enabling a biofiber low carbon
platform for sustainable
performance materials

A case study

with African Bamboo B.V.

Research carried out with Top Sector Energy Subsidy from
the Ministry of Economic Affairs and Climate




African
Bamboo

CO, emissions from buildings and
construction hit a new high, leaving
the sector off track to decarbonize by
2050. Materials used in the
construction of buildings already
account for around 9% of overall
energy-related CO, emissions, which
makes the sector an area for
immediate action, investment and
policies to promote short and long-
term energy security.

- 2022 Global Status Report for
Buildings and Construction,
Egypt COP27
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m African
Bamboo

Addressing global challenges

We need to move towards more sustainable building materials
and processes...

Tackling emissions associated with materials and construction processes, requires looking at renewable materials, and decarbonizing
conventional building applications.

Pressure on the sector comes from global stakeholders setting targets and strategies towards a sustainable,zero-carbon and

resilient buildings and construction sector
The construction industry is likely to face increasing regulatory pressure to promote sustainability in the coming years, as

governments around the world seek to address the urgent challenges of climate change and resource depletion.

Saint-Gobain needs to actively address more and more upcoming regulatory requirements:
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Creating opportunities

... While creating opportunities to increase resilience and
competitive advantage

New market opportunities

27.

est. CAGR of
bio-based materials market

materials and growing market for bio-
based composites in the building

More resilient supply chain

72.

of organizations deal on an
ongoing basis with disruptions

Diversification of the supply chain

increases resilience against political and
climate-related disruptions, as well as

rising costs for fossil based resources.

Reduced carbon footprint

90.

of CO2 emissions can be
reduced by bio-based materials

into carbon-negative building
material technologies contributes to Saint
Gobain's decarbonization

Transitioning to bio-based, low-cost material alternatives that are capable of reducing the environmental impact through the use of
renewable and locally available resources, offers a technology base to address the recyclability, biodegradability and circularity of current
building applications and make these substantially more sustainable.
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Providing complete solutions

African
Bamboo

..Dy developing a sustainable material platform with bamboo and
other natural fibers as a resource and creating true synergles

Low carbon resource
(sequesters 10t CO2 /ha/ a)

GHG emission reduction

(Access to carbon credit markets)

©%

Establishment of a bamboo
supply chain

Complementing timber &
steel supply chain for timber-based
panel and steel products
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Fiber processing >
\§ Strong ﬂber resource

> 200 MPa)

Versatile application platform

(African Bamboo patented Key Enabling Technologies)

—— L= .
= Sy ]
= =TT =
High-Performance Panel Dry Biofiber Valorization
Manufacturing, 90% to 190% enhances durability and strength doubles p oductivity and recycles
nger than wood-based panels of bio-based fibers, saving 37% heat, s 528/ ergy
energy

Serving as an entry point for different
divisions within Saint-Gobain, e.g. paneling,
cladding, profiles, etc.
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African
Prototype application Bamboo

Promising carbon-neutral use case validated thru Saint-Gobain

Bamboo composites for 3d profile applications, e.g. framing elements for modular gypsum

drywall construction to replace metal products PP ——————

- Hiher design flexibility and streamlined

22m0

200

production and construction waste

L 1 | a500 |
7 5% LOWER IMPACT 90% LOWER FOOTPRINT 3 0% LOWER COSTS
than corresponding steel products due in the application due to 80% lower in the manufacturing due to 50% lower
to carbon sequestration of bamboo material consumption energy consumption
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Fully integrated value chain

African
Bamboo

Readily available partnership that creates value and
opportunities along the entire product life cycle

Bamboo plantations
in Africa

s a

L

African communities improve their
life quality due to bamboo
plantations, improving also their
Habitats. By working with African
Bamboo B.V.,, it activates the
benefits of bamboo as a resource for
natural-fiber composite
applications.

COOPERATION

e
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Bamboo fibers
next to pantations

Shipping

Bamboo's CO2
sequestration,
could reduce the
organization's
overall carbon
footprint.

AWARENESS

Transformation to
construction material

Develop light
weight building
material with new
technologies,
driving competitive
innovation,
complying with
upcoming
regulations.
INNOVATION

Commercialization
in Europe

Economic
opportunities to
position as global
leader in
sustainable
construction
material.

LEADERSHIP

Aplication in sustainable
constructions

Enable circularity,
reduce
environmental
impacts.

Increase diversity
of the company's
products.

OPPORTUNITY

_© -~




Scaling potentials

m African
Bamboo

Future-proofing the value chain in a growing market

Building product expertise in natural fiber composites including supply chain offers an entry point
into the market for further natural-fiber composite applications in building and construction.

Y%

Natural fibers have higher
strength than flax, hemp or sisal
at equal densities.

decarbonization strategy|

Activating natural fibers as a
resource significantly reduces
carbon footprint of products,
supply chain and processes.
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Access to natural fiber
processing technologies that
enable a wide range of
applications.

Risk mitigation and
readiness for upcoming
regulations and roadma

Renewable materials actively
address regulatory
requirements resulting from
global sustainability roadmaps

-
—
—
—t
—

Competitive advantages in
the growing market for
natural fiber applications

The developed processing
technologies can handle a broad
range of different natural fibers.




Quick-win opportunity

m African
Bamboo

Addressing a demand for materials globally

The demand for construction materials is about to double by 2060.

Bio-based Materials Market
27% CAGR estimated to €23.8 billion globally
today and €28.5 billion by 2026

SAM

Natural Fiber Composite Market
€5.25 billion globally today with 12% CAGR

expected to be €9 billion by 2026

SOM

Natural Fiber Composites
for Building & Construction
€2.6 billion globally today
Expected €3.3 billion by 2026
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Sustainability roadmaps in the construction
industry drive the growth of the market
for engineered products

to a CAGR of 6%.
G
uss 21
billion
Uss 14
billion
2022 2029

The Youth population is expected to reach 2.4 billion
people in 2050 and an estimated 70% of the global
building stock expected for 2040 has yet

to be built. The construction

market is already estimated to 9
US$ 13 trillion today.



African
Competitive analysis Bamboo

Creating a biocomposite manufacturing platform in Netherlands
based on competitive advantages to comparable technologies

High Performance / Low Sustainability High Performance / High Sustainability
Carbon fiber composites ¥ A rican
s 2FETanlelele)
A i :
Current Technologys
Basalt fiber composites| §
2 _— , i Strand woven bamboo :
) Aramid fiber composites, i . :
g s composite : Competitors in the low performance sector:
O | T
£ MOSO International B.V. Smith & Fong Co. Inc.
2 Bamboo Australia Pty. Anji Tianzhen Bamboo
= . : Ltd. Flooring Co. Ltd.
7 NEE Engineered bamboo : Bamboo Village Bamboo Bio Composites
i (LBL : Company Limited Sdn Bhd
: EcoPlanet Bamboo Shanghai Tenbro
China Bamboo Textile Bamboo Textile Co. Ltd.
i : Company Limited Kerala State Bamboo
B b lasti : Southern Bamboo Inc. Corporation Ltd.
hermoplastic fiber 3MDOO plastic : Dasso Industrial Group Jiangxi Feiyu Industry Co.
. composites y y : '
polymer composites . Engineered timber (CLT) :
Low Performance / Low Sustainability Low Performance / High Sustainability -
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Application in the market

African
Bamboo

Overcoming non-technological factors to adapt in the market

As composite applications
constitute a novel field of natural
material applications in the
construction sector, it is
necessary to establish a
certification and regulatory
framework that can be used for
the validation of the applications
in the market. Existing building
codes and regulations that apply
to building with engