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INTRODUCTION

Energy supply entails the extraction, transportation and transformation of primary energy sources like 
fossil fuels, biomass, solar radiation, wind and uranium, and the transportation of energy in a usable 
form to the point of consumption or storage. All the processes involved in supplying energy can 
release greenhouse gases (GHGs), for example petrol also embodies the carbon dioxide emissions 
embedded in extraction and refining. The UK’s largest energy supply systems are electricity natural 
gas and liquid hydrocarbons, with the largest impact on GHG emissions coming from supply of 
energy in these three forms.  Supply of energy as electricity, the use of liquid hydrocarbons in 
transport and the use of natural gas as a source of heat in buildings and industry, together cover 
almost 70% of the country’s GHG emissions1 and represent one of the greatest challenges to 
reaching the Net Zero target.

In 1990, renewables generated just 1% of the UK’s electricity supply. Twenty years later in 2010, this 
had risen to over 6%2 and in 2019 accounted for 37.1% of the electricity generated in the UK.3 This 
transition has mostly been driven by an increase in offshore wind generation and a significant decrease 
in coal use.4 However, low carbon electricity represented just 5% of the UK’s total energy supply in 
2019.5 Heating and transport have lacked the same major shifts towards decarbonisation.6 Figures 1 and 
27 show the energy consumption and carbon intensity of each energy system and highlight the need for 
a transformation and continued transition in transportation, heating, and electricity.
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Figure 2 - GHG emissions per sector.

Figure 1 – Final energy consumption per sector, per person.         
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WHAT’S POSSIBLE BY 2050?

Two popular solutions for the decarbonisation of transport are a transition to vehicles that use energy 
with low emissions, such as hydrogen or electric vehicles (EVs),8 and a decrease in road traffic9 - a 
demand-side opportunity. Transitioning to owning a low carbon vehicle is seen by the public as one 
of the most influential ways that they can positively make a difference and be seen to be doing so.11 
A modal shift from fossil fuel cars and other vehicles to hydrogen or electric would represent a major 
change in both energy demand and supply in the transport sector. 

The registration of EVs more than doubled in 2019 compared to 2018, making up 3% of all new 
car registrations12 and set to account for around 10% in 2020.13 The increase in EV sales has 
understandably risen with the number of public charging points increasing by nearly 5,000 since 2019, 
for a total of nearly 35,000 across the UK.14 Ultra-low emissions vehicles (ULEVs), such as EVs, are 
currently exempt from road tax and the government’s plug-in grant offers up to £3000 off the price of a 
new EV.  

Modelling suggests that if all cars were electric, the 
UK’s total emissions would drop by 12%.15 Whilst this 
is an impressive reduction in GHGs, there needs to be 
billions of pounds worth of infrastructural investment 
across the UK to facilitate such a transition.16

The hydrogen vehicles market has even further to go 
to reach the mainstream. In 2018, the DfT awarded 
over £8 million for hydrogen fuelling stations,17 with 
the government recognising that a ‘lack of refuelling 
infrastructure remains a key barrier to the future roll 
out’ of hydrogen vehicles.18 For cars there are currently 
only 11 stations across the UK, with six of these in 
London.19

For surface transport to be completely decarbonised, 
the balance of opinion seems to be that all cars and 
vans should be supplied using decarbonised electricity, 
and HGVs either electric or hydrogen fuelled by 2050. 
This should be achievable given the government’s policy 
of no new petrol or diesel cars by 2030.20 

Aviation and shipping are more difficult to decarbonise. 
There had previously been an expectation that their 
contribution to UK emissions would stay relatively 
stable,21 however the Sixth Carbon Budget, sets out 
pathways for reducing aviation emissions from the 
pre-COVID level of 39.6 MtCO2e/year to 23 MtCO2e/
year by 205022. Additionally it is demonstrated that 
the shipping sector can achieve very close to full 
decarbonisation by 205023.

