, and the capacity 
of operators to roll out these vehicles in 
cities, whilst finding the right economic 
balance, has become a significant stra-
tegic challenge.

Upstream, an electric battery manu-
facturing sector is being established 
in Europe (i) to meet this demand, (ii) 
secure supply (currently mostly sourced 
from China), (iii) create jobs, and (iv) 

answer an environmental necessity, 
among other objectives. Indeed, when 
analysing the entire life cycles, taking 
into account manufacturing in particu-
lar, if the battery is made in China, the 
impact of the electric vehicle on the 
environment can be worse than the 
impact of a combustion engine vehicle!

However, rolling out an electric fleet of 
vehicles is complex: it requires a larger 
initial investment than a classic fleet, 
both for the acquisition of the fleet itself 
and for the creation of the necessary 
infrastructure (adaptation and mod-
ernisation of bus stations and depots, 
recharging power, etc.). It also implies 
greater operating constraints (recharg-
ing time, management of battery per-
formance, etc.). The implementation of 
these electric public transport fleets 
therefore requires complex financial 
and strategic choices from manufactur-
ers, investors and operators.

The in-depth work that we have under-
taken and summarised in this article 
makes it possible to understand the 
developments taking place in the elec-
tric battery sector, but also to identify 
the main value creation levers based 
on various scenarios at the level of 
the battery, the bus or the fleet. It also 
highlights other trends in the future of 
mobility, whether from a strategic (new 
business models) or technological 
(hydrogen battery) standpoint.

A. Electric batteries are currently 90% 
produced in Asia (60% in China 
alone). In light of the significant 
market growth, the wish to create a 
certain level of independence and 
the will to reduce the impact on the 
environment, a European electric 
battery sector is emerging, based 
on several consortia.

B. Production costs per kWh will 
also reduce thanks to, on the one 
hand, technological innovations in 
progress and, on the other hand, 
improved recycling techniques and 
increased battery capacities.

In summary

C. Our analysis of the value chain 
and cost structure of a battery has 
enabled us to identify the produc-
tion steps that provide the greatest 
added value. A quantitative analy-
sis has made it possible to assess 
value creation levers: smart charg-
ing and recycling have proved to 
be two key points to maximise the 
economic value of a battery over its 
entire life cycle.

D. Making strategic choices at cer-
tain key steps in the life cycle of the 
battery are critical to exploit its full 
potential for value creation. In par-
ticular, considering how to reuse 
the battery at the end of its first life 
makes it possible to optimise its 
economic potential.

E. An intermediary financial model 
serving as the link between the 
producer model and the opera-
tor model is under development: 
Battery as a Service (BaaS). This 
model gives the historical operator 
the opportunity to use a battery that 
is neither sold nor purely rented to 
him, but made available via a flex-
ible, bespoke contract adapted to 
his needs at any moment.

F. Moreover, other forms of low- or 
zero-emission public transport are 
emerging alongside electric battery 
vehicles, such as hydrogen fuel cell 
electric buses (zero emission) or 
biomethane buses (low emission). 
There are so many decisions to 
make for investors, operators and 
other actors in the sector – deci-
sions that need bespoke strategic 
support.
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Introduction 

Source

1) De moins en moins de bus électriques dans la future flotte de la RATP, Ville Rail & Transports, Marie-Hélène Poingt, 04.03.2020

New regulations and more accessible 
prices have given rise to the ambi-
tions of numerous cities to reduce CO2 
emissions by putting in place low- or 
zero-emission public transport fleets. 
Moreover, the Paris Agreement and 
certain laws related to energy transi-
tion in Europe have established pre-
cise objectives for 2025 and 2030, in 
particular the LTECV (Loi  de Transition 
Energétique pour la Croissance Verte – 
Energy transition for green growth law) 
from August 2015 in France. In addition, 
for some ten years, the improvement in 
electric battery performance, the diver-
sification of the offer (autonomy, capac-
ity, charging time, etc.), the significant 
growth of demand and the reduction 
of prices have all facilitated the rise of 
electric mobility.

