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New technologies are emerging that improve 
sustainability – some in response to climate concerns, 
others as a result of unrelated lines of research or 
consumer trends.  
 
Energy technologies are particularly important of 
course, from advanced solar cells and high-capacity 
batteries to hydrogen and nuclear fusion. Artificial 
intelligence and automation bring a wealth of 
possibilities, particularly for improved energy efficiency. 
Other novel sustainable systems cover remote sensing, 
food supply and transport.

What impacts could these technologies have? What 
is required to bring them to full-scale viability? And 
how should they be embedded in a wider system of 
sustainability?
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• Increasing concern over climate change, 
other environmental problems, and 
energy poverty has created increasing 
pressure for research and deployment 
of new sustainable technology across 
energy production, logistics and use.

• Adoption of new technologies is 
essential to achievement of the climate 
change mitigation pathways set by the 
Intergovernmental Panel on Climate 
Change’s (IPCC) and the UN Sustainable 
Development Goals enshrined in 
the 2030 Agenda for Sustainable 
Development.

• In the energy sector, emerging 
technologies can meet demand with 
lower energy use. These include 
already quite mature technologies like 
renewable energies, electric vehicles, 
and hybrid technology, and in the near 
future, emerging ones like advanced 
biofuels, perovskite photovoltaics, and 
hydrogen transport. 

• Broader sectors like mobility, AI, 
automation, 3D printing, remote 
sensing, biotech, and geoengineering 
are crucial to developing 
transformational energy innovations.

• Emerging technologies are fluid. In 
developing countries, they can adapt 
to support the development of energy 
and energy access systems for the 
poor, while in developed markets, 
they can encourage the creation of 
environmental monitoring systems and 
new products and services to support 
the energy transition.

EXECUTIVE SUMMARY
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WHY NEW SUSTAINABLE 
TECHNOLOGIES ARE EMERGING

Technological change brought on by new 
sustainable technologies, or emerging 
technologies, or emerging green technologies 
(EGTs) is relevant for both developed and 
developing countries. An emerging technology 
is any technology that has already reached 
a certain technological maturity, but still 
has a comparatively low market share in 
the world or is still in a comparatively early 
stage of technological maturityi - but ready 
for deployment at the pilot or demonstration 
scale. 

Growing interest in EGTs arises from  
a confluence of four factors:

• Ever-growing attention on the need to 
slow climate change and adapt to its 
impacts, leading to tightening national and 
corporate policies;

• Efforts to widen energy access and 
decrease energy poverty and insecurity, 
both in developing and developed 
countries;

• Improving performance of deployed green 
technologies, raising interest in new 
innovations and creating novel follow-on 
opportunities;

• Creation of new EGT possibilities by 
advances in wider fields of innovation, such 
as AI and biotech. 

• Emerging sustainable technologies are not 
simply pieces of equipment or code. They 
have to be embedded in business models, 
markets, regulatory frameworks, and social 
systems in order to be effective.
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Rates of progress towards energy access, 
increased efficiency, decarbonisation, fuel 
diversity and lower pollutant emissions since 
the 2015 Paris Agreement and the UN’s 2015 
Sustainable Development Goals are still 
considered far from what is required to achieve 
the stated objectives of these two international 
treaties.

New technologies will therefore play a decisive 
role in fulfilling countries’ nationally determined 
contributions (NDCs) while at the same time 
facilitating the decoupling of economic 
growth, energy demand, and environmental 
effects. Adoption of new technologies can 
contribute to the faster achievement of the 
climate change mitigation pathways set by the 
Intergovernmental Panel on Climate Change’s 
(IPCC) and the 2030 Agenda for Sustainable 
Development, through several mechanisms. 
These include faster and wider deployment 
of novel solutions to economic, social, and 
environmental obstacles that operate as binding 
constraints on development; supporting more 
inclusive forms of participation in social and 
economic life; replacing environmentally costly 

Figure 1 Readiness of technologies to meet the IEA’s 
Sustainable Development Scenarioii 

modes of production with more sustainable 
ones; and giving policymakers powerful tools 
to design and plan development interventions. 

