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EXECUTI VE SUMMARY

The Task6.1foresees the realization of a detailed analysis of the markets that will be associated with GICO
products and services.

The Deliverable 6.4 is related to task T6.1: MagketlysisThe main goal of deliverable D6.40erform

a comprehensive market analysiased on a S@T analysis, a PESTLE anafysied at collectinglata on
market needs, identify the full range of potential customer segments, opportunities, and threats for the
positioning of theinnovative projecon the market.

The market analysis will be performed to identify the optimal system sizes within the related CHP markets
for a significant exploitation of the results in real environment. Sector needs, cipradatice,and trends

for future developments in and outsideubpe will be investigated, as well as market structagents,

and world market information.

The analysisvill be performed withthisapproach

a) General market studyhat includesa PESTLE analysis whishapplied to characterizethe
Political, Econorgi SocieCultural, and Technological factors and changes to understand the
general environment

b) ME N] S t 2NISNRa Fylfeaira F2N DL/ h makég® O G A DS
determine the level of competition expected and support business rhdeeelopment

c) Evaluation of the specific market environment: a SWOT analysis (strengths, weaknesses,
opportunities,and threats) to identify the internal and external factors that &gorableand
unfavorablefor commercial exploitation.

This report is composed of the following parts:

- Chapter 1 Introductionguotes a brief introduction on biomagkiofuels, gasification and syngas
definitions and related characteristics;

- Chapter 2 Market analysis and potentiadescription of thepackageof technologies that is
developed in the GICO projetie potential market and market size;

- Chapter 3PESTLE analysiBolitical, Economic, Soefeultural, and Technological factors and
changes to understand the general emviment,

- Chapter 4 M NJ SG t 2 NI 3mapsis aiingdlaf @éndefstanding the level of market
O2YLISGAGADBSYySaa oKAOK A& YIlIYyAFTFSaGaSR oe& TFAOBS 7
threat of substitute products or services, threat of establishedisivilareat of new entrants, the
bargaining power of suppliers and the bargaining power of customers) that determine the
profitability of a business

This project has received funding from the European @idarizon 2020 6
research and innovation programme under grant agreement No 10100665t
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- Chapter 5SWOT analysis analyses to evaluate company/innovation internal strengths and

weaknesses against external opportunities and threats to recognize their competitive advantages
- Chapter 6 Conclusiomuotes a comprehensive discussion and outlook;
- Chapter 7 Referencesguotes the references of all the report.

Thisdeliverableis the garting point forTask 5.3 (LCA, LCC aAdC®\). Continuous market monitoriigy
appliedto detect new trends and possibilities and allow the consortium to react and adapt the projects'
outcomes to the market changes. Towards the end of the project (M#é)states of development
achieved (proof of principle/concept, prototype etc.) of the studied GICO innovatseompared to the

progress of any competing technolpg

This project has received funding from the European @idarizon 2020 7
research and innovation programme under grant agreement No 10100665t
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1.I NTRODUCTI ON

This chapter introducgthe market analysis through a brief technicatlaaconomic description of biomass
and bio-residues, gasificationsyngas,and biosyngas produced bRRenewable Energy Source (RES)

biofuels and in particular methanproduced byRE®r CQ, gasificationand cogeneration.

The GICO activities aim at developing small to medium scale residual bioMadtsgeneration plants

(2-20 t/day and 5065.000 kWe, compatible with the standard residual biomass availability of few
thousand tons per yeagble to overcome the main barrietisat prevent renewable energy technologies

from forming the backbone of the energy syste@ICO develops new materials g&@pture sorbents;

high temperature inorganic removal sorbents; catalytic filter candles; membranes for oxygen separation
and methand production) and technologiesHydrothermal Carbonization Sorption Enhanced
Gasification; Hot Gas Conditioning; Carbon Capture, Storage and Use; Power To Gas via Plasma

conversion)
TheGICO systemwill beable to

f produce intermediate solid (6 Kk a 2% Mp ,gaseolsfigh qualityBioSyngaglOe k a 2 K
@da on e€exka2K gAGK T SNRB LI NI Adhdioknér§y carné@roniJLlo O2y
residual biomass
 captureCCCS) nn ekl @a dn wittkhighalkaiBodténk addipyoduciGarEon S
Capture Utilisation) bricks and convert CQ to CO and ©(90% vs 10% efficiency) storing
renewable electricity exceg€arbon Capture Sorage Utilisation);

f producerenewablebiofuel: bio-methanol (35 k a 22# Tp (€ ka2 KO

f producerenewableelectricity(Mmnn € ka2 KS @& HHAn )andmiewablengaz NJ St SO

This project has received funding from the European @idarizon 2020 8
research and innovation programme under grant agreement No 10100665t
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1.1. Residual Biomass

The general definition of biomass (from dictionairg,, from first documents in 193 ¢y n0 A a a2 NHI
YFEGGSNI o @At oftS 2y | NBySgrofS olarao GKFEG Oy
ecology where itencompassesll the organic mattein eachhabitat). More in detail, Directive (EU)
2001/77/EC on the promotion of the use of energy from renewable sources (always Article 2 Definitions,

after repeated in Directives 2003/54/EC repealed by 2009/30/EC on biofuels and used by 2014/94/EU on
alternative fuels infrastructure; and repeated in Direets 2003/54/EC repealed by 2009/28/EC and
amended by 2018/200bnRE§1Ja G 6 S&a GKIFI G oA2YlFaa NBFSNAR (2 aiKS
waste and residues from biological origin from agriculture including vegetal and animal substances, from
foredry and related industries, including fisheries and aquaculture, as well as the biodegradable fraction

2F gl aisSsy AyOtdzZRAY3I AYRAZAGNALE |yR YdzyAOALI & gl ad

Biomass is the fourth largest energy resource in the world (aftecadll,and natural gas) andccording

to this definition includes a wide range of materiakuch as, among others, wood chips and sawdust,
straws, agriculturaaind forestry residuesmunicipal organic waste, bagasse generated in the-&mpd
industry, manures, seage sludge, digestates, bladgulor from the paper mill, etc. Indeed, they display

very diverse morphologicadtructural,and physicochemical characteristics.

The RED Il Directive 2018/2001 of 11 December 20tBerative starting from 1st July 202arfthe
biofuels, bioliquid and biomass fuelse(, gaseous,and solid fuels produced from biomass). In this

directive, the definitiorof residues and waste can be found at the art.2:

1 waste which means waste as defined in point (1) of Article 3 of Directive 2008/98/EC, excluding
substances that have been intentionally modified or contaminated in order to meet this
definition;

1 residue which means a substance that is not the end prothaita production process directly
seeks to produce, not being a primary aim of the production process that has not been
deliberately modified to produce it;

9 agricultural, aquaculture, fisheries and forestry residues which means residues that are directly
generated by agriculture, aquaculturisheries,and forestry and that do not include residues
from related industries or processing.

This project has received funding from the European @idarizon 2020 9
research and innovation programme under grant agreement No 10100665t
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Feedstocks produced from biomass wastes and residues for conversion to advanced biofuels may be

considered irfive separate categories (IEA)

1 Wastes materials which have no other useful purpose, and which otherwise have to be managed,
usually incurring a cost.

1 Processing residues and by products which arise part of an industrial process and are already
available angre-processed in quantity at a particular site (including for example sawdust to be
used for pellet production or sugar bagasse).

Locally collectable residues which are produced as part of a harvesting procedure, but which are
dispersed, and which must be collected and brought to a central point and processed before they
can be used, such as cereal stragricultural pruningforestry residues or sugar cane straw.

1 Internationally traded feedstocks, such as wood pellets, based on raw materials available at an
industrial site, which are extensively processed to improve the energy density and then
transported long distances to supplrdie scale conversion plants.

1 Primary crops: grown principally to provide food, animal feed or other products which can also
be used for energy production such as cosugar,and vegetable, with prices determined by
commodity markets. Such crops oftenopide both an energy feedstock and a valuable by
product such as DDGS or press cake for animal feed. Energy crops may also be produced as part
of a rotation scheme, thereby not affecting the food and feed production of the same land, or by
using lowintengty cropping on marginal land no longer in active use by farmers. In these cases,
all the production, harvesting, and pteeatment costs must be met by the eifiker.

A second classification divides the Residual Biomass into primary or secorsidnes:

1 Primary residues are solid vegetal residues left in the field after harvest or pruning and manure
1 Secondary residues are the portion discarded during the processing phase (olive pits, nutshelling
etc). Although they consist in a promising feextdt for bioenergy use and, in general, for EU
bioeconomy, they are currently underutilised mainly because of logistics constraints and lack of
incentives.
The following table presents a naxhaustive list of primary and secondary agrobiomass feedstocks

[OECDI/IEA Report Sustainable production of biofustng with technical requirements for harvesting,

benefits of mobilisation and seasonality.

This project has received funding from the European @idarizon 2020 10
research and innovation programme under grant agreement No 10100665t
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Tablel Primary and secondary biomass residues characteristics

= % i . _— ;
eedstocks Harvesting Benefits of mobilisation Seasonality

examples requirements

No additional land required,
Existing agriculture considerate collection During crop

machinery €.g.,Baler) prevents pests, paying harvesting season

attention not to decrease SO(
No additional land required,
avoidance of pests / disease
avoidance of emissions from

open fieldburning

Straw, corn stover

Agricultural machinery After the pruning

Pruning usually modified for . season (usually
pruning [0S EEED @ pruning winter ¢ spring)
removals, harvesting and sal
(or on-site use) significantly
decreases management cost
No additional land required,
Plantation Excavators, large clearup of field for new At the end of an
removal wood shredders, etc. plantations, avoidance of 2 NOKIF NRQ?

disposal costs

Pits and residues

from crushing No additional technical By-Preduct; no additional land

required; concentated at

from olive equipment; no . . .
shells/husks from additional processing site (no collectior Year round
. . costs); avoids disposal costs
seed/nut shelling, infrastructure -
grape marc (e.g.,landfilling)

Biomass hasnanyadvantagesas feedstockor energygeneration It is renewable safe,and clean and
produces little waste. It is continuously generated as a result of human, animal and plant activity, so its
availability is assured. In addition, its price is lower than that of other fuels and the balance. of CO
emissions tdhe environmentis neutralif used in sustainable waot least, its use for energy provides

additional economic and social benefits by simultaneously disposing degradable and pollutant wastes.

Neverthelessthe energy use of the organic substances is limitedsome etent, by their complexity,
andlow energy densityresultingtherefore less efficient than fossil fueladditionally, the supply chain
presents shortcomings becauséstibution channels are not yetsawidespread as for other fuels. It
should not be ovdooked that biomassequires morespace than other fuels and th&orageand high

local emissions of pollutanteay be limiting drawbacks to be applied for bioengj?).
The use of biomagesiduesas feedstock would solve the lostanding drawback assiated with the use

of biomass as an energy souyce.competition with food,and would facilitate the simultaneous disposal

This project has received funding from the European @idarizon 2020 11
research and innovation programme under grant agreement No 10100665t
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and valorisation ohighly degradable wasted.o fully exploit the biomass energy, small scale plants

offering high reliability ad efficiency and low environmental impacts must be developed, to overcome

the low energy density and perishability of this fuel.

Indeed, the technical and economic potentials of biomass are higher than the current world energy
consumption, thus, the chalige is in its viable and sustainable use and not in its availability (as long as
GKSNBE Aa tAFS GKSNB oAttt oS F@LAtloAftAlGe 2F 2NAIlIY
d2dzNDS 2F SYSNEHE | yR YI S NIkduceiof estdialPeRetgy Bidtdasi@atdR  a A Y
materials: (clothing, furniture, buildings, chemicals, ef@,B]. Using biomass wastes as feedstock in

reliable, efficient and low emissions micro to medium plants (as gasificatecells) would solve all the

old-actual drawbacks associated to biomass utilization as energy sourceo(neetition with food and

materials avoided owing to the waste nature; low energy density and perishability not important owing

to the micro to medium scale; low cost aedissions owing to thdiigh efficiency and low emissions

gasificationfuel cells coupling¥].

The Joint Wood Energy Enquiry (JWEE) and the National Renewable Energy Action Plan (NREAP) progress
reports provide information on the supply and use of woodyniss for energy estimated quantities

(volume of weight).

Different biomass residues with large availability and low tastbeen selected(description inDL2.1)
under the aim of GICthey will befully characterised and priFeated in order to avoid detimental effects
on GICO (e.g. sorbents, catalyst and membrane): this will allow to widen the type of feedstocks that can
0S dzaSR RS@GSt2LIAYy3 a2t AR AYUSNYSRAIFGS o0A2SySNBHe@

O

ash content residual biomass@waste that, normally, are the one with greater potential and lower cost,
so reaching applicability to around 678 Mt/ly of EU residual biomass (i.e. around 2000 TWh that can
produce around 30% of total electricity or 40% of total transport EU final emmenggumptions).

Renewable energy in 2016 made 1pl7% of the gross final energy consumption of the EU. Bioenergy
constituted 59,2% of all renewable sources, and more than 60% of EU domestic biomass supplied for
energy purposes was wodthsed[4]. Heding and cooling represent about 75% of the bioenergy from
biomass used in the EU todakhe highest projections of the loigrm strategy foresee an increase in
bioenergy consumption by around 80% by 2050, compared with today. The strategy also shqws that
especially regarding woody biomass, the current EU production trends would be insufficient for covering

all future EU needs, so imports will likely be increasingly necefsary

This project has received funding from the European @idarizon 2020 12
research and innovation programme under grant agreement No 10100665t
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The primary energy processes of biomass can be divided into three main categooesjing to the
conversion pathway adopted [6]

1 Thermal conversion using thermal energyombustion; pyrolysis; gasification);

1 Biological:conversion using microbial omeymatic activity (aerobic and anaerobic digestion,
fermentation);

1 Mechanicalconversion using mechanical energy (oil extraction).

The direct combustion of solid biomass can supply only heat, which is converted into electricity at a low
efficiency a solid fuel is burned with low efficiency, and, only at large scale, it produces steam suitable for
a Steam Turbinelhe other processesansform the chemical energy of biomass iteemical energy of

solid (low temperature pyrolysiscarbonization)]iquid (fast pyrolysis, fermentation, oil extractioand
gaseous (gasification, anaerobic digestion) fuElseemain conversion processesanbe employed to
produce fuel gas from biomass:

1 Anaerobic digestioris the conversion of biomass to primarily hahe (Ck) and carbon dioxide
(CQ) by micreorganisms in the absence of oxygen (typically between 10°C and 60°C).

1 Pyrolysisis the thermal decomposition (typically above 300 °C) of biomass in the absence of
oxygen. The major products are char, -bib and gas that mainly contains £HCQ, carbon
monoxide (CO) and hydrogenx{H

1 Gasification is the thermal decomposition (tymdy above 650°C) of biomass in the presence of
gasification agentge.g. air, oxygen, steanGQ, or a combination of themthat transforms the
biomass into sealled biesyngas that contains CO;, KCH, steam, C@) light hydrocarbons and,
in case of air gasification, nitrogenyfNThe fuel gas may contain a certain amount of impurities,
e.g. tar, particulate matter, charydrogensulphide(H.S, hydrogenchloride (HClandammonia
(NH).

The GICOprocesses relatd to the gasificationto produce syngaselectric and thermal energy
(cogenerationand biofuelsare describedn this deliverable

1.2. Gasification

The gasification of biomass consistés thermal decompositiontypicallyabove 650 °C) in the presence

of gasification agents, e.g. air, oxygen, steam, @@ combination of these.

Gasification does not need high (e.g. days as in anaerobic digdstiblow (e.g. seconds) residence time,
and so have compact plants, furthermore, respect to other conversions, it offerchigbnconversion
efficiency (e.g. 90% respect t60% of anaerobic digestigprand flexibility by using different kind of
feedstods, including agricultural, forest, industrigsiduesand the biogenicfraction of municipalsolid

waste,like those addressed B$ICO
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Such grocess transforms the biomass into tse-calledbio-syngasBio-syngagBioSynthesis Ga#) fact

is a mixture comprisingydrogen carbon monoxide, carbon dioxidend methane

Air is the most used gasifying agent, due to the great availability and zero cost, but the large amount of
nitrogen not only requires higher power on blowers and bigger egeipt but especially lowers the
heating value of the syngas produced. Purg &oiding the nitrogen content, increases the syngas
heating value but also the operating costs due to thef@duction. Steam, due to the great availability

and about zero cosif water, increases the heating value angddntent of syngas, and can be produced
using the excess of heat of the power plar}. [Steam isa favourablegasification agent becauseis
available and at low cost as air but, as pure oxygen, it doedihae (50% N) the gas (requiring higher
blowers power, wider tubing and generating lowers HV syngds:irsstead of 1615 MJ/Nn¥) and

maximizes the yield of hydrogen.

The type of sadl feedstock has a significant impact on thest performinggasification technology:
suitable biomass is typically characterised by significant scale availability (a fews dozéousands
tlyear) and low costf S G A @S (2 YI EA Y dz26odwphysical {lowiwatér codteatiand f & 2
high bulk density) and chemicalgmerties (high calorific value armdrbonto-nitrogen ratiq remarkable

presence of volatile substancasd low ash, chlorine and sulphur content).

