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About UKPIA
The United Kingdom Petroleum Industry Association (UKPIA) is the trade association for the 
UK downstream oil sector. We represent the interests of our members and associate members 
across the industry, who are involved in the refi ning, distribution and marketing of oil and gas 
products in the UK.

Members

Associate members

Disclaimer: 
This report has been prepared by UKPIA by its own assessment and does not represent the combined views of its members. All data shown in tables and charts are 
UKPIA’s own data, except where otherwise stated and cited in endnotes, and are copyright © of the UK Petroleum Industry Association. This report is the intellectual 
property of UKPIA and may not be published or distributed without prior written permission. The modelling and results presented are based on information provided 
by third parties, upon which UKPIA has relied in producing its report and forecasts in good faith. Any subsequent revision or update of those data will aff ect the 
assessments and projections shown.

This is an illustrative report for information only and is intended to indicate how the downstream oil sector might operate in a future scenario; there may also be other 
potential operations and many alternative scenarios. UKPIA disclaims all liability and responsibility for any decisions or investment which might be made on the basis of 
information provided in this report. There should be no implied commitment from UKPIA (or any of its member companies) to operate using the processes described; 
how businesses are developed and operated is a commercial matter for individual companies. 
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1 Executive Summary

The downstream oil sector lies at the heart of 
the UK economy. It provides a secure supply 
of aff ordable energy for road and rail transport, 
aviation and marine applications, as well as 
for commercial and domestic heating. It also 
supplies feedstocks for the petrochemicals 
sector, along with specialised non-energy 
products such as lubricants, bitumen for 
use in road surfacing, and graphite for use in 
electric vehicle batteries and as electrodes in 
steel and aluminium manufacture.
The sector therefore has an opportunity to be 
at the heart of an orderly and fair transition 
to a Net-Zero economy. The sector, by 
reinventing itself, using its extensive resources 
to decarbonise its activities and products 
and help other sectors decarbonise can be 
critical in the future supply of new energy 
carriers and technologies such as hydrogen 
supply, energy storage and carbon capture, 
utilisation and storage.
“Transition, Transformation, and Innovation” 
builds on the UKPIA Future Vision report,1
published in July 2019. 
Key conclusions are as follows:
Low carbon liquid fuels (LCLF) provide an 
eff ective and important means to decarbonise 
transport.
Hydrogen will be a major opportunity for both 
industrial and transport decarbonisation.

A systems-based approach is supported 
strongly, along with carefully coordinated 
policy interventions to support innovation 
and investment for sectors that are diffi  cult to 
decarbonise using current technologies.
The downstream oil sector continues to 
evolve and is already contributing signifi cant 
emissions reductions whether it be through 
delivery of biofuels or by reducing emissions 
in the manufacturing process. Multiple 
technological means exist to reduce 
manufacturing processes’ emissions to zero 
and deliver liquid fuels that have signifi cantly 
lower carbon emissions across their lifecycle, 
which could be delivered at scale under the 
right economic framework.
All scenarios considered in this report continue 
to model a need for liquid fuels. Lubricants 
and other special products currently obtained 
from crude oil are also important enablers of 
decarbonisation right across the economy and 
are likely to be needed to meet the Net-Zero 
target. The sector, as well as delivering LCLFs 
that decarbonise transport, has the potential 
to play a role in the decarbonisation of many 
other sectors – through industrial clustering, 
making better use of waste industrial heat for 
domestic heating as well as contributing its 
70 years of experience of managing hydrogen 
to drive the establishment of the UK’s new 
hydrogen economy.2

Transition, Transformation, and Innovation  |  Chapter 1: Executive Summary
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Companies in the downstream sector are 
ready and willing to rise to the challenge in 
helping the UK meet its Net-Zero target. 
To do so, it is necessary for a joined up UK 
Government to work hand-in-hand with 
the sector, to deliver the policy framework 
which enables businesses to transform and 
deliver a “just transition”. The downstream 

sector is well-established with a history of 
delivering major projects with its highly-
skilled workforce, but such is the ambition in 
reaching the Net-Zero target that it cannot be 
done alone. 
UKPIA and its members wish to work with 
governments on the following policy options:

Public Policy Recommendations

 1 Stimulate early demand for LCLFs and hydrogen for transport 1 Stimulate early demand for LCLFs and hydrogen for transport;

 2 Ensure consumers are informed on the role of LCLFs for decarbonisation; 2 Ensure consumers are informed on the role of LCLFs for decarbonisation;

  3  Revise CO  3  Revise CO2 standards and emissions labels for vehicles to show lifecycle 
emissions;

 4   Industries and UK Government to develop sector-specifi c plans to  4   Industries and UK Government to develop sector-specifi c plans to 
decarbonise sectors with limited decarbonisation options (e.g. aviation);

  5  Deliver a hydrogen strategy that sets out policy, regulatory and preferred   5  Deliver a hydrogen strategy that sets out policy, regulatory and preferred 
business frameworks and gives clarity about how supply and demand can 
be grown together;

 6  Improve the UK business environment to position the UK as fi rst choice for  6  Improve the UK business environment to position the UK as fi rst choice for 
decarbonisation investment and enable companies to compete globally;

  7  Continue to promote industrial clusters with the downstream oil sector at   7  Continue to promote industrial clusters with the downstream oil sector at 
their centre;

 8  Prepare the workforce to deliver Net-Zero in a “just transition” 8  Prepare the workforce to deliver Net-Zero in a “just transition”; 

  9  Ensure Government support for UK research, development and deployment   9  Ensure Government support for UK research, development and deployment 
of all manufacturing and transport decarbonisation technologies aligns 
with company needs; 

 10  Deliver a regulatory framework that allows for innovation. 10  Deliver a regulatory framework that allows for innovation.
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2 . Introduction

About this Report

“Transition, Transformation, and Innovation”
is UKPIA’s contribution to the discussion on 
how to meet the UK’s energy demands while 
reducing carbon emissions as required by the 
UK’s new Net-Zero target. 
As in the Future Vision report,1 a compelling 
case for LCLFs is made, while the role of 
hydrogen is expanded. In addition to the 
eff orts made by the UK downstream oil sector 
to develop large-scale projects to introduce 
innovative technologies needed to reduce 
carbon emissions, the sector has worked to 
improve its energy effi  ciency and reduce other 
emissions associated with the production 
and delivery of petroleum products. While 
refi neries have succeeded in reducing CO2, 

NOx, and other emissions, terminals and 
other parts of the distribution apparatus have 
successfully reduced non-methane volatile 
organic compound emissions by nearly 60% 
since 1999.3

The economic challenges created by the 2020 
COVID-19 pandemic do not change the need 
to decarbonise, but the challenge in meeting 
the Net-Zero target does place emphasis 
on the need to deliver a green recovery. The 
COVID-19 recovery and the Net-Zero target 
must be addressed as twin challenges in 
order to meet the UK’s decarbonisation target 
in an effi  cient manner that makes best use of 
limited resources. Many of the suggestions 
presented in this report strive to address 
these interlinked challenges together.
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The report fi rst considers some of the early 
progress made towards the introduction 
of technologies featured in last year’s 
Future Vision report. See Chapter 2

 In light of amendments made to the UK’s 
Climate Change Act in 2019, the scenarios 
presented in the Future Vision report have 
been updated by their original publishers. 
UKPIA has analysed the updates to identify 
changes to scenarios arising due to 
Net-Zero. See Chapter 3

Given the changes in the scenario analysis, 
one of many possible illustrative Pathways to 
Net-Zero is presented for the downstream oil 
sector. See Chapter 3

Focus then turns to the multiple technologies 
that can off er signifi cant decarbonisation 
potential for the sector – both for reducing the 
emissions of the manufacturing process and 
for delivering new LCLFs and other specialist 
products. See Chapter 4

The fi nal chapter identifi es the challenges 
to delivering Net-Zero and suggests 
constructive actions and meaningful 
policies that can be developed to meet long-
term goals. See Chapter 5

This document is designed to be used by 
decision makers, government offi  cials, 
industry stakeholders, academics, media 
and anyone who is interested in how 
existing industry can play a signifi cant 
role in achieving Net-Zero in the 
United Kingdom. The report explains 
how the downstream oil sector could be 
world leaders in this endeavour.

The Downstream Oil Sector 
in a Low-Carbon World

July 2019

UKPIA Future Vision
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Downstream Oil Industry Background

The downstream oil sector – consisting of 
refi neries, terminals, pipelines, and service 
station forecourts – provides a range of 
products and services for the UK, including 
petrol and diesel to fuel cars, Heavy Goods 
Vehicles (HGVs), buses, and trains; aviation 
fuel; marine fuel heating oil; LPG; bitumen; 
lubricants; and chemical feedstocks. 

GDP supported = £21.2 billion
£1 GDP in sector 
= £1.50 supported in economy

14%
decline in refi nery emissions

14%
decline in transport emissions 
(both since 1999)

Emissions

Economic Impact

Jobs

Source: UKPIA[3,4]

300k
supported jobs

124k
direct jobs 

100k
fi lling stations

24k
 refi neries and terminals 

1 job in sector
=1.4 jobs supported in economy

6 refi neries

60 terminals

3000 miles of pipelines

8000+ fi lling stations

Infrastructure

Source: UKPIA[*]
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Public Policy Background

Successive UK governments have taken the 
climate change challenge seriously and have 
sought to demonstrate leadership by enacting 
and contributing to national, European, and 
global policies. 
In June 2019, the UK legislated a commitment 
to a minimum net reduction of Greenhouse 
Gas (GHG) emissions of 100% by 2050, 
compared to the 1990 baseline.5 Since making 
this commitment, a number of entities have 
considered what will be required in order to 
meet it (see Chapter 3).

Common messages across Net-Zero 
scenarios include the need for contribution 
by all parts of the UK economy, including 
in some cases the need for changes to be 
made to existing business models and ways 
of life. Case studies throughout this report 
demonstrate the downstream oil sector’s 
active participation. If it is to be sustainable 
through 2050 and beyond, and continue 
its current contribution to the UK, in terms 
of jobs, infrastructure and GDP, then it too 
should be expected to continue to evolve to 
meet the Net-Zero future.

