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FOREWORD
Dear readers,
In this 2022 energy flagship report from Arthur D. Little
(ADL), we explore the trends that are currently shaping
the energy industry as it transitions with great ambitions
toward net zero. This transition has a disruptive impact,
be it carbon regulation, new technologies, emergence of
new market players, as well as convergence of industry
verticals. However, timing and speed vary by region and
market. Also, political events influence direction and speed
of the transition.
Our ADL community, with 200 enthusiastic energy
consultants and knowledge experts, started working on
this report prior to the ongoing Ukraine crisis. Before, as
a society, we were used to power and gas being available
uninterrupted 365 days a year. The current conflict in
Europe at the doorstep of many of our colleagues — as
well as conflicts in the last century, like the oil crisis of the
1970s and the Gulf War in the 1980s — remind us how fragile
energy supply can be.
Regardless of how and when the conflict between Russia
and Ukraine will end, the event will have long-lasting global
implications on geopolitics and the energy sector at large.
If the EU and countries like the US wish or need to reduce
their reliance on Russian oil and gas even faster, there
are several options, but probably not without significant
tradeoffs.
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In this report, we look at the energy and resources sector
from the various market segments, shown in Figure 0, and
dive deeper into the specific trends and strategic moves
in each segment.
As ever, the report encapsulates our own research into
global energy resources and cleantech and the many
insights gathered from the companies we have worked with
over the last 12 months. These together give us a sense of
what progress is being made toward a decarbonized future,
which challenges still lie ahead, and the impacts on energy
and utility players all along the
value chain.
As part of our analysis, we have reviewed in detail the
investments being made by traditional companies across
many different sectors, including both upstream and
downstream oil and gas (O&G), power generation, networks
and infrastructure, customer services and solutions, waste,

and metals
mining.
gure 0. ADL view onwater,
the energy
& and
resources
market segments
Figure 0. ADL view on the energy resources & cleantech market segments

Power
Generation
Networks,
Infrastructure &
Storage

Upstream
Oil & Gas
Downstream
Oil & Gas

Hydrogen
Ecosystem

ENERGY
RESOURCES
CLEANTECH

Metals &
Mining
Waste
& Water

Data &
Connectivity
E-Mobility &
EV Charging

Customer
Services &
Solutions
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While each of these sectors is responding in its own way
to the energy transition, it is important to recognize that
the boundaries between them are increasingly dissolving
as different industries are drawn together by similarities,
synergies, and new technologies that enable disruptive
“incomers” to jump much more easily between them.
Such “convergence” is now one of the biggest drivers
of marketplace change, creating not just new revenue
streams, but also potential threats to established players.

D E C A R B O N I Z AT I O N — N E T Z E R O — I S
T H E M O S T I M P O R TA N T O V E R A R C H I N G
TREND FOR ALL SECTORS AND THE
WORLD IN GENER AL

These changes are leading to the evolution of an everexpanding ecosystem of players, something that is not
just accelerating the speed of innovation but also leading
to the development of increasingly integrated offerings
that better meet the growing customer demand for more
sustainable products and services.
Of course, decarbonization — net zero — is the most
important overarching trend for all sectors and the world
in general. And this is what now increasingly underpins
the economic policies of many countries. Inevitably,
decarbonization is having a fundamental impact on the
strategic thinking and future investment decisions of
companies in all sectors.
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Another major trend of the moment, again across sectors,
is the need to digitize operations to meet the needs of
marketplaces that are driven ever more by transparency,
seamlessness, and speed of delivery.
There is one further trend that is particularly relevant to
the energy and utilities sectors: decentralization — the
movement to a far more localized solution to the delivery
of a service rather than a reliance on a much wider national
or regional infrastructure. This is evidenced, for instance,
by siting wind farms close to urban areas or using microgeneration, such as photovoltaic (PV) rooftop panels on
new housing developments and encouraging users of power
to take greater responsibility for how they consume it.
All these elements are feeding into new business models
that are focused on much greater sustainability, a thread
that runs increasingly through every component of society.
This includes industries such as energy and utilities, where
the introduction of carbon capture and other cleantech
is now central to both day-to-day operations as well as
strategic decision making, given the growing significance
of environmental, social, and governance standards on
corporate thinking.
In the following chapters of this report, my Partner and
Principal colleagues of ADL’s Energy & Utilities Practice
present their observations, experience, and insights of how
disruption and convergence are already happening in their
markets and industry segments and which fundamental
strategic moves should be considered accordingly.
On behalf of our Practice, I wish you an insightful reflection
about the energy transition.

Michael Kruse
Global Leader, Energy & Utilities Practice
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by Florence Carlot

1. CUSTOMER SERVICES &
S O L U T I O N S : C R E AT I N G A
BETTER CUSTOMER EXPERIENCE
It should be no surprise to anyone that the

For instance, incumbent players in the energy

retail energy business is becoming ever more

sector itself will have no choice but to move

challenging, with every player faced with a litany

away from the commoditized selling of power

of pressures: high volatility of prices (certainly

and gas and diversify into more profitable and

during the second half of 2021), thinner margins,

sustainable revenue streams.

higher costs to serve, increasing expenditure on
customer acquisition and retention, disruptive
emerging technologies, greater competition
from hyper-agile players offering a superior
customer experience, and more “alternative

Energy companies are investing or divesting
among convergent segments (see Figure 1).
While some in the energy sector, like grid
operators, are intensifying their investments in

aware” customers ready to shift their loyalty.

just a few areas, the underlying characteristic

In such an environment, all players need to

segment is diversification. With technological

consider what they must do to adapt over the

developments happening in parallel across the

next five to 10 years. This will not be easy as

marketplace, companies must ensure they have

it will almost certainly require the complete

a broadly based offering, so they are not left

reinvention of their traditional business model

exposed.

in the customer services and solutions

and widespread changes to their operations.

Figure 1. Player investments in customer services and solutions in
the last
3 years
Figure
1. Exemplary
strategic portfolio changes in the customer services & solutions market
Investment

Convergent
segment
Company

ENERGY
SERVICES

HYDROGEN
SERVICES

RENEWABLE
SOLUTIONS

ENERGY
AGGREGATION

ENERGY
STORAGE

E-MOBILITY &
CHARGING

Divestment

CCS & CCU

EDF

N/A

Enel

N/A

E.ON

N/A

N/A

ENGIE
Uniper

N/A

Iberdrola

N/A

N/A

Centrica

N/A

Duke Energy

N/A

N/A

NRG Energy

N/A

N/A

Dominion En.

N/A
N/A

N/A

OVERALL
Source: Arthur D. Little, Mergermarket, company websites
Note: Data from last three years

Source: Arthur D. Little, Mergermarket, company websites
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G E T DI G ITA L I ZAT I ON R I G HT
FOR S U P E R I OR EF F I CI EN CY
A ND C U STO M ER EXPER I EN CE
Digitalization is central to improving efficiency
and enhancing customer experience across
every sector. It also has a major role to play in
stimulating innovative ideas and ensuring they
are turned as quickly as possible into real-life
solutions for customers.
Many energy retailers have already embarked on
the digital journey, though not all have chosen
the same path. So, while many have opted
for the incremental digitalization of their
operations by addressing their challenges one
by one and building on previous investment,
others that we can call “digital native
challengers” have developed their operating
model around the future-proof technology
platform approach. Here, the platform acts as
a digital broker between the energy retailer, its
subsidiaries, its clients, and the broader energy

With industry setting ever more ambitious
cost and sustainability goals, and residential
consumers becoming more proactive in
managing their contracts, energy retailers
must ensure they are offering an optimal mix
of energy services to both segments.
To do this, they need to create what are truly
value-driven solutions based on multiple service
and product offerings. This could mean, for
instance, integrating EV fleet management with
solar panel installation and the negotiation of
corporate power purchase agreements (PPAs).
Unfortunately, legacy systems and traditional
business structures don’t lend themselves easily
to this integrated approach, although some have
overcome such challenges. Enel, for instance,
because it laid “digital foundations” back in
2016, has been able to progress to its current
integrated approach that involves collaboration
with third parties and delivery through a
platform-based business model.

ecosystem. This broker aims at improving,
securing, and developing new, more agile,
services. If well designed, each new wave of
initiatives is lighter, shorter in terms of length
of implementation, more profitable, and
brings with it incremental benefits. The digital
platform is the enabler that boosts innovation,

T H E D I G I TA L P L AT F O R M
I S T H E E N A B L E R T H AT
B O O S T S I N N O VAT I O N

ensuring ideas can quickly be transformed
into actual customer solutions. Building such a
platform is more than a technology journey and
requires an extended commitment to identify
open business models, revamp core business
processes, and align the organization.
UK’s Octopus Energy, for instance, has created
a digital platform, the “Kraken platform,” where
an energy retailer, its subsidiaries, and clients
can establish an “energy ecosystem” of better,
faster, and more agile products and services.
In addition to improving customers’ energy

Alongside a user-friendly platform, powerful
data analytics is another essential component
for improving the customer experience.
Information from CRM and billing systems,
as well external sources such as mortgage
applications, can provide invaluable insights
into customer behaviors that can influence
strategic decisions, lead to the development
of new solutions and partnerships, as well as
improve interactions with customers at every
touchpoint.

efficiency, ADL believes that offering a tailored
digital experience through apps, service portals,
and marketplaces will be increasingly important
for energy retailers and fundamental to their
transformation.
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D ISTR I BUT ED AS S ETS
A ND T HEI R AG G R EGATION

balance role. Consequently, the aggregation

Because many markets have incentivized the

to a significant consolidation with major

business has seen real interest from retailers
(particularly three to five years ago), leading
investments by utilities and private equity firms.

development and adoption of customer-side

And while the pace of this M&A activity may

distributed assets, the number of dedicated

have slowed, it’s still ongoing. In Europe, for

tariffs and generation solutions being offered

instance, Shell acquired Limejump in 2019

by retailers in the US and Europe has grown.

as well as Next Kraftwerke at the start of 2021

Most of these involve small-scale distributed

(see Figure 2).

electricity generation typically using PV
systems, energy storage systems (ESS) that
optimize consumption and export electricity
to the grid, or load management solutions that
adapt consumption to grid events. Next to those
assets, electric mobility represents another
opportunity for energy players to diversify their
revenues through the installation of charging

CREATING AN OP TIMAL
MIX OF E NERGY SE RVICE S
Given the increasing number of new players
and convergence of industries within the
energy value chain, in this new ecosystem of

infrastructure at end consumers’ place. And
finally, heat pumps are expected to experience
a steep increase in use, as they are considered a
decarbonizing technology of choice due to their

interconnected actors, retailers are facing
existential questions about where and how to
position themselves to provide their own parts

high efficiency and use of renewable power.

of the solution. Retailers now understand they

In this context, as well as providing these

or solutions but rather by providing a range of

will not win through single products, services,
solutions, supported by the right capabilities

essential distributed assets to customers,

that will unlock a new pool of value that was

retailers are also seeing the value of

inaccessible in the past, given the challenge

aggregating them and supporting network

to invest in so many capabilities.

operators in their supply-and-demand
1 CUSTOMER SERVICES & SOLUTIONS

Figure
between
large,large,
complex
organizations
and startups
Figure2.2.Aggregation
Aggregation
between
complex
organizations
andwith
startups
innovative technical solutions

innovative technical solutions
AGGREGATOR

ESTABLISHED

COUNTRY

EXIT

BUYER

ACQUIRED
BY UTILITY
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EXIT VALUE
[M EUR]

Flexitricity

2004

2014

Alpiq



20

Kiwipower

2009

2018

ENGIE



N/A

UK Power Reserve

2010

2018

Sembcorp



Limejump

2012

2019

Shell



EnerNOC1

2001

2017

Enel



REstore2

2010

2017

Centrica



Voltalis

2006

2021

Meridiam

✕

N/A

Smart Grid Energy

2011

2016

VINCI

✕

N/A

E2M

2009

2019

EDF



N/A

Next

2009

2021

Shell



N/A

Source:
Merger
market,
Companies
House,
Factiva,
PPLE, corporate
Source: Merger
market,
Companies
House,
Factiva,
PPLE, corporate
websites websites
2Renamed
3ADL
Note:
Renamed
X after
acquisition;
2) Renamed
Centrica
Business
Solutions
after
acquisition;
3) ADL estimate
Note: 11)
Renamed
EnelEnel
X after
acquisition;
Centrica Business
Solutions
after
acquisition;
estimate

with

246
~573
267
70
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Those solutions will need to respond to the

local specialists focused on specific areas

ambitions of end customers, more specifically

sitting alongside larger players that through

industrials, which are increasingly challenging

acquisitions and partnerships can position

energy management decisions due to their

themselves as one-stop-shop service providers.

own sustainability ambitions and concerns for

This is the case with Enel X, for example

energy costs (see Figure 3).

(as illustrated in Figure 4), which has made

With many companies extending their offering
of energy services, in some geographies we

1 CUSTOMER SERVICES & SOLUTIONS

are seeing a mixed market, with many smaller

a series of acquisitions in energy services,
addressing primarily the B2B segment. We
expect those investments to target the
residential segment soon.

Figure
Energy solutions
Figure 3.
3. Energy
solutions that
thatenergy
energyplayers
players(mainly
(mainlylarge
largeretailers,
retailers,energy
energyservice
companies,
and
niche
players)
can
offer
to
respond
to
customer
needs
service companies, and niche players) can offer to respond to customer needs
CUSTOMER OBJECTIVES

SUSTAINABILITY

PRODUCT & SERVICE OPTIONS
Generation
& energy
optimization

EV & chargers
Energy efficiency
Demand
management

AFFORDABILITY
Micro-grid &
electricity
infrastructure

PREDICTABILITY

Forecasting
Energy
storage
Uninterruptible
power supply

RELIABILITY

COMFORT

Energy communities

Energy management
(monitoring)

Bill management

Comfort management
(automation)

1 CUSTOMER SERVICES & SOLUTIONS
Source: Arthur D. Little

Source: Arthur D. Little

Figure 4. Acquisitions by Enel X to enable the sale of energy
Figure 4. Acquisitions by Enel X to enable the sale of energy management service
management service and e-mobility solutions
and e-mobility solutions

August 2017

January 2017

Acquisition of the leading demand response and
facility efficiency technology company

Acquired a software provider specializing in
battery storage optimization

July 2018

December 2020

Acquired ESCO specialized in providing demand
management solutions to C&I customers

Partnered with a distributed energy platform
to enable internationally roaming with EV
charging stations

4

Source: Arthur D. Little, Enel X

Source: Arthur D. Little, Enel X
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D E F I N I T ELY T I M E FOR
I NV EST M EN T, B UT A NEE D
FO R GROWI N G FO CUS
For retail businesses, increasing end consumers’
average basket value (i.e., the average value
of a purchase) is critical. Essentially, this
increase will happen through new offerings
such as solar, storage, heat, and CHP (combined
heat and power) assets, electric mobility
infrastructure and related services, as well as
energy efficiency and decarbonization services
(especially important when emitting carbon
will increasingly impact your cost base). But
providing these services requires high CAPEX,
which may exclude smaller players. Partnerships
with financing parties and convergent industry
players (e.g., automotive) are therefore essential
for these businesses.

LEVERAGING ENE RGY AN D
CONVERGE NT INDUSTRI ES
ECOSYSTEM IS KE Y FOR
SUCCE SS
For several years, it has been clear that using
acquisitions and partnerships to enter other
industries has been a way to accelerate the
development of new services, reach different
types of customers, and boost revenues.
Retailers that have expanded their ecosystem
have also been able to innovate faster and
improve their efficiency and customer
experience through digitalization. At the same
time, they have also benefited from an injection
of know-how from convergent industries and
co-financing of CAPEX-intensive projects and
investments.

Larger players, which in parallel with their
retail business have to invest in new types of
generation assets such as hydrogen production
or nuclear plants, are also constrained by
increasing CAPEX. Some, like ENGIE, have
decided to divest a part of their services
portfolio (e.g., Equans was acquired by Bouygues
in Q4 2021), to better focus on renewable
energy generation and regulated power and gas
grids. Others need to accept a deceleration or
plateauing of new businesses because of having
to wait for the result of political elections,
decisions about regional nuclear strategy,
and/or the raising of funds.

