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Year of plant start-up: 2007, 2009, 2010, 2011
. Porvoo, Finland
Location:
Rotterdam, the Netherlands
Singapore
Technology: HVO

Plant capacity Combined: 2.9 Million tons/year
(after Singapore expansion 2022: 4.5 Million tons/year)

Operational experience achieved Commercial production

Total Capital Expenditure 1420 million euros (+ Singapore expansion 1.4 Billion euros)

Principle feedstocks: Vegetable oils, waste and residues

Feedstock Capacity Global feedstock sourcing

Products/markets: HVO Renewable diesel, renewable propane, renewable aviation fuels,

renewable chemicals

Technology Readiness Level (TRL): | TRL9

DESCRIPTION

Neste (NESTE, Nasdaq Helsinki) creates sustainable solutions for transport, business, and consumer needs. Our
wide range of renewable products enable our customers to reduce climate emissions. We are the world's largest
producer of renewable diesel refined from waste and residues, introducing renewable solutions also to the
aviation and plastics industries. We are also a technologically advanced refiner of high-quality oil products. We
want to be a reliable partner with widely valued expertise, research, and sustainable operations.

In 2018, Neste's revenue stood at EUR 14.9 billion. In 2019, Neste placed 3rd on the Global 100 list of the most
sustainable companies in the world.

Our renewable diesel production is based on unique and proprietary NEXBTL technology. We have state-of-the-
art renewable diesel production facilities in Singapore and Rotterdam, and our annual renewable diesel
production capacity is currently 2.9 Mton/a. The capacity expansion of our renewable products in Singapore will
bring the total renewable product capacity close to 4.5 million tons annually in 2022.
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Please find photos in: https://www.neste.com/corporate-info/news-inspiration/material-uploads. Neste photo
gallery features printable high quality images and Neste -logos. You can find pictures of our refineries and station

network.
Neste Rotterdam refinery
Stakeholders involved: Proprietary NEXBTL technology, intensive R&D with global network of
universities and partnerships
Financing Support: Neste customers may use the renewable diesel to fulfil their renewable

energy mandates and obligations.

Contribution to Sustainable | Neste has several focus areas in regards to Sustainability: Our business is built
Development Goals: on a sustainable supply chain with traceability, human rights, combating
deforestation, environmental monitoring, carbon footprint calculation over
the whole life cycle.

Contribution to European Neste has customers globally, Europe being an important market area.

targets on GHG emission
reduction in transports: In 2018, Neste renewable fuels helped our customers reduce global climate

emissions by 7.9 million tons. This equals the annual emissions of 3 million
passenger cars. Our target is to help our customers reduce their GHG
emissions by at least 20 million tons every year by 2030. The share of waste
and residues is over 80% of our renewable raw materials. We are innovating
and exploring new lower quality renewable raw materials.

Employment: Neste is a direct employer for ca 5500 persons. In addition, the feedstock
supply chain employs thousands of people.



https://www.neste.com/corporate-info/news-inspiration/material-uploads
http://brandbank.neste.com/public?fo=514
http://brandbank.neste.com/public?fo=520
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Replicability and scale-up
potential:

The refining facilities are replicable.

Success factors:

Stable, long term renewable fuel policies are needed to motivate additional
investments.

Constraints:

Regulative uncertainties.

Info provided by:

Harri Heiskanen

More information:

www.neste.com

The ART Fuels Forum brings together 100 experts and leaders representing the alternative
transportation fuels Industry to facilitate discussions, elaborate common positions on policy
issues and identify market penetration opportunities and barriers for these fuels. The Forum is
established and financed by the European Commission under the project name “Support for

alternative and renewable liquid and gaseous fuels forum (policy and market issues)”.