1992 2008 2018 2019

Rio Earth 
Summit

UK Climate
Change Act

CCC Advice UK Climate
Change Act
Amended

Adoption of the UN 
Framework Convention 
on Climate Change
(UNFCCC) with the
objective to stabilise
GHG concentrations. 

The UK became the first
country to introduce
GHG emissions 
reductions legislation. 
The UK Climate Change
Act in 2008 committed
the UK to a minimum
GHG emissions 
reduction of 80% by 
2050 from 1990 levels, 
and required the setting
of legally binding carbon 
budgets every five years.

Governments of the UK, 
Scotland, and Wales 
sought updated advice
from the CCC on their 
long-term emissions 
targets. 
In response, the CCC 
published Net Zero: The
UK’s contribution to
stopping global warming
(the CCC Net-Zero
Report) on 2 May 2019 
recommending that:
“The UK should set and  
vigorously pursue an 
ambitious target to
reduce … GHGs to ’net-
zero’ by 2050, ending
the UK’s contribution to
global warming within 30 
years”

The UK government
became the first major 
global economy to pass 
legislation requiring it to
end its contribution to
global warming by 2050, 
when it amended the UK 
Climate Change Act
2008 on 26 June 2019. 
The amendment
committed the UK to a
reduction in GHG
emissions by a minimum
of 100% by 2050 
compared to the 1990 
baseline.
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Progress Update
Since the publication of the Future 
Vision report, the UK downstream oil 
industry has continued the process of 
developing and deploying technologies 
and innovations needed to achieve 
sector and product decarbonisation. 
As this report will show in Chapters 
3 and 4, hydrogen is a crucial part of 
delivering Net-Zero in the downstream 
oil sector. Hydrogen has an important 
role to play in replacing refi nery fuel 
gas (RFG) as a source of energy in 
refi neries, and as an energy source that 
can be sold for other purposes such as 
transport or heating in the UK. In this 
sense, there is a strong investment case 
for hydrogen production, as is evident 
in the following examples, and will be 
explored in Chapter 5.

Gigastack Zero Carbon Hydrogen Plant
Until recently, hydrogen production via electrolysis 
had not been considered scalable for refi nery and 
other large-scale applications. Although smaller-
scale production had been considered for refi nery 
application,§ it had been viewed only as a late-
development option for refi nery hydrogen production. 
However, ITM Power Trading Ltd, in collaboration 
with Ørsted, Phillips 66, and Element Energy, are now 
progressing the Gigastack project,6,7 which seeks to 
demonstrate:
•  Scale up and cost reduction in the development of 

ITM Power’s polymer electrolyte membrane (PEM) 
electrolyser technology from 5 MW to 100 MW.

•  Development of a cluster-based approach using 
renewable electricity supplied from the Ørsted 
Hornsea Two off shore wind farm to generate 
hydrogen via electrolysis.

•  Use of green hydrogen to reduce refi nery CO2
emissions, although 
there is also potential 
to use oxygen co-
generated with the 
hydrogen to further 
reduce refi nery CO2 and 
NOx emissions from key 
process units.8

The Gigastack project 
has also received 
funding from Phases 
1 and 2 of the BEIS 
Hydrogen Supply 
Competition (£500k and 
£7.5m respectively).

Transition, Transformation, and Innovation  |  Chapter 2: Introduction

Source: Phillips66
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HyNet Low Carbon Hydrogen Plant
The HyNet Low Carbon Hydrogen (LCH) Project involves the development and deployment of 
a 100 kNm3/hr hydrogen production and supply facility. To be situated near Essar Oil’s Stanlow 
refi nery, HyNet will use Johnson Matthey’s LCH technology, which includes carbon capture.9

To be owned and operated by Essar, the plant will use refi nery fuel gas (RFG) as a feedstock, 
and the CO2 produced will be captured and transported through pipelines for storage in the 
Liverpool Bay gas fi elds, which are currently nearing depletion.10

The fi rst plant in the 
HyNet Project is being 
designed to produce 
approximately 3000 
GWh/yr of hydrogen 
with the capability to 
expand production by 
up to six times at the 
same site.
•  Hydrogen production 

would be integrated 
with the HyNet CCUS 
infrastructure at an 
initial capacity of 
10 MtCO2/yr, with 
potential to double 
output. 

•   The capital expenditure requirements for the fi rst plant have been estimated at around 
£253.9m, with the possibility that it can be commissioned by end 2024 if the linked CCUS 
project and hydrogen-fi ring within the refi nery can also be implemented by this date.

•   The HyNet project has received funding under both Phases 1 and 2 of the BEIS Hydrogen 
Supply Competition (£498k and £7.48m) and Phases 2 and 3 of the BEIS Industrial Fuel 
Switching Competition (£300k and £5.24m).

The hydrogen produced from the fi rst plant is intended to be used as a substitute for refi nery 
fuels currently used. A hydrogen-fi red combined heat and power (CHP) generation plant is 
also under consideration.11

Source: Cadent
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Scenarios and 
pathways 
for a Net-Zero 
future3

Transition, Transformation, and Innovation  |  Chapter 3: Scenarios and pathways for a Net-Zero future
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Energy transition scenarios published by 
the UK’s Climate Change Committee and 
Energy Systems Catapult demonstrate what 
is required to deliver emissions reductions 
associated with achieving Net-Zero in the UK 
by 2050. 

The scenarios all rely on the development of 
a signifi cant low-carbon hydrogen economy 
to achieve decarbonisation beyond the UK 
Government’s initial reduction target and 
require a larger role for carbon capture 
alongside widespread electrifi cation. 

As transport is the largest contributing sector 
to domestically emitted GHG emissions,12 in 
order to achieve Net-Zero, it will be necessary 
to expand the contribution of LCLFs to 
decarbonisation eff orts. All scenarios 
considered here retain a proportion of liquid 
fuels for use in hard to decarbonise areas. 

The use of scenarios in looking at the 
transition to a low or Net-Zero carbon 
economy is well-established. With scenario 
planning, the intention is not to predict the 
future, but to develop an understanding 
of how diff erent drivers and policies might 
infl uence that future, and to provide plausible 
pathways for that future. Now that the UK 
emissions reduction target has been made 
more ambitious, we revisit the scenario 
assessments fi rst considered in the Future 
Vision to understand what Net-Zero may 
mean for the sector.
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3.1  The Climate Change Committee 
Net-Zero scenarios

In its Net-Zero report,13 the CCC sets out a 
scenario identifying a number of options that 
in combination would produce an increasing 
level of emissions reductions to deliver Net-
Zero by 2050:

Core
The Core options identify a set of measures 
that would broadly deliver the UK government’s 
previous target of an 80% reduction in GHG 
emissions by 2050. These have relatively 
low costs and delivery barriers, and the UK 

Government has started to implement policies 
to deliver them. These options include energy 
effi  ciency improvements; decarbonisation 
of electricity and electrifi cation of light duty 
vehicles; decarbonisation of industrial and 
domestic heating; tree-planting and on-farm 
measures; diversion of waste from landfi ll; 
and phasing out of fl uorinated gases.

The Core options consider GHG emissions 
by sector (Figure 1), with the options identifi ed 
reducing emissions from 516 MtCO2e in 2017 
to 193 MtCO2e in 2050, a 77% reduction 
on the 839 MtCO2e emissions in 1990. The 
remaining emissions would largely be from 

2050 GHG Emissions for the CCC Core options compared to 1990 and 2017

Figure 1.               Source:  CCC Net-Zero Report

Note: The dotted line shows net emissions in 2050, taking into account negative emissions. See CCC Net-Zero Report Figure 
5.3 and Box 5.1 for further information.
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industry, agriculture, aviation, heavy goods 
transport and heating of buildings. Although 
the energy source of these emissions is not 
identifi ed, emissions from liquid fuels would 
be largely from the aviation and heavy goods 
transport sectors.

Further Ambition
Further Ambition options include more 
challenging additional measures to reach a 
96% GHG reduction by 2050. These include 
the development of a signifi cant low-carbon 
hydrogen economy to support further 
decarbonisation of industry, heavy goods 
vehicles, and shipping; major changes in land 

use and farming; and a larger role for CCUS 
at scale and in combination with biomass.
Under the Further Ambition options, additional 
deep decarbonisation measures are used 
to reduce emissions to 35 MtCO2e by 2050 
(Figure 2). The remaining CO2 emissions are 
largely from aviation, agriculture and industry 
with a large proportion off set by engineered 
removals. Sectors such as buildings and 
surface transport are able to reduce GHG 
emissions signifi cantly against the Core 
scenario.

CCC Further Ambition options – remaining emissions by sector and gas

Figure 2.                Source:  CCC Net-Zero Report

Note: The dotted line represents net emissions in 2050, taking into account negative emissions. 
See CCC Net-Zero Report Figure 5.5 and Box 5.1 for further information.
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Speculative
To close the gap from 96% to 100% (Net-
Zero) GHG reduction by 2050, further 
Speculative options are required. These 
include further changes in demand (e.g. in air 
travel and people’s dietary habits) alongside 
more radical shifts in land use; extensive 
implementation of CCUS, including direct air 
carbon capture and storage (DACCS) and 
bioenergy with carbon capture and storage 
(BECCS); or “successful development of 
a major supply of carbon-neutral synthetic 
fuels (e.g. produced from algae or renewable 
power)”.13

The Speculative options identifi ed are 
currently at low technology readiness levels, 
have very high cost, and/or have signifi cant 
barriers to public acceptability. The CCC 
considers that it is very unlikely that all would 
become available by 2050, but that some 
contribution is likely and will be required to 
close the gap to Net-Zero emissions.
In combination, the speculative options have 
the potential to deliver an additional reduction 
of over 150 MtCO2e, of which 33-45 MtCO2e 
is required to deliver Net-Zero (Figure 3).

Additional abatement potential from Speculative options in 2050

Figure 3.              Source:  CCC Net-Zero Report

Notes: The shaded area refl ects the range for additional emissions reductions required beyond the CCC Further Ambition options 
to get to Net-Zero emissions in 2050 (i.e. 33-45 MtCO2e). The AR5 GWPs area shows the higher emissions and emissions savings 
associated with higher global warming potential factors for GHGs, consistent with the upper end of the Net-Zero shaded area.
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The CCC has included potential changes 
in the emissions reductions required in its 
assessment through use of revised global 
warming potential (GWP) factors for GHGs 
taken from the Intergovernmental Panel on 
Climate Change (IPCC) Fifth Assessment 
Report (AR5).14  As shown in Figure 3, use of 
the revised GWP factors increases the level of 
emissions reduction required to achieve Net-
Zero by some 3 MtCO2e.