12

LARGER PLAYERS
ARE ALSO
CONSTRAINED
BY INCREASING
CAPEX
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What our clients say
“Technological evolution is changing the

“Utility companies can now pursue circular

energy sector as the world moves towards more

business models where they are not just the

sustainable ecosystems where decarbonization,

owner and operator of assets but also the

decentralization, and digitalization are now key

orchestrator in a more complex distributed

drivers.

generation system comprising renewable
plants, storage solutions, charging stations,

“The ever-growing availability of renewable

and electric vehicles, for example.

energy now enables consumers to opt for
electric — because it is economic and has

“In this environment, digital platforms are key

fewer social implications. This creates market

because they can connect data and solutions in

opportunities for utilities that go beyond the

ways that cut costs and improve response and

traditional concept of ‘public need.’

service levels.”
Francesco Venturini, CEO, Enel X

1 CUSTOMER SERVICES & SOLUTIONS

Recommendations: Customer services & solutions

Recommendations: Customer services & solutions
INTERNAL LEVERS:
• Digitalization. Integrating digital to improve process efficiency and customer experience. Having an
integrated value proposition where commodity and services are offered in a single pack is key to
differentiate from competition.
• Platformization. Building the operating model around a future-proof technology platform connecting
the entire ecosystem in an agile way and allowing more speed and efficiency in developing new services.
GROWTH LEVERS:
MUST DO

• B2B energy management and decarbonization solutions. Retailers can support the industrial segment in
reaching its objectives in terms of efficiency and sustainability by proposing new types of B2B solutions
(e.g., consulting services via “sustainability as a service” offering, energy solutions, energy as a service,
hydrogen product and services, ESCO), opening room for new products and services.
• E-mobility. Representing a strategic expansion of their core business by offering e-mobility products and
services (from the sale of the energy to the charging infrastructure and fleet mobility services).
• Aggregation market. Continuous interest from energy retailers in enjoying benefits from aggregators’
technical solutions and agile mindset into their own organization via acquisition and the capacity to have
a central role in the energy market through strategic partnerships such as with network operators.

LARGE
POTENTIAL

DIVEST

Source: Arthur D. Little

• Convergence with other industries. Acquisition and partnerships, including with players from other
industries (e.g., finance, insurance, automotive, telco), provides reach to new customers and possible
integrated offerings.
• Decarbonization solutions. Offering solutions enabling greater energy efficiency and decarbonization
toward residential segments.
• An isolated case? Engie has divested a large proportion of their energy services to better focus on
renewable energy generation and regulated power and gas grids. Will other players follow this trend?
• Fossil fuel on-site generation assets.
6
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by Kurt Baes and Irene Macchiarelli

2. NETWORKS, INFRASTRUCTURE
& STOR AGE: THE NEW ROLE OF
ENERGY NE T WORKS
Whether they are power, gas, or heat, grids

renewable energy target from 32% to 40% by

work within a highly regulated market that

2030, according to WindEurope. This would see

effectively constitutes a natural monopoly.

wind power capacity increase from today’s 180

The biggest challenge for energy networks
relates to energy transition: dealing with new
energy flows triggered by a growing number of
renewable energy sources and having to handle
new energy carriers in the energy system at
large.
The critical role and position of grid companies
is widely agreed to put them at the very heart
of this energy transition. While the energy
network companies today continue to be the
matchmaker between energy suppliers and
clients/consumers end-to-end, many are upping
their game through new initiatives that are
taking them to the next level.
This is seeing some grid companies diversify
into new areas, sometimes outside of the
energy field, in search of growth and synergies

GW to 451 GW, which would require new wind
farms to be constructed and launched at a rate
of 30 GW every year. So, today’s wind energy
expansion of 15 GW per year until 2025 would
need to double.
The mission then for energy grid firms is to
create future-proofed energy infrastructures
that can accommodate a wide range of
technologies such as intermittent and
decentralized generation, and also deal with
energy storage, demand response, EV charging,
and new energy carriers like hydrogen and
molecules such as CO2.
The decisions these operators make will not
only have massive investment implications but
political ones, too. The long-standing “nuclear
power debate” in Belgium, is an obvious example.

(see Chapters 7, 11, and 12 on diversification of

Some of these system transformation

network companies in water, e-mobility, and

challenges mainly relate to TSOs, such as in

data & connectivity).

Germany, where additional power lines are being
installed to bring power from huge offshore and

T HE CR I T I CAL
I MPO RTAN CE O F GR I DS
Transmission and distribution system operators
(TSOs and DSOs) are tasked with delivering
overarching initiatives like the EU’s Green Deal
and the national plans that underpin them. And
what is being asked of TSOs and DSOs is far
from insignificant. The European Commission,
for instance, is proposing to raise the EU’s

14

onshore wind farms in the North to the large
industrial hubs (steel, chemicals) in the South.
For DSOs, the system transformation challenges
typically relate more to changes in technology
and consumer behavior. One example is the
growth of EVs, which is triggering the need for
grid changes to enable better charging. In many
instances, demand might be better served by
decentralized power generation using localized
PV arrays and batteries.

ARTHUR D. LITTLE

I N VE ST M E N T AN D
DI S I NV E ST M EN T LAN D S CAPE

Besides massive investments in the grid itself
(“repowering”), the increasing digitization of
operations and flexibility dominate investments.

Considering the current investment priorities
of TSOs and DSOs, we can see clearly that a
key emphasis for most will be the integration
of renewable energy (extensions to integrate
offshore wind, reinforcements, and renewals)
into the existing grid, followed by the
digitization of operations and asset base. This
digital transformation will need to be pushed
through at all levels (e.g., system operation,
infrastructure, and asset management)
to enable the creation of a more flexible
infrastructure capable of dealing with greater
supply and demand volatility. Customer
centricity will be a core driver of this digital
wave.

SIX STRATEGIC P ILLARS
FOR GRID OP E RATORS
Because grid companies can operate in both
regulated and deregulated markets, having
to create value for shareholders and external
capital providers on the one hand, as well
as providing users with a high-quality and
efficient service compliant with requirements of
regulators and energy authorities can be quite
complex.
Some TSOs and DSOs have started to operate
in specific niches of deregulated markets to

For power grids, extending (e.g., offshore),
reinforcing, and renewing aging electricity
networks continue to absorb the bulk of capital
expenditures. While gas grid companies, in
particular, have an additional investment
need to prepare for new energy carriers such
as hydrogen (including related products
like ammonia) and CO2. Figure 5 illustrates
2the
NETWORKS,
INFRASTRUCTURE
STORAGE of grid
investment
focus of a&selection
companies (TSO/DSO, electricity/gas).

boost energy transition. For example, Snam
has done some direct investment in hydrogen
technologies while Terna has invested in energy
efficiency and storage. However, these will
remain just a small part of each companies’
total investment plan.
When we dissect the “regulated” investment and
divestment priorities, we find they rest on six
primary pillars, as shown in Figure 6.

Figure 5. Player investments in networks, infrastructure, and storage in the last
three
Figure 5.years
Exemplary strategic portfolio changes in the networks, infrastructure & storage market
Investment

Convergent
segment
Company

REPOWER,
REINFORCE,
EXTEND

DIGITALIZATION

HYDROGEN

ELECTR. FLEXIBILITY
& STORAGE

ENERGY
EFFICIENCY
N/A

National Grid
Elia Group
TenneT
Terna

N/A

Red Electrica

N/A

EPM

N/A

N/A

N/A

E-Distribuzione

N/A

N/A

N/A

E.ON Distr. Grid

N/A

N/A

Fluxys

N/A

N/A

SNAM

N/A

N/A

OVERALL
Source: Arthur D. Little, Mergermarket, company websites
Note: Data from last three years

Source: Arthur D. Little, Mergermarket, company websites
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Figure 6. The six strategic pillars underpinning network operators’
investment
and
divestment
decisionsnetwork operators’ investment
Figure 6. The six
strategic
pillars underpinning
and divestment decisions

EXISTING GRIDS: REPOWER,
REINFORCE, EXTEND

NEW ENERGY CARRIERS
(HYDROGEN & BEYOND)

DIGITAL SHIFT

1

4

2

FLEXIBILITY

5

3

6

CUSTOMER CENTRICITY

SHAREHOLDER VALUE CREATION:
INVEST OR DIVEST?

Source: Arthur D. Little

Source: Arthur D. Little

Pillar 2 — New energy carriers

Current energy infrastructures are designed

Following an initial focus on renewable

around centralized non-intermittent

electricity generation, there is now growing

generation, but this no longer works well when

interest in new energy carriers like hydrogen and

consumers are switching to EV and heat pumps

biomethane produced from biomass digested in

and renewable energy generation is increasing.

purification plants.

reinforce

So, if they are to remain strong and resilient,
networks must redirect their investments

(hydrogen and beyond)

Gas is already a strategic pillar of the transition

(which many are already doing).

toward a low-carbon economy given its

Italy DSO e-distribuzione, for example,

through existing pipeline infrastructure, and

is repowering and renewing its existing

the ability of gas-fired power plants to easily

infrastructure in a major investment program

support intermittent renewable generation.

that will see it spend €8.2 billion between

However, in a future decarbonized energy

2021-2023 (+50% up on the previous outlook for

system, green hydrogen, biomethane, and

2020-2022). They are not alone, with many DSOs

synthetic gas (syngas) will create an additional

more than doubling their CAPEX in their new

growth opportunity space for gas TSOs and

strategic plans.

DSOs.

In Germany, electricity TSOs Amprion, 50Hertz,

Hydrogen that’s electrolyzed from water

TenneT, and TransnetBW are building DC

using power-to-gas systems employing wind

transmission lines north to south and south

or PV energy can be transported by gas grid

to east to transport power from the North Sea

companies to points of consumption as part

and Baltic coasts, which is where 1,500 of the

of the development of a hydrogen pipeline

country’s offshore wind turbines are located,

infrastructure.

to the country’s industrial manufacturing hubs
in the south. As part of Germany’s “missioncrucial” shift to green energy, TenneT is also
building two separate storage centers for
energy at either end of the country. These will
form part of a “virtual power line” that will
increase flexibility at times of grid congestion
or in case of an emergency.
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Pillar 1 — Existing grids: extend, repower,

flexibility, the fact that it can be delivered

A good example is Fluxys and Gasunie’s green
hydrogen hub on the North Sea coast of the
Netherlands and Belgium, which when complete
will include 1 GW of electrolyzers. Similarly, in
Italy, Snam is looking to transport decarbonized
gas — hydrogen as well as biomethane —
through a clean energy hub in Northern Europe.

ARTHUR D. LITTLE

Half of Snam’s €7.4 billion investment will

everywhere among electricity grid firms though

go into replacing and developing hydrogen-

it will require much greater integration and

compatible assets.

understanding of data and analytics to leverage

In a joint venture, the German federal

their full potential.

government, Thyssengas, and Dutch electricity

Leading European power TSOs, like RTE,

and gas TSOs have set up 20 “real laboratories”

Fingrid, Elia, National Grid, and Statnett are

to look at doubling the level of hydrogen that

developing in-house R&D teams to work on

can be carried through the existing gas network

digital technologies, and there are many third-

from 5% to 10%. Hydrogen is a major change

party service providers in the marketplace.

vector in Europe’s clean energy package, and

These include big names like IBM, OSIsoft,

grid companies will play a key role in enabling it.

Siemens, and GE, as well as many startups and
smaller hardware and software providers such

Pillar 3 — Digital shift
Due to the increasing stress being placed
on energy grids and growing pressure from
regulators looking for efficiency gains and new
technologies, power and gas operators must
digitize faster than ever if they are to become
more efficient and resilient during times of

as N-SIDE, which offers artificial intelligence
(AI) solutions to improve grid balancing, outage
management, and RES forecasting.
The speed with which companies need to
digitize varies between regions and companies,
but the industry as a whole must consistently
move faster toward a multi-layered “smart grid”

crisis.

that includes advanced automation, distributed

New DSO and TSO roles will require more

(see Figure 7).

generation, smart metering, and robotics

data exchange between them, so there is a
compelling need to create new platforms
and to focus on leveraging information and

Pillar 4 — Flexibility

communications technology to the maximum.

Given the growing need for energy flexibility

Accordingly, they will need to become much

globally — the International Energy Agency

more data-centric to meet the needs both

expects a 300% increase in flexibility use

of their clients and markets as well as their

in China and 600% in India by 2040 — grid

internalINFRASTRUCTURE
systems operations
and asset
2 NETWORKS,
& STORAGE
management. So, we can see initiatives like
the “digital substation” being rolled out

operators can create value by helping network
operators balance their real-time energy
requirements. But rather than frantically

Figure 7. Smart grid-enabled platform model
Figure 7. Smart grid–enabled platform model

• Advanced automation
• TLC network always on
• IoT and widespread sensors

• Smart metering
• Home automation systems
• Digital services

• Distributed generation
• Charging infrastructure
• Storage system

• Robotics
• Virtual reality
• Decision-making tools

Source: Arthur D. Little

Source: Arthur D. Little
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investing in copper power-grid assets, budgets

means that data management and governance

should be allocated to creating a smarter energy

is assigned to TSOs and DSOs who drive it

system with demand-response programs that

forward. For example, in the Netherlands, the

better manage capacity and variable supplies

combined power and gas TSOs and DSOs have

from renewables.

collaborated closely with all stakeholders in the

The Yukon Energy Corporation (YEC) in Canada,
for instance, is looking to reduce the territory’s
dependence on thermal generation using

energy market to establish a customer-centric
data management and governance framework
sector-wide.

demand response technology to manage the

Looking forward, we can see that smart meters

increasing number of electrical grid peaks. So,

will be just part of a much wider ecosystem, an

as part of a three-year-long project, YEC has

“Internet of Energy” (IO.Energy) like the one put

fitted remotely controllable devices into about

forward by Belgian electricity operators Elia,

400 of its customers’ homes, enabling YEC to

Fluvius, ORES, Resa, and Sibelga.

shift the load when demand surges.

And in France, ENGIE has launched a

In the US, Oregon electricity and gas grid utility

community-based solar energy sharing project

Portland General Electric (PGE) is researching

— five households generate electricity from PV

the benefits of concentrating battery assets

roof panels, which is then passed on to 23 homes

at a single substation. In a pilot scheme, PGE

in the neighborhood. Smart software developed

has installed 525 residential energy storage

by ENGIE controls the distribution while smart

batteries that in aggregate create a 4 MW

meters in each home inform consumers how

virtual power plant (VPP). The utility encourages

much power they are using. Any electricity not

participation in the scheme by discounting the

immediately consumed is stored in a communal

upfront cost of batteries and adding US $20 or

battery or hot water tanks for later use.

$40 credits to monthly bills.
Elsewhere, one of the UK’s largest distribution

Pillar 6 — Shareholder value creation:

network operators, UK Power Networks (UKPN),

Invest or divest?

entered a €15m contract in June 2020 to provide

While investment strategies must consider the

123 MW of flexible power, which will come from
distributed generation and batteries, VPPs
aggregating heat pumps, household batteries,
and EVs.

needs of shareholders and capital markets,
doing so can be a problem for some energy
network firms because it raises questions about
what exactly “value” is and how it is created.
So, while grid companies, for instance, are

Pillar 5 — Customer centricity

constrained by regulators in some markets,

Given the sheer numbers involved, any

could be municipalities, public authorities, and

customer-centric initiative is likely to be an area
of major investment for any energy grid firm.
While installing smart meters to promote
energy efficiency by increasing awareness
of consumption is an immense exercise, the
wealth of data generated is so valuable that it is
often labeled as the energy sector’s “new gold.”
Despite its value, smart meter rollout is still
very patchy, so while some countries already roll
out second-generation units, others have barely
begun installing their first wave.
This uneven take-up can be attributed to
regulators’ involvement. In the EU, for instance,
regulators tend to allocate key market
facilitation roles to grid companies, which

18

at the same time their shareholders, which
external capital providers, are pushing them to
find value creation opportunities outside their
regulated business.
Again, this can result in a continually changing
investment landscape with strategic shifts
into new “favorite” asset types and away from
others, such as those to do with fossil fuels,
which in turn can have an impact on national
energy networks. In the UK, for instance, where
electricity demand is forecast to double by
2050, Reuters reported that National Grid,
the country’s largest electricity network
operator, has communicated plans to sell its
majority stakes in National Grid Gas, the gas
transmission operator.

ARTHUR D. LITTLE

The need to think differently about future
investment is leading to creative setups by some
energy providers. In Germany, for instance, E.ON
wants to turn electricity pylons into radio masts
that will serve the 4G and 5G mobile network.
With over 100,000 high- and medium-voltage
pylons across Germany that could be used, the
network could be extended farther and faster,
since no permission is needed to convert the
pylons.