www.artfuelsforum.eu

IEA Bioenergy, also known as the Technology Collaboration Programme (TCP) for a

. Programme of Research, Development and Demonstration on Bioenergy, functions within a
IEA Bloenergy Framework created by the International Energy Agency (IEA). Views, findings and publications

of IEA Bioenergy do not necessarily represent the views or policies of the IEA Secretariat or of

its individual Member countries.

http://www.ieabioenergy.com/
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Year of plant start-up:
Location:

Technology:

Plant capacity

Operational experience achieved

Total Capital Expenditure

Principle feedstocks:

Feedstock Capacity

Products/markets:

Technology Readiness LevgTRL):

DESCRIPTION
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2013
Crescentino, VC, Italy

Enzymatic hydrolysis of cellulosic biomass andfieentation to
produce cellulosic ethanol.

Confidential

During the period of activity, the plant has produced around

20,000 tons of fuelgrade cellulosic ethanol
240 Mill EUR as ported by previous owner

Feedstock that have been used are: Arundo Donax, wheat straw, ri
straw, hardwood

The supply chain is directly managed by the Plant Owner.

The main product is cellulosiethanol sold as transport fuel. The
residual lignin is used as solid fuel into a power station to generate
MW of green electricity partially sold to the national grid.

TRL 9 actual system proven in operatinalenvironment

The Crescentino plant, located in the province of Vercelli Italy, was the first in the world to be designed and
built to produce bicethanol from agricultural byproducts, woody material or plants not suitable for food
consumption. This is a mgor innovation which many companies in the energy industry have been trying to

achieve for years.

This has been made possible thanks RROES®, the technology developedfrom 2006 by M&G Groupand
currently owned by Versalis the chemicalcompany of ENI. The project was also supported by the European
Commission as part of its Seventh Framework Program.

It has been possible to produce biethanol using maize, sugar cane and other vegetable substandeROES®
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technology (ethanol production from biomas) is capable of extracting bieethanol from cellulosic biomasses
such as wood, energy crops or agridural waste such astraw.

The Crescentino bigefinery is locatedon a former industrial site in an important agricultural area, especially for
rice, wheat and maize productionFurthermore, woody material and woody residues from other industries can
be also easilyprocured locally in a 70km radius from the plant.

This area was chosen because it is located in the center of an agricultural area, hasvitsiternal rail link and
is relatively close to theR&D Centeiin Rivalta Scrivigltaly), where PREESA®technology was developed.

The site includes a boiler for electrical energy production from biomass and biomass derived material, a
dedicated wastewatea facility with full water recirculation, including the production of biogas from WWT
anaerobic dgedion. Thesefeatures dlow a further improvement of environmental footprint of the plant,
making Crescentino a very efficient example of advanced biofugbpuction at scale. In addition, a part of the
old foundry has been reused, following its convemn into a warehouse for the storage of thebiomasses.

Crescentino project was started in 2010, construction work began in 2011 and the boiler started progucin
energy in the autumn of 2012. In January 2013-&ilbanol production began and the plant reachedontinuous
operational capacity in 2015. After some technical improvements, such as the introduction of a soaking section
of the biomass before the prereatment, the operation was regular during the first half of 2017 at industrial
rate. Following the aquisition in November 208, Versalisis in the process of implementing an action plan that
will lead to afull resumption of operationswith implementation of some processmprovements.

The expertise developed at Crescentino will enable similar plants te lwilt in the rest of the world.

Plant in Crescentino (Italy)




Stakeholders involved:

Financing Support:

Contribution to Sustainable
Development Goals:

Contribution to European
targets on GHG emission
reduction in transports:

Employment:

Repicability and scaleup
potential:

Success factors:
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Relevant actors:

Versalis Technology owner/licensorengineeing and operator

European commission 7 Framework Program

Versalis acquiredhe plart as partof the M&G bb assets acquisition for an
undisclosed amount

S0G2, 10, 12, 13,89, 15

ThePROES®&technology allows production of cellubsicethanol from non
food feedstock with high GHG emission savings

The plant in Crescentino hasreated aound 100direct jobsand, additionally,a
number of Indirect jobs in logistiand plant relatedservices

PROESA®:chnology has the potential to be adopted by multiple bie
refineries across the world. Crescgino plant can beeither scaled up or
scalaed down depending on the logistic, geography, biomass availability.

