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Introduction and key takeaways01

The world needs to meet an expected increase in energy demand in the least 
destructive way possible. The bulk of greenhouse gas emissions come from 
energy.

Increased electricity output from renewables, extending electrification into 
new sectors, and improved electricity distribution and storage systems are top 
priorities. 

Annual global investments in low carbon power and sustainable transition 
strategies are expected to rise exponentially over the next decade. 

Public and commercial sector priorities will probably increasingly converge, 
helped by technological change. Change could help boost energy system 
resilience and give a stronger voice to the Global South.

01
This report explores a central challenge for the world today – how we produce and use energy in 
a more sustainable way that is less destructive for the world around us. The usual emphasis here 
is on switching sources of energy production to sources that do not involve CO2 emissions. But, 
as we argue, this energy transition will also involve changing the ways in which we distribute, 
store and consume energy. We identify greater electrification as one central theme here for the 
consumption of energy, while emissions free energy sources will remain center stage for energy 
production. 

Energy transition will continue to have multiple policy dimensions. Changing energy sources 
and consumption will continue to be encouraged by the “carrot” of policy subsidies as well as 
technological change reducing costs. But markets can also be used to provide a “stick” for reform, 
in conjunction with policy. Carbon pricing, carbon taxes and the development of voluntary carbon 
markets provide an obvious example of markets in action and where they can fall short. 

Energy transition will require some compromises. Greater electrification, for example, will have 
many benefits but will also create new demands on our natural capital – for example, through a 
higher demand for mineral resources build electronic devices.

But it will also create many opportunities for improvement. For example, the decentralised nature 
of renewable power may add resilience to overall power systems and benefit local economics. 
Changing energy systems may also provide an opportunity to rebalance the global energy system, 
giving greater opportunities to the so-called Global South. Energy transition is not just a matter 
for the developed economies: the needs of emerging economies need urgently to be addressed 
too. 
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Why?

Electrification is key to ensuring reliable and sustainable energy supply while reducing 
greenhouse gas emissions. 

The bulk of greenhouse gas emissions come from energy. But income and population growth will 
continue to drive energy demand upwards. Current annual energy use per capita is over 10,000 
kWh in the U.S., compared to less than 1,000 kWh in much of Africa1 – suggesting that we should 
be prepared for substantial growth.

We need to meet this increase in demand in the least destructive way possible. Around three 
quarters of global CO2 emissions are related to energy use.2 Achieving a net-zero economy 
therefore involves radical change in the way we produce and use energy. Efficiency gains will have 
only a limited impact. 

As shown in Figure 1 below, to achieve a 1.5°C compatible pathway, the percentage of global 
energy sourced from electricity will likely need to triple to more than 70%, while the percentage of 
electricity provided by renewables will need to rise from 17% in 2022 to 80% in 2050.3

02

Figure 1: Current global electricity mix and electricity supplied by renewables vs 2050 forecasts

 Source: IRENA, Deutsche Bank AG. Data as of March 2022.

Improved carbon free electrification offers a multi-pronged approach to this problem. 
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1 Electricity is a form of energy that can be produced in a less CO2 -pollution emitting 
form.

2 (Given appropriate technology and price), the use of electricity can be extended into 
new sectors of the economy that are currently dependent on CO2-generating fossil fuel 
power, like the heavy industry and transportation sectors.

3 Electricity can itself be used to generate other non-destructive energy sources, e.g. 
hydrogen, which will be instrumental in ensuring a reliable and sustainable energy 
transition. 
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03 Route ahead

A clean energy transition is likely to involve five key elements: 

One estimate is that total global electricity supply could rise by around 3.5-5 times from current 
levels in the next 30 years. This would potentially increase it to 130,000 TWh by 2050, including 
that used for the production of hydrogen.4 In order to provide a reference point, consider that 
today the annual electricity consumption of the U.S. is around 4,000 TWh, while the average 
annual electricity consumption for a U.S. residential utility customer was 10,632 kWh (1.0362×10-

5 TWh).5 New sources of electricity demand will come (directly or indirectly) from sectors keen to 
decarbonise. The transport sector offers obvious opportunities for the greater use of electricity 
– technology and cost permitting. Electricity will also be needed to produce new energy sources 
such as hydrogen. 

Meeting this increased demand for electricity will be challenging. The problem lies in developing 
balanced electricity distribution systems that can reliably supply new patterns of demand, based 
on high penetration level of renewable energy production. On the first instance, this requires 
gradually phasing out fossil fuels and increasing renewable energy generation from a supply 
perspective. 

Today fossil fuels account for two-thirds of all electricity generated worldwide (Coal 36%, Natural 
Gas 23%, Oil 3%).6 In many developed economies, energy production patterns are already 
changing: notwithstanding a recent increase due to the geopolitical situation in 2022, coal’s share 
of total generation is already falling, and across much of Europe clear end-dates for coal phase-
out have been established. However, the situation is different in developing economies. 