What our clients say
“Repowering of infrastructure reliability
quality of service is strongly directing
our investment decisions: the current
energy infrastructure was designed in a
context where multiple energy sources
(gas, fossil fuels, etc.) coexisted and now
requires a deep renewal and enhancement
to accommodate the ongoing process

Finally, energy grids have an essential “market
facilitation” role that consists of kick-starting
new energy transition initiatives, even if this
implies supporting non-regulated business
activities. This was done in the early stages
of new value chains such as battery storage,
flexibility markets, and hydrogen. It confirms
the spearhead role that network firms have in
accelerating the transition to green.

of electricity consumption and ensure a
high quality of service. A paradigm shift is
expected: traditional electrical skills are
no longer sufficient, and a data-driven
approach is being pursued. By sensing the
systems (temperature, ozone measurement
to anticipate possible failures, etc.), the
network is able to reconfigure itself to
minimize the impact on customers (smart
selection) and avoid running into a fault.”
Juan Naval Ortiz, Head of Network

2 NETWORKS, INFRASTRUCTURE & STORAGE

Development, E-Distribuzione

Recommendations: Networks, infrastructure, and storage
Recommendations: Networks, infrastructure & storage

• Extending, repowering, and upgrading electricity grid infrastructures.
MUST DO

• Digitalization of system operations, market mechanisms, assets, and work management.
• Enable and facilitate energy data management.

• Flexibility, virtual power plants (VPP), energy storage.
LARGE
POTENTIAL

• Converting existing gas network so they are ready for hydrogen and green gas; extend in other
energy transition molecules (like CO2).
• Customer-centricity initiatives (smart meter technology and data analytics).

DIVEST

Source: Arthur D. Little

• Selectively divest targeted traditional natural gas network assets unless (1) they are leveraged and
repurposed to reach energy transition ambitions and position the company to shift to new molecules;
and (2) they are used to implement prioritized “sustain/maintain” and “efficiency gain” investments.
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by Robert Clover and Tomas Dzurilla

3 . P O W E R G E N E R AT I O N :
AN INDUSTRY RESHAPED

The power-generation industry has undergone

agencies forecasting a slight increase in capital

major changes in recent years driven in large

expenditure for the following year, capital flows

part by new technologies and a growing

actually dropped by 20%, the largest fall ever

emphasis on sustainability. These changes have

recorded (see Figure 8).

forced incumbents to rethink their previously
long-established business model of centralized
production.

ASSE T CONSOLIDATION

The COVID-19 pandemic has caused a further

In a weak market, energy companies have

spasm, with lockdowns leading to a fall in

historically looked to scale up their earnings by

global energy demand. The International Energy

vertically integrating the value chain through

Agency (IEA) reports oil to be down by 9%, coal

M&A; this is the reason there have been so many

7%, and electricity 3% — though these figures

deals around the world since 2016.

are projected to climb back to pre-pandemic
levels by 2025.

And though M&A activity in the energy and

Not surprisingly, this has had a consequent

according to Mergermarket, we do not anticipate

effect on power generation investment globally.

the underlying wave to fade away; in fact, we

So, while in 2019, IEA reported major energy

expect quite the opposite. Even if COVID-19

utilities sector fell 7% compared to 2019

3 POWER GENERATION

Figure 8. Global investments in power generation
Figure 8. Global investments in power generation
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persists for longer than expected, high capital

power-generation companies, as illustrated

mobility, the ability to take on debt at low

in Figure 9, is on renewables and technologies

rates, and a push from global decarbonization

needed for a stable decarbonized power supply.

initiatives supported by pledges of carbon

It is now evident that if they wish to maximize

neutrality by 2050 by 110 countries will maintain

value from an asset across its lifetime, they

the impetus.

must take a “cradle to the grave” approach
focused on greenfield development if they
want to achieve double-digit returns. Taking on

RE N E WA B LES I N
T HE AS C E N D EN T

projects at a later stage means facing greater
competition resulting in lower internal rates of
return of just 5%-7%.

Since power production is responsible for

Of course, such development is not without

over half of global greenhouse gas emissions,

its issues, not least of which is the time to

regulators and governments are trying to
accelerate the sector’s transition to renewable
energy production through tariffs and subsidies.
So, it is those regulators and governments,
along with consumers who increasingly consider
sustainability important, that are leading the
reshaping of the industry rather than companies
themselves. Investors are also playing a strong
role, with Bloomberg Green estimating the
inflow of funds into ESG funds and green stocks
at $350 billion, in other words, doubling over the

delivery — up to 10 years for offshore, at least
five for onshore wind, and three for solar PV.
There is also the issue of energy storage and the
ability to release energy when needed to meet
fluctuating demand, an essential component
of any reliable green power generation system,
particularly when small-scale solar and
wind is involved. This is why energy storage
technologies are increasingly significant for
power generation companies because they give

last two years.

them not just supply flexibility but also the

This changing landscape obviously impacts

demand response management and microgrids,

opportunity to diversify into new products like

the investment decisions of power-generating
companies. The investment focus of some
3 POWER GENERATION

which then can be offered as “energy as a
service.”

Figure 9. Power generation players' investments and divestments in
the last
three years
Figure
9. Exemplary
strategic portfolio changes in the power generation market
Investment

Convergent
segment
Company
Alpiq

RENEWABLES

HYDROGEN

CCU

ENERGY
STORAGE

N/A

GAS FIRED

DISTRICT
HEATING

N/A

N/A

NUCLEAR

Divestment

COAL
N/A

RWE Renew.
Statkraft

N/A

Fortum

N/A

N/A

N/A

N/A

Vattenfall
Engie

N/A

CEZ
ENEL

*

N/A

N/A

N/A

N/A

N/A
N/A

Entergy
DEWA

N/A

N/A

N/A

N/A
N/A

N/A

OVERALL
Source: Arthur D. Little, Mergermarket, company websites
Source:
Arthurdiffers
D. Little,
Mergermarket,
company websites
*This
strategy
in selected
markets
*This Data
strategy
differs
in selected
Note:
from
last three
years markets
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T R AN S I T I O N AL
G E NER AT I O N SO URCES

Energy without sustainability is now just a

To meet the goal of fossil-free power generation,

the attention of consumers and investors.

energy companies are investing heavily in solar,
wind, and hydro while simultaneously largely
divesting themselves of coal-fired power plants.
However, this is not a like-for-like substitution
given the large upfront costs of renewables and
the inconsistency of their power generation.
So, rather than switching completely to
renewables, transitional generation sources like
gas and nuclear can have a part to play, as they
significantly reduce pollution while being a large
and reliable source of energy. We see them as
the go-to option in the short and medium term
and so expect continuing investment in both
until at least 2030.

commodity, which is why companies must work
ever harder to inject a green element to capture

And as new technologies evolve and regulators
increasingly push a climate change agenda,
incumbent players will need to develop
alternative business models. That imperative
will become even greater as consumers look to
optimize their energy consumption. For some
companies, this will entail becoming part of
a local “energy community,” where neighbors
both produce and share energy, the very
opposite of the centralized, capital-intensive
model in which power generators and utilities
have traditionally invested. New peer-to-peer
models are now also emerging using blockchainpowered trading platforms, a business
opportunity for those utilities willing and
able to become part of them.

C H AN G I N G R I SK PRO FILE S
The expansion of clean energy into generation
companies’ portfolios is affecting their risk
profiles. Their previous commitment to large
power plants and stable generation meant
spending was skewed heavily toward operating
costs but the transition to renewables has
shifted this toward capital expenditure,

“GOING GREEN”
IS THE WAY
FORWARD

exposing companies to more risk, not just in
terms of delivery but also by putting more
pressure on balance sheets and forcing them
into new areas where they lack specialist skills.
The growing dependency on less reliable
renewable energy sources also creates the
potential for outages. This all makes the
power generation sector a riskier short-term
investment, although with a more positive
long-term outlook.

E X TE NDING TH E
BOUNDARIE S
So, if they are to stay relevant, electricity
generators need to adopt a progressive
mindset by acquiring, probably through M&As
or partnerships, the specialist skills and
competencies needed to capitalize on new
opportunities in areas such as “power-to-X.”

A NEW B USI N ESS
M O D EL R EQUI R ED
The energy production industry’s established
business model presumes that increasing
demand will generate sufficient revenues
to cover operational expenses as well as
new investment. However, changing market
conditions and priority dispatch (transmission
system operators’ obligation to use energy from
renewables over that from other sources) show
“going green” is the way forward.

22

Here, generated energy is converted into an
“energy carrier,” such as hydrogen, methane, or
ammonia for distribution and then converted
back at its destination.
Electricity generators must also recognize
they are now part of an ever-expanding value
chain that stretches across industries. The
Carbon2ProductAustria project announced
between Verbund, Lafarge, OMV, and Borealis to
create renewable-based plastics with fuel as a
side product is just one example.

ARTHUR D. LITTLE

What our clients say
“In Colombia, decarbonization is the key trend

generation assets such as thermal and hydro

and here I expect to see higher carbon taxes,

plants will face increasingly economical

a stricter regulatory framework, and more

financial challenges. Today’s European energy

incentives for clean energies to accelerate

trading platforms don’t fulfill the needs of

change, so you will see far greater ESG-based

an increasingly volatile energy market and

investments.

expectations.

“The O&G business is dead in the long term. It

“Decoupling commerce and physics will

is difficult to think beyond 10 years. Fracking
will not happen in Colombia and offshore gas
developments are unlikely due to challenging
economics. So, oil players will be forced to
diversify.

catch up with us one day. There must be new
approaches to security of supply (e.g., similar
to UK’s contract for differences) and, for existing
plants, better regulation of power exchanges,
bringing power prices closer to the physical

“I’m somewhat skeptical about the future of
green hydrogen here in Colombia because of
the costs, which are at least $3.0/Kg compared
to $1.5/Kg gray hydrogen. I also have concerns
about offshore wind — its predictability and
CAPEX deviations I see as big issues.”
Camilo Marulanda, CEO, ISAGEN
“Due to governmental policies and the political

reality with new products. The provision of
flexibility needs a price tag. In an asset-based
business with local base-load plants like hydro
and nuclear, the generation portfolio must
be diversified in technology and geography.
The innovation cycle in energy technologies
in the next 20–30 years is spinning faster
than ever, and we are actively looking for new
opportunities to invest in new forms of clean
and secure energy supply across Europe.”

pressure to forge ahead with renewables, a
systemic energy crisis cannot be excluded in
Europe.
In the next years, plannable
3 POWER
GENERATION

Michael Wider, Deputy of CEO,

Alpiq Holding Ltd., Head of Switzerland

Recommendations: Power generation
Recommendations: Power generation
• Develop large-scale portfolio of renewable energy generation projects, particularly with focus on
cradle-to-grave approach (from development to repowering or decommissioning) that enables investors
to achieve double returns in the long term compared to taking on projects at a later stage.

MUST DO

• Acquire skill sets enabling in-house greenfield development of assets that creates maximum value across
the value chain, from development through construction and subsequent operation of the asset, including
asset ownership, offtake management, and energy trading to maximize returns.
• Set funding models enabling capital recycling and capital deployment acceleration, such as asset
rotation and platform play models with the potential to balance risk and reduce the cost of capital.
• Develop alliances to become part of cross-sectoral value chains, where electricity generation is an
inherent part of the production process that spans more industries and that ultimately offers energy as a
service to end users integrating energy generation in transportation and in building, such as through district
heating networks.
• Invest in acquiring skill sets related to battery storage, green hydrogen, and other power-to-X production
or synthetic fuels but also to expand the scale of current renewables with floating wind and solar.

LARGE
POTENTIAL

• Acquire capabilities to supply 24/7 renewables in order to satisfy corporate decarbonization goals amid
growth in CPPAs/direct customer opportunities and carbon accounting, which can include hybridization
and grid balancing capabilities.
• Develop ways to incorporate emerging decentralized peer-to-peer platforms and local energy
communities into overall power generation business model to avoid such decentralized platforms
developing into a self-sustaining business model on its own.
• Divest in coal-fired generation in the long term.

DIVEST

Source: Arthur D. Little

• But consider investments into “transitional” generation (i.e., gas and nuclear), substituting phased-out
coal with very reliable and pollution-reduced sources of energy. Each technology faces its own risks: gas in
terms of unstable geopolitical situations regarding fuel supplies, and nuclear in terms of extensive
investment costs and extremely long lead times.
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by Daniel Monzon

4. DOWNSTREAM OIL & GAS: TIME
T O F I N D A N E W W AY F O R W A R D

With over 700 refineries and more than

All of this, of course, is underpinned by the Paris

1 million fuel retail sites, the downstream

Agreement, which established new targets for

petroleum industry is a highly fragmented and

emissions and the use of renewable energies,

heterogeneous sector in terms of ownership,

set limits for first-generation biofuels, impacted

scale, configuration, and the quality of fuels

the sale of ICE vehicles, and restricted crude oil

produced.

processing.

Over the last decade, the sector has been

This context has driven technological innovation

challenged by increasingly stringent regulations

that enables, for instance, the manufacture of

covering industrial operations and fuel quality.

alternative powertrains and more energy-dense

Changes in the quality of available feedstock

batteries.

has also been an issue, as has increasing
competition from new energy and feedstock
providers, which has led to the loss of some
small-scale, low-conversion, and poor-quality
refining capacity. With margins historically
volatile and highly affected by small changes
in worldwide supply and demand balance, new
refineries that can produce an even greater
percentage of petrochemicals (over 60%) will
further increase the challenges for small-scale

At the same time, the market for renewable
fuels is growing, with a new generation of
biofuels now taking a greater percentage
of subsidies. With that said, the uptake of
traditional biodiesel and bioethanol, for
instance, has been limited by regulations to
protect land for food production as well as the
unwillingness of governments to sustain high
subsidies indefinitely. Currently, the limited

and poorly configured facilities.

availability of appropriate technology also

This commercial stress makes it impossible

bio feedstocks can be processed at petroleum

to sustain investment in such operations long

refineries.

term and especially so in a global market
where demand for traditional fuels continues
to decelerate because of improved engine
efficiency and decarbonization regulations
arising from greater social awareness about
environmental issues and climate change. So,
consumer habits and preferences are changing,
with more customers wanting lower-emission
vehicles and home appliances, for which they
are even willing to pay a premium. At the same
time is the increase in working from home due to
COVID-19, which has fundamentally changed the
patterns of domestic energy use.

means that only a relatively low percentage of

Traditional downstream industry, for its part,
has sought to maintain a competitive position
by scaling up and by changing its product mix
more to heavy-to-light conversion, upgrading
the quality of fuels produced, and increasing the
percentage of chemicals and petrochemicals
being manufactured. Given such a backdrop,
downstream companies are faced with the
prospect of having underutilized assets like
refineries, terminals, and pipelines on their
hands. To add to their woes, they also have
a retail network that’s now too large and
inefficiently configured, while lower barriers to
entry allow those from other sectors to supply
what was historically downstream companies’
transport market.
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In a market where oversupply, tight margins,

alternative fuels value chain, what future model

lower demand from transport and industry,

for service stations would allow an organization

and tighter environmental regulation are the

to maintain its share of driver spend, and who

new norm, what once worked for downstream

might be potential partners to help to access

players now no longer does and promises only

opportunities and develop a more competitive

to deliver diminishing returns. In fact, the

position during the energy transition.

increasing cost of capital for “dirty” projects
and those that increase carbon emissions means
that the return on capital employed, or ROCE,
for traditional industrial and fuel distribution
assets and other investments may now be very
low or even negative.

Irrespective of their specific answers to such
questions, O&G companies will be faced with
a variety of broad options. Accordingly, the
major downstream players, as shown in Figure
10, have already begun to adopt different
transformation strategies based upon their
unique characteristics and what they see as

W H AT ’S N E XT ?

the sector’s future point of arrival.

All this means that traditional downstream
players must set a realistic time frame for
making the investments necessary to improve
their asset base and for creating an optimal mix
of low-carbon fuels and other petrochemical
products.

TH E BEST WAY FORWARD
Which route an O&G company takes will depend
on further factors, such as the competitiveness
and configuration of their existing downstream
assets.

This will in part require them to make judgments
about when certain assets are likely to become
stranded and whether it is possible to defend
their downstream share of transportation
sector energy demand and how this might
be done. Questions are also likely to emerge

4 DOWNSTREAM
OIL
around
how to capture
value from the EV and

Access to feedstock and resources will also have
an impact. For instance, whether a company can
benefit from cheap crude oil sourcing or gain
privileged access to bio-based feedstocks and
renewable resources will be a key determinant
of the potential future path.

Figure 10. Downstream oil and gas players’ varying transformation
strategies

Figure 10. Downstream O&G players’ varying transformation strategies
ASSET RATIONALIZATION/
RECONVERSION
Shell

•

Close or sell refineries, reducing
from 13 to 6 by 2025.

Repsol

•

250k ton/year advanced biofuel
project in Cartagena refinery.

•

Ruwais Refinery in UAE to remain
only traditional refinery in
operation.
Rest to be converted to 2G/3G
biorefineries.
No palm biodiesel production
by 2030.

ENI

•
•

PETROCHEMICAL
INTEGRATION/EXPANSION
•

6 remaining refineries to be
integrated with chemicals.