Replication and scalability of the project at regional, nationaind international
level isvery high

Cellulosic biorefirriesare typicdly large capex projects whereby large
volumes of biomass are involved.

As aconsequence, successful deployment of cellulosic biorefineries depend:
on severalvariables:

Local feedstock availability (considering also existing competing
uses

Access to supprting financial measures (at least for first anar
second of a kindnvestment)

Long term regulatory frameworklonger than 10yrs including
binding targetsto minimize offtake risk (either a specific mandate, a
carbon target or fiscal spport)



Constraints:

Info provided by:

More information:
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St Zf...e 7 <oTfe—t"ei e ctte T Dbiofull techficlogies -
Maijor risks perceived by investors are:

Off take risks, as bidased prodicts conpete against cheap fossil
based products today cheaper tharever dueto low oil price;

Financial risks, as biorefineries are higlapex investment,
particularly in the @seof so-called advanced/second generation
bioproducts/biofuels, where the lewel of innovation, technological
development, expertise involved is pretty highDue to their
inherent level of innovation, advanced biorefineries projects are
not yet easily barkable today in the Europearcontext.

Regulatory risks: without dong-term regulatory framework,

including binding targets (i.e. blending mandate), it is ukély that
invegors would invest large capital in the European market: indeed,
on a global basispther regions offer more suitable environment for
biofuels investments, thanks to lage feedstock availability,
consolidated market, relatively lowabour cost, etc. (e.g. Far East,
South America.etc).

Pierluigi Picciotti Licendng Expert Green Chemistry

https://versalis.eni.com/irj/go/km/docs/vdis&Contenuti%20Versalis/IT/Docun
nti/Documentazione/Licensingiotech 0 /Proesa.pdf

https://www.eni.com/assets/documentsiarelease/migrated/202én/02/PR
VersalisCrescentineB-febbraia2020.pdf



https://versalis.eni.com/irj/go/km/docs/versalis/Contenuti%20Versalis/IT/Documenti/Documentazione/Licensing/Biotech_0_/Proesa.pdf
https://versalis.eni.com/irj/go/km/docs/versalis/Contenuti%20Versalis/IT/Documenti/Documentazione/Licensing/Biotech_0_/Proesa.pdf
https://www.eni.com/assets/documents/press-release/migrated/2020-en/02/PR-Versalis-Crescentino-8-febbraio-2020.pdf
https://www.eni.com/assets/documents/press-release/migrated/2020-en/02/PR-Versalis-Crescentino-8-febbraio-2020.pdf

A view d the Ciescentingplant
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The ART Fuels Forum bringsgether 100 experts and leaders representing the alternati
transportation fuels Industry to facilitate discussions, elaborate common positions on poli
issues and identify market penetration pportunities and barriers for these fuels. The Forum
esta,Z<«eSEt feot “cofe. Ft > —SF —" U Ffe ‘eeceecte —eti”
fZ—F"ef—<"F fof "Tedt™f 7% Zc<“—<t fot %ofet—e "—FZe 7"
www.artfuelsfo rum.eu

IEA Bioenergy, also known as the Technology Collaboration Programme (TCP) -
Programme of Research, Development and Demonstration on Bioenergy, functions with
Framework created by the International Energy Agency (IEA). Views, dings anc
publications of IEA Bioenergy do not necessarily represent the views or policies of the
Secretariat or of its individual Member countries.

http://www.ieabioenergy.com/
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Year of plant startup:

Location:

Tednology:

Plant capacity

Operational experience achieved

Total Capital Expenditure

Principle feedstocks:

Feedstock Capacity

Products/markets:

Technology Readiness LevéTRL):

11 Lakh INR 200,000 INR 4300 ER
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2016

Gat No. 271, Village Pirangut, District: PuBtgte: Maharashtra,
Country: India

Anaerobic digestion to produce 2d generation (2GBioCNGrom agro
residue

AgroGas (2G BioCNG) of 100 kg/d i.e. 35 t/y reapacity

Approx. 5,600 hours; Operated daily since 14.08.2016 till dageabout
700+ days onsidering 350 days/annumTotal accumulated fuel
produced > 30 ton

* 1,150 Lakhs !, being first such pilot sca  le technology demonstration
unit

Domestically available Agro residue withO%noisture (rice
straw/maize straw/sugarcane trash/cotton straw/soya trash/coconut
frond/organic solid waste/bamboo/napier grass etc.)

280 tly, supply of éedstock is secured through various biomass
aggregator sources identified

Produ ct: AgroGas (2G BioCNG)

By Product: Digestate (bienanure) 642kg/d i.e. > 250 ton till date

Markets: AgroGas (2G BioCNG) fuel for vehicle filling and Digestate i
manure for farm fields

Technology is ompletely ready

TRL 8 system complete and qualified
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DESCRIPTION

Primove is a Pune based Technology Company working in the domain of gaseous fuels and energy. Produced
exclusively from agricultural waste and plant material, AgroGas i.e. 2nd GerieraBoCNG, also known a 7 —f7Z
‘~ —-St ———"1ineeddd, aitightBivention from the labs of Primove. Patented and tested, AgroGas (2nd
Generation BioCNG) is delivering afdd socio-environmental impact reducing carbon footprint, conserving

fossil fuels and giving a @stainable entrepreneurial opportunity to the famers thereby undoing the wrongs of
fossil fuels. Primove has been the only company which has the technology today for processing any kind of
agricultural biomass without any prdareatment to produce second gneration (2G) BioCNG that can lrectly

fed in vehicles. Primove has set up first 2G BioCNG plant in India at Pirangut in Pune which was inaugurated in
August 2016 at the hands of Hon. Shri. Nitin Gadkari, Minister of Road, Jrart and Highways and Ho. Shri.
Manohar Parrikar, the therdefenseMinister.

If we initiate 5000 such 2nd Generation BioCNG plants across the couritrgn fuel import cost of * 7 lakh croré
could be reduced to almost™ 3 lakh crore. If such plants are iiated in every villag, then it can provide
employment to at least 500people from that community. In addition to this, AgroGas can prove to be a good
import substitute as it is cost effective and pollution free. Ougoal is to take the innovation of AgroGas plants
throughout the length and breadth of India to ensure higher fuel substitution, more livelihood opportunities to

—8F “frefve fot f.TE FZ78 "Et—.—cte T L f7,te “t—tvce—a —St7E,> Mting <% [ S

the effects of palution at a globalevel.

Process Flow Diagram

21lakh croreINR= 10,000000 INR
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AgroGas being dispensed in Car

Stakeholders involved: Farmers providing agro residue, Briquette
manufacturers,Customers who fill AgroGas in their
vehicles (users),

Farmers utilzing digestate/manure in their farm fields

State Pollution Contol Board (PCB) granting NOC for
the plant,

Petroleum and Explosives Safety Organization (PESO) granting
approval and licenses to operate the plant

Financing Support: OOEIi T OA60O PEIT O POT EAAO EA Oof Nelvénd
Renewable Eergy (MNRE) has provision to grant a subsidy ~ 400 Crore
for such plants generating 12,000 #ud Biogas

Contribution to Sustainable Advantages offered by the project are as follows:

Development Goals:
Small and marginal farmersa/ho shdl be able to seltheir agro waste,

which otherwise was being burnt thereby polluting the air, benefit from
the project. This is an additional source of income for the farmers.