The zero-emission (electric or hydro-
gen fuel cell battery) or low-emission 

(biomethane or natural gas) sector has 
turned out to be even more strategic 
in this post-quarantine period linked 
to COVID-19, which has further high-
lighted the stakes related to energy 
transition. As stated by the UN, this cri-
sis ‘provides a global impetus to reach 
sustainable development objectives by 
2030’.

However, the path between ambition 
and implementation is riddled with pit-
falls. For example, Paris – via the RATP 
and Ile-de-France Mobilités – was aim-
ing for a 100% clean bus fleet by 2025, 
with 80% electric buses (i.e. zero emis-
sion) and 20% biomethane buses (i.e. 
low emission), in the city’s ‘2025 bus 
plan’. However, economic constraints 
are such that today the objective is to 
replace only two thirds of the fleet with 
electric buses, the last third being com-
prised of biomethane (‘biogas’) buses 1. 

These economic constraints concern 
both the financial investment and the 
economic and operating models. But 
let’s start by looking into the current 
stakes of the electric battery market.
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Over the past ten years or so, the lith-
ium-ion battery market has exploded. 
Today, two major trends are at play 
(Figure 1): 

• the decrease in the price of lithi-
um-ion batteries, which amounted to 
$209 per kWh in 2017 and should 
fall below $100 per kWh by 2025;

• the increase in global production 
capacity, estimated at 13% per 
annum on average between 2018 
and 2030.

Today, global production of Li-ion bat-
teries, all uses combined, amounts to a 
capacity of around 500 GWh. Asia, and 
China in particular, is the leader in this 
sector by far: Chinese production alone 

The rise of a sustainable and competitive electric battery sector in Europe

The current electric battery market 1

represented approximately ten times 
European production. It follows then 
that seven of the top ten Li-ion battery 
manufacturers are Chinese – the leader 
being the giant CATL – representing 
capacity of approximately 300 GWh 5.

The sub-sector relating to Li-ion battery 
electric vehicles represents 70% of this 
market, that is, approximately 350 GWh. 

Figure 1 Development of production capacity and prices of all-purpose Li-ion batteries 
between 2005 and 2030 2 3 4

Sources

2) Lithium-ion Battery Costs and Market, Bloomberg New Energy Finance, 05.07.2017

3) Developing a promising sector for Quebec’s economy, Propulsion Québec, avril 2019

4) Roadmap Battery Production Equipment 2030, VDMA, 2018

5) https://www.energytrend.cn/news/20191014-76629.html, Institut de recherche de point de départ (SPIR)
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The current electric battery market 

Figure 2 Development of production capacity of Li-ion batteries by region 
(location based on company HQ) 4

And 40% of this sub-sector relates in 
particular to buses and other commer-
cial vehicles, that is, 140 GWh. This 
production is also dominated by China, 
particularly the Chinese company CATL 
(70% 6 of the bus battery market), as the 
electrification of bus fleets in China was 
pushed by the government much ear-
lier than in Europe: for example, since 
2009 the city of Shenzen has benefit-
ted from government subsidies for the 
development of its electric fleet.

Though production remains mostly Chi-
nese, the USA and Europe should gain 
market shares, growing from only 10% 
of global electric battery production in 
2020 to 40% in 2030. This rise in pro-
duction capacity outside Asia will lead 
to a better balance between supply 
and demand. It is therefore a contrib-
uting factor to the reduction of prices, 
gains in factory productivity thanks to 

economies of scale, and the increase 
in the capacity of production chains. 
Tesla’s gigafactory in Nevada, for exam-
ple, will produce 35 GWh annually in 
2020 against 20 GWh in 2018. Simi-
larly, the Swedish company Northvolt, 
starting with a capacity of 16 GWh, 
plans to double its factory’s production 
capacity by 2030 and end up reaching 
150 GWh in 2050.

With regard to Europe in particular, the 
local sector is being built where polit-
ical risk is low, financial incentives are 
high and administrative processes are 
easy. Easy access to qualified labour, 
reliable energy resources and a secure 
supply of raw materials are all essential. 
All of these conditions come together 
in Europe, where the commitment to 
transitioning to a low-emission system 
is strong. The presence of highly qual-
ified engineers is also an advantage 

for the years to come, in the context 
of rapid technological developments. 
All of these elements make Europe a 
high-potential zone for the production 
of electric batteries. Indeed, significant 
political and financial means have been 
mobilised to give rise to European or 
transnational projects.

Therefore, as shown in Figure 2, even 
if Asia remains dominant in the electric 
battery market, an international rebal-
ancing will take place by 2030, particu-
larly at the European level.

Figure 3 presents the current land-
scape of cell and battery production 
in Europe. The significant presence of 
Asian actors is evident, as well as the 
European large-scale factory construc-
tion projects, aiming to structure a sus-
tainable and economically viable indus-
trial sector.

Note (*) : The ‘Rest of the world’ category 
includes Australia, Thailand and India.
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Source

6) http://escn.com.cn/news/show-711124.html, China Energy Storage Network
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The EU programme European Battery 
Alliance (EBA250), launched in October 
2017, is made up of 17 private compa-
nies directly involved throughout the 
value chain, including BASF, BMW, 
Eneris, and especially the joint ven-
ture ACC (Automotive Cells Company) 
between PSA (and its German subsid-
iary Opel) and SAFT (a subsidiary of 
Total). They are supported by over 120 
other companies and partner research 
organisations, as well as public bodies 

such as the European Investment Bank. 
The aim is to develop highly innovative 
and sustainable technologies for Li-ion 
batteries (whether liquid electrolyte 
or semi-conductor) that are safer and 
greener, exhibiting a longer lifespan 
and a shorter charging time than those 
currently on the market. The EBA250 
benefits from €5 billion in private financ-
ing and €3.2 billion in public financing, 
including €1 billion from France and 
€1.2 billion from Germany.

More precisely, ACC, often nicknamed 
the ‘Airbus of batteries’, will build a pilot 
plant in the south-west of France, fol-
lowed by two cell production factories 
for electric batteries in the Hauts-de-
France region and in Germany. Another 
major project – the construction of a 
gigafactory – is being undertaken by 
the French start-up Verkor  13 (nota-
bly supported by Schneider Electric) 
and aims to produce Li-ion cells for 
southern Europe (France, Spain and 

Sources

 7) Comment la filière des batteries pour véhicules électriques tente de se structurer en Europe, L’Usine Nouvelle, 06.09.2019

 8) CATL starts building battery plant in Germany, electrive.com, 19.10.2019

 9) LG Chem battery gigafactory in Poland to be powered by EBRD, European Bank, 07.11.2019

10) https://northvolt.com/production

11) https://www.envision-aesc.com/en/network.html

12) Samsung SDI expands its battery plant in Hungary, INSIDEEVs, 24.02.2020

13) Avec Verkor, la France compte un autre projet de giga-usine de batteries, Les échos, Lionel Steinman, 30.07.2020

Figure 3 Cell and battery production plant projects under way in Europe 7 8 9 10 11 12
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Italy) from the end of 2023. This pro-
ject takes its inspiration directly from 
the Swedish start-up Northvolt, which 
raised €1 billion from private inves-
tors (including Volkswagen, BMW and 
Goldman Sachs) to finance the creation 
of a lithium-ion battery production fac-
tory in Sweden. Verkor’s project repre-
sents an investment of €1.6 billion and 
the 200-hectare factory will likely be 
based in France. Similarly, the Norwe-
gian company Freyr launched the con-
struction of a battery cell manufacturing 
plant in Norway (€4.5 billion), which will 
have a capacity of 32 GWh from 2023 
and will be one of the largest in Europe.

It is worth mentioning that other pro-
jects are under development to build 
a European battery recycling sector, 
a key step in the electric battery value 
chain. Supported by Eramet, BASF and 
Suez, the ReLieVe (Recycling for Li-ion 
batteries for Electric Vehicles) project 
– with a smaller budget of €4.7 million 
– aims to develop an innovative and 
competitive ‘closed-loop’ recycling pro-
cess, enabling the recovery of nickel, 
cobalt, manganese and lithium for new 
batteries.

Better performance thanks to new conception and recycling technologies, 
which lead to a reduction in production costs

The technical performance criteria of 
electric batteries such as autonomy or 
specific capacity (stored energy by unit 
of mass) should triple by 2030 thanks 
to new battery technologies, as shown 
in Figure 4. Incremental innovations in 
Li-ion batteries will make it possible in 
the short term to replace the rare met-
als used in the manufacture of the elec-
trodes, such as cobalt and manganese, 
which are too expensive and polluting. 
The 33% reduction in the use of cobalt, 
partially replaced by nickel, which is 
much less expensive, will make it pos-
sible to offset the 40% increase in the 
price of cobalt forecast between 2020 
and 2030. With 60% nickel, 20% man-
ganese and only 20% cobalt, NMC 

622 technology will replace NMC 111 
batteries (which contain 33% cobalt) 
and will represent 30% of the market 
in 2030. By 2030, new disruptive tech-
nologies are expected, with new cath-
odes and solid electrolytes in particular, 
greatly increasing the reliability of the 
battery. Current batteries that use a liq-
uid electrolyte work efficiently at room 
temperature and over a range between 
0°C and 45°C  14; a solid electrolyte, 
however, enables a wider range of use, 
between -20°C and 100°C 15. In addi-
tion, Samsung has recently patented a 
battery in which the cathode and the 
anode are covered with graphene balls; 
its recharge time is five times quicker. 
As for batteries with silicone anodes, 

they have greater capacity thanks to the 
replacement of usual graphite anode 
with an anode in silicone derived from 
the purification of sand.

Sources

14) La batterie Lithium-Ion, mieux comprendre pour mieux s’en servir, Amperes.be, 10.05.2017

15) La batterie à électrolyte solide : une révolution pour l’automobile, Les numériques, Erick Fontaine, 23.11.2017

The current electric battery market 
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Figure 4a Development of battery technologies up to 2030 16 17

Figure 4b Development of market share of the different Li-ion battery technologies up to 2030
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Sources

16) Study on the Characteristics of a High Capacity Nickel Manganese Cobalt Oxide (NMC) Lithium-Ion Battery—An Experimental Investigation, 
www.mdpi.com/journal/energies, 29.08.2018

17) Oxygen Release and Its Effect on the Cycling Stability of LiNixMnyCozO2 (NMC) Cathode Materials for Li-Ion Batteries, Journal of The 
Electrochemical Society, 02.05.2017
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Ultimately, recycling costs should fall as 
understanding of current techniques 
(hydrometallurgy and pyrometallurgy) 
advances. A new, much less expensive 
technique is currently under develop-
ment: the ‘direct recycling’ process. In 
this process, the electrolyte and the 

materials making up the cathodes are 
recovered to be reused directly with no 
metallurgical treatment necessary. Fig-
ure 5 below shows the advantages and 
disadvantages of each of these recy-
cling methods.

Figure 5 New recycling methods: less expensive and more environmentally friendly solutions 18 19 20
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Sources

18) A Mini-Review on Metal Recycling from Spent Lithium Ion Batteries, www.elsevier.com/ locate/eng

19) The recycling of Lithium-ion batteries, Ifri, 2020

20) Hydrometallurgical recycling treatment, GreenLion

The current electric battery market 
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The combination of these elements 
(improved performance, reduction in 
proportions of rare materials, new recy-
cling processes) will enable a drastic 
reduction in production costs by 2030, 
making the electric battery market a 
promising sector for investors. Our cost 
structure model (cf. Figure 6 below) indi-
cates that by 2030 the production cost 
of an NMC 111 battery will decrease by 
at least 25% compared with its current 
level.

For future battery technologies, this 
reduction will be greater. For example, 
Tesla has announced a 56% reduction 
by 2022 in the production cost per kilo-
watt-hour of its new batteries thanks to 
a series of technical innovations. 

However, though costs are expected 
to fall significantly, the financial equa-
tion for electric vehicle fleets remains 
complex. Our analysis of the life cycle 
of a battery, its cost structure and its 

performance factors makes it possible 
to identify certain value creation levers 
that could make all the difference for 
transport operators.