•

Integrate refining of
petrochemical, gas, and
multi-energy hubs.

•

International expansion of Versalis
through joint ventures since 2016,
after divestment considerations.
Revive circular initiatives for
reprocessing in polymers
production.

•

•
•

OMV

Partial reconversion of Schwechat
Refinery for co-processing and
produce HVO diesel (160k
tons/year).

Reconverted La Mede refinery
(HVO, 500k tons/year).
Total
• Announced reconversion of
HVO: hydrotreated vegetable oil
Grandpuits Refinery (170K
Source: Company websites, Arthur D. Little
tons/year of aviation fuel).
•

HVO:
oil
HVO:hydrotreated
hydrotreated vegetable
vegetable oil
Source:
Source:Arthur
Arthur D.
D.Little,
Little, company
company websites
websites

•
•

•

Recently increased stake in
Borealis from 36% to 75%.
Target production growth of
12% by 2025.
Biobased focus; ReOil project to
produce synthetic crude from
recycled waste plastic.
Completed integration of its
Antwerp Complex by 2017
(1.1 million tons/year ethylene
production capacity).

HYDROGEN
•

Replace grey to green H2 for
refineries’ production and
consumption.

•

Become the Iberian Peninsula’s
leading producer of renewable H2
by 2025 (400 MW).

•

Focus on replacing grey H2 selfproduced with green and blue H2
associated with renewable capacity
installation.

•
•

•
•

RENEWABLES
•

Increase by 8X low-carbon fuels
production by 2030.

•

Target capacity by 2030:
2 million tons/year.

•

Expand biorefining capacity by
more than 5 million tons/year.

Rollout of 100 H2 filling stations
across Austria and Germany.
Several pilots to develop green H2
for mobility or refinery use.

•

Produce 2G biofuels in Romania
through proprietary technology.
Increase hydrogenated biofuels
production by 10X by 2030.

Partnership with Engie for a 40 MW
electrolyzer to produce 5 tons/day
for La Mede refinery.
80+ H2 filling stations in Germany.

•

•

•

10% annual growth target in
biofuels sales by 2030.
Biomethane: annual production
goal of 1.5 TWh in 2025.
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The size of the inland market and degree to

declining demand. Similarly, having an existing

which this can be protected must also be

retail presence is a natural springboard for

considered, as doing so may require a level of

developing an EV ecosystem, which would in

investment that is deemed unacceptable.

turn lead to better customer data acquisition
that could then create further opportunities.

The regulatory environment and “green
awareness” within different markets will also

National energy policies and the presence of

have a bearing. A “hot” regulatory environment

national oil companies (NOCs) will, of course,

will mean that the transition must be much

exert a considerable influence on the local

faster than in a geography where there is less

regulatory landscapes and consequently the

pressure to relinquish hydrocarbon-based fuels.

pace of energy transition.

Companies should also consider the cost of

And finally, a company’s size will also determine

capital since this is a major factor in dictating

what it should do. Large companies, most

the profitably of utility-scale renewable

notably the majors, will need to make a

business. Developing market operations where

relatively greater effort to maintain their

the cost of capital might exceed achievable

current consumers’ share-of-wallet. While

internal rates of return is obviously not a

smaller independent refiners — the mini-majors

sensible move even if there is good access to

and niche players that can achieve operational

natural resources.

excellence through specialization, for instance
— might be able to sustain profitability even

The degree of upstream and downstream

under the most aggressive transition scenarios.

integration is another possible factor.
Possessing refining assets, for instance, might

Figure 11 provides an overview of how the factors

provide some kind of anchor for crude oil assets

described above are leading to significant

at risk of being stranded, while midstream and

differences in the operational plays of major

retail assets might give better protection to

companies.

those exposed to liquid markets and stagnant or
4 DOWNSTREAM OIL

Figure 11. Downstream players' investments and divestments in the
last three
yearsstrategic portfolio changes in the downstream O&G market
Figure
11. Exemplary
Investment

REFINING

RETAIL

PETROCHEMICAL

Repsol

N/A

N/A

N/A

OMV

N/A

N/A

YPF

N/A

N/A

Saudi Aramco

N/A

N/A

COMPANY

RENEWABLE
ELECTRICITY

RENEWABLE/
RECYCLABLE
FEEDSTOCK

BIOFUELS

H2/
NATURAL
GAS/LIQUID
NATURAL GAS

N/A

N/A

N/A

Divestment

EVS

Shell

N/A

N/A

N/A

ENI
Petronas

N/A

N/A

N/A

N/A

N/A

Ecopetrol

N/A

N/A

N/A

N/A

N/A

N/A

Total
BP

N/A

N/A

Marathon

N/A

N/A

Source: Arthur D. Little, Mergermarket, company websites
Note: Data from last three years

Source: Arthur D. Little, Mergermarket, company websites
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P L A N N I NG A SUCCESS F UL
REC O NV E RS I ON ST R AT EGY
Doing nothing is not an option for any company
wanting to stay relevant in the medium to
long term, but timing your move will be the
key to success in any reconversion strategy.
Overreacting and going too early, for instance,
carries the risk of destroying significant value.
There is also the fact that embarking on any
radical reconversion that in the short term
delivers low returns is likely to burn through
capital, hit cashflow, and potentially limit
access to low-cost capital.
For those companies with a global footprint,
the challenge is even greater since they must
have in place multiple strategies tailored to
the pace of transformation in different regions
and business segments. This means a company

struggling to prove the business case.
While the petroleum upstream sector has
long used partnerships to mitigate risk and
gain access to assets and know-how, this is
not something that’s generally part of the
downstream mindset. This perspective needs
to change because partners will be needed to
exploit emerging opportunities. For instance,
if biofuels partnered with agri-based players,
municipalities, or waste utilities, they would
gain access to feedstock access, while an
ecosystem of utilities, licensors, traders,
transportation, and industrial players will
certainly be needed to develop big green
and blue hydrogen projects. As for EVs, that
will require OEMs, integrators, and mobility
services companies to join forces. Even new
petrochemical integration initiatives will most
likely only happen through partnerships.

could be divesting non-competitive European
refineries, holding onto resilient assets in the
US Gulf Coast (USGC), partially reconverting to
biorefineries in California to benefit from state
subsidies, while investing in highly competitive
petrochemical integrated assets in the Middle
East and increasing conversion capacity in Latin
American — all at the same time. Navigating
such potential complexity requires very sound
portfolio assessment, great capital discipline,
and a deep understanding of regional markets.
Though refining technology has undergone what
can only be called a moderate evolution over
the last century, several emerging technologies
(particularly those relating to bio-feedstock
processing and biofuels production as well

OVERREACTING
AND GOING TOO
EARLY CARRIES
THE RISK OF
DESTROYING
SIGNIFICANT
VALUE

as crude oil to chemicals) could soon have a
substantial impact on reconversion strategies.
So, too, will the increasing digitalization of
operations, for which many companies are still
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What our clients say
“There’s a massive overlap between

This means, we can go to market and say,

decarbonization, digital, and future fuels. So,

‘this is not approximate, this is it.’ We’re now

when you look at digital, for example, we’re

applying that to our sustainability metrics,

using drones, unmanned aerial vehicles, and

everything from CO2 emissions to water usage

even surface-based vehicles to go into our

and methane flaring.

assets and measure fugitive emissions to try
to understand the unknowns.

“Sustainability is all about evolution. Right
now, there’s not much of a market premium

“That’s a combination of digital and

when it comes to low-carbon fuels. We’re still

sustainability. And by using advanced analytics

in the world’s largest commodity market but

and AI, you can start to generate some very

there are still opportunities to differentiate

powerful data through advanced algorithms

even in that marketplace to secure and gain

to say, ‘here’s what’s happening in your plant

market share. If you’re at the leading edge of

and here’s what you need to do to control

this and you have a low-carbon product others

emissions.’

cannot match, that’s when you start to see
margin expansion. And as regulations kick in

“Our hydrocarbon accounting is fully
blockchain. That gives us an immutable data
record on every single hydrocarbon molecule
from every single well, all the way through
into our refined products in the market. So, we
can tell you for every single barrel of crude we

across different jurisdictions over the next 5
or 10 years, that’s when you’re going to see
that price premium kick in, because the reality
is not every single O&G company will be able
to produce low-carbon fuel or a low-carbon
product.”

produce, exactly where that came from, how
it was processed, how much energy and water

Dr. Alan Nelson, CTO, ADNOC Group

went into it, and what the CO2 intensity is.
4 DOWNSTREAM OIL

Recommendations: Downstream oil & gas
Recommendations: Downstream O&G

• Increase chemicals/petrochemicals vs. fuels from petroleum refineries.
• Renewable feedstock and chemical recycling for refining feedstock.
MUST DO

• Low-carbon fuels, products, and solutions.
• Set net-zero carbon emission ambitions for a defined time horizon.
• Optimization and energy efficiency improvement for existing operations.
• Increase nonfuel revenues and margins of retail sites.
• Refining and petrochemical integration.

LARGE
POTENTIAL

• Investment in petrochemicals.
• Full EV “food chain.”
• 2nd- and 3rd-generation biofuels and biochemicals.
• Renewable energy generation.

• Small-scale and low-conversion refining assets exposed to liquid markets.
DIVEST

• 1st-generation biofuel plants (particularly palm oil) without anchorage in domestic/own market.
• Retail networks nonintegrated or limited to be transformed to mainly nonfuel and low-carbon fuels/energy.

Source: Arthur D. Little
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by Trung Ghi, Rodolfo Guzman, and Prakasa Mulyo

5. UPSTREAM OIL & GAS: FINDING
A W AY T O T H E N E T- Z E R O F U T U R E

As more and more countries set net-zero

greener energy. BP, for example, is moving out of

targets, the upstream O&G sector will be

Oman and Algeria; Exxon plans to exit Malaysia,

increasingly impacted by the accelerating pace

Europe, and Equatorial Guinea; while Shell is

of energy transition. This will particularly affect

saying goodbye to Mexico, Malaysia, and Egypt.

those in high carbon-intensive production that
will either have to change and conform or risk

But others are taking a more gradual

being left behind.

approach, maintaining their core production

Many O&G companies now regard oil as their

and carbon capture, use, and storage (CCUS)

least favored portfolio play and consequently

technologies as seen in companies like Oxy.

are shifting their investment to a more focused

Those who haven’t yet pursued this route

gas play and venturing into renewable energy

are sure to come under increasing pressure

generation, hydrogen, and other alternative

to decarbonize from shareholders who are

energy, as well as EVs (see Figure 12).

increasingly losing patience with the sector’s

but refocusing on a combination of gas play

slowness to do so. The value of energy

Some O&G companies are moving much more

companies on the S&P 500, for instance, is now

aggressively away from hydrocarbons and
divesting
from countries, regions, and portfolio
5 EXPLORATION AND
PRODUCTION
plays to fund their transition into cleaner and

less than 5% of the total index, well below its 11%
of a decade ago.

Figure 12. Sustainability strategies in the O&G sector
Figure 12. Sustainability strategies in the O&G sector
2025

2030

15%
Scope 1+2+3
emission reduction

28%
Scope 1+2+3
emission reduction

55%
100%
Scope 1+2+3
Scope 1+2+3
emission reduction emission reduction

Started construction of 264
MW solar PV project in 2020

BP

20%
Scope 1+2+3
emission reduction

100%
Scope 1+2+3
emission reduction

Developing 101 MW solar PV
(project Juliet) in US

ENI

15%
Scope 1+2+3
emission reduction

40%
100%
Scope 1+2+3
Scope 1+2+3
emission reduction emission reduction

Shell

20%
Scope 1+2+3
emission reduction

Total Energies

15%
Scope 1+2+3
emission reduction

PTT

27%
Scope 1+2
emission reduction

Repsol

2035

45%
Scope 1+2+3
emission reduction

2040

2050

100%
Scope 1+2+3
emission reduction
35%
100%
Scope 1+2+3
Scope 1+2+3
emission reduction emission reduction

EXAMPLES OF INITIATIVES

Commissioned 29.6 MW solar
PV in Westmoreland County,
US, in 2021
Developing 58 MW solar
project in Chemicals Park
in Scotford, CA
Commissioned 640 MW
offshore wind farm in 2021

Utilized renewable energy
for buildings and operations

Source: Arthur D. Little, Rystad Energy, company reports

Source: Arthur D. Little, Rystad Energy, company reports
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The O&G service sector is quickly adapting

will see O&G companies adopting distinct

to sectoral shifts with players pushing the

decarbonization strategies.

competitive boundaries in technologies,
processes, and know-how. But to be among
the success stories of this transformation,
those in the service sector along with the
O&G companies will need to work more closely
than before, leveraging new partnerships
and business models to ensure their survival.
Looking forward, non-traditional partners will
be required, which means anticipating new
trends and identifying innovative models. As the
industry converges, unlikely partnerships will
develop.

Typically, NOCs and Independents (e.g., Oxy,
ConocoPhillips) are focusing more on reducing
the carbon footprint of O&G exploration and
production operations through initiatives such
as carbon capture solutions and integrating
renewable energy as part of O&G exploration
and production operations. Majors, on the
other hand, are putting more attention
into diversifying into power generation and
expanding new energy businesses.
We are also witnessing the INOCs (international
NOCs) taking a broader stance that involves

W H O ’S M OV I N G?

protecting the national agenda of producing
O&G with low-carbon techniques and venturing

While the majors have the capacity to pursue
a net-zero strategy more proactively, the
pace of change for NOCs and Independents is
determined more by shareholders, governmental
agendas, and the need to meet national energy

into new energy businesses.
Lockdowns in response to the COVID-19
pandemic significantly reduced demand for oil
and gas and led to a reevaluation of exploration

demands (see Figure 13).

and production activity. However, as local

Following on from the 2021 UN Climate Change

benefit the upstream sector. M&A activity in

demand for oil and gas recovers, this should

Conference (COP26), many O&G companies are
taking steps to accelerate their decarbonization
strategy as well as diversifying into clean
drivenAND
by regulators
making changes
5 energy
EXPLORATION
PRODUCTION

Q2 2021, for instance, surpassed 2020 by 70%
and has been at the highest level for three years.
In fact, about 56% of the deals made in 2021
were in gas portfolios (Source: S&P Global).

to sustainability goals and targets. So we

Figure 13. O&G players are diversifying and decarbonizing
Figureportfolio
13. O&G players are diversifying and decarbonizing their portfolio
their
Entering business

Shell

Total Energies

NEW ENERGY
BUSINESS

COMMENTS

Divesting
acreage/fields
globally

Acquired battery
company Sonnen,
2019

Planning to build
200 MW
electrolyze for
green H2

Increasingly investing in more
downstream power businesses

Strengthening Africa
portfolio

Acquired battery
manufacturer
Saft, 2016

Partnered with
Engie to develop
green H2, 2021

Significant investment in
energy storage

DOWNSTREAM

Reinforcing wind and solar power
generation business

Equinor

ExxonMobil

BP

Exiting business

POWER
DISTRIBUTION

UPSTREAM

POWER
GENERATION

Current business

Divesting acreage in
Asia/North Sea
Divesting
acreage/fields
globally

Divesting
petrochemical to
INEOS, 2020

Petronas

PTT

Source: Arthur D. Little, company websites, news articles

Source: Arthur D. Little, company websites, news articles

Developed DER
with JinkoPower,
2020

Acquired
ChargeMaster,
2018

Particularly algae
biofuel
production

Focus on O&G and chemicals
(including biofuel)

Partnered with
Uniper &
Fraunhofer to
develop H2

Growing investment on power
infrastructure business for end
customer (e.g., EV charging)

Acquisition of M+
Purchased
100MW from
Acme Solar
Developed
various solar PV
projects in TH
through GPSC

Increasing interest in new
energy business
Opened first
semisolid battery
plant in SEA

Increasing interest in
energy storage
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M A I N TAI N I N G
C O R E B USI N ESS

As in the power generation sector, O&G

Given that they are still the major energy source

simultaneously moving their core business

used globally and are relatively cheap, O&G will
remain important in the short to medium term
for O&G companies as a means to generate cash
to fund decarbonization initiatives and provide
stability.
Even for those strongly committed to emissions
reduction, maintaining core business will be key
to strategy with O&G companies focusing on
core regions to improve cash flow and limit risk

companies will implement innovative and
digital decarbonization techniques while
forward at a slower pace. But the core business
will remain a “cash generator” for the next few
decades, especially if they can introduce new
operational efficiencies.
Major O&G companies are starting to put lowcarbon CAPEX plans in place. During 2020,
independent oil companies like Total and Repsol
signaled their global net-zero ambitions by
increasing their CAPEX on low-carbon initiatives

related to hydrocarbon price volatility.

to 5%, according to company reports. But while

So, while O&G companies will increase

their portfolios to fund such moves, it doesn’t

investment in decarbonization, oil and gas
exploration and production will continue for the
next decade. Equinor, for example, which aims to

O&G companies like them will need to revisit
mean that they will be abandoning their core
business in the pursuit of net-zero any time
soon.

make low-carbon solutions 50% of gross CAPEX,
has recently declared its Bay du Nord oil field
offshore of Newfoundland as a “key project.”
Other O&G companies will continue to review
and update their core portfolios to ensure their
relevancy to company goals.