3.2  The Energy Systems Catapult 
Clockwork and Patchwork 
scenarios

The Energy Technologies Institute (ETI) fi rst 
published its scenarios for a low carbon 
energy system transition in 2015 in its 
“Options, Choices, Actions” paper.15 This 
presented a ‘systems approach’ to the UK-
level energy transition in the two scenarios 
“Clockwork” and “Patchwork”, based 
on outputs from a key model, the Energy 
System Modelling Environment (ESME). The 
ETI scenarios were intended to provide two 
plausible 2050 pathways to meeting UK 
climate targets to inform debate about how 
the UK would generate power and heat, and 
how to move people and goods in the future. 
The scenarios and ESME model were taken 
over by Energy Systems Catapult in 2017 and 
have been updated to take into account the 
Paris Agreement and publication of the UK 
Government’s clean growth strategy, along 
with their “Innovating to Net-Zero” report 
published in March 2020. 
The downstream oil sector has a signifi cant 
role to play in both the Clockwork and 
Patchwork scenarios, most notably in using 
its expertise in hydrogen along with its input 
into the transport, heating and power sectors. 
Clear regulatory frameworks are required 
to provide the sector with a pathway of 
investment to build on the work is it already 
doing towards Net-Zero. 

The downstream oil 
sector has a signifi cant 
role to play in both 
the Clockwork and 
Patchwork scenarios, 
most notably in using its 
expertise in hydrogen.
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3.2.1  Energy Systems Catapult 
“Clockwork” scenario

The ESC Clockwork scenario uses a 
centralised pathway to Net-Zero that sees 
long term, government-led, investment in 
energy infrastructure such as nuclear power, 
while “thanks to innovations in technology, 
policy and business models, the impact on 
people’s lives is relatively modest.”15

Main features of the Clockwork scenario 
impacting the refi ning and downstream oil 
sector and demand for liquid fuel products 
include:

•  Demand for transport 
continues to increase, with 
people less likely to reduce 

reliance on privately owned cars.

•  A ban on new cars powered solely by 
internal combustion engines (ICEs) 

prompts manufacturers to bring 
to market a range of hybrid and 

electric vehicles (EVs), which 
become the preferred 
propulsion options.

Transition, Transformation, and Innovation  |  Chapter 3: Scenarios and pathways for a Net-Zero future
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• Extensive electrifi cation of 
road transport, heating and industry 

leads to a total electricity consumption of 
524 TWh in 2050. Of the electricity supplied, 

approximately 40% is delivered by onshore and 
off shore wind and 50% by nuclear generation.

• Flexible generation in 2050 is provided by 6 
GW of combined cycle gas turbines with CCS 
and 22 GW of hydrogen gas turbines. Cheaper 

carbon capture rates of 95% are suffi  cient 
due to emissions headroom created in other 
sectors. Further fl exibility and resilience are 

provided by 8 GW of electricity storage and 
10 GW of interconnectors.

Power

• Large scale district heating 
is introduced from 2030. Gas and 

biomass CHP plants seed early, small 
scale networks. As these begin to grow and 

connect, heat is also recovered from large thermal 
power plants.

• Eventually, as carbon constraints begin to limit the 
operation of CHP and thermal power plants, nuclear 

small modular reactors are deployed to provide the bulk 
of the heat into these networks. Limited use of gas 

CHP facilities provides fl exibility and resilience, before 
this duty is taken over by hydrogen boilers by 2050.

• In thermally effi  cient homes, electric heat pumps 
are installed as standalone systems with hybrid 

gas systems used elsewhere. By 2050, 58% 
of UK domestic space heat demand is 

supplied by heat pumps.

Heat
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3.2.2  Energy Systems Catapult 
“Patchwork” scenario

The Patchwork scenario is based on a 
premise that central government takes less 
of a leading role, resulting in a patchwork of 
regional low-carbon strategies. Renewables 
like off shore wind and distributed solar PV 
gain popularity and supply most energy 
meaning little nuclear power is added, while 
an engaged population halves meat and dairy 
consumption by 2050, reduces their use of 
fl ying for transport after 2035, and supports 
signifi cant tree planning which contributes to 
a domestic supply of 80 TWh of biomass by 
2050.
Main features of the Patchwork scenario 
that impact the downstream oil sector, and 
demand for petroleum products include:

• A combination of 
urbanisation, diff erent working 

habits, and a positive public response 
to the need for climate action leads to 

a fall in private car ownership with public 
transport, walking and cycling being improved. 

• In response to the ban on ICEs and hybrids 
and consumer preference for low carbon 

transport, EVs become the most common 
type of car on the road by 2040.

• Demand for international fl ights falls away 
from 2035 and by 2050 the average 

passenger only travels the equivalent 
of two short trips to Europe 

each year (5000 km).
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• High levels of 
electrifi cation are used to 

decarbonise transport, heating, and 
industry, and to generate hydrogen by 

electrolysis. Over half (53%) of the total 700 
TWh supplied comes from on- and off shore 

wind, with other renewables such as solar PV, 
tidal stream, and geothermal energy supplying 

another 21%.

• Nuclear generation in 2050 is limited to 
around 161 TWh (23% of total) from three 

major plants and a limited number of 
small modular reactors.

Power

• There is greater migration 
of the population to major cities, 

which are more suited for district heat 
networks. Early networks are small and 
most of the heat is provided by gas and 

biomass CHP systems. Heat off take from 
thermal power generators provides additional 

energy as heat networks grow.

• As carbon constraints begin to limit operation of 
gas and biomass plants, heat must be provided 
by other means. Solutions depend on the region 

with some areas making use of geothermal 
resources, whilst others rely on large-scale 

heat pumps. Some areas adopt small 
modular nuclear reactors, with 

waste heat recovery.

Heat
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In comparison to the earlier ESC scenarios, 
which considered a target of 80% GHG 
emissions reductions, the updated Net-
Zero scenarios describe a larger role for 
hydrogen across the economy.
Understanding the role hydrogen will 
eventually play has important implications 
for the downstream oil sector. If industrial 
carbon capture, utilisation and storage 
(CCUS) develops at scale then steam 
methane reforming (SMR) production of 
hydrogen, as already happens on refi ning 
sites today, will be viable. If CCUS scale 
and rates of capture are lower, then 
hydrogen will need to be produced via other 
means such as hydrolysis using renewable 
electricity, which may be preferred to avoid 
the need for extensive CCUS infrastructure. 

•  Hydrogen is used in heavy goods vehicles (HGVs) as both a primary fuel and as a way of 
extending the range on battery electric trucks.

•   By 2050, around 250 TWh of hydrogen is needed to meet demands for industry, space 
heat, fl exible power generation, HGVs and shipping.

•  Emissions headroom created by 25 MtCO2 of DACCS and high capture rate CCS (99%) 
means 216 TWh of hydrogen can be produced by steam methane reformation with CCS. 
The remaining 34 TWh is produced by biomass gasifi cation with CCS.

Clockwork

Transition, Transformation, and Innovation  |  Chapter 3: Scenarios and pathways for a Net-Zero future

H
Contrasting Roles of Hydrogen in Net-Zero



25

•  Hydrogen fuel cell cars are less favoured due to their relative expense compared to EVs, 
however, hydrogen is again used in HGVs as both a primary fuel and as a way of extending 
the range on battery electric trucks.

•  Demand for international shipping rises steadily to 2050, partly in response to a shift away 
from air travel to Europe. However, by 2050, the international shipping fl eet is almost 
entirely decarbonised through the use of hydrogen.

•  In comparison to the Clockwork scenario, hydrogen production in 2050 is limited to 
below 200 TWh, of which 65 TWh is from biomass gasifi cation with CCS and 110 TWh 
from electrolysis using renewable electricity with 11 TWh produced via SMR. A failure to 
implement CCS systems with capture rates higher than 95% limits the amount of hydrogen 
that can be produced via SMR.

•  Around 11.5 million homes are retrofi tted with more effi  cient heating systems and energy 
effi  ciency measures by 2050, reducing space heat demand by 20-30%. New boilers 
installed after 2035 are hydrogen-ready in the lead-up to 2050 when natural gas ceases to 
play a role in domestic heating.

Patchwork
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3.3 Rising to the Challenge: 
The Case for Low Carbon Liquid Fuels
The three CCC Net-Zero sets of options 
and the ESC Clockwork and Patchwork 
scenarios each retain a small proportion of 
liquid fuels for use in aviation and to a limited 
extent for Heavy Goods Vehicles. In the ESC 
scenarios, demand for liquid fuels decreases 

Liquid fuel demand under the ESC scenarios

Figure 4.              Source:  ESC, UKPIA

0

10

20

30

40

50

60

70

2020 2025 2030 2035 2040 2045 2050

Petrol

Gas oil

Heating oil

Aviation kerosene

Fuel oil

Diesel

Cl
oc

kw
or
k

Pa
tc
hw

or
k

Transition, Transformation, and Innovation  |  Chapter 3: Scenarios and pathways for a Net-Zero future

to less than 25% of current levels (Figure 4). 
However, none of these scenarios consider 
future demand for a wide range of other 
petroleum products currently obtained from 
crude oil e.g. lubricants, bitumen for road-
building, petrochemical feedstocks (used to 
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manufacture thousands of diff erent products 
including plastics, medicines, cosmetics, 
furniture, appliances, electronics and solar 
panels) and perhaps just as importantly, 
graphite obtained from petroleum coke for 
use in batteries. As identifi ed in the CCC Net-

LCLFs provide the means for early decarbonisation of the 
existing vehicle fl eet, providing alternative sources of low-
carbon energy mainly using existing infrastructure.

Early introduction of LCLFs – before 2025 – would 
allow time for other technologies to reach technological 
maturity, for cost reduction and for development of the 
new infrastructure required to support deployment of 
those technologies at scale.

LCLFs provide fl exibility and choice between low-carbon 
technologies, supporting a “just transition” (see below) to 
Net-Zero. As they are compatible with most of the existing 
vehicle fl eet they are accessible to all.