Emerging technologies are fluid. In developing 
countries, they can adapt to support the 
development of energy and energy access 
systems for the poor, while in developed 
markets, they can encourage the creation of 
environmental monitoring systems and new 
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products and services to support the energy 
transition. They can also help in closing the 
science, technology, and innovation (STI) gap 
between developed and developing markets, 
meeting the transformative promise of “leave 
no one behind”, which is the hallmark of the 
2030 Agenda for Sustainable Development and 
its Sustainable Development Goals.

Developed countries are often characterised 
by large, well-established energy systems and 
infrastructure, mostly developed on traditional 
hydrocarbons, which can be challenging to 
adapt to new sustainable technologies without 
extensive retrofitting and overhaul. These 
changes also could have damaging socio-
political consequences. Developing countries, 
especially least developed countries (LDCs) 
often have very limited access to energy and 
energy systems. Developed markets, therefore, 
may be able to assist these countries in 
embarking on their sustainable development 
by bypassing traditional, more-polluting 
forms of energy through modern, emerging 
sustainable technologies for energy security. 
Hence, EGTs offer unique opportunities for 
closer collaboration between developed and 
developing countries, in pursuit of the needed 
transition of the global energy system.

AREAS OF NEW 
TECHNOLOGICAL ADVANCE

Advancements in the digital sphere, like 
Artificial Intelligence (AI), Big Data, remote 
sensing, robotics, and Internet-enabled tech, 
has resulted in applications that can enable 
higher efficiency and decarbonisation across 
the entire energy value chain. They can also 
create, measure, develop and monitor the 
effectiveness of development programmes and 
progress towards climate and sustainability 
goals.

Figure 2 Global CO2 emissions pathwaysiii

Emerging technologies in renewable energy 
could target higher efficiency or improved 
reliability or wider availability at a fraction 
of the cost of current approaches. These 
include advanced solar and wind, new 
renewables (such as tidal energy, wave 
energy, and ocean thermal), advanced 
batteries to support renewable energy, and 
superconductors. Research into nuclear 
fusion is also growing, but it remains 
technologically enormously challengingiv, 
which reduces its likelihood to contribute 
effectively to the energy transition in the 
near-term.
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Table 1 Key Emerging Technologies of the Decade

Research Series 2021 September



AREAS OF NEW 
TECHNOLOGICAL ADVANCE

6

Other emerging technologies address energy 
supply through low-cost, higher-efficiency, 
low- or zero-carbon sources. These include 
carbon capture, use, and storage (CCUS), 
hydrogen for power and industry, ammonia 
for transportation and heavy industry, 
battery storage systems to support renewable 
variability and power demand in electric 
vehicles, and other renewables, including 
geothermal and ocean energy.

These technologies can support the energy 
transition in a variety of ways, such as 

EGTS: TWO CASE STUDIES

The two case studies presented below, relate 
to emerging technologies that can increase 
the deployment rates of low-carbon sources 
of energy, particularly in end-use sectors 
like transport, industry, and residential and 
commercial buildings. They are advanced CCUS 
(with direct air capture (DAC)), and hydrogen. 
DAC has the advantage of contributing to a 
circular form of emissions by leveraging fossil 
fuel-fired power generation sources in favour 
of renewables, while hydrogen (in both blue 
and green forms), will play an essential role in 
decarbonisation of heavy industry and long-
distance transport.

 
Advanced CCUS and Direct Air Capture 
(DAC)

How does DAC work?

DAC tackles legacy and ongoing/residual 
emissions by removing CO2 directly from the 
atmosphere. Although relatively expensive, 
it will be required in many ‘overshooting’ 
trajectories of emissions to achieve 1.5°/2°c 
goals. It may also be cheaper than directly 
decarbonising the most difficult remaining 
sectors. On its own, DAC could assist in meeting 
CO2 removal goals by becoming part of a larger 
portfolio of decarbonisation efforts.

