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The world is changing fast

3

http://www.hollowtop.com/spt_html/Cultural_Evolution.htm


The world is changing fast - enabled by a 
succession of technological revolutions  
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Biomass Feedstocks
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Sum:

Petroleum

$90

𝐵𝑎𝑟𝑟𝑒𝑙

1 𝐵𝑎𝑟𝑟𝑒𝑙

6.12 𝐺𝐽
= $14.7/GJ

𝑴 = 𝑷𝒓𝒐𝒄𝒆𝒔𝒔𝒊𝒏𝒈 𝑴𝒂𝒓𝒈𝒊𝒏 =  𝑷𝒓𝒐𝒅𝒖𝒄𝒕 𝒓𝒆𝒗𝒆𝒏𝒖𝒆 −  𝑭𝒆𝒆𝒅𝒔𝒕𝒐𝒄𝒌 𝒄𝒐𝒔𝒕

111

Feedstock Cost & Processing Margin for Petroleum and Cellulosic Biomass

$111

𝑏𝑎𝑟𝑟𝑒𝑙

1 𝑏𝑎𝑟𝑟𝑒𝑙 

6.12 𝐺𝐽
= $18.1/GJ   

All product & feedstock prices in 2024 dollars. 
Petroleum yields & prices are 15-year averages from the EIA.  

Biomass Bagasse : 
$36

𝑡𝑜𝑛

1 𝑡𝑜𝑛 

17.𝐺𝐽
= $2.1/GJ   

Billion ton study : 
$130

𝑡𝑜𝑛

1 𝑡𝑜𝑛 

17 𝐺𝐽
= $7.6 /GJ   

Assume mature conversion technology →
product slate with same revenue as petroleum 

Brazilan bagasse price from MF Rural, accessed April 29, 2025 
https://www.mfrural.com.br/produtos/3-345/nutricao-animal-cana-de-acucar-bagaco?srsltid=AfmBOoosJfvnfp_3cDzZzOVeJuTm8E_cK-DPRXCPUH8duICV6fvXyJ0P



Cellulosic biomass compared to petroleum ($/GJ)
  • Lower feedstock cost
  • Higher processing margin

de Martino Costa and Lynd 
In-preparation.

Feedstock Cost & Processing Margin for Petroleum and Cellulosic Biomass

$/GJ feedstock

Petroleum refinery revenue
$18.1/GJ feedstock

Cellulosic biomass 
at < $130 dry ton
(Billion Ton study)

Petroleum at 90$/barrel
(average, 2009-2024)

Bagasse at $36/dry ton
(Brazil)

Processing margin 
$3.4/GJ petroleum

Feedstock
$14.7 /GJ

Feedstock
$7.6/GJ

Feedstock
$2.1/GJ

Petroleum-equivalent  processing margin
$16/GJ biomass

Petroleum-equivalent  processing margin
$10.5/GJ biomass
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https://ic-ce.com/article-circular-economy-and-sustainability/

Biorefining
A Compelling Vision and A World of Possibility

https://task42.ieabioenergy.com/wp-content/uploads/sites/10/2020/02/Bio-based-chemicals-a-2020-update-final-200213.pdf



Source: https://www.fortunebusinessinsights.com/bio-based-chemicals-market-106586

Danielson et al. 2020. Industrial biotechnology—An industry at an inflection 
point. Industrial biotechnology, 16(6), pp.321-332.

Biorefining
A Compelling Vision, A World of Possibility and Tangible Impact



Liquid Biofuel Production

Bioenergy & Biofuels Today

55% of renewable energy

37 EJ

Bioenergy

Liquid Biofuels
5 EJ

3.9% global transport (all modes)

2.1 MM barrels oil equivalent/day

Examples of rapid biofuel growth  

Lynd, Arifi, de Martino Costa, Fulton. in-preparation review. 
11

Biogas: 0.8 EJ



Benefits of Biofuels From Current (“First Generation”, “1G”) Feedstocks 

On-the-ground examples of 1G biofuels with outstanding sustainability metrics 

Near net-zero facilities***

Lantmannen wheat ethanol plant (Sweden)

Marquis Energy Industrial Complex (USA)

Corn ethanol industry in Brazil

Employment

US. Corn ethanol* → >72,400 direct jobs (61,000/EJ), 322,000 indirect jobs
          Coal → 45,000 direct jobs, 16-fold fewer per EJ 

Brazil**. Sugarcane production for ethanol and sugar is the largest agricultural sector employer, has more positive social indicators 
compared to the overall agricultural sector, has led to an increase in aggregate municipal income, and through multiplier eff ects has 
enabled improved indicators of health, education, and quality of life. 