LCLFs provide an opportunity for transformation in the 
refi ning and downstream oil sector, preserving jobs and 
skills required for the development of other technologies 
such as blue and green hydrogen production, energy 
storage, and CCUS.

Zero Report, carbon-neutral or low carbon 
liquid fuels will clearly have an important 
role to play in aviation and HGV road 
transport with modelled emission savings 
of 40 MtCO2e, but they are also of critical 
importance in other respects:

The case for Low Carbon Liquid Fuels
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The IEA Special Report on Clean Energy 
Innovation16 is clear that without a major 
acceleration in clean energy innovation, 
Net-Zero emissions targets will not be 
achievable. It also states:
•  “Energy effi  ciency and 

renewables are fundamental 
for achieving climate goals, 
but there are large portions of 
emissions that will require the 
use of other technologies.”

•  “There are no single or simple 
solutions to putting the world 
on a sustainable path to 
Net-Zero emissions. Reducing 
global CO2 emissions will 
require a broad range of diff erent 
technologies working across all 
sectors of the economy in various 
combinations and applications.”

UKPIA Position
UKPIA considers LCLFs and the refi ning and downstream oil sector to be critical 
facilitators for early decarbonisation and the longer-term transition to Net-Zero by 2050 
as part of a systems-based approach, rather than a sector by sector approach. The 
CCC and ESC scenarios do not refl ect the signifi cant contribution that can be made by 
LCLFs immediately in a number of sectors, along with the potential role of the refi neries 
in hydrogen production and carbon capture and where it might benefi t other sectors by 
working in industrial clusters. The wider downstream oil sector also has a role in supply 
of hydrogen for vehicle and industrial use and in provision of hydrogen refuelling and EV 
charging infrastructure.
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Just Transition
The term “just transition” has been used in many contexts with reference to the 
evolution of the energy sector. For the purposes of this report both a UK domestic 
workforce perspective and an international clean energy development perspective 
are considered. 
As discussed in Chapter 2, over a hundred thousand jobs in the UK directly rely on the 
downstream oil sector. Transitioning the skill sets of an already productive workforce 
into the new technological paradigm will keep highly skilled jobs in communities right 
across the UK, supporting not just this sector but the growth of other sectors too.
From an international perspective, the United Kingdom has a once-in-a-generation 
opportunity to invest and become a world leader in low carbon intensity energy 
technologies, for which demand is global. As a trailblazer in this area, the UK can 
then share its knowledge to around the world to support other countries in their own 
endeavours to reduce emissions. 
Furthermore, for developing economies,
the UK Government can promote the 
UK sector’s expertise in proven and 
feasible low carbon solutions to 
help accelerate industrialisation 
and improvements in living 
standards, minimising the need 
for developing countries to use 
often cheaper more emissions-
intensive energy solutions. 
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3.4  Pathways to Net-Zero

For each Net-Zero scenario considered, 
there are many possible pathways to 
achieve Net-Zero. Modelling carried out 
by Concawe, the technical body for the 
European refi ning sector, has shown that 
a wide range of the technologies will be 
required in combination to decarbonise liquid 
fuels.17–19 Development of the Concawe Low 
Carbon Pathway, based on the EC’s Clean 
Planet for All 1.5°C scenario,20,21 shows 
that, in combination with electrifi cation 
and hydrogen, road transport can reach 

Net-Zero emissions and aviation and marine 
transport can achieve a 50% reduction in 
GHG emissions. The pathway estimates a 
€30-40 billion investment at the European 
level over the next 10 years to produce up to 
30 mt/yr of LCLFs, and up to €650 billion for 
150 mt/yr by 2050.22

The six UK refi neries currently represent 
around 12% of European refi ning capacity. 
Based on the Concawe low-carbon 
pathways, progressive decarbonisation 
of refi nery processes and substitution 
of crude oil with biomass feedstocks, 
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together with implementation of limited 
e-fuel production using captured refi nery 
CO2, shows the potential for a signifi cant 
reduction in UK emissions both from 
production and use of liquid fuels (Figure 5).

The illustrative pathway in Figure 5 shows 
one pathway that could deliver a Net-Zero 
outcome for the downstream oil sector, 
with the total emissions of manufacturing 
and lifecycle emissions of LCLFs all 
included. This pathway shows when certain 
technologies explored in this report may 
be deployed as well as indicating the scale 

of those technologies, and also shows a 
portion of the CO2 removals (CCUS) required 
to deliver Net-Zero will be delivered outside 
the sector. While helpful to be able to show 
how these strands can come together to 
deliver Net-Zero, it is important to note that 
this is just one potential pathway and the 
actual delivery may well look quite diff erent 
depending on many factors such as how 
technologies develop and are ready to be 
deployed, the economics that determine 
investment and of course the infl uence of 
government policies. 

Source: Concawe, UKPIA
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As seen in the CCC Net-Zero and ESC 
scenarios, demand for liquid fuels is likely 
to decrease signifi cantly, due to their 
substitution by other technologies, for 
example, electrifi cation of the car and van 
vehicle fl eet, electrifi cation of domestic and 
commercial heating, and the use of hydrogen 
for industrial heat and in gas networks. The 
Concawe Low Carbon Pathways show that:
•  A combination of reduced demand, 

electrifi cation and CCUS implemented at 
refi neries could reduce the EU-wide total 
emissions from refi ning and use of main 
fuel products by 35%, with a further 85% 
reduction from using feedstocks other 
than crude oil. A similar level of emissions 
reduction is considered feasible for the UK.

•  When introducing alternative feedstocks, 
the main objective would be to reduce the 
carbon intensity of fi nal products, rather 
than for reduction of refi nery emissions. 
Indeed, in many of the alternative feedstock 
cases considered, emissions from refi nery 
sites would be higher, mostly due to 
biogenic CO2.

•  Further application of CO2 capture at refi nery 
sites could achieve negative emissions.

•  Large scale production of e-fuels and 
hydrogen would imply high refi nery electricity 
consumption, equivalent to a signifi cant 
proportion of current total consumption.

Changes in product demand are also likely 
to have important consequences for refi nery 
production and the maintenance of the 
supply/demand balance, and may require the 
use of imported feedstocks, and the import 
and export of fi nished products (as already 
happens):
•  Electrifi cation of the light vehicle fl eet will 

lead to a signifi cant reduction in gasoline 
demand. Further increases in ethanol 
content (including the planned introduction 
of E10) will further displace gasoline 
blending components, increasing the UK 
surplus, which is currently exported.23

•  To maintain the supply/demand balance, 
surplus gasoline blending components 
would need to fi nd applications as 
petrochemical feedstocks or use in steam 
reforming for hydrogen production

•  Use of lipid and biomass feedstocks and 
e-fuel technology predominantly produces 
middle distillate (jet fuel, diesel and gas oil) 

blending components which, when 
combined with electrifi cation 

of the transport sector, 
domestic and commercial 
heating, and the use of 
hydrogen for industrial 
heat, has the potential to 
reduce the current need 
for imported fi nished 

products.
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The complex interaction 
between how a refi nery 
operates in the face 
of competing demand 
from other sources calls 
for a systems based 
approach to model the 
energy transition. 

•  In the absence of new technologies, a 
minimum level of crude oil processing will 
need to be maintained to supply speciality 
grade graphite coke and bitumen (although 
alternative renewable options are already 
available for lubricant base oils)†††

The complex interaction between how a 
refi nery operates, and its growing demand 
for bio-based feedstocks, hydrogen and 
renewable electricity in the face of competing 
demand, calls for a systems-approach to 
modelling the energy transition. This is not 
currently refl ected in the CCC’s development 
of Net-Zero scenarios and pathways, with the 
potential role for the refi ning and downstream 
oil sector missing from many other Net-Zero 
scenarios, including the ESC Clockwork and 
Patchwork scenarios.
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Technologies for the 
Decarbonisation of 
Liquid Fuels4
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As discussed in Chapter 3, there will be an 
important role for LCLFs, and therefore for 
refi ning and the downstream oil sector, as 
part of a systems-based approach in the 
UK’s future Net-Zero economy.

Taking that into consideration, technology 
options through which the refi ning 
process can be decarbonised should 
be explored. These options include 
electrifi cation, process effi  ciency 
improvements and waste heat recovery 
as well as other technologies that have 
the potential to signifi cantly decarbonise 
the manufacturing process such as use of 
hydrogen and carbon capture.

In addition to decarbonising the refi ning 
process, its feedstocks and products can 
also be decarbonised. Options for this are 
also discussed in this chapter with a fi nal 
assessment of the technologies showing 
a high level of readiness across many of 
these technologies.
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4.1   Options for decarbonisation of the 
refi ning process

There are multiple sources of manufacturing-
related CO2 emissions at a refi nery, such 
as combustion units and process units, 
distributed over a large area. Although 
diffi  cult to decarbonise due to their physical 
size, refi nery emissions have declined by 
14% since 1999 because of energy effi  ciency 
improvements and fuel switching, but also 
due to refi nery closures and reconfi guration.3

Technology options for reduction of refi nery 
CO2 emissions are now considered along with 
indications of their decarbonisation potential.

Process Effi  ciency Improvements
Energy costs represent the most signifi cant 
operating cost after feedstocks and are 
subject to constant fi nancial scrutiny in a 
highly competitive global fuels market. From 
time-to-time, major capital projects, such as 
changing refi nery confi guration and adding 
new process units to increase inter-unit heat 
integration, are undertaken to improve refi nery 
process effi  ciency. Concawe has estimated 
that across the population of European 
refi neries, energy effi  ciency improvements of 
up to 17% by 2030 and 22% by 2050 may 
be achieved compared to 2008, which for 
the average UK refi nery would represent an 
emissions reduction of around 70 ktCO2e/yr.