Solid sorbent systems, which require 
significantly less heat than liquid solvent 
systems (80°c, compared to 900°c), can utilise 

• Vehicular automation, that involves the 
use of mechatronics, AI, and multi-agent 
systems that can navigate road transport 
and scope energy-resource rich fields 
without the need of an operator; 

• Autonomous mining systems that can 
enable more efficient extraction of 
minerals, critical materials, and rare 
earth elements (REEs) to support the 
manufacture and deployment of clean 
energy systems (such as panels for solar 
photovoltaic, and electrolysers for zero-
carbon hydrogen);

• AI for more optimised agriculture and 
biotech, with parallels for the manufacture 
of biofuels and synthetic fuels for ground, 
marine, and air transport;

• Cloud and high-performance computing 
for more efficient resource appraisal;

• Additive manufacturing (‘3D printing’) to 
cut material waste, lower logistics and 
maintenance expenses, and produce more 
efficient or, in some cases, completely 
novel energy system components;

• Predictive maintenance.

Some examples of important EGTs are: facilitating greater integration of clean energy 
into power systems, grid flexibility, faster 
and intelligent decision making to optimise 
operating and capital costs for energy systems, 
refined system operations, and implementation 
of new market designs for more sustainable 
energy systems.
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heat generated from waste (another  
sustainable technology) to release captured CO2 
into permanent storage, or for use in 
various products and applications. Both systems 
can be powered by renewable  
energy, or, as in the case of the solid sorbent 
system, by recovering waste heat, significantly 
reducing lifecycle emissions. The main 
technological challenges are to scale up DAC 
and reduce its costs via manufacturing-type 
processes.

Where is it being established?

In north-east Scotland, Europe is establishing 
its first large-scale CO2 DAC facility which will 
help remove between 0.5-1 Mtpa of CO2 from 
the atmosphere to help achieve the net-zero 
emissions target of 2050. Captured CO2 will 
be stored deep below the seabed in Scotland’s 
extensive offshore storage sites. In Iceland, the 
Orca project recently began capturing 3000 
tonnes/year of CO2 and storing it in basalt where 
it is expected to react to form solid minerals. 
However, storage is not always feasible, requiring 
alternate offtake arrangements. In countries 
with oil and gas resources, captured CO2 could 
be used for enhanced oil recovery (EOR) to boost 
hydrocarbon export security, although lifecycle 
emissions would not decrease substantially due 
to the utilisation of that oil and gas elsewhere. 
Using the CO2 in construction material and 
plastics can provide a long-term storage solution 
spanning decades, or even centuries, especially if 
such products are biodegradable.  
 
How can it contribute to a circular system of 
emissions?

From an energy supply perspective, there is an 
opportunity to power DAC through leveraging 
natural gas power plants that would otherwise 
be retired before the end of their lifetimes 
in favour of renewable energy sources. This 

strategy would involve converting some 
portion of the natural gas fleet into combined 
heat and power plants coupled with CCUS 
to power DAC. This arrangement could 
provide power to the grid during times of 
peak demand when renewable intermittency 
and variability limit renewable generation, 
and during non-peak hours, when excess 
renewable energy is produced, that renewable 
energy could power DAC.

Then, the captured CO2 through DAC could 
be processed into synthetic crude, which 
can be turned into petrol, diesel, and jet fuel 
for sectors where electrification remains a 
challenge, such as marine and air travel. This 
process adds little to no new emissions to the 
atmosphere, compared to traditional fuels. The 
fuels release the captured CO2 when they’re 
burned, returning levels to where they were, 
or, if the CO2 is recaptured, result in a circular 
system of emissions. With this strategy, DAC 
could not only make use of surplus renewable 
electricity but contribute to a circular system 
of emissions.
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Figure 3 Illustration depicting how direct air capture can leverage natural gas power in favour of renewables and support the 
creation of synthetic crudev 

Hydrogen 
 
How can hydrogen support the energy 
transition?

As the future use of oil and gas will be 
constrained by climate limits, fossil fuels need 
to embark on smart decarbonisation solutions 
that can help secure their role in the future. 
Blue hydrogen, which can be produced from 
natural gas in combination with CCUS, is 
one such solution, and one that has gained 
significant traction in the Middle East 
hydrocarbon producing countries recently. 

