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1 Introduction 
The UK Government has committed to decarbonising the UK economy, setting the target of achieving net zero 

greenhouse gas emissions by 2050. The liquefied petroleum gas (LPG) industry is a key part of the energy mix in the 

UK today, offering a relatively low carbon, clean, high efficiency, and flexible energy source for heating homes and 

businesses, as well as fuelling industrial processes. LPG primarily consists of propane and butane which are by-

products from the crude oil refining and natural gas processing industries. Historically, propane and butane were 

viewed as waste gases and flared at refineries. However, its portability means it has become a popular choice for 

energy use in off-grid areas where there are fewer connections to the supply infrastructure. 

Up to 200,000 off-grid homes within the UK rely upon LPG as their main source of heating 

energy. BioLPG provides an economically viable pathway for consumers to transition to 

lower carbon emissions without the need for costly boiler replacements or modifications.  

As of 2022, the UK has as many as 4 million off-gas grid homes – with up to 200,000 relying upon bulk-delivered LPG 

as their primary fuel source to use within boilers and for cooking hobs. In addition, as many as 1.5 million homes use 

heating oils (gas oil and kerosene) which are relatively high in carbon emissions and other pollutants. Many of these 

homes are unable to connect to the national gas grid and may not be suited to alternative technologies such as heat 

pumps, while for others the transition to alternative technologies may be very costly and disruptive. Renewable liquid 

gas presents an opportunity and route to decarbonise hard-to-reach and hard-to-treat homes. By transitioning to 

renewable low carbon fuel sources such as bioLPG (LPG derived from sustainable feedstocks) and rDME (renewable 

dimethyl ether), significant progress can be made towards decarbonising the UK domestic and commercial heat 

market, while maintaining affordability and value for the end consumer. 

Up to 1.5 million homes within the UK currently rely upon higher carbon heating oils such as 

kerosene. Renewable liquid gas provides an affordable and alternate route for decarbonising 

hard-to-reach and hard-to-treat homes. 

Replacement of conventional LPG with bioLPG and rDME could reduce the carbon emissions by up to 90%, with no 

change to the already low nitrogen oxides (NOx), sulphur oxides (SOx) and particulate matter emissions when 

compared to heating oil or biomass energy. In theory, if used as part of a mixed technology approach to 

decarbonisation to support homes other low-carbon technologies cannot, renewable liquid gas could make a 

meaningful contribution to the current UK net zero targets. Further, bioLPG and rDME can be blended with LPG or 

used as a direct replacement to LPG, negating retrofit costs or consumer disruption. 

The UK’s transition to bioLPG requires a balance between the potential supply and demand of bioLPG within the 

country. As bioLPG is currently commonly produced as a co-product of other processes, its supply is influenced by the 

prevalence of these processes and the availability of their primary feedstocks. The demand for bioLPG is controlled by 

the transition from LPG to bioLPG or other low-carbon technologies across a range of sectors, which in turn is driven 

by government policy. Understanding the availability of these feedstocks, the drivers behind the uptake of bioLPG 

producing processes, and domestic demand could be crucial to delivering Net Zero while ensuring the UK’s future 

energy security. 



014850 

53522R 

Issue 3 

  

 

 

 

© FNC 2022   

 

Page 6 of 46 

 

In order to understand this transition FrazerNash Consultancy has worked in partnership with NNFCC, KBR and Liquid 

Gas UK to produce an assessment of feedstock availability and a model of the evolution of bioLPG supply and demand 

up to 2040. In addition, we have produced an overview of the feedstocks required and active or planned routes 

through which bioLPG will be delivered in years to come.  

The report comprises two components: (i) an overview of the UK’s domestic feedstocks and potential production 

pathways to renewable liquid gas supply, and (ii) a bespoke analysis on whether renewable liquid gas supply can meet 

the demand for off-grid heating markets; conducted using a purpose-built, probabilistic supply and demand model. 

The feedstock assessment is based on both published information and engagement with industry, and as such 

contains some information which cannot be linked to specific sources due to commercial sensitivity. 

The rest of this report is structured as follows: 

 In Section 2, we present an overview of domestic feedstocks and the potential production pathways 

that can yield renewable liquid gasses. 

 In Section 3, we present our modelling approach and the results from the supply and demand model for 

bioLPG and rDME within the UK.  

 In Section 4, we present final conclusions. 

1.1 Acknowledgements 

This study has been produced in collaboration between FrazerNash Consultancy, NNFCC, and KBR Inc. 

1.2 Glossary 

Table 1: Glossary of key terms and commonly used acronyms. 

Term Description 

AD Anaerobic Digestion 

Bayesian Network A probabilistic graphical model which represents variable entities as nodes 
linked through conditional dependencies. Using Bayes’ theorem, causal 
relationships can be examined. 

BioLPG Renewable Liquefied Petroleum Gas 

ETG Ethanol-to-Gasoline Synthesis 

FAME Fatty Acid Methyl Esters 

FP Flash Pyrolysis 

FT Fischer-Tropsch 

GTM Glycerol to Methanol Synthesis 

HEFA Hydroprocessed Esters and Fatty Acids 

HT Hydrotreating 

HTL Hydrothermal Liquefaction 

HVO Hydrotreated Vegetable Oil 

LPG Liquefied Petroleum Gas (i.e., propane/butane) 
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MSW Municipal Solid Waste 

MTG Methanol-to-Gasoline Synthesis 

RCF Recycled Carbon Fuel 

RDF Refuse-Derived Fuel 

rDME Renewable Dimethyl Ether 

RTFO Renewable Transport Fuel Obligation 

SAF Sustainable Aviation Fuel 

TRL Technology Readiness Level 

UCO Used Cooking Oil 
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2 Feedstock Overview 
Understanding the availability of primary feedstocks and their potential uses is of utmost importance to ensuring the 

UK’s future energy security and is essential to delivering potential decarbonisation pathways exploiting the use of 

bioLPG and rDME. For the most part, bioLPG is primarily derived as a co-product through other processes producing 

products such as biofuels and pyrolysis oils. Within this section, we examine the potential routes to bioLPG, their 

feedstock requirements, and outline any planned or active facilities. 

The established feedstocks most likely to contribute to the commercial production of renewable liquid gasses are bio-

based oils (triglycerides), followed by woody biomass, municipal solid waste (MSW), glycerine, and sugars (sugars are 

converted to hydrocarbons). Table 2 presents a summary of the technology pathways and their associated feedstock 

potential, as reported by the developers of the individual pathways. Although the technologies can potentially process 

multiple feedstocks, this does not mean that a facility can readily switch between different types. This is because 

processing will likely be optimised for specific types of feedstocks, e.g., sawmill residues, to retain product quality. 

Furthermore, feedstock supply will be contracted and so a steady, reliable stream of a given feedstock will likely be 

the case regardless of the technology.  

Table 2: Summary of feedstock processing capabilities. 

Technology Feedstock Capabilities 

HVO (Hydrotreated Vegetable Oil) Bio-based oils (e.g. vegetable oils, used cooking oils, animal fats) 

MTG (Methanol-to-Gasoline) 

gasification 

Woody biomass, glycerine 

Gasification and Fischer-Tropsch Organic fraction of MSW, RDF, forestry residues, sawmill residues 

Pyrolysis & Hydrogenation Forestry residues, sawmill residues; BTG-BTL is also developing its 

technology to enable commercial production of crude pyrolysis oil from 

agricultural non-food residues. 

Hydrothermal liquefaction (Cat-HTR™) Mainly forestry residues but flexible to use any form of lignocellulosic 

biomass 

Aqueous phase reforming (Virent’s 

BioForming®) 

Primarily sugars from first generation biomass but lignocellulosic 

feedstock can also be used as substrate 

Dehydration Glycerine 

Fermentation to bio-based 

isobutene/isobutanol (Global 

Bioenergies/Gevo) 

Sucrose (from sugar cane and sugar beet) and possibly glucose (from 

corn and wheat); Global Bioenergies currently investigates the 

opportunities for producing isobutene from lignocellulosics 

Fermentation to bio-based ethanol  Sugars and cellulosic sugars 

Alcohol to Jet Fuel Conversion of ethanol and isobutanol to jet fuels. 

Power to Liquids Conversion of Green hydrogen and CO2 to methanol and fuels.  
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2.1 Feedstock requirements for active & planned developments 

There are challenges or constraints that need to be overcome for the supply of bioLPG and rDME to increase, but as 

Table 3 shows, there are sufficient levels of feedstock for each technology type. Each technology pathway is discussed 

in turn below. 

Table 3: Estimated feedstock requirements for operational HVO and pyrolysis facilities to achieve capacity limits1. 

Technology Development 

Stage 

Number 

of Plants 

Total Production 

Capacity (tonnes) 

Feedstock Types Feedstock 

Requirement 

(tonnes) 

HVO Commercial 4 2.6M Veg oil, palm oil, 

tallow, and UCO 

2.9M 

In Planning 7 1.9M 2.3M 

Pyrolysis Commercial 1 30,000 Wood Residue 43,000 

In Planning 2 49,000 70,000 

Gasification In Development 6 350,000 MSW, RDF and 

Forestry Residue 

1.6M 

Alcohol to 

Hydrocarbon 

In Planning 1 300,000 Ethanol 500,000 

Power to Liquids In Planning 4 1.0M Water and CO2 n/a 

rDME In Planning 3 130,000 MSW and Black 

Liquor 

500,000 

Fermentation In Planning 1 50,000 Sucrose 57,500 

 

Evaluating the feedstock requirements of planned developments is even more crucial as active plants already fully or 

partially reach their capacities. Table 4 summarises the feedstock requirements for planned facilities, assuming 

capacity limits are achieved. This analysis also considers fermentation to iso-butanol and ethanol, hydrothermal 

liquefaction technologies, for which there are currently no commercial plants. Glycerol dehydration and aqueous 

phase reforming technologies are not included in the list because there is no indication that progress has been made 

recently regarding the development of an industrially sized facility.  

Table 4: Estimated feedstock requirements for planned industrially sized developments to achieve capacity. 

Technology Development 

Stage 

Number of 

Plants 

Total Production 

Capacity (tonnes) 

Feedstock Types Feedstock 

Requirements 

(tonnes) 

HVO Commercial 8 2.25M Veg oil, palm oil, 

tallow, and UCO 

2.5M 

In Planning 10 2.6M 2.9M 

Pyrolysis Commercial 1 13,600 Forestry Residue 19,500 

 
1 This analysis does not include refineries that co-process petroleum streams together with bio-oils and biorefineries 
that use mainly tall oil as feedstock; tall oil, contains free fatty acids, and it is not a suitable feedstock for the 
production of biopropane, due to the absence of glycerol molecule. 
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In Planning 2 150,000 Wood residue, 

Waste tyres and 

Black liquor 

210,000 

Gasification Commercial 1 33,000 MSW 175,000 

In Planning 5 360,000 MSW, RDF and 

Forestry Residue 

2.7M 

Alcohol to 

Hydrocarbon 

In Planning 4 800,000 Ethanol and 

Isobutanol 

1.1M 

Power to Liquids In Planning 3 150,000 Water and CO2 n/a 

rDME In Planning 1 11,000 Dairy Sludge 17,500 

Fermentation Commercial 1 9M gallons Steel Mill Gas n/a 

In Planning 2 130,000 Wood waste 270,000 

Hydrothermal 

Liquefaction 

In Planning 1 n/a End of Life Plastic 20,000 

2.1.1 Hydrotreated Vegetable Oil 

Hydrotreatment of triglycerides is currently the most established route for the supply of biopropane in the UK and 

globally. Even though the operational status of HVO facilities is not primarily driven by the recovery of biopropane 

from the off-gas streams, evaluating bio-based oil requirements is critical, as the lack of their availability could restrict 

the opportunities for future recovery.  

Global HVO plant production capacity is expected to grow from 4.8 million tonnes to 9.2 

million tonnes by 2030 as the demand for biobased fuels within road transport and aviation 

increases. 

HVO plants, due to relatively high CAPEX costs, need to maximise their production capacity to be profitable. Based on 

current facilities the total maximum HVO/HEFA (Hydroprocessed Ethers and Fatty Acids) production capacity is 4.8 

million tonnes. This is expected to increase to a maximum capacity of 9.2 million tonnes by 2030. Assuming a very 

positive scenario where all the global installed capacity identified is utilised, around 11 million tonnes of bio-based oils 

and fats are required to meet supply capacity (Table 3). At present, current worldwide production is below the 

maximum installed capacity, and based upon reports from developers it can be estimated at 75% of installed capacity 

(3.523 million tonnes). Although in recent years HVO production growth has been slowing, increased production is 

expected over the next few years with additional plants coming online within the EU with a focus on producing HEFA 

for the aviation industry.  

2.1.2 Pyrolysis 

Beyond HVO commercial plants, two industrially sized pyrolysis units, owned by Ensyn and BTG-BTL, have also been 

identified that could potentially contribute to the production of biopropane in small quantities. These plants have an 

accumulated capacity of approximately 40,000 tonnes per year, which based on our estimation requires around 

57,000 tonnes of woody biomass per annum. There is potential for biopropane to come from pyrolysis of rubber tyres 

which is increasing in capacity, although only a fraction of this will be biopropane since tyres are a mixture of natural 

and synthetic polymers.  

2.1.3 Gasification 

The only operational gasification with Fischer-Tropsch plant is the Fulcrum Sierra Nevada facility in Reno, USA. This 

plant converts MSW to Sustainable Aviation Fuel (SAF) and could produce biopropane with a yield between 5-8%. It 
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should be noted that some of this is recycled carbon fuel and therefore not all biofuel due to the presence of plastics 

from fossil materials in the feedstock. Recycled carbon fuels should be considered as an important resource for the 

fight against climate change, with many currently incinerated to generate relatively high carbon electricity.  

The Fulcrum plant in Sierra Nevada will convert 175,000 tonnes of waste per year to create 

up to 11 million gallons of renewable syncrude. 

2.1.4 Alcohol to Hydrocarbon 

Production of LPG from alcohol to hydrocarbon routes can use iso-butanol and bioethanol as feedstocks. 

Approximately 100 billion litres of bioethanol are produced globally each year and it is a well-established market. The 

main feedstocks currently come from first generation crops- sugarcane in the Americas and sugar beet in cooler 

climates. New technologies are using waste gases and fermentation of wastes/lignocellulosic biomass for production – 

these have been included in Table 4.  

2.1.5 Power to Liquid Fuels 

Power to liquid fuels promises to produce significant quantities of sustainable liquid fuels 

including bioLPG thanks to abundant feedstocks of CO2 (e.g., direct carbon capture) and 

water (i.e., for green hydrogen). Investing to accelerate the TRL of Power to X technology is 

likely to be Net Present Social Value positive, providing jobs while boosting UK sustainable 

fuel production. 

Power to liquid fuels present a great commercial opportunity in the renewable fuels market. Production of 

biopropane can come from the production of methanol from CO2 and hydrogen which produces small amounts of 

propane as a co-product. Also in development is the use of methanol produced in either an alcohol to hydrocarbon or 

Fischer-Tropsch production route. Biopropane would be a by-product in both processes. Some of the key power to 

liquid processes in development have been shown in Table 4, and in the immediate term it is expected that the 

Technology Readiness Level (TRL) will be the main constraint as the feedstocks are CO2 and H2 from electrolysis, both 

of which will be in abundance for the foreseeable future.  

2.1.6 rDME Production 

The final processes discussed are routes to rDME production which can be blended into LPG to aid in decarbonisation. 

These routes use existing processes such as reforming of biogas from fermentation, gasification with dry reforming, 

and power to liquid dehydration to produce rDME. The feedstock constraints will be the same as those discussed for 

the biopropane production except for the fermentation route which uses anaerobic digestion to form methane 

instead of alcohols - this will be discussed separately to the other fermentation processes.  

Evaluating the feedstock requirements of planned developments is even more crucial as active plants already fully or 

partially reach their capacities. Table 4 summarises the feedstock requirements for planned facilities, assuming 

capacity limits are achieved. This analysis also considers fermentation to iso-butanol and ethanol, hydrothermal 

liquefaction technologies, for which there are currently no commercial plants. Glycerol dehydration and aqueous 

phase reforming technologies are not included in the list because there is no indication that progress has been made 

recently regarding the development of an industrially sized facility.  
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2.2 Feedstock supply risks and opportunities 

Target feedstocks used in the production of bioLPG and rDME can be grouped into bio-based oils, woody biomass, 

MSW, RDF, and sugars. Demand for such feedstocks comes not only from these processes, but also other industries 

and a secure and stable supply is essential. An evaluation of the level of supply is provided below.  

2.2.1 Bio-based oils (triglycerides) 

HVO-based pathways provide the most promising opportunity for bioLPG production within the UK and EU over the 

next few years as economies transition to biofuels and sustainable aviation fuels. Sustainable sourcing of bio-based 

oils can be challenging, even for active HVO developments, and this could have an impact on biopropane production 

potential in the future. Bio-based oils can be virgin- or waste-derived, and may for example include sunflower oil, 

rapeseed oil, and used cooking oil (UCO).  

As measures to reduce palm oil use in Europe increase2, HVO producers using this feedstock must switch to 

alternatives.   

In addition, due to their favourable sustainability credentials, there is currently a shortage of used cooking oil (UCO) 

and other waste-based feedstock in the global market, and availability in Europe will reduce further due to the 

increasing production of UCO methyl-ester (UCOME) in Asia. Combined with the expected increase in HVO capacity 

and the RTFO crop-cap, there is a risk that European HVO plants may be struggling to secure enough suitable 

feedstock in the future. 

2.2.2 Woody biomass 

Fast pyrolysis, operated commercially by Ensyn and BTG-BTL with other facilities planned, is designed to use woody 

biomass as a feedstock. There are also plans to use woody biomass in gasification plants such as KAIDI, Aemetis, 

Velocys and Joule & Redrock. Based on the estimates presented in Table 4, if all planned developments become 

operational, at maximum capacity, around 2.7 million dry tonnes of woody biomass will be required. This requirement 

can be considered feasible, given that global production of wood pellets exceeded 26 million tonnes in 2015, while in 

2010 it was only 14.3 million tonnes (Thrän et al. 2017). Additionally, some plants plan to use waste woods which 

would otherwise go to landfill, which will create additional capacity to meet the feedstock demands. However, 

feedstock supply risks are not completely mitigated, due to competing uses for woody biomass, such as direct solid 

fuel in electricity generation and for residential heating. However, biomass for electricity is currently only financially 

viable due to government subsidies, and it’s unclear how long this will continue in light of the falling levelized cost of 

energy from renewables such as wind and solar, and government commitments to new nuclear.  

Over 26 million dry tonnes of wood pellets were produced globally in 2015, providing a 

significant opportunity for the potential production of biofuels and renewable liquid gas from 

new gasification and pyrolysis plant facilities. 

Pyrolysis of woody biomass is to produce pyrolysis oil for heat and power purposes (pyrolytic gases, that generally 

contain very small quantities of biopropane, are also produced). However, if the end goal is to upgrade the pyrolysis 

oil to drop-in fuels in conventional oil refineries and consequently increase the biopropane production potential, then 

 
2 EU will phase out palm oil by 2030 for its renewable energy targets. The phase-out does not mean a total ban on the 
use of palm oil in biofuels, as EU Member States will still be able to import and use palm oil-based biodiesel, but it will 
no longer be considered a renewable fuel or be eligible for the attendant subsidies. 
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the biomass conversion yields will be lower, and this would increase demand for forestry and sawmill residues further, 

to produce noteworthy quantities of drop-in fuels. 

Currently, there are no commercial gasification plants using woody biomass as feedstock. Gasification and Fischer-

Tropsch (FT) appears to be more demanding in terms of feedstock volumes, compared to conventional fast pyrolysis 

(without considering pyrolysis oil upgrading), with experts estimating it may require up to 2.5 times more than 

pyrolysis plants of the same capacity. Therefore, sustainably sourcing adequate feedstocks for all facilities identified in 

Table 4 will be an important factor in years to come.  

Gevo, in the USA, is planning to use wood waste from forest management and sawdust from 

wood pellet production and construction materials to produce isobutanol. The isobutanol 

could be blended into LPG supply in ratios up to 5% (as biobutane or biobutene). This 

process is currently under development producing up to 290 tonnes of bioLPG and has 

potential to be upscaled in future. 

2.2.3 Municipal solid waste and refused derived fuel 

Currently, there are no operational facilities producing biopropane using Municipal Solid Waste (MSW) as a feedstock. 

The Fulcrum plant at Sierra Nevada will utilise MSW and is currently in production, however, it is not commercially 

producing biopropane for sale. This is because there is currently little value in extracting the co-product for use within 

the immediate US market, and therefore, any produced biopropane is recycled back into the process for heat. On the 

other hand, the Velocys UK facility which is in the planning stage could produce reasonable quantities of biopropane 

as a co-product if it becomes operational. 

Velocys’ facility plans to use Refuse-derived Fuel (RDF) as feedstock, which typically represents a mix of biogenic and 

plastic residual waste after metal and glass has been removed from the MSW stream. This means that not all the 

diesel and propane produced from this facility could be claimed as biobased. Feedstock availability is expected to be 

good and not a factor that would restrict the development of this plant, as approximately 2.9 million tonnes of RDF 

were exported from the UK in 20183, an amount equivalent to about 12 times the annual feedstock requirements of 

the Velocys plant. Significant quantities of RDF are currently exported because the UK has insufficient capacity for 

their treatment, and export remains a cheaper route of disposal than landfill. Therefore, RDF may be an underutilised 

resource in the UK and could be used to produce a range of biobased and RCF fuels and products if incentivised.  

In 2018, the UK exported approximately 2.9 million tonnes of RDF due to insufficient capacity 

for their treatment. New facilities such as the Velocys plant in Immingham could exploit the 

abundance in RDF to create more valued biofuels and RCFs while simultaneously reducing 

potential landfill. 

The Sierra BioFuels Plant is designed to extract recyclable materials from MSW and convert the remaining organic 

stream to drop-in transport fuels. Fulcrum has already secured large volumes of MSW through long-term agreements 

with a waste management company, to supply its under-construction facility in Nevada, and therefore risks associated 

with feedstock availability are minimal. This will be the same for the Fulcrum and Essar Oil plant in Stanlow and the 

Fulcrum plant in Gary, Indiana.  

 
3 https://www.letsrecycle.com/news/latest-news/rdf-exports-decline-in-2018/  

https://www.letsrecycle.com/news/latest-news/rdf-exports-decline-in-2018/
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Other facilities such as those planned by Repsol and WasteFuel, are likely to do the same as Fulcrum, in that they will 

separate out the recyclable fraction and use the non-recyclable and biogenic fractions for fuel production. This will 

make their feedstock requirements seem very high however the actual mass of the feedstock that goes into the fuel 

production process is much lower than the numbers presented in Table 4.  

The facility announced by Licella and Armstrong Chemicals is not taken into consideration in this analysis, as the 

feedstock is fossil based end of life plastics, and cannot result in any quantities of bio-based propane. However, this 

may become of interest as government policy on RCFs evolves.  

Production of rDME from MSW is under development by Circular Fuels Ltd, a joint venture between Kew Technology 

and Dimeta. rDME is progressing to full scale production after of 10 years of R&D activity supported by the ETI. Small 

quantities of rDME are already being produced in the UK at the Sustainable Energy Centre in Wednesbury, England 

during 2022 while the production site is under construction in the Teesworks Freeport in the northeast of England. 

The Teesworks site is expected to become operation in 2024, and full production is anticipated to be 50k tonnes per 

annum4. However, as this plant is expected to produce small amounts of rDME as early as the end of 2022 it is 

assumed that waste contracts will have already been sourced to ensure sufficient feedstock supply.  

Within the UK, Dimeta (a joint venture between SHV Energy and UGI International) have 

announced a new £150M rDME production facility to be located within Teesside which is 

expected to produce 50,000 tonnes per year by 2024, with up to 6 further plants in 

preliminary planning stages to be built across the EU and North America. Up to 20% of the 

total output by Dimeta will be made available to the wider LPG market. 

2.2.4 Sugars 

The isobutene production facility announced by Global Bioenergies in France, which is due to be commissioned by 

2022, is currently the only planned commercial scale plant that could use sugars as feedstock to produce renewable 

LPG-like products. There are other technologies able to use sugar feedstocks, for example aqueous phase reforming 

and direct fermentation to biopropane, but these are not yet fully commercialised. The participation of Cristal Union, 

one of the largest sugar beet processors in Europe—in a joint venture with Global Bioenergies—suggests feedstock 

supply is not expected to be a constraint. The facility will require 57,500 tonnes of sucrose to reach capacity, which 

can be considered negligible in the context of the 2.2 million tonnes of sugars (in the form of crystallised, liquid or 

substrate sugar) sold by Cristal Union in 2017 (Cristal Union, 2018).  

Another factor to consider is that after the abolition of sugar production quotas in 2017, table sugar prices are not 

deemed sustainable for beet and sugar production alone, as they have fallen below EU average production costs 

(CEFS, 2019). As a result, the European sugar sector has become more market-orientated, and EU white sugar prices 

have moved significantly closer to the world price, putting the sugar beet industry under significant pressure 

(Gaudoin, 2019). Therefore, the table sugar market is not expected to limit the availability of sucrose for isobutene 

production, as diversification of sugar beet outlets has become necessary. 

2.2.5 Steel Mill Gas 

Steel mills produce a CO2 rich off-gas which using LanzaTech’s process can be fermented to produce ethanol. This 

ethanol can be used to produce hydrocarbons by dehydration and oligomerisation. Production of sufficient amounts 

 
4 https://www.teesworks.co.uk/news/150million-renewable-gas-facility-coming-to-teesworks-site-creating-

hundreds-of-jobs 
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of ethanol are only feasible in regions with large steelmaking plants. In the UK only 60 tonnes of ethanol could be 

produced from the available steel mill gas, therefore production is unlikely.  

2.2.6 Dairy Waste and Manure 

Oberon Fuels in the USA is currently the largest producer of rDME from fermentation (Anaerobic digestion) of dairy 

farm waste and manure. The fermentation process produces methane which is steam-reformed to methanol and then 

dehydrated to form rDME. The design of this process is so it can be retrofitted to existing Anaerobic Digestion (AD) 

facilities for rapid deployment. Currently the process produces 11,000 tonnes of rDME requiring 17,500 tonnes of 

biogas. Since the availability of material suitable for fermentation is abundant (can include dairy waste, manure, 

agricultural residue, food waste, brewery and distillery waste and waste effluents) feedstock supply should not be a 

concern. Additionally, most AD units are robust to take a variety of wastes as long as the chemical demands of the 

microbes are met.  

Dairy waste, manure, agricultural residue, and food waste are abundant in supply and 

increasingly being redirected towards the Anaerobic Digestion industry to produce biogas 

and renewable liquid fuels. Oberon Fuels within the USA are currently producing up to 

11,000 tonnes of rDME each year. 

The main constraints to the feedstock would be legislation for maintaining soil quality and feasibility of moving the 

waste, which often has a very high moisture content. It is important to recognise that upgrading the biogas to 

biomethane and then converting to rDME comes at a cost and it could be more economically efficient to extract the 

biogas and use it for power generation, or the biomethane itself for heat and transport. However, if production is 

incentivised for hard-to-treat applications or if the future of the biomethane industry decreases (e.g., with the 

transition to a hydrogen economy), greater rDME production could provide an opportunity for the industry. 
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3 Modelling the Supply and Demand Pathways for 

BioLPG and rDME 

3.1 Overview 

As the UK transitions towards Net Zero it is important to understand the role renewable liquid gas can play in 

decarbonising the UK economy and particularly hard to treat homes within the off-grid heating market. This means 

understanding all aspects of the supply and demand, and how the UK Government and industry can best exploit 

bioLPG and rDME going forwards through to 2040 and beyond by addressing the following questions: 

 How much renewable liquid gas can the UK produce domestically, given constraints on domestic feedstocks? 

 Can the UK’s supply of bioLPG and rDME meet UK demand – specifically for usage within off-grid homes? 

 How do the supply and demand dynamics change from present day through to 2040 as the UK transitions to Net 

Zero? 

 What factors will drive the increased uptake of low carbon renewable liquid gas, and what impact could industry 

investment and supportive Government policy frameworks have on the UK’s outlook? 

To answer these questions, we have constructed a probabilistic, econometric model to capture a variety of different 

scenarios. The econometric model predicts the total potential supply and demand of renewable liquid gas (bioLPG and 

rDME), that is the supply if all feedstock and processing capacity is utilised and the demand if renewable liquid gas is 

freely available. The model’s scope is constrained to a domestic, closed economy trading system, such that it 

considers only supplies of bioLPG and rDME produced in the UK and sold as renewable liquid gas for intermediate 

consumption within the UK, although it allows for import and export of raw feedstocks. The model focus will be from 

the years 2022 through to 2040. 

Forecasts of technology and market evolution cannot be made with absolute confidence; therefore, a probabilistic 

modelling approach has been adopted to produce outcomes which are robust to differences in assumptions and 

parameters. Most parameters in the model are defined as a range between lower and upper bounds, and the results 

assume any value within those ranges is equally likely.  

The model largely comprises two parts: (i) the potential domestic supply of bioLPG and rDME, and (ii) the potential 

domestic demand for renewable liquid gas. The key supply and demand pathways are outlined below in the following 

subsections. 

3.2 Supply of BioLPG and rDME 

The model considers several potential sources of renewable liquid gas supply at varying stages of development and 

TRL. The following pathways are either those currently in operation or those at early levels of development: 

 HVO (TRL 9): Hydrotreated vegetable oils yield as much as 100-111kg of bioLPG per tonne of biofuel 

created5. 

 HTL (TRL 4): Hydrothermal liquefaction BioLPG yields from HTL are relatively unknown as the technology 

is in development but may be around 4-5%5.  

 
5 Data provided by NNFCC: based on desk-based research and 1:1 conversations with LGUK members. 
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 Gas + FT (TRL 5): Gasification and Fischer-Tropsch. The potential yields of bioLPG from Gas and FT are 

expected to be modest, ranging between 5-8%5.  

 FP (TRL 5): Flash pyrolysis and hydrotreating. It is expected that flash pyrolysis can yield as much as 10% 

bioLPG, though actual yields could be less when optimised for the primary product5. 

 ETG (TRL 5): Ethanol to gasoline synthesis. The yield of bioLPG has been estimated to be between 3-6%5. 

 DH + HT (TRL 6): Dehydration of glycerol followed by hydrotreating can yield as much as 50-60% bioLPG 

from glycerol5.  

 GTM + MTG (TRL 7): A two-step process, consisting of Glycerol to methanol synthesis followed by 

methanol to gasoline synthesis, with the potential to yield a small amount (3-6%) of bioLPG. Similar to 

Ethanol-to-Gasoline5.  

 rDME (TRL 9): Immediate planned facilities include up to 50kt/year of rDME produced from 2024 

onwards5. We assume an approximate 5-year development cycle for rDME production facilities, with 

additional facilities (50kt/year each) coming online in 2030 and 2035. 

 Power to X (TRL 9):  Power to liquid fuel potential is modelled with a 22kt year-on-year increase 

potential, based on planned facilities seen internationally5.  

For each process, the availability of feedstock, proportion of bioLPG produced as co-products and the incentive for 

adoption have been included in the model of potential supply. Within our renewable liquid gas supply projections, we 

merge both bioLPG and rDME together into one entity. Facilities external to the UK are beyond the scope of the 

model, although these facilities are expected to produce significant quantities of bioLPG and rDME which may be 

made available for import. 

3.3 Demand for BioLPG and rDME 

The model considers the demand for renewable liquid gas for heating within the commercial and domestic heating 

markets – specifically for off-grid properties in urban and rural areas. Assumptions have been made about the future 

prevalence of renewable liquid gas, and these assumptions are assigned broad probabilistic ranges where the demand 

of bioLPG and rDME is uncertain. The baseline assumptions are given in Table 5. 

Table 5: Model assumptions in the Baseline scenario. Where ranges are given, the parameter is assumed to be 
uniformly distributed between the bounds. 

Area Assumption 

Supply We maintain the assumption that no non-waste feedstocks are used for production. 

40-60% of LPG produced is sold as a by-product, with the remainder used to provide heat for the 
production process. 

Based on 2022 figures, we assume 0.75-1.25% of global UCO is available for import. 

Technology development leads to one TRL level increase every 4-8 years 

Technologies begin to be used operationally at TRL 7, with uptake level increasing until TRL 9 in sigmoid 
fashion. 

BioLPG is provided including a 20% blend of rDME as this blend is compatible with a broad range of 
existing boilers and equipment. 
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Area Assumption 

Demand 

 

In 2022, up to 200,000 homes and 320,000 commercial properties (representing 4-6% of off-gas grid 
properties) use renewable liquid gas for heating and energy in the Baseline scenario. 

In the initial years from 2022 to 2025, we assume 0-10% of LPG used for off-gas grid heating is bioLPG 
based, increasing by 10% year on year from 2025 as LPG properties switch to higher bioLPG blends 
each year. 

3.4 High-Level Modelling Approach 

The probabilistic supply and demand model is a Bayesian Network Model, which has previously been used and tested 

on complex strategy questions where there is uncertainty. The Bayesian network is a graphical representation of the 

supply and demand calculation, made up of nodes (factors) and directional links (relationships), where everything is 

treated as uncertain. Through application of Bayes’ rule, we can quickly examine the causal relationships between key 

drivers and resultant supply and demand uncertainty. In particular, the model calculates first-order Sobol indices that 

are a measure of how the variability of input parameters subsequently affect the value of an impacted variable. This 

variance decomposition approach allows for the identification of the leading input parameters that contribute most 

significantly towards the overall uncertainty. The model provides a probabilistic output, yielding bioLPG supply and 

demand estimates based on underlying distributions. For reporting, we use the 50th percentile (median or central 

estimate) and 20th/80th percentile estimates to capture the most likely range of values. 

A high-level diagram of the model is shown in Figure 1 and Figure 2. Modelling equations and relationships are 

detailed in Annex A.1. 

 

Figure 1: High level diagram of the demand model. The model is represented as a dependency tree, with arrows 
indicating that the variable at the tip depends on the variable at the root. Some variables and relationships are 

removed for simplicity, and a full description is given in Annex A.1. 
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Figure 2: High level diagram of the supply model. The model is represented as a dependency tree, with arrows 
indicating that the variable at the tip depends on the variable at the root. Some variables and relationships are 

removed for simplicity, and a full description is given in Annex A.1. 

 

3.5 Results – Baseline Scenario 

The total predicted potential supply and demand within the off-grid heating sector for renewable liquid gas within the 

Baseline scenario between 2022 and 2040 are shown in Figure 3. The off-grid LPG heating demand accounts for both 

renewable and non-renewable LPG. As the modelling is probabilistic, uncertainty bounds are included corresponding 

to the 20th and 80th percentiles. 
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In the immediate future, demand and supply of renewable liquid gas is low and are expected within the Baseline 

scenario to represent a small proportion of total LPG demand within off-grid heating. Starting from 2025, bioLPG 

demand is predicted to increase as LPG end users transition towards bioLPG as a direct drop-in fuel substitution for 

LPG. The uptake is expected to be driven by government policy to phase fossil fuel heating in homes and businesses 

off the gas grid, although at the time of writing the policy has only been consulted on. The supply of renewable liquid 

gas is also expected to increase, but lags demand, only beginning to rise significantly after 2030. This lag is due to the 

limitations of the feedstocks of current processes, the scalability of future processes with large potential feedstocks 

(such as lignocellulosic based pathways), and the need for policy clarity before further investment decisions can be 

made within the renewable liquid gas sector. In addition, there is a lead time required for the development and 

construction of new production facilities. In 2024, 2030, and 2035, there are big increases to overall supply driven by 

new rDME facilities coming online, following a 5-year development cycle projection.  

By 2040, the supply and demand of renewable liquid gas is expected to fulfil the needs of the commercial and 

domestic off-grid heating markets. Prospects for UK renewable liquid gas production is positive in the immediate 

future and close to 2040, with supply matching demand within the uncertainty bounds. In the period roughly from 

2025 to 2035, the supply and demand analysis show there is an opportunity and need to increase renewable liquid gas 

production, with a small shortfall predicted. Without increased bioLPG and rDME production domestically within the 

UK, the gap between supply and demand may instead be satisfied by drawing upon imports of renewable liquid gas 

from the EU and beyond, which would result in less domestic economic activity.  

To examine this shortfall in detail, a breakdown of the supply and demand pathways for bioLPG within 2030 and 2040 

are plotted in Figure 4, while the overall transition from 2022 to 2040 is shown in Figure 5.  

In 2030, supply is dominated by rDME as 50kt/year can be expected from facilities from 2024 onwards, with 100kt 

expected by 2030. This supply of rDME is sufficient to meet domestic needs and the expected bioLPG replacement 

demand. It should be noted that not all domestic properties will be able to currently use high blends of rDME, with 

20% being the maximum reasonable blend that smaller boilers (e.g., domestic properties) could support without 

modification. However, there is consideration being given for the manufacture of rDME ready boilers which may be 

able to support rDME blends up to 100%. Consequently, the gap between supply and demand for the off-gas grid 

market may in fact be greater. In the non-domestic market, commercial and industrial properties with bespoke boilers 

may already be able to support blends of up to 100% rDME without any further modifications, providing an 

opportunity to intelligently leverage rDME to meet commercial demand. Utilising higher rDME blends within the off-

grid commercial heating sector has the opportunity to make a greater impact towards decarbonising UK heating, if 

appropriately supported by a policy framework to subsidise the transition. 

Supply of pure bioLPG is dominated by the production of HVO and Power-to-X processes which are currently well 

developed, with HVO currently operating within 12 facilities globally. The demand, however, exceeds supply and is 

driven by off-grid heating which is linked with the assumed adoption of bioLPG in off-grid heating. The limitation in 

HVO supply is due to the availability of used cooking oil as a feedstock and the limitation in Power-to-X is due to the 

less developed nature of the process and the large amounts of energy required inhibiting adoption. To maximise the 

full potential of HVO, used cooking oils will have to be strategically allocated, balancing the needs of FAME biodiesel 

and HVO/HEFA based biofuels. 

In 2040, supply is enough to meet demand although it is reliant on the successful development of new alternate 

bioLPG production pathways. The key pathways for meeting bioLPG supply include gasification with Fischer-Tropsch, 

Flash Pyrolysis, and Ethanol to Gasoline synthesis. The uptake of these technology pathways is driven by their TRLs, 

moderate yields, process costs, and abundance of domestic lignocellulosic feedstock. 
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Figure 3: The total potential supply and demand forecast for bioLPG between 2022 and 2040 for the Baseline scenario. 
Plotted are the total LPG and bioLPG demand for off-grid heating. The uncertainty bounds correspond to the 20th and 

80th percentile values of the underlying distribution. 

  

 

Figure 4: The total renewable liquid gas supply and demand for the Baseline scenario in 2030 (left) and 2040 (right), 
broken down by production and consumption vectors. Figures presented are the 50th percentile values of the 

calculated probabilistic distributions. 
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Figure 5: The breakdown of the supply (left) and demand (right) curves between 2022 and 2040 for the Baseline 
scenario. Values are taken with respect to the 50th percentile of the underlying model distribution. 

3.5.1 Variance and Sensitivity Analysis 

Due to the probabilistic nature of the model and unknown potential of the supply and demand pathways, the balance 

between supply and demand from 2022 to 2040 is uncertain. Decomposing the causes of the uncertainty using Sobol 

first-order analysis provides an indication of the key factors influencing the result.  

The decomposition of the variance in supply and demand in 2030 is shown within Figure 6, with the most significant 

contributors listed in Table 6 and Table 7. 

 

Several of these key variables driving variance in supply are the TRLs of novel bioLPG production technologies, which 

determine whether the technology is ready for deployment in 2030. The other prominent variables are the proportion 

of bioLPG produced in the HVO and Power-to-X pathways which is output and supplied to the market, as opposed to 

being recycled for process heat. The volume of waste cooking oils produced domestically and imported internationally 

is also an important factor driving domestic bioLPG supply potential. 

 

The key variables driving demand are all associated with off-grid heating, led by the average annual LPG usage by off-

grid commercial properties. 

Table 6: Parameters with the highest contribution to the variance in renewable liquid gas supply in 2030. 

Ranking Pathway Parameter 

1 Flash Pyrolysis TRL increase 

2 HVO Proportion of output used for BioLPG 

3 Ethanol to Gasoline TRL increase 

4 Gasification & Fischer-Tropsch TRL increase 

5 Power to X Proportion of output used for BioLPG 
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Table 7: Parameters with the highest contribution to variance in renewable liquid gas demand in 2030. 

Ranking Category Parameter 

1 Off-grid Commercial Average amount of LPG used per property 

2 Off-grid Commercial Number of buildings 

3 Off-grid Commercial Proportion of commercial properties using LPG 

4 Off-grid Domestic Proportion of homes using LPG 

5 Off-grid Commercial Proportion of BioLPG uptake 

 

The key drivers for renewable liquid gas supply and demand by 2040 are shown in Figure 7. By 2040, supply factors 

associated with HVO, used cooking oils, and the bioLPG off-take from industrial processes become less important as 

feedstock becomes extremely limited, while the technology development (through TRLs) of alternate pathways 

becomes dominant as there is great uncertainty. On the demand side, commercial and domestic heating usage 

demand remain the most important factors. 

The variance decomposition can be used to suggest areas to target to either increase or decrease supply and demand, 

addressing expected shortfalls in bioLPG supply. The breakdown of results in Figure 6 and Figure 7 suggest the 

following: 

 Accelerate the rate of development of new technologies to unlock the feedstock potential of 

lignocellulosic biomass and other waste. This can be achieved through greater industry research and 

investment driven by Government recognition and support for the role renewable liquid gas can play in 

decarbonising off-grid heating.  

 Incentivise selling bioLPG rather than recycling it for industrial process heat. This can be achieved 

through a supportive policy framework and a drive for greater decarbonisation in the off-grid heating 

market through bioLPG. At present, UK efforts within the bioenergy sector have largely been targeted 

towards biofuels used for transport, however, renewable liquid fuels could have an important role to 

play in decarbonising the wider economy.  

 Increase the volume of used cooking oil imports for use within HVO-based pathways to produce greater 

volumes of 1:1 drop-in biodiesel replacements and sustainable aviation fuels. When combined with 

Government policy to offtake bioLPG as a co-product this would lead to increased bioLPG availability 

while tackling two of the hardest sectors to decarbonise (heating and aviation). 

 Target bioLPG uptake within the off-grid commercial and domestic heating markets to facilitate 

decarbonisation in hard-to-reach areas without an increased cost to consumers through expensive 

boiler replacements and modifications. 

These target areas are explored in more detail through three additional scenarios within the following section, Section 

3.6.  
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3.6 Scenario Analysis 

The variance analysis described above in Section 3.5.1 suggested several target areas to examine in order to maximise 

the potential uptake and production of renewable liquid gasses within the UK. These targets led to the following 

scenarios which may significantly impact the trends in renewable liquid gas availability and usage as the UK transitions 

through the late 2020s and early 2030s (see Figure 14): 

1. Switchover: Within the Switchover scenario, we examine increasing the demand for renewable liquid gas through 

the switching of off-gas grid heating oil users to lower carbon bioLPG and rDME (see Subsection 3.6.1). Within this 

scenario, we assume a total of 10% of all heating oil users will transition to renewable liquid gas from 2025 to 

2030, increasing the baseline demand in the off-grid domestic and commercial heating markets.  

2. SPF: Within the SPF scenario (Supportive Policy Framework), we examine the incentivisation for the extraction and 

sale of renewable liquid gas from production processes by recreating an RTFO (renewable transport fuel 

obligation) styled incentive for off-grid heating and applications (see Subsection 3.6.2). This assumes an 

appropriate incentive scheme is in place and support by a government policy framework. Specifically, under this 

scenario it is assumed that LPG off-grid heating which has not transitioned completely to bioLPG use increasing 

minimum blend ratios of bioLPG, with composition aligned with the current RTFO timeline. It is assumed that this 

legislated demand will lead to an increase in the proportion of bioLPG sold, from 40-60% in 2022 to 60-90% in 

2030 and 70-100% in 2040. Within this scenario, the assumptions of scenario 1 (heating oil switchover) are 

maintained.  

3. TRL: Within the TRL scenario, we examine the impact of increased investment to improve the TRLs of new 

pathways (see Subsection 3.6.3). This pathway relies on greater industry investment driven by clarity on 

Government policies and any provided support frameworks. It is assumed that greater investment could as much 

as double the rate of advancement, with one TRL level being achieved in 2.5-4 years, rather than 4-8. Within this 

scenario, the assumptions of scenario 1 (heating oil switchover) are maintained. 

The high-level supply and demand results for all five scenarios, including the Baseline, are plotted below in Figure 8. 

The TRL and SPF scenarios significantly increase the potential supply of renewable liquid gas (specifically bioLPG) 

during the years 2025 to 2040, driven by greater industrial investment into the technologies, increased Government 

policy and support frameworks, and better incentivisation to sell bioLPG as a co-product of the potential production 

pathways. Meanwhile, the Switchover scenario assumptions increase the demand burden during the same years as 

heating oil users transition to alternate low carbon technologies. The SPF scenario initially has a greater expected 

short-term demand, due in part to the obligations in place to supply a minimal proportion of renewable liquid gas in 

place. 

The Switchover, SPF, and TRL scenarios are analysed in greater detail within the rest of this section. 
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Figure 6: Breakdown of the factors responsible for variance in supply (top) and demand (bottom) of renewable liquid 

gas in 2030 in the default scenario. Parameters which rank highly have both a significant impact on the results and a 

high level of uncertainty, and hence present ideal candidates for exploration in scenarios or influencing with policy. 
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Figure 7: Breakdown of the factors responsible for variance in supply (top) and demand (bottom) of renewable liquid 
gas in 2040 in the default scenario. Parameters which rank highly have both a significant impact on the results and a 
high level of uncertainty, and hence present ideal candidates for exploration in scenarios or influencing with policy. 
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Figure 8: The predicted renewable liquid gas supply (top) and demand (bottom) for all four scenarios between 2022 
and 2040, including the Baseline case. The Baseline and Switchover scenarios are identical for the supply, while the 

Switchover and TRL demand scenarios also align. The uncertainty bounds correspond to the 20th and 80th percentile 
values of the underlying distribution. 