Huidized andRotary bed gasifiers prade an intensive contact between the gas and the sbia@mnass
which results in high reaction rates andrbonconversion efficiencies. Overall, this allows flexibility with
respect to the feedstocks specification and thus the possibility to ygasiarg variety of biomass,
including lowquality biogenic residues (e.g. OFMSW, digestate, sewage sludge). Biomass gasification is
globally anendothermic process, so that it requires burning part of the fuels to allow -theéamal
process, but this can baone, without compromising the gas quality, recirculating hot material from a
combustor burning unreacted char) tahe gasifier (indirectly heated gasification realised via double
reactor configuration). Sorption Enhanced Gasification allows the sorbenteegf@on and then reused
within the cyclic process: the gasifier also become carbonaay. CaO+Cg>CaCg) and the combustor

also calcinefCaC®@®>CaO+C£. Calcium oxide (CaO) is cheap and abundant. Additionally, CaO has the
vital roles of notonly CQ sorbent, but also tar cracking catalyst and bed matedvaded heat carrier.
Removing C&rom the gasification reaction as soon as it is formed alters the equilibrium composition of
the produced gas and promotéise production of gas rich inydrogen Similarly, it favours tar reforming

so not only reducinghe tar amount in the product gas but also enhancing the yields of total gas and
hydrogen as well as conversiefficiency. Hence, in order to create the crude energy feedstock basis, the

SEG development plays a key rolébaskbone of the renewable energy vectors by 2030 and 2050. The
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new technologies developed in GIG@;used orresidual biomass Steam Sorption Enhanced Gasifigation
can treat material with high humidity content (up &0%), low ash melting temperature (the optimal
gasification temperature, owing to the €&brption,is setaround650°C), higher tar, sulphur and chlorine

content [8]

1.3. Syngas

Syngas, or synthesis gas, is the-pnoduct of heating carbonaceous material via limited amount of
an oxidizingagent, typically oxygemijr, or steam the processscalled gasification. Most of the fuel energy
in syngas is derived from its CO andcbintent which are the main gas components; althoughh a
significantlylower share, the contributionto the syn@s energy content caalsoarise by Cldand light
hydrocarbonge.g. ethane, ethene and ethe). When the starting material of gasification is considered
renewable é.g.woody andagricultural residuesprganic fraction of MS\\t takesalsothe name ofBio-

syngago better emphasize the naturefehe feedstockof origin.

Syngas composition varies widelth the biomass type and gasifier conditions. Typuanposition of
syngas poduced by a gasifiarsing air as the oxidizer is by voluh&;20% H, 18¢20% CO, 2% GH.1g
13% C@) traces oH,O and balancél; [9]. The lower heatinyalue (LHV) of carbon monoxide is 10 MJ/kg,
the LHV of hydrogen is 120 MJ/K]. Thus, anyrocess that generates syngas aimsratximizing the
amount of carbon monoxide arfuydrogen expressed in % by volume andti@ar ratio of hydrogen to
carbon monoxide iorder to achieve a gas with as high as posshkergy contentTypical LHV values of
syngas produced ingasifierusingair or air/steam ashe oxidizing agent are-@ MJ/kg L1]. Typical LHV
values for gasoline and diesel faeke 31.9 MJ/kg and 43 MJ/Kg, respectividlg).

Based on the literature that has been reviewed in order taeasthe feasibility of connecting a SOFC to a
steam gasifier, it can be concluded that the longevity of the SOFC is likely to be at risk if no further gas
cleaning will take place. Particularly problematic gas compounds are tars, sulphur, halogense)chlorin
and alkali metals (sodium and potassiud)gas conditioning system is always necessary before to exploit
the producer gas into a power systeffhese systems normally have encumbrance and cost even greater

the gasifierunit; they can be regarded as thmavoidable secondary unit in a gasification power plant.

The gas conditioning technologies can be primafivyded following the physical apparatus where they

are applied:

9 pre-treatment conditioning: (hydrothermal carbonization (HTC) in GIC@edstock pre

treatments are generally aimed at improving the physcamical characteristics of the
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feedstock; indirectly, this can also lead to beneficial effects on the produced gas, partioularly

terms ofcontaminant content

1 primary conditioningin the gasifier reactorintroducing a catalyst in the bed material during
gasification brings a change in product gas composition, a decrease in tar amount, an increase in
hydrogen and C&production, and a decrease of CO, an overall increase in thageldsNi-based
catalysts, calcined dolomites, magnetite, and olivine promote char gasification, improve the
product gacomposition,and reduce the tar yiel(High temperature inorganic removal sorbents
and Sorption Enhanced Gasifier (SEG) technalo@ICO)

1 secondary conditioninglownstreamthe gasifier reactofHot Gas Conditioning (HG€Plasma
enhanced catalytic oxidation PE@OGICQ)The secondary methods can be subdivided into two

main categories based on theorking temperature: Cold and Hotethods.

Several biowaste prreatment technologies, which convert biomass into a dida substance by
chemical processing, have been suggested: hydrothermal carbonization (HTC) is onesef th
Hydrothermal carbonization, sometimes referredviet torrefaction, is an artificial coalification process
which takes place in hot pressurized water between 175 °C and 250 °C. It involves hydrolysis,

decarboxylation, dehydratiomgondensationand aromatization reactions.

GICO will use HTC on thiswasteevaluating optimal conditions (temperature and residence time) for
the increase in energy density and reductiorhumidity and ash and for, in a feedback procedure, the
decrease in organic (tar) and inorganic (e.g. Scdbifaminants level of th SEG subsequent process in
order to bring biomass with high humidity, ashang’ 2 NBEF yA O 4 fSlFrad G2 .G6KS S

1.4. Biofuels and Methanol

Thebiomass can be converted into liquid fuels, calibobfuelsg to help meet transportation fueheeds.
The most common types of biofuels in use today are ethdsiolliesel,and methanol both of which
represent the first generation of biofuel technology.

Ethanol (CECHOH) is a renewable fuel that can be made from varimmocellulosibiomasseedstocks
Ethanol is an alcohol used as a blending agent with gasoline to increase ,amtgoh&in in vehicles with
specific designed engintg cut down carbon monoxide and other smogusing emissions.

The most common blend of ethanol is E10 (10% eth&@86 gasoline). Some vehicles, called flexible fuel
vehicles, are designed to run on E85 (a gasaihanol blend containing 51683% ethanol, depending
on geography and season), an alternative fuel with much higher ethanol content than regular gasoline.

Roughly 97% of gasoline in the United States contains some ethanol.
This project has received funding from the European @hidarizon 2020 16
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Biodiesel is a liquid fuel produced from renewable sources, such as new and used vegetable oils and
animal fats and is a cleanburning replacement for petroleurbased diesel fuel. Biodiesel is nontoxic
and biodegradable and is produced by combining abtatith vegetable oil, animal fat, or recycled

cooking grease.

Like petroleuraderived diesel, biodiesel is used to fuel compressimition (diesel) engines. Biodiesel
can be blended with petroleum diesel in any percentage, including B100 (pure biodiedethe most

common blend, B20 (a blend containing 20% biodiesel and 80% petroleum diesel).

Methanol is a key product in the chemical industry. It is mainly used for producing other chemicals such
as formaldehyde, aceticid,and plastics. Around 98 ridn tonnes (Mt) are produced per annum, nearly

all of which is produced from fossil fuels (either natural gas or cBa&)methanol is produced from
biomasdq13]. Thee-methanol is obtained by using €€aptured from renewable sources (bioenergy with

carbon capture and storage and direct air capture, i.e. hydrogen produced with renewable elgctricity

The methanol producebtly GICGsystem will beBio-methanol deriving from Cf®ecovered from residual

biomass gasification plant$his makes itompetitivewith respect to current methanol and will allow for

a significantly lower productioncogt 0 € ka2 K @& Tp e€eka?K
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1.5. Cogeneration (CHP)

Combined heat and power (CHf@presenta very efficient use of biomags 80% of potential energy).
These facilities capture the waste heat and/or steam from biopower production and pipe it to nearby
buildings to provide heat or to chillers for cooling.

Cogenerationindeedprovides:

91 Decentralizedyeneration(DG)of electrical and/or mechanical power

1 Wasteheat recovery for heating, cooling, or process applications

1 Seamless system integration for a variety of technologies, thermal applications, and fuel types
into existing building infrastructure.

Syngas can be used a fuel in a wide range of potential systems:

9 Steam turbinesmnvert steam energy from a boiler or waste heat into shaft power.

1 Gas (combustion) turbines, including microturbinese heat to move turbine blades that
produce electricity

1 Internal comlustion engineglCE) T Operate on a wide range of liquid and gaseous fuels but not
solid fuels. The reciprocating shaft power can produce either electricity through a generator or
drive loads directly

9 Stirling enginesoperate on any fuel and can produegther electricity through a generator or
drive loads directly

1 Solid Oxide fuel cellSSOFE produce an electric current and heat from a chemical reaction rather
than combustion. They require a clean gas fuel or methanol with various restrictions on
contaminants

1 Polymer electrolyte membrane (PEM) fuel celtscan also be treated to separate the hydrogen
from the gas, and the hydrogen can be burned or used in fuel cells (PEM).

The CHP are divided in three main dimensions in relation teléetric production:

I micro-cogenerationunit means a cogeneration unit with a maximum capacity below 50.kWe

1 Small scale cogeneratioAs per directive 2004/8/EC of 11 February 2004 on the promotion of
O23SYSNIGA2ys aavylfft aoOlafios unis2andrSayi :Mdilell kabatiy Y SI y
below 1 M\e;

1 medium and largescale CHIhstallations with an electrical output 3MWe: concern mainly the
mediumlarge industrial sector and the electricity generation sector combined also with District
Heating netvorks, which is a common practice in several European countries

Typical fields of application for smaltale biomas<HP plants are woggrocessing industries and
sawmills district heating systems (newly erected or retrofittegstems) as well as indus with a high
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process heatdemand. These applications represent a great markettential in Europe. Due to the
relatively low electricefficiency achievable with smaltale CHP plants, lzasic requirement for an
ecological and costffective operation of such plants is that not only the electricity bafso the heat
produced can be utilized as procesdastrict heat (heatcontrolled operation of the overadlystem).

The GICO activities aim at developing small to medium scale residual biomass [fiant&20 t/day and
500-5.000 kWe, compatible with the standard residual biomass availability of few thousand tons per year)
will change the actual social acceptance of the energy plants. They will no longer be seen as distant large
consumers of resourceand emitters ofpollutants, but as local small/medium plants connected to
communities (for wastematerials,and energy with negative/zero emissions) within the circular business
model (industrial symbiosis with jointly located industries) that GICO presno

The installation of sma#icale decentralized biomass power plafiBstributed Generation DA% an

economically viable and efficient solutioft this scale, gas engines and gas turbisg$er from lower

efficiency (i.e., a reduction in power prochion capacity), compared with SOFE®reover, SOFCs also
have the advantage of operating at very high efficiencies inlpad windowsFurthermore, they are less
susceptible to variations in fuel composition [9,10$. accommodate the fluctuating eleidity demands

of both grid and ofigrid installations SOFC systems should be capable of operating within a wide part
load window
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2. MARKEAINALYSI SPANBNTI AL

Thischapter, after a description of the GIC&nceptand the technologies that is developed in the GICO
project,focuseson the analysis (size, potential, barriers, CAGR) of potential markets.

2.1. GICO Concept

In order to overcome the main barriers that prevent renewable energy technologies from forming the
backbone of the energy system, GICO develops

1 new materials CQ capture sorbents; high temperature inorganic removal sorbents; catalytic
filter candles; membranes for oxygen separation &mmethanolproduction;

1 newtechnologiesHydroThermaCarbonizéon (HTC)Sorption Enhanced GasificatiEG)Hot
Gas ConditioningHGC) Carbon Capture, Storage and U&CST)Power To Gas via Plasma

conversion
a) CC: €O, capture via Chemical | b)CS'I () Flexible Powerto Gas ||  d) CU: CO, conversionand use: 33 €/MWh
Looping Gasification (SEG) o, : 10 €/MWh H,+CO 1 methanol and 100 €/MWh electricity
stora § |
ge ' o co2 : co
HGC s .0 2,
Cold Membrane gug
H2 sorbent

200-300 °C

+char

P P ot (S g g )

1
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Figurel. GICO concept
New technologies developed at GICO, $&am Sorption Enhanced Gasificatiooupled with HT@re-
treatment, canallow the exploitation ofesidualbiomass with high moisture content (up to 50%), low ash
melting temperature (the optimal gasification tempture, due to C@sorption, decreases frorthe

typical800°Cto 650 °C) and highertasulphur and chlorine conteiit4].

The use oCaOsorbentsin the gasifier will shift the thermodynamic equilibritowards a syngas with a

H2 content up to 9%,5% CO, 2% G@nd 3% CH15]. FollowingGICO proces£;a0 is convertethto
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CaC@during the gasification of biomass residues and the spent solid sorbent is regenerated by releasing

CQin a calcination step &t 900 °Cthus producinga CG-rich flue gaseous stream

GICO project raises the possibility of using hydrothermal carbonizettiorodify certain characteristics

of the biomassvastes to make thermore suitable foprofitable gasification.

In recent yearshydrothermal carbonisation (HTQ)as emerged as a very promising technology for the
sustainable management of biomass wadé]. Without prior drying, the HTC procetskes place under
temperatures between 160 and 250 and the respective autogenous vapquessure. The lower
dielectric constant of subcritical water favours the dissociation of biopolynhgrseactions normally
catalysed by acids and basétsprovidesan excellent medium for the transformation of a wide variety of

biomass residues into adhriched solid byproduct (hyadochar)[16-20].

Within the GICO framework, HTC can be used to upgrade a wide variety of biomass and residues for
gasification applicationOn the one hand, HTC produces energy densificationr2)0 and enhances
handling and drying properties of the matal; resulthg in significant cost savingscibmpared to the

initial biomassOn the other hand, ppertiesof subcriticawater and production of organic acids during
hydrothermal treatment increase the solubility of alkali and alkakaeth metals[22-22], leading to

partial dissolution of inorganicomponents Improved slagging, foulingr alkali indicesand combustion
propertieshave been reported for hydrothermally treatddlomass wastef23-24]. It has been reported

that HTGenables nitrogen andchlorine removal fronMunicipalSolid Waste (MSWY [25].

The behaviar of biomass ash during hydrothermal treatmeatgpends on the type of feedstock and the
conditions under which the process takes place. In general, hydrochars from woadbyaed herbaceous
and agricultural residuespmpost,and faecal waste showed lower ash content than those derived from
municipal solid waste (MSW), digestate and municipal and industrial sjpélpen addition, the ash gid

for the first biomass sesiower, indicating differences in both the chemical composition and the solubility
of the inorganic componentsGenerally hydrochars derived from maize stubble, miscanthus, switch
grass, rice husks and olive, artichoke and orange residues and emptyuingites have higher contents
of K, Mg, S and Si compared to those obtained from industrial sludge. On the other hand, ATgandP,

Si frequently show low solubility.

Thus, the integration of DBFBG, hot gas conditioning and SOFC will allow thesimonweéra greater

variety of lowcost biomass wastes at almost zero emissions to heat and power with high efficiencies,

largely improving both the environmental impacts and its social acceptance.
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2.2. Market potential

The GICO project aims to create an integdasystem, but in parallel there will be the development with
related tests of materials and technology that could also potentially be marketed individually by the single
partners. Market potential is the valuation of the sales revenue from all the supglghannels in a
market.Market potential is the population that is interested in the product/ service that is being made or
offered by an organizationn the specific case, the main reference markets have been identified where
the technologies and mateaais described in GICO can be marketbtarket size,market potential,
compound annual growth ratéCAGRand critical factors were identifietbr each of them. The main

market sectors are the following:

1 Biomass segment
1 Syngasndbio-syngas (biomass and renewable residues)
1 Gasifierand Cogeneration
9 Biofuel Biomethanol
1 Solid oxide fuel cellSOFC)
9 Carbon capture storagend utilisation (CCSU)
1 Gas separation membranes
Table2 Reference market size and CAGR
REFERENCE MARKET Market Size CAGR
Biomass U 51.2 Billion in 2020 5.9% (2020 to 2028)
Syngas U 43.6 Billion in 2020 10.6% 020 to 2025)
Bio-syngas U 436 Million in 2020 20.0% @020 to 2025)
Cogeneration U 9.4 Billion in 2020 3.1% (2021 to 2027)
Biofuel U 14132 billion in 2020 8.3% (2021 to 2030)
SOFC U 4033 million in 2019 30.0% (2020 to 2027)
Carbon capturestorage,and S 0
utilization CCSU USD 175 billionin 2019 19.2% (2019 to 2027)
Gas separation membranes USD 846 million in 2019 6.0% (2019 to 2024)
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research and innovation programme under grant agreement No 10100665t



Gasification Integrated with C02 capture and conversion

2.3.