In China and India coal now accounts for over 60% of total generation. Investment is still 
substantial, with around 80% of capacity in both countries added in the last 15 years.7 Reduction 
of natural gas consumption will however depend more on developed economies. 34% of current 
global gas generation is in the U.S.: China and India combined account for only 7% of global gas-
based electricity generation.8

Renewables power-generation capacity is growing faster than non-renewables. As shown in 
Figure 2, renewables capacity has increased by 130% over the last ten years, much faster than 
non-renewables growth of 24%.9 But globally, wind and solar generation still only account for 10% 
of electricity generation.10 

One forecast suggests they will need to grow to around 40% of electricity generation by 2030 and 
over 75% by 2050,11 with parallel deployment of other zero-carbon generation, flexibility, storage 
and networks, to deliver zero-carbon energy systems at scale.
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Figure 2: Annual installed renewable energy capacity and renewables’ share of total capacity 

 Source: IRENA, Deutsche Bank AG. Data as of March 2023. 
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This means a sharp speed-up in renewables’ implementation rates: the IEA reckons that solar and 
wind implementation each year must be 10-15 times current levels (i.e. rising from 170 GW to 
2,500 GW per year. Solar capacity would have to grow faster (650 GW to 26,000-35,000 GW by 
2050) than wind (640 GW to 14,000-16,000 GW).12

The reduced cost of renewable energy sources has played an important role in encouraging their 
implementation so far: the UN's Intergovernmental Panel on Climate Change (IPCC) for example 
reckons that the cost of solar energy has fallen by 85% over the last decade. It is difficult to 
predict how much costs will fall in future, but pressure for change may come from other sources: 
the Russia/Ukraine war, for example, has already accelerated renewable energy adoption. 

Nonetheless, renewable energy sources are more abundant in some regions of the world (sunny 
places, ideally near the equator, and windy regions), while being almost absent in some others. 
This will mean that, in order to allow for 100% clean energy production, there will be a need for 
transmission lines connecting cloudy and windless regions, often crossing national borders. 
Moreover, output from renewable energy sources can vary unpredictably and between seasons, 
thus creating the risk of major outages in some periods and overgeneration during others. To 
provide an example, the Energiewende programme in Germany set a goal of 60% renewable 
energy by 2050. Solar power capacity rose sharply in response. As a result, Germany generated 
10 times as much solar energy in June 2018 as it did in December 2018.13 But Germany's solar 
and wind power plants occasionally produce so much electricity that the nation is unable to use it 
all. 

Intermittency and variable renewable energy (VRE) are therefore likely to remain a focus of 
attention. Systems with high VRE penetration rates will have to make complex choices and 
decisions on the best scale, mix, and interconnectivity of VRE resources. VRE capacity could have 
to be sufficient to cope with predictable seasonal demand peaks - meaning overcapacity at times 
of lower demand. 

In this context, there is currently a discussion around the role for other zero-carbon sources, 
including nuclear, providing dispatchable generation alternatives in case of predictable and 
unpredictable variations. One source argues that nuclear power is now the second-largest source 
of low-carbon electricity. 10% of the world's electrical demand is thought to be met by around 450 
operational reactors.14 
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But major, perhaps insuperable, challenges remain around many aspects of nuclear power, not 
just waste management. We should not rely on a future expansion of nuclear power generation to 
meet our changing energy needs. 

Nuclear power facilities could therefore in theory make an important contribution to the security 
of an electric grid. Nuclear power reactors can adjust to some extent their operations to respond 
to changes in supply and demand. As the share of variable renewables grows, so will the demand 
for such so-called dispatchable (i.e. on demand) power generation. Hence, especially within 
countries with well-established nuclear power generation, nuclear power facilities may be able 
to improve energy security by lowering reliance on imported fuels and limiting the effects of 
seasonal variations in renewable energy production.

Many governments are ramping up climate change mitigation efforts, including policy support 
for renewable energy adoption through tax credits, subsidies, and renewable project tenders 
and auctions. In the U.S., President Biden set a target for reaching a carbon pollution-free power 
sector by 2035.15 At a corporate level, firms are already trying to develop their own renewable 
energy supply to meet sustainability targets. In 2021, corporations procured 31.1 GW of 
renewable energy globally via power purchase agreements (PPAs).16

Development areas 

Development areas should not be assessed simply on their immediate economic viability. We also 
always need to take into account the impact of any energy solution on nature and the ecosystem 
services that we depend on. 

Solar photovoltaic (PV) installations. Various factors - principally large cost reductions, but also 
increased policy support, innovative finance and greater awareness have led to a more than 
20-fold increase in solar capacity between 2010 and 2021.17 By the end of 2021, installed global 
capacity of around 840 GW globally accounted for just below 10% of total installed energy 
capacity. The pace has accelerated, with a focus on Asia: this accounted for approaching 60% of 
the 133 GW capacity commissioned in 2021.18 IEA scenarios for global energy generation in 2050 
by technology are given in Figure 3. Solar could account for a very large share of global energy 
production at this date, with installations predicted to grow at a compound annual rate above 
15%.
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Figure 3: Global energy generation by technology

Source: IEA NZE forecasts, Deutsche Bank AG. Data as of March 2023.
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Figure 4: Global energy mix by technology

Source: IEA NZE forecasts, Deutsche Bank AG. Data as of March 2023.
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Wind power has grown sharply too, with wind installations more than quadrupling between 2010 
and 2021.19 The installed capacity of onshore wind power rose to about 770 GW globally in 2021. 
The offshore wind market is still markedly smaller than that for onshore wind. Some 56 GW of 
capacity had been installed by the end of 2021.20

Hydropower and other renewables. Installed capacity (excluding pumped hydro) had risen to over 
1,200 GW by 2021, equivalent to around 40% of total renewables capacity.21 Installed capacity for 
other renewables technologies is relatively small, but has been rising fast from a small base. Bio 
energy power is the leader here, accounting for over 80% of installed capacity from these sources 
(e.g. geothermal, solar thermal and ocean-generated power) of 166 GW in 2021.22

Bioenergy-based electricity could prove interesting in situations where its costs are lower than 
other possible costs (for example, where biomass feedstock is accessible and cheap, or heat can 
be used in co-generation). It may also help balance electricity grids otherwise highly dependent 
on inherently variable wind and solar power sources. BECCS (bioenergy with carbon capture and 
storage) is a further development that could contribute to efforts to meet emissions targets.