3.6.1 Switchover: Increased Baseline Demand – Heating Oil Switchover 

A significant number of off-grid homes (up to 1.5 million) currently use heating oils as their primary heat source. 

Within this scenario the adoption of renewable liquid gas is predicted to increase as other off-grid heating sources 

(e.g., heating oils) transition to bioLPG through boiler replacement cycles. This scenario assumes up to 10% of heating 

oil users transition to LPG as a lower carbon fuel source between 2025 and 2030. This leads to increased demand for 

bioLPG, the impact of which is shown below in Figure 9. 

Between 2025 and 2035 there is a greater shortfall in supply when compared to the Baseline scenario, with renewable 

liquid gas supply catching up by 2037. However, when compared to the Baseline scenario the transition of just 10% of 

domestic heating oil users to LPG could save 165,000 tonnes of CO2 emissions every year, and up to 864,000 tonnes of 

CO2 when fully transitioned to 100% blends of renewable bioLPG6.  

The breakdown of renewable liquid gas supply and demand in 2030 and 2040 is outlined below in Figure 10. In 2030, 

demand is much increased compared to the Baseline scenario (Figure 4), dominating the total potential supply 

available domestically. In 2040, supply is sufficient to fulfil demand as in the case of the Baseline scenario.  

 

 
6 Based upon annual total CO2 emissions of 6,280 kg per home using heating oils; 5,180 kg per home using LPG; and 
518 kg per home using 100% bioLPG. 
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Figure 9: The total potential supply and demand forecast for bioLPG between 2022 and 2040 for the Switchover 
scenario. Plotted are the total LPG and bioLPG demand for off-grid heating. The uncertainty bounds correspond to the 

20th and 80th percentile values of the underlying distribution. 

 

 

Figure 10: The total renewable liquid gas supply and demand for the Switchover scenario in 2030 (left) and 2040 
(right), broken down by production and consumption vectors. Figures presented are the 50th percentile values of the 

calculated probabilistic distributions. 

3.6.2 Level Playing Field and Supportive Policy Framework (SPF) 

The renewable transport fuel obligation (RTFO) is an obligation and incentivisation scheme for producing renewably 

derived biofuels for the UK transport market. Similar schemes to the RTFO for the extraction and sale of renewable 

liquid gas could be applied towards off-grid heating and applications to accelerate the overall decarbonisation of the 

UKs heating market, providing a Level Playing Field and Supportive Policy Framework (SPF) scenario. This scenario 

assumes obligations matching the current RTFO schedule are applied from 2025 onwards. As a result, all usage within 
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boilers which are not transitioned to 100% bioLPG are modelled to use at minimum a blend ratio incorporating bioLPG 

matching the obligation level. With an incentivisation scheme and supportive policy framework in place, the scenario 

assumes more bioLPG is sold as a co-product rather than being recycled for industrial process heat. This 

incentivisation is applied to several production pathways including bioLPG derived through HVO, Power-to-X, 

Gasification with Fischer-Tropsch, and Flash Pyrolysis. Within this scenario, we also assume that used cooking oil 

imports are moderately increased from 2025 onwards to support the short and longer-term UK demand for 

HVO/HEFA biodiesel and SAF industries, yielding further bioLPG availability. Assumptions made within the Switchover 

scenario have been maintained to examine whether the SPF scenario can fulfil the increased demand for renewable 

liquid gas within the off-gas grid heating market. 

The breakdown of bioLPG supply and demand in 2030 for the SPF scenario is presented below in Figure 11. In 2030, 

supply is bolstered by increased HVO, Power to X, and rDME production – fulfilling a greater portion of demand with 

respect to the Baseline scenario. The impacts of the SPF scenario upon the supply of renewable liquid gas are mostly 

seen in the long-term, due to the lead time required for the development and construction of new UK based facilities. 

Consequently, a supportive policy framework couple potentially have a big impact by 2040, while a small shortfall in 

supply remains up until 2035, at which point the supply rapidly catches up to the demand thanks to the emerging 

technologies. 

 

Figure 11: The total renewable liquid gas supply and demand for the SPF scenario in 2030 (left) and 2040 (right), 
broken down by production and consumption vectors. Figures presented are the 50th percentile values of the 

calculated probabilistic distributions. 

3.6.3 TRL: Enhanced Technology Readiness Levels 

The TRL scenario examines investing to improve research, development, and the TRLs of new pathways. Greater 

industry investment can be expected to be driven by Government policy clarity alongside an appropriate support 

framework. Within this scenario, we assume the development of Gasification with Fischer-Tropsch and Flash Pyrolysis 

are accelerated such that their adoption begins before, rather than after, 2030. Within the Baseline scenario, TRL 

increase is modelled as an uncertain factor that progresses at a rate of up to a maximum of 0.25 levels/year. Within 

the enhanced TRL scenario, the TRL rates progress at 0.4 levels/year. In addition to the before mentioned pathways, 

the development of Hydrothermal Liquefaction, Ethanol-to-Gasoline synthesis, Glycerol Dehydration, and Glycerol to 

Methanol synthesis are also accelerate. The respective TRLs over time as modelled are shown within Figure 13, and 

are capped at an absolute maximum of TRL 9. Assumptions made within the Switchover scenario have been 

maintained to examine whether the TRL scenario can fulfil the increased demand for renewable liquid gas within the 

off-gas grid heating market. 
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The breakdown of renewable liquid gas supply and demand for the enhanced TRL scenario is presented below in 

Figure 12. In 2030, supply can meet the off-grid heating demand for both commercial and domestic properties thanks 

to the increased supply through gasification, flash pyrolysis, and ethanol to gasoline pathways.  

 

Figure 12: The total renewable liquid gas supply and demand for the accelerated TRL development scenario in 2030 
(left) and 2040 (right), broken down by production and consumption vectors. Figures presented are the 50th percentile 

values of the calculated probabilistic distributions. 

 

Figure 13: The Technology Readiness Level (TRL) for each pathway between 2022 and 2040, for both the Baseline and 
TRL development scenarios. The uncertainty bounds correspond to the 20th and 80th percentile values of the 

underlying distribution. 
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3.6.4 Supply–Demand Analysis 

The predicted surplus in renewable liquid gas supply for the five scenarios, including the Baseline presented above, 

are shown in Figure 14. The Baseline scenario shows an increasing shortfall from 2025, whose trend reverses at 

around 2032. It expects the shortfall will be eliminated close to 2040. 

The Switchover scenario has the same shape to the surplus curve as the Baseline scenario but has a higher peak of 

shortfall due to increased renewable liquid gas demand within the domestic and commercial off-grid heating markets. 

As a result of this mitigation, the shortfall is eliminated a few years later than in the default scenario. 

In the SPF scenario, the peak is flattened versus the Switchover scenario, with the shortfall initially rising above the 

Switchover scenario but then dropping away earlier. The initial rise is due to the need to supply blended LPG and 

bioLPG to off-grid heating to meet the obligation. As time progresses, however, the incentive to import more used 

cooking oil and sell more bioLPG as a by-product increases supply which reduces the peak shortfall and causes it to be 

eliminated at around 2035.  

The TRL scenario tracks the default scenario until the late 2020s, as although progressing rapidly, the new 

technologies are not ready for deployment. From the late 2020s, however, the new technologies see early adoption 

leading to a rapid decrease in shortfall and prediction of a significant renewable liquid gas surplus by 2035. Of all the 

scenarios, the TRL-based scenarios have the largest uncertainty bounds as development of novel technology is highly 

uncertain. 

  

Figure 14: The surplus in domestic renewable liquid gas supply for the three scenarios listed in section 4 and the 
Baseline case. A negative surplus indicates where there is a potential shortfall. The uncertainty bounds correspond to 

the 20th and 80th percentile values of the underlying distribution. 
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4 Conclusions 
The results of the modelling and scenario analysis suggest the following: 

 There is a large potential demand for renewable liquid gas within the UK as the economy transitions through 

decarbonisation to Net Zero by 2050. A key driver for the renewable liquid gas market is the demand from 

commercial and domestic off-grid properties which are currently using non-renewable LPG and heating oils. 

BioLPG and rDME present a cheap alternative as a drop-in replacement, without the need in most cases for 

expensive boiler replacements or modifications.  

 Domestic bioLPG and rDME supply has the potential to meet demand in the immediate future through existing 

pathways and in the long-term towards 2040 through new pathways. However, more can be done to exploit the 

potential of renewable liquid gas in the late 2020s and early 2030s where a small shortfall is expected due to 

demand increasing faster than supply. 