The tables below represent for each material and for each technology (including the integrated GICO

GICO technology packages

fll European Union Funding
for Research & Innovation

Horizon 2020
*
* ok

system) a short technical descriptica]ist of endusers have been identifieafter a market survey, and

the number of the task who will develop the syste

Table3 GICGechnologyreference market

TECHNOLOC TECHNOLOGY Description = REFERENCI Target end
MARKET users
Integrated system to treatment of
residual biomass to produce electri
and thermalenergy (CHP) and biofu(  Bjo-syngas
with near zero C@emissions Biofuel
Installation in renewable energy lofue Renewable
companies or communities, Gasifierand energy
GICO connected to discontinuous CHP communities,
integrated renewable sources (solar, ccsu Agricultural, 4.2
system photovoltaic, wind), connected to th Forestry and
electricity grid (production of Waste
electricity for selconsumption or management
sale or storage) and to the thermal companies
grid (district heating or drying of
material). Simultaneous production
of biofuels
Farms, forestry
Process to upgrade different organi ‘ comrr:aér:lles,
HydroThermal waste materials, making them Biosyngas g
L : management
Carbonization | exploitable for energy purposes. | Gasifierand : 2.1
. . : . companies,
(HTC) Produce intermediate higluality CHP
bioenergy carries (syngas) TEE S
9y yng energy
communities
High Sorbents for the reduction of
temperature inorganic species (like-Sand !—|Cln Use in CHP
: . gasifier and S,and NOx in .
inorganic . Bio-syngas power plants or | 2.3
combustor) generated during
removal . . o combustors to
thermo-chemical conversion of wast ~ Gasifierand .
sorbents : increase the
materials CHP :
quality of syngas
Sorption SOFC (ex. replacement
P DFBG with sorbent to produce higk of ICE with SOF(
SulilE H, and high Ce@gases from residual 2.5
Gasifier (SEG gh &= '
biomass
technology
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High temperature catalytic filters for

Hot Gas both gasifier (650 °C) and combust
Conditioning | (950 °C) for theomplete conversion 2.3
(HGC) (WP2) of heavy hydrocarbons and
particulate removal
FCEIE PlasmaEnhanced Catalytic Oxidatio
enhanced
: treatment (PECO) for the complete
catalytic : 2.4
Y conversion of heavy hydrocarbons
oxidation .
PECO (WP2) and particulate removal
CaObased high temperature GO Usek;n itz
CO sorbents sorben_t and refprming catalyst Cor?:l_lf;tg or 29
materials for hlgh bHand CQ conversion of '
production. exhaust CO
Novel perovskitenembranes with Combination in
plasma technologies (Dielectric plants with high
Membranes | Barrier Discharge, DBD) to increas  Gasifier ﬁgnpé?aigftlgﬁp
for oxygen the conversion of C£into CO apd Gas separation S a,nd 3.2
separation produce pure @ Membranes with membranes traditional
high CQtolerance and resistant to
plasma for oxygen separation ccs Sl
presentin
Ceramics, ferrous
Plasma and nonferrous
assisted Flexible Power to Gas based on,.C metal industries
catalyst dissociation via &membrane Materials and 31
system for CQ | assisted plasma reactor powered b chemical '
conversion to renewable industries, EPC
CcoO Engineering
companies
Methanol synthesis membrane .
Innovative reactor with enhanced methanol SERDD. Produce
methanol yieldper pass compared to Gas separation methanol from 43
synthesis conventional reactarProduce membranes syngas by '
reactor methanolusingsyngadrom residual cCsuU residual biomass
biomass
24
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2.3.1. Biomass

Favourablegovernment regulations encouraging thermal power stations to switch from coal to cleaner
fuels, such as biomass, are expected to play a vital role in the market growth over the forecast period.
Biomass generates bioenergy that is used across severalsndarkets to minimize dependence on

fossil fuels, reduce Greenhouse Gas (GHG) emissions, and improve the security of energy supply.
Moreover, the decline in coal usage along with the growing use of wood biomass for distributed electricity

production is aticipated to positively influence the industry landscape.

The global biomass power market size was valued at USIbBlion in 2020 and is expected to grow at

a compound annual growth rate (CAGR) 886 from 2020 to 202R6].
The solid biofuel segmeitccounted for the largest revenue share of1% in 202(26].

In 2020, Europe accounted for the highest market share &4®mwing to the favourable environmental

requlations implemented across the region to maximize the bioenerqgy potentiatious countries.

The U.S. market is projected to witness a substantial growth owing to rising implementation of climate
change laws requiring usage of renewable sources for power generation purposes. Biomass fuels are used
as a primary energy source imetU.S. and are majorly sourced from wedetived biomass and municipal

waste biomass

Asia Pacific is projected to be the fastgsbwing region at a CAGR 02% from 2020 to 2028 owing to
the abundant availability and wide feedstock base of biomasssadtwe emerging economies, such as
China and Indig27]. These data include all technologies than used biomass (combustor, boiler,

gasification, biogas etc.).

The gasification segment is anticipated to attain the fastest growth rate over the forecast jpering to

the high operational efficiency of the process.

In addition, new developments aimed at using more biomass for fuel are set to boost regional market
growth. Biomass serves as a sustainable anddaseon alternative to conventional fossil fueldive
allowing local groups to use domestically available biomass sources. It makes efficient utilization of crop
residues, the unused portions of urban waste, and wood manufacturing wastes. The government
organizations are emphasizing on utilizing biomfas®lectricity production as a part of energy security

and energy efficiency strategy. Such initiatives aim to augment the share of clean renewables in the overall

energy mix of national economies.
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Bioenergy is the energy produced through the burning iofriass or biomass fuels. According to the
International Energy Agency (IEA), bioenergy power production rose by 5% in 2019 that is only a percent
less than the 6% yearly rate required to meet the 2030 Sustainable Development ScenaridMgdads.

developnents and recent policy changes in emerging nations are expected to further provide a positive

outlook to the markegrowth [26].

2.3.2. Syngas and Bio-Syngas

The syngasannot be burntdirectly but is used as a fuel source. The other use is as an intermediate to
produce chemicals. The production of syngas for use as a raw material in fuel production is accomplished
by the gasification of coal or municipal wastethis processeveralthermochemicateactionstake place

giving rise tomainlycarbon dioxide, carbon monoxide, and hydrogen. Syngas isassad intermediate

in the industrial synthesis of ammonia and fertilizer. During this process, methane (from natural gas)
combines with water to generate carbon monoxide and hydrogen. The gasification process is used to
convert any material that has carbdo longer hydrocarbon chains. One of the uses of this syngas is as a
fuel to produce steam or electricity. Another use is as a basic chemical building block for many
petrochemical and refining processeBhe chemical industry is the largest applicatidnsgngas. The

chemical industry tends to use feedstocks that are the most economical to procure or produce.

The syngas market is estimated at B8 MW, in 2020 and is projected to reach 4860 MWth by
2025 Global syngas market size was valued@D43.6 billion in2020 andis projected to reaclySD66.5
billion by 2027at a CAGR of 16 from 2020 to 2025%27] Syngas capacity CAGR for gaseous fuels, liquid
fuels and power generation are projected to be 20%, 12% and 15% after[20R4.

Global Synga€apacity Share by Applicatiorid.5% of syngas capacity are employed in chemicals

production¢nitrogenous fertilizer, methanol, industrial chemicals, DME etc6%0of capacity provides

substitute of naturalgasand gaseous fue]29]

GlobalSyngas Capacity Share by Feedst@dal and natural gas are the two dominant feedstdciks

syngas refining residual such apet coke refinery residue and coke oven gas serves as 4.3% syngas

feedstock; Biomass and waste constitute less than 1% of syeedstock{29].

Global Syngas Capacity Share by Pro@3®% syngas capacities serve nitrogenous fertilizer production;

22% is used for methanol production;.6% is used for liquid fuels such as gasolirkedi@sel production;

10.6% producesubstituteof naturalgas and gaseous fug9].
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Global syngas market, by gasifiBased on gasifier, the fluidized bed gasifier segment held a significant

share in 2019. These are commonly used to enhance turbulence for more complete gasification of low

guality, bw reactivity feedstocks2p]

Global syngas market, by technolog®y technology, the steam reforming segment is expedttekbad

the global market during the forecast period. Natural gas steam reforming is a reliableffeasive, and
widely used method to produce hydrogen, with neand midterm energy protection and environmental

benefits.[28]

2.3.3. Gasifier and Cogeneration (CHP)

The theoretical potential for applyinGICCtechnology is seen as the 100% fuel switch tofhis in
existing CHP systemsn District Heating (DH) as well as in industry. The aim of this study is to project the
EU specific penetration rate siomass fuelledsICCGsystem in the CHP markets by 2030. According to

G9dzNR LISt Yy NBLR2 NI boywDLJ2 i/SIyth ANYE RIFHT.£L5h 0t N@&h@g Ol SR
CHP and DH in 2030 is equal teg664 ktoeor 205432 GWH.30]

The globalCHHAnNstallaton market size was valued at USB Billion in 2019 and is expected to grow at a

CAGR o0f.2% from 2020 to 202729]. The shift in preference towards replacing conventional energy

systems owing to operational cost and uninterrupted utility supply is egoeto drive the market for

CHP installationsContinuing demand foDistributed RES €éneration (DG)O2 dzLJt SR gA G K O2y a

inclination towards sustainable energy will propel market growth.

The European Commission published its latest natienalgy statistics, including European Union wide
and national CHBEata for 2017. Across the EU, cogeneration grew “peayear by 33% in generated
electricity and by % in installed electrical capacity between 2016 and 2017, reaching 3¥¢h and
122GW, respectively. Heat capacity and heat generation increased between2015 by 46% and 2%
respectively. In terms of the cogeneration fuel mix, the growth in renewable cogeneration share%®y 4

is the most significant yeaim-year developmentFues used by CHP systems/plants use different sources
of primary energy, such as solid fuels and peat, oil and oil products, natural gas, RES and other fuels
(including industrial wastes and coal gases). Natural gas is the main fuel used for CHP. However, fro
2009 to 2017, there is a slight decrease in the afsnatural gas (from 48% in 2009 to 4%5% in 2017).

In the same way, there is a significant decrease in the use of solid fossil fuels and peat (@#%nin22009

to 16.2% in 2017), as well as in thee of oil and oil products (from®% to 49%) and other fuels (from
9.2% to 63%). During the samgeriod, the share of RES and waste has more than doubled in the total
fuel mix (from 137% in 2009 to 28% in 201731].
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In terms of CHPfossil and renewable) capacityin 2017, Germany has the largest installed capacity from

all European countries, with approximately 49\ electrical capacity Eurostat reports growth in
generation between 2012017 in key EU countries, including Germany%/j, France (11%), Spain
(4.6%), Italy (1L%), Belgium (8%) and the UK (9%31].

A series of publicationf82-37] findsthat there is coseffective potential for CHP as a key solution in a
highly electrified, highlyrenewable, and low demand netero emissins energy system. When
considering higher shares of bioenergy sources, CHP uptake is even more relevant fostering the efficient
use of these fuels. Optimising CHP as part of integrated energy systems leads to energy system cost
NE R dzO (i A12 ¢/ y2 libn anchallows to reduce remaining £€missions by 4 MtCQ annually in

2050, as part of a netero emissions Europe. CHP will displace less efficient powerand heaonly
generation, contributing 1:36% of total power and 197% of total heat prodction in 2050. Optimised

CHP will operate flexibly and efficiently when and where needed, especially at times of peak demand by

heat pumps and electrical vehicles and insufficient wind andgsumeration.

Technologically, the next major development in tbegeneration market will be microogeneration
systems (below 15 kWe). These will be based on new prime movers: very small gas engines, Stirling
engines and fuel cells. Their target markets will include individual houses, small groups of houses, small
hotels, and retaikestablishments. The potential for this technology is vast. In the UK alone, the domestic
gas boiler market is 12 million euros. If 25% of this is suitable for roageneration, the result could be
10,000 MWe of new installedogeneration, orondj dz NI SNJ 2 F (G KS ![32ha St SOGNARO
Indeed,over the past 5 years, micitGHP solutions have consolidated their presence on EU markets and
growth has intensified in some key markets. Today there are close {0d@ticroeCHP gstems installed

across Europe (around 60,000 in th&.8 kWe segment and more than 200 between 5.%0 kWe

[33].). Annual sales in both domestic and small commercial segments are estimat&@@&1L0,000 units

for 2017[34]. Product cost reductions ka already been achieved in the sector, as key manufacturers
[34] are concentrating resources on scaling up and standardizing they manufacturing processes especially
for ICE and fuel cells technologies, while developing the market via the heating sty chain. Given

the increasing market awareness and expected additional cost reductions, annual sales ai@ djiahy

further in the coming decade, with projections estimating an installed m@i® stock of § 30 million

by 2030[35]

The use of bimass in CHP plantscommon in Scandinavia and also in Austria. The frontrunner is Sweden,

where solid biomass accounted for over 60% of the CHP fuel inputs in 2017, followed by Finland and

Denmark. In Denmark, the use of solid biomass in CHP plantsdwar gubstantially during the last
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decade, from around 13% in 2010 to 33% in 2017. Sweden and Finland are also leading in terms of the
absolute solid biomass use for combined heat and power generation, and Germany follows as the third

largest biomass consuer for CHH36,37].

2.3.4. Biofuel - Bio-methanol

Limited availability of fossil fudlased resources and growing awareness regarding curbing carbon
emissions are some of the factors that are likely to drive the market. Also, the presence of various
supporting regulatory policies and tax incentives acrtyss world on the utilization of biofuels is
anticipated to enhance their demand majorly in the transportation sector.

However, the traditional biofuels are manufactured from sources such as corn, sugarcane, soybeans, and
oil palms which are basically foetbps. Further, large scale utilization of these crops to generate biofuels
can create a scarcity of food products made fromnthdt can affect the prices of food and also pose
questions regarding food security. This will hinder the growth of the manki#e forecast period in some
regions or countries around the world.

The biomasgo-methanol process may play an important role in introducing renewalblélse industry
chain for chemical and fuel production.

The use of residual biomass, not derivingnirthe categories described above, therefore allows a drastic
reduction in the cost of the raw material, making the development of biofuels very favourable, becoming
competitive with respect to both fossil fuels and traditional r@sidual biomass.

The gldral biofuelsmarket size is expected to be worth arouttED307.01 billion by 2030 fromJSD
14132 billion in 202Fcompound annual growth ratéCAGR) d8.3%from 2021 to 203@ver the forecast
period[38].

The liquid biofuel form segment held thargest revenue share of 48 in 2019 owing to rising focus
towards energy security and application of liquid biofuels in flexXildd vehicles. In addition, bioethanol
blending mandates set in various countries has driven the utilization of liquiddis$89].

By 2050, most of the literature sources cldimat the biofuel contribution to the transport sector could
range from 0 to 5100 Mtoe/year (i.e. fronD to 30% of the expected transport fuel demand in the EU
by 2050), and will mainly Hecused on theaviation, maritime and long¢paul road transport segments.

Bio-ethanol consumption grew from 6.5 Mtoe in 2000 to 53 Mtoe in 2013 and biodiesel consumption
went from only 0.4 Mtoe in 2000 to 15 Mtoe in 2010 and 20 Mtoe in 2013. The cur@dlgiroduction

of biofuels consists roughly of 728ioethanoland 28% biodiesel. Mind that in the EU the balance of liquid
biofuels consumption is completely different with 79% (10.7 Mtoe) biodiesel and 20% (2.7 Mtoe) ethanol
in 2013 as a result of thedt share of diesel fuel in the European transport sector. Fordason Europe
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dominates global biodiesel production, whereas the US and Brazil dominate global ethanol production.
[90].

In 2020, North America dominated the global market with a marketretof more than 36%. U.8nd
represented the highest share in the North American region primarily due to availability of abundant
feedstock for the production of biofuels, along with tfesourablegovernment policies for the biofuel
production in the rgion.

Europe was the second important market in biofudhe growth of the biofuel industry in the countries

of the Europe is attributed to growing adoption of the biofuels in the road transportation applications.

Further, supporting policies for the use of biofuels by the European government in the European region
is also expected to boost the demand for biofuels market in the near future.

In GIC@ @roject, systems to producespecificbiofuel, methanol, will be&arried out. In particular, ivill

be Biomethanolderivingfrom CQrecovered from residual biomass gasification plants

Most methanol is currently produced from natural gas or coal, with estimated annuaylife emissions
of 0.3 Gt CQ@ around 10% bthe total chemical and petrochemical sed®ICQ emissions. Addressing
emissions from methanol production is therefore a key component ofittearbonizatiorof the chemical
sector and could contribute to the transport sector where the methanol candeel as a fudllL3].

Worldwide annual production of methanol nearly doubled over the past decade to reach about 98 Mt in
2019. A large part of that growth came from China through methanol production from\fital current
global demand for methanol at close 100 Mt per yeaand growing, there is a large potentiabrket for
renewable methanolMethanol demand is expected to continue increasing to reach more than 120 Mt
by 2025 and 500 Mt by 2050 in IRENAs Transforming Energy S¢&8ario

In 2050, 135 Mt of bignethanol ae estimatedio be produced annually; this is ambitious,yet realistic
transformationpathway built on renewable energnd steadily improving energfficiency[13].

2.3.5. SOFC market potential

Fuel cells (FCul)ill play a significant role in the efficiengypprovement/emission reduction strategy. FCs
are clean (no combustion), efficient (direct conversion of chemical to electrical energy), and modular

(independent scaling between power and capacity)

The future fuel cell market has huge potenti@heglobal solid oxide fuel cell market size watued at

USD 900.3 million in 2020hd is expected to grow at a compound annual growth rate (CAGR) of 25.3%

from 2021 to 2028These are promising numbers, which suggest an industry on the verge of a commercial
breakthrough 40].
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As described in the previous pagdsomass residueare an abundant and carboeneutral feedstock for
energy recovery. A potential approach to improve the efficiency of wastnergy conversion is the
application of a fuetelktype reactor to the treatment system to generate electricity from the feedstock,

with high power and energy density.

Compared with liquid or solid acid fuel ceb®lid oxide fuel cells (SOFCs) are more compatible with
biomass gasifiers because they both operat high temperatures, which enables the integration of these
systemswhich shows advantages in a variety of fuels, quiet operation, low or zero emission and high

efficiency.

The enhancement of SOFC technology reliability accompanied by cost redgotideh present further
opportunities. The CHP market appears to be an opportunity for the SOFC systems in the longer term,
primarily due to the lack of nederm market opportunity, which is exacerbated by the relatively high

capital cost anticipated withhee initial SOFC systems. Nevertheless, a considebadiiébutedGeneration

(DGmarket opportunitycan be projected for SOFCs in the next ten years, which should increase as overall

demand increasefgl]].

2.3.6. Carbon Capture, Utilization, and Sequestration (CCUS)

Carbon captureuytilization,and storage (CCUS) contributes to the transition to net zero in multiple ways.

These include tackling emissions from existing energy assets, providing solutions in some of the sectors
where emissions are hardest to reduce like cement, supporting the gagidl £ Ay 3 dzLJ 2F 26T
hydrogen production, and enabling some G&®be removed from the atmosphere.

The globatarbon capture and sequestration (CCS) maikeset to gain traction from the increasing
partnerships between industry giants to commercialize the CCS technology by completing large scale
production facilities.