Figure 6 The cost structure of a battery (NMC 111) makes is possible to anticipate its production 
costs by 2030
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A cost structure that reveals the stages with the highest added value in the 
manufacturing cycle of a battery

The electric battery value chain can be 
broken down into several stages (Figure 
7): supply of raw materials, manufacture 
of basic chemical components, con-
ception and production of cells gener-
ating electrical energy, conception and 
production of modules, manufacture 
of packs (protection against shocks, 
vibrations), integration of the battery 
into smart control and performance 

management systems (battery man-
agement system), and, finally, recycling 
of components and metals at the end of 
their useful lives. This last stage shows 
that batteries still have value, even at 
the end of their useful lives.

Maximising the value of a battery thanks to the detail 
of its costs throughout its life cycle2

Figure 7 Value chain of an electric battery: stakes and challenges 21 22
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Sources

21) Airbus des batteries : l’Europe finance à hauteur de 3,2 milliards d’euros, automobile-propre.com, 09.12.2019

22) Batteries européennes : Bruxelles donne son feu verts « de principe » à Paris et Berlin, Les Echos, 02.05.2019
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To determine the cost structure of a 
battery, we have analysed each stage 
to determine its impact on the value of 
a new battery. Four types of expendi-
ture appear at each stage: purchase 
costs (raw materials or components), 
labour costs, R&D costs and fixed costs 
(expenditure linked to electricity or addi-
tional material necessary for the con-
ception of the cells).

The stage related to the manufacture of 
basic components is the most expen-
sive (26% of the total cost) because it 
concerns the various elements making 
up the electrodes and the solvent con-
tained in the electrolyte. The integration 
of the battery into a smart system is also 
a crucial step (22%) due to the impor-
tance of the software in monitoring 
the performance of the battery, which 

requires a significant investment in 
R&D. This stage also provides the most 
added value insofar as the increase in 
the level of production will not lead to 
an explosion in R&D costs – these will 
already have been incurred. Finally, the 
cell conception and production stage is 
the third most expensive. It is character-
ised by high R&D and labour costs.

Sources

23) The rechargeable battery market and main trends 2016 – 2025, Avicienne Energy, septembre 2017

24) Clés de progrès technico-économiques des batteries lithium-ion pour la traction automobile, Gaëtan Patry, 16.12.2014

Figure 8 Value chain of an NMC 111 battery in 2020 23 24
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Maximising the value of a battery [...]

Identification of the key stages in a battery’s life cycle to maximise its value

The state of health (SoH) of a battery 
is an indicator that helps to optimise its 
use. Mobility contracts with electric bus 
operators generally stipulate an SoH of 
between 100% and 80%. Beyond this 
limit, the battery cannot be used with 
the same level of security and efficiency 
– it is the end of its first life. The battery 
is therefore at a critical moment in its life 
cycle, where choices must be made: 
if the battery performance allows it, it 

can be used again in another contract; 
it can be allocated to an stationary 
energy storage unit in its second life 
(to balance the grid, for example); and 
it can be sold at the end of its useful life 
to be recycled, where certain compo-
nents will be refined to be reused.

Figure 9 Life cycle of an electric battery (based on SoH)
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The state of health of a battery makes it possible to evaluate its state. Four factors can lead to the deterioration (decrease in 
capacity and increase in internal resistance) of a battery:

• Temperature (T): extreme temper-
atures negatively affect the state 
of health of a battery. At high tem-
peratures, the internal activity of a 
battery increases, thereby reduc-
ing its capacity; below 0°C, internal 
resistance increases considerably, 
thereby accelerating its ageing 25.

• The charge and discharge rate 
(C-rate): this corresponds to the 
intensity of the electric current going 
through the battery. The higher it is, 
the quicker the battery will age.

• The state of charge (SoC): this 
relates to the proportion of energy 
stored by the battery compared with 
its total state of charge. The capacity 
of a battery deteriorates not only dur-
ing charge/discharge but also, to a 
lesser extent, when it is not used or 
stored if it is not empty. The storage 
of batteries with a relatively low SoC 
is therefore recommended to limit 
their deterioration. To optimise their 
length of life, recharging batteries to 
100% should be done occasionally 
to balance the cells.

Knowing the deterioration factors of a 
battery makes it possible to anticipate 
this deterioration based on its use, its 
technology, the monitoring of its per-
formance and its conservation. For 
example, charge and discharge modes 
vary greatly depending on whether the 
battery is used in urban or semirural 
environments. A semirural use would 
lead to greater deterioration due to the 
distances travelled, requiring more fre-
quent and rapid recharges.