What our clients say
“We aim to sustain E&P business, whilst moving

“Due to our expertise in offshore operation,

toward a cleaner gas portfolio and leveraging

we are interested in nearshore wind farms

technologies to reduce carbon emission as the

as a priority technology adopter. In order to

pathway to energy transition. In response to

generate future energy as green hydrogen,

Malaysia’s plans to be net-zero by 2050, PTTEP

renewable energy is required for this energy

plans to implement its first CCS project in

input. We will keep monitoring the technology

the Lang Lebah field (Malaysia), where we can

advancement of future energy, such as

utilize the existing facilities and inject CO2 into

hydrogen, while we continue our E&P business

depleted reservoirs in the vicinity. We are also

to serve country demand and value creation

exploring CCU (carbon capture and utilization)

for petrochemical business. In recent years,

technology, which can turn CO2 into a different

PTTEP has paved the way for new S-curve by

form of product as value creation. Our CCUS

investing in the AI & technology business, such

project also targets to unlock high CO2 field

as augmented reality vision, and expanding

potential and increase gas reserves.

into the power business (LNG2P, G2P) and LNG
value chain.”
Montri Rawanchaikul, CEO, PTTEP
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What our clients say
“Regarding hydrogen, the first step — and

“How can we transform exploration and

our industry wasn’t thinking this way five or

production licenses — with sizes of up to

10 years ago — is to ask: ‘Where do I have an

several thousand square kilometers — for

advantage over my competitors outside of

onshore or offshore? Large areas are needed,

the oil and gas industry?’ This is where I see a

and these could be linked to exploration or

big advantage in the oil and gas industry that

production licenses. Hydrogen only makes

is still underutilized. Oil and gas companies

sense in large-scale industrial use — the

are usually located worldwide (e.g., we have

existing oil and gas pipelines can be used for

locations from Norway to New Zealand), and

transport. The best foundations for hydrogen

there are highly qualified technicians and also

production are in areas where pipelines are

legal and commercial specialists who can set

available. That means that huge gas pipelines

up a business at any time. You need market

are already running from North Africa, Algeria,

access. It is a great advantage of the oil and gas

and Tunisia to Europe.

industry that this network, the market access,
and the technical capacities are available.
Anyone who can build a complex deep-water
offshore plant can also build a photovoltaic
plant or a wind turbine.

“In summary, our industry should be aware
of its strengths and elicit what assets are
available, how can they be expanded and used
differently so that the decarbonization idea is
supported. That is, how to better integrate the
existing business and make it a competitive
advantage that other industries or even pure
photovoltaic companies do not have.”

5 EXPLORATION AND PRODUCTION

Johann Pleininger, Deputy CEO, OMV

Recommendations: Exploration & production
Recommendations: Upstream O&G

• Harvest existing portfolios with stronger focus on extracting value from existing assets while reducing
exposure to frontier exploration or long lead developments.
• Shift emphasis from liquids to natural gas.
MUST DO

• Improve sustainability of existing operations: energy efficiency actions, renewable sources for internal
consumption, reduction of methane leaks, etc.
• Digitalization of key processes to reduce operating costs and improve resilience to oil price volatility.
• Invest in CCUS and other carbon neutralization solutions as an option to decarbonize or offset carbon
emissions from operations.

LARGE
POTENTIAL

• Low-cost E&P assets with near-term upside potential and modular flexibility (e.g., some low-cost
shale oil operations).
• Selective acquisitions of E&P independents in financial distress, particularly when operating synergies
can be easily captured.
• Exit high stranded risk assets such as tar sands or extra-heavy oil fields, and remote assets in sensitive
environments with limited infrastructure (Arctic, jungle, etc.).

DIVEST

• Limit investments in complex/high cost EOR (enhanced oil recovery) projects in mature assets
(CO2-EOR/EGR may be possible for decarbonization but recommend to divest out to achieve sustainability
targets and energy mix shift).
• Reduce exposure to frontier exploration blocks or some long-term developments with questionable
economics (e.g., some deepwater discoveries).

Source: Arthur D. Little
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by Carlo Stella, Chiara Loreti, Martijn Eikelenboom, Louay Saleh, Yves Takchi, and Sally Menassa

6 . WAS TE: OPP ORTUNITIES
TO O G O OD TO WAS TE

The world is producing more waste than ever

and innovative technologies. Inevitably, some

before. The World Bank estimates we will be

countries are making better progress than

generating 2.6 billion tons of municipal solid

others.

waste a year by 2030, and 3.4 billion tons two

6 WASTE

decades later.

So, while some Organisation for Economic

This vast mountain of material must be properly

countries have managed to recover or divert

managed and disposed of to minimize not

from landfill 94% or more of their waste, others,

just the leakage of toxins from it, but also

like China, India, and South Africa, are far from

the emission of greenhouse gases. These are

such a figure. Even the US, one of the world’s

significant as they account for more than 80%

richest countries in terms of GDP, is failing

of what the Amazonian rainforest can absorb in

to make significant inroads into the effective

a year, according to IEA.

management of its waste.

Continuing economic growth and unsound

As shown in Figure 14, there is a wide variation in

disposal methods will only lead to an increase

waste recovery rates among countries. Better-

of CO2 equivalent emissions. This means that to

performing nations tend to use a wide range of

meet the Paris Agreement’s ambition of curbing

recovery methods and have a far greater number

emissions by 7.6% a year through to 2030, the

of recycling, waste treatment, and waste-to-

global waste sector must collectively develop

energy (WtE) plants in relation to the size of

and adopt ever more sustainable practices

the country and its population.

Co-operation and Development (OECD)

Figure 14. Waste recovery rates among countries

Figure 14. Waste recovery rates among countries
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P UT T I NG T HE CI RCULAR
ECO NO MY AT T HE CEN T ER
O F T HI NG S
Encouraging a “circular economy” where existing
materials and products are reused, refurbished,
repaired, and recycled to extend their life
as much as possible in line with the waste
hierarchy, requires the creation of effective
enablers.
Financial mechanisms such as deposit refund
systems, financial grants, tax cuts, and
discounts have all been successful in changing
people’s “waste behavior” in line with the
“polluter pays” concept, which passes the cost
of managing waste on to those who generate it.
Extended producer responsibility (EPR) schemes
that place the onus on producers and importers
to ensure the safe and effective final disposal

Powered by recyclable lithium-ion batteries,
these vehicles are the first step in the creation
of a zero-emission fleet. Similarly in the Middle
East, UAE-based waste management company
Bee’ah has ordered 50 Tesla Semis, all-electric
trucks it will use for waste and recovered
material transportation.
In Germany, the city of Freiburg expects about
two-thirds of its waste collection fleet will
be hydrogen powered by 2023, according to
TheMayor.EU.
Also, Wuppertal in Germany is generating green
hydrogen by using electricity from municipal
waste incineration plant to power a fleet of fuel
cell electric buses (FCEBs), while in Japan, a
waste-to-hydrogen facility has opened in Tokyo.
This is part of a growing interest in hydrogen
by the waste sector.

of what they introduce into the markets, have
become popular and have been applied to a
wide range of products. In Europe, for example,
this concept has been mandated in the context
of the Waste from Electrical and Electronic
Equipment, Batteries, End of Life Vehicles
directives and indirectly in the Packaging
Directive. Additional waste streams are dealt
with under an EPR scheme within the European
Union or in some of its member states. Items
covered under such schemes include tires, waste
oil, paper and card, construction and demolition
waste, farm plastics, medicines and medical
waste, plastic bags, photo-chemicals and
chemicals, newspapers, refrigerants, pesticides
and herbicides, and lamps, light bulbs, and
electrical fittings.

NE W TECH NOLOGY H ELP S
P USH RECYCLING’S
BOUNDARIE S
Waste management companies are also looking
to digitalize their operations using Internet of
Things (IoT) technology and GPS connectivity.
In Prague, for instance, municipal services are
piloting smart technology that will automate
the collection of waste from 130,000 bins in
the city. And Australia has a real-time waste
monitoring system where bins send an alert
when they are full that tells an autonomous
truck to come and empty them.
Robotics and AI are also being employed to
sort and recycle waste as with the AI-powered

G REE NI NG WAST E
C O LLEC T IO N
While waste management is key to reducing
overall carbon emissions, finding ways to
diminish the impact of the activities themselves
along the value chain is becoming increasingly
important. The pursuit of new solutions is
leading to more technological innovation, such
as “electrification as a service,” which is being
offered to waste haulers in the US.
We are also seeing a widespread switch to more
cleantech vehicles. At the start of 2021, the
City of London Corporation and Veolia unveiled
their electric Refuse Collection Vehicle (eRCV).

ZenRobotics Recycler, which can pick wood,
stone, and metal from the construction waste
stream, and the AMP Robotics’ Dual-Robot
Recycling System that plucks plastics, paper,
cartons, electronics waste, and mixed metals
from municipal waste.
On UK landfill sites, SUEZ waste management
is also now using drones to collect data, much
faster and safer than sending staff to do timeconsuming on-site surveys. And in Australia and
the UAE, capped landfill sites are also being
seen as good places for solar installations,
transforming what would otherwise be unusable
ground into a significant source of power
generation.
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Turning waste into a usable resource often

capacity to manage 500 tons of waste per day

depends on new technology. So, while it makes

and a 13 MW electricity production facility. Other

sense to recycle plastic because this uses

investment areas in the industry cover the need

significantly less energy than making from new,

for increased recycling treatment capacity in

traditional reprocessing methods generally

line with country-level renewed objectives for

can’t create complex consumer plastics that

resource preservation, more attention toward

could contain over 20 different resins. However,

the treatment of hazardous waste, and the

innovative systems like SUEZ’s Plast’lab now

overarching acquisition of new capabilities

make it possible to manufacture bespoke

around digitalization and innovation to stay

recycled plastics to meet the market’s needs

abreast of very fast-moving client demands and

for specific characteristics like heat and impact

competition.

resistance.
As illustrated in Figure 15, waste management
companies are heavily investing in the creation
of assets and services that promote and enable

The waste sector is experiencing revived

the adoption of circular economy concepts as

interest as stakeholders increasingly appreciate

SUEZ did with the creation of CircularChain,

the importance of protecting the environment

which brings together secure information

and limiting the consumption of precious

storage and transmission technology to provide

resources through a circular economy approach.

better reporting on all wastewater treatment

Here the waste sector is a key enabler but it

plant transactions. This means it’s possible

will need to adapt to the challenges ahead. To

to follow the organic matter value chain (from

do so, waste management players will need to

production to when it returns to the soil),

embrace technology and innovation and create

ensuring full transparency across the industry.

ecosystems that can stimulate the creativity
needed to further improve how we reduce, reuse,

Energy production is another area that has

and recycle materials. With this objective in

seen intense investment. One example of the

mind, we need to encourage waste players and

valorization of the calorific value embedded
6 WASTE

TH E WAY FORWARD

governments to start creating an ecosystem

in the waste is Urbaser’s recent 15-year €265

of “wastetech” startups to ensure there is

million contract to construct and operate the
Maldives waste-to-energy plant, which has the

sufficient focus, scalability, and access to
capital and capabilities.

Figure 15. Waste management players' investments in convergent
industries
in thestrategic
last three
years
Figure
15. Exemplary
portfolio
changes in the waste management market
Investment

Convergent
segment
Company

ENERGY
PRODUCTION

CIRCULAR ECONOMY

DIGITALIZATION,
INNOVATION,
TECHNOLOGY

PLANTS “RECYCLING,
TREATMENT”

N/A

Veolia

N/A

Suez Environment
A2A
SIRC

N/A
N/A

Urbaser

N/A
N/A

Waste Management

N/A

Republic Services

N/A

Renewi

N/A

Source: Arthur D. Little, Mergermarket, company websites
Note: Data from last three years

Source: Arthur D. Little, Mergernarket, company websites
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What our clients say
“The interesting element of sustainability and

“The problem is that waste management

environment solutions, in general, is it’s still at

requires scale, which many startups lack

an early stage for innovation.

and end up not being commercially viable.

“So, here isn’t that much innovation or creativity

“But if you created a hub where everyone was

going into waste management as yet. But

aligned in a certain direction, towards PET

having government support would bring a lot of

recycling, for example, that would create scale.

startups into this space who would need to have

You would then see more startups coming in

a particular focus.

who could then be supported by governments
and venture capitalists. There is real value from
bringing all those ideas together. It would create
opportunities for selling by-products.”
Mohammed Bin Kuwair, Senior Manager of

6 WASTE

International Business, Bee’ah Tandeef

Recommendations: Waste
Recommendations: Waste

• Exploit synergies with other utilities aiming to develop energy production through hydrogen, photovoltaic,
biomethane.
MUST DO

• Invest in ecology, sustainability, recycling, and in all the activities related to circular economy, including
develop new plants for recycling and treatment of municipal waste and implement technologies to reduce
the environmental impact and improve operational efficiency.
• Recycling and treatment are required across the globe, considering all countries have the target of
reducing waste in the landfills.

LARGE
POTENTIAL

• Expansion into renewable energy and energy storage due to the synergies between waste and hydrogen
and biomethane.
• Water management is another adjacent industry that has a lot of convergent potential with the waste
and wastewater industries.
• Some companies’ divestments are related to portfolio rotation aiming at selling their non-strategic assets.

DIVEST

• Considering the goal of converting coal-fired assets, reducing carbon emissions, and reducing waste
in the landfill, over the next years companies should divest some assets investing in efficiency and
recycling/treatment plants.
• Companies may decide to divest municipal waste collection if not associated (directly or indirectly)
with treatment or recycling.

Source: Arthur D. Little
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by Carlo Stella, Chiara Loreti, Dan Scholz, India Nelson, and Katey Hayes

7. WAT E R : M A K I N G T H E M O S T
OF A PRECIOUS RESOURCE

Players in the water sector face two persistent

By continuously monitoring water quality

challenges in provisioning water to customers:

at fixed locations, regulatory agencies can

water scarcity and water quality. Fortunately,

ensure compliance with national standards,

increasing innovation in utility infrastructure

a task made easier by laboratory information

provides water companies with opportunities

management systems that automate data

to cut costs, expand into new areas, and improve

collection and analysis of contaminant

their services. Larger water utility companies

concentrations. If contaminants are present,

will seek to expand beyond their core business

utility companies can use filtering and

through ongoing M&A as segments converge.

purification methods, such as enacted carbon
treatments, ion exchange resins, high-pressure

WATER Q UALI T Y
Ensuring water quality is an ongoing challenge
for every player in the sector. While policy
measures to prevent contamination from

PPCPs and PFAS.

TACKLING WATER SCARC ITY

industrial and agricultural pollutants, such

While maintaining water quality is an essential

as DDT, PCBs, and chlorinated dioxins have

task for utility companies, so too is ensuring

been highly successful, these represent

supply, something that is increasingly

only a fraction of the pollutants released

difficult to do. According to the World Wildlife

that can significantly impact health and do

Foundation, water shortages will be a potential

environmental damage.

problem for two-thirds of the world’s population

ADL research suggests that those related to

by 2025.

pharmaceuticals and personal care products

A major contributor to water shortages is

(PPCPs) and per- and polyfluoroalkyl substances

groundwater depletion — the long-term decline

(PFAS) are of particular concern.

in underlying water levels because of pumping

Some research groups, like the Product
Stewardship Institute, advocate EPR legislation
to ensure manufacturers safely dispose of such
products at the end of their life. This would
require them to alter their products’ chemistry
and adopt new production methods.
Though regulations regarding PFAS
concentrations vary among countries, tolerance
of their usage is declining. For instance, they
are no longer made in the US and some states
have outlawed their use in food packaging, a
ban that the US Food and Drug Administration is
under pressure to impose nationwide. Elsewhere,
several EU member states have set limits for
PFAS in drinking water.
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nanofiltration, and reverse osmosis to remove

from wells, streams, and lakes — which reduces
both quantity and the quality of what remains.
Adding to future water uncertainty is the
growing threat of drought that accompanies
climate change and associated changing
weather patterns.
Further contributing to the decline in water
availability is the generally poor condition
of water infrastructure worldwide, much of
which was built over a century ago and is now
corroding. The loss of water from resultant leaks
contributes to shortages, increases pumping
costs, and allows diseases and toxins to
contaminate drinking water, impacting peoples’
health.