To align with decarbonisation targets and 
measures such as an EU carbon border tariff, 
hydrogen can be used to produce  
derivatives (such as steel and ammonia) which 
can be exported. These materials  
would be easier to transport globally  
than native hydrogen. Another approach 

would be to export a fuel such as liquefied 
petroleum gas (LPG) or ammonia, which would 
be reformed into hydrogen in the destination 
market or used as blend stock, then receive 
back a shipment of CO2 for storage.  

Green hydrogen can be the final pathway to 
a net-zero portfolio 
 
Green hydrogen can be the final pathway to  
a net-zero portfolio for hydrocarbon 
producing countries that are also endowed 
with renewable sources. In areas with ample 
solar and wind power, electrolysers can be 
powered with zero-carbon energy to produce 
green hydrogen. Currently, green hydrogen is 
still expensive compared to grey and blue. The 
cost of hydrogen from electrolysis depends 
on the technology used and its efficiency, its 
costs (primarily capital, with operating costs 
less important), the cost of input electricity, 
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the lifetime of the electrolyser, and its load 
factor (how much is used relative to maximum 
capacity). 

How will it become cost-competitive?

To become cost-competitive, low-carbon 
electrolytic hydrogen needs to be produced 
from renewables and/or other clean energy 
with high availability and low costs, possibly 
a combination of solar PV, off-peak nuclear, 
concentrated solar thermal power (CSP) and 
batteries.  The Middle East, US, Australia, and 
certain parts of South America are best suited 
to take advantage of their favourable renewable 
resources to become leading producers of 
green hydrogen. Until green hydrogen becomes 
economically viable, these countries, which are 
also significant producers of hydrocarbons, can 
utilise their fossil fuel wealth to produce blue 
hydrogen, by integrating it with CCUS systems.

Key technological needs for blue hydrogen 
are low-cost capture with high capture 
rates (95%+). Autothermal reformers 
look more likely to achieve this than the 
commoner steam methane reformers. For 
green hydrogen, key technological needs are 
reducing electrolyser costs by scaling up and 
streamlining manufacturing and reducing the 
need for precious metal inputs. Solid oxide 
electrolysers are currently expensive and 
require high temperatures but have a promising 
technological path to reduce costs, improve 
efficiency and make use of waste heat.
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EGTS CAN ACCELERATE ACTION 
ON THE IPCC’S GHG EMISSIONS 
PATHWAYS 

Figure 4 Illustration depicting geographies with favourable blue hydrogen and green hydrogen production conditionsvi 

Emerging technologies are potentially 
the world’s most powerful influencer to 
accelerate action on the Intergovernmental 
Panel on Climate Change’s (IPCC) GHG 
emissions pathways limiting global warming 
to 2°c/1.5°c. Increased efficiency via 
sustainable technologies can play a central 
role not only in tackling climate change 
and assisting world governments achieve 
emission mitigation targets as outlined 
under their NDCs, but also crucial sustainable 
development goals.

Efficiency as a result of technology advances 
has helped constrain recent growth in 
emissions. The benefit of internet-enabled 
tech was most pronounced during the 
height of the coronavirus pandemic 

in 2020, when remote work applications, 
teleconferencing, and remote sensing replaced 
traditional mobile-based activities, particularly 
road transportation/commute for work and 
education, air travel for business and leisure, 
and workforces at energy, construction, 
manufacturing, and industrial sites. 

While fossil fuel consumption fell by record 
amounts for most of the year, renewables 
and electric vehicles, meanwhile, two of the 
main building blocks of the energy transition, 
remained largely immune to the effects of the 
pandemicvii. In the case of electric vehicles, this 
was mainly due to policy support in the EU 
and stimulus measures in China, encouraging 
adoption of technologies to support the 
transition. 
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Figure 6 Renewable energy capacity growth, 2010-2020ix