Based on these factors, we have high-
lighted value creation levers able to be 
used to control and maximise the value 
of the battery throughout its life cycle. 
These levers concern the optimisation 
of a battery’s use, the management of 
its performance and the management 
of used batteries.

Source

25) Temperature effect and thermal impact in lithium-ion batteries: A review, Progress in Natural Science: Materials International, 2018

• Depth of discharge (DoD): this rep-
resents the percentage of energy 
that has been lost by the battery 
since its last recharge and therefore 
characterises its charging profile. 
The greater the DoD, the quicker the 
battery will deteriorate. According to 
the type of battery used, the optimal 
DoD (hardly possible operationally!) 
varies between 50% and 70%.
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Figure 10 The ten value creation levers of an electric battery

OPTIMISATION OF BATTERY USE

• Sharing of recharging stations

• Smart charging 

• Stationary storage of energy to be less dependent 
on the grid

• Services provided to the energy supplier without 
battery cycling

MANAGEMENT OF USED BATTERIES

• Use in a new contract 

• Resale of the battery 

• Reuse in stationary energy storage 
infrastructure 

• Recycling of materials and refining 
of rare components

BATTERY PERFORMANCE 
MANAGEMENT

• Renegotiation of contract 
with manufacturer

• Internalisation of know-how

One of these levers is smart charging, 
that is, smart and innovative technology 
making it possible to recharge electric 
buses at the optimal time: not saturat-
ing the grid with demand for electricity, 
avoiding peaks in demand from both 
households and electric vehicles at the 
same time, for example.

A second interesting lever concerns 
improving recycling techniques, lead-
ing to a reduction in recycling costs. 
Indeed, the continued improvement of 
current techniques (hydrometallurgy 
and pyrometallurgy) and the emer-
gence of new efficient techniques (the 
‘direct recycling’ process) contribute to 
the prolonged use of the battery into a 
second life, followed by its recycling, 
instead of a shorter use that would be 
limited to the first life of the battery fol-
lowed by its sale.

Finally, a third lever consists of manag-
ing battery performance, and therefore 
the know-how related to performance 

monitoring. ‘Maintenance’ contracts are 
proposed by battery suppliers. As part 
of these contracts, certain parameters 
(SoC, DoD, C-rate, charge intensity, 
temperature during charge/discharge, 
etc.) are measured via a battery man-
agement system (BMS) to monitor per-
formance: the battery undergoes sev-
eral charge and discharge cycles under 
varying conditions and the analysis of 
the data collected by the BMS can lead 
to the battery’s replacement if it has 
deteriorated too much or if the condi-
tions of use no longer comply with the 
conditions of the contract, particularly 
those related to safety. But this perfor-
mance monitoring is currently proving 
to be more a matter of insurance than 
of maintenance in the strict sense of the 
word. That is why a value creation lever 
would be to renegotiate the contract to 
bring it closer to the real costs of mon-
itoring performance or even internalis-
ing this know-how, more for strategic 
reasons than for financial ones. Indeed, 
controlling operating data and battery 

performance data in real time is crucial 
because it makes it possible to adapt 
battery technologies as closely as pos-
sible to the use made of them. It should 
be noted, however, that this last lever 
is only applicable with great difficulty 
at present, as numerous battery man-
ufacturers do not allow their clients to 
internalise this service.

To illustrate all of this, we have modelled 
in the example below the effects of dif-
ferent levers on a fleet of 25 buses in 
both an urban and a semirural context. 
The options analysed are as follows: 
smart charging or not during the first 
life; resale of the battery or reuse in a 
new contract at the end of the first life; 
reuse in energy stationary storage infra-
structure in the second life (as reserve 
capacity in this particular case). We 
note that:

• smart charging creates value sys-
tematically and, moreover, has the 
benefit of being simple to implement;

Maximising the value of a battery [...]
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Figure 11 NPV calculation for an NMC battery based on its use and the use of certain levers 26 27

• frequency regulation is not worth-
while, due to high investment costs, 
a second life that is too short, and an 
energy resale price that is too low in 
France;

• the use of a new contract at the end 
of a battery’s first life, rather than 
reselling it, is appealing in an urban 
scenario because the battery deteri-
orates more slowly than in a semiru-
ral scenario.