Waste heat recovery
Refi neries generally have a high level of heat 
integration to re-route valuable energy – 
normally using heat exchangers to transfer 
waste heat from unit output streams directly 
to other refi nery input streams and use. 
Many products and blending components 
are transferred to storage at low temperature 
and the scope for further large-scale 
waste heat recovery and use is limited. 
However, in some cases, subject to the 
specifi c refi nery confi guration or location 
relative to other buildings where there is a 
heat demand, there may be opportunities 
for additional low-grade waste heat 
recovery and export to local heat networks.
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Use of low-carbon energy sources

The six UK refi neries have taken signifi cant 
steps to reduce the emissions intensity 
of steam and electricity used in refi nery 
processing through fuel substitution. Liquid-
fuel fi ring has now been minimised at all six 
refi neries, with the majority of furnaces and 
boilers fi red by refi nery fuel gas (RFG)†, or 
mixtures of RFG and natural gas (NG).
A signifi cant proportion of the electricity and 
steam used by fi ve of the six UK refi neries 
is already produced by NG-fi red 
CHP plants, with a new £127m 
plant under construction at the 
sixth, the Valero Pembroke 
refi nery, for commissioning in 
2021.24 Further investment 
of £350m in a new power 
generation plant at the 

Grangemouth Petrochemicals complex was 
announced by Ineos in February 2019.25

With continuing decarbonisation of the 
National Grid through the addition of new 
renewable electricity generation, there is 
potential for substitution of existing refi nery 
electricity supply with lower-, ultimately zero-
carbon grid electricity. However, this will 
depend on the grid electricity cost, which at 
this stage makes UK industry energy costs 
uncompetitive with many European countries, 

specifi cally Belgium, France, and the 
Netherlands,26 from which the UK 

also imports petroleum products. 
Such relative costs are an 
important consideration 
– global competition is 
considered in Chapter 5.

The UK 
State of Play 

A significant proportion 
of the electricity and steam 

used by the six UK refineries is 
already produced by NG-fired 
CHP plants, with a new £127m 
plant under construction at the 

Valero Pembroke refinery 
for commissioning 

in 2021.23
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Electrifi cation of heat

Refi neries experience constant variations in 
demand for power and heat, depending on 
the combination of processes and operations 
being carried out and ambient climatic 
conditions. As the availability of renewable 
electricity increases, there are potential long-
term opportunities for its use in decarbonising 
refi nery heat, using a number of approaches:
•  Intermittent substitution of refi nery steam 

produced by CHP plants or gas-fi red 
boilers by steam produced using electric 
boilers. This would provide a further means 
of demand balancing and fl exibility in the 
refi nery and wider energy systems.

•  Continuous steam generation using low-
carbon grid electricity.

•  Replacement of fi red heaters and furnaces 
by electric process heaters. Process heat is 
the largest energy demand for UK refi neries, 
currently totalling over 3 GW, with most of 
this heat generated using RFG. Further heat 
is generated and recovered from continuous 
catalyst regeneration in fl uid catalytic 
cracking (FCC) units.

Carbon capture, utilisation and storage

CCUS technologies may play a very important 
role in decarbonising refi neries. Roles for 
CCUS include not only abating CO2 emissions 
from refi nery combustion plants and current 
process units, but also to capture CO2 from 
steam reforming units used for hydrogen 
production (see HyNet case study). 
Although the application of CCUS in 
refi neries is usually considered to capture 
CO2 emissions from combustion plants 
and process units, there may be long-term 
potential for use of CCUS in capture of 
atmospheric CO2 (DACCS), as identifi ed in 
the CCC’s Speculative Options case (Chapter 
3.1). Here there are potential synergies for co-
location of hydrogen production using steam 
reforming for non-refi nery use, DACCS and 
BECCS at refi nery sites, with the refi nery 
initially the anchor client at the heart of 
industrial clusters for CCUS infrastructure. 
All six UK refi neries are included in clusters 
identifi ed under the BEIS Industrial Strategy 
Clusters Mission.27

Refi neries have relatively high CO2 emissions 
(Figure 6), with the more signifi cant sources 
being power generation, fi red heaters for 
crude distillation units, FCC, and SMR units. 
The CO2 content of these emissions from the 
diff erent units also varies, with nitrogen oxides 
(NOx), sulphur dioxide (SO2), and particulate 
matter also present; this often requires clean-
up before carbon capture. This requirement 
not only increases capture costs but can 
also lead to challenges in retrofi tting carbon 
capture due to the limited physical space 
around refi nery units.
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Solvent-based (amine) capture systems 
are the preferred technology for refi nery 
carbon capture, with over 30 large scale 
carbon capture projects globally using this 
technology, or near completion, at the end 
of 2019.28 The technology used is similar 
to that already used for desulphurisation of 
refi nery gas streams in all of the UK refi neries, 
however new technologies such as calcium 
looping could also be considered.
Although not considered here, captured 
refi nery CO2 could also be exploited 
through other utilisation technologies, such 
as manufacture of CO2-based chemical 
products, including polymers; concrete 
building materials; enhanced weathering; 
forestry techniques, including aff orestation, 
reforestation, forest management, and wood 
products; land management via soil carbon 

sequestration techniques; and biochar.29 The 
opportunities for use of captured carbon are 
many, however they are unlikely to be used 
only for a single purpose or sector – this 
emphasises the need for a collaborative, 
systems-based assessment of the whole 
economy to understand and better enable 
utilisation of captured carbon.
The cost of refi nery carbon capture is being 
closely reviewed by Concawe and others, 
with costs estimated at €80-180/tCO2
abated, depending on the source, scale, 
and technology used.30 A recent update 
by SINTEF focussing on retrofi tting carbon 
capture to refi neries estimated costs of €160-
200/tCO2 abated.31 Such abatement costs go 
considerably beyond existing traded carbon 
prices, such as those in existing Emissions 
Trading Systems.

A snapshot of the carbon capture, storage, and utilisation
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Hydrogen production and use

The importance of hydrogen in 
meeting Net-Zero by 2050 is clear 

from the CCC’s latest report to Parliament32: 
in it we see that hydrogen may have a role 
in the decarbonisation of various sectors 
including industry, buildings, and transport, 
even making mention of the involvement in 
hydrogen production with regard to GHG 
removals.
As with electrifi cation of the National Grid 
through renewables, there is similar potential 
for decarbonising natural gas (NG) supplied 
via the National Transmission System (NTS) 
and gas networks if hydrogen is blended 
into NG; this is currently under evaluation 
within the HyDeploy 2 project33 at Keele 
University. Replacement of NG by hydrogen 
is also being considered under the Energy 
Networks Association “Gas Goes Green” 
project.34 The UK with a large gas grid, may be 
uniquely able to harness hydrogen’s potential 
for decarbonisation by upgrading existing 

infrastructure (pipelines and boilers) rather 
than having to create an entirely new hydrogen 
transport and transmission system.
Whilst substitution of NG by hydrogen in 
the gas networks provides an option to 
decarbonise steam and electricity produced 
by refi nery CHPs, potential issues with the 
suitability of gas turbines for hydrogen service 
would have to be addressed, including the 
potential impact on NOx emissions, a known 
issue with high hydrogen content RFG.35

A more likely option is the earlier replacement 
of existing RFG-fi red boilers and furnaces with 
hydrogen-fi red units as envisaged under the 
HyNet project in the North West (see case 
study on page 13).
As hydrogen technologies develop, the 
downstream oil sector is well placed to play 
a major role in its progress. The UK’s refi ning 
sector is the main producer and user of 
hydrogen, having done so at scale for more than 
60 years, and is experienced in dealing with 
the associated hazards. The UK’s six refi neries 
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currently produce over 200 kNm3/hr (148 kt/
yr) of hydrogen for refi nery use, with further 
project investment of over £800m currently 
planned as part of the Esso Fawley refi nery 
FAST project; this includes a large scale SMR 
hydrogen and a gas oil hydrotreater which will 
make use of the hydrogen produced.36

Hydrogen production by SMR requires 
separation of the hydrogen and CO2 produced 
by the process; the CO2 stream obtained has a 
high CO2 content and is generally considered 
suitable for carbon capture using amine carbon 
capture technology. Steam reforming can also 
be used to obtain hydrogen from other light 
hydrocarbons such as petroleum gases and 
naphtha and also other hydrocarbons. Use 
of feedstocks other than methane is likely 
to become more important to balance liquid 
fuel production with demand17 (see also 
Section 4.2). Carbon capture will be required 
to decarbonise hydrogen production using 
steam reforming, potentially at capture rates 
above 95%.

The HyNet and Gigastack case studies 
(Chapter 2) provide early insights into the 
ambitions of the UK refi ning sector – to 
implement early hydrogen production using 
electrolysis and renewable electricity and 
through gas reforming with CCUS, initially to 
decarbonise refi nery hydrogen production, 
but then developing further through the 
following options:
•  Decarbonisation of refi nery hydrogen 

production and increased supply for 
use in production of existing products

•  Decarbonisation of heat through 
substitution of RFG/NG in refi nery 
furnaces and boilers

•  Decarbonisation of heat in industrial 
clusters with creation of localised 
hydrogen markets

•  Supply of hydrogen for road transport use
•  Supply of hydrogen for decarbonisation of 

gas networks
Hydrogen production via electrolysis also 
provides a new option for energy storage 
and electricity supply management. During 
periods of lower electricity demand, surplus 
available generation capacity could be used 
to produce hydrogen for storage and release 
into gas networks or for road transport use 
when required, providing additional fl exibility 
in the energy system.

The UK’s refi ning sector 
is the main producer and 
user of hydrogen, having 
done so at scale for more 
than 60 years, and is 
experienced in dealing with 
the associated hazards.
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Hydrogen in transport
Hydrogen will play an important 
role in the decarbonisation of the 

economy, with opportunities for signifi cant 
emissions reductions in both the industrial, 
land, and transport sectors.
Hydrogen may contribute to this endeavour 
via the its use in fuel cell electric vehicles 
(FCEVs), with hydrogen fuel cell applications 
applying to many modes of modern transport 
including heavy vehicles such as buses and 
lorries, rail, marine and critically, aviation. 
Both the Clockwork and Patchwork 
scenarios highlight the role of hydrogen in 
diff erent forms of transport. Hydrogen in 
light vehicles is technically feasible, however 
wide-spread uptake is unlikely to occur with 
cheaper electric vehicle options available to 
the public.
The main advantage of hydrogen-powered 
transport is a high energy density by mass, 
which compares favourably with batteries 
in terms of size of storage inside the 
vehicle. Oxidation (the chemical reaction 
that takes place) in a fuel cell also provides 
more effi  cient energy conversion than 
combustion, whilst producing only water 
as the emission. Therefore, hydrogen as a 
zero-carbon emitting transport energy 
source, has many strengths compared to 
batteries when payload (lorries) and distance 
become important for the consumer. 