Figure 5 Drop in CO2 emissions in 2020viii 

Renewable electricity was the main gainer, 
especially in Asian and African geographies. 
Countries whose economic activity and mobility 
was hardest hit as a result of the pandemic, 
particularly China and the US, completed a 
record amount of renewable energy capacity in 
2020, on the back of policy support, resulting 
in higher renewable energy generation in early 
2021.
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Key emerging technologies can trigger 
revolutionary innovation leaps beyond 
the confines of individual economic 
sectors, but to do so requires raw materials 
and technological devices to guarantee 
competitiveness. Batteries, high-power 
motors, capacitors, electrolytes, circuits, 
transistors, and semiconductors (all used in 
the manufacturing of modern technologies 
and technological products) require critical 
minerals and metals. Apart from raw material 
needs, emerging technologies also need to be 

backed by improved developments in material 
science concerning their manufacture, with 
issues such as tensile strength, heat resistance 
or conduction, strength to weight ratios, 
rigidity, etc. being key to modern R&D. The 
recent post-pandemic unlocking has strained 
supply chains, at least temporarily halted 
progress in falling renewable energy costs, and 
given a foretaste of the challenge of supplying 
sufficient raw materials and intermediate 
components for the mass deployment of 
systems such as electric vehicles. 

Table 2 Key emerging technologies in the renewable and clean energy space
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OTHER AREAS OF EMERGING 
SUSTAINABLE TECHNOLOGIES

Emerging sustainable technologies are not 
limited to applications in the energy sector. 
Conversely, advances in broader technologies can 
be found to have energy-related applications. 
The transition to a low-carbon future requires 
technical and progressive innovations in sectors 
that share cross-cutting themes with energy. 

Sectors like mobility, AI, automation, 3D printing, 
remote sensing, biotech, and geoengineering 
are all examples of sectors developing 
technological innovations to support the energy 
transformation. Table 5 summarises such key 
emerging technologies. It can be seen that 
several of them are cross sectors, for instance the 
synergies of AI and remote sensing, automation 
and EVs.

Table 3 Other areas of emerging sustainable technologies

Research Series 2021 September



THE IMPACT  
OF EMERGING  
SUSTAINABLE TECHNOLOGIES  

16

Higher adoption of renewable energy 
technologies can encourage interaction with 
other frontier emerging technologies like big 
data and AI technologies. For example, in 
countries with ambitious renewable energy 
expansion plans, machine-learning algorithms 
can be used to predict the output of solar (and/
or wind) farms, allowing scheduled energy 
delivery to the grid. Convergence of renewable 
energy systems with digital technologies can 
also help renewables’ costs to fall further. This 
can encourage uptake of new materials and 
processes in the manufacture of renewable 
energy technologies, and in the distribution of 
renewable power, making them increasingly 
competitive with fossil fuel power generation, 
particularly in countries that have limited access 
to energy.  For example, coupling big data with 
energy distribution allows households to feed 
surplus energy back into the electricity grid, 
transforming into a potential source of income 
for poorer households. 

AI, meanwhile, when combined with innovative 
storage technologies, and new battery types, 
can help address the intermittency of renewable 
energy better through dynamic adjustment 
of supply and demand. Newer battery and/
or storage methods may have better affinity 
to new materials being researched for the 
manufacture of renewable energy systems 
to improve their efficiency. This can facilitate 
wider and more far-reaching deployment of 
renewable energy technologies, especially in 
countries which have a natural resource base of 
such materials. 

Advances in battery and storage technologies 
can also improve the performance of electric 
vehicles. When supported by proactive policies, 
as in the EU, such advances result not in only in 
a significant growth in market share, but also 
in improvements in R&D and scaling, which can 
benefit overall GHG emissions reduction. 
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A larger share of renewables in a country’s 
overall generation mix improves the climate 
impact of vehicle electrification. It also 
offers synergies with storage and managing 
intermittency challenges, via smart grid 
technologies. EVs could be used to supply 
power to the grid through bidirectional 
charging, making it possible to reduce demand 
for electricity during peak consumption 
periods, or to sell back stored power to utilities. 

Beyond transportation and power, 
decarbonisation of industry, such as cement, 
iron, steel, and chemicals, through technologies 
like CCUS, electrification of industrial heat, 
and hydrogen can facilitate innovation and 
advanced low-carbon production routes for 
key industrial products. After energy efficiency 
and materials efficiency, CCUS is the third 
most-important lever for emissions reductions 
in industry.