CQ Utilizationdiffers from prevalent carbon céyre and storage (CCS) solutions in one basic way. CCS
captures C@emissions exclusively for storage, usually reinjecting them into geoldgroadtions; the
goal of U is to convert C&nto end products that in turn are emissionsutral or negative.

The development of CQitilizationtechnologies is being promoted for three key reasons:

9 It can be used for mitigation to meet internal or external standards foredissions for
carbon dioxide producers.

9 It would allow for carbon dioxide to be used as aternative to fossifuel-derived
feedstocks.

9 It can contribute to achieving national or global aims for decreasing carbon emissions.
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The global carbon capture, utilization, and sequestration market(Eigeire 2)s projected to grow from
USD 3 billion in 2020 to USD 3.5 billion by 2025, at a CAGR of 17.0% during the forecas{4@riod.

2020 2030 2050
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7600
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2020 2030 2050
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Figure2 Carbon captureytilisation,and storage (CCURJevision [42]

In GICO the Capture of &®performed using Calased adsorbents, the Utilization is perforntedough
the conversion of COn CO using the plasma catalysis and Oxygen membrandseutilization of the

Cd&00; (circular economy)

Combination of membranes with plasm&chnologies not only will allow better turnkey process but
overall will synergistically increase the conversion of i6© CO.

Carbon dioxide capture using Gh@sed adsorbents has recently attracted intense attention from both
academic and industriaéstors in the last decade due to the high theoretical capacity efc@giure, low
cost,and potential use in largscale.

At full scale, CQutilisation products has the potential of utilizing 7 billion metric tons of D year by
2030¢ the equivalem of approximately 1%oof current annual global G@missions. CQutilisation can
create new business opportunity and simultaneously contribute te I€Quction. Both conclusions are
consistent with an earlier market study that the Gk Global C@Initiative, commissioned concluding
that CQ utilisationcan remove over 10% of the emitted £Dd represents an annual market opportunity
of USD0.8-1.1 Trillion.The market for C&@based fuels can bguadrupled by 2025 (frodSD60b toUSD
200b), incrasing the C&reduction by 15fold (from Q03btons to Q5b tons)[44].

A series of studies show that there are a wide range of technology pathyfygsre 3) Catalytic
conversion (in GICO using non thermal Plasma technolpgieiseralization and electrochemical
conversion are the most widely studied pathways based on number of developers-tdrime
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commercialization depends heavily on this concentration of research effGatalytic conversion and

mineralization are the most wetleveloped pathwayfor the CQ conversion and utilizatian

Number density of conversion processes

Catalytic Conversion 44

Mineralization 26

Electrochemical Conv. 23

Growth of Algae 22

Photocatalytic Conv. [NWi

Fermentation 14

4 Photosynthesis

o.

Figure3 Number of developers by CO2U technology pathij4ay

2.3.7. Gas separation membranes

In the GICO projedt will developed and tested

1 membranes for oxygen separatioRerovskite membranes can provide an economical solution

for oxygen production because of low energy input.
1 membranes fomethanol production.

Both types of membranes can be included in the gas separation membranes sector.

The market size of gaeparation membranes is estimated at USD 846 million in 2019 and is projected to
reach USD,131 million by 2024, at a CAGR of 6]@%. The growing demand fayngas andbiogas in
the emerging countries and caesffectiveness of membrane separation aeetors fueling the growth of
the market.The growth of this market is attributed to the increasing demand for carbon dioxide removal

in emerging countries such as China, India, Indonesia, and South Korea. However, regulations related to
plasticization of plymeric membranes are restraining the growth of the gas separation membranes

market.
On the basis of material type, the gas separation membranes market is segmented into polyimide &
polyaramid polysulfone, cellulose acetate, and others. Polyimide & pafy&de is the largest as well as
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the fastestgrowing gas separation membrane material owing to its superior selectivity & permeability,
high chemical & thermal stability, mechanical strength, and good film forming properties.

Most of the gas separation mewmanes developed by researchers are tested only in laboratories.
Upscaling of new membranes technology will ensure reliability and durability. Upscaling also ensures the
safe designing and operation of the membrane in real operating conditions througés stralysis in the

field. However, testing the new membranes in the pilot plant and analyzing their performance is highly
time-consuming and involves high installation cost. Therefore, most of the membranes developed in
recent years are yet to be tested der realtime conditions, thus delaying their commercialization.

The high cost and time consumption involved with upscaling and commercializing new products is a major

challenge for the players in the market.
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3. PESTLE ANALYSI S

3.1. Methodology

The PESTIldBalysis will be used to evaluate the external influences oraO potential development
(Tabled).

PESTLE stands Rulitical, Economic, Social, Technological, Legal, and Environmental. It provides a broad
view of thecomplete environment bthe biomass andiofuel industry. The analysis will determine the
factors for the economienvironmental, socioecological, and geopolitical sustainability facets. It provides
the framework forthe correlation with the production technologies to determirthe strength and
weaknesses of thdifferent production pathways.

The PESTLE analysis is developed by using the concept of Design Thinking. Design thinking offers a
structured framework for understanding and pursuing innovation in ways that contributerganic

growth and add real value to engsers. The design thinking cycle involves observation to discover unmet
needs within the context and constraints of a situation, framing the opportunity and scope of innovation,
generating creative ideatgsting,and refining solutions.

The New Green Deal and various European directives implemertedtional levels have set binding
targets on countries to reduce their GHG emissions and import of energyaribigon of this project is

to enable Europe to move ader towards greater independence of fuel supplies anddbieve this
domestically at local levels across Europe, while reducing emissions. Therefore, GICOpeffigtatly in

the current and future political and regulatory environment. Indeed, wideap deployment obiomass

plants is limited not only by the OPEX and CAPEX (hence efficiency, cost, reliability) bub\sralie
impacts (space required, bed smells, emissions). GICO, in developing the most efficient, leNatdet,
high-density power and zero emissions process, will overcome these limitations: the goal for the next
future is that small to medium biomass CHP/biofuel plants will be recognized as clean and efficient power
plants unlike
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3.2. Political

Several relevant regulations amelislations, including support schemes (subsidies and loans, etc.) and
financial incentives have contributed to encourage the markédted these technologies (Gasifier, CHP,
Fuel cells, CCS, CCU) have a simple overview we consider the Gl@egrated system as an
innovative zero emission cogenerators with CC&d bio-methanol production

The regulatory sectors that will be taken into consideration are related to renewable sources,
cogenerationand biofuels

Since the founding CHP Directive published in February 2004, European policies and legislation focused
on encouraging the wider use of CHP. The main scope of this Directive was to promegdfihighcy
cogeneration (minimum share of 10% of primary eneggyings). In 2012, the Energy Efficiency Directive
2012/27/EC (EED) was issued and replaced Directive 2004/8/EC, introducing more specific measures
related to CHP development in the EU countries.

3.2.1. Directive 2018/2001 on renewable energy (REDII)

The politcal and legal aspects of the biomass and biofuel industry in the EU are driven by directives
developed by the European Commission such as the Renewable energy directive (RED).

The Directive 2018/2001 on renewable energy (REDII) is a step forward in tleenguose of
environmental sustainability of bioenergy used in the EU, and it provides tools that can be already used
to limit or minimize several of the higlisk pathways identified in this report. One of the main goals of
the sustainability criteria of RHI (2018/2001) is to ensure that forest biomass used in the EU energy
sector is sourced in ways that minimize negative impacts on forest ecosystems and their services.

Bioenergy operators need to provide evidence that the forest biomass is subject imnalabr sub
national legislation or management systems at the sourcing area level ensuring: (i) legality of harvesting,
(i) forest regeneration, (iii) protection of nature protected areas, (iv) maintenance of soil quality and
biodiversity; and (v) mainteance or improvement of the loAgrm production capacity of the forest.
Applied on the consumption side, these criteria affect both to domestic and imported biomass feedstocks
[46].

The sustainability criteria set by the EU in the RED Il should help ensure that the use of biomass is
compatible with longterm emissions reduction objectives by limiting the use of biomass types where
indirect land use changes can ocdLikewise, the diretive stipulates that biomass can only count towards

renewables targets if specific emissions reductions are guaranteed.
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3.2.2. European Green Deal (EGD)

The European Green Deal (EGD) establishes the objective of becoming climate neutral in 2050 in a manner
that contributes to the European economgrowth, and jobs. This objective requires a greenhogas
emissions reduction of 55% by 2030 as confirmed by the European Council in December 2020. This in turn
requires significantly higher shares of renewable enesgyrces in an integrated energy system. The
current EU target of at least 32% renewable energy by 2030, set in the Renewable Energy Directive (REDII),
is not sufficient and needs to be increased t8@80%, according to the Climate Target Plan (CTPheAt t

same time, new accompanying measures in different sectors in line with the Energy System Integration,
the Hydrogen, the Offshore Renewable Energy and the Biodiversity Strategies are required to achieve this
increased target.

Launched in 2019, the Gre@real is Europe's new growth strategy that aims to transform the EU into a
modern, resourceefficient,and competitive economy, where

9 there are no net emissions of greenhouse gases by ;2050
9 economic growth is decoupled from resource use
1 no person and nplaceareleft behind.

The use of sustainable biomass will play a considerable role in meeting the 2030 target to reduce

greenhouse gas emissions, as well as the objective of climate neutrality by 2050 in the European Green

Deal.

In the context of theeuropean Green Deal, biomass in its different forms might be a versatiponent

of a climateneutral economy. Biomass can directly supply heat, it catrébesformed into biofuels and
biogag¢BioSyngast can substitute carbointensive materials and pducts,and it can be used in power
generation, potentially attaining negative emissions if coupled wittarbon capture technology. At the
same time, it is crucial to ensure that its sourcing andtake place in a sustainable manner that is in line
witKk GKS 9! Qa Of A Y| agéhdak. f¥dR cuBefitandNaBtghiraSuges, lthe production and
consumption of biomass arsubject to numerous sectoral policies, such as energy, environmental,
agricultural and climatgolicies. The combined effect of thegolicies can have significant impact on

the availabilityand use of biomass today and in future.

Unavoidable biowaste can be converted into energy including biofuels for sectors in which electrification
will remain challenging (aviation, maritime).

While biomethanol would qualify as a renewable fuel of nonbiological origin, RED Il places barriers to the
purchasing of renewable electricity from the grid that must be overcome. The specification of a direct
correlation in time and geography of synthetiefyproduction and renewable electricity generation is a
barrier to both investment andbiofuel uptake Guarantees of origin and purchase power agreements
should be adequate proof that renewable electricity from a wind turbine or solar farm in one lotaison
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been purchased by a producer biomethanol in another location connected by the transmission grid.
Concepts suclas & @ A Nobvaa plantdd can allow for reatime monitoring and validation of both
manufacturers and consumers to avoid double countihthe renewable power feedstock.

3.2.3. Transport Policies and recommendations [47]

Thepolicymakers at the EU and national levels will need to create an appropegisatory framework,
both to encourage and enable investments, so that privatmpanies wiltecognizethe business case for
investing in efuels technologies.

Legislation and standards for methanol used as a fuebfad transport are already in place or being put
in placein many countriesWhile these were initially intended fdossil fuelbasedmethanol, they also
apply to renewable methanol andlill ease the transition48]

The 2018 review of the Renewable Energy Directive (REE2dPnizedhis challenge for the transpart

In order to be counted towards the target biofuetsist meet certain sustainability criteria, irrespective
of whether they were produced using raw materials cultivated inside or outside the EU.

The proportion of the target which can come from biofuels produced crops grown on agricultural land is
limited to 7%. This limit was introduced in 2015 to address concerns related to Indirect Land Use Change
(ILUC). Advanced biofuels fall outside the 7% limit as well as biofuels produced from used cooking oil and
animal fats. There is an indicative target of 0.5%safdvanced biofuels, and advanced biofuels, as well as
biofuels produced from used cooking oil and animal fats, are double counted towards the 10%Aarget.
revised REMD (2018/2001 EU Directive, 2018) was adopted on 11 December 2018 and the Metatesr

will have to transpose the RHDby 30 June 2021 and the original RED will be repealed as from 1 July
2021. The RED sets a binding overall target to ensure that the share of energy from renewable sources
in 2030 is at least 32%. Member states wot have mandatory individual targets for their overall
NBYy Sgl 6f SaQunes REDNAema(iStages/have to require fuel suppliers to ensure that the
share of renewable energy supplied for final consumption in the transport sector is at |&ashyi 2030.

This share is calculated as the sum of all biofuels (subject to fulfilling the sustainability and GHG emissions
saving criteria set out in the directive) and renewable transport fuels oftmological origin used in the
transport sector. Howewe biofuels from oil, sugar and starch crops are limited to 7%, or to 1% higher
than the level of use of such biofuels in the member state in 2020 (whichever is lower).

The REBDI defines advanced biofuels as biofuels that are produced from feedstoad iistPart A of
Annex IX of the directive (Algae if cultivated on land in ponds or photobioreactors, Biomass fraction of
mixed municipal waste, but not separated household waste subject to recycling targets under point (a) of
Article 11(2) of Directive 2@298/EC, Biewvaste as defined in Article 3(4) of Directive 2008/98/EC from
private households subject to separate collection as defined in Article 3(11) of that Directive, Biomass
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fraction of industrial waste not fit for use in the food or feed chain,udtlg material from retail and
wholesale and the agrfbod and fish and aquaculture industry, Straw, Animal manure and sewage sludge,
Palm oil mill effluent and empty palm fruit bunches, Tall oil pitch, Cghgeerin Bagasse, Grape marcs
and wine lees, M shells, Husks, Cobs cleaned of kernels of corn, Biomass fraction of wastes and residues
from forestry and foresbased industries, i.e. bark, branches,qwemmercial thinnings, leaves, needles,
tree tops, saw dust, cutter shavings, black liquor, brdigmor, fiber sludge, lignin and tall oil, Other non

food cellulosic material as defined in point (s) of the second paragraph of Article 2, Othecdigriosic
material as defined in point (r) of the second paragraph of Article 2 except saw logs reeel Wegs,
Renewable liquid and gaseous transport fuels of-balogical origin, Carbon capture antlization for
transport purposes, if the energy source is renewable in accordance with point (a) of the second
paragraph of Article 2, Bacteria, if th@exgy source is renewable in accordance with point (a) of the
second paragraph of Article 2.

It provides that biofuels and biogas produced from these feedstocks shall equal to at.B4sin02022,

1% in 2025 and 3.5% in 2030, gradually increasingsheane over time. Furthermore, the contribution of
advanced biofuels will béouble countedowards the 14% target. The Commission can add feedstocks to
Part A of Annex IX, but only those that can only be processed with advanced technologies. Theee is also
limitation for waste lipidbased fuels (Part B of Annex IX) to 1.7 %, but these are also double counted.

Member states are responsible for putting in place measures to give effect to the requirements of the
RED andre using a variety of different mechiams. Foexample,Germany has had a biofuel mandate

in place since 2009 with a 6.25% target for biofuels in road and rail transport. Biodiesel constituted 59%
of all biofuels, followed by ethanol (35%). In 2017 legislation introduced dasget for advaced
biofuels, increasing it from 0.05% of energy used in road and rail transportation (for companies supplying
more than 20PJ of fuels), up to 0.5% for all suppliers by 2025. Conventional biofuels are capped at 6.5%
of the energy used in transportationn [2015, Germany moved from an energy mandate to a GHG
reduction quota with the goal of achieving a 6% GHG reduction in the transportation fuel mix by 2025.

Until 2014, fuel suppliers failing to meet the mandate were subjected to penaltieg &WRlter of diesel
equivalent for biodiesel and.35 EURlter of diesel equivalent for ethanol. Beginning in 2015, the penalty
switched to 470 EUR/per ton of g of GHG savings not achieved.

Italy has had a transportation biofuel obligation in place since 2002011, it began to transpose the

RED, setting a minimum mandate of 5% blending by energy by 2014. In 2014 the biofuel mandate was
amended to achieve 10% blending by 2022 and introduced a specific mandate for advanced biofuels. The
O 2 dzy i NB Q& or ¢s althddebripletaySdoriinated by diesel substitutes (97%), mostly biodiesel
(FAME) as well as a small share of HVO produced from palm oil. Italy has been consuming-essquhlm
biofuel over time and has increased consumption of biofuels producew Wastes and residues that can

be doublecounted towards the RED target, while decreasing the physical amount of biofuels consumed.
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3.2.4. EU Fit for 55 Package

hy wmn Wdz 83X GKS 9dzNRLISFY /2YYA&aairzy LI daSRel ONMzO

to transform the European economy.

The package of interconnected legislative proposals will align the EU's climate, energy, larahspert,

and taxation policies with the target of reducing net greenhouse gas emissions by at least 55% by 2030,
compNBR (2 mMdppn tSPStad ¢KS aCAl F2NIppé LI O1F3AS
and plans to be implemented by 2030. A key component is the significant revision and strengthening of
the EU Emissions Trading System (ETS) targets andvgaibimg signals in line with the proposed 2030
ambitions. The overall emission would be further lowered, and its annual rate of reduction increased from
2.2% to 4.2%.