Contribution to GHG emission
reduction in transports:

IEA Bioenergy

This project falls under thesustainable development goal of the Widd Bank
and facilitates affordable, reliable, sustainable and renewable energy from
biomass.

The project is Carbon Neutral as it is an inexhaustible and clean energy.

The projectcomesuti” —St 0 ™f...SSyap"f~ ‘s8¢ "<of
Minister of India.

India has committed in the Paris Climate accord to reduce the greenhouse ge
emission by production of energy from bio source instead of fossil fuel. The
AgroGas (2G BioCNG) project is supporting the vision of thev&ament of
India in the matter.

Production of AgroGas (% BioCIB) on a large scale could potentially replace
imported LNG/CNG, commercial LPG and all transportation fuels and thus s,
valuable foreign exchange.

Project will generate employment in rurahrea and supplement the agriculture
income of farmers.

In line wih all advantages mentioned above, the project contributes to
following SDGsReliable, sustainable and modern energy for all (SDG7),
regional development (SDG8) and promotion of sustainbbindustrialization
(SDGY), sustainable consoption and production patterns (SDG 12), and GHC
emission reduction (SDG13)

The AgroGas (2G BioCNG) unit at Pirangut, Pune is the dimgtthe only such
plant to have received appovals and licenses fots operation (unde Form
E&F for compression and filling of Compressed Bio Gas and under Form G 1
dispensing of Compressed BiGas under Gas Cylinders Rules, 2016) which
utilizes agroresidue to produce BioCNG for automobile fillg.

The produced AgroGa42G BioCNG) comijas with purity specifications
stipulated under 1S16087:2016 published by Bureau of Indian Standards
(BIS) thus maintaining purity of methane 80%

Use of BioCNG aests harmful tailpipe emissions. AgroGas techmaly has the
potentialt* «¥ 31— 7« ficlimatd'hlan also known as its Intended
Nationaly Determined Contribution (INDC) announced at the COP21 i.e.
reduction of emissions intensity peunit GDP by33 to 35 percent by 2030
below 2005 level.

The organc carbon rich digestategoes back to farmfields to increase
fertility of soil and give better farm yield.

The existing project has the potential to power 13 cars (8 kg/fill) or 25 auto
rickshaws (4 kdfill) or a combination of above to thus redce GHG erssions
by these vehicls. '



Employment:

Replicability and scaleup
potential:

Success factors:

Constraints:

Info provided by:

More information:

The plant employs 6 operators, 1 supervisor and 1 engineer.

The AgroGas (2G BioCNG) has the potential to be scaled up tapece 5
Ton per Day (TPD), 10 TPD, 25 TPD, 50 TRbem more of BioCNGegr day
depending m land & raw material (agro residue) availability and the
potential to sell AgroGas.

The technologycan be adapted for implementation at an international
level.

Biomass aggregation systems shouldelin place and a cleamandate
from Central and State Govt. for centralized purchase of agricultural
residue and prohibition orburning the biomassesidue

Sales avenues and facilitation by way f#rtilizer companies buying
digestate recovered from Biogasligester (which is aich source of
organiccarbon)

Free and fair open market policy for sales &oCNG by the
manufacturers of BioCNG in line with Parallel Marketer policy
availablefor commercialLPG

Due concessions under Income Tax act (par with facilities available
to new CGD and NG opators). Exanption of profits for certain
years for IT under 80JJ(a) of Income Taxt

Initiative by Govt. Oil Companies for setting uBioCNG plants and
makingavalable retailsales outlets for BioCNG sales throught the
country

Technically—S " fie o' . ‘ee—_"fcoe— "7 %" fo ""'EF.. -
beautiful technologies which gives good business, contributes to clean
environment and is yesustainable.