There are so many operational deci-
sion-making factors to take into 
account that have a veritable impact on 
the economic model of electric fleets. 
That said, beyond these levers ena-
bling operators to optimise the perfor-
mance of their batteries, there are still 
other avenues to explore in the face of 
the complexities of the classic electric 
bus model: the first consists of a new 
financial and operational management 
model for these buses; the second 

consists of alternative modes of low- or 
zero-emission transport.

Scenario 1 
Urban

Lever Relevant Comment

1 Smart charging Positive NPV, 
easy to implement 

2
Resale end 
of first life Positive NPV

3 New contract Positive NPV

4
Capacity reserve 
in second life Negative NPV

Implementation effort

3

4

1 1

First life Second life End of life

2

Scenario 2 
Semirural

Lever Relevant Comment

1 Smart charging Positive NPV, 
easy to implement

2
Resale end 
of first life Positive NPV and high

3 New contract Positive NPV but low?

4
Capacity reserve 
in second life Negative NPV

Implementation effort

3

4

1 1

First life Second life End of life

2

Positive NPV (size represents value) Negative NPV (size represents value)

Sources

26) Effects of market dynamics on the time-evolving price of second-life electric vehicle batteries, Journal of Energy Storage, 12.07.2018

27) https://www.energy-pool.eu/fr/resultats-des-dernieres-encheres-sur-le-mecanisme-de-capacite/?_sm_
au_=iVV21ZSBZFJ26SkPsMKpkK3cc1412 
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The emergence of new economic models: the BaaS model

Despite significant technological 
advances and the expected reduc-
tion in the production costs of electric 
batteries, technical constraints remain 
substantial for electric transport opera-
tors. First, capital expenditure is higher 
than for classic vehicles (50% higher 
than for a diesel fleet28). In addition, 
performance control, battery mainte-
nance and decisions to be made when 
battery efficiency is reduced are com-
plex parameters to implement for histor-
ical bus operators. In this context, the 
emergence of the battery as a service 
(BaaS) model almost seems obvious.

Battery as a service basically frees 
transport operators from the constraints 
and risks associated with the manage-
ment of a battery. The service provider 
takes care of all aspects linked to the 
battery’s use, from its certification (in 
compliance with safety and environ-
mental standards) to performance 
monitoring to recycling; the service pro-
vider also ensures that the service pro-
vided complies with the expectations of 
its client, the transport operator, at all 
times, with a view towards value opti-
misation. The service provider therefore 
has to find the optimal contract and use 

profile for the battery, depending on the 
stage of the battery’s life cycle – and 
therefore its performance – at any given 
moment. It is its understanding of the 
different value creation levers, as well 
as its in-depth knowledge of battery 
performance, that enables the service 
provider to determine the ideal client or 
contract profile adapted to its battery. 
Some of the most well known BaaS 
companies include Global Technology 
Systems, Yuso, Swobbee and Epiroc.

Figure 12 Three different business models

The battery manufacturer only takes 
care of its production chain and 

supply of raw materials. Once the 
product is manufactured, it is sold.

The historical bus fleet operators 
buy or rent the batteries from 

the manufacturers and manage 
their successive allocations, their 

performance management and their 
recycling.

The BaaS provider buys the battery 
from the manufacturer and rents it 
via a bespoke contract to the fleet 

operator. The allocation of batteries 
is undertaken under contract based 
on their state and the needs of the 
fleet. The BaaS operator manages 

the battery performance data.

BaaS service provider

New perspectives in the management 
of zero-emission buses3

Source

28) Analyse coûts bénéfices des véhicules électriques – Les autobus et autocars, Service de l’économie, de l’évaluation et l’intégration du 
développement durable, octobre 2018



19 October 2020  The electrification of public transports

The development of new low- or zero-emission means of transport

Figure 13 Forecast number of electric and hydrogen buses up to 2025
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New perspectives in the management [...]