Key role in fostering cellulosic biofuel deployment Abstract. …We find that this system provides renewable and 

affordable energy (5 billion litres of ethanol, 600 GWh of electrical 

power) and feed (4 million tons of distillers dried grains), reduces 

greenhouse gas emissions (9.3 million to 13.2 million tCO2e), saves 

land (160,000 ha), boosts regional income and consumption, 

improves food security and benefits ecosystems and human health. 

* Renewable Fuels Association
** Moraes et al., Env. Development, 2015.
*** https://www.lantmannenbiorefineries.com/;

https://marquisinc.com/carbon-and-sustainability/

https://www.lantmannenbiorefineries.com/


Challenges



Cellulosic Biofuels 1.0
Cellulosic biofuels fell far short or expectations while other renewables exceeded them (Lynd, Nature Biotech., 2017) 

14

D3 Cellulosic Biofuels Compared to RFS Target  Wind & Photovoltaics (US)

Predicted, 2007

Actual, 2017

Technology. Over estimated technological readiness → 
• Premature scale-up

• Investment & policies targeting deployment rather than innovation

• Costly, unprofitable, operationally challenging demo plants – all abandoned but one (Raizen, Brazil) 

Land 
• Land converted to energy crops: Anticipated negative direct & indirect impacts (ecosystem services, 
habitat, food vs fuel…) → diminished policy support  

• Harvesting crop residues: decreased soil carbon, fertility compared to leaving them in the field

Climate benefits challenged. Indirect land use change, carbon debt, opportunity cost



Changing Expectations for Biofuels in IEA Deep Decarbonization Scenarios

Comparison of 2012 and 2023 IEA scenarios*

2DS published in 2012 

Net Zero published in 2023 

Continued need for options in addition to 
electricity + H2 for long trips in heavy vehicles.

Less confidence that biofuels will meet this need.

15

We attribute lowered expectations for biofuels 
primarily to production from cellulosic feedstocks 
falling far short of anticipated levels rather than 
advancement of efuels or ammonia for transport.*

* Lynd, Arifi, de Martino Costa, Fulton. in-preparation review.   

2012→2023

Liquid cellulosic biofuels fell short of 
initial RFS goals by 1000-fold



Why has the bio-based large-scale production of 
commodity chemicals lagged behind expectations?

Unmet Expectations for Biorefining is Not Limited to Biofuels

Academic interest is strong and growing, with several high-profile 
demonstrations of metabolic engineering. However, few academic 
successes have become commercial successes. The low success 
rate of translating research stifles job growth, prevents new 
products from reaching consumers, and leaves societal and 
ecological benefits of industrial biotechnology unrealized.



Post-IPO Values of Industrial Biotechnology Companies Exhibits a Troubling Trend 
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Post-IPO Values of Industrial Biotechnology Companies Exhibits a Troubling Trend 



Thoughts on the Path Forward



Feedstocks & Products

Key Factors and Lessons for Biorefining Success

Low-cost, high volume products, especially fuels, require low-
cost, high volume feedstocks e.g. lignocellulose

Higher cost, lower volume products do not
Limited incentive to produce from lignocellulose

Commodity → specialty products
                         vs 
Specialty → commodity products
I see more precedent in the former

Multiproduct biorefining is a great vision and destination,
commercial viability is more often proven one product at a time 

Ideal feedstock features, especially for new technologies
  • Easily converted
  • Aggregated year-round at an industrial processing facility
  • Consistent quality
  • Low net cost considering coproducts
Cellulosic biofuel 1.0 demo projects had few of these features
with the exception of Raizen, the only one standing today



Feedstocks & Products Technology

Key Factors and Lessons for Biorefining Success

Low-cost, high volume products, e
specially fuels, require low-cost, 
high volume feedstocks e.g. lignocellulose

Higher cost, lower volume products do not
Limited incentive to produce from 
lignocellulose

Commodity → specialty products
                         vs 
Specialty → commodity products
I see more precedent in the former

Multiproduct biorefining is a great vision 
and destination, commercial viability is more 
often proven one product at a time 

Ideal feedstock features, especially for 
new technologies
  • Easily converted
  • Aggregated year-round at industrial facility
  • Consistent quality
  • Low net cost considering coproducts
Cellulosic biofuel 1.0 demo projects had 
few of these features except Raizen

We need to be open to different approaches if we want different results

”Rand Curve” ”Goldemberg Curve”
Merrow et al. A Review of Cost Estimation

in New Technologies. RAND Corporation; 1979.

Goldemberg et al. Ethanol learning curve—

the Brazilian experience. Biomass Bioenergy 2004,

The community has been working on some processing concepts for a long time
with more than incremental further improvements possible but by no means assured

Important to accurately assess where we are on the Rand-Goldemberg curve
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Tentative taxonomy
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Business model

Tentative taxonomy

Partnerships

Small & large companies 
bring different skills, assets

In the transition toward the bio-based 
production of chemicals, large chemical 
companies have not only the advantage of 
having significant R&D capabilities, but also, 
more importantly, extensive engineering 
competence for manufacturing on a very large 
scale and depreciated fermentation plants.
Nielsen et al., Trends in Biotechnology, 2022.

“All of our successes have been collaborative.
I did not say that all of our collaborations have
been successful.”
Antonio Stuchi, then of Raizen



• Anaerobic processing involves lower costs than aerobic, making it more promising for fuel 
production

• Biorefining at a scale sufficient to impact climate will likely involve fuels as primary products, 
chemicals & biomaterials as co-products, lignocellulose as the preferred feedstock

• Microbial processing of cellulosic biomass will likely occur in the presence of solids, rather than involving 
solids-free sugar syrups, giving rise to challenges and constraints specific to lignocellulose

Key features of promising bioprocesses 

Gregg Beckham, Co-coordinator

Adam Guss, Cellular transformations

Lahiru Jayakody, Product inhibition

Eric Karp, Product recovery

Costas Maranas, Product survey

Bob McCormick, Fuel utilization
Gregg, Yuriy Roman, Catalytic processing

Key contributors



• Anaerobic processing involves lower costs than aerobic processing

5.9 X

3.4 X

x

x

CapEx

OpEx        

Lynd, Beckham et al., Energy & Env. Sci., 2022.



• There are alternative processing paradigms with potential to produce low molecular weight fuels or
   fuel precursors at much lower cost than the thermochemical pretreatment/fungal cellulase paradigm

• Small biomolecules are inherently less expensive to produce than large molecules, 
   especially from lignocellulose.

• Catalytic conversion of low molecular weight intermediates, notably ethanol, to hydrocarbon fuels is a
   promising approach to bridge the gap between the fuel molecules that are most readily produced 
   biologically and those that the world would most value from biomass.

Key strategic points

Gregg Beckham, Co-coordinator

Adam Guss, Cellular transformations

Lahiru Jayakody, Product inhibition

Eric Karp, Product recovery

Costas Maranas, Product survey

Bob McCormick, Fuel utilization
Gregg, Yuriy Roman, Catalytic processing

Key contributors



Lynd, Beckham et al., Energy & Env. Sci., 2022.
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Potential Products of Biological Lignocellulose Conversion

Seven anaerobic products are more reduced than glucose, 
and have at least one of the following desired features:
  • Reported yield > 75% theoretical
  • Reported titers > 40 g/L 
  • Boiling point < water
All of these products have < 4 carbons

Small biomolecules are less expensive to produce biologically than large molecules 

Especially anaerobically

Especially from lignocellulose

31



Ethanol

In a class by itself for easy product recovery

Ethanol occupies a singular space in the bioproduct landscape, is the lowest cost 
liquid fuel or fuel intermediate produced biologically today, and is in our view likely to 
remain so.

The only product that has all three properties

Ethanol

Seven anaerobic products are more reduced than glucose, 
and have at least one of the following desired features:
  • Reported yield > 75% theoretical
  • Reported titers > 40 g/L 
  • Boiling point < water
All of these products have < 4 carbons

Potential Products of Biological Lignocellulose Conversion

Lynd, Beckham et al.,
Energy & Env. Sci., 2022.
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Small molecules are less expensive to produce biologically than large molecules 

Yet the fuel molecules that the world would most value obtaining from lignocellulose are large 
– needed for aviation and heavy-duty transport

A Key Dilemma

33

Hybrid processing is a promising path to resolution

Lignocellulose    →                                      → Hydrocarbon
Fuels

1. Fermentation 2. Catalytic 
Upgrading

Small molecules
  (e.g., ethanol)
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Technology for Converting Ethanol to Hydrocarbons is Rapidly Being Developed 

• For SAF from lignocellulose, biological production of ethanol followed by upgrading to hydrocarbons 
is among the most promising routes and low-cost, scalable, cellulosic ethanol is the key missing piece.  
James Bielenberg, Exxon

• Many companies (Gevo, Honeywell, SAFFIRE, Lanzajet, Neste,  Vertimass, World Energy); 
50 off-take agreements in last 2 years

Lignocellulose    →                                    →

1 Fermentation 2. Catalytic 
Upgrading

Hydrocarbon
Fuels

Ethanol,
Perhaps other 
small moleculs

https://rbnenergy.com/users/housley-carr


“Life-cycle greenhouse gas emission reductions for CADO-derived hydrocarbon blendstocks closely 
follow those for the ethanol feedstock.”

Proceedings of the National Academy of Science. 117:12576-12583 (2019).

GHG emissions of ethanol upgrading < 10%, 
in most cases < 5%, of fossil fuel base case.  



Some directions I am excited about



Consolidated bioprocessing (CBP).  One-step biological conversion of lignocellulose without added enzymes, .

SHF: Separate Hydrolysis and Fermentation

SSF: Simultaneous Saccharification and Fermentation

SSCF: Simultaneous Saccharification and Cofermentation

CBP: Consolidated Bioprocessing

Modified from Lynd et al., MMBR, 2002.

37

Motivations to consolidate process steps

• Lower CapEx, OpEx

•  Biomass deconstruction more effective
by live microbes than added enzymes
(enzyme-microbe synergy)



C. thermocellum, Cotton
Dumitrache & Wolfaardt

Non-complexed – e.g. T. reesei

Ratanakhanokchai et al.  in “Biomass now- Cultivation and Utilization”2013
http://www.intechopen.com/books/biomass-now-cultivation-and-utilization

Complexed – e.g. Clostridium thermocellum

Modified from Carvalho et al., 2003 PNAS

Yeast SSF (added cellulase, not shown)
Dumitrache  & Wofaardt

What are nature’s best biocatalysts at lignocellulose deconstruction?

Many options, molecular architectures, and model systems

Lots of interesting science

Valid comparisons are technically nuanced

• Valid comparisons technically nuanced

• Never easy to get funding for

• Risk of making more enemies than friends

Foundational question that could have been asked a long time ago but was not asked

38



Feedstock Recalcitrance
The Central Challenge of Processing Cellulosic Biomass

What: Difficulty of converting cellulosic biomass into reactive intermediates (Lynd et al., Biotechnol Prog., ‘99).  

Plant cell walls have evolved over more than a billions years to withstand environmental and microbial assault. 

(Alberts et al., 2002, Molecular Biology of the Cell 4th ed.)

cellulose

pectin

hemicellulose

http://biologyintro2life.blogspot.com/2010/08/multicellular-organization-plants_18.html

Parenchyma Collenchyma Sclerenchyma

Lignification

39

The recalcitrance barrier is manifested in the high cost
of thermochemical pretreatment and added enzymes.
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35C control

37C control
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75C control

C. bescii

Fungal cellulase and yeast

C. cellulolyticum

C. clariflavum

Consortium

C. thermocellum

Solubilization (%)

Xylan
Glucan

Horse manure enrichment 

Mid-season washed switchgrass, no pretreatment other than autoclaving

Paye et al. Biotech Biofuels. 2016

C. thermocellum more 
effective than industry-
standard fungal cellulase

Extensive comparative studies undertaken subsequently1,2,3,4

• 5 different feedstocks 
• > 10-fold range of catalyst loadings

• 10-fold range of substrate loadings • Presence or absence of yeast (SSF)
• Fungal cellulase incubation temp.• > 10-fold range of particle size

Results validated and cross-checked with several prominent labs.  