Rajesh Date, Director $antosh Gondhalekar, idector, Primove Egineering
Private Limited, Pune

WWW.primove.in

IEA Bioenergy, also known as the Technology Collaboration Programme (TCP3 farogrammie
of Research, Development and Demonsttion on Bioenergy, functions within a Framewol
created by the International Energy Agency (IEA). Views, findings apdblications of IE/
Bioenergy do not necessarily represent the views or policies of thEA Secretariat or of it
individual Member courtries.

http://www.ieabioenergy.com/


http://www.primove.in/
http://www.ieabioenergy.com/
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steps include encouragement of biofuel generation from excess crop
production and setting apart Rs 5000 crores viability gap funding (VGF) to
establish second generation ethanol refineries. For providing specific fiscal
incentives, the policy categorises biofuels into several groups: 1G (First
Generation), 2G, 3G, and bio-CNG.

This policy shall provide major boost in commercialising the technology.

Constraints: Currently technology is at pilot scale only. Process validation being carried
out for commercial viability.

Info provided by: Dr S K Puri, Chief General Manager, Indian Oil R&D Centre, Faridabad

More information: www.iocl.com
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The ART Fuels Forum brings together 100 experts and leaders representing the alternative
transportation fuels Industry to facilitate discussions, elaborate common positions on policy issues
and identify market penetration opportunities and barriers for these fuels. The Forum is established
and financed by the European Commission ur
renewable | iquid and gaseous fuels forum (|

www.artfuelsforum.eu

IEA Bioenergy, also known as the Technology Collaboration Programme (TCP) for a Programme of
Research, Development and Demonstration on Bioenergy, functions within a Framework created
by the International Energy Agency (IEA). Views, findings and publications of IEA Bioenergy do not
necessarily represent the views or policies of the IEA Secretariat or of its individual Member
countries.

http://www.ieabioenergy.com/


http://www.ieabioenergy.com/
http://www.artfuelsforum.eu/
http://www.iocl.com/

IEA Bioenergy

Year of plant start-up: 2018
Location: Caofeidian, Hebei Province, China
Technology: Gas fermentation to ethanol
Plant capacity 45k MTA (Metric Tons Annually)
Operational experience Over 1 year of operation since start up; more than 28,000 tons of fuel
achieved ethanol produced
Total Capital Expenditure 350 million RMB!
Principle feedstocks: Steel mill off gas
Feedstock Capacity Design flowrate 59,000 kg/hr
Products/markets: Transport fuel, Jet fuel feedstock (ATJ-SPK), biomass for animal feed and
biogas for use at steel mill.
Technology Readiness Level TRL 8 — system complete and qualified
(TRL):
DESCRIPTION

LanzaTech’s technology has been demonstrated at five industrial sites with over 850,000 hours of operation using
steel mill waste gases (BlueScope Steel, NZ; Shougang Steel, CN; BaoSteel, CN; China Steel, TW) and approximately
30,000 hours using syngas from industrial MSW gasification (Sekisui, JPN). Operations were conducted as series of
campaigns, each frequently over 2,000 hours in duration. In addition to customer-owned pilot/demonstration units,
LanzaTech operates an R&D and piloting facility in Soperton, GA known as LanzaTech Freedom Pines Biorefinery.

With the success of its pilot and demo programs, LanzaTech started construction on the first generation
commercial facility in China in 2016. On May 3, 2018, LanzaTech initiated operations at this facility with its Joint
Venture partner, Shougang Group. The 45,000-ton ethanol/annum facility located at the Jingtang Steel Mill outside
Beijing is currently producing ethanol and optimization efforts are underway.

11 RMB (Chinese Yuan) = 0.13 EUR
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LanzaTech Commercial Facility with Shougang, China

Stakeholders involved:

Joint Venture Partners: LanzaTech; Shougang Group, Tangmin;
Site: Jingtang Steel Mill,
Financing: Shougang Group, Shougang Funds; Tangmin Group; Shanghai Dehui

Financing Support:

The project has received multiple grants from municipal, provincial governments
for carbon reduction and circular economy.

