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Dominant Logic Green Paradigm Technology Politics Policies Markets Value chains
Paradigm seek ... create... deliver... create...

The World and Sustainability

Sharedi i Global efficiencies

Environmental Earth systems ffordable and

Our Common iy 3 et .
sustainability solutions transferrable collaboration

Future
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Dominant Logic Green Paradigm Technology Politics Policies Markets Value chains

Paradigm seek ... create.... deliver... create...

The World and Sustainability

The Clean Tech Competitive Clean tech and Targeted and Exemptions, Tangled web of Green premiums High margin niches
Race innovation leapfrog proprietary advantages trade
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Dominant Logic Green Paradigm Technology Politics Policies Markets Value chains

Paradigm seek ... create.... deliver... create...

The World and Sustainability

Green Resource Resource utilization Circular Economy Closed-loop systems | Sustainable nation Supply-side security Cost certainty Islands of efficiency

Nationalism
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Dominant Logic Green Paradigm | Techna{agy Politics | Policies | MnArkets | Value chains
Paradigm seek ... create.... deliver... create...

Environmental
sustainability

Think globally, act Substitution at scale

EU

To keep promises |

Incentives for fossil
phase-out

Bankability and
scale

Clusters
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Dominant Logic Green Paradigm Technology Politics Policies Markets Value chains
| Paradigm | seek ... | create.... | deliver... | create...
Resource utilization Local is sustainable Closed-loop systems | Strategic assets iSn\i;:;:‘lg/i‘—/seige Return on assets L:taerir‘)ai;entis
/! ( ) * /
1l % & $ & !
% +
I & % /
% = =/ / & % & /
= [+ 3 '$ / / %
I = = & % I'$ % %
/ +
/ % %
$ % / & / + /
/I & % * 8 & &
n I &A% & 8 & /'$ +
@ I % * $ % +
2 & $ b H %
% I $ & [ % |/
8 & ! / : % B &
% & I / 1$ +
&% $ I %
$! + /8% I & %
% % / / & %! +
& / / % ' % %
&1 & % +
/ & $ % /
/ ( + % &1 |
% / +
/] # " / % !
/ & % ! % & & %
C / & Il !




& N G I %! &

C )~

Dominant Logic Green Paradigm | Technology | Politics | Policies I Markets | Value chains

Paradigm seek ... create ... deliver... create...

Environmental Life cycle analysis Footprint reduction RTOs as leaders Innovation agendas Advantages for A flow of research
sustainability public entities opportunities
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Dominant Logic Green Paradigm Technology Politics Policies Markets Value chains
Paradigm seek ... create ... deliver... create...
Bio Worksh Competitive Green consumers Product RTOs as consultants Commercial Advantages for Little space for RTOs
RCEEOUEIOD innovation performance agendas SMEs and startups
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Dominant Logic Green Paradigm Technology Politics Policies Markets Value chains
Paradigm seek ... create.... deliver... create...
Resource utilization Reduce, reuse, Process RTOs as workhorses Partnership context Advantages for Stable context for
Efficiency Engines recycle optimization ‘insiders’ RTOs
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Environmental

Factors and Actors Sustainability

Our Common Future

* Bio vs. Fossil: Fossil phase-out

* Alliances: Interest-based
alliances

The World and

Sustainability
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Competitive
Innovation

The Clean Tech Race
*  Biovs. Fossil: A place for

both depending on value
*  Alliances: N/A

Resource Utilisation

Green Resource Nationalism

*  Biovs. Fossil: A place for
both, depending on country

*  Alliances: Countries
specialize and trade

Green Agenda

*  Political gridlock: solved

¢ Greenwashing: Vigilant
standards, low-risk

*  Circular bioeconomy: focus
on biodegradability

¢ Open innovation: Through
EU platforms

Bio Boutique

*  Political gridlock: continues

¢ Greenwashing: Diverse
strategies, high-risk

*  Circular bioeconomy : NA

*  Open innovation: Through
large corporates

Bio Leverage

*  Political gridlock: continues

*  Greenwashing: Localism,
medium risk

*  Circular bioeconomy: focus
on waste minimization

*  Open innovation: NA

Green Enablers
* Collaboration in the value
chain: RTOs facilitate clusters

Bio Workshop
* Collaboration in the value

chain: Large companies buy up
IPR assets

Efficiency Engines
*  Collaboration in the value

chain: Rocy relationships,
RTOs fill gaps
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Bio-based
chemicals demand

\ ¥

Feedstock Bio-based chemicals
price production
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Estimates for Industrially Available Biomass
2050 - Changes over Time
500 L
450
400
O
350
300 -1
[ |
[ |
250
200 q/J, I
[ |
150 | n ll |
100 |
50
[ |
ﬂ 7 T ¥ ] )
1850 1955 2000 2005 2010 2015
() ++ 1 " #HE
% ! &
$ & * 8§/ $% & /
$ % % + |/ ! & % &
/ & ) * I & %
/ & $ & +
$/1 8 &1 &
Vo % % |/ % +
C ! & 5 /I A $ % % )454 $
& $ +
&
% % / & $ % ! +
/ [ +2 I % % / %
$ % ! / A / & &8 % |/
I &: $!'/ % % )45+ I % |/
$ 8 * +: % % $ & /
$% $ / $/ + ' H
% & % / & ! I/ & F
% & % / !
& & +
)& C / = & = $ &1 G
1 ! $ % & & I +

)4



I $ % |/ V4,4 B !
& 1/ */ % /% + B %
/ & /
+
/ & 1% !+
900
800 -
700 -
600
500
400 &
300 - - o~
r
20 o} ! n = \
100 A B = =
a ‘ T ] k) 1 4 T
2015 2020 2025 2030 2035 2040 2045 2050
& 1 % |/ 8H &
& 8)4,5:
54 44H &+ * |/ $  )45! % /i
& Y75H +
$ / * ) > &
) > % ! 5414D )4,4)4,5+
& %
% % # $/A
$ # + $ ! * /I A A
8 9 2/A C! B - 2 +
& 7% ! 1/ $ +
/I $ & = & 8)443: 8% !
& 1+ I $ % / I & % %
/1 + 1 $ = $ /
& & % / $ +
&$ & / % B 9 +




ARTUs

160 -
140 +
120 -

100 - !