1 Paye et al. Biotech Biofuels. 2016; 2Shao et al., Biotech Biofuels. 2015.  
3 Lynd et al., Industrial Microorganisms. 2017; 4Holwerda et al., Biotech Biofuels. 2019.

What biocatalysts are most effective at lignocellulose deconstruction?
Initial exploration

Carbohydrate Solubilization (%)

40



C. thermocellum ~ 3- to 5-fold more 
effective than industry-standard fungal 
cellulase at lignocellulose deconstruction - 
no pretreatment other than autoclaving

3.2 X5.5 X

4.6 X

3.2 X

Modified from Lynd, Beckham et al., Energy & Env. Sci., 2022.

What biocatalysts are most effective at lignocellulose deconstruction?

Fraction total carbohydrate solubilized

41



What biocatalysts are most effective at lignocellulose deconstruction?

Corn stover literature comparison

42



What biocatalysts are most effective at lignocellulose deconstruction?

Corn fiber literature comparison

Beri et al., Nature Comm, 2020.

DCB: Destarched corn bran
WMCF: Wet milled corn fiber

43



What biocatalysts are most effective at lignocellulose deconstruction?

Bagasse literature comparison

Nature offers biocatalysts that are substantially better at biomass deconstruction 
than the commercial fungal cellulase preparations tested 

44



Intimate association between cells and substrate
Primary catalytic entity: cellulose-enzyme-microbe complex

A. Dumitrache

Quantitative evidence for enzyme-microbe synergy*

Local physical chemistry impacted by cell surface

Selective pressure for surface occupation, product uptake
*(Lu et al., PNAS, 2006)

TEM tomography
B. Donohoe

interactome

Toward understanding the effectiveness of C. thermocellum

“Sharpening” from end-specific surface 
ablative action

Brunecky et al. Science  342, 1513-16 (2013)

Access by virtue of small size Access by unravelling cellulose bundles
TEM tomography (B. Donohoe)

Splaying of 
microfibril ends

TEM 
tomography
(B. Donohoe)

T. reesei Cel7A
Non complexed cellulases C. thermocellum cellulosome

Xu et al. Sci. Adv. 2016

Free enzymes

Cell- tethered cellulosomes

Untethered cellulosomes

Free enzymes

45



Consolidated Bioprocessing (CBP)

SHF: Separate Hydrolysis and Fermentation

SSF: Simultaneous Saccharification and Fermentation

SSCF: Simultaneous Saccharification and Cofermentation

CBP: Consolidated Bioprocessing

One-step biological processing without added enzymes

46



The biofuel field’s answer for the last 40 years: Thermochemical pretreatment

Nature’s answer

Requires ~ 2% of metabolizable energy 

Rumination increases forage particle surface area up to 104-fold

Rethinking biological deconstruction & biocatalysts invites rethinking augmentation strategy

Yeast

Sensitive

Among the most resistant           
cellular life forms Sensitive

Chemical Inhibition               Mechanical Disruption

Cellulolytic anaerobes
(Gram positive)  

Among the most 
resistant cellular life 
forms

Cotreatment: Mechanical feedstock disruption during fermentation 
in lieu of thermochemical disruption before biological processing

How best can biological deconstruction of cellulosic biomass be augmented?

47



Model (not industrial) system to investigate 
impact of milling on microbial fermentation 
& biomass solubilization: Ball mill fermentor

How best can biological deconstruction of cellulosic biomass be augmented?