ARTHUR D. LITTLE

Unfortunately, replacing this aging
infrastructure is difficult and extremely
expensive. The American Water Works
Association estimates the cost of replacing
and extending the water network as necessary
across the US could be as much as $1 trillion
over the next few decades.

CONVERGE NCE IN
TH E WATER SECTOR
In addition to helping water companies cut
costs and improve services, new technology
can also help them expand into other sectors,
such as hydropower and pump storage (using
low-cost solar energy to lift water from a low

HO W TO IM P ROV E
WAT E R E F F I CI EN CY
The continued deterioration of water
infrastructures and persistent consequences
of climate change will likely prompt regulatory
action. New technological solutions will surely
emerge in response to rules around domestic
water use. BCC Research estimates that the
global market for leak-detecting sensors, for
instance, might top $1.5 billion by 2023.
Domestically, smart water meters and shutoffs
can help households track water consumption
and alert them to leaks.
The advent of the IoT and 5G also enables the
development of wireless solutions to monitor
soil moisture, something that could reduce
water consumption by farm irrigation systems
up to 30%. Since less than 2% of agricultural
land worldwide is equipped with soil-moisture
measurement, according to estimates by
Advanced Science News, this presents a vast
untapped market.
Another way to reduce scarcity is to reclaim
“good water” from low-quality sources. This can
then be reused for irrigation and groundwater
replenishment. Singapore’s NEWater brand,
for example, contains highly treated reclaimed
wastewater that already meets around 30% of
the island’s total water demand, a figure that is
expected to rise to 55% by 2060, according to
Singapore’s Public Utilities Board. While Namibia
can boast the longest-running potable reuse
facility in the world, which provides about 35% of
the total drinking water for the city of Windhoek.
But the initial investment such facilities require
will limit their widespread adoption.

to a high reservoir and then releasing it to flow
through power-generating turbines). However,
local topography must be appropriate to
enable the building of reservoirs at different
heights, again restricting their use. In the US, for
example, the Department of Energy reports that
pumped hydro storage produces just 6.7% of the
country’s power generation capacity, though
there are plans to double this capacity through
potential projects in California and Tennessee.
Veolia is one water utility interested in this
space. It recently bought a controlling stake in
a Slovakia-based electrical power generation
company, as well as a Czech Republic-based
electricity producer and distributor.
Manufacturing offers opportunities for
water utilities because of similarities in
their infrastructure needs. For that reason,
Veolia acquired a France-based company
specializing in the installation and maintenance
of compressed air and nitrogen systems in
February 2021. ITT also bought a German pump
maker as well as a US manufacturer of precision
components for the aerospace and defense
industries.
Another sector where there are synergies for
water companies is waste management. Here
again, Veolia has been active, acquiring in 2020
not only a company collecting, processing,
and recycling municipal waste in Russia but
also a UK recycling service. And, two years
earlier, Severn Trent bought a UK-based waste
management company.
Chemicals could also be of interest to water
companies. In 2019, Kurita Water Industries
bought a US-based manufacturer of reverse
osmosis chemicals, which are used primarily
for water treatment.
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M& A I N T HE WAT ER SECTOR

And, with US earnings growth already fueling

As larger water utility companies seek to expand

more funds will be poured into water by pension

beyond their core business, we are likely to see
more M&A activity (see Figure 16). Municipally
owned utilities are an attractive proposition
given that they are such a large market. In 2020,
they made up 85% of the water utility systems in
the US, for instance (Source: S&P Global 2020).
Now, many of these utilities are struggling due
to COVID-19-induced financial constraints and
their high capital needs, which force them to
compete against other municipal services for
financing. With public officials unwilling to raise
taxes in support, and their own lack of expertise
in meeting tougher water quality standards,
they make easy targets.

corporations’ capital expenditure programs,
funds and private equity funds looking for new
climate-prioritized investment.
Big tech and critical infrastructure firms
won’t be far behind. In fact, we can already
see changes in focus. For example, software
firm Autodesk paid $1 billion for Innovyze,
a predictive analytics firm, in the hope of
successfully combining civil engineering with
water modeling. Similarly, Essential Utilities,
one of the largest publicly traded water,
wastewater, and natural gas providers in the
US, acquired the Delaware County Regional
Water Quality Control Authority for $276.5
million, adding it to several acquisitions already

7 WATER

finalized and planned in water and wastewater
systems investments.

Figure 16. Water sector players' investments and divestments in the
last
three years
Figure 16. Exemplary strategic portfolio changes in the water market
Investment

Convergent
segment
Company

ENERGY
PRODUCTION

ENERGY STORAGE

MANUFACTURING

WASTE
MANAGEMENT

CHEMICALS

Divestment

INDUSTRIAL
UTILITIES

Veolia
ITT
Severn Trent
Kurita
Suez
EPCOR
Aquarion/Eversource
United Utilities
Source: Arthur D. Little, Mergermarket, company websites
Note: Data from last three years

Source: Arthur D. Little, MergerMarket, company websites
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What our clients say
“There is no infrastructure in Germany that

“There are water-rich and water-poor regions

is more affected by climate change than

in Germany. Water suppliers should therefore

the water industry. The peak load on water

interconnect their networks to ensure a

networks has increased exorbitantly due to

nationwide supply in the long term. We have

extreme weather events: In hot summers, water

water quality under control in Germany.

demand increases enormously, especially due

There are more than 5,000 water suppliers in

to agriculture. In Germany, we have lost many

Germany. Preventive water protection remains

hectares of forest (270,000 hectares drought-

elementary. Professionalization, networking,

damaged according to the Ministry of Food and

better asset management, cost management,

Agriculture) in three consecutive drought years.

and digitization are basic prerequisites for

This not only damages CO2 storage, but also the

meeting the challenges. Countries such as the

natural storage of water by the soil.

Netherlands are more effectively organized in
this respect. We need ventures of a size that can
solve these problems.”
Dr. Dirk Waider, CTO, Gelsenwasser AG,

7 WATER

Germany

Recommendations: Water
Recommendations: Water

• Monitor regulatory trends regarding PFAs and other chemicals of emerging concern to ensure your
company is prepared to adjust water quality systems accordingly.
MUST DO

• Installation of smart sensors when updating infrastructure to monitor leaks, contaminants, and other
costly issues.
• Continue to upgrade aging infrastructure by replacing leaking pipes so as not to put your water utility
at risk of costly water main breaks.
• Water reclamation plants are demonstrating increasing popularity as many successful plants continue
to operate across the globe. These plants could provide an important solution in areas plagued by water
scarcity and droughts.

LARGE
POTENTIAL

• Expansion into renewable energy and energy storage is being actively pursued by several large water
utility companies due to the synergies among hydropower, pump storage, and water utilities.
• Waste management is another adjacent industry that has a lot of convergent potential with the water
and wastewater industries, and there is a large amount of potential for water utilities that expand into
this industry.
• Divestment trends vary across the industry. Some companies have recently chosen to divest from
the waste management industry and reprioritize other adjacencies.

DIVEST

• In general, consolidation in the water industry continues to increase. For example, Veolia recently
acquired the remaining 70% stake in Suez.
• Many water companies are transitioning toward a greener, environment-based strategic approach,
which has significantly slowed investment by water utilities in the manufacturing industry.

Source: Arthur D. Little
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by Pavel Lubuzh

8 . M E TA L S & M I N I N G : L E A R N I N G
LESSONS FROM UNDERGROUND

Energy transition in other sectors directly

Consequently, the industry is under growing

impacts the metals and mining sector. So,

pressure from governments, regulators,

while traditional products like steel, non-ferrous

investors, clients, end consumers, and the

metals, and non-metal minerals will remain the

wider society to transition to cleaner

focus of the metals and mining sector, a wider

sources of energy.

movement to a low-carbon economy means
there is a growing demand for copper, nickel,
lithium, cobalt, and platinum, the materials
that are critical to the manufacture of batteries,
EVs, and solar and wind generation equipment.
In its own right, metals and mining as an
industry is a major energy consumer — energy
expenses of our metals and mining clients
make up approximately 20% of total operating
costs, according to Trinomics — so, it accounts
for over 29% of IEA’s estimated total global
industrial energy consumption. Metals and
mining consumes more than half of global
coal consumption, so it is also a major CO2
emitter, producing more than 11% of global

CAP TURING CARBON AND
METH ANE E MISSIONS
Most key regional and global players are now
taking practical steps to meet their previously
announced net-zero commitments by doing
more to capture their carbon and methane
emissions through switching to new energy
sources, improving their own energy efficiency,
and adopting CCUS, which the International
Energy Agency believes is a “key technology” in
the transition to a global low-carbon economy
(see Figure 17).

8 METALS AND carbon
MINING emissions and more than 32% of global

industrial emissions (Source: Global Efficiency
Intelligence 2019, IEA 2018).

Figure 17. Decarbonization ambitions and targets in metals & mining

Figure 17. Decarbonization ambitions and targets in metals & mining

METALS &
MINING
Selected companies

PERFORMANCE

A VISION OF CARBON-NEUTRAL MINING AND OPERATIONS

Revenue
bn EUR 2020

Employees
x1000

Glencore

116.5

145

Glencore announced its ambition to be a net-zero emissions company by 2050.

China Minmetals

92.4

205

China aims to achieve net-zero before 2060; state-owned China Minmetals must follow suit.

Nippon Steel

49.9

106

“Nippon Steel Carbon Neutral Vision 2050 – A Challenge of Zero-Carbon Steel.”

POSCO

43.6

35

POSCO has vowed to become “carbon neutral” by 2050.

ArcelorMittal

43.6

168

ArcelorMittal announced a group-wide commitment to being carbon neutral by 2050.

BHP

38.2

32

BHP established a goal of achieving net-zero operational emissions by 2050.

Rio Tinto

36.5

47

Rio Tinto is aiming to reach net-zero emissions across operations by 2050.

BAOSTEEL

35.6

47

Baowu Steel announced that the company will try to reach carbon neutrality by 2050.

Vale

32.9

74

Vale is committing to becoming carbon neutral by 2050.

Anglo American

25.3

64

Anglo American aims to achieve carbon neutrality across operations before 2040.

…

…

Other companies have similar commitments.

…

Company commitments
announced

Source: Arthur D. Little, Thomson Reuters, company reports
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Glencore is one company that is using CCUS

according to reports by Kommersant Daily.

technology to reduce its emissions from fossil

This collects surface water that is then used to

fuels and is doing so on an industrial scale at

recharge closed water-carrying cycles. The steel

its Carbon Transport and Storage Company

furnace will have the best gas-cleaning system

(CTSCo) Project in Queensland, Australia. This

in Russia, holding 99.9% of solid substances

is Australia’s most advanced onshore CCUS

thanks to an automatic system that controls air

project, where CO2 is being captured from a

purity. It will also generate 24 MW of electrical

coal-fired power station at Millmerran and then

energy from the heat of the off-gas.

permanently held deep underground in the
Surat Basin. The project offers the opportunity
to assess how safely and effectively emissions
from multiple coal generators and other
industries such as gas, hydrogen, cement,

As a major consumer of energy and producer
of CO2 pollutants, the metals and mining
sector has declared its commitment to move
to net zero. Accordingly, players in the industry

and chemicals can be stored long term.

are adopting a wide range of strategies and

Over the last decade, Glencore has also been

increase their energy efficiency and decrease

capturing methane from Australian coal mines

emissions (see Figure 18). Doing so will take time

that would otherwise have been flared off,

and trillions of dollars, given the industry’s scale

abating 28 Mt CO2 equivalent in the process.

and the capital-intensive nature of projects that

In Russia, steel company OMK has invested in
direct reduced iron (DRI) technology at its large,
full-cycle steel complex to remove oxygen from
iron-bearing materials before they are melted

technological solutions as they attempt to

are often in very remote areas.

SWITCH ING TO NEW ENE RGY

in the blast furnace. The carbon monoxide and

Given that metals and mining is such a high

hydrogen, used as reducing agents, come from

energy use sector, it is unsurprising that

reformed natural gas, syngas, or coal.

companies are highly proactive in trying to find

While the DRI technology significantly reduces
CO2 emissions and cuts electricity consumption

new ways to generate the power they need in a
cleaner way.

to 140 kWh/t, the OMK project is also notable

In Western Australia, Rio Tinto has built its first

for using a single closed-circuit water cycle,

solar plant to power an iron ore mine.

8 METALS AND MINING

Figure 18. Strategies and solutions in the metals & mining sector
Figure 18. Strategies and solutions in the metals & mining sector

VALUE CHAIN IN METALS & MINING
NET-ZERO TRENDS

EXTRACTION

BENEFICIATION

SMELTING
AND ROLLING

Carbon capture and utilization

Emissions
decrease and
capture

Methane capture and conversion

Solar farms and battery storage

New
energy

Production and use of
hydrogen
Energy
generation from
waste carbon

Building wind turbines

Bulk ore sorting technology

Energy
efficiency

“Mine of the
future” with
electric
underground
fleet

Setting up
pantographcharged hybrid

Coarse particle recovery technology
Microwave technology

Converting of
waste wood
into biocoal
and reforming
waste carbon

Hydrogen
steel
making

Ecofriendly
steel
complex
of the
full cycle

Source: Arthur D. Little, company reports

Source: Arthur D. Little, company reports
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The plant will, at peak solar power–generating

And at its Hamburg site in Germany,

times, supply the Gudai-Darri mine with all

ArcelorMittal is looking at the first industrial-

its electricity needs and meet 65% of them,

scale production and use of DRI, which uses

on average. The solar plant, when used in

hydrogen as the only reductant. The project will

conjunction with a new lithium-ion battery

begin with gray hydrogen generated from gas

energy storage system, should reduce CO2

separation using a process known as “pressure

emissions by about 90,000 tons a year compared

swing absorption” to make hydrogen with a

to conventional gas-powered generation. In

purity of over 97% from the existing plant’s

other words, the equivalent of taking some

waste gas.

28,000 cars off the road, by company estimates.
In 2018, Glencore completed the construction
of two wind turbines at its Raglan Mine in Arctic
Canada, where diesel fuel had been the only

O&G companies are also looking at how they

source of energy. The company estimates the

clean up their supporting infrastructure. In

offset of the mine’s diesel dependence at 10%.

Canada, for instance, Newmont Goldcorp has

If there was a displacement of 4.4 million liters

its Borden Gold Project “mine of the future,”

of diesel at the mine annually, this would reduce

where, along with digital mining technologies, it

greenhouse gas emissions by about 12,000 tons

is running a fleet of low-carbon energy vehicles.

— the equivalent of taking 2,700 vehicles off the

These not only help reduce energy costs and

road.

are better for the environment but also protect

And at Glencore’s ferroalloys Boshoek Smelter
in South Africa, as part of an energy and
carbon reduction project, the company hopes
to generate electricity by combusting waste
carbon monoxide collected from its smelters.
In Russia, steel company Severstal has entered
a joint venture with Novatek, Russia’s largest
independent natural gas producer, to develop
hydrogen, alternative energy, and greenhouse
gas emissions reduction technologies. Pilot
production will begin at the Severstal site at
Cherepovets by 2023. The project develops
other green technologies, utilizing CO2 in the

employees’ health because they have lower
greenhouse gas emissions, which eliminates
the buildup of polluting diesel particulates
underground.
At Aitik in the Arctic Circle, Sweden’s largest
open-pit copper mine, Boliden, is assessing the
potential of using electrified trucks to move 70
million tons of rock from an open pit each year.
If the trial is successful, this could save about
830 m3 of diesel annually, which would enable
Boliden to cut its greenhouse gas emissions by
as much as 80% along those routes where this
technology is used.

production of blue hydrogen from methane

Using cutting-edge mining technology is

and its use in steel production as well as

another way that companies can improve their

technologies for storage and transportation of

energy use and CO2 footprint. For instance, to

hydrogen. Eventually, Severstal aims to replace

extract minerals with optimal efficiency, Anglo

coal with hydrogen in the smelting production

American uses a combination of bulk ore sorting

chain.

(BOS) technology, coarse particle recovery (CPR),

ArcelorMittal has launched a €40 million
demonstration project in Belgium to convert
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TH E “MINE OF TH E FUTU RE”

and microwave technology to pre-condition
rock.

waste wood into biocoal for use in iron ore

The main benefit of the BOS system is that it

reduction instead of fossil fuels. This has the

removes waste and unwanted material early in

potential to work across a variety of waste

the production process, which helps increase

streams. In France, the company runs another

the grade of ore and reduces the volume of rock

project that uses IGAR technology (Injection

needing to be taken to the processing plant or

de Gaz Réformé) to capture CO2 from blast

concentrator. By using composition-sensing

furnaces, which it converts into syngas that can

technology to detect elements of interest, BOS

be reinjected into the blast furnace to reduce

can cut costs per ton produced, decrease wet

iron ore rather than using fossil fuels, further

tailings volumes, and lower water and energy

cutting CO2 emissions.

use.
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BOS pilot plants are already running or

As of now, investments in low-emission

being commissioned at Barro Alto in Brazil,

production, hydrogen, renewable energy

Mogalakwena in South Africa, and in Chile at

sources, and EVs and their charging usage in

Los Bronces and the El Soldado copper mine,

production processes can be perceived as minor

where trials suggest that using BOS alone could

compared to companies’ revenues, margins,

potentially deliver 10% energy savings and mean

and investments into traditional assets and are

40% less processing of waste.

going to be increased substantially to fulfill
announced net-zero commitments.