Emissions: 
Current legislation for vehicles 

is often based on emissions from 
the tailpipe, which is part of the reason 

that electric vehicles (which have no tailpipe 
emissions) are becoming increasingly popular. 
Hydrogen fuel cell vehicles only produce water: 
“while electrolysis breaks down water into its 

constituents, oxygen and hydrogen, using direct 
current, the reverse process of electrolysis, i.e. 
the recombination of oxygen and hydrogen to 
form water with production of direct current, 
takes place in a fuel cell”.37 Given the lack 
of harmful emissions, hydrogen vehicles 

are categorised in the same way 
as electric vehicles in low 

emissions zones.
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Effi  ciency: 
Unlike heat engines such as the 

internal combustion engines used in 
most modern cars, a fuel cell can convert 
chemically bound energy into electrical 

energy directly, i.e. without using an additional 
thermal process. The direct energy conversion 
means that hydrogen fuel cells often have high 
effi  ciency, however as there are many fuel cell 

models, while some may have effi  ciencies 
greater than 70%, others can be much 

lower. This means that the total amount of 
hydrogen that needs to be carried on 

board is reduced, making long-
range journeys possible.37

Range: 
The other benefi t of a 

high energy density by mass 
– also true for LCLFs – is that the 

volume of space available to carry goods 
can be maximised. Long range without the 

need to carry excess weight or take up large 
volumes of cargo space is a strong reason 

why FCEVs appear a good fi t for trucking and 
logistics applications in transport. Transport 
for London already has hydrogen buses on 

certain routes, and a further 20 are to be 
delivered in 2020.38 Hyundai has also 
recently launched a new heavy-duty 

hydrogen truck in Europe with 
plans to supply 1,600 

units by 2025.39
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4.2  Options for decarbonisation 
of liquid fuels

The three CCC Net-Zero sets of options and 
the ESC scenarios all retain a requirement for 
liquid fuels use in sectors where alternative 
low-carbon or carbon neutral technologies 
have limited application (e.g. aviation and to 
a limited extent for HGVs). CO2 emissions 
associated with use of petroleum products 
are an order of magnitude greater than the 
CO2 emissions from refi neries during their 
production, as considered in the previous 
section. Signifi cant decarbonisation of liquid 
fuels will also be necessary to support their 
continued use, and to achieve Net-Zero.
The potential for decarbonisation of liquid 
fuels has been explored by Concawe,18 with 
crude oil being progressively replaced by 
lower carbon and renewable feedstocks. 
Three main processing pathways have been 
considered:
•  Hydrotreatment of lipid feedstocks such 

as vegetable oils, animal fats, waste oils of 
biological origin, and algal oils

•  Lignocellulosic biomass including 
agricultural residues, wood, and grasses

•  e-Fuels manufactured using captured CO2, 
hydrogen, and renewable electricity

There is also potential for use of feedstocks 
obtained from municipal waste, waste 
plastics, used tyres, and used lubricating oils.

Lipid hydrotreatment

Lipid hydrotreatment for the production 
of LCLFs is now well-established outside 
the UK, with a number of purpose-built 
plants with throughputs of up to 1mt/
yr.** Lipid hydrotreaters have also been 
integrated with existing refi nery operations 
at a number of locations to take advantage 
of shared hydrogen supply, utilities and 
logistics. Diamond Green Diesel is currently 
the largest commercial advanced-biofuel 
facility in the US and a Valero Energy and 
Darling Ingredients joint venture. Using a 
combination of used cooking oil, inedible 
corn oil, and recycled animal fats, the fuel 
produced has a signifi cantly lower carbon 
intensity than diesel. An expansion to deliver 
up to 2.35mtoe in 2021 has been approved.40
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Co-processing of vegetable oil, animal fats, 
and used cooking oil with gas oil has taken 
place more widely, including in UK refi neries.41

Although the potential for lipids as a 
feedstock for the full range of hydrocarbons 
including petrochemical feedstocks, gasoline 
(petrol) blending components, lubricants, and 
other special products has been recognised 
(see Section 4.1), refi nery economics and 
thermodynamics suggest that lipid feedstocks 
are best used for the manufacture of jet fuel 

and diesel components, with alternative 
routes used for other products.
The potential for use of lipids to substitute 
crude oil as a feedstock is also limited by 
current lipid supply availability, competition 
from alternative uses (including food use) and 
concerns about the sustainability of some 
sources, such as palm oil. New non-food 
crop sources such as algal oils may provide 
additional supply in time,42 but likely at 
higher cost.

Source: Valero
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Lignocellulosic biomass
Lignocellulosic biomass is one of the most 
abundant forms of biomass, and includes 
wood and residues from forestry operations, 
waste-wood from industry, agricultural 
residues such as straw and stover,†† and 
energy crops such as willow and miscanthus 
(a form of grass). A number of pathways are 
under development for production of LCLFs 
including:
Fermentation: Ethanol is obtained using 
fermentation of carbohydrates derived from 
lignocellulosic materials. This can be followed 
by further synthesis.
Gasifi cation: Lignocellulosic biomass is 
converted using gasifi cation to synthesis gas 
(a mixture of carbon monoxide and hydrogen), 
which is then used for chemical synthesis of 
liquids such as methanol or hydrocarbons.
Pyrolysis: Direct thermochemical conversion 
by pyrolysis or hydrothermal liquefaction to 
‘pyrolysis oils’, which can then be subjected 
to further chemical processing.
The net calorifi c value of woody materials is 
relatively low, leading to high transport and 
storage costs and the potential for associated 
CO2 emissions and logistics issues. Plant 

scale is therefore a compromise between the 
economies of scale for the biomass-to-liquid 
plant and the cost of collection and supply of 
wet biomass to the plant.43 BTL plants of 1,000 
to 5,000 MWth are optimal, i.e. or ten to fi fty 
plants in the whole EU-25. Reference for all 
TCI (Total Capital Investment For this reason, 
wood pellets are often used in larger scale 
applications such as the Drax power station,44

although this requires signifi cant investment 
in feedstock logistics infrastructure too. 

Lignocellulosic ethanol
The fi rst commercial scale lignocellulosic 
ethanol plants were commissioned from 2012 
to 2016, with the largest, having production 
of around 75 kt/yr, situated in the USA, Brazil, 
and China.45 As an example, the Poet-DSM 
‘Project Liberty’ plant in Sioux Falls, South 
Dakota, converts around 285 kt/yr of corn 
crop residues, sourced from within a 70 km 
radius of the plant, into cellulosic bioethanol.46

Although lignocellulosic ethanol plants are 
likely to be built as standalone installations 
close to feedstock sources, there is potential for 
co-location of synthesis plants with refi neries 
to take advantage of utilities and distribution 
infrastructure, specifi cally jet fuel pipelines.
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Gasifi cation and Fischer-Tropsch synthesis
The gasifi cation and Fischer-Tropsch (FT) 
synthesis route provides access to a wider 
range of LCLFs and chemical feedstocks 
such as naphtha and microcrystalline waxes, 
along with chemicals such as methanol, 
ethanol and higher alcohols, aromatics (via 
methanol), hydrogen, ammonia (via hydrogen), 
and carbon monoxide-derived chemicals 
such as acetic acid and oxo-alcohols. These 
pathways build on technologies already 
commercialised at scale for production of 
gasoline, diesel, jet fuel, and lubricant base 
fl uids from natural gas‡‡ and coal§§.
Planning approval has recently been granted 
for a waste-to-liquids plant in Immingham, 
North East Lincolnshire. The Altalto plant 
is a collaboration between British Airways, 
Shell, and Velocys, which – pending fi nal 
investment decisions – will take in 500 kt/
yr of municipal waste feedstock to be 
converted into approximately 50 kt/yr of 
LCLFs, producing an estimated net CO2
saving of over 80 kt/yr.47

Pyrolysis of lignocellulosic biomass
The UK has long been a centre for research 
and development for a range of pyrolysis 
processes using biomass and waste as 
a feedstock.48 Fast pyrolysis or hydro-
thermal liquefaction of lignocellulosic 
biomass, followed by hydrotreatment or 
hydrocracking, also has considerable 
potential as a route to LCLFs. The fi nal 
output is a mix of renewable gasoline, 
jet fuel, and diesel, but their production 
requires extensive hydrogenation processes 
compared to the conventional refi ning of 
crude oil.
A second technology, hydrothermal 
liquefaction, is also under development for 
use with both biomass and waste plastic 
feedstocks.*** One of the fi rst commercial 
scale plants is being constructed at the Wilton 
Centre in Teesside by ReNew ELP,49 a joint 
venture between Licella™ and Armstrong 
Chemicals (UK). Capital requirements are 
likely to be up to €4m per kt/yr excluding 
the cost of additional hydrogen production 
capacity.50–52
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e-Fuel technology
e-Fuel technology describes the combination 
of hydrogen produced by electrolysis using 
renewable electricity, CO2 capture, CO2
conversion to syngas, and FT synthesis to 
produce LCLFs.
All of these technologies are in commercial 
use, with larger electrolyser projects such as 
Gigastack and the Port of Rotterdam project 
showing the potential for larger scale e-fuels 

Figure 7.                       Source:  Audi AG

plants of 150 kt/yr or more. By comparison, 
the Audi demonstration plant in Laufenburg, 
Switzerland53 (Figure 7) and the production of 
e-diesel at their Dresden plant, in cooperation 
with Sunfi re GmbH,54 are of more limited 
production capacity (up to 8 kt/yr), but one of 
the key technologies, FT synthesis, has been 
proven at large scale.53,54

Audi Laufenburg demonstration plant for e-diesel production
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4.3 Technology readiness
The technology options for reduction of CO2
emissions from the production process and 
liquid fuels have been considered under 
Sections 4.1 and 4.2 respectively. However, 
it is also clear from the low carbon pathway 
presented in Section 3.6 that not all the 
technology options are yet available for 
implementation, 18,55–58 due to their technology 
readiness level (TRL) (Figure 8).
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Figure 8.            Source: UKPIA, E4Tech, Concawe. 