In particular themain measures and goals that directly affect the GICO business plan and that will need

to be monitoredincluding:

1 an increase of the renewable energy target from 32% to a 40% share, with plans to simplify
certain permitting processes and to address otharriers

1 new 2030 energy efficiency targets of 36% for final and 39% for primary energy consumption
respectively and an obligation for the public sector to annually renovate 3% of its bujldings

1 implementation of anew energy taxatiomprinciple that taxe®lectricity and energy products
based on energy content and environmental performgnce

1 minimum tax rates for motor and heating fuels and electricity as well as avidtaat, and
ship fuels

1 climate neutrality for land usdorestry,and the agriculturesector by 2035

1 creation of a naturepositive economy which protects and restores degraded ecosystems and
increases the Ebatural carbon sinko 310 megatons (Mt) by 2030
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3.3. Economic
External economic factors affect the GICO market from both a CAPEXP&X perspective:

1 CAPEX and OPEX: the presence and type of subsidies for the installation of residual biomass
plants.

1 CAPEX: cost trend of some technologies present in GICO (SOFC);

1 OPEX: sales price trend of electricity and biomethasoérgytaxation

3.3.1. Cogeneration and biomass subsidies

Most EU countries, in order to meet their clean energy goals and to increase the share dfi€lldéby
RES in total electricity generation, have developed new regulations or updated their existing ones in
support of CHP. The support schemes existing in various EU Member include:

1 Investment subsidies for potential demonstration proje¢Belgium,Greeceand Hungary
Feedin-tariff (FiTsand feedin premium scheme@-iPs)(Germany, Hungary, Itgly
Loans o grants, e.g. in Finland, Germany, Slovenia

Green certificates scheme, e.g. in Belgium, Romania

Tax mechanisms, e.g. in Belgium, Poland, Greece.

= =4 =4 =

The implementation of policy support schemes and mechanisms was the main reason for the CHP market
growth in several countries. Such countries are Belgium (subsidies, green certificate scheme, tax
reduction), Luxembourg (feeid-tariff, grants), Denmark (tax exemption, feedtariffs and feedin-
premiums, grants), Germany (loans, premium tariff) and Italynfiwen tariff).

Based on a series of study in 15 European countries to inventory the subsidies provided to solid biomass
production,investment,and demand. The subsidies covered included tax expenditures (exemptions and
reductions, tax allowances, tax credits and others), direct transfers (grants, soft loans) and indirect
transfers (feedn tariffs, feedin premiums, renewable energy quotas, tesblecertificates,and others).

The work covered the period 202918 and focused on biomass used for electricity or figh}

The compilation of subsidy data across 15 countries of interest leads to a total of 46 policy instruments
with a total value ofe dza (i % BilloNJn €017. Over the period 20917 the total value of the
ddzo0 aARASAE LINPOARSR (2 (GKS dzas$S 2F &a2fAR 0A2Yl aa
growth came from Italy>607 M EUR), the UK255 M EUR) and the Nethands (88 M EUR). A large (57

M EUR) decrease took place in Poland, relating to a reduction in the prices of green certificates. In 2018,
the total amount of subsidies for those for which data is available shows a small decline from 2017 levels.
However, vhen data from the other countries @&vailablewe expect the total tgrowagain[31]. In seven

of the case study countries subsidies for energy from solid biomass represent less than 10% of the total
financial support given to renewables, in only threrictries does it account for more than 20% of the

total support given to renewables. There is generally a clear correlation between countries with high share
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of the renewables support going to biomass and the share of biomass in gross electricity gené&@tio

the use of solid biomass in final energy consumption the relation with government subsidies seems to be
less pronounced. It should be noted though, that in many countries the use of biomass for heating is less
heavily taxed than the use of other engy carriers, and in many cases no energy taxes apply &tétia

is promoting the use of agricultural residues for bioenergy (as an alternative to uncontroffesddin
burning that deteriorates air quality); botBnergyfrom-Waste EfW) and solid biomasbased electricity
generation currently receive feeid tariff support. Plus, China has announced a pilot project for coal
power stations to begin céiring biomass. In Brazil, the federal RenovaBio plan, due to come into force in
2020, will boost the pyduction of transport biofuels and in turn will result in additional bagdsssed
electricity generation from both existing facilities and new mills. In India, fiscal support and capital
subsidies underpin capacity expansions of existing plants and gelkbimvestments, mainly in bagasse
co-generation plants utilising bgroducts of the sugar and ethanol industries. Mexico and Turkey also
show signs of expanding bioenergy deployment, especially for EfW and bi¢gjas. [

3.3.2. SOFC cost trend roadmap

Thelearning or experience curve is a standard methsd used in the industry to project production
costs forSOFQ@init based on the cost of the first unit. Forecasting modelg on this curve to predict
future costs $1]. It is based on cost reductions observed with the increase in installed capacity due to
repetitive reproductions of a unit of the same technology. The most commonly used curve is based on the

premise that cost reductions take place every time the cumugpiroduction is doubled52]

The ratio of the cost after doubling the capacity to the original cost is termed the learning rate (LR) and
generally varies directly with the maturity of the technology. The lower the maturity of the technology,

the lower theLR, implying a higher cost reduction percentage with each doubling in capacity. While there

is limited data on the LRs that can be associated with SOFC technology, the H.C. Starck SOFC production
experience, discussed in the study of RivEirgoco[52] indicate that LRs as high as’88re realizable due

to the relatively low maturity of the fuel cell technology, along with the molten carbonate fuel cell (MCFC)
experience (19962012) depicted Exhibit in-% [53] [54], indicate that LRs as high as¥8ére realizable

due to the relatively low maturity of the fuel cell technologiearning curves showed that the SOFC

system becomes cost competitive with traditional technologies afteB@MWe of installed capacity,

around 2025, and is consistent with the texogy development plan.
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The estimated development timeline shows that, a significant nurob&MWe systems, a building block

for larger scale systems, would have been successfully demonstrated to operate reliably by 2030

' Data from Rivera-Tinoco et al. l
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Figure4 SOFC production learning curés]
3.3.3. Trend of Feedstock cost

Based on the results of eighhtégrated Assessmenbodels, the biomassresidues might cost
compeitively play a large role in the twendyrst century bioenergy supply. At high bioenergy demand
biomassresidues could meetb0% of bioenergy demand towards 2050 artdc30% towards 2100.
When also considering literatwestimated residue availability, selues could provide around 55 EJ/year
by 2050[56].

1 InEuropethe estimatedbiomass residuesost range is between kl k a 2afd 18 k a 2 [K7].

91 In the United Statesesource could be supplied at cost of betweenelR a 2aKd 20e k a 2 K

the upperfeedstock price level used in the production cost analysis ab&vg. [

The theoretical availability and cost modelling indicate that large volumes of feedstock could be made

available to users at costetween5 to 10 e/MWh. [57].
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3.3.4. Trend of price of electricity

The price of energy in the E2X¥ depends on a range of different supply and demand conditions, including
the geopolitical situation, the national energy mix, import diversification, network costs, environmental
protection costs, severe weather catidns, or levels of excise and taxation. Note that prices presented
in this article include taxe¢evies,and VAT for household consumers, but exclude refundable taxes and
levies for noshousehold consumersContrary to the price of fossil fuels, whicheausually traded on
global markets with relatively uniform prices, electricity prices vary widely amorgy/Elember States.

The price of primary fuels and, more recently, the cost of carbon dioxidg) @ssion certificates
influence, to some degreehé price of electricity.

For household consumers in the 20, (defined as mediursized consumers with an annual consumption
between 250kWh and 500&Wh), electricity prices in the second half of 2020 were highest in Germany
(EUR 0,3006 per kWh), Denm&aUR 0.,2819 per kWh) and Belgium (EUR 0,2702 per kWh). The lowest
electricity prices were in Bulgaria (EUR 0,0982 per kwWh), Hungary (EUR 0,1009 per kWh) and Estonia (EUR
0,1291 per kWh). The price of electricity for household consumers in Germany wasiraoithree times

as high as the price in Bulgafs].

TheEUaverage price in the second semester of 202@Weighted average using the most recent (2020)
data for electricity by household consumengas EUR,2134 per kWH58].

Primary energy and G@rices are relevant for the development of average, unweighted electricity prices
for the years 2020 to 204®rom 2040, electricity prices will stagnate despite rising gas ang@ses.

High feedin from windand photovoltaic power plants increasingly lead to low and often even negative
electricity prices. The actual developments in the individual countries differ considerably from each other.
This is shown by the deviation ranges shown above. In particulantees with a low expansion of
renewable energies are seeing a steady increase in electricity prices (due to the development of
commodity prices).

If we have a glance at electricity prices on a monthly basis, the seasonality and volatility of theilectric
market can be noticed. For winteseasonthe analyses demonstrate rising prices due to the temperature
sensitivity of electricity demand. By contrast, electricity prices are usually much lower in summer. This
effect is exacerbated by the rising shasesolar power generation, which has a dampening effect on
electricity prices.

In the scenario various factofead to a significant increase in price volatility. On the one hand, the
generation costs of controllable fossil power plants rise in hand with the development of commodity
prices. On the other hand, the expansion of fluctuating renewable energies hacedowering effect.
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Asaresult, SEGNBYS LINAOSE | NB Y2NB FTNBI|jdSyid FNRBY (2RlI&Q
of the electricity price structure of the daashead marke{59].

3.3.5. Trend of price of biofuels

The political aspect influences the economics of the biofuel industry by providing subsidies and creating
import tariffs to protect and support the market. The biofuel industry will be affected by changes in the
economic environment which are, among otheisy, interest,and exchange rates. However, specifically

for the longterm sustainability of the biofuel market, the factor that will be addressed is the demand and
supply of biofuel. The production cost of the different biofuels relates to the pricechwéifects the
demand and therefore influences the suppbg).

As a replacer of fossil fuels, the competitiveness of biofuels does not only depend on its own production
cost but even more so on the price of fossil fuels. Moreover, the current subsidigdylanfluence the
competitiveness of the biofuel production cost. Biodiesel, bioethanol, and biomethane all have their own
economic sustainability, influenced by factors including the feedstock, the type of conversion
technologies, and the number of reimed processing steps.

The cost of biomethanol andmethanol depends to a large extent on the cost of biomass, hydrogen, and
CQ. The cost of CQalepends on the source from which it is captured.

Methanol from norRrenewable sources such as natural gad apal is already competitive from a cost

perspective with gasoline and diesel fuel.

In 2019 norhousehold natural gas in Europe had an average price of about EUR 35/MWh (BI&1J)10
According to data provided to the SGAB report, typical biomethaneymtizh costs are in the range of
70y n eka2K gKSYy oFaSR 6y FyFrSNRPOoAO RAISAGAZ2Y

The value of Methanol increased 129 CNY.84% since the beginning of 2021, according to trading on
a Gontract For Difference (CFD) that tracks the benchmark marketiits commodity.

It is also an essential feedstock for numerous chemiogadserials,and plastics. Hybrid systems using both
renewable and fossil fuels with fewer or no £&nissions to produckw-carbonmethanol LCM could

be used during the transition period to a sustainable future. LCM could thus be part of a bridge towards
renewablemethanol. Once the infrastructure for the distribution and use of methanol and LCM is in place,
it could be seamlessly shifted to sustainable renewable methanol in the future. Fossil methanol and
renewable methanol are the same from a chemical point ewviRenewable methanol can be a
sustainable feedstock for many of the chemicals and products currently obtained from petroleum,
including aromatic compounds (BTX) and plastics (polyethylene, polypropjé2he)
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3.3.6. Energy taxation

The taxation of energy prodts and electricity plays an important role in the area of climate and energy
policy. The harmonized rules set under the Directive 2003/96/EC of 27 October 2003 restructuring the
Community framework for the taxation of energy products and electricity f@@n€axation Directive" or
"ETD") aim to ensure the proper functioning of the Internal Market.

In the EGD the Commission committed to review the ETD focusing on environmental issteesresute

that energy taxation is aligned with climate objectives.af@x plays a direct role in supporting the green
transition by sending the right price signals and providing the right incentives for sustainable consumption
and production

The rates have been set according to a ranking that takes into account therameintal performance of
energy products and electricity:

9 conventional fossil fuels, such as gas oil and petrol, andsnstainable biofuels will be subject
G2 GKS KAIKS&H YAYAYdzZY NI} 4GS 2F emMmn®rpkDW gKSYy
heating

1 The next category of rates applies to fuels such as natural gas, LPG, areheaable fuels of
non-biological origin, whichdifferently from fossitbased, can still lend some support to-de
carbonisation in the short and medium term. Two thirds of teéerence rate will apply to this
category for a transitional period of 10 yeagh ®S® | YA YAYdzY NI 4GS 2F erT1d
Y202N) FdzSt | YR € n dc k DWeforg Kethy taxdzs & fhe FadeNdateK&s| 0 A y 3
conventional fossil fuels.

1 The next categry is that of sustainable, but not advanced biofuels. To reflect these products'
potential in supporting decarbonisation, half of the reference rate apgies. a minimum of
epPoykDW ¢gKSY dzaSR | a& Y20U2N) FdzSf YR endnpkDW

 Thelowed YAYAYdzY NI GS 27F € n ®regacdldsd/ of lits Okéf atVaricedl 2 St S
sustainable biofuels and biogas, and renewable fuels ofbiological origin such as renewable
hydrogen. Lowcarbon hydrogen and related fuels will also benefit fromtteame rate for a
transitional period of 10 years. The rate applicable to this group is set significantly below the
reference rate as electricity and these fuels can significantly support the EU's clean energy
transition towards achieving the objectivestbe European Green Deal and, ultimately, climate
neutrality by 2050.
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3.4. Social

3.4.1. Biomass acceptance

Bioenergy projects involving energy crops can make a significant contribution to rural income or
employment increment. Energy crops lead to changeagncultural labor patterns and give positive
contributions to rural economic diversificatio®3]. Results of surveys on local public opinion of a
proposed biomass gasifier in the UK indicate that potential employment impact was the most highly
confirmedbenefit [64]. A specific study65] recognizes the generation of direct and indirect jobs as one

of the main benefits of biomas§.he adoption of land for the production of energy crops should be

considered as a possible solution to problems such as theddnment of land, rising unemployment

and an exodus of rural areas. However, perceived negative impacts should not be forgotten. The transport
and infrastructure requirements and associated emissions of new biomass capacity may also result in an
adverse eaction from sections of the local communi3]. Some studie$66] presents some examples
demonstrating that a major barrier to pron®biomass energy is frequently local oppositiém. example

is the Journal Acceptance Rate Feedback Systdra definiton of journal acceptance rate is the
percentage of all articles submitted to Waste and Biomass Valorization that was accepted for publication.
Based on the Journal Acceptance Rate Feedback System database, the latest acceptance rate of Waste

andBiomass Valorization is 184o.

3.4.2. Biofuel acceptance

TKS RS@OSt2LIVSyld 2F GNIRAGAZ2YIFE 0A2FdzSt LINRPRAzOGAZ2Y
market and food security6[/]. Thecultivation of the biofuel feedstock competes directly for land with

other food crops such as coffee beans or rice. The feedstock that is also used for food and feed production
including corn, wheat, sugar cane, soybean, rapeseed, and sunflowers are denoted as-tfemération

feedstock.

The aspect of landse incorpoates the essential difference between the restoration of degraded
farmlands or removing forests for biofueB8]. The term indirect landise change (ILUC) descrilibe
change of natural environments to croplands to grow crops that replace the feedsseckfarbiofuels.
Essentially, it is the effect of competing with the same resources as the food industry. Thedd&aot
only to a loss in biodiversity but also increases the GHG emission and impacts the dooels[&f].

The feedstockised in GIC®ecessary for the production of biofuel and energy, includes residual biomass

and organic waste, considered completely RES, does not go to use land with potential for food production.
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3.4.3. Renewable energy communities

z

Community energy refers to a wide range®@2 f t SOGA @3S SySNHe I OGAz2ya (K
in the energy systemThe Clean Energy Packageognizescertain categories of community energy
AYAGALFGAGSa a WSYySNHe O2YYdzyAdASaQ Ay 9dz2NRLISHy f
g & oigahizew O02ftf SOGABS SySNHe | OlAz2ya I NRdzyR 2LISy> F
the provisio of benefits for the members or the local community.

Energy communities are defined in two separate laws of the Clean Energy Package. The revised Renewable
9y SNH& S5ANBOUGAGS 69! 0 wHnanmykHnnm aSiGa GKS FNIYSg?
renewable energy. The revised Internal Electricity Market Directive (EU) 2019/944 introduces new roles
YR NBaLRyaAoAfAGASE F2NJ WOAGAT Sy SySNBHeée O2YYdzyAl
The primary purpose is to generate social amironmental benefits rather than focus on financial

profits. The directives frame energy communities as-oommercial type of actors that use revenues

from economic activities to provide services/benefits fioembers and/or the local community.

Within the context of an energy transition to a low carbon economy, new roles for local communities are
emerging, whereby they are transitioned from being passive consumers to active prosumers with the
possibility of local generation, demand response and eneffigiency measuresThe enerqy transition

will require significant mainstreaming of niche social and technical innovations to succeed at the

community level, for examplsustainablevehicles(bio-methanol GICQ)heat pumps, smart meters,

sustainable energgommunities, CHP powered by residual biomass (GICO)R&SI energgtorage
(GICO)

There are a few examples of biomass commuaitned schemes in Sweden, Denmark, GermaRojand,
and Belgium.

Community projects can be vital for stimulatirenewables growth. Germany is a forerunner of citizen

led investments in renewables. In 2016, citizens including households and farmers owned 42% of the
installed renewable energy capacity. Investment funds, banks, project providers and other investors
owned another 412%, while the four biggest power utilities accounted for on#£a[70]. In total, there

were about 1750 citizenled initiatives, with about 855 cooperatives founded since 2006 (DGRYV, 2016).
More than 180000 people are involved in coopenati projects, from production and supply to (heat)
network operation and marketing. The vast majority of projects concern generation (mostly solar and
wind with shares of about 43% each, bioenergy.a¢&and hydropower at.0%); with the rest engaging

in distribution and energy servicgg1].

Bioenergy villages represent an example of communities using biomass from local agriculture and forestry
NE&A2d2NOSad C2NJ AyadlyoSs . A2SYSNEHASR2NF WNKYRS Aa
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through renewable biomass and combined heat and power (CHP) system, with a local heat network
delivering heat to household32].