El Soldado also uses CPR technology in a
novel process called Hydrofloat™ separation

Figure 19 illustrates investments and

— a combination of flotation and gravity

divestments in the metals and mining sector.

concentration that enables treatment of much

These are often more piloting exercises than

larger-diameter material than just dust-sized

real turnaround trends like those occurring

particles. This means that water can be more

in the energy and resources sector. The

easily removed for better dry stacking and

coal divestment trend is not radical, either.

storage so there are far fewer wet tailings.

Experienced players recognize that coal is

This reduces water consumption by around 10%

still in demand, and that demand will continue

and enables up to 85% of what is used to be

(or even increase) outside the EU due to the

recovered. Also, by making the waste stream

volatility of the O&G markets and post-COVID

easier to handle, capacity in the mill is freed up,

industrial growth. Investments in high-demand

which helps increase throughput by 15%-20%

metals deposits (e.g., copper, nickel, lithium,

and saves around 20% in energy, according to

cobalt, platinum group elements) are high and

Anglo American.

are limited mainly by the availability of proven

Using microwave technology to heat ore-bearing

reserves.

rock so it breaks into smaller particles for easier
crushing and grinding also uses a fifth less
energy than traditional comminution methods,
Anglo American estimates.

8 METALS AND MINING

Figure 19. Metals and mining sector players' investments and
divestments
in strategic
the lastportfolio
three years
Figure 19. Exemplary
changes in the metals & mining market
Investment

Divestment

CONVERGENCE INDEX
Convergent
segment

LOW-EMISSION
PRODUCTION

HYDROGEN

RENEWABLE
ENERGY SOURCES

COAL
DIVESTMENT

HIGH-DEMAND
METALS ASSETS

EV & CHARGING
IN PRODUCTION

CCS & CCU

Company
Glencore
China Minmetals

N/A
N/A

N/A

N/A

N/A

Nippon Steel

N/A

POSCO

N/A

ArcelorMittal

N/A

BHP

N/A

N/A
N/A

Rio Tinto

N/A

BAOSTEEL
Vale

N/A

N/A

N/A

N/A

Anglo American
OVERALL
Source: Arthur D. Little, Mergermarket, company websites
Note: Data from last three years

Source: Arthur D. Little, Mergermarket, company websites
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What our clients say
“We recognize that we have a major
carbon footprint, significant scope 1 and 2
emissions, and very material indirect scope
3 emissions. And we know we must address
this with urgency to be part of the solution
the world is looking for. To achieve these

THE COAL
DIVESTMENT
TREND IS NOT
RADICAL

targets, we will need to take genuine actions.
We must switch to renewables at scale and
at pace, electrify everything we can, work
across our entire value chain, and accelerate
the development of new technology. And we
are starting an internal race that will activate
all our people to think differently about
energy solutions.”
Jakob Stausholm, CEO, Rio Tinto*
8 METALS AND MINING

*Source: Rio Tinto, 2022

Recommendations: Metals & mining
Recommendations: Metals & mining

• Commission new low-carbon emission and low-energy consumption production assets.

MUST DO

• Implement carbon and methane carbon capture, use, and storage technologies for current and
future assets.
• Work on carbon emission and energy consumption decrease measures for current assets.
• Increase renewable energy source usage for production.
• Set more granular annual targets and action items for net-zero carbon emission ambitions announced.
• Social license and governmental relations focus.

LARGE
POTENTIAL

• Use green energy metals (copper, nickel, lithium, cobalt, platinum group elements, etc.).
• Closer cooperation with energy and fuels providers.
• Closer cooperation with technology providers.

DIVEST

Source: Arthur D. Little
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• Low-quality coal assets.
• Old-generation assets with high carbon emissions and energy consumption parameters.
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by Carlo Stella, Eddy Ghanem, Martijn Eikelenboom, Cedric Schemien, and Martin Dix

9. HYDROGEN ECOSYSTEM:
THE NEW GLOBAL FUEL

Ever since the Paris Agreement in 2015, there

short to medium term to establish conditions

has been an increased focus on decarbonization

for success and to fast-track deployment

globally. Green hydrogen has been identified

given the cross-sectorial nature of hydrogen

as a key technology to meet decarbonization

applications and the need for economic-

ambitions and, in particular, support the

financial support initially.

transition toward a greener future in hard-todecarbonize sectors. To this end, more than
45 countries have enacted ambitious policies
and plans to boost hydrogen use, which has
generated myriad commercial leads across
the globe and driven interest similar to the

hydrogen policies initiated by the EU, Japan,
Germany, Australia, and other countries
are clearly targeting the decarbonization
of their economies, there are at least two

early days of solar PV.

additional reasons why policymakers might

The hydrogen economy is touted to become

opportunity for economic development and

a $700 billion economy by 2050, with green

energy supply diversification; the Kingdom of

hydrogen expected to take a dominant share.

Saudi Arabia (KSA) as well as UAE are examples

A diverse set of players is currently repositioning

of diversification away from hydrocarbon

and exploring opportunities in the green

dependency. And second, is to maintain or

hydrogen paradigm, and many investments are

achieve technological leadership with an

underway with a plethora of projects announced

associated positive GDP along with employment

each month across the globe.

impact. One such example is Germany, which

Despite this momentum, the path to green
hydrogen is not straightforward. Four conditions
are necessary for successful deployment of
hydrogen across four value chain elements:
1. Steering policies and regulations.

advocate green hydrogen. First, it offers an

might be willing to reaffirm its technological
supremacy in the electrolyzer manufacturing
business.
A key reinforcing element for the green
hydrogen economy is foreign policy, and
particularly, the formation of synergic, bilateral,

2. Competitiveness and reliability of supply.

or multilateral agreements, such as those

3. Availability of adequate transport

and KSA announced a strategic alliance on green

infrastructure.
4. Demand pull.

ST E ER I N G PO LI CI ES
A ND R EG ULAT I ON S
Supranational, national, and regional policies
supported by adequate regulatory and incentive
instruments are at the cornerstone of the green
hydrogen economy and are imperative in the

48

In fact, while most supranational and national

observed recently. In 2021, for example, Germany
hydrogen development to collaborate on the
generation, processing, use, and transportation
of clean hydrogen for the benefit of both
countries. This partnership will help Germany
maintain its technology leadership as well as
attain policy targets. As for KSA, the alliance
will help bolster it as a global producer of green
hydrogen. Another example is the Memorandum
of Understanding signed last year between
Singapore and Australia to share knowledge and
collaborate on new low-emissions technology.

ARTHUR D. LITTLE

On top of traditional subsidies, demand-side

Besides RFI funding and hydrogen certification

measures, and green procurement policies,

schemes, yet another tool that can accelerate

several regulatory/incentive instruments

the deployment of hydrogen supply facilities

are available to enable the green hydrogen

are CFDs, which were employed previously with

economy. These include the carbon tax and

wind farms. In Germany, this instrument is being

emissions trading system (ETS); research,

discussed in conjunction with the concept of a

development, and innovation (RDI) funding;

market maker (MM), an entity that tenders long-

green hydrogen certification; and contract

term supply contracts on one side and demand

for differences (CFDs).

contracts on the other. CFDs will then be used to
compensate for the difference between the two

Carbon taxes and ETS remain key levers for

to help fast-track the creation of a global green

the deployment of green hydrogen, as these

hydrogen market.

bridge the economic gap with gray hydrogen.
As recently reported by S&P Global, the EU
ETS carbon price surged to an all-time high of
€90.75/mt ($102.34/mt) on 8 December 2021 and
EU allowance prices are expected to average
€65.80/mt in 2022, compared with an average of
just under €53/mt in 2021. The EU also plans to
bolster its current ETS mechanism with a carbon
border adjustment mechanism to eliminate

COMP E TITIVE NESS AND
RE LIABILITY OF SUP P LY
While policy and regulation remain key
considerations for successful deployment of
green hydrogen, investing in green hydrogen
supply is contingent on three critical factors

unfair competition outside Europe, creating

(see Figure 20):

more advantage for green hydrogen.

1. Cost-competitive production of green

The development of a green hydrogen

hydrogen.

certification scheme provides a guarantee

2. Willingness of investors to embrace the

of origin for hydrogen and its derivatives.

embryonic green hydrogen opportunity.

Such certification is important as off-takers
seek to develop zero-carbon products due

3. The ability to deliver hydrogen to customers

to increased environmental awareness and
regulatory pressures. Certification programs are

in a reliable manner.

being discussed at a policy level in Europe and
Australia and are expected to roll out soon.

Figure 20. Critical factors to make hydrogen a relevant energy carrier
Figure 20. Critical factors to make hydrogen a relevant energy carrier
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One location that meets the requirements

volume with a further reduction of 0.2%-2%

necessary for transition to green hydrogen is

a day during transit.

Saudi Arabia, where inexpensive renewable
energy is abundant from both solar and wind.
It is here that one of the world’s largest GWscale green hydrogen plants, when complete, is
expected to have a combined electricity cost of
$2-$3 cents/kWh, with the total production cost

be carried as ammonia (NH3) or in liquid organic
hydrogen carriers (LOHC), both of which have
high energy density and are easier to transport.
LOHC, for example, have similar properties

of green hydrogen close to $2 per kg.

to oil products and can be shipped as a liquid

The plant is being built in a collaborative project

both might still require conversion before

between Air Products, NEOM, and ACWA Power.

transport and may also require reconversion at

This allows them to aggregate their capabilities

the destination, unless, as with ammonia, it is

and equity as well as leverage economies of

intended to be used as an end product.

scale. There are other examples of collective
work, including the Smart Delta Resources
consortium in the southwest Netherlands and
the province of East-Flanders, Belgium; the
cooperation agreement between Total and
ENGIE to develop France’s largest renewable
hydrogen production site; and the recent
alliance between Mubadala, ADNOC, and ADQ to
grow the green hydrogen economy in Abu Dhabi.
So, in many cases, a joint venture may be a good
way forward as it limits risks and increases

without the need for refrigeration. However,

Compared to shipping, pipeline transport
may prove to be a more economical mode
of transport. The downside is that the
infrastructure takes time to build and may need
scale, which means that shipping remains the
convenient and necessary short-term solution
even though it is more expensive.
Figure 21 illustrates the relative cost of
transporting hydrogen in all forms from Saudi

willingness to invest.

Arabia to Germany. The cost of transport in each

Another important condition for successful

cost advantage over LOHC, and both having

deployment of hydrogen is the reliability of
supply (i.e., the ability to provide continuous,
uninterrupted supply to customers). Many
industries, like chemicals, petrochemicals, and
steel, have a constant demand for a continuous
and uninterrupted supply of hydrogen. To ensure
a continuous supply, it may be necessary to
have a configuration of both electrolyzers and
existing steam methane reformers, producing
both green and blue hydrogen, or to develop and
utilize storage facilities.

AVA I LAB I LI T Y OF
A DEQUAT E T R AN S PORT
I NF R AST R UCT UR E
Irrespective of hydrogen’s source, it needs to be
transported and stored to balance supply and
demand. In Europe, the caverns left after salt
extraction would be an ideal location as here
large quantities of hydrogen could be stored
at low cost.
Ships can carry hydrogen that has been liquified
through compression and then cooled down to
as low as -253°C, but this is a relatively wasteful
process as there is an immediate 45% loss in
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So, as a more effective alternative, hydrogen can

case is under €3/Kg, with NH3 having a slight
a significant advantage over liquid hydrogen
because of their higher density. However, this
benefit is largely offset by the higher conversion
and reconversion costs involved.
Pipeline transport can be achieved either by
converting the existing natural gas network or
by building new infrastructure. Even when new
hydrogen pipelines are needed, it is more than
10 times cheaper to build them than to install an
electrical infrastructure of the same capacity,
which is why pipelines tend to be central to any
integrated national hydrogen plan.
Though it will be necessary in many instances
to construct some parts of a pipeline network,
existing natural gas networks often can be
converted and repurposed, as is the case in
Europe. The German Association of National
Gas Transmission System Operators (FNB Gas),
for example, is aiming to create a 1,293 km
hydrogen transmission network in Germany by
2030. Similarly, Gasunie plans to build a 10-15
GW “hydrogen backbone” in the Netherlands by
2026. In both countries, it is technically feasible
to convert about 80%-90% of the network to
carry hydrogen by replacing compressors and
other components.

ARTHUR D. LITTLE

IMPORTING HYDROGEN TO EUROPE

Figure 21. Relative cost of transporting hydrogen in all forms

Figure 21. Relative cost of transporting hydrogen in all forms

Compression

Long-distance transport

Reconversion
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Storage

2.89 EUR/kg
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hydrogen carriers
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GH2 = (Compressed) gaseous hydrogen
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Even without any conversion, it is still possible

In transport, green hydrogen is a real option

to carry as much as 10% hydrogen through

where electrification is problematic, as in

an existing natural gas network without any

segments like shipping, heavy trucking, and

adjustments.

aviation. And in the power and heat sector,
hydrogen can be used for power generation

DE M A N D PULL

and seasonal storage.
For heating buildings, green hydrogen is also

Based on a net-zero scenario, IEA forecasts

an alternative. Micro combined heat and power

suggest that hydrogen will comprise up to

(mCHP), could replace natural gas boilers in

35% of total demand by 2050, with long-

private households, for instance.

term demand for hydrogen coming primarily
from transport, power, heat, and especially
industry, where the main use is as a carbonneutral feedstock for syngas, bioethanol, steel
production, and the like.

However, if they are to ensure the long-term
viability of large production facilities, green
hydrogen producers will need significant and
ongoing contracts from large off-takers in
chemicals, petrochemicals, and steel.

Using green hydrogen will be one of the few
ways that many industries can comply with
the Paris Agreement. Collectively, the iron and
steel segment, for instance, could cut 2.4 Gt3
from the CO2 emissions it emits worldwide
using green hydrogen as the sole or auxiliary
reducing agent during production. Some, like
German steelmaker ThyssenKrupp, are already
planning to use green hydrogen and as part of
its emission reduction plans, RWE will supply
ThyssenKrupp with green hydrogen made with
offshore wind power.

H OW WILL TH E H YDROGE N
ECONOMY DE VE LOP ?
The expectation is that a global green hydrogen
economy will emerge, though not all producers
will want to participate in it. Some may prefer
to serve their domestic markets because these
are less influenced by geopolitical factors and
supply chain disruptions (e.g., the 2021 blocking
of the Suez Canal), and there are also benefits
from lower transport costs.
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In any event, timescales will depend on investors
making informed decisions about when, how, and
where to move into what is still an embryonic
market. This means they will have to consider
not just current policies and regulations, but
also the reliability and competitiveness of
renewable energy supplies and the potential for
scaling up to meet growing demand. Partnering
with those with complementary skills, or a
strong value proposition, is one way to remove
risk from such investment decisions.

What our clients say
“ACWA Power has a proven track record
of leveraging pioneering renewable
technologies to deliver carbon-free power at
the lowest cost. With our global experience,
we are confident that our collaboration
with an industry-leading company like Air
Products will create significant opportunities
in the production of green hydrogen, and
further us in our goal to help countries
meet their clean energy targets and unlock
significant socio-economic benefits.”
Mohammed A. Abunayyan, Chairman,

ACWA Power*

*Source: Arab News, 2020

9.1 HYDROGEN

Recommendations: Hydrogen
Recommendations: Hydrogen ecosystem

• Ensure affordable, diversified, and abundant renewable supply to power electrolyzers.
• Engage in consortiums to distribute risks, leverage capabilities, and influence policies.
MUST DO

• Secure large demand early on through engaging large off-takers in the hydrogen consortiums
or through other forms of long-term agreements.
• Hedge technological risk by monitoring/investing in PEM, Alkaline, SOEC.

• Investments in H2 production and in renewable power facilities to supply electrolyzers.
LARGE
POTENTIAL

• Investments/localization in electrolyzer manufacturing.
• Investments/localization of electrolyzer ancillary services.
• Investments in hydrogen transport infrastructure.