Deployment status of refi nery and liquid fuel decarbonisiation technologies

The need for accelerated technology 
development has been recognised in the 
CCC Net-Zero Report, the IEA in their 
Tracking Clean Energy Progress reports,59

and many others. Several areas relevant 
to the decarbonisation of transport and 
manufacturing – 11 of the 46 total energy 
technologies the IEA identifi es – are important 
for decarbonisation of the downstream oil
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sector with the IEA’s assessment shown 
Figure 9.
Almost all have been classifi ed by the IEA 
as not yet being on track to deliver the Paris 
Sustainable Development Goals (which 
themselves are not Net-Zero targets) and are 
categorised as “more eff ort needed”.59

In the UK, the Department for Transport 
Science Advisory Council (SAC) has 
identifi ed key energy vectors to support 
decarbonisation of road, aviation, and marine 
transport to support the decarbonisation of 
transport”. While electric and low-carbon 
liquid and gas options are expected to exist for 

all three transport modes, the SAC also notes 
that “signifi cant research and development 
is required to make those options viable for 
diff erent modes”.60

Technology readiness is therefore a major 
dependency for decarbonisation of both 
liquid fuel production and use, with important
implications for Government Net-Zero policies 
and the fact that so many technologies rate 
highly in terms of their TRL may indicate that 
more needs to be done to deliver a policy 
framework that will lead to greater adoption 
of those technologies (see Chapter 5).

Figure 9.                   Source: IEA
Note: This graphic shows that many of the technologies required to achieve Net-Zero (red and yellow groupings) have been 
classifi ed by the IEA as not yet on track to deliver the Paris Sustainable Development Goals.

Tracking clean energy progress for the downstream oil sector
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Source: Hyundai  Note: Hyundai Motor’s XCIENT Fuel Cell, the world’s fi rst fuel cell heavy-duty truck.
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A well-designed 
policy framework 
to deliver Net-Zero5
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In order to make the Net-Zero economy a 
reality, a well-designed policy framework 
needs to be in place to attract investment 
for technologies to the UK, develop the 
workforce and skills required to operate new 
technologies, and to stimulate innovation in 
the sector. This chapter outlines the policy 
areas which UKPIA considers as being vital 
to unlocking and enabling the downstream 
oil sector’s signifi cant contribution to 
Net-Zero. 

Several technologies included in the 
scenarios present in Chapter 3 require 
signifi cant and specifi c investment to support 
their development and implementation. 
While such specifi c interventions are needed 
for sectors such as aviation that have few 
decarbonisation options, they should be part 
of an overarching systems-based approach 
to decarbonisation that itself requires major 
development.

Given the need for new low carbon liquid 
fuels, new manufacturing processes, and 
the importance of both hydrogen and carbon 
capture technologies, the emerging roles and 
skills that will deliver Net-Zero are explored. 
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5.1  The investment challenge for the 
refi ning and downstream oil sector

This section considers some of the investment 
challenges faced in the downstream oil sector 
and focuses on what can be done in order to 
secure change.
The UK was the fi rst major economy to set 
a Net-Zero target in legislation, yet while the 
outcome has been defi ned, there is not yet a 
cohesive and actionable plan for how it will 
be delivered. The expected publication of 
the UK Government’s Energy White Paper 
in 2020 off ers a signifi cant opportunity 
to defi ne a clear pathway for the energy 
sector (including energy for transport) to 
contribute to the Net-Zero target and a 
means for the UK Government to address 
the challenges to investment identifi ed.

Challenges to UK investment:
Operating in a global 
market – The UK 
relies on international 
trade to balance 
domestic supply and 
demand as well as 
to off er important 
export opportunities 
for companies.23

Yet while access to these markets delivers 
benefi ts, it also risks carbon leakage as 
global competitors, often with regulatory 
frameworks that do not account for carbon 
emissions, can produce more cheaply 
than the UK’s manufacturing sector, while 
delivering products that are more carbon 
intensive than those produced domestically. 

Demand for products
– As shown in the 
scenario assessments 
of Chapter 3, demand 
for petroleum products 
will fall signifi cantly 
and even the demand 

for LCLF is expected to be limited. Ensuring 
suffi  cient LCLF manufacturing capability 
is vital if the UK is to retain its security of 
supply. This will be a particular challenge for 
companies who wish to produce low-carbon 
liquid fuels in the long term but may not 
consider medium-term demand to suffi  cient 
to fund the investments. 
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Policy uncertainty – 
No investment is ever 
without risk. The UK 
was the fi rst major 
economy to set a Net-
Zero target, and it is 
imperative to remove 
other uncertainties 

about the pathway to 2050, most importantly 
about how the UK intends to achieve Net-
Zero. As will be discussed later in this 
chapter, there is a need for a comprehensive 
and economy-wide policy that will incentivise 
decarbonisation. Without this it will be 
diffi  cult to decarbonise at scale. Even with 
such a framework, particular sectors, such as 
aviation, may require sector-specifi c plans to 
stimulate their transition to Net-Zero.

Why invest in the UK?

In meeting the Net-Zero target, the UK 
does not need to start afresh. Other UKPIA 
publications4 have already considered in detail 
the relative strengths of the UK downstream 
oil sector and its readiness to transition into 
operating in a low-carbon world. Despite the 
challenges for investment shown above, the 
downstream oil sector still has considerable 
existing assets that could help make Net-
Zero a reality. including:
•   Considerable infrastructure spanning 

across the UK,

• A highly skilled, productive workforce,

•  In depth experience of managing large 
scale operations and delivering major 
projects,

•  Relatively stable domestic demand and 
access to growing international markets.

In addition to these existing assets, the 
right policy framework in place is vital if the 
transformative investment needed both 
to manufacture LCLFs and to produce 
the hydrogen needed to deliver Net-Zero 
is to be made. Section 5.3 considers the 
necessary policy changes that can make 
such investment attractive.

?
?

?

?
?

Despite the challenges 
for investment, the 
downstream oil sector 
still has considerable 
existing assets that could 
help make Net-Zero 
a reality.
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5.2  Industrial decarbonisation and 
the implications for skills

UKPIA believes the UK’s downstream oil 
sector can be a core contributor to tackling 
the Net-Zero challenge. Our people will be at 
the heart of our eff orts. 
The downstream oil sector directly provided 
124,000 jobs in 2016, almost 100,000 of which 
were at the UK’s 8,500 petrol fi lling stations, 
while 24,000 were in other parts of the sector.4
As the sector transforms, it will need to upskill 
and repurpose the existing workforce, as well 
as off er compelling and appealing career 
prospects for new apprentices and engineers 
across a newly defi ned ‘energy sector’, 
ensuring it can continue to attract the best 
possible talent.

Reimagining a workforce for Net-Zero
The downstream oil sector is already 
transforming. As new, decarbonising 
technologies become mainstream there will 

be new demand for expertise in new areas 
such as low carbon energy, data science, 
data analytics, artifi cial intelligence, machine 
learning, robotics, material science, remote 
operations, and cyber security. Research also 
highlights the additional skills requirements in 
areas such as change management, control 
of change, project management, and the 
social aspects of change.61

Industrial collaboration will be needed to bring 
together the multi-sector expertise required 
to decarbonise industrial clusters.62 Greater 
collaboration between cluster participants 
may lead to a more fl uid workforce, with highly 
transferable skills, working to a common 
standard and rotating between industrial sites 
owned by diff erent companies operating in 
the energy sector. Ultimately, it will be through 
harnessing the ingenuity and expertise of the 
workforce that the downstream oil sector will 
be able to seize the opportunities that Net-
Zero presents.
While the potential for change in the 
downstream sector is signifi cant, it will 
also be necessary for those who regulate 
industries to change. Existing positive 
working relationships between inspectors 
and those working in refi neries, terminals, and 
forecourts will remain important, however, the 
scale of potential change to deliver Net-Zero 
will require that regulators work even more 
closely with industry when new technologies 
are being deployed which bring with them 
new risks and mitigation options. Regulators 
will need to act as careful enablers as 
technologies develop in the UK.
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The downstream oil sector has already 
identifi ed a number of skills shortages it 
already faces. Roles such as engineering 
(process, mechanical, and stress), safety and 
risk related skills, IT skills and skills in the area 
of process operations are often a challenge 
to recruit for and are already in short supply.63

However, it is the emerging employment and 
skills gap that are one of the biggest obstacles 
to reaching Net-Zero.64

Looking at the emerging importance of 
technologies such as hydrogen and CCUS, 
against the current deployment in the UK, 
it is likely that without remedial action that 
shortages will emerge in these new areas 
too. According to OPITO, the global skills 
body for the energy industry, the competitive 
environment for skills is likely to intensify over 
the next six years.65

Competing for these skills will require 
the sector’s narrative to be a compelling 
one, harnessing the value of diversity in 
the workforce, off ering an exciting career 
trajectory solving the societal challenges 
of decarbonisation and, in time, sharing an 
energy talent pool with other companies in 
the energy sector.
Previously heavily demarcated, highly specifi c 
roles may make a transition too. ‘Upstream’ 
and ‘downstream’ may not be separate parts 
of the oil and gas industry. Indeed the energy 
system as a whole may enter a new era, 
defi ned by a multi-skilled, fl exible, dynamic 
and technologically-enabled workforce.

Emerging roles for a transformed sector
Future roles that might be in demand include:
Carbon Monitoring and Accounting offi  cers
•  With ever more stringent regulatory 

requirements around decarbonisation, there 
will be an increased need for people trained 
in monitoring, accounting and compliance, 
inspections, and remediation of carbon being 
released into the atmosphere.

•  These are likely to be multiple roles and while 
some will be offi  ce based, others could be 
part of coverage of a network of sites including 
pipelines for transport, utilisation plants, or 
even driving underwater vehicles to assess 
potential leakage from underground storage 
caverns.

Machine Risk Offi  cer 
 •  Given the sector’s focus on health and safety, 

a new division of offi  cers will be trained to 
specifi cally analyse emerging robotic and AI 
machines for risks, along with designing fail-
safes and human overrides in the case of 
emergencies.

Unmanned Vehicle Pilots
 •  UK refi neries are already using unmanned 

aerial vehicles for very specifi c activities 
such as fl are tip, fl are stacks, tank and fi n fan 
inspections, as well as basic mechanical tasks.