Energy distribution infrastructure. Because it was very simple to transport fossil fuels using 
railroads and pipelines from the point of extraction to the energy plants where they would be 
burned to produce electricity, utilities have historically located the majority of their energy 
facilities close to rapidly-expanding cities. For this reason, the majority of nations rely on pipelines 
and railroads to transport fuels over vast distances to power plants, and then on transmission lines 
to provide electricity over short distances to the cities that require it. That model does not work 
with solar and wind, as sunlight and wind energy must be converted to electricity on the spot. 

Many areas where renewable sources are abundant (for example, deserts for sun power or 
high seas for wind) can also be far away from demand centres. Components for long-distance 
transmission systems will therefore be needed, including high-voltage direct current (HVDC) 
cables and interconnectors. One likely future development is that upgrading of transmission and 
distribution (T&D) networks in order to deliver reliable future higher levels of electricity supply 
may require a shift from current systems based on Distributed Network Operators toward an 
approach based on a Distributed System Operator which is responsible an active coordinating 
role on both demand and supply. One related issue is variable renewable energy (VRE) system 
development. Running such systems will require the application of new technologies and 
approaches to system operation, supported by appropriate energy market design. Provided 
those enablers are in place, it may be feasible and cost-effective to run energy systems with VRE 
penetration rates as high as 75% to 90%.23 
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System development will likely involve long-distance interconnection with other regions (both 
within and across countries) which have complementary renewable resources.

Another infrastructure issue is dispatchable (i.e. on demand) generation. This could come from 
various sources including hydro, nuclear and other newer combined options for emissions-free 
generation. One of these is to use natural gas with carbon capture and storage (CCS). Another is 
to produce hydrogen from electrolysis and then burn it in combined cycle gas turbines (CCGTs). 
Biomass (see above) is a further option, combined with CCS or on its own. 

Both generation and transmission development will raise questions about land and sea use. In 
theory, there are easily sufficient natural resources to support required growth in zero-carbon 
electricity generation. However, this will have implications for land use. One estimate is that 
generating 100,000 TWh of annual electricity production from solar alone would require 1-1.2% of 
the land area of the world to be covered by solar farms.24 (It is also estimated that this share could 
fall to 0.3-0.4%, if solar panels could be based above oceans, but there are multiple uncertainties 
here.) Offshore wind may remain attractive in this context: the IEA estimates that it alone in 
theory could generate more than 420,000 TWh per year – four times the expected annual energy 
demand in 2050, but this again is speculative. 

Mineral Resources. As the trend towards cleaner technologies advances, the metals and mining 
sector will need to deliver the huge quantities of raw materials required for the energy transition. 
As this is a long lead-time, highly capital-intensive sector, supply bottlenecks and price volatility 
are certain, encouraging technology shifts and materials substitution. Lithium and cobalt 
pricing may be especially volatile, although copper, nickel and aluminium prices may also climb 
dramatically.

This is not simply a problem with battery storage; for instance, producing one terawatt-hour of 
electricity from solar or wind power could require, respectively, 300% and 200% more metals than 
producing the same amount from a gas-fired energy plant, on a copper equivalent basis.25

Electricity storage. We anticipate that the quick uptake of short-duration battery energy 
storage systems (SDES, which can supply power for up to ten hours) will open up investment 
opportunities throughout the renewable energy and battery value chains, including for producers 
of storage systems, miners of essential minerals, and developers of renewable energy sources. 
Due to declining battery prices and growing government assistance in several nations, including 
the U.S. and China, energy storage system technologies are advancing and becoming more 
cost-competitive, as illustrated in Figure 5. A variety of additional heat- or pressure-based 
storage technologies are being investigated, including flow batteries, an alternative to lithium-ion 
batteries, may enable energy storage to satisfy daily balancing needs.

Long-duration energy storage (LDES) systems, most notably in the form of pumped storage 
hydropower systems, have been available for decades, delivering energy output for longer than 10 
hours. However, LDES systems were unable to be widely adopted due to economic, technological, 
and regulatory challenges. However, current technology and assistance from the government 
might encourage an expansion of LDES capacity. The U.S. unveiled the Long Duration Storage 
Shot programme in July 2021 with the goal of bringing LDES costs down to 90% by 2030.26

Figure 5: Lithium-ion and battery cell and pack price evolution

Source: BloombergNEF, Deutsche Bank AG. Data as of March 2023.
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Hydrogen energy storage. The need for LDES systems may add to the case for hydrogen, 
particularly green hydrogen. Hydrogen-based energy storage has the capacity to store power 
for weeks to months, thus these projects might be employed to account for seasonal changes 
in electricity production. However, power-to-hydrogen-to-power industrial scale operations are 
currently in the very early phases of development.

Carbon Capture and Storage. This will be necessary to hit net zero targets as, even with 
renewables use, some emissions will still be generated in 2050 from fossil fuel use and industrial 
processes still be generated targets.27 CO2 removal measures and technologies are based on a 
wide range of quite different approaches: nature-based measures such as reforestation as well 
as BECCS, direct carbon capture and storage (DACCS). Direct air capture (DAC) technologies 
can remove CO2 directly from the atmosphere before storing but currently use large amounts of 
energy. Other approaches are being experimented with. 