In parallel with the rise of electric bat-
tery buses, other clean means of trans-
port are under development, such as 
low-emission buses running on biom-
ethane (biogas) or zero-emission buses 
running on hydrogen. These technol-
ogies are growing substantially across 
the world, despite differences in their 
level of maturity, depending on the 
country.

Based on the local energy source, bio-
gas buses constitute a low-emission 
technology (reduction of 25% of emis-
sions of toxic fumes compared with 
petrol vehicles), which has the advan-
tage of an excellent level of autonomy 
and a short recharge time. However, 
the infrastructure to be put in place is 

substantial and expensive.

ZE electric buses (battery- or hydro-
gen-based) are two complementary 
technologies. Indeed, hydrogen tech-
nology (which is more expensive) 
becomes more relevant where the 
battery technology reaches its limits 
or in future cases (grid saturation, for 
example). This zero-emission technol-
ogy provides a high level of autonomy 
and relatively short recharge cycles 
(Air Liquide estimates that a hydrogen 
bus can be recharged in less than 20 
minutes 29). Nevertheless, the required 
infrastructure is considerable (hydro-
gen recharge stations) and the network 
is virtually non-existent or only at its 
inception in the majority of large cities 

today. However, as numerous French 
cities have shown an interest in this 
technology by launching pilot projects, 
the government’s recent recovery plan 
following the COVID-19 health crisis 
will dedicate more than €7 billion over 
ten years to this energy of the future, 
aiming to build factories that are able 
to produce the electrolyser in particu-
lar (the electrolyser makes it possible to 
transform hydrogen into electricity via 
the electrolysis of water). The hydrogen 
plan forecasts financing of €1.5 billion 
to develop a hydrogen sector similar 
to that being undertaken for electric 
batteries – this is in cooperation with 
Germany.

Figure 14 New types of low- or zero-emission mobility 30 31

Type of transport Electric battery bus Hydrogen bus Biomethane bus

Autonomy
Moderate 

(150 km to 200 km)
Significant 

(200 km to 400 km)
Significant 
(400 km)

Mode of operation Electric energy from the grid
Chemical transformation 

of hydrogen
Combustion of biomethane gas 

(25% reduction of CO2 emissions)

Charge time Approximately 4 hours Between 10 and 30 minutes Approximately 30 minutes

Passenger comfort Reduction of noise and jolts Reduction of noise and jolts Smaller reduction of noise

Cost of infrastructure High cost Very high cost High cost

Technological 
development

Rise for past 10 years 
(1 bus in 2 will be electric by 2030)

Technology under development Reduced offer

Zero-emission transport Low-emission transport

Source

29) https://energies.airliquide.com/fr/transport-propre-transport-passagers/lenergie-hydrogene-vehicules

30) Electric vs. Diesel vs. Natural Gas: Which Bus is Best for the Climate? , Union of concerned scientists, 19.07.2018

31) Les bus à hydrogène, AFHYPAC, avril 2020
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The main challenge facing the devel-
opment of the electric battery sector is 
multiplying supply considerably to be 
able to match the significant increase 
in demand. This project is currently 
materialising through the creation of 
a sustainable and competitive battery 
manufacturing and recycling industry in 
Europe.

In parallel, battery technologies are 
improving, with batteries gaining in 
autonomy and specific capacity. Recy-
cling methods are also the subject 
of critical technical innovation, which 
should lead to a significant reduction in 
total production costs by 2030.

However, constraints remain significant 
for electric mobility players: the amount 

of capital expenditure, the control of 
battery performance and the com-
plexity of decisions to be made when 
their efficiency starts to deteriorate are 
all parameters that have favoured the 
emergence of new economic mod-
els of battery use, such as the BaaS 
model, as well as other modes of clean 
mobility that should be closely moni-
tored, such as the hydrogen bus.

These developments, in economic 
model and technology, should lead 
historical players and new entrants in 
the zero-emission transport sector to 
change their strategy and investment 
policies. 

In this phase of significant transforma-
tions for the whole sector, Accuracy 

has developed a strategic support 
framework in order to help these play-
ers to identify and seize the truly sus-
tainable and profitable opportunities in 
the value chain.

Conclusion
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