 The key variables driving the uncertainty in the supply and demand for renewable liquid gas are the demand for 

commercial and domestic off-grid heating; the proportion and quantity of bioLPG which is sold as a by-product 

rather than recycled into processes for heat; and the rate of development of new technology pathways. The 

presented variance decomposition and modelled scenarios suggest the following areas to target to maximise the 

UK’s renewable liquid gas exploitation: 

a. Increasing the rate of development of new technologies to unlock the feedstock potential of 

lignocellulosic biomass and other waste. This can be achieved through greater research and 

investment from industry – which in turn needs to be driven by policy clarity and a supportive 

Government policy framework in place.  

b. Incentivise the sale of bioLPG to support the transition the Net Zero and divert it from industrial 

process heat. This can be achieved through Government supporting the transition by emphasising 

the value of bioLPG and rDME as an alternative route to decarbonisation, or through using fiscal and 

monetary levers such as subsidies, taxes, and legislation.   

c. Incentivise domestic collection of used cooking oils and increase the imports of used cooking oil for 

use within HVO-based pathways to produce more bioLPG as an offtake while producing greater 

volumes of 1:1 drop-in biodiesel replacements and sustainable aviation fuels. Bolstering the UK’s 

HVO/HEFA and SAF capacity while yielding bioLPG could aid in decarbonising two hard to treat 

sectors. In addition, HVO derived biodiesel has the advantage over FAME biodiesel as it can be used 

in 100% blends, while FAME is limited by a 20% blend wall. 

d. Incentivise and increase the viability for consumers in off-grid properties to transition to lower 

carbon fuels such as bioLPG, and away from higher pollutant heating oils within areas that are not 

suited to heat pumps and alternative technologies.  

e. Target the transition of commercial off-grid properties towards using high (100%) blends of rDME to 

accelerate their route to decarbonisation, and free up additional bioLPG capacity for use within 

domestic markets.  

 The predicted UK supply of rDME exceeds that required for the 20% blend with bioLPG assumed in the baseline 

analysis. Leveraging this by running compatible commercial boilers on 100% rDME presents a path to reducing the 

demand for bioLPG. 

 Placing incentives for the use of bioLPG in off-grid heating, while initially increasing demand in the very short-term, 

has the potential to incentivise the sale of bioLPG as a co-product and to increase the volume of used cooking oil 

imports, leading to reduced shortfalls in the medium term. 
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 New pathways for renewable liquid gas production which use readily available feedstock are key in producing 

sufficient renewable liquid gas supply to meet 2040’s demand. Incentivising the development of these pathways 

has the potential to significantly reduce the supply shortfall in 2030 but remains uncertain. 
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A.1 Equations and Relationships 

A.1.1 TRL Uptake Factor 

The uptake potential of each pathway within the model is calculated using a probabilistic uptake factor – that is, the 

quantity of feedstock it can utilize at maximum production capacity and whether the technology is used or not scales 

with the Technology Readiness Level (TRL). The scaling relationship is based on a normal distribution, such that a 

single pathway has a 2% uptake potential at TRL 7, 50% production potential at TRL 8, and 98% uptake by TRL 9. The 

relationship is based upon the relative uptake of offshore windfarm technologies, and is modelled as follows: 

𝑃Uptake = 𝜙(T | 𝜇 = 8, 𝜎 =  0.5) 

Where: 

• T is the TRL level of the given technology. 

• 𝜙 is the cumulative distribution function for a normal distribution. 

• 𝜇 is the mean of the normal distribution. 

• 𝜎 is the standard deviation of the distribution. 

A.1.2 Hydrothermal Liquefaction Supply 

The modelled relationships for the Hydrothermal Liquefaction (HTL) supply pathway are shown below in Figure 15: 

 

Figure 15: The interdependent relationships modelled for Hydrothermal Liquefaction bioLPG supply. 

The technology readiness level for HTL is given by: 

TRLHTL = TRL2022
HTL + TRL+

HTL 

Where: 

• TRL2022
HTL  is the present TRL 

• TRL+
HTL is the TRL increase up to a given year. 

 
The uptake of the HTL process is given by: 

𝑃Uptake = 𝜙(TRLHTL | 𝜇 = 8, 𝜎 =  0.5) 

The total bioLPG derived through HTL is given by 

LPGHTL = 𝑀HTL ∗ 𝑃Uptake ∗ 𝑌HTL 
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Where: 

• 𝑀HTL is the mass of available sewage sludge and wet waste (kg/year). 

• 𝑌HTL is the yield of the process (kg LPG / kg Sludge). 
 

A.1.3 Lignocellulosic Biomass Feedstock 

The modelled sources of lignocellulosic biomass feedstocks are shown below in Figure 16: 

 

Figure 16: The captured lignocellulosic feedstock supply sources and their relationships. 

Modelled are four different available lignocellulosic feedstocks: 

• 𝑀Waste Wood is the mass of waste wood (kg/year). 

• 𝑀Municipal Waste is the mass of municipal waste (kg/year). 

• 𝑀Crop Biomass is the mass of purpose grown hemp, elephant grasses (kg/year). 

• 𝑀Other Waste is waste from other sources, e.g., non-purpose grown crop (kg/year). 
 

For all scenarios, the mass of crop biomass and other waste are assumed to be negligible. This is because purpose 

grown crop use is anticipated to be limited for use within biofuel production with a greater focus on recycling waste 

materials. In addition, many crop biomasses do not produce the right complex structures or volatiles to be 

economically viable for fuel production. 

A.1.4 Gasification and Fischer-Tropsch 

The interdependent relationships modelled for the Gasification and Fischer-Tropsch pathways are shown below in 

Figure 17: 

 

Figure 17: The modelled relationships for the Gasification and Fischer-Tropsch bioLPG supply pathway. 
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The technology readiness level in any future year is given by: 

TRLYear
Gas & FT = TRL2022

Gas & FT + TRL+
Gas & FT 

Where: 

• TRL2022
Gas & FT is the present TRL. 

• TRL+
Gas & FT is the TRL increase up to a given year. 

 
The uptake of the process due to TRL is sampled from the distribution given by: 

𝑃Gas & FT
Uptake

= 𝜙(TRLGas & FT | 𝜇 = 8, 𝜎 =  0.5) 

The total bioLPG derived through gasification is given by 

LPGGas & FT = 𝑀Feedstock ∗ 𝑃Gas & FT
Uptake

∗ 𝑌Gas & FT 

Where: 

• 𝑀Feedstock is the mass of lignocellulosic feedstock available (kg/year). 

• 𝑃Gas & FT
Uptake

 is the proportion of lignocellulosic biofuel processed via gasification. 

• 𝑌Gas & FT is the yield of the process (kg LPG / kg feedstock). 

A.1.5 Flash Pyrolysis and Hydrotreating 

The interdependent relationships modelled for the Gasification and Fischer-Tropsch pathways are shown below in 

Figure 18: 

 

Figure 18: The modelled relationships for the Flash Pyrolysis bioLPG supply pathway. 

 

The technology readiness level is given by: 

TRLFP & HT = TRL2022
FP & HT + TRL+

FP & HT 

Where: 

• TRL2022
FP & HT is the present TRL. 

• TRL+
FP & HT is the TRL increase up to a given year. 

 
The uptake of the process due to TRL is sampled from the distribution given by: 
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𝑃FP & HT
Uptake

= 𝜙(TRLFP & HT | 𝜇 = 8, 𝜎 =  0.5) 

The total bioLPG derived through flash pyrolysis is given by 

LPGFP & HT = 𝑀Feedstock ∗ 𝑝FP & HT ∗ 𝑌FP & HT 

Where: 

• 𝑀Feedstock is the mass of lignocellulosic feedstock available (kg/year). 

• 𝑃FP & HT
Uptake

 is the prevalence of lignocellulosic biofuel processed through flash pyrolysis. 

• 𝑌FP & HT is the yield of the process (kg LPG / kg feedstock). 

A.1.6 Ethanol to Gasoline Synthesis 

The interdependent relationships modelled for the Ethanol-to-Gasoline (ETG) pathways are shown below in Figure 19: 

 

Figure 19: The modelled relationships associated with the Ethanol to Gasoline pathway. 

 

The technology readiness level is given by: 

TRLETG = TRL2022
ETG + TRL+

ETG 

Where: 

• TRL2022
ETG  is the present TRL. 

• TRL+
ETG is the TRL increase up to a given year. 

 
The uptake of the process is given by: 

𝑃ETG
Uptake

= 𝜙(TRLETG | 𝜇 = 8, 𝜎 =  0.5) 

The total bioLPG derived through ETG is given by: 

LPGETG = 𝑀Feedstock ∗ 𝑃ETG
Uptake

∗ 𝑌ETG 

Where: 

• 𝑀Feedstock is the mass of feedstock available (kg/year). 

• 𝑃ETG
Uptake

 is the prevalence of lignocellulosic biofuel processed through ETG. 

• 𝑌ETG is the yield of the process (kg LPG / kg feedstock). 



014850 

53522R 

Issue 3 

  

 

 

 

© FNC 2022   

 

Page 38 of 46 

 

A.1.7 Glycerol Feedstocks 

The relationships used to derive the mass of available Glycerol feedstock for use within the UK are shown below in 

Figure 20: 

 

Figure 20: The factors and relationships modelled for the mass of Glycerol feedstocks available. 

 

The mass of glycerol produced per year is given by: 

𝑀Glycerol = 𝑌Glycerol ∗ 𝑀Biofuel 

Where: 

• 𝑌Glycerol is the yield of glycerol from the biofuel production process (kg glycerol/kg biofuel). 

• 𝑀Biofuel is the mass of biofuel produced through FAME-based pathways. 
 
The mass of glycerol available for conversion to bioLPG is given by: 

𝑀Available
Glycerol

= 𝑀Glycerol ∗ 𝑝Glycerol 

Where: 

• 𝑝Glycerol is the proportion of glycerol which is low grade (not pharmaceutical or food standard), ideal for 
bioLPG conversion. 