Contribution to
Sustainable Development
Goals:

Through utilization of waste emissions this project enables local production of
low carbon fuels, that displace need for fresh fossil inputs; it creates new green
employment at the steel mill and by avoiding combustion of gases at site, the
processes reduces criteria pollutants which would impact local communities.

Using wastes and residues in this way, promotes sustainable consumption
patterns and provides a new avenue for low carbon fuels.

With this in mind, the project contributes to the following SDGs: GHG emission
reduction (SDG13), sustainable consumption and production patterns (SDG 12),
reliable, sustainable and modern energy for all (SDG7), regional development
(SDG8) and promotion of sustainable industrialization (SDG9).
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Contribution to European
targets on GHG emission
reduction in transports:

The facility in China is a first generation commercial facility converting industrial
off gases to ethanol.

This project is a landmark facility that will show European Steel mills the
opportunities of carbon recycling, through production of low carbon fuel as
ethanol or jet fuel, supporting decarbonisation goals.

Optimization of the technology will be implemented at LanzaTech’s Steelanol
project in Belgium with ArcelorMittal. This will be the first project globally to
demonstrate utilzation of blast furnace (BF) gas in a live fermentation. This is
particularly important as more than 80% of the carbon rich gases available at
steel mills is BF gas, highlighting the first commercial application of using this gas
stream globally. This project will have the GHG reduction potential of taking
80,000 cars off the road each year.

Employment:

The plant employs ~ 130 engineers & operators.

Replicability and scale-up
potential:

A further three plants are in the pipeline in the USA, South Africa, Europe and
India.

Success factors:

It is important to have a supportive legislative and financial landscape for
successful projects to replicate. Technology neutral policy and broad
decarbonisation targets will support deployment of new facilities, as it will create
a stable marketplace and create confidence for investors to finance more
projects.

Constraints:

Technology neutral policy is not global today, but the language is changing to
include new technologies such as gas fermentation of waste emissions. There
are some countries today, where there isn’t a level playing field for incentives
(tax credits or mandates). In such cases, where new approaches such as recycled
carbon fuels are ineligible, this is a constraint.

Info provided by:

Freya Burton, LanzaTech

More information:

www.lanzatech.com



http://www.lanzatech.com/
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The ART Fuels Forum brings together 100 experts and leaders representing the alternative
transportation fuels Industry to facilitate discussions, elaborate common positions on policy
issues and identify market penetration opportunities and barriers for these fuels. The Forum is
established and financed by the European Commission under the project name “Support for
alternative and renewable liquid and gaseous fuels forum (policy and market issues)”.

www.artfuelsforum.eu

IEA Bioenergy, also known as the Technology Collaboration Programme (TCP) for a
Programme of Research, Development and Demonstration on Bioenergy, functions within a
Framework created by the International Energy Agency (IEA). Views, findings and
publications of IEA Bioenergy do not necessarily represent the views or policies of the IEA
Secretariat or of its individual Member countries.

http://www.ieabioenergy.com/
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Year of plant start-up: 2018

Location: Faridabad, India

Technology: Indigenous Enzyme Technology development

Plant capacity 5000 litre reactor

Operational experience Better results than the laboratory experiments, successfully tested the
achieved efficacy of the produced enzyme in the 1MT 2G ethanol Pilot Plant with

acid pre-treated slurry.

Total Capital Expenditure 0.3 million Us dollars

Principle feedstocks: Pre-treated Rice straw , bagasse, agriculture residue etc

Feedstock Capacity -

Products/markets: 2G Bio-ethanol Plants/bio-refinery
Technology Readiness Level TRL 7 — system prototype demonstration in operational environment
(TRL):

DESCRIPTION

Cellulase enzyme is a major opex cost component in 2G ethanol process for conversion of biomass into ethanol.
Currently the enzyme supply is proprietary to very few companies and the cost of enzyme per litre of ethanol
production is very high. In view of this, DBT-IOC Centre for Advanced Bio-Energy Reseach, I0C R&D Centre
Faridabad has developed its indigenous cellulase enzyme recipe for the sustainable supply of enzyme at low opex.