Figure 7 CO2 emissions from EVs compared to diesel 
vehicles in Europexx
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Figure 8 Emissions reductions for key industry subsectors 
(cement, iron and steel, chemicals) by mitigation strategy, 
CTS compared with RTS, 2017-60xxi 

The IEA’s Reference Technology Scenario 
(RTS) is the baseline scenario that takes into 
account existing energy and climate related 
commitments by countries, including the NDCs 
pledged under the Paris Agreement to combat 
climate change, limit emissions, and improve 
energy efficiency. Under the RTS, the share of 
emissions from industry will rise significantly, 
if CCUS is not deployed on a large scale. The 
Clean Technology Scenario (CTS), which lays 
out an energy system pathway and a CO2 
emissions trajectory in which CO2 emissions 
related to the energy sector are reduced by 
around three-quarters from today’s levels by 
2060, shows that CCUS can contribute nearly 
30% of the cumulative emissions reductions 
compared to the Reference Technology 
Scenario. 

Other innovative technologies in industry, 
especially digitalisation, will also play an 
important role in transitioning the sector 
to a low-carbon future. Advanced materials 
and robotics can reduce costs of emissions 
reduction technologies like CCUS. The 
greatest potential for reducing costs lies in 

the application of AI and internet-enabled tech 
in predictive maintenance and automation, 
particularly in carbon storage. 

Emerging technologies are also helping to pave 
the way to a greenhouse gas-neutral future 
in other sectors of the economy, including 
agriculture, aerospace, construction, finance, 
materials and textile science, electronics, IT and 
communications, medicine, biotech, neuroscience, 
military, space, robotics, transportation, 
and mobility. They can enable new forms of 
transparency, control and collaboration, and can 
provide the data for better informed production 
and consumption decisions, providing new tools 
for environmental policies. 

The World Economic Forum’s Exponential Climate 
Action Roadmap argues that digital technologies 
alone can help reduce global emissions by 15% 
by 2030xxii, particularly through exponential 
technologies (technologies whose output per 
dollar or size is consistently accelerating), like 
5G, cloud computing, first-generation industrial 
automation, and drones.
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INTEGRATING EGTS INTO 
THE BROADER SUSTAINABLE 
ECONOMY AND SOCIETY

EGTs on their own cannot drive the energy 
transition. They require innovation in 
enabling infrastructure, in business models, 
in systems operation, in market design, and 
in government action to create integrated 
solutions that assist in decarbonising end-
use sectors. The transformation towards EGTs 
within the scope of sustainable production 
and consumption patterns requires action 
across several levels.

• EGTs as part of production processes 
across the entire value chain of an 
economy requires the acquisition of 
technical skills. This will require actors 
in the energy, manufacturing, industry, 
and construction sectors to familiarise 
themselves with successful concepts 
for the introduction of EGTs as well 
as with the competitive advantages 
these technologies can provide for their 
companies. 

• Businesses need to reflect on corporate 
strategies and their effectiveness with 
respect to new and evolving technological 
contexts. They can define newer business 
models, new implementation modalities, 
and new tools to adapt to an EGT-driven 
transition. For traditional hydrocarbon 
businesses, automation, connection, and 
aggregation through big data analytics, 
and AI can be helpful in building a low-
carbon business ecosystem with concrete 
benefits.
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• Developing sustainable materials turnover 
can help in the development of advanced 
science and technology concepts with 
potential synergies critical for future 
materials cycles. Examples of possible 
changes to patterns of materials cycles in 
materials turnover are hybrid value-adding, 
green chemistry, bionic process concepts, 
personalised value-added chains, cross-
sectoral recyclable materials symbioses 
(such as net-zero industrial parks), and 
usage-centred business models. 

• Governments embracing EGTs for a 
sustainable ecosystem can be the primary 
drivers of green consumerism (a state in 
which end-users demand products and 
services that have undergone a low-carbon 
and/or eco-friendly production process) by 
committing to environmental upgrades. 
These include policies for the judicial 
allocation of natural resources, waste 
reduction, and the maintenance of an 
ecological balance.