•  In the area of CCUS, many proposed storage 
locations are off shore where unmanned 
underwater vehicles (UUV) can be used 
instead of sending divers down into dangerous 
environments.
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5.3 Policy Considerations
By reassessing the scenarios that met a Paris 
Agreement goal and considering what extra 
eff ort needs to be put in to meet the Net-Zero 
target, this report shows that it is not simply a 
case of looking for incremental improvements 
that reduce the remaining 20% of GHG 
emissions from the Paris Agreement to meet 
the Net-Zero goal. UKPIA’s assessment of the 
Net-Zero target is that.

1) Low carbon liquid fuels remain an eff ective 
way to decarbonise transport. Such fuels are 
one of the relatively limited options available 
to signifi cantly decarbonise the aviation, 
marine, and heavy goods vehicles sectors 
and have also potential to reduce emissions 
in the short to medium term for light vehicles.
2) Hydrogen will play a major role in both 
industrial and transport decarbonisation. 
The UK downstream oil sector will be able 
to contribute signifi cantly to both production 
and fi nal consumption of this important 
decarbonisation technology and must be 
included in the UK Government’s work on 
developing the hydrogen economy.
3) A systems-based approach is supported 
strongly, along with coordinated policy 
interventions to support innovation and 
investment for sectors that are diffi  cult to 
decarbonise using current technologies. The 
potential over-reliance on bio-feedstocks, 
need for large renewable electricity generation 
capacity, and the underpinning importance of 
the downstream oil sector’s non-fuel products 
means the sector’s decarbonisation (or that 
of any other sector) cannot be considered in 
isolation. Doing so risks decision-making that 
is costly in future, and might even jeopardise 
the ability to achieve Net-Zero. 
Given this assessment, UKPIA requests that 
the following policy changes be considered 
to enable the fi ndings and deliver the 
opportunities set out in the illustrative 
scenarios of the CCC and ESC.
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Incentivising low carbon technologies 
for transport by delivering policies that 
diff erentiate on carbon intensity, and 
helping consumers understand the 
lifecycle carbon emissions of their vehicle 
and fuel choices.
1) Stimulate early demand for low carbon 
liquid fuels and hydrogen for transport 
– The creation of a domestic market for 
low-carbon liquid fuels and hydrogen, 
perhaps through the use of carbon-related 
price signals is a prerequisite to unlocking 
investment in LCLFs that will be needed 
to decarbonise certain transport modes. 
This could be achieved in several ways, 
including:
i. Creating a dedicated cap-and-trade 
system for road fuel emissions to reward 
products with lower carbon footprints. This 
could operate as a fuel supplier obligation.
ii. Continuation of mandates for low 
carbon products such as through the RTFO 
and the complementary introduction of E10. 
iii. Revision of energy taxation to 
account for carbon-intensity to incentivise 
investment in low carbon fuels. Zero, very 
low tax, or even subsidy for hydrogen 
and for LCLFs and hydrogen would help 
achieve the double objective of maintaining 
competitive pricing and making a strong 
business case for investment. 
2) Ensure consumers are informed on 
the role of low carbon liquid fuels for 
decarbonisation - The expected E10 
fuels rollout provides an opportunity to 
inform consumers about the lower carbon 

emissions off ered by LCLFs and could be 
used as a springboard for the creation of a 
market for LCLFs. 
3) Revise CO2 standards and emissions 
labels for vehicles to show lifecycle 
emissions. - Updating vehicle labelling 
requirements66 to refl ect potential lifecycle 
emissions (or to break down emissions into 
production and fuel consumption footprints) 
would better inform customers and off er 
opportunities to diff erentiate between 
fossil and low-carbon liquid fuels in future. 
This measure could be extended so that 
CO2 regulations for vehicles allow engine 
manufacturers to benefi t from the potential 
for use of LCLFs in their vehicles.
A systems-based approach that is able 
to understand existing and emerging 
interdependencies between sectors and 
where necessary deliver coordinated 
policy interventions in diffi  cult to 
decarbonise areas.
4) Industries and UK Government 
to develop sector-specifi c plans to 
decarbonise sectors with limited 
decarbonisation options (e.g. aviation and 
heavy goods) to enable greater collaboration 
in supply chains and create sector-specifi c 
pathways. 
i. This may include performance standards, 
mandates and other incentives for uptake of 
low-carbon energies but may also need to 
consider wider issues like long term demand 
projections, potential off sets, and global 
alignment – particularly so for aviation.
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5) Deliver a hydrogen strategy that sets 
out policy, regulatory and preferred 
business  frameworks and gives clarity 
about how supply and demand can be 
grown together. Given the downstream 
oil sector’s experience in this technology 
already it is vital that this strategy include 
the sector, and also seek to deliver strategic 
discussions on:
i. Long term goals for hydrogen to help 
grow demand, supply and necessary 
infrastructure changes to deliver rapid growth 
in the hydrogen economy.
ii. Eff orts to be made to avoid potential 
skills shortages for both hydrogen and CCUS 
technologies.
Delivering a “just transition” that protects 
and - through industrial clusters and 
accessible policy interventions - grows 
a competitive downstream oil sector 
across the whole UK, while ensuring the 
workforce and regulator’s skills respond to 
new needs.
6) Improve the UK business environment 
to position the UK as fi rst choice for 
decarbonisation investment and enable 
companies to compete globally.
i. Continue to address high UK energy costs 
that can lead to potential carbon leakage in 
manufacturing.67

ii. Consider Border Adjustment Mechanisms 
as a potential means to change behaviours 
across the economy by creating prices 
that better refl ect carbon consumption and 
supports LCLF production. 

iii. Ensure that UK Government interventions 
in the market which are designed to 
aff ect consumer choices to purchase or 
manufacturers’ output decisions are based 
on whole-lifecycle emissions to decarbonise 
eff ectively and reward UK manufacture and 
sustainable imports in a “just transition”.

Carbon Border Adjustment 
Mechanisms
Not yet a policy in the UK, but increasingly 
being discussed,68 ‘carbon border 
adjustment mechanisms’ (CBAMs), provide 
the potential to adjust for disparities 
of regulation or carbon intensity at the 
point of import. The thinking behind such 
mechanisms is to ensure that the cost of 
materials consumed is fully accounted for 
in the fi nal price paid by the consumer. As 
such, CBAMs could bring a greater degree 
of transparency to consumer choice when 
purchasing imported goods. Risks include 
the possibility that trade disputes might 
arise from such unilateral action, such as 
concern about state aid leading to retaliation 
from other countries that could, at worst, 
risk limiting the UK’s export potential – such 
outcomes must be avoided. Nonetheless, 
CBAMs, if designed appropriately 
and accepted by trade partners, 
could be an eff ective means to avoid 
leakage and support informed consumer 
decision-making. 

Transition, Transformation, and Innovation  |  Chapter 5: A well-designed policy framework to deliver Net-Zero



61

7) Continue to promote industrial clusters 
with the downstream oil sector at their 
centre - encouraging them to develop 
organically and as best matches the 
clusters’ respective objectives and shared 
interests. The UK Government should look 
for opportunities to promote innovation and 
provide advice and support to clusters of 
businesses that reduce collective risk and 
promote investment as well as signifi cant 
potential benefi ts to upskilling the existing 
workforce.
8) Prepare the workforce to deliver 
Net-Zero in a “just transition”.
i. Identifying and closing skills gaps. The 
downstream oil sector should continue to 
invest in developing its workforce for the 
future by ensuring the right reskilling and 
upskilling programmes are aligned with the 
sector’s future strategy.
ii. Seek to minimise skills shortages. 
Engineering and construction companies 
must embrace collaboration, systems 
thinking, and digitalisation to ensure the 
workforce is adequately prepared to deliver 
decarbonisation projects. Making engineering 
careers more appealing and by highlighting 
how the industry is central to tackling climate 
change presents a huge opportunity to attract 
the next generation of talent.
iii. Leverage policy and innovation: link 
education and industry more closely at the 
regional level, so government policy and 
educators refl ect local skills needs. This is 
imperative for the success of the industrial 
clusters, which will require a ready pipeline of 
skilled individuals.

9) Ensure Government support for UK 
research, development, and deployment 
of all manufacturing and transport 
decarbonisation technologies in 
alignment with company needs, while 
looking to support international research 
eff orts to ensure support for the most 
promising technology developments.
10) Deliver a regulatory framework that 
allows for innovation. Regulators will 
have a central role in enabling deployment 
of new technologies to deliver Net-Zero. 
As companies may deliver fundamentally 
new ways of producing and supplying their 
products, consistency, capability and agility 
is required from regulators.

UKPIA looks forward to 
working to working with 
governments and agencies 
to develop these asks and 
make Net-Zero a reality.
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End Notes
*  NAEI data, Emissions are those from units included under the refi nery environmental permit. Where refi neries import electricity or steam from 
integrated or adjacent separated permitted installations, or from the grid, the associated emissions have not been included.

†  The ITM Power Refhyne project at the Shell Rhineland Refi nery in Wesseling, Germany aims to demonstrate 10MW hydrogen production via 
electrolysis (see https://www.itm-power.com/refhyne).

‡ For example, https://novvi.com/novaspec-base-oils/
§  Refi nery fuel gas is a mixture of off -gases produced by refi nery units, which is then desulphurised before use as a refi nery fuel. Its 
composition varies, but will typically contain gaseous alkanes (e.g. ethane, propane), alkenes and hydrogen.

**  Examples include Neste Rotterdam (see https://www.neste.com/neste-oil-starts-europes-largest-renewable-diesel-plant-rotterdam) and 
Neste Singapore (see https://www.neste.com/about-neste/who-we-are/production/singapore).

†† Stover comprises the leaves and residues from fi eld crops after harvesting. It is the equivalent of straw obtained from grain crops.
‡‡ For example, the Shell Pearl plant in Qatar - see https://www.shell.com/about-us/major-projects/pearl-gtl.html
§§  For example, the Sasol Synfuels plants in South Africa – see https://www.netl.doe.gov/research/Coal/energy-systems/gasifi cation/

gasifi pedia/sasol
*** Shell International Petroleum Company Limited
†††  One of the foremost developers is Licella™, which has commercial projects in Canada (using biomass feedstock) and the UK (end-of-life 

plastic feedstock). See https://www.licella.com.au
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