TRANSPORT
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HEAT

Heat has been acknowledged as the largest “credibility gap” in the UK’s Net Zero target.6 Heat, which is 
mostly supplied from natural gas, accounts for over a third of the UK’s greenhouse gas emissions, and 
around half of the energy consumed in the UK.24

One alternative heating scenario, backed by the National Infrastructure Commission, would see an 
additional 10 million electric heat pumps installed into homes across the UK by 2030.25 Heat pumps 
extract and enhance ambient heat from water, air, or the ground, using electric powered compressors, 
and are highly efficient, producing up to three units of heat energy per unit of energy consumed.26 The 
government’s Clean Heat Grant has been proposed for 2022 and would see £100 million spent on heat 
pump installations, being offered as an alternative to the Renewable Heat Incentive. Heat pumps are 
a potentially sustainable alternative to natural gas, as they run on electricity, which in theory could be 
supplied from low carbon sources. Generally, less efficient or more expensive, resistance heaters are 
also available; when used for heat storage they can consume cheaper electricity during the night for use 
when needed, allowing for thermal energy flexibility and balancing of the grid. They currently account for 
66% of electric heating in the UK.25 

A second alternative to solving the UK’s heating needs 
could come from hydrogen, where the existing gas 
infrastructure is repurposed or rebuilt to accommodate 
hydrogen. However, injecting hydrogen into the gas 
grid is not a simple switch from natural gas, due to ‘the 
differing properties of the gases and the need for low-
cost, low-carbon hydrogen supply chains’.27 At least 
initially, this hydrogen may come from natural or bio-
gas reforming, combined with CCS to decarbonise the 
hydrogen supply chain, known as “Blue Hydrogen”.28 
“Green Hydrogen” is also a possibility, whereby the 
formation process is powered entirely by low carbon 
electricity and the electrolysis of water, removing any 
need for carbon related supplies and CCS. Aside from use 
domestically, hydrogen could help decarbonise energy 
intensive industries like steel.29 

Further zero and low carbon options for heat will come 
from increased investment and policy development in 
solar thermal, CHP, heat recovery, hydrogen boilers, 

thermal storage, and heat networks through the work of the Heat Networks Delivery Unit, and funding 
from schemes like the Heat Networks Investment Project (HNIP).30

One part of decarbonising heat in the UK involves reducing the amount of heat required by buildings, 
through increased insulation, and improving building efficiency standards for both new build and retrofit.  
Much of the policy and funding for this has been aimed at those who cannot afford home improvements, 
with research suggesting that those who are ‘able-to-pay’ have still not been convinced to pay for such 
energy saving measures.31 Additionally, the CCC recommends that no new homes are connected to the 
gas grid by 2025, and almost all remaining heating in homes be low-carbon or ready for hydrogen.  Low 
carbon heating should have moved from 5% today, to over 90% by 205021, with hydrogen potentially 
accounting for as much as 25-50% of final energy demand in heating and transport.32 
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ELECTRICITY

Figure 3 – Electricity generation Capacity in GW32.
Figure 4 - UK half-hourly heat (red) and electricity 
(grey) demand for 2010 in GW.36

As a result of both global supply chain developments and domestic policy implementation, electricity 
decarbonisation has been so successful in the UK the Sixth Carbon Budget identifies a pathway for 
completely decarbonising electricity by 203533. This work suggests that, despite electrification of the 
energy system as a whole requiring greater volumes of electricity supply, it should be possible to fully 
decarbonise these supplies by phasing out unabated fossil fuel generation, significantly increasing 
variable renewable generation, restoring nuclear capacity and by making other sources of low carbon 
electricity ‘dispatchable’. These scenarios generally assume that the electricity system becomes more 
flexible with significantly more downstream energy storage, including hydrogen production from ‘surplus 
generation’.

During parts of the initial COVID-19 lockdown both electricity and transport demand reduced by nearly 
20%, which could provide an opportunity to learn about work and lifestyle practices which may reduce 
electricity demand.34 As the UK’s favoured renewable electricity generation technology, offshore wind 
has policies in place for the coming decade as part of the Offshore Wind Sector Deal.4 This set a target 
of 30GW of offshore wind capacity by 2030, which has now been superseded by the UK Government’s 
Energy White Paper35, which increases this target to 40GW. The White Paper also commits the 
Government to running further Contracts for Difference (CfD) auctions that are open to a range of 
renewable generation technologies including offshore wind, onshore wind and solar photovoltaics.  