In the Netherlands, about 8% of final energy consumption comes from renew§lidds Energy
communities could ramp up this share byeésting in vast amounts of solar panels and windmills. In 2018,
745 MW of solar power and 159 MW of wind was collectivayned in the country. The number of
cooperatives rose to 484, with about P00 members; and the first cooperatives for heat andgb®
appeared74].

The UK is another example where community projects have made fast progress in renewables
investments over the past 20 years. In 2017, the UK community energy sector owned a total electrical
generation capacity of 249 MW, including S#ttcommunity renewables (Community Energy England,
2018). In Denmark, 60% of the heat consumption supplied in district heating systems has historically been
consumer and municipality owned[75].

District heating cooperatives using wood fuel for heat @odnbined heat and power are particularly
common in Denmark (about 300) and Germany. In Denmark, Marstal Fjernvarme, a-@tzergsdistrict

heating network uses solar heat collectors and heat pumps to provide hot water on the island[GB}Era

Some multiutility cooperatives such as Enercoop in France, EWS Schonau in Germany and Som Energia
in Spain are also investing in or purchasing biogas.

Energy communities can also advance energy efficiency at the household level and alleviate energy

poverty by reducing consumption and supply tariffSeveral case studies are addressing socially

vulnerable households experiencing energy poverty to some degree. Enercoop supports Energie Solidaire,
a solidarity fund that encourages miedmnations from consunmms and renewable energy producers to
donate their surplus production. Enercoop consumers can donate 1 cent per kWh from their energy bills.
EnergieSolidaire then allocates the funds to associations that fight against fuel ppigrty

For the example of SAS Ségala Agriculture et Energie Solaire, a company created by the local agricultural
cooperative Fermes de Figeac to specifically carry out the installation of solar PV on agricultural buildings,
trust in the local cooperative was augial aspect. This made it possible for farmers to embark on a solar
photovoltaic project with a weliecognised local actor rather than engage in PV projects alone or with
unknown firms.

¢tKS CSNX¥Sa RS CA3ISIOQ &dzO0S & anityOpidBts ta BiRvest, ReRvarksA 2 y | f
and expertise in the field of renewable energy, new competencies in negotiatingdeade projects. Of

special interest is what mutualisation of the solar resources through the cooperative achieved. In this way,

a farm (Fermes de Figeac, agricultural cooperative) emerged as a new player in renewable energy
development. It also contributed to the revitalisation of rural areas where agricultural activities are on
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decline. Innovation in this case supported preservation aadservation, instead of replacement and
change (farm roofs of agricultural cooperatives gaining an extra [fi8¢,)

GICO's development model for rural areas could be inspired by this moddé@yGICO plant stands as a

fulcrum in the nascent energy mmeccommunities The members of the energy community thus become

prosumers, supplying the raw material (residual biomass, CaO, wasjea@@® purchasing electrical,

thermal and biomethane enerqgy for the vehicl@$ie electricity produced ansklfconsumed within the
O2YYdzyAlle Aad Ifaz2 &adzoe2S0i0 (2 hto- AYOSYiGA@Sa
investment payback time.

3.4.4. Carbon capture, storage, and utilisation acceptance

In addition to the technicgkeconomic.ecologicaland political aspects, the question of social acceptance
is a decisive factor for the implementation @CSlechnologies.

Before an analysis of social acceptance, a distinction must be made between the two CCs and CCU

technologies that are both developed GICO

1 CCS is a G@iitigation strategy; its objective is to deal with large volumes of €@filssions by
capturing and sequestering the gas in geological formations for periods of hundreds of years.
9 CCuU on the other hand uses4£® a feedstock for the eation of new, valueadd products; it can

promote sustainability and a circular economy, encourage industrial symbiosis and economic

growth, and enable the storage of renewable energy.

In GICO the Capture of gi®performed using Caiased adsorbents, the Utilization is performed through

the conversion of COn CO using the plasma catalysis and Oxygen membrandseutilization of the

CaCQ(circular economy).

The use of Cxapture processes is feasiblethan fossifired power plants foelectricity generation and

in energyintensive industrial processes (for example, steelcement plants) and could enable a
significant reduction in C@missions in thesapplications. According to the Internationaldggy Agency
[79], fossitfired power plantsaccounted for about 42.5% of total global Cénissions in 2013. In
comparison, the sharef CQ emissions caused by industrial activities was around % IEA estimates
that CCS in the cement, iron and stemhd chemicals sectomsill need to deliver around 2&tCQ of
emission reductions between now and 2060neet the climate target of the Paris Agreement. To achieve
these reduction goals globallgtrategies for robust and timely market introduction of CCS technologies
need to bedeveloped.

The introduction of CCS technologies in some countries (e.g., Germany) has been stymied by a strong

resistance to the concept among stakeholders and the gemenalic. A series of studies after a detailed

explanation of the functions of the CCU has yielded very positive public acceptance results due to its
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potential role in climate change mitigation, as revealed by mean values and standard de\efi@ik

Onthe other hand, in the case of people with little knowledge of the subject the awareness of the use of
CQ is currently low and while there is sonseepticismabout the longterm environmental benefits of

the technology, there is an attempt to support. itwe concept of "bridge technology" in the fight against
climate changd82]. The key factor for a positive social acceptance of CCSU technologies is therefore

directly related to the quality and dissemination of the communication activities that will reedaout

within the GICO project to the entire chain of stakeholders.

3.5. Technological

3.5.1. Electrification

FAaSR 2y (KS aG{dzaldl Ayl oftS 5S@St 2LIVSyi¢thegoly I NR 2
electricity demand recovers and surpasses@vid19levelsin 2021.Electricity demand growth in India
outpaces other regions to 2030, after which growth is most pronounced in Southeast Asia and
Africa.China sees the largest absolute increase in demand, accountingdo#0% of the global growth
to 2030 Electricity demand growthloballyoutpacesall other fuels. Electricity meets 21% of global final
energy consumption by 2030.

Above all, population growth and higher electrification in households increase the demand for electricity.
Most of the econon® INB g K Ay (GKS 9dzNBLISIY /2YYAaairzyQa LI
sector, which also needs more electricity. In the industrial sector, increased efficiency prevents a
significant increase in electricity consumption. This scenario consezhyatigsesses how sector coupling

between the electricity, heat and transport sectors will develop. In passenger transport, hybrid cars will
reduce the consumption of commaodities, such as oil.

In advanced economies, electricity demand recovers tequiss levels by 2023 and then rises h§%

per year through to 2030, driven by the electrification of mobility and heat. In developing market and
emerging economies, rising levels of ownership of household appliances and air conditioners, together
with increasing consumption of goods and services, underpin strong growth, exceedigigisclevels

by 2021. A handful of countries including Ghana, Kenya, Sefggapia,and Rwanda are on track to
achieve universal access to electricity by 2030, but in the STE&Emillion people still lack access in
2030c¢ including 33% of all people in Afrif28].

Renewable sources of electricity have been resilient during the €@&vittisis and are set for strong
growth, rising by twethirds from 2020 to 2030 in the STEPS. Renewables meet 80% of global electricity
demand growth during the next decade and overtake coal by 2025 as the primary means of producing
electricity. By 203thydro, wind, solar PV, bioenergy, geothermal, concentrating solar and marine power
between them provide nearly 40% of electricity supply. China leads the way, expanding electricity from
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renewables by almost 1500 TWh to 2030, which is equivalent to akldwtricity generated in France,
Germany and Italy in 20183].

4000 -
3000
2000
[] m B
1

U l

1000 1 | 1 1
Coal Gas Hydropower Wind Solar PV Bioenergy Nuclear

IEA. All Rights Reserved

2000-2019 @ 2019-2040 (Stated Policies Scenario)

Figureb Change in global electricity generation by source in the Stated Policies Scenario, 2000
2040[83]

In 2019, bioenergy electricity generation increased by over 5%, just below the 6% annual rate needed
through 2030 to reach th&ustainable Development Sceiwalevel. Recent positive policy and market
RSOSt2LIYSyia Ay SYSNHAYy3I SO02y2YASEA AYyRAOFIGS |y
0NJF O ¢84a G I G dza

In the transport sector: lectrification is not an effectiveolution for all transport seors. The production

of biofuels is not as energy efficient as the direct supplglettricity forbattery electric vehicleBEV}

it still offers an important opportunity to produce very |6@Q fuels with asignificant opportunity to
reduce GHG emissions in transpdrhere are certain transport modes, where direct electrification is not

technically feasibleDeep sea shipping and aviation are two areas, where fuels with a higher energy

density (compared tohe enerqgy density of lithiuapn batteries) will continue to play a rol&o achieve

full decarbonisation for ships and planes by ro@htury, their fuels will need to be decarbonisdtlen

within the lightduty segmentpiofuels can offer an alternativeute to carbon neutrality targeand has

the advantage that it can be deployed across the whole existing fleet without modifications to the engine,

using much of the current distribution infrastructure.
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3.5.2. Distributed RES generation (DG)

Distributed generadbn (DG) refers to a variety of technologies that generate electricity at or near where

it will be used, such as solar panels and CHP. Distributed generation may serve a single structure, such as

a home or business, or it may be part of a microgrid (alemgitid that is also tied into the larger electricity

delivery system), such as at a major industrial facility, a military base, or a large college campus. When
O2yySOGSR (G2 GKS StSOGNRO dziAfAlGeQa faehelsNpp@ f G IS
delivery of clean, reliable power to additional customers and reduce electricity losses along transmission

and distribution lines.

DGproduction is the opposite of centralized electricity production. The power systems in Europe have
mainly been built to accommodate central power plants, meaning large fossil fuel condensing plants,
nuclear plants and hydro power stations. This is changing, more and more distributed energy resources
are being introduced into the power system. The distributeémgy resources concern the power system

and are seen to include not just distributed generation, but also energy storage and demand response.
Endusers are becoming not only producers but also active participants in network balancing operations.

EU Diredvve 2009/72/EC defines DG as generation plants connected tdishébution system where the
distribution system is the higtioltage,mediumvoltageand lowvoltage network as opposed to the extra
high-voltage anchigh-voltagetransmission system. Deceatized generation is not defined per se in the
recent directives as it is used more in the descriptive sense. There are more precisestiaiing
definitions for DG, but these vary. However, a broad consensus is that DGanitennected to the
distribution grid and are not largscale units. They usually have aeseveral strong local dependencies:
they are connected to the distribution network, ntite very high voltage transmission grid; the energy
source is produced locally (wind, solaipmass,biogas, geothermal, ocean energy, hydro); electricity
production in combined heand power plants is dependent on local heat demand; production is used by
the producer;or the owner is a relatively small actor on the electricity market (e.g. a munigipatiend-
user, a private investor or consortia, a land owner).

The promotion of renewable energy technologies contributes to the development of decentralized energy

production However, easy access to the energy grids (electricity and gas infrastrustoma)ns a
problem, not only in technical but administrative terms, as well. Operators of electricity or gas grids in
most cases are/were at the same time energy producers, as well. They were therefore not interested in
offering easy access for renewablgeegy producers and made network access difficult and costly, making
renewable energy investments unfeasible or unprofitable. The European Union decision makers
recognized this problem and after a long procedure established thealed third energy packee.
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The Increasing rural electrification rate, particularly in developing countries, has escalated the demand

for decentralized electricity generation, which is majorly driving the global biomass gasification market
toward growth.
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Figure6 Bioenergy power generation in the Sustainable Development Scenario;,2230)84]

Besides this, the widespread acceptance of these systems for waste processing as a replacement of
conventional techniques, such as incineration and landfillfuisher fuelling the market growth.
Moreover, the leading market players and governments of various nations have been consistently
investing in the development of advanced technologies, which is contributing to the market growth. For
instance, the United tates Depart of Energy (USDOE) is developing innovative and flexible modular
designs through the Gasification Systems Program. This aids in the conversion of different types of US
domestic coal blends, waste plastics, and municipal solid waste (MSW) ledo synthesis gas.
Furthermore, the rising development and commercialization of sitmlargescale biomass gasification

systems combined with power generation equipment is positively influencing the market across the globe.

3.5.3. SOFC technological evolution

Solid oxide fuel cell is now an attractive potential option due to its promised benefits in helping to keep
people away from environmental pollution and providing clean and efficient power supply. SOFC is used
as ahighly skillecenergy conversion device that directly converts chemical energy to electrical energy by

numerous electrochemical reactions.
Solid Oxide Fuel Cells are gradually evolving from the laboratory stage to technology being introduced to

the market. New productaddress real consumers, though in first niche areas only. In European SOFC
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development planar designs prevail. Several companies are already offering cells, stack components, stack
modules and complete units, at least at a {m@mpetitive level, e.g. foremonstration projects.

Recently, researcheshowedtheir keen interest in developing suitable and loast materials, especially
electrodes, to the commercialization of SOFC. Therefore, their primary aim to overview different
perovskitetype materials dped with copper, which are prospective for electrode materials in SOFCs, as
copper is a much cheaper material in the periodic table and has availability on[83)th

3.6. Legal

3.6.1. National procedure for installation

In relation tothe type and characteristioof plant, GICOntegrated systemcan be assimilated to a

cogeneration systenfthis factor will need to be investigated according to the state of install&tibhe

installations procedure is in relation to the sizeGHIPpower plants:

1 micro-cogenerationunit means a cogeneration unit with a maximum capacity below 50 kWe

1 medium and largescale CHihstallations with an electrical output > MVe: concern mainly the
mediumlarge industrial sector and the electricity generation sector combined also with District
Heating networks, which is a common practice in several European countries.

1 Small scale cogeneratioms per directive 2004/8/EC of 1&Bfuary 2004 on the promotion of
O023SYySNIGA2ys aavylitt aortS 023aSYySNridAzyée YSIy
below 1 MNe

Connecting a cogeneration system to the electricity grid requires careful consideration of the available
options, incliding the following:

1 generator connection point

1 generator and connection voltages (low voltage (LV) or high voltage; (HV))
1 if export of power to the grid is required

1 if operation in island mode is required

The selection of the connection method caigrsficantly affect the complexity, timeframe and costs
associated with the grid connection and can therefore affect the overall feasibility of cogeneration for the
particular site.

Most cogeneration schemes operate in parallel to the grid but do not exglectricity to it. Generally,

the cogeneration plant is sized to operate continuously at high load to satisfy the base load requirements
for the site, with load variations above the base load being met by electricity imported from the grid. This
configumation is generally the most economic.
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possible for any excesd electricity generated to be exported to the grid. This arrangement would be

subject toagreement for the additional technical requirements with tBéstribution Network Service
Provider(DNSPand negotiation of a satisfactory energy purchase agreement with the retailer.

3.6.2. Electricity market rules

The EU has recently adopted a number of new laws that will make theddetdicity market fit for the
challenges of the clean energy transitighetter connected, better protected against blaockits, better
able to integraterenewable energy, more markétased and more consumeriented.

The Directive on common rules for the internal market for electricity (EU) 2019/944, which replaces

Electricity Directive (2009/72/EC), and the new Regulation on the internal market for electricity (EU)

2019/943, which rplaces the Electricity Regulation (EC/714/2009) on January 1 2020, introduce a new
limit for powerplants eligible to receive subsidies as capacity mechanisms (confirming the phasing out of
subsidies to generation capacity emitting 550ge&@h or more).

The EU will need to issue directives and apply rules to ensure fair play for all in the rapidly liberalizing
electricity and gas markets. Nonetheless, cogeneration has costaymand its widespread increase can

only be delayed, not prevented. There isdmubt that investment in cogeneration plants across Europe,
including central and eastern Europe, will soar in the next decade or two, though the rate of activity will
of course vary by country.

The new rules include the revised electricity market regatatthe revised electricity market directive,
new risk preparedness regulation and an enhanced role for the Agency for the cooperation of energy
regulators (ACERJhese changes will adapt current EU market rules by:

1 allowing electricity to move freelghroughout the EU energy market through crdssrder trade,
more competition and better regional cooperation;

1 enabling more flexibility to accommodate an increasing share of renewable energy in the
electricity grid;

i fostering more markebased investmentsn the sector, whiledecarbonizingthe EU energy
system;

9 introducing a new emissions limit for power plants eligible to receive subsidies;

9 improving planning to anticipate and respond to electricity market crisis situations, including
through crossborder cooperation.

The regulations require prosumers to be provided with a smart meter and a dynamic price contract that
allows them to be rewarded for moving consumption / production in times when energy is widely
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available and cheaghe configuration of GICO allows to "store" the surplus of discontinB&#hrough

the conversion of C£and therefore to obtain economic rewards dgnamic price contract.

3.6.3. Certification of supply chain sustainability

The sustainability of the supply @in is certified thanks to a traceability of the biomassaceability is

defined as the ability to discerigentify, and follow the movement of a product or substance intended
to be or expected to be incorporated into a product, through all stages adymtion, processingand
distribution.

In particular, implementing a traceability system within a supply chain requires that all parties involved
will link the physical flow of products with the flow of information about those products. Adopting
regulatiors and industry standards for traceability processes ensures agreement about identification of
the traceable items. This supports the visibility and continuity of information across the supply chain.

A traceability system is the totality of data and opéovas that is capable of maintaining the desired
information about a product and its components through all or part of its production and utilizetiain.
Therefore, it records and follows the trail as products and materials come from suppliers and are
processedand distributed as end products. In fact, the basis of all traceability systems is the ability to
identify things that move along the supply chain. The bels&racteristics of traceability systems are

9 identification of units / batches of all ingredients and products;

1 registration of information on when and where units/batches are moved or transformed,;

1 asystem linking these data and transferring all reléveaceability information with the product
to the next stage or processing step.

In practice, traceability systems are record keeping systems that show the path of a particular product
from suppliers through intermediate steps to consumers. As wellesifgling the product, traceability
systems may identify other information (e.g. country of origin, species and best by date) that is associated
with the product.