DIVEST

Source: Arthur D. Little
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• Define clear strategy for grey hydrogen production assets to avoid the risk of stranded assets.
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by Alexander Krug, Philipp Seidel, Thomas Knoblinger, and Oskar Qvist

10. E-MOBILITY & EV CHARGING:
WHO WILL WIN IN THIS
M U LT I B I L L I O N - E U R O M A R K E T ?
TH E EV MARKE TP LACE

EVs have evolved from a niche technology to
now being a serious alternative to the internal
combustion engine. So, as one of the sectors

With predicted annual growth rates of up to

most severely affected by COVID-19, the auto

44% (see Figure 22), this could see more than 60

industry saw overall sales drop by 20% in 2020.

million passenger EVs on Europe’s roads by 2030.

EVs bucked that trend with 160,000 units sold
in Europe, more than double pre-COVID levels

Such a prospect will be particularly satisfying

(Source: European Automobile Association).

for early EV entrants that have long waited
for the market to ramp up. And with each new

This success was due to a mixture of

vehicle needing power, charging revenues

government subsidies and tax breaks as well as

are forecast to hit €50 billion in 2030 — a

growing customer demand for “greener” vehicles

tenfold increase on 2021. This presents an

encouraged by falling prices and an easing of

immense market opportunity for electrical

anxieties over battery range and poor charging

utilities and providers of charging services

infrastructure. Manufacturers’ continued plans

involved in creating the necessary supporting

to launch new battery electric vehicle (BEV)

infrastructure.

will likely
stimulate
the
market
evenMANY?
9.2 E-MOBILITY models
& EV CHARGING
– THERE
WILL BE
EVS
– BUT HOW
further.

Figure 22. European EV market status and forecast

Figure 22. European EV market status and forecast
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Given that utilities, O&G companies, and

While revenues from one-time-only

retailers will have many different priorities over

infrastructure deployment currently make up

the coming decades as they transition to net

the bulk of the sector’s earnings, expect the

zero, infrastructure funds may need to step in

proportion from recurring revenues to rise

to finance expansion, just as they did with the

quickly from 20% today to over 50% by 2030

telco sector.

as infrastructure needs are increasingly met.

However, though still embryonic, EV charging is
already a highly fragmented market consisting
of tiny startups as well as O&G players and
major energy utilities for which EV charging

Future revenue opportunities will come from
a variety of sources such as (see Figure 23):

-

presents a “natural” opportunity.

The manufacture and sale of charging
hardware along with associated fulfillment
services, like the planning, installation, and

Inevitably, these trends mean we will soon see
consolidation that will only intensify as more
and more big hitters with deep financial pockets
enter the market and start to play aggressively.
Those coming late to the party will find it

-

commissioning of that hardware on-site.
The sale of charging services by public
infrastructure owners.
Providing charge point management
software, technical service hotlines, hardware

increasingly difficult and costly to create space

maintenance, and field services to operators of

alongside the many big names that will already

private and public charging infrastructures.

have built a strong position and are surfing the
growth wave. Trying to gain market share after

-

2025 will be extremely expensive.

The collection and processing of fees from EV
drivers who use the charging infrastructures
of electric mobility service providers (e-MSPs)

-

W H AT ’S T H E BEST
B U S IN E S S M O D EL?

and charge point operators (CPOs).
The energy management of smart charging
services that balance power demands on
the electricity grid and optimize consumers’

In this fast-moving industry, being a winner

-

charging behavior.

9.2 E-MOBILITY
& EV CHARGING –
WHO WILL EARN MONEY WITH EV CHARGING?
means
having laser-focused
implementation

and the agility to react quickly to change as
well as the right revenue model.

The sale of electric power and grid usage fees
to end customers, which could be private
households, companies, or operators of public

Figure 23. Global EV charging value
chain, business models,
charging infrastructure.
and major players

Figure 23. Global EV charging value chain, business models, and major players
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W H ICH M OD EL WI LL WIN?

We are already seeing some of Europe’s market

At the moment, there is much variation in the

charging activities into their business models

levels of margin between the different revenue
models. So, while technical operation, energy
management, and asset ownership can often
generate gross margins of over 40%, average
margin levels in electricity delivery and mobility
services are significantly lower. The hardware
business sits somewhere between, with players
in this market segment being faced with the
additional pressure from having to constantly
innovate their products and reduce the cost of

leaders, like Shell, EnBW, and Enel X, integrating
so they can meet the needs of corporate
fleet customers. Currently, this is the most
attractive market segment due to the demand
for turnkey solutions focused on the total cost
of ownership. Charging as a service is a perfect
fit, given that it relieves customers of any high
initial cost.
While the total market is likely big enough for
both niche players (such as software platform

goods sold to maintain their margin levels.

providers) and regional market leaders like

Right now, players in the market seem to be

mass, the niche players will have to be able to

adopting two different approaches. One is
the software-based operators’ asset-light
business model, for instance. This requires less
investment than other models, making it more

national utilities, if they want to reach a critical
scale at a European or even global level while
the regional players must build a business that
offers integrated solutions and covers multiple
value pools.

scalable, but because competition is greater
with this approach, only a few players are likely
to survive.

What our clients say

The other approach is a hardware and asset

“We have made it our mission to empower

ownership model, which appears to be the most
advantageous in terms of total revenue, at least
for the near future, but greater investment
is needed and there is a higher risk of the
introduction of market regulations. Hardware
providers are also likely to face tight margin
pressure if they can’t innovate quickly enough.
Asset ownership could be a potential entry
point for financial investors given the strong

to adopt electric mobility by providing
integrated, flexible, and scalable EV
charging solutions. With our platform-first
approach, technology and innovations are at
the heart of EVBox Group. Today we boast a
portfolio of end-to-end charging solutions
powered by scalable charging software and
designed for every market segment. We have

expansion of the public charging infrastructure.

always been an active promoter of price

A full-service provider could bridge the two

beginning and have always prioritized the

approaches by creating a “one-stop shop” for
multiple products and services. This would
generate higher margins and enable providers to
capitalize on a wider range of opportunities now
and in the future. However, only a few players
could master the whole value chain due to its
high complexity, and even those that succeeded
would always struggle to keep up with the pace
at which niche players could innovate.
While it is too early to say which business
models will succeed, we should assume that
the industry will move toward more integrated
business models like “charging as a service.”
This represents a massive opportunity for
utilities, big oil, automotive OEMs, and financial
investors.
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forward-thinking businesses and drivers

transparency and interoperability from the
need of our customers.”
Kristof Vereenooghe, former CEO,

EVBox Group*

*Source: EVBox
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9.2 E-MOBILITY & EV CHARGING

Recommendations: E-mobility & e-charging

Recommendations: E-mobility & ev charging

• EV charging services must be considered as a high-priority strategic pillar for future-proof and
sustainable business models.
MUST DO

• Integrated offering and “charging as a service” should be core elements of this strategy.
• Energy services like flexibility management will become an integrated part of charging solutions.
• Securing most attractive charging locations and partners has top priority in the short term.

LARGE
POTENTIAL

• Selective acquisition of boutique-like niche players, especially in the area of charge-point operations
and energy management to complement end-to-end charging services.

DIVEST

• Focus own value creation on clear customer differentiators like highly integrated charge point and energy
management while outsourcing commodity products and functions like installations and mobility services.

Source: Arthur D. Little
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by Dr. Michael Opitz

1 1 . D ATA & C O N N E C T I V I T Y :
GETTING UP TO SPEED WITH
INFRASTRUCTURE
The technological maturity of a country’s digital
infrastructure is critical to both its immediate
and its long-term competitiveness. So, in a
world that is ever more reliant on connectivity,
those that lag in making theirs fit for purpose
will find themselves falling increasingly behind
in the race for economic growth.
This means a nation’s digital backbone must
be thought of as a strategic asset — just like
aviation, shipping, water, energy, and road and
rail. In 2002, Estonia even declared access to
the Internet a human right.
While much of the world is investing heavily in
increasingly fast fiber, the overall picture is
patchy. So, while there are now more than 10
markets where fiber to the home coverage is
at least 95%, rollout is slower and much less
extensive elsewhere. This can be due to the high
cost of building access or because customers
are comfortable with slower Internet speeds
with alternative technologies like cable.
In countries where the market for fiber is strong,
there is often an attractive combination of fast
speeds and good availably at affordable prices:
around €30-€50 a month is common in markets
like Singapore, Portugal, South Korea, Spain,
Hong Kong, Sweden, Switzerland, and France.
This is generally the result of competition
between providers wanting to grab market
share, which encourages the migration away
from existing, slower digital networks.
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TH E NEE D FOR SP EE D
Because of their long-established experience
laying phone cables, telecom companies were
thought to be the obvious candidates when it
comes to rapidly rolling out the high-speed
broadband that lies at the heart of any country’s
connectivity infrastructure. However, several
utility companies with electric or gas grids have
taken the opportunity to lay fiber networks.
In Germany, for example, the city of Cologne’s
utility founded NetCologne, a fiber pure play
that offers gigabit-speed Internet across the
whole city. Others followed, including national
player E.ON and EWE, a northern regional utility
(see Figure 24).
These utilities can use synergies with existing
duct infrastructure and strong relationships
with municipalities given the fast-growing
demand for fiber rollout.
The rapid requirement for new digital
infrastructure is being driven by several factors,
not least the fact that homes are getting
“smarter” as we install more and more Internetconnected services, such as videoconferencing
and social media.
Having a high-speed fiber network in place
will also be essential for the delivery and
management of increasingly decentralized
services and utilities, like highly localized power
generation and distribution systems.

9.2 TELECOMMUNICATION
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Figure 24. German fiber providers target rollout size and area type
Figure 24. German fiber providers target rollout size and area type
GERMAN FIBER PROVIDERS (millions of homes passed)1
RURAL AREAS
~5.1 million in 2030

~0.6mn

SUBURBAN AREAS
~14.0 million in 2030
~0.1mn

~0.3mn

~1.0mn
~1.5mn

~0.1mn
~1.2mn

~0.1mn

URBAN AREAS
~23.4 million in 2030

20+ local
~0.3mn
FiberCos

~0.1mn
~0.3mn

~1.0mn
~0.5mn

~0.3mn

~2.2mn
~0.2mn

~0.3mn

~1.0mn

~0.3mn

~0.6mn

~0.3mn

~0.2mn

~1.0mn

100+ local Utilities ~2.0mn

>7.0mn

~2,5mn
~0.1mn

~0.1mn

~15.0mn

Realization of all rollout plans would translate into ~40.5 million homes passed, implying an overbuild rate of 35%.2
Source:
Source:Arthur
Arthur D.
D.Little
Little
1) Shape area proportional to rollout homes passed; 2) Assumes number of homes passed at ~30.1mn

1) Shape area proportional to rollout homes passed; 2) Assumes number of homes passed at ~30.1mn

F I B E R H E LPS F I G HT
C L I MAT E C HAN GE

Smart streetlights in Barcelona are already

That same digital network will be called upon

that they now consume 30% less energy. Many

to manage demands on the existing power grid,
which is likely to see volatile fluctuations as
more people switch to EVs. Without a fast fiber
network, it won’t be possible to smooth out the
early-morning, early-evening, and end-of-day
charging spikes that could overwhelm the grid.
Or, conversely, control the amount of power
being fed into the grid by suppliers.
Being able to better manage domestic power
consumption, for instance, will be just one
component in creating the energy-efficient
smart cities we need to help in the fight against
climate change. Copenhagen has already
declared that it is aiming to be the first
carbon-neutral capital in the world.
With around two-thirds of the world’s population
forecast to be living in urban areas by 2050
according to the United Nations, these are
big and important projects that demand a
robust fiber infrastructure to run “intelligence-
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using IoT technology to monitor, analyze, and
adjust their brightness. ADL research shows
utilities, including EnBW in Germany, Eneco in
the Netherlands, and Enel in Italy also offer
smart city lighting solutions.
And in the UK, IoT is playing its part in an
intelligent transport system on the M42
motorway where travel times for motorists have
been cut by 25% and the frequency of accidents
halved according to further ADL research.
Businesses will also need high-speed fiber
as they make the move to edge computing,
processing data near to where it’s gathered
rather than sending it back to a central server
(e.g., a better solution for controlling remote
wind farms). Utilities are known for their secure
and reliable operations of power plants and
networks, so they are well qualified to manage
and protect critical infrastructure like edge
computing data centers through digital security
monitoring services, as EnBW and Mainova are
doing in Germany.

enabling” technologies such as the IoT to collect
the data that can then be used to better manage
assets, resources, and services ranging from
rubbish collection systems through to parking.
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B U I L D I N G OUT T HE
M O B I LE N ET W O R K

In the US, for example, electric and gas delivery

Of course, it’s not just fiber in the ground

telco attachments on its poles. While E.ON,

that’s required to create an extensive digital
infrastructure; wireless also has a major role to
play. An expansion of the 5G network will allow
greater exploitation of higher frequencies.
However, as these have less range, this will
need a greater number of smaller cells, which
of course will have to be supported by the
construction of more masts.
While some of these masts will be standalone
constructions at greenfield locations, there
is also the opportunity for collaboration with
power grid providers whose existing pylon
infrastructure could be brought into service
to support masts.
Such partnerships indicate a future potential
direction of travel for the sector. Given both the
complexity of rolling out a high-speed digital

company Xcel has been forced by the Federal
Communications Commission (FCC) to facilitate
Europe’s largest energy grid operator with more
than 100,000 power poles, plans to upgrade its
poles on demand so that telecom operators can
use them for 4G and 5G mobile networks.
We will therefore see new business models
focused on mast space rental as well as the
emergence of towercos that own, build, and
manage a portfolio of cellular towers.
What we are seeing is yet more evidence of
convergence as disparate sectors are being
increasingly drawn together through similarities
in their markets and overall skills base.
As the race continues to build an ever-faster
fiber infrastructure globally, telcos and utilities
can be complementary forces in a win-win
situation for both.

infrastructure as quickly as possible, as well as
its cost — telco operators are looking at $60$70 billion by 2025, ADL estimates — some form
of partnership with utilities, grid operators, or
other infrastructure providers, or M&A activity,
will be needed to create the scale necessary for
delivery and to mitigate the massive cost.

What our clients say
“We are using our existing infrastructure to
improve mobile communications in Germany
in order to eliminate ‘white spots’ in network
coverage quickly and cost-effectively.
Combining existing power poles with mobile

M A R KET OPPO RT UN I TIES
A ND N EW B USI N ESS MODELS
Looking to the future, a few telcos have already
set up their own corporate venture capital
units to secure their position, while others are
investing in some of the many active startups
that have launched to exploit opportunities in
this space.
The expansion of 5G creates a discontinuity
for wireless network operators that creates
value for infrastructure owners. Inevitably, this
will lead to turbulence that brings with it both
threats and opportunities.
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communications facilities is also more
sustainable than building new ones. Stable
mobile coverage is also an important factor
in value creation, especially in rural regions.”
Bernd Böddeling, Senior Vice President,

E.ON SE*

*Source: E.ON
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9.2 TELECOMMUNICATION

Recommendations: Telecommunications
Recommendations: Data & connectivity

• Understand impact of 5G on utility business.
• Evaluate business potential of towerco and edge computing data centers.
MUST DO

• Enter into fiber business (wholesale and/or retail).
• Apply smart IoT for own core business (smart metering, energy management,
plant and network monitoring).

LARGE
POTENTIAL

• Revenue of fiber networks due to customer loyalty and new customers.

DIVEST

• Evaluate perspectives of end-customer device business (e.g., smart home products,
heating equipment).

Source: Arthur D. Little
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CONCLUSION: ENERGY TR ANSITION,
A CLEAR AND PRESENT CHALLENGE

It is evident that most companies in the energy

And while the unique situation of each player

and resources sector will need to go through a

means there is no one-size strategy that fits

period of unprecedented change if they are to be

all, the direction of travel is now relatively well

fit-for-purpose in an increasingly decarbonized,

established for everyone.

decentralized, and digitalized world.

For some, the journey will mean thoroughly

For some, like those in downstream O&G, energy

evaluating their global and regional assets to

transition poses a clear and present challenge

determine those that are noncompetitive or

that can only be addressed by significantly

threatened, and then divesting accordingly.

rebalancing portfolios through divestment.

For others, the focus will be on diversification,

This means companies need to start thinking

building outward from their existing

differently and in a way that is often at odds

competencies by adding new capabilities, or

with their traditional working methods. The

creating risk-sharing partnerships that enable

emphasis now must be on such things as using

them to exploit new opportunities.

cleaner feedstocks, developing new clean and
sustainable products and services, and making

For most, achieving greater operational

an overarching commitment to circularity.

efficiency by embracing digitization will be the

It is with these measures in mind that

quickly adapt to changing market conditions.

only way to develop the flexibility needed to

companies must assess their day-to-day
operations and longer-term strategic decisions.
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