80

60 - =+

40 : °

T
, °

0 4 X X | X

2015 2020 2025 2030 2035 2040 2045 2050

20

& 7. % % / 8H &:
%$ % |/ 9% I % 1 % %
/ 8 [ A =
/ [ $:+
/ & $! !
% + C! B - = B> =
% E/&& % = | |/ ) > % + 2/ A =
E"&= I % |/ % %
& 5D /% & D )454+
I $G/ / & & & $/ /
/ $ % & 2= E"& = ) & &
% )4)4 & A $& +
& 8* [ 8)45: % !
5 11H 8 &:+ x|/ )45 )?H +
*% %
%% $ $ % % /
$ /| +@
% |/ & * % /'$
& + & 3 / * )4,5 $ %
% / % % / +

)



AZRTCUs

200

180

m Industrially available
biomass

m Bio-based chemical
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250
200 1 Excess biomass potential
m Heat generation (incl
150 traditional)
M Electricity generation
100
m Bio-based chemical
production
50 . .
m Biofuel production
0
2025 2035 2050
& 2. $ % % $+@
8H / &:
% n
& 4/ % ! $ % % & !
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I A +

Biomass, Biofuels, and
Bio-based chemicals

Environmental Competitive

T . Resource Utilisation
Sustainability Innovation

Our Common Future The Clean Tech Race Green Resource Nationalism
*  Shared standards for +  Biomass markets shallow *  Biomass potential exploited
The World and sustainable biomass and fragmented domestically, not traded
5 o «  Biofuels scaled up quickly *  Slowest growth for biofuels *  Biofuels diverse but volumes
Sustalnabllltv and traded globally «  Bio-based chemicals large
*  Bio-based chemicals 'piggy- developed for high-margin *  Bio-based chemicals depend
back’ niches on industrial policy
Green Agenda Bio Boutique Bio Leverage
*  Deep markets, multiple LC *  No shared biomass policy *  Biomass strategies local
feedstocks +  Biofuel targets modest, *  Biofuels large scale in
*  Biofuels ’push’ to 2030 imports blocked Nordics
*  Shift towards bio-based *  Bio-based chemicals and *  Bio-based chemicals stronger
chemicals and materials materials grow fast via in low countries, Germany
post-2030 domestic procurement
Green Enablers Bio Workshop Efficiency Engines
* ’Agnostic’ innovation and *  Research on GM feedstock *  Process efficiency for
analysis of environmental modification biorefining is innovation
impact across whole life cycles | *  Sugarsto high performance focus
* LCsugar platform, fuels and plastics *  Thermochemical routes
bulk chem is dominant + Ligninand (nano) cellulose successful; diversity of fuels
innovation area to advanced materials (methanol, DME etc)
+  Ligninto lower-value uses
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ECO-
SOCIO-
EFFICIENCY ECONOMIC ECONOMIC
e.g. contributions to Ensuring e.g. e.g. contributions to
resource and economic profitability local development,
energy efficiency and growth, resource business ethics
management
ENVIRONMENTAL Heghl
Ensuring e.g. Ensuring e.g. social
biodiversity, land equality and that the
preservation, water human, land rights
and soil preservation, and land use rights
and health are respected
SOCIO-
ENVIRONMENTAL

e.g. contributions to local development and
environmental impact, access to environmental
goods, environmental education etc.
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Risk of Greenwashing

The World and
Sustainability

Environmental
Sustainability

Our Common Future

* Risks: Low. The overall
direction of this pathway
discourages greenwashing
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Competitive
Innovation

The Clean Tech Race

* Risks: Medium. Some
countries try to use bio-
based strategies to
‘exempt' themselves from
other responsibilities

Resource Utilisation

Green Resource Nationalism

* Risks: Low. Countries may
compete over claims that
their bio-based systems
are more sustainable.

Green Agenda
* Risks: Low. EU strategy,

standards mean
companies benefit from
more sustainable choices.

Bio Boutique

* Risks: High. Diffusion of
product-centric strategies
leaves significant room for
abuse, particularly if
certification systems are
weak.

Bio Leverage
* Risks: Medium. Preference

for 'locally sourced'
products can leave room
for favouritism without
environmental benefit.

Green Enablers

* Risks: Low. RTOs have a
proactive role in steering
companies away from
'greenwashing' strategies
through analysis,
alternatives etc. These are
valued by industry.

Bio Workshop

¢ Risks: Low/Medium. RTOs
do not influence
companies' product/
strategy choice but have
an influence over 'green
credentials'; institutes
work on optimisation and
analysis related to 'green
premia’; some tension
over standards.

Efficiency Engines

* Risks: Low. RTO focus on
efficiency generates
genuine benefits, even if
other system solutions
might provide greater
green benefits.
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Security of Price
supply uncertainty
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Supply chain optimization

Interestin Product
Flexibility
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M Expected availability of feedstock
(security of supply)

M Price uncertainty of feedstock

m Interest in product flexibility

Supply Chain Optimization
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