An important concern for electricity generation will come from the removal of unabated natural gas as 
the main form of ‘dispatchable generation’ left in the system. Even with major demand side change, 
there will likely always be a need for dispatchable capacity in the electricity system. This could be 
provided by energy storage and thermal generation plants using fuels such as hydrogen, biomass, and 
natural gas with CCS21 in a system configuration like the ‘High Baseload Scenario’ postulated by Aurora 
Energy Research in Figure 3. In contrast, a ‘High Renewable Energy Systems Scenario’ (see Figure 3) 
would require over 70% more installed generation capacity to deal with the lower load factors of such 
renewable generation assets. This scenario would also require significant volumes of energy storage 
to cope with periods of low renewable supply and to manage the peaks and troughs of demand as 
demonstrated in Figure 4.
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ENERGY SYSTEM DYNAMICS

The infrastructure that supports the delivery of electricity, transport and heat will also need to undergo 
change. Traditionally viewed as separate systems, a whole system approach is now being adopted as 
the increasing use of electricity, integration of hydrogen, decentralisation of generation and uptake in 
digital tools blurs the boundaries between electricity, transport, and heat provision. This focus is required 
to develop a coherent, cost-effective decarbonisation pathway for energy supply.37

Thus far, the UK’s energy decarbonisation strategy has focussed on the addition of renewable electricity 
generation assets to a largely centralised electricity system, using existing infrastructure and regulatory 
approaches. This infrastructure however is coming under increasing strain due to ongoing integration 
of variable renewable generation coupled with the trends towards electrification of transport and 
heat described above. This places the electricity system under pressures it was not designed to face. 
Consequently, focus is now shifting toward the need for greater electricity system flexibility.

Electricity storage in the form of pumped hydro has been utilised since the 1960s, with installed 
capacity of 2,800MW.38 More recent energy storage projects have primarily focused on battery 
capacity to support grid operations,39 with 300MW of battery storage built in 2019, bringing battery 
storage up to a total of 900MW.40 The Institution of Civil Engineers cite a growing desire for energy 
storage to be utilised for both shorter term grid balancing, and long term management and storage of 

the excess supply of intermittent 
renewables.41 This could be provided 
by a combination of both long-term 
and medium-term energy storage 
technologies on the supply side, 
with short-term storage technologies 
located on the demand side.42 

The ability of the energy system to 
manage greater variations in both 
demand and supply is part of the 
‘flexibility’ that has conventionally 
been provided by dispatchable 
generation.43 More recently, the 
network operators have been 
exploring storage, amongst the 
demonstration of other technologies 
and demand side solutions, as 
possible routes to providing such 
flexibility.39 However, firms have 
experienced limited commercial 
success with entering the energy 
storage market due, at least in 
part, to high capital investment 
requirements and low prices for 
stored energy.44 Equitable attribution 
of value to energy storage solutions 
will be required if storage is to be 
delivered on a large scale.
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Some, but far from all, of the flexibility solutions being explored, include the idea of smart grids. These 
approaches encourage all resources, particularly distributed energy resources – small scale generation, 
demand and storage connected to the distribution network – to offer flexibility and help to make cost-
effective use of network capacity, contribute to stable system operation and minimise the need for 
additional generation capacity to help meet peak electricity demand. One example of this might be the 
conversion of ‘consumers’ to ‘prosumers’, who generate electricity, usually through PV, and supply 
this into the network as well as taking power out.45 However, this creates significant challenges 
around accommodating large amounts of converter connected resources and ensuring stable system 
operation leading to questions around the form of governance structures required for this type of power 
exchange.46 It also raises questions of how to ensure that there is sufficient investment in an adequate 
mix of low carbon generation resources to meet demand sufficiently reliably.

Successful delivery of Net Zero will similarly require the ‘flexibility challenge’ to be embraced within the 
transport and heat systems. The transition to electric vehicles has the potential to enable ‘smart’ control 
of charging and potentially even ‘vehicle-to-grid’ options where owners allow their vehicle batteries to 
be used to provide system support services.47 Pursuing options like these, however, creates additional 
challenges around the commercial structures needed to encourage such innovation, the governance 
structures needed to ensure that they delivers the intended benefits rather than adding complexity to the 
system, and the roll-out of EV charging infrastructure. 