Finally, fossil fuel company transition strategies will continue to have a major impact on the overall 
energy market. Oil and gas companies are already undertaking a wide variety of approaches in 
response to energy transitions, but the deteriorating economics of fossil fuel-fired power plants 
do not always appear to be correctly priced by the market. This may create both increased price 
volatility and considerable uncertainty about the economic rationale for planned and future 
investments. 

Figure 6 below shows the great difference in investment needs for various technologies, 
highlighting a constant decrease in the needs of fossil furls sources.
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Figure 6: Global average annual energy investment needs by sector and technology for a net zero 
economy

Source: IEA, Deutsche Bank AG. Data as of March 2023. 
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What does this mean for investors? 

In our view, many companies in the energy, capital goods and utilities sectors will be able to play a 
critical role in the transition towards a lower-carbon world. As the world becomes more electrified 
with the deployment of new approaches such as heat pumps and electric vehicles, more electrical 
devices and systems will need to be installed and modernized, with implications for the capital 
goods sector. 

Carbon-free electricity generation will remain at the core of the energy transition. Huge 
investments in wind, solar, energy storage and transmission lines (amongst others), as mentioned 
in the previous chapter, will be needed to decarbonize the energy supply. Consequently, we 
expect these industries to experience substantial growth over the next few years, partially at the 
expense of industries like oil & gas as we gradually phase out fossil fuels. 

However, it is important to be careful in drawing investment conclusions. Investors in general 
appear concerned about the competitive threats to the traditional energy sector, but it may be 
difficult to judge the impact of such concerns on the sector’s financial performance over the past 
few years.

As shown in Figure 7, the Energy sector has lagged both the broad market (MSCI World Index) 
and the Utilities and Capital Goods sectors over the last 5 years. Energy overperformance over 
2- and 3-year time horizons overperformance can be easily explained by recovery from the initial 
huge downturn of the energy sector during the pandemic and the consequent conflict in Ukraine, 
which instead provided a strong upwind for the sector. 

Not withstanding such short-term developments, we believe the energy sector and certain utilities 
(like those based on gas) will undergo several challenges in the future as burning fossil fuels for 
electricity accounts for most of the world’s carbon dioxide gas emissions and will have to be 
reduced. We expect many energy firms’ financial performance to be affected in consequence 
over the long term, with substantial downside risks resulting also from current asset bases of 
undesirable coal or gas plants. 
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Figure 7: Performance of energy transition sectors over different time periods

Source: Bloomberg Finance L.P., Deutsche Bank AG. Data as of 24th March 2023.
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In the context of encouraging energy transition, for example, there are many opportunities to 
reduce the emissions intensity of delivered oil and gas by reducing associated gas flaring and CO2 
venting, addressing methane emissions, and incorporating renewables and low-carbon electricity 
into new upstream and liquefied natural gas (LNG) developments. Oil and gas extraction and 
delivery to customers currently accounts for 15% of all global energy-related GHG emissions.28 As 
a result, for example, it seems reasonable to expect increased pressures on those companies not 
taking action to stop methane leaks into the atmosphere.

On the other hand, it seems that financial markets may be overlooking the potential of these 
companies to earn competitive returns on their decarbonisation investments, perhaps providing 
opportunities for valuation-focused investors with multi-year investment time horizons. The global 
energy transition may therefore benefit some companies that financial markets are currently 
neglecting, based on possibly excessive discounting of specific sectors, perhaps including energy 
and gas utilities. Some major oil and gas companies are preparing to change their business 
models to become "energy" companies that provide customers a range of fuels, electricity, and 
other energy services. This requires them entering sectors, most notably electricity, where there 
are already a variety of actors with specialized knowledge and where the majority of low-carbon 
investment opportunities (with the possible exception of offshore wind) differ significantly from 
conventional oil and petrol projects in terms of scale and financial characteristics. While spending 
by oil and gas companies outside “traditional” areas of supply has reached 5% of total spending in 
2022,29 we see this number increasing further over the upcoming years. 

On the other hand, existing utilities generally have multi-decade development track records and 
established pipelines for future projects. Many utilities are skilled managers of large and complex 
energy projects, and their expertise should benefit them as the energy transition progresses, for 
example, with offshore wind projects. 

Indeed, the implementation of transformational investments must originate from acknowledging 
that our society mostly depends on the “old economy” for its basic necessities and the required 
stock of physical capital. This implies that some of these disruptive investments are “transitional” 
by definition. In other words, investment is needed to change the capital stock and ensure that 
it is fit for the future world. While “old economy” companies are under increased scrutiny from 
an environmental perspective, many utilities companies are leading the construction of clean 
power infrastructure and many oil and gas companies are endeavoring to diversify their energy 
portfolios. Even though pure-play (i.e. exclusively focused) renewables companies will probably 
occupy the energy transition limelight, we should be aware of the potential for "old economy" 
companies to re-rate upward as they increase their renewable energy investments and gradually 
transition towards sustainable activities.

It is also worth highlighting the role of current regulatory regimes in this context. The 
implementation of ESG standards may be tilting financial investment away from equity and debt 
investment invested into lawfully-conducted but carbon intensive economic operations that need 
to reform. This trend favours divestment over investing in transition so that, in Europe, a large 
part of Article 8 and 9 funds are significantly underweight some of the fundamental economic 
activities of our existing economy.30
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Figure 8: Valuations for different energy transition subindustries 

Source: Bloomberg Finance L.P., Deutsche Bank AG. Data as of March 2023.

This results in a market distortion and consequent capital misallocation. As demonstrated by the 
P/E (ratio of a company’s share price to its earnings) and P/BV (ratio of a company share price to 
its accounting “book” value) ratios of different subsectors shown in Figure 8 above, markets are 
currently discounting a much rosier future for renewables and electric utilities than for multi-
utilities (oil and gas) and gas utilities. While the MSCI Oil, Gas & Consumable Index Fuels is 
currently trading at 8.1 NTM P/E (the ratio of a company’s share price to its expected earnings in 
the next twelve months), almost half of its 10 year median value, renewables trade at 12.8, only 
slightly below their 10 year median. There are clearly many good reasons for this wide discount 
based on macro developments and potential risks on the horizon. At the same time, however, we 
believe there is room for over-performance in some companies engaged with the energy transition 
process within these penalized sectors. 

This is reflected by the fact that the market does not appear to be particularly concerned about 
the sustainability performance of these companies, thus valuing differently their sustainable 
activities in case of a mixed energy generation mix (part renewables and part fossil fuels) or 
diversified utilities vis-a-vis “pure” players (i.e. those focused only on sustainable activities). If, 
for example, you look at the 3-year return of companies within the MSCI Oil, Gas & Consumable 
Fuels Index plotted against the 3-year compound annual growth rate (CAGR) of average carbon 
emissions intensity, there appears to be no correlation at all between achieved reductions in 
carbon intensity and financial performance. 
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Conclusion06
As shown above in Figure 6, annual global investments in low carbon power and sustainable 
transition technologies are expected to see an exponential rise over the next decade, shifting 
capital flows away from carbon-intensive activities like coal supply and other fossil fuel 
generation. The majority of the world's carbon dioxide emissions are caused by burning fossil 
fuels for electricity which is why the power sector remains the focus of efforts to decarbonize the 
global economy. Several utilities firms are spearheading the development of a renewable energy 
infrastructure, while numerous oil and gas firms are working to diversify their sources of energy.

We expect public and commercial sector priorities to increasingly converge in coming years, 
spurred not just by scientists' calls for action but also by technological advances that make it 
possible for investments in renewable energy to make an increasing contribution to economic 
growth. The whole energy value chain, from solar panels to distribution networks and energy 
storage companies, will gain from this global energy shift. But there will be transition risks in this 
process: established energy companies will have to work hard to adapt to the changing business 
environment, if they want to avoid becoming stranded assets. Within “transition” industries such 
as oil and gas, those companies which are better at managing the transition (e.g. via achieving 
lower carbon intensity, better control of methane leakages, higher renewable power generation 
etc.) may deliver better financial performance than their industry peers over the medium term as 
well as making a long-term contribution to our future wellbeing. 

Ultimately, however, energy transition investment will need to be seen within a bigger picture. 
As we noted at the start of this report, the issue is not just how we produce energy in a different 
way, but also how we distribute, store and consume it. Energy transition will be challenging 
and policy will need to be multi-faceted to reflect this, always considering the likely impact on 
the natural world. It will require some compromises but will also offer many global benefits, for 
example through decentralisation and potentially giving a greater role to the Global South. Energy 
transition will be central to our existence for many years to come.
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BECCS (bioenergy with carbon capture and storage) is An approach that combines carbon capture 
and storage with bioenergy to create energy while removing carbon dioxide from the environment, or 
producing net negative greenhouse gas emissions.

Biodiversity means variability among living organisms from all sources, including terrestrial, marine, 
and other aquatic ecosystems and the ecological complexes of which they are part; this includes 
diversity within species, between species, and of ecosystems.

Bioenergy is the renewable energy produced from biological sources, whether it takes the form of 
biofuels, biogas, or solid biomass.

Biomass or bio-feedstock is the renewable organic matter, often known as biological material 
includes animal or plant-based feedstocks like wood and agricultural crops, as well as organic waste 
from municipal and industrial sources and algae.

Carbon offsets refer to the reductions in greenhouse gas or carbon dioxide (CO2) emissions 
generated by a business, industry, or economy to make up for emissions produced elsewhere in the 
economy.

Combined cycle gas turbine (CCGT) refers to an arrangement of heat engines that cooperate to 
transform heat energy into mechanical energy for powering electric generators.

Direct air capture (DAC) refers to the extraction of carbon dioxide from atmospheric air.

Distribution System Operator (DSO) refers to a local distribution network's permanent infrastructure 
that can now be managed and optimised by system operators. This entails working with the 
Transmission System Operator (TSO) to coordinate the procurement of flexibility services from 
network users, management of local generation and network congestion, and management of energy 
flows from and to the larger power grid.

Ecosystems are created by the interaction of plants, animals, weather and landscape.

Energy productivity is the energy use per unit of GDP.

ESG stands for Environment, Social, Governance, and is the acronym most commonly used for 
sustainable investments. They measure the sustainability and societal impact of an investment in a 
company or business.

Exchange-traded funds (ETFs) are a type of investment fund and exchange-traded product, i.e. they 
are traded on stock exchanges.

Governance (corporate governance) involves the processes of governing – whether undertaken by 
the government, firm, market, network – over a social system and whether through the laws, norms, 
power or language of an organized society.

Greenhouse gases (GHG) are gases that trap heat in the atmosphere; carbon dioxide is the primary 
contributor to GHG emissions.

Gross domestic product (GDP) is the monetary value of all the finished goods and services produced 
within a country's borders in a specific time period.

High Voltage Direct Current (HVDC) transmission refers to a power transmission method that 
primarily transmits electrical power using direct current. Due to lower energy transmission losses 
than traditional AC technology, it is particularly helpful for greater capacity and longer distances.

Impact investing refers to investments made into companies, organizations and funds with the 
intention to generate a measurable, beneficial social or environmental impact alongside a financial 
return.

Glossary
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Liquified Natural Gas (LNG) refers to natural gas in its transparent, non-toxic liquid state at 
temperatures below -162ºC is referred to as LNG. It allows for the pressurised transport and storage 
of natural gas, notably over extended distances via ships.

Natural capital refers to the elements of the natural environment including assets like forests, water, 
fish stocks, minerals, biodiversity and land.

Nature-based solutions are actions to protect, sustainably manage and restore natural or modified 
ecosystems which constitute natural carbon sinks, while simultaneously providing human, societal 
and biodiversity benefits.

The term "Net-zero-carbon-emissions" or "Net-zero" refers to a situation in which the economy, 
society, or a particular economic sector emits no carbon dioxide (CO2), either because it does not 
produce any or because it collects the CO2 it does produce for use or storage.

Non-governmental organisations (NGOs) are independent of government involvement and can be 
seen as a subgroup of founded organisations by citizens.

Stranded assets are those assets experiencing redundancy or loss of value due to environmental 
challenges, changing resource landscapes, new government regulations and evolving social norms.

The Global Commission on Adaptation was launched in 2018 to accelerate climate change 
adaptation; its mandate came to an end in 2020.

The OECD (Organisation for Economic Co-operation and Development) is an intergovernmental 
economic organisation with 37 member countries, founded in 1961 to stimulate economic progress 
and world trade.

Transmission System Operator (TSO) refers to current system operators in charge of controlling the 
flow of electricity via the electrical transmission system, guaranteeing its dependable and secure 
functioning, and balancing supply and demand in both place and time.

UN Sustainable Development Goals (SDGs) were set in 2015 by the United Nations General 
Assembly and are intended to be achieved by the year 2030, it is a collection of 17 interlinked global 
goals designed to be a blueprint to achieve a better and more sustainable future for all.

Glossary
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existing DFSA license. Principal place of business in the DIFC: Dubai International Financial Centre, The Gate Village, Building 5, 

PO Box 504902, Dubai, U.A.E. This information has been distributed by Deutsche Bank AG. Related financial products or services 

are only available to Professional Clients, as defined by the Dubai Financial Services Authority. 

State of Qatar

Deutsche Bank AG in the Qatar Financial Centre (registered no. 00032) is regulated by the Qatar Financial Centre Regulatory 

Authority. Deutsche Bank AG -QFC Branch may only undertake the financial services activities that fall within the scope of its 

existing QFCRA license. Principal place of business in the QFC: Qatar Financial Centre, Tower, West Bay, Level 5, PO Box 14928, 

Doha, Qatar. This information has been distributed by Deutsche Bank AG. Related financial products or services are only available 

to Business Customers, as defined by the Qatar Financial Centre Regulatory Authority. 

Kingdom of Belgium 

This document has been distributed in Belgium by Deutsche Bank AG acting though its Brussels Branch. Deutsche Bank AG is a 

stock corporation (“Aktiengesellschaft”) incorporated under the laws of the Federal Republic of Germany and licensed to carry on 

banking business and to provide financial services subject to the supervision and control of the European Central Bank (“ECB”) 

and the German Federal Financial Supervisory Authority (“Bundesanstalt für Finanzdienstleistungsaufsicht” or “BaFin”).Deutsche 

Bank AG, Brussels Branch has its registered address at Marnixlaan 13-15, B-1000 Brussels, registered at the RPM Brussels, 

under the number VAT BE 0418.371.094. Further details are available on request or can be found at www.deutschebank.be.

Kingdom of Saudi Arabia 

Deutsche Securities Saudi Arabia (DSSA) is authorized by the Capital Market Authority of the Kingdom of Saudi Arabia (CMA) 

with a license number (No. 37-07073). Deutsche Securities Saudi Arabia may only undertake the financial services activities that 

fall within the scope of its existing CMA license. DSSA registered office is at Faisaliah Tower, 17th floor, King Fahad Road, Al Olaya 

District Riyadh, Kingdom of Saudi Arabia P.O. Box 301806. 

United Kingdom 

This document is a financial promotion and is communicated by Deutsche Bank Wealth Management. 

Deutsche Bank Wealth Management is a trading name of DB UK Bank Limited. Registered in England & Wales No. 315841. 

Registered Office: 23 Great Winchester Street, London, EC2P 2AX. DB UK Bank Limited is authorised by the Prudential 

Regulation Authority and regulated by the Financial Conduct Authority and the Prudential Regulation Authority. Financial Services 

Registration Number 140848. DB UK Bank is a member of the Deutsche Bank Group.

South Africa

In South Africa, this material is distributed by Deutsche Bank Suisse SA authorized as a financial services provider (FSP) for the 

provision of Advice and Intermediary Services by the Financial Sector Conduct Authority of South Africa (FSCA) under registration 

no. 52190. Deutsche Bank Suisse SA is approved to operate a Representative Office by the Prudential Authority of the South 

African Reserve Bank (SARB).
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Hong Kong 

Deutsche Bank Aktiengesellschaft is incorporated in the Federal Republic of Germany and its members’ liability is limited. 

This material is intended for: Professional Investors in Hong Kong. Furthermore, this material is provided to addressee only, further 

distribution of this material is strictly prohibited.

This document and its contents are provided for information only. Nothing in this document is intended to be an offer of any 

investment or a solicitation or recommendation to buy or to sell an investment and should not be interpreted or construed as an 

offer, solicitation, or recommendation. The contents of this document have not been reviewed by any regulatory authority in Hong 

Kong. You are advised to exercise caution in relation to the investments contained herein (if any). If you are in any doubt about any 

of the contents of this document, you should obtain independent professional advice. 

This document has not been approved by the Securities and Futures Commission in Hong Kong (the “SFC”) nor has a copy of this 

document been registered by the Registrar of Companies in Hong Kong, unless specified otherwise. The investments contained 

herein may or may not be authorised by the SFC. The investments may not be offered or sold in Hong Kong, by means of any 

document, other than (i) to “professional investors” as defined in the Securities and Futures Ordinance (Cap. 571 of the Laws of 

Hong Kong) (“SFO”) and any rules made under the SFO, or (ii) in other circumstances which do not result in the document being 

a “prospectus” as defined in the Companies (Winding Up and Miscellaneous Provisions) Ordinance (Cap. 32 of the Laws of Hong 

Kong)(the “C(WUMP)O”) or which do not constitute an offer to the public within the meaning of the C(WUMP)O. No person shall 

issue or possess for the purposes of issue, whether in Hong Kong or elsewhere, any advertisement, invitation or document relating 

to the investments, which is directed at, or the contents of which are likely to be accessed or read by, the public of Hong Kong 

(except if permitted to do so under the securities laws of Hong Kong) other than with respect to investments which are or are 

intended to be disposed of only to persons outside Hong Kong or only to “professional investors” as defined in the SFO and any 

rules made under the SFO.

Singapore 

This material is intended for: Accredited Investors / Institutional Investors in Singapore. Furthermore, this material is provided to 

addressee only, further distribution of this material is strictly prohibited. 

United States 

In the United States, brokerage services are offered through Deutsche Bank Securities Inc., a broker-dealer and registered 

investment adviser, which conducts securities activities in the United States. Deutsche Bank Securities Inc. is a member of FINRA, 

NYSE and SIPC. Banking and lending services are offered through Deutsche Bank Trust Company Americas, member FDIC, 

and other members of the Deutsche Bank Group. In respect of the United States, see earlier statements made in this document. 

Deutsche Bank makes no representations or warranties that the information contained herein is appropriate or available for use in 

countries outside of the United States, or that services discussed in this document are available or appropriate for sale or use in all 

jurisdictions, or by all counterparties. Unless registered, licensed as otherwise may be permissible in accordance with applicable 

law, none of Deutsche Bank or its affiliates is offering any services in the United States or that are designed to attract US persons 

(as such term is defined under Regulation S of the United States Securities Act of 1933, as amended).This United States-specific 

disclaimer will be governed by and construed in accordance with the laws of the State of Delaware, without regard to any conflicts 

of law provisions that would mandate the application of the law of another jurisdiction.

Germany 

This information is advertising. The texts do not meet all legal requirements to ensure the impartiality of investment and 

investment strategy recommendations or financial analyses. There is no prohibition for the compiler or for the company 

responsible for the compilation to trade with the respective financial instruments before or after the publication of these 

documents. The information contained in this document does not constitute an investment recommendation, investment advice 

or a recommendation to act, but is intended solely for information purposes. The information does not replace advice tailored to 

the individual circumstances of the investor. General information on financial instruments is contained in the brochures "Basic 

Information on Securities and Other Investments", "Basic Information on Financial Derivatives", "Basic Information on Forward 

Transactions" and the information sheet "Risks in Forward Transactions", which the customer can request from the Bank free of 

charge. Forecasts are based on assumptions, estimates, opinions and hypothetical models or analyses. Although, from the Bank's 

point of view, they are based on adequate information, it may turn out in the future that they are not accurate or correct.

Past performance or simulated performance is not a reliable indicator of future performance. Unless otherwise indicated in this 

document, all statements of opinion reflect the current assessment of Deutsche Bank, which may change at any time. Deutsche 

Bank assumes no obligation to update the information contained in this document or to notify investors of any available updated 

information. Deutsche Bank AG is a stock corporation (“Aktiengesellschaft”) incorporated under the laws of the Federal Republic 

of Germany with principal office in Frankfurt am Main. It is registered with the district court (“Amtsgericht”) in Frankfurt am Main 

under No HRB 30 000 and licensed to carry on banking business and to provide financial services. Supervisory authorities: The 

European Central Bank (“ECB”), Sonnemannstrasse 22, 60314 Frankfurt am Main, Germany and the German Federal Financial 

Supervisory Authority (“Bundesanstalt für Finanzdienstleistungsaufsicht” or “BaFin”), Graurheindorfer Strasse 108, 53117 Bonn 

and Marie-Curie-Strasse 24-28, 60439 Frankfurt am Main, Germany.
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India 

The investments mentioned in this document are not being offered to the Indian public for sale or subscription. This document 

is not registered and/or approved by the Securities and Exchange Board of India, the Reserve Bank of India, or any other 

governmental/ regulatory authority in India. This document is not and should not be deemed to be a “prospectus” as defined 

under the provisions of the Companies Act, 2013 (18 of 2013) and the same shall not be filed with any regulatory authority in 

India. Pursuant to the Foreign Exchange Management Act, 1999 and the regulations issued there under, any investor resident in 

India may be required to obtain prior special permission of the Reserve Bank of India before making investments outside of India 

including any investments mentioned in this document.

Italy

This report is distributed in Italy by Deutsche Bank S.p.A., a bank incorporated and registered under Italian law subject to the 

supervision and control of Banca d’Italia and CONSOB. 