The cellulase enzyme preparation consists of multiple activities and hence more than 85000 mutants of fungal
strains were profiled for different cell ul o-Blyadsidase,
FPase etc. Based upon profile enzyme broths from potential strains were blended and analyzed for hydrolytic
performance at different FPU/Protein concentrations. This has led to two strains that were selected for further
activity improvement and process development. These strains had very high hydrolytic activity ranging from 1.5-2.5
FPU/mI on Avicel as substrate. Carbon sources such as commercial cellulose, pretreated biomass were used and
found better for enzyme production. After optimization of carbon and nitrogen sources, cultural conditions,
feeding strategies, etc the cellulase enzyme production has been improved significantly.
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Enzymes has been produced at 5 Lit scale reactors using optimized media and carbon sources. Large numbers of
experiments were performed for fine tuning and repeatability testing. Some fermentor parameters (pH, temp.,
DO, amount of feed) were again optimized at this scale. This indigenously developed cellulase enzyme is cost
effective and its performance was analyzed on different pretreated biomass (acid pretreated rice straw, wheat
straw, sugar cane bagasse) for fermentable sugar production. The process has been up scaled up successfully
using commercial grade chemicals in series of 250L and 5000 L reactors. The enzyme broth produced
commercially in 5000 L reactors has shown excellent productivity and activity. The broth also has efficient
hydrolytic activity comparable to commercial enzymes.

The indigenously produced enzyme broth as such (without concentration and stabilization) has been evaluated
in the 1MT/Day pilot plant and the indigenous enzyme has shown comparable hydrolysis efficiency to the
commercial enzyme for rice straw biomass. The indigenously developed cellulase enzyme is cost effective by
about 30%. This is first attempt in India to develop large scale enzyme production process.

Scaleup facilities from 5 litre to 5000 L reactors
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Stakeholders involved:

2" generation ethanol manufacturers, oil companies

Financing Support:

Indian Oil Corporation Limited
Department of Biotechnology, Government of India

Contribution to
Sustainable Development
Goals:

This technology shall provide sustainable and economical supply of enzymes
which are the major opex cost element in biomass to ethanol conversion process
based upon which globally as well as in India a large number of plants are being
committed.

Contribution to GHG
emission reduction in
transports:

Ethanol blending in gasoline has high GHG reduction potential

Employment:

The enzyme production is an involved process that requires manpower both
skilled for analytical monitoring and semiskilled for plant operation. Hence,
employment potential is there.

Replicability and scale-up
potential:

The process has been up scaled up successfully using commercial grade chemicals
in series of 250L and 5000 L reactors. The enzyme broth produced commercially in
5000 L reactors has shown excellent productivity and activity. Therefore, this
process carries high scale up potential

Success factors:

The Government of India has unveiled a new National Biofuel Policy (2018) that
incentivises biofuel generation through multiple measures. Major steps include
encouragement of biofuel generation from excess crop production and setting
apart Rs 5000 crores viability gap funding (VGF) to establish second generation
ethanol refineries. For providing specific fiscal incentives, the policy categorises
biofuels into several groups: 1G (First Generation), 2G, 3G, and bio-CNG.

This policy shall provide major boost in commercialising the technology.

Constraints:

Currently technology has been demonstrated at 5000 L scale only. Process
validation being carried out for commercial viability.

Info provided by:

Dr S K Puri, Chief General Manager, Indian Oil R&D Centre, Faridabad

More information:

www.iocl.com



http://www.iocl.com/
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The ART Fuels Forum brings together 100 experts and leaders representing the
alternative transportation fuels Industry to facilitate discussions, elaborate common
positions on policy issues and identify market penetration opportunities and barriers
for these fuels