In the heat system, there is the possibility of adapting gas grids to accommodate hydrogen, which would 
‘take advantage of the inherent flexibility that gas grids provide’.48 There also exist opportunities for 
producing and storing heat on a flexible basis close to the point of end use,  for example in disused mine 
infrastructure.50 However, the commercial viability of large scale heat energy storage is still uncertain, as 
with many storage technologies.51
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BUILDING CONSENSUS

PUBLIC PERCEPTION OF DECARBONISATION

Studies have found that whilst the public will state a preference for using energy resources efficiently 
and adopting strategies to mitigate climate change, if they do not understand the technology before or 
after adopting it, then it is difficult to increase public engagement or use the technology effectively.52 
Researchers have looked in detail at the need for increasing energy storage, and how a lack of interest 
from consumers in investing in new energy solutions research and deployment, negatively affected its 
adoption;53 a point echoed in the science, technology and society literature.54 55 56 An ‘ambivalence’ 
towards energy supply solutions is set in the context of how important it is to have public perceptions of 
a technology be positive, not just ambivalent, if it is to be deployed successfully without being directly 
funded, by government. 

This is a scenario in which citizens assemblies could be more widely used to increase people’s 
understanding, acceptance, and positivity towards energy supply solutions. One major point to come out 
of the recent Climate Assembly was the desire for the public to be more educated on matters affecting 
society and the environment, with the participants citing this as more important than the need to act 
with ‘urgency’ on climate change. Until this process of education and information is undertaken, new 
energy supply technologies may suffer additional social challenges like those experienced by fracking and 
onshore wind turbines.57
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POLICY

There is no question that the UK’s success in decarbonising the electricity system has at least in 
part been due to the enactment of targeted and timely policy interventions on the part of successive 
governments. Taken in the context of the CCC’s Sixth Carbon Budget33, the announcements around 
CfDs and the other measures to further decarbonise electricity supplies identified in the recent Energy 
White Paper35 suggest that there is determination to maintain this momentum. Efforts to create similar 
reductions of GHGs associated with the transport and heat sectors have been less successful, and in 
addition to the measures that have been put in place to support the decarbonisation of transport, there 
is a need to find appropriate successors to schemes like the Heat Networks Investment Project and the 
Renewable Heat Incentive.

It has been noted that “a strongly market-oriented framework for energy infrastructure investment has 
been followed in the UK since the early 1990s”.58 During this period there have been efforts to explore 
how the UK and its local councils fund energy projects, and how they might be conducted in alternative 
ways. More recently there has been a move towards looking for opportunities to influence the market’s 
decisions or bypass market instruments entirely.59 There is a need for continued collaboration between 
academics, businesses, and government to identify and deploy more appropriate models, policy and 
governance structures for energy supply companies and energy communities of various scales and socio-
ethical persuasions.60 61 62 These should be designed to deliver stable conditions for investment with 
appropriate levels of risk and return.

In some crucial ways popular consensus already exists, as seen in the Climate Assembly, but not 
necessarily consensus between the stakeholders most able to deliver change. For example, one poll 
found much of the population being in favour of a 2030 Net Zero target.63 A Net Zero target related to 
a specific date may give policy designers the ability to make long-term planning decisions, by helping 
build consensus between all stakeholders on how to achieve a common goal. However, one of the 
most important factors going beyond 2020 is the need for urgency in decision making, while openly 
acknowledging that potentially inefficient but crucial choices need be made.21



11

REFERENCES

1 BEIS. (2020.a) ‘2018 UK Greenhouse Gas Emissions, Final figures’, [https://assets.publishing.service.gov.uk/
government/uploads/system/uploads/attachment_data/file/862887/2018_Final_greenhouse_gas_emissions_statisti-
cal_release.pdf].

2 Johnstone, P. Rogge, K. Kivimaa, P. Fratini, C. Primmer, E. Stirling, A. (2020) Waves of disruption in clean 
energy transitions: Sociotechnical dimensions of system disruption in Germany and the United Kingdom, Energy 
Research & Social Science, 59.

3 BEIS. (2020.b) ‘UK Energy in Brief 2020’, [https://assets.publishing.service.gov.uk/government/uploads/system/
uploads/attachment_data/file/904503/UK_Energy_in_Brief_2020.pdf]

4 Allan, G. Comerford, D. Connolly, K. McGregor, P. Ross, A. (2020) The economic and environmental impacts of 
UK offshore wind development: The importance of local content, Energy, 199.