• Regulatory bodies and policymakers 
can target the integration of emerging 
sustainable technologies into industry by 
providing solutions for the standardisation 
of systems, platforms, protocols, digital 
skill sets, and security. This can encourage 
a shift from legacy business models 
underpinning industry in favour of more-
digitised, sustainable models.

• Public and private investment in innovation 
needs to grow significantly, and innovation 
support must be coordinated across 
national governments and international 
initiatives, and with the private sector. 
As a first step, governments should fund 
research that will create a continuous 
pipeline of innovations, which can then be 
refined by the private sector and bought to 
market.

• International partnerships can assist and 
amplify efforts to integrate EGTs into 
society. They can add value by informing 
decision-makers on shared innovation 
needs and building a consensus on shared 
priorities; enabling cross-border R&D 
programmes; connecting policymakers, 
investors, experts and innovators from 
different countries; tracking levels of 
investments; developing collaborative 
strategies by convening expertise from 
different countries; and encouraging good 
practice. 
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IMPLICATIONS FOR MAJOR OIL 
AND GAS PRODUCERS

Emerging technologies are the future of the 
energy transition. Mature technologies like 
renewables will encourage the bulk of initial 
progress towards a net-zero future, but it 
will be the technologies in early adoption 
(like CCUS and hydrogen, automation 
and digitalisation) that will drive fuller 
decarbonisation, especially of more challenging 
sectors.

EGTs will have a significant impact on global 
demand for oil and gas by transforming the 
hydrocarbon value chain. Exports of oil and 
gas will transform into exports of embedded 
oil and gas products with applicable carbon 
regulations, so that large hydrocarbon 
producers continue to enjoy export markets in 
geographies with stringent climate controls.

Leading hydrocarbon producers can play 
an active and important role in developing 
and integrating new EGTs to transform their 
businesses into low carbon. They can define 
new implementation modalities, and new tools 
to adapt to an EGT-driven transition. 

A major opportunity lies in the drawdown 
of atmospheric CO2 for net-zero ambitions. 
Hydrocarbon producers can partner with 
developers of direct air capture projects to 
leverage natural gas power plants in synergy 
with renewable energy sources and output new 
fuels like synthetic crude for transport. 

MENA oil and gas producers can convert 
EGTs like DAC into business opportunities by 
utilising their subsurface reservoir expertise 
to offer safe CO2 disposal as a service. This 
can encourage collaboration and partnership 
with international governments and R&D 
organisations and will encourage policy 
mechanisms that reward carbon-abatement 
ETGs. 

Technologies like internet enabled-tech, drones, 
AI, big data, and electronic monitoring can 
enable safer and more optimised oil and gas 
production activities in areas with complex 
geologies. 
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Technological innovation will continue to be 
the critical enabler of progress towards the 
energy transformation. However, for EGTs to 
drive decarbonisation of all end-use sectors of 
the economy, innovation priorities need to be 
refreshed to encourage integration of higher 
shares of EGTs into the broader sustainable 
economy and society. 

Innovation in EGTs needs to be broader 
than just R&D, and must be accompanied 
by innovations in business models, policies, 
processes, and market designs. Initially, this can 
accelerate the integration of a higher share 
of mature EGTs like renewable energy into the 
value chain, which is key to decarbonising end-
use sectors like buildings and transport. 

In the medium- to long-term, EGTs can enable 
affordable decarbonisation of industrial 
activities such as iron and steel making, cement 
production, chemical and petrochemical 
production, along with marine and air 
transport. 

International collaboration can foster the 
adoption of EGTs in developing markets and 
help in narrowing the developmental gap 
between developing and developed markets. 
Government to Government partnerships will 
play a crucial role in this regard, as they can 
be the precursor to private sector investments. 
They can do this through clear signalling of EGT 
innovation priorities, addressing policy barriers, 
providing enabling infrastructure, convening 
different actors to move projects forward, 
and co-investing, where required, to minimise 
financial risks. 
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