The traceability has to be assured for each subject of the chain: farms and plantatiaris, gfairigins,

first gathering points, central offices, collecting points, traders, storage facilities and processing units.
Transport and any modes of transport (e.g. road, rail raier, or sea) are not subject to certification. All
relevant informaion regarding the transport of sustainable materials (e.g. delivery documents, means
and distance of transport, etc.) are covered by the certification of the aforementioned economic
operators.In the case of residues directly deriving from or generateddpyculture (e.g. straw, bagasse,
husks), the point of origin is a farm or plantation where sustainable biomass is cultivated and harvested.
Farms or plantations do not need to be certified individually, but anyway have to conduct-a self
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assessment and cgofete and sign a setfeclaration which must be provided to the certified first
gathering point.

In order toassure the traceability and consequently the point of origin of the residues, the farm/plantation
has to be clearly and transparently identifidéor the farm identification it is necessary to use the Business
Identification (BID) or an alternative FailiD. The BID is allocated by the Ministry of Agriculture or any
other designated government agency which maintains the National Farm Rdgisiry017

Farmers have to identify all the plots in every farm they manage and if possible, all the crops pl@very

This shall give the opportunity to confirm the quantities of the residues and to verify the respect of the
sustainability criteria (see RED Il). All the information related to the previous conditioning (e.g. shredding,
baling, etc.) and harvestingraim plots must be recorded. These records should be organized
chronologically by dates in a Farm Book (e.g. electronic or paper notes, etc.). The Farm Book is a simple
notebook (e.g. a copybook) wherein a farmer records cultural practices, plant protéaatments and
additional information that may be considered of importance in relation to crop/residues management.

3.7. Environmental

3.7.1. CO2 emissions and European Emissions Trading System (EU ETS)

Carbon pricing is an instrument that captures the externalco$greenhouse gas (GHG) emissiotie

costs of emissions that the public pays for, such as damage to crops, health care costs from heat waves
and droughts, and loss of property from flooding and sea levet réagel ties them to their sources
through a pre¢e, usually in the form of a price on the carbon dioxide)J€@itted. A price on carbon helps

shift the burden for the damage from GHG emissions back to those who are responsible for it and who
can avoid it. Instead of dictating who should red@reissionswhere and how, a carbon price provides

an economic signal to emitters, and allows them to decide to either transform their activities and lower
their emissions ocontinue emitting and paying for their emissions. In this way, the overall enaiatal

goal is achieved in the most flexible and leesst way to society. Placing an adequate price on GHG
emissions is of fundamental relevance to internalize the external cost of climate change in the broadest
possible range of economic decision makamgl in setting economic incentives for clean development.

The European Emissions Trading System (EU ETS) has been the cornerstone of the EU's strategy for
reducing greenhouse gas (GHG) emissions from indwdggtricity,and heat production since 2008.

contributes significantly to achiethe overall EU target of cutting GHG emissions by 20% from 1990 levels

08 HnNnHNTE gKAOK GKS 9! A& 2y (NIXO1 G2 &adz2NLJ aao (GKS
tfFyH LINRLRASR (2 GHEOMNSIbNE &dudtidhs tar§et fdd 4086 tcoat least 55%
compared with 1990 levels.
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The EU ETS currently operates in the 27 Member States of the EU, |tsahtensteinand Norway, as
well as in the United Kingdom until the end of 2020.

The EU ETé&hd ETD (see cé&p3.6.)have ceexisted since 2005 and are complementary. While the ETD is

a tax on output fuels/energy content for all sectors of the economy, across indusingport, and
households, the ETS limits greenhouse gas emissions in thessé@atovers and puts a price on these
emissionsFor this reason,it was included among the points related to the environméntile both
subscribe and contribute to our environmental objectives, the economic sectors and energy uses they
cover can be subgt to both at the same time. As long as a particular sector or energy use is taxed with
ETD for fuel consumption and charged under ETS fere@3sions, no overlap or double taxation can
occur.

In this context, the proposed introduction of emissiongdirgy to the road transport and building sectors

will be complementary to the proposed revision of the ETD. Emissions trading will tackéen{S8ions

while ETD will ensure that fuel taxation incentivises an efficient use of energy and the consumption of
more sustainable energy products, while not including a $p@cific tax component.

In 2019, greenhouse gas emissions from EUcB¥&ed ingllations marked a historical fall of %6
compared to 2018. This was mainly driven by a reduction of almost 15% in emissions from electricity and
heat production, with a strong penetration of renewable sources of energy, increased use of natural gas
anda reduction of coal of around 19%. Emissions from industry also marked their strongest decrease in
phase 3 so far, of close to 2%.

Emissions from biomass used by ETS installations increased by 4% in 2019 compared to the previous year,
while emissions frontoal declined by 19%, contributing to the significant 15% reduction in emissions
from the power sector. Regarding only fuels, and as was the case in previous years, the fuels combusted
within the EU ETS in 2019 remained overwhelmingly fossil. Howesaty-nine countries also reported
biomass use in connection with 2197 installations.§20 of all installations). The highest percentage of
emissions from biomass compared to emissions covered by the EU ETS per country was reported by
Lithuania: 68%. Two catries (LI and MT) did not report any use of biomass. Total emissions from biomass
in 2019 amounted to approximately 170 million tonnes, Q1% compared to ETS reported emissions),

a clear increase from the 145 million tonnes,@02018 (8% compared tdls reported emissions). Out

of these, 92% were zeragated. In the EU ETS, the emission factor of biomass is set to zero if the
RSTFAYAGA2Y 2F (GKS (S NWherd bictuRly or didiguids a coficdrhe® zhe f S R
sustainability criteria prsuant to Article 17 of Directive 2009/28/EC (the Renewable Energy Directive) are
met. No allowances have to be surrendered for zeated emissions. In the 2020 Article 21 submissions,

two participating countries (LV and DK) only reported the energyectrtf zererated biomass, and not

the actual emissions. Their emissions are therefore not taken into account in the total prolidzail9,

for the first time a small amount of biofuel was reported to be used.
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Despite the difficult economic situationrfandustry and aviation due to the COVID crisis, the carbon

price signal remained stable between January 2019 and end June 2020, with a short exception in
March/April. The total revenues generated by the EU ETS from the auctions between 2012 and 30 June
2020 exceeded EUR 57 billion, with total revenues to Member States of more than EUR 14 billion in 2019
and EUR .3 billion in the first half of 2020. A large part of these revensesed by the Member States

for climate action[86]

3.7.2. Circular economy
As a basic building block for hundreds of chemicals that touch our daily lives, the transition towards
renewable methanol can contribute to the circular economy and the adoption of green chemicals.

Furthermore,the carbonatiocalcination looping cycle of calcidnased sorbents is considered as an
attractive method for C®capture from combustion gases because it can reduce the cost during the
capture steps compared to conventional technologies

The carbon capturavith calciumbasedsorbentsusesrelatively abundant cheap materials with several

outlet markets for spent sorbents (iron, steatigregatesand cement industries) making the SEG process

a fully circular and economically viable process where the 6fent (CaCeg) can be reused in other

industrial sectors

The calcium carbonate market size was estimated at ovemBiion ton in 2020, and the market is
projected to register a CAGR of over 5% during the forecast period-@IZ8)[87]. By application, the
market is segmented into raw substance for construction material, dietary supplement, additive for
thermoplastts, filler and pigment, component of adhesives, desulfurization of fuel gas, neutralizing agent
in soil, and other applications. By ender industry, the market is segmented into paper, plastic,
adhesives and sealants, constructigrgints, and coatings,pharmaceutical, automotive, agriculture,
rubber, and other endiser industry.

A series of possible application are

1 cement industry:Shell CaC{s a sustainable biomaterial that could partly replace the presently
dominating norrenewable mineral sources in some applications. A possible solution to the
environmental problem linked to the cement industry could be to capture thgpt&3ent in flue
gases and reise it within the cement industry to develop a circular economy in cement
manufacturing. C&could be recycled in the cement industry to produce valuable chemicals e.g.
cement additives and concrete nanofillers to improve cementitious produetity. Nearly zero
CQ cementitious composites could be developed by adding a ea@filler produced via
innovative recovery systems of carbon dioxide in cement manufact{88jgThe CaCgparticles

were added to the cementitious composites in diffat percentages according to the cement
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weight. A series of studies showed that after 7 days of curing, the flexural and compressive
strength improved by increasing Caf&Ontent even if the optimal additional percentage proved

to be 2% Within the framewvork of these criteria, research in this area is attracting widespread
interest due to the possible development of a circular economy in the cement industry. Nano
CaCQparticles are additive materials with high potential for cementitious composites. Theg ¢

be produced via an innovative €émissions recovery system in cement manufacturing. Results

from mechanical tests so far have been very encoura@ap

9 brick industry:The use of calcium carbonate as additive for the elaboration of red brickeehas
studied by several authoif89,90,91], in those cases, such addition is generally reported at high
rates for burning temperatures, ranging from 900 to 1000 °C. It was demonstrated that the
addition of calcium carbonate into the clay admixture in amsuanging from 2 to 5% improves
bricks compressive strength at temperatures close to 900°C and, it also improves sintering periods
from 1 to 3 hours. Such effect is explained by the modification of reactions occurring in clays
during a thermal treatmentdue to the presence of calcite mineral, which enables the sintering
process at lower temperatures in studied clays, which mineralogical composition is mainly

montmorillonite mineral[92]

i packaging industry:One way that you can help to reduce the enviromia footprint of
packaging is through the use of a mineral filler with Calcium Carbonate. Not only does the use of
this mineral offer a cost savings through the displacement of resin but adding calcium carbonate
to plastic has also been shown to offer addbenefits such as faster heating and cooling,
significant energy savings as a result of improved productivity, and higher outputs. The use of
CaC@in plastics has been steadily increasing over the years. Studies conducted by Heritage
Plastics have showthat using a 40% loaded calcium carbonate filled polypropylene can generate
a Green House Gas savings of approximately-28%b this is before taking into consideration the

increased productivity mentioned.

3.7.3. Sustainability of the residual biomass and supply chains

Il OO2NRAY 3 (G2 w95 YSGK2R2f23& O5ANXP 9! HAMYKHAAMEI
generation feedstock, the use of thesesidualmaterials would imply greater sustainability and less
competition for land used foiood and feed production.

Sustainability needs specific emphasis, because it is both a transversal driving force and a challenge for
guaranteeing londerm biomass strategies.
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Criteria involvedo define theSustainabilityof the final products (enerqgy arbiofuels)are

- biomass sustainability

- supplychainssustainabilitycertification

- greenhouse gas saving.

The definition of sustainable biomass value chains should not represent an unmanageable obstacle for
farmers and industries to develop supply tiga

Concerning the sustainability criteria, the RED Il assumes that

9 Dbiofuels, bioliquids and biomass fuels produced from waste and residues, other than agricultural,
aquaculture,fisheries,and forestry residues, are required to fulfil only the greenhouse gas
emissions saving criteria;

9 Dbiofuels, bioliquids and biomass fgeproduced from waste and residues derived not from
forestry but from agricultural land shall be considered only where operators or national
authorities have monitoring or management plans in place in order to address the impacts on soil
guality and soitarbon.

Biofuels, bioliquids and biomass fuels produced from agricultural biomass shall not be made from raw
material obtained:

1 from land with a high biodiversity value, namely land that had one of the following statuses in or
after January 2008, whether or not the land continues to have the status of primary forest and
other wooded land, highly biodiverse forest and other woodaatll, areas designated for nature
protection or conservation purposes, highly biodiverse grassland spanning more than one hectare
(Art. 29, point 3);

1 from land with highcarbon stock, hamely land that had one of the following statuses in January
2008 and o longer has the status of wetlands, continuously forested areas spanning more than
one hectare with trees higher than fiveetersand a canopy cover of more than 30 %, land
spanning more than one hectare with trees higher than fineters and a canopy car of
between 10 % and 30 % (Art. 29, point 4);

1 from land that was peatland in January 2008, unless evidence is provided that the cultivation and
harvesting of that raw material does not involve drainage of previously undrained soil (Art. 29,

point 5).

3.7.4. The Industrial Emissions Directive (IED) 2010/75/EU

Industrial production processes account for a considerable share of the overall pollution in Europe due to
their emissions of air pollutants, discharges of wastewater and the generation of waste.
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Directive2010/75/EU of the European Parliament and the Council on industrial emisthenisdustrial
Emissions Directive or IE the main EU instrument regulating pollutant emissions from industrial
installations. The IED was adopted on 24 November 20h@. IED aims to achieve a high level of
protection of human health and the environment taken as a whole by reducing harnduktrial
emissions across the EU, in particular through better application of Best Available Techniques (BAT).

Best Available Techniques Reference Documents (BREF®feae@mce reports developed ihe
European Union to describe industrial processesission and consumption levels of applied techniques,
and best available techniques for integrated prevention and control of pollution from industrial activities.

BREFs provide descriptions of a range of industrial processes, where also regular compéhsatior,
national or regional benchmarks are provided.

The IED is based on several pillars, in particular an integrated approach, use of best aealiaiges,
flexibility, inspectionsand public participation.

The integrated approach means th#te permits must take into account the whole environmental
performance of the plant, covering e.g. emissions to air, water and land, generation of waste, use of raw
materials, energy efficiency, noise, prevention of accidents, and restoration of thepsitealosure.

The documents refer to plants with bigger size than GICO. However, the documents csomgive the
published documents can give us useful information about the key environmental issues to consider,
together with some emission levels to bémoarked with GICO in order to quantify the impact reduction

of our process.
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4. MARKET PORTEROGS ANALYSI S

4.1. MARKET PORTEROGS Tahbl e

t 2NISNDRA CAQPS C2NDSA a 2tBBE makkét analysi® BorthABR KX ohipdnBS &
gain understanding of tieNJ Ay Rdza G NEQa Odzai2YSNBR® LG A& ol a
competition

v U
T« S

1 Competitive RivalryThe current intensity of industry competition, as determined by the number
of existing competitors and what each player is capable of d&lihglry is high when companies
in the industry are numerous or are roughly equal in size and power (thus ecqeilifig & product
2N aSNIAOSUSE ¢KSY (KS AYyRddzaidNEB A& 3INBgAYy3IAZ | yR
offering.
1 Supplier PowerHow much power and control suppliers have over the potential to raise prices of
the products and service provideSources of supplier power include the number of available
suppliers, switching costs from one supplier to another, the presence of available substitutes, and
how critical the inputs are to the industry.
1 Buyer PowerThe power of customers to affect prigimnd qualityCustomers have power when
there are large numbers of sellers and when it is easy to switch between different sellers. In
contrast, customers have low power when they purchase products in small quantities and the
aStf SNDa LINEWRIZOH TNE YWSINee RAFFAGA O2YLISGAG2NAQ
1 Threat of new entrantsBarriers to entry into the marketplace in the industfhese can include
patents, economies of scale, capital requirements, and government policies.
9 Threat of substitute products or seiges:The availability of products or services that can serve
the same purposerlhis is measured by the amount of available substitute products or services,
the level of switching costs, and the likelihood of customers switching to alternatives in response
to price increases. This differs from bargaining power of customers in that the emphasis is
switching to different products rather than to different suppliers.
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Table5a! wY9 ¢ t Tabld 9 wQ{

High initial capital intensity
Complex and different authorizatior
rules between states
Presence of many supports schem
offered by the government.

Lowmarket maturity

Large number of small High due to the presence of new High switching costs
biomass suppliers emerging companies globally .
specialized in alternative RES (CH LU G

Dependence om low

X SOFC, biofuels plants) Complex installation and
number ofsuppliers of

authorization procedures

consumableproducts Very small number of competitors
(membranes, catalyst already on the market able to Incentives more reward
materials) combine all the technologies presetr decentralized and continuous
. in GICO production over time, this lowers
Thefastadvancement in .
. . . . . the risk of exchange of the source
technology has helped in High competition of electric vehicle .
: o production
reducing the cost of with biofuels
manufacturing(SOFCand
increased competition
High number of low cost®ssil
substitutes
High number of alternative
traditional RE$or electricity (solar,
wind, biomass CHP) and transpor
(electric vehicles)
Reduced number of substitutes
capable of producingiomethanol
from residual C®
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4.1.1. Competitive Rivalry

The presence of incentives and subsidies focuseRE$as given it a boom for new companies to enter
into the market.The presence of global warming has also increased the companies to foalsao
energy These factors create a high level of competitiveness on the market both in relation to the existing

company (Competitive Rivalry) and for the possible entry of rmwpanies(Threat of New Entranjs

Even if, on the other hand, there are few competitors with a high level of development able to enter the

market within a few yearandavery small number of competitors already on the market able to combine

all the techmlogies present in GICO

In other hand therewill be ahigh competition otbiomethanol with electric vehicléThe overall energy

efficiency of electricity use in battery electric vehicles (BEVs)6ididhes higherthan for efuels in
combustion engineslhe battery electric vehicle has a total overall efficiency (from the power generation
point to the final userpf around 69%, while a fuel cell vehicle has an efficiency of arouitd 26%, and

a liquid efuel car hasan efficiency of around X35%[89].

In the transport sector, much of the policy focus is on electromobility and support for increasing the share

of EVs, especially for passenger cBedteries and hydrogen fuel cells may be challengedheeting the

energy demands of lonlgaul trucking,shipping,and aviation. Further, the legacy fleet of combustion
engines will continue to power cars, trucks, bussBips,and aircraft for years to come even as

electromobility makes market inroads astiarging infrastructure expands.