5 BEIS. (2020) ‘Digest of United Kingdom Energy Statistics 2020’, [https://assets.publishing.service.gov.uk/gov-
ernment/uploads/system/uploads/attachment_data/file/924591/DUKES_2020_MASTER.pdf]

6 Guertler, P. (2020) GETTING ON TRACK TO NET ZERO: TEN MILLION HEAT PUMPS FOR HOMES BY 2030.

7 Ofgem (2020) ‘Ofgem decarbonisation programme action plan’, [https://www.ofgem.gov.uk/system/files/
docs/2020/02/ofg1190_decarbonisation_action_plan_revised.pdf].

8 Logan, K. Nelson, J. Hastings, A. (2020) ‘Electric and hydrogen buses: Shifting from conventionally fuelled cars 
in the UK’, Transportation Research Part D: Transport and Environment, 85.

9 Melia, S. Thomas, C. (2020) ‘Disappearing Traffic? An Evaluation of Pedestrianisation in Taunton Town Centre’, 
Taunton Town Centre Traffic Evaluation Report.

10 Mazur, C. Offer, G. Contestabile, M. Brandon, N. (2018) ‘Comparing the Effects of Vehicle Automation, Poli-
cy-Making and Changed User Preferences on the Uptake of Electric Cars and Emissions from Transport’, Sustain-
ability, 10.

11 Barbarossa, C. De Pelsmacker, P. Moons, I. (2017) ‘Personal Values, Green Self-identity and Electric Car Adop-
tion’, Ecological Economics. 140: 190-200.

12 Department for Transport (2020) ‘Vehicle Licensing Statistics: Annual 2019’, [https://assets.publishing.service.
gov.uk/government/uploads/system/uploads/attachment_data/file/882196/vehicle-licensing-statistics-2019.pdf].

13 Statista (2020) 

14 Next Greencar (2020) ‘Electric car market statistics’, [https://www.nextgreencar.com/electric-cars/statistics/]. 

15 Milev, G. Al-Habaibeh, A. (2020) ‘If all cars were electric, UK carbon emissions would drop by 12%’, The Con-
versation.

16 Chen, T. et al., (2020) ‘A Review on Electric Vehicle Charging Infrastructure Development in the UK’, Journal of 
Modern Power Systems and Clean Energy, 8: 193-205.

17 Department for Transport (2018) [https://www.gov.uk/government/news/new-greener-police-cars-to-run-on-hy-
drogen].

18 Department for Transport (2018) ‘The Road to Zero’, [https://assets.publishing.service.gov.uk/government/up-
loads/system/uploads/attachment_data/file/739460/road-to-zero.pdf].



12

19 http://www.ukh2mobility.co.uk/stations/

20 Department for Transport (2020) ‘Sales of new petrol and diesel cars to end in the UK by 2030’, [https://www.
gov.uk/government/news/government-takes-historic-step-towards-net-zero-with-end-of-sale-of-new-petrol-and-die-
sel-cars-by-2030].

21 CCC (2019) Climate Change Committee, ‘Net Zero: The UK’s contribution to stopping global warming’, [https://
www.theccc.org.uk/wp-content/uploads/2019/05/Net-Zero-The-UKs-contribution-to-stopping-global-warming.pdf, 
accessed 29/09/20].

22 CCC (2020) Climate Change Committee, ‘The Sixth Carbon Budget – Aviation Sector Summary’, [https://www.
theccc.org.uk/wp-content/uploads/2020/12/Sector-summary-Aviation.pdf]

23 CCC (2020) Climate Change Committee, ‘The Sixth Carbon Budge – Shipping Sector Summary’, [https://www.
theccc.org.uk/wp-content/uploads/2020/12/Sector-summary-Shipping.pdf]

24 ETI (2018) ‘HOW COULD THE UK BE LOW CARBON BY 2050?’, Energy Technologies Institute.

25 NIC (2018) National Infrastructure Commission, ‘Cost analysis of future heat infrastructure options.’

26 Energy and Climate Intelligence Unit. [https://eciu.net/analysis/briefings/low-carbon-heat/the-electrifica-
tion-of-heat].

27 Quarton, C. J. Samastali, S. (2020) ‘Should we inject hydrogen into gas grids? Practicalities and whole-system 
value chain optimisation’, Applied Energy, 275.

28 https://www.edie.net/news/6/Drax-confirms-plans-to-create-UK-s-first-zero-carbon-cluster-in-Humber/

29 IEA (2020) ‘Iron and Steel Technology Roadmap’, [https://www.iea.org/reports/iron-and-steel-technology-road-
map].

30 BEIS (2020) ‘Heat Networks Delivery Unit – Round 10 Guidance’, [https://assets.publishing.service.gov.uk/gov-
ernment/uploads/system/uploads/attachment_data/file/882751/heat-networks-delivery-unit-round-10-guidance.pdf].

31CCC (2018) Climate Change Committee, ‘An independent assessment of the UK’s Clean Growth 
Strategy’, [https://www.theccc.org.uk/wp-content/uploads/2018/01/CCC-Independent-Assess-
ment-of-UKs-Clean-Growth-Strategy-2018.pdf, accessed 29/09/20].

32Aurora (2020) Aurora Energy Research, ‘Hydrogen for a Net Zero GB: An integrated energy market perspective’, 
[https://www.auroraer.com/insight/hydrogen-for-a-net-zero-gb/, accessed 11/11/2020].

33 CCC (2020) Climate Change Committee, ‘The Sixth Carbon Budget’, [https://www.theccc.org.uk/wp-content/
uploads/2020/12/The-Sixth-Carbon-Budget-The-UKs-path-to-Net-Zero.pdf]

34UKERC, (2020) UK Energy Research Centre, ‘COVID-19: The implications of the pandemic on the UK energy 
sector’, [https://ukerc.ac.uk/news/covid-19-the-implications-of-the-pandemic-on-the-uk-energy-sector/].

35HM Government (2020), ‘Energy White Paper – Powering Our Net Zero Future, [https://assets.publishing.ser-
vice.gov.uk/government/uploads/system/uploads/attachment_data/file/945899/201216_BEIS_EWP_Command_Pa-
per_Accessible.pdf]

36 Watson, S. D. Lomas, K. J. Buswell, R. A. (2019) ‘Decarbonising Domestic Heating: What is the peak GB de-
mand?’, Energy Policy, 126: 533-544.

37Energy Systems Catapult (2019) ‘Systems thinking in the energy system’, [https://es.catapult.org.uk/brochures/

REFERENCES (CONTINUED)



13

systems-thinking-in-the-energy-system/].

38 International Hydropower Association (2019) ‘Country Profile: United Kingdom’, [https://www.hydropower.org/
country-profiles/united-kingdom#:~:text=Today%20the%20UK%20has%20a,of%20Wales%20and%20north-
west%20Scotland.].

39 Renewable Energy Association (2016) ‘Energy Storage in the UK’, [https://www.r-e-a.net/wp-content/up-
loads/2019/10/Energy-Storage-FINAL6.pdf].

40Solar Power Portal (2020) ‘UK battery storage market reaches 1GW landmark as new applications continues to 
grow’, [https://www.solarpowerportal.co.uk/blogs/uk_battery_storage_market_reaches_1gw_landmark_as_new_ap-
plications_continue].

41Institution of Civil Engineers (2020) ‘Strategy for long-term energy storage to meet 2050 net-zero target’, 
[https://www.ice.org.uk/eventarchive/strategy-for-long-term-energy-storage-webinar].

42Jacobs (2020) ‘Strategy for Long-Term Energy Storage in the UK’, [https://www.jacobs.com/sites/default/
files/2020-10/Jacobs-Strategy-for-Long-Term-Energy-Storage-in-UK-August-2020.pdf].

43 International Renewable Energy Agency (2018) ‘Power System Flexibility for the Energy Transition’, [https://
www.irena.org/-/media/Files/IRENA/Agency/Publication/2018/Nov/IRENA_Power_system_flexibility_1_2018.pd-
f?la=en&hash=72EC26336F127C7D51DF798CE19F477557CE9A82].

44 Grundy, A. (2019) ‘Overcoming uncertainty: UK energy storage market trends’, [https://www.energy-storage.
news/blogs/overcoming-uncertainty-uk-energy-storage-market-trends].

45 Khalilpour, K. R. (2019) ‘Chapter 2 - The Nexus Era: Toward an Integrated, Interconnected, Decentralized, and 
Prosumer Future’, Polygeneration with Polystorage for Chemical and Energy Hubs: 27-52.

46 Thomas, L. (2018) ‘A smart contract oriented whole system regulatory model for electricity networks – A work-
ing paper’, [http://orca.cf.ac.uk/119249/2/2018-07-20v0-0%20Smart%20Contract%20Oriented%20Working%20
Paper.pdf].

47 Aunedi, M. Strbac, G. (2020) ‘Whole-system Benefits of Vehicle-to-Grid Services from Electric Vehicle Fleets’, 
2020 Fifteenth International Conference on Ecological Vehicles and Renewable Energies, [https://ieeexplore.ieee.
org/abstract/document/9243032].

48 Quarton, C. J. Samastali, S. (2020) ‘Should we inject hydrogen into gas grids? Practicalities and whole-system 
value chain optimisation’, Applied Energy, 275.

49 Enescu, D. Chicco, G. Porumb, R. Seritan, G. (2020) ‘Thermal Energy Storage for Grid Applications: Current 
Status and Emerging Trends’, Energies, 13: 340.

50 Banks, D. Athresh, A. Al-Habaibeh, A. Burnside, N. (2019) ‘Water from abandoned mines as a heat source: 
practical experiences of open- and closed-loop strategies, United Kingdom’, Sustainable Water Resources Manage-
ment, 5: 29-50.

51 Miller, L. Carriveau, R. (2018) ‘A review of energy storage financing—Learning from and partnering with the 
renewable energy industry’, Journal of Energy Storage, 19: 311-319.

52 Cherry et al. (2018) ‘Public acceptance of resource-efficiency strategies to mitigate climate change’, Nature, 8, 
1007-1012.

53 Thomas, G. Demski, C. Pidgeon, N. (2020) ‘Deliberating the social acceptability of energy storage in the UK’, 
Energy Policy, 133: 1-11.Wan, Z. Makhloufi, A. Chen, Y. Tang, J. ‘Decarbonizing the international shipping indus-
try: Solutions and policy recommendations’, Marine Pollution Bulletin, 126.

REFERENCES (CONTINUED)



14

54 Batalla-Bejerano, J. Trujillo-Baute, E. Villa-Arrieta, M. (2020) ‘Smart meters and consumer behaviour: Insights 
from the empirical literature’, Energy Policy, 144: 1-14.

55 Buchanan, K. Banks, N. Preston, I. Russo, R. (2016) ‘The British public’s perception of the UK smart metering 
initiative: Threats and opportunities’, Energy Policy, 91:  87-97.

56 Sovacool, B. Geels, F. Schwanen, Sorrell, S. (2017) ‘Sociotechnical transitions for deep decarbonization’, Sci-
ence, 357: 1242-1244.

57 Perlaviciute, G. Schuitema, G. Devine-Wright, P. Ram, B. (2018) ‘At the heart of a sustainable energy transition: 
the public acceptability of energy projects’, IEEE Power and Energy Magazine, 16: 49-55.Peters, G. (2010) ‘Carbon 
footprints and embodied carbon at multiple scales’, Current Opinion in Environmental Sustainability, 2: 245-250.

58 Bolton and Foxon (2015) ‘Energy transitions and uncertainty: Creating low carbon investment opportunities in 
the UK electricity sector’, Environment and Planning C: Politics and Space, 34.

59 Doblinger, C. Surana, K. Anadon, L. (2019) ‘Governments as Partners: The role of alliances in U.S. cleantech 
startup innovation’, Research Policy, 48.

60 Ibarra, D. Ganzarain, J. Igartua, J. (2018) ‘Business model innovation through Industry 4.0: A review’, Procedia 
Manufacturing, 22.

61 Wesselink, A. Buchanan, K. Georgiadou, Y. Turnhout, E. (2013) ‘Technical knowledge, discursive spaces and 
politics at the science-policy interface’, Environmental Science & Policy, 30.

62 Wu, A. Wang, Z. Chen, S. (2017) ‘Impact of specific investments, governance mechanisms and behaviors on 
the performance of cooperative innovation projects’, International Journal of Project Management, 35.

63 Taylor, M. (2019) ‘Majority of UK public back 2030 zero-carbon target – poll’, Guardian. [https://www.
theguardian.com/environment/2019/nov/07/majority-of-uk-public-back-2030-zero-carbon-target-poll].

REFERENCES (CONTINUED)



WWW.DELIVERINGNETZERO.ORG © COPYRIGHT 2021