A.1.8 Glycerol to Methanol and Methanol to Gasoline Synthesis  

The Glycerol-to-Methanol and Methanol-to-Gasoline synthesis pathways and their respective relationships are 

detailed below in Figure 21: 



014850 

53522R 

Issue 3 

  

 

 

 

© FNC 2022   

 

Page 39 of 46 

 

 

Figure 21: The Glycerol-to-Methanol and Methanol-to-Gasoline synthesis pathways, and their respective relationships. 

 

This is a two-step process. First, Glycerol-to-methanol synthesis, followed by methanol-to-gasoline synthesis. The 

technology readiness level is given by: 

TRLGTM = TRL2022
GTM + TRL+

GTM 

Where: 

• TRL2022
GTM  is the present TRL. 

• TRL+
GTM is the TRL increase up to a given year. 

 
The uptake of the process is given by: 

𝑃GTM
Uptake

= 𝜙(TRLGTM | 𝜇 = 8, 𝜎 =  0.5) 

The total bioLPG derived through GTM + MTG synthesis is given by 

LPGGTM = 𝑀Available
Glycerol

∗ 𝑃GTM
Uptake

∗ 𝑌GTM ∗ 𝑌MTG 

Where: 

• 𝑌GTM is the yield of methanol from glycerol (kg methanol / kg glycerol). 

• 𝑌MTG is the yield of bioLPG from methanol (kg LPG / kg methanol). 

A.1.9 Glycerol Dehydration and Hydrotreating 

The Glycerol dehydration and hydrotreating pathway is modelled according to the relationships shown below in Figure 

22: 
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Figure 22: The Glycerol dehydration pathway and its interdependent relationships. 

 

The technology readiness level is given by: 

TRLDH = TRL2022
DH + TRL+

DH 

Where: 

• TRL2022
DH  is the present TRL. 

• TRL+
DH is the TRL increase up to a given year. 

 

The uptake of the process is given by: 

𝑃DH
Uptake

= 𝜙(TRLDH | 𝜇 = 8, 𝜎 =  0.5) 

The total bioLPG derived through dehydration is given by 

LPGDH = 𝑀Available
Glycerol

∗ 𝑃DH
Uptake

∗ 𝑌DH 

Where: 

• 𝑌DH is the yield of the process (kg LPG / kg glycerol). 
 

A.1.10 Biofuel Demand 

The relationships determining the total biofuel demand across the shipping, aviation, and road transport sectors are 

shown below in Figure 23: 
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Figure 23: The biofuel demand from shipping, road transport, and aviation. 

 

Mass of shipping biofuel demand is given by: 

𝐷Shipping
Biofuel = 𝐷Shipping

Fuel ∗ 𝑝Shipping
Biofuel  

Where: 

• 𝐷Shipping
Fuel  is the total shipping fuel demand (kg/year). 

• 𝑝Shipping
Biofuel  is the proportion of shipping fuel which is biodiesel. 

  

Mass of aviation biofuel (SAF) demand is given by: 

𝐷Aviation
Biofuel = 𝐷Aviation

Fuel ∗ 𝑝Aviation
Biofuel  

Where: 

• 𝐷Aviation
Fuel  is the total aviation fuel demand (kg/year). 

• 𝑝Aviation
Biofuel  is the proportion of aviation fuel which is biofuel. 

 
Mass of road transport biofuel demand is given by: 

𝐷Road
Biofuel = 𝐷Road

Fuel ∗ 𝑝Road
Biofuel 

Where: 

• 𝐷Road
Fuel  is the total road transport fuel demand (kg/year). 

• 𝑝Road
Biofuel is the proportion of road transport vehicles using biofuel. 

The road transport fuel demand is given by: 

𝐷Road
Fuel = 𝑇Road

Miles ∗ 𝐸Road
Fuel  

Where: 

• 𝑇Road
Miles is the total miles driven per year (miles). 

• 𝐸Road
Fuel  is the average road transport fuel efficiency (kg/mile). 

 
Total mass of biofuel demand (kg/year) is given by: 

𝐷Biofuel = 𝐷Aviation
Biofuel + 𝐷Shipping

Biofuel + 𝐷Road
Biofuel 
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A.1.11 Biofuel Supply 

The relationships determining the mass of used cooking oils (UCO) available for use within the UK FAME/HVO industry 

are shown below in Figure 24: 

 

Figure 24: The used cooking oil (UCO) market, and modelled relationships. 

 

Non-waste oils are likely small in volume.  

The mass of International/imported waste oil feedstock is derived by: 

𝑀Non-UK Waste
Oils = 𝑆Non-UK

Catering
∗ 𝐴Oils ∗ 𝑝Used 

Where: 

• 𝑆Non-UK
Catering

 is the size of the UK catering / food manufacture sector (£/year). 

• 𝐴Oils is the amount of waste oil produced per £ of activity (kg/£). 

• 𝑝Used is the proportion of international waste oils available for import. 
 

The mass of UK (domestic) waste oil feedstock is derived by: 

𝑀UK Waste
Oils = 𝑆UK

Catering
∗ 𝐴Oils 

Where: 

• 𝑆UK
Catering

 is the size of the UK catering / food manufacture sector (£/year). 

• 𝐴Oils is the amount of waste oil produced per £ of activity (kg/£). 
 
The mass of waste oil feedstock is given by: 

𝑀Waste
Oils = 𝑀UK Waste

Oils + 𝑀Non-UK Waste
Oils  

Where: 

• 𝑀UK Waste
Oils  are UK derived waste oils (kg/year). 

• 𝑀Non-UK Waste
Oils  are international (imported) waste oils (kg/year). 

 
The total available feedstock is given by: 
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𝑀Oils = 𝑀Waste
Oils + 𝑀Non-waste

Oils  

Where: 

• 𝑀Waste
Oils  is the mass of waste oils (kg/year). 

• 𝑀Non-waste
Oils  is the mass of non-waste oils (kg/year). 

 
The relationships modelled around the HVO process are detailed below in Figure 25: 

 

Figure 25: HVO and FAME biodiesel production pathways, and their use of used cooking oil feedstocks. 

 
 
The potential supply of HVO biofuel is given by: 

𝑀Biofuel = 𝑀Oils ∗ 𝑌Biofuel 

Where:  

• 𝑀Oils is the mass of available oils feedstock (kg/year). 

• 𝑌Biofuel is the yield of biofuel from oil feedstock (kg fuel / kg feedstock). 
 

HVO is assumed to already be at TRL 9. 

 
The total bioLPG derived through HVO is: 

LPGHVO = 𝑌Total
HVO ∗ 𝑀Biofuel  

Where:  

• 𝑀Biofuel is the mass of biofuel produced. 

• 𝑌Total
HVO is the total yield of bioLPG from biofuel via HVO (kg LPG / kg fuel). 

 
The nominal yield of bioLPG from biofuel via HVO depends on: 

𝑌Total
HVO = 𝑌HVO ∗ 𝑝LPG 

Where: 

• 𝑌HVO is the yield of bioLPG from biofuel via HVO (kg LPG / kg fuel). 

• 𝑝LPG is the proportion of LPG output used for bioLPG, and not burned on-site in natural gas boilers. 
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A.1.12 Off-grid Gas Heating Demand 

The total off-grid LPG heating demand is given by: 

𝐷Off-grid = 𝐷Commercial + 𝐷Domestic 

The total off-grid bioLPG heating demand is given by: 

𝐷BioLPG
Off-grid

= 𝐷BioLPG
Commercial + 𝐷BioLPG

Domestic 

The modelled relationships accounting for the domestic bioLPG demand are shown below in Figure 26: 

 

Figure 26: The modelled relationships for off-grid domestic bioLPG usage. 

The relationships accounting for the commercial bioLPG demand are shown below in Figure 27: 

 

Figure 27: The relationships accounting for off-grid commercial heating use. 

 

The commercial LPG demand is driven by: 

𝐷Commercial = 𝑁Commercial ∗ 𝐴Commercial ∗ 𝑝Off-grid 
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Where:  

• 𝑁Commercial is the number of off-grid commercial or public buildings. 

• 𝐴Commercial is the average amount of LPG used per commercial building. 

• 𝑝Off-grid is the proportion of commercial properties using LPG as their primary source. 
 

The commercial bioLPG demand is then: 

𝐷BioLPG
Commercial = 𝐷Commercial ∗ 𝑝bioLPG 

Where: 

• 𝑝bioLPG is the fraction of LPG which is renewable. 
 

The domestic LPG demand is driven by: 

𝐷Domestic = 𝑁Domestic ∗ 𝐴Domestic 

Where:  

• 𝑁Domestic is the number of domestic homes supplied. 

• 𝐴Domestic is the average usage per home (kg LPG / year). 
 

The number of homes supplied is given by: 

𝑁Domestic = (𝑁Off-grid + 𝑁Boat) ∗ 𝑝Off-grid 

Where: 

• 𝑁Off-grid is the number of off-grid homes. 

• 𝑁Boat is the number of boats used as primary residences. 

• 𝑝Off-grid is the proportion of homes using LPG as their primary source. 
 

The domestic bioLPG demand is then: 

𝐷BioLPG
Domestic = 𝐷Domestic ∗ 𝑝bioLPG 

Where: 

• 𝑝bioLPG is the fraction of LPG which is renewable. 
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