Balch et al., EES, 2017

C. thermocellum, cellobiose Yeast, glucose          

C. thermocellum fermentation readily proceeds with aggressive milling

Yeast fermentation does not 

48
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Mechanical disruption during fermentation (Cotreatment) allows near-complete solubilization 
without thermochemical pretreatment

Fraction total carbohydrate solubilized

Modified from Lynd, Beckham et al., Energy & Env. Sci., 2022.

Cotreatment patent issued in 2020. US 10,533,194.

Implies barrier to solubilization is physical not chemical

Modified feedstocks → much smaller impact than milling

0.45

0.45

0.44

0.32

0.19

0.31

0.67

Fungal cellulase
SSF

Fungal cellulase
SSF

0.14

0.14

0.08 0.16

0.07 0.19

0.21

0.61

0.42
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* Co-location of a small CBP plant processing stillage or lignocellulose at a large 1G host 
plant incurs a negligeable distillation OpEx penalty. Details available upon request. 
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CBP                

Conventional                

Pa
yb

ac
k 

ti
m

e 
(y

ea
rs

)

Scale (MM Gallons ethanol/year)

Compared to conventional paradigm specified by NREL coauthors

   • 8-fold shorter payback time (CapEx/annual profit) 

   • Economic feasibility at 10-X smaller scale

Lynd et al, Current Opinions in Biotechnology, 2017

Process modifications that increase CO2 recovery improve economics

Cost competitive with gasoline @ recent prices

Kubis and Lynd, Sustainable Energy & Fuels, 2023 51

Long-Term TEA for Corn Stover to Ethanol via CBP

Process modifications that 
increase negative GHG emissions

With cotreatment, no pretreatment or added enzymes



Incorporated: October 2022

$6 million seed funding from VCs. March 2024

24 Employees
IP Agreements with Dartmouth & Unicamp

Technology, business strategy different from cellulosic biofuels 1.0

JDA with a major US biofuel producer. January 2024

“Terragia has an opportunity to succeed
where others in the cellulosic biofuel 
industry have not. The company’s 
technology provides a radically different
approach that uses biology to reduce the
high costs and scale of conventional
cellulosic biofuel production.”

52



It ain’t what you don’t know that gets you in trouble. 
It’s what you know for sure that just ain’t so.

Common biofuel claims Contrary observations

Impractically large land requirements           • Widespread agreement that at least 100 EJ biomass available for energy
           • Large potential for pasture intensification, crop residues 
           • Global geographic potential of agave 600 EJ, ~ equal to energy use of humanity, all sectors

Flawed climate change mitigation logic           • Key arguments rebutted (iLUC, carbon debt, opportunity cost)

Unfavorable energy balance            • Zero fossil process inputs for sugarcane, bagasse, corn ethanol today (Brazil)

Inevitably compete with food            • Strong potential for cellulosic biofuels to benefit food & feed production

Ethanol is passe           • Lowest cost biologically-derived fuel molecule today, likely always
           • Promising intermediate for SAF, other difficult-to-electrify transport modes   

Corn ethanol unsustainable           • Current practice in Brazil offers outstanding sustainability benefits
           • US industry CI decreasing in response to incentivizes

Cellulosic biofuels too expensive           • $/GJ feedstock purchase price less than petroleum
           • Commercial plants being replicated now (Brazil)
           • Documented potential to be cost competitive with gasoline

Cellulosic business case not promising           • Terragia, investors and partners aim to show otherwise

We can do without biofuels          • Large biomass role in low-C scenarios
          • Fermentation → lowest cost CO2 removal option
          • About half of transport energy difficult to electrify

Better options for BECCS           • Total mitigation per ton feedstock can be comparable to electricity, H2

Using crop residues → loss of soil C           • Not so for AD if process residues returned to the field
           • Likely also the case for liquid cellulosic biofuels
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The Biotechnology and Biological Sciences Research Council, in association with the 

Engineering and Physical Sciences Research Council, the Technology Strategy Board and the 

BioKTN, CIKTN and HealthKTN, invites applications for its networks in industrial 

biotechnology and bioenergy (NIBB).
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Int biomass brilliant!



UK Biomass Strategy

Sustainability, ensuring that biomass used in the UK is 
sustainable and is in line with our climate and environmental 
goals.

Air quality, minimising any public health impacts from the use 
of biomass.

Net zero, ensuring that biomass uses contributes towards the 
UK’s net zero target.

Circular economy & resource efficiency, to ensure that these 
wider benefits from biomass use to the UK economy are realised 
wherever possible, in line with government goals. https://assets.publishing.service.gov.uk/media/64dc8d3960d123000d32c602/biomas

s-strategy-2023.pdf

Principles of biomass use



UK Biomass Strategy

Near term, sustainable biomass deployment through a range of 
incentives and requirements covering power, heat and transport.

Medium term, transition away from unabated emission uses of 
biomass where possible to uses such as Bioenergy with Carbon 
Capture and Storage (BECCS).

Long term

Difficult to predict.

Modelling indicates that biomass use combined with BECCS for 
power, heat and transport contribute the most towards net zero.

Emerging bioeconomy products and markets beyond energy will 
continue to be reviewed. https://assets.publishing.service.gov.uk/media/64dc8d3960d123000d32c602/biomas

s-strategy-2023.pdf

Priority use of biomass



Defossilising chemical production



UK Chemical demand for carbon

Stakeholder rejected several scenarios as either unacceptable, 
unattractive or unachievable

Balanced (stakeholder ambition)

https://iuk-business-connect.org.uk/perspectives/sustainable-carbon-ambition-for-the-uk-chemicals-industry/



Feedstock limitations and challenges

Each carbon source has critical limitations

Abated fossil carbon does not fully address end of life emissions.

Biogenic carbon is limited by ecosystem and social impact concerns.

Recycled carbon is limited by collection rates, and delays rather than eliminates fossil carbon emissions.

Atmospheric carbon is limited by renewable energy requirements and extraction costs.

Achieving the stakeholder preferred scenario is challenging.

Domestic recycling can only provide a fraction of the UK’s carbon demand.

Biomass is available, but significant demand from energy applications and in less attractive volumes compared to 
other global regions.

CO2 is available in significant quantifies but requires low-cost renewable energy for conversion.



Chemical potential
Targets and Feedstock



Chemical potential

By 2050, the UK bio-based 
chemicals industry has the 

potential to significantly grow, 
producing over 

2 million tonnes of bio-based 
chemicals, contributing to 

5.2 million tonnes CO2eq GHG 
savings and £1.6bn in value to 

the UK economy



Assessing current availability

Data bases developed to support investor due diligence requirements



Feedstock Database

How much biomass is available?
Where are these untapped resources located?
What is their composition?
What could they be used for?
What use restrictions are there? What are the competing markets?



Feedstock Database



Feedstock Database



Biomethane in the UK



Capacity



Current Feedstock



Agriculture
Food vs fuel – the debate you can’t kill
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Source: Defra June Census (2024): Land Use data



Considerations



Recognising AD’s wider benefits

https://greengastaskforce.co.uk/key-reports/



UK biomethane potential

Biomethane growth potential, by feedstock type (TWh)



Implication
Biomethane in the GB energy mix



OECD (2023), Carbon Management: Bioeconomy 
and Beyond, OECD Publishing, 

Paris, https://doi.org/10.1787/b5ace135-en.
https://www.alderbioinsights.co.uk/news-and-insights/insights/a-perspective-on-best-available-carbon-bac-as-feedstock-for-the-chemical-

industry/

Carbon management



A biomass hierarchy



Summary

The ability for biomass to meet multiple demands complicates decisions on its immediate use and 
long-term strategic deployment

There is a strong desire to defossilise UK chemical production – however no cohesive policy 
framework exits

The potential to expand biomethane production is substantial providing a flexible low carbon fuel for 
heat, transport and power generation and chemical production 

Need a cohesive policy framework - policy interests are dispersed across departments individually 
covering heat/power, transport, industry and environment.

Future policy should integrate agricultural, environmental, and economic benefits – thinking beyond 
energy and net zero



Thank you 

A specialist strategic business consultancy with 
over 22 years of bioeconomy experience

Website: www.alderbioinsights.co.uk

Email: l.hopwood@alderbioinsights.co.uk



Be sure to visit our 
exhibition throughout the 

conference
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