Luxembourg 

This report is distributed in Luxembourg by Deutsche Bank Luxembourg S.A., a bank incorporated and registered under 

Luxembourg law subject to the supervision and control of the Commission de Surveillance du Secteur Financier. 

Spain 

Deutsche Bank, Sociedad Anónima Española is a credit institution regulated by the Bank of Spain and the CNMV and registered 

in their respective Official Registries under the Code 019. Deutsche Bank, Sociedad Anónima Española may only undertake the 

financial services and banking activities that fall within the scope of its existing license. The principal place of business in Spain 

is located in Paseo de la Castellana number 18, 28046 - Madrid. Registered in the Mercantile Registry of Madrid, volume 28100, 

book 0. Folio 1. Section 8. Sheet M506294. Registration 2. NIF: A08000614. This information has been distributed by Deutsche 

Bank, Sociedad Anónima Española. 

Portugal

Deutsche Bank AG, Portugal Branch is a credit institution regulated by the Bank of Portugal and the Portuguese Securities 

Commission (“CMVM”), registered with numbers 43 and 349, respectively and with commercial registry number 980459079. 

Deutsche Bank AG, Portugal Branch may only undertake the financial services and banking activities that fall within the scope of 

its existing license. The registered address is Rua Castilho, 20, 1250-069 Lisbon, Portugal. This information has been distributed 

by Deutsche Bank AG, Portugal Branch.

Austria

This document is distributed by Deutsche Bank AG Vienna Branch, registered in the commercial register of the Vienna 

Commercial Court under number FN 140266z. Deutsche Bank AG is a public company incorporated under German law 

and authorized to conduct banking business and provide financial services. It is supervised by the European Central Bank 

(ECB), Sonnemannstraße 22, 60314 Frankfurt am Main, Germany and by the Federal Financial Supervisory Authority (BaFin), 

Graurheindorfer Straße 108, 53117 Bonn, Germany and Marie-Curie-Strasse 24-28, 60439 Frankfurt am Main, Germany. The 

Vienna branch is also supervised by the Austrian Financial Market Authority (FMA), Otto-Wagner Platz 5, 1090 Vienna. This 

document has neither been submitted to nor approved by the aforementioned supervisory authorities. Prospectuses may have 

been published for certain of the investments mentioned in this document. In such a case, investment decisions should be made 

solely on the basis of the published prospectuses, including any annexes. Only these documents are binding. This document 

constitutes marketing material for informational and promotional purposes only and is not the result of any financial analysis or 

research.

The Netherlands

This document is distributed by Deutsche Bank AG, Amsterdam Branch, with registered address at De entree 195 (1101 HE) in 

Amsterdam, the Netherlands, and registered in the Netherlands trade register under number 33304583 and in the register within 

the meaning of Section 1:107 of the Netherlands Financial Supervision Act (Wet op het financieel toezicht). This register can be 

consulted through www.dnb.nl.

France

Deutsche Bank AG is an authorized credit institution, subject to the overall supervision of the European Central Bank and BaFin, 

the German Federal Financial Supervisory Authority. Its various branches are locally supervised, for certain activities, by the 

competent banking authorities, such as the Prudential Control and Resolution Authority (The ACPR) and the Financial Markets 

Authority (The AMF) in France. This document has been prepared for discussion purposes only. It is not a financial analysis 

document. The opinions expressed in this document may differ from those expressed by other departments of de Deutsche 

Bank, including the financial analysis department. The manner of circulation and distribution of this document may be restricted 

by law or regulation in certain countries, including the United States. This document is not intended for distribution to, or use 

by, any person or entity who is a national of, or resident or located in, any country, state or jurisdiction where such distribution, 

publication, availability or use would be contrary to applicable laws and regulations or would subject Deutsche Bank AG or any 

of its subsidiaries to any additional registration or licensing requirements. Persons in possession of this document are required to 

inform themselves about and observe any such restrictions.
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This document and the information contained herein do not constitute investment advice, an offer, an inducement or a 

recommendation to engage in any transaction. This document is not and should not be considered a prospectus. Nothing in this 

document constitutes financial, legal, tax or other advice and no investment or other decision should be made solely based on this 

document. 

Deutsche Bank AG therefore urges potential investors to seek independent advice from their own professional tax, legal, 

accounting and other advisers as to the appropriateness of the proposed transaction in light of their objectives, financial and 

operational resources or any other criteria prior to any investment decision, including the potential risks and rewards of the 

transaction, particularly where it involves foreign currency transactions, investments in countries other than France, high yield 

fixed income securities, hedge funds, commodities or private equity funds. 

It is the sole responsibility of potential investors to obtain the documentation (prospectus, Term Sheets, subscription agreement, 

etc.) and information required to evaluate the investment and the risks involved. Deutsche Bank AG cannot be held responsible for 

any risks associated with the products mentioned in this document. They may not be suitable for all investors and/or may only be 

suitable for certain categories of investors.

Furthermore, the financial products mentioned in this document are only suitable for investors who have the knowledge and 

experience to evaluate and bear the risks inherent in an investment, including, financial, political and market risks, as well as the 

risk of losing the entire amount invested. 

Past performance is not indicative of future performance and is not consistent over time. Nothing in this document constitutes a 

representation or warranty as to future performance.

Any reproduction, representation, distribution or redistribution, in whole or in part, of the contents of this document in any medium 

or by any process whatsoever, as well as any sale, resale, retransmission or making available to third parties in any manner 

whatsoever, is prohibited. This document may not be reproduced or distributed without our written permission.

© Deutsche Bank AG 2023 
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