4.1.2. Supplier Power

It can be considered that the supplier poweld® due tothe fast advancement in technology has helped

in reducing the cost of manufacturing (SOFC) and increased competition. In other hand there areea numb
of threats mainly due to High Dependence on a low number of suppliers of consumables products
(membranes, catalyst materials). The presence in the consortium of specialized producers of these

products reduces this risk and allows good control of thekatar

A large number of small biomass suppliers allows to increase competition and obtain affordable prices of
the raw material (residual biomasdhe "local" nature of the system, especially in relation to its nature
of distributed generation, allows thereation of a chain of local suppliers which therefore reduces the risk

of volatility in the purchase of residual biomass and-tmst absorbents (CaO)
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4.1.3. Buyer Power

In this sector, customers have a relatively modestver above all due to the nature of the product (high
initial costs and low sales numbers due to the low number of vendors on the market compared to
traditional and fossil micrplants). Furthermoreincentives more reward decentralized and continuous

production over time, this lowers the risk mfplacementof the source of production

The selling price of the product is therefore not very influenced by the buyers' market, it is instead more

dependent on the variation of the incentives on the CAPEX vdaighl cause volatility.

In fact, CAPEX incentives (normally limited to a time periodoy&ars) can create a speculative bubble

with an increase in sales prices during the incentive period and zero sales at the end of the incentive.

4.1.4. Threat of New Entrants

The presence of manufacturing companies specialized in renewable energy makes the GICO consortium
well established in the potential markethe threat of the entry of new competitors in the market area

where you want to go to insert GICO can be evi@ldas Medim.

The technologies, even if of medium size, havéigh initial capital intensitf CAPEXgompared to
traditional fossil fuel or traditional renewable technologies. This also entails a higher initial investment for
the manufacturing companids build the plants, reducing the number of potential competitors heading

towards this market.

In parallelthe complex and different authorization rules between statesstitutes considerable barriers

for new entrants(higher costs of legal advice aadthorization in the initial phage

However, technologies related to process.@@rage and its conversion into renewable fuel, sectors
which have numerous support schemes offered by the government, can have a high opportunity for new

entrants.

4.1.5. Threat of Substitutes

The threat of subsidies for the production of electrical and thermal energy is divided into two broad

categories:

1 replacement with RES: in this case the threat is given by the low cost of some RES (photovoltaic,
solar) even if they are disntinuous and require storage systenihis makes the replacement

risk medium
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1 replacement with fossil fuels: these technologies have now reduced initial costs due to their wide
diffusion but are increasingly subject to taxatiéor the emissions and are nogubject to

incentives on CAPEX and OPIBl makes the replacement risk very low.

At the same time, however, there is a limited number of substitutes capable of prodoicimgthanol

from residual C® Competitors in fact produce methanol from biomass fossil, less advanced

technologies, and dependent on "fuels".

There are also possible innovative substitutes considered renewable such as hydrogen, which however
still have problems that make the risks of a substitution lblydrogen gas has been proposasl an

energy storage medium and produces, besides enengly,water when combusted. In practice, however,
because of its low volumetric density hydrogen requieéeer compression to high pressures (3600

bar) or liquefaction at very low temperature-Z53°C), makindts storage problematic and energy
intensive. It is alshighly flammable and explosive and can diffuse throoginy commonly used metals

and material498].
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5. SWOT ANALYSI S

A SWOT analysis is a common tool used to plan and understand the four major categories involved in a
project, businesspr technology. For using such a tool, it is needed to specify the objective of the project
and identify the internal and external fac®rthat are supportive or unfavourable to achieving that

objective. A SWOT analysis is often used as part of a strategic planning process.

SWOTanalysis helps to identifthe internal and external factor®d analyse and evaluate factors that

favour or deterthe planned objectives
9 internalfactors: an advantage over others (Strength) or deficiencies (Weakness).
1 externalfactorscould be categorized as an advantage (Opportunity) or concern (Threats).

Internal and external factors which are of relevant foakenation areprioritized based on their significance

and used for decisiemaking

Sarting from the PESHanalysis it was realizeal complete SWOTLhe results of a SWOT analysis are
summarised in a SWOT matiiix.the following paragraph(.1, 5.2, 5.35.4)all the factors are described

in more detail

Table6 Structure of a SWOT matrix

Success factors Failure factors

STRENGTHS WEAKNESSES

To increase the chances of success of@€Qechnology, shoserm and longterm countermeasures

against the identified negative factors need to be scrutinized. In this way, the stakeholders can apply these
countermeasures to limit the negative factors that may limit the commercial success ¢é¢hisology.

Paragraphs 5.5 and 5.6 present the main countermeasures against the negative factors identified
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Table7 SWOT final table

Success$actors Failure factors

STRENGTHS WEAKNESSES
Modularity: The system conS|st§ of modules th Level of developmentimmature (TRL5)
can be marketed integrated or individually. o
technology for commercialization. Largeale
production could present other drawbacks
Residual BiomasdJse of lowcost residual Compared to those found in |aborat0ry
biomass with constant production and currentl experimerts.
= considered as waste
(=
% Circular economyreuse of C@sorbent in other| og\: presence of consumable materials, suc
@ industrial sectors as catalysts and membranes to be replaced
periodically to ensure the correct functioning @
Biomethanol flexibility: used in transport sectol the system, with high costs due to a still
in alternative to fossil fuels and electric mobilit| restricted market.
Near zero GHG Emissidoy combining the CO | Technical installation requirementsGICO
plasma conversion system and SOteGsoduce| requiressignificantspace for gasifier, GCU,
electric and thermal energy and biomethanol | SOFC, fuel storage.
Rural regenerationcreation of additional Market competition: lower prices of
income for farms or small forestry companies | conventional fossil energy technologies and
creation of a series of high skill green jobs in t presence of new renewable competitors
area
Green retrofitting: the installation of individual | RES Competitor incentivepresence of
technologies can be integrated into existing C| incentives on competing RES technologies (s
plants, improving efficiency (SOFC vs ICE), | batteries, wind)
reducing emissions (GPlasma conversion),
— expanding treatable waste (SEG)
qE_) Energy communityincreasethe local green Comgex and instable Subsidy schemeas:the
5 prosumers, increase in the efficiency of the | future may pose a risk if the technology canng
electricity grid and reduction of the energy cos decrease the investment costs.
(seltconsumption incentives)
Electrification: The trend to electrification in the Installation rules:unclear national installation
future will be an opportunity for fuel cells whic| regulations could slow down the spread of the
can achieve higher powdo-heat ratios than system
other CHP technologies.
Biomass acceptance arslipply chainthe use
. . S of biomasgo producebiofuels and biochemical
_GrgenEIectnc storage and grid _erX|b|_I|ty. is a relatively new activity and meets the
SIS Sl O @) 1o dlscontlnuous resistance The supply chain is not organized li
REShrough the use for CO2 conversion et o faeal] LEls,
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5.1. STRENGTHS

The mairSTRENGT® the GICO project is thmodularity of the systemwhichconsists of modules that
can be marketedntegrated or individuallyln fact, this modularity also allows the marketing of single
products, which are inserted in highly developed markets (Syngas cleaning techn@a@&s 20%sas
separationmembranesCAGR 6% CCUSAGR 129%).

The other major strengths are related to the environmental aspect. The system, in fact, allows to produce
energy fronresidual biomassvaste that is not discontinuoussthe other RES (sun, wind, hydroelectric),
storing CQ@and reusing the residue in theement, plastic and construction industries. The process is

carbon neutral.

ResidualBiomassis one of the few RES whose availability does not depend on weather conditions,
seasonal or diurnal variations and can be stored, for use on demand. This reprageimgportant

advantage, allowing electricity generation from biomass to be highly predictable and contributing to base

load capacity.This will allow to widen the type of feedstocks that can bsed developing solid
intermediate bioenergy carriefsetween5to 10e k a2 K 023G X Ay Of dzRshyditenK A 3K K
residual biomass and waste that, normally, are the one with greater potential and lower cosacking

applicability to around 678 Mt/y of EU residual biomass

The carbon capture withalciumbasedsorbentsusesrelatively abundantheap materials with several
outlet markets for spent sorbents (iron, steel, aggregates and cement industries) making the SEG process
a fully circular and economically viable process where the 6ent(CaCeg) can be reused in other

industrial sectorsn optical ofCircular economy

Biomethanolisvery flexible fuelsandhasseveraladvantages compared to soro¢éher renewable energy
carriers, includindiydrogen, CNG/LN@mmonia,and batteriesThe liquid statenakes it easy to store,
transport and distribute by shippipeline, truck, and rail. Requirements for methanol storage and
transport are similar to other flammable liquids such as gasoline, jet fuel, and eti\etiianol can be
used in combustion ignitio(diesel) enginedMethanol used as an automotive fuel can be dispensed in

regular filling stations, requiring only minimal and relatively inexpensive modifications.

Another application of methanol in the transport sectoiriscombination with Fuel ce#lectric vehicles
(FCVs)FCVsepresent a strong potential for a decisive reduction of the greenhouse gas emissions from
road transport but that these technologies are still far from being technologically reliable and
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economically competitive. Methanddased FCEVs are less technologically mature than those fueled by
hydrogen, and they are notably more pollutant and more expensive. They can however represent a good
compromise between security of supply and environmental concerns, bypassing, at the santham
economic barriers and the safety concerns related to hydrogen distribution and dispensitigis
framework, the use of blends of biomethanol with gasoline, along with the development of Flexible Fuel
Vehicles, could represent an immediate and i@abption that can also favor the transition towards
methanol based FCVs.

The production of electricity and biomethanol at the same time from natural and anthropogenic sources,

including residual biomass and the conversion with plasma technologies (powgraddiscontinuous

renewable source) of C&rom fumes, could be the first step towards an anthropogenic carbon cloke.

removal of even a fraction of the @®om industrial emissions would result in the availability of huge
amounts of C@ Using the CQcaptured from fossil fuel sources other industrial procest produce
energy and bionethanolinstead of simply releasing the € the atmosphere could gientially halve

the emissionsThis type of energycarrier can therefore be consideredreear zerecarbon fuel.

5.2. WEAKNESSES

The main weaknesses are related to thevel of developmentof the GICGOntegrated system. The
integrated system is in fact compasbef technology with TRLs between 4 and 6 (at the end of 48 months).
Still commercially immature technologynot many largescale companies in production. This can lead to
directly related weakness: a largeale production (TRL9) could present many otitrawbacks compared

to those found in laboratory experiments (TRL6).

In this period the regulations and subdivisions now present could in fact change and move towards
alternative systems and already in the marketing phase (electric cars versus biofuels, wave motion vs.

residual biomass etc.)

The presence of innovativaaterials (membranes, catalysts) allows the project to increase efficiency and
distinguish itself from more traditional competitors. At the same time, however, these materials have a
limited duration of time (4000 7000 hours) and must be replaced to eresthe correct functioning of

the system. This involves, especially in the initial phase of commercializatiarcrease in OPEX costs
due to high costs of catalysts and membrandse to a still small market; absence of an organized

distribution chain ad with reduced procurement times.

Anotherweaknessabout the system iselatedwith the technical installation requirementsThe integrated

system containing all the technologies in fact occupies an installation space that can be between 100 and
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150 squaremeters. The plant also requires areas for the storage of residual biomass to be treated
(possibly also a space for shredding). Current cogeneration plants also have a very large footprint.
Traditional fossil systems (methane cogenerators, combustorg, @&cupy a much more limited space

as they are mainly powered by the network (they do not require fuel storage).

5.3. OPPORTUNITIES

The greatest opportunities that GICO can provide are related to its "local" configuration for the production

of Distributed Generation electricity and fuejsspecially in energy commuigis.

The capacity of agriculture to mobilise further unexploited potential will be crucial to meet the EU long
term emissions reduction target. To this end, bioeneoginted agriculture develpment will be a key
driver to determine the longerm potential available. With 95% locally produced biomass, the growth
potential of bieenergy relies essentially on the potential of sustainable biomass resources available in
Europe.They positively comibute to Rural regenerationrepresenting a possible income for farmers, and

if used adioenergy feedstock they contribute to climate change mitigation strate@ls

Biomass residues used in GICO is a domestic energy source and contributes torhisagssion of local

economy and diversification of the fuel mix and to the security of supply and reduction of the energy

import dependencgfossil fuels) The expected increase of electricity demand from biomass sources in

the industry sector of evenatget country will give higher market opportunities for biomass technologies.

The transition to the circular economy and the fulfilment of the objectives to become climate neutral will
require the full mobilization of the industry and will bring new buss@rocesses and changes in the
manufacturing and new technologies. On the way, the EU is working hard to balance economic growth
with the need to protect theenvironment anchas set itself challenging targets for reducing greenhouse

gas emissions, increiag energyefficiency,and promoting renewable energy, and reducing waste.

The bioenergy sector in Europe empldgseen jobs)more people than all other renewables combined,

GAGK SYLX 28YSyild O2yOSyidN}XGSR Ay NUzNIf |NBFraod Ly
economy (2019) across a diverse value chain from forest management to cutting edge manufacturing.
Thishad A Sy NRAS (2 | ¢DORSf tivdlefnBidhs2ZFT aENBESy 220@%E aSi

GXO20SNAY3I +Htf 22064 GKIG RSLISYR 2y (GKS SYSANRYyYSY
skills sets, work methods, profiles greened, étcyj G KS GNI yaAdAz2y LINRPOS&aa (20
[99]. GICO can be installed to replace existing fossil plants or gmeen retrofitting of existing

cogeneration plants: the installation of single technologies can be integrated into existing ICEPs (
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replacement withSOFC, G@onversion, C@sorbents in existing gasifiers) reducing the initial CAPEX

compared to a completely new plant and reducing the amount of existing plant to be disposed of.

Installation inenergy communitiescan bring many oppaunities: electrification, stimulation of the local
economy, increase in local places generated by the creation of prosumers, increase in the efficiency of
the electricity grid and reduction of the energy costs of the participabtsal energy allocationan

reduce local peak demand and the payment for grid services. If more prosumers use the electricity
produced locally in the community and aggregate their consumption profiles, the energy flows from the
main grid will decrease. Selbnsumption in a commity will therefore reduce the recovery of

distribution network costs and policy charges and taxes.

The grid costs are distributed equally among the users of the system as the same type of network

guarantees the sameostsdistribution.

Many studies havehown that end uselectrification, especially when applied to heating buildings, will
significantly increase peak demand. Even when maximising demand efficiency and meeting heating and
cooling demand with highest efficiency heat pumps, it is expectedpbak demand in winter will more

than double in many European countries. The challenge of matching increasing peak demand with
variable renewable energy requires an integrated systems approach. A mix of efficient and renewable
solutions is needed to addrest. GICO will be key to complement electrified demand and help support

security of supply costffectively.

The possibility ofyreen electric storage of discontinuous electric RES (wirgjdro, or solar energy)

through the use of energy for conversion of £&Ontained in exhaust fumes ohemicalenergyvectors

(e.g. liquid and gaseousofuel) willbe an alternative to alleviate many of the problems associated with

the intermittencyand peak irthe electric grid The system will be able t&rovice flexibility for the grid.

By generatingpiofueland power at times of peak deman@)CQran significantly improve the stability of

the grid and strengthen its resilience. Estimates based on whole electricity system modelling for the EU
aK2g 0GKFdG 'y FTRRAGAZ2YLEE 12 2F Ayadlft SB0g2600 oA f f
up until 2050[96].
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5.4. THREATS

The main threat for GICO technologyths Market competition, related to the presence of fossil fuels

with low initial cost (high diffusion) able to compete on CAPEX and OPEX of renewable.systems

Recently crude oil prices haugeen relatively low compared to historical levels with somewhat reduced
demand and plentiful supply, including from the USA. This trend is expected to continue, although some

price volatility is always to be expected due to short term supply and demaoalamces.

Global oil prices have ranged between 22 USD/MWh and 40 USD/MA80 (EQ R/MWh]6] over the

last five yearsPrices of gasoline and diesel fuels follow closely the trends pnicdéls butare on average
some35% higher than crude oil prices on an energy content baksese data suggest that it is appropriate
to take a fossil fuel price range of-830 EUR/MWh as a current benchmark for the basket of fossil fuels

for which advanced biofuels are being considkre
In parallel there is aompetition with renewable fuelgelectricity from solargd O2 Yy @Sy G A 2)y I f 0 A 2-

The current and projected costs of theeenbiofuels considere@@methanol derived from residual biomass

and CQconversionprecompared A 1 K (G K2aS 2F a02y@SyidAaz2yltft o0A27FdsSt
with a range of current prices for fossil fuel, and with longer term cost energy price projections. The need
F2NJ FAYIFYOAFT &dzZLJL2 NI G2 &0 NR R df$ossififéefs is Sstimdted. 6 S 6 SSy
Through theRES LEGAL Europe Comparismol,they comparedparameters and contents of different

support schemes for the countries and energy sectors of your cl@i¢eSupport to renewable energy,

at USD 166 billion in 2@1was almost 19 times smaller than the subsidies to fossil fuels in the same year

[97]._Four types of support schemes were mainly in place in Europe:
1 Feedin tariffs (FiTs);
1 Feedin premiums (FiPs);
1 Green Certificates (GCs); and

1 Investment grants.
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In eightEUcountries subsidies for energy from solid biomass represent less than 10% of the total financial
support given to renewables, in only three countrileey account for more than 20% of the total support
given to renewables. There is generallglaar correlation between countries with high share of the
renewables support going to biomass and the share of biomass in gross electricity generation. For the use
of solid biomass in final energy consumption the relation with government subsidies sedes|¢ss
pronounced. It should be noted though, that in many countries the use of biomass for heating is less
heavily taxed than the use of other energy carriers, and in many cases no energgreapgied at all.

Figure7 Ovaview of the share of biomass in total renewable energy subsidies in 2015 and 2016
(98]

Several countries have not developed a legislative and institutional framework and tooling for the CHP
sector development. Despite the fact that countries promote reabie energy investments, they often
exclude CHP installations, or suddenly interrupt support for new renewable energy power plants. As a
result of thislack of regulations and support schemes they reach a low CHP share in total electricity
generation.

Although, at European level, there is a large set of regulations and Directives, which aim to promote the
CHP sector, at state level, governments follow different approaches, impeding the development of
adoption CHP facilities. Another important factor fové@ping such large and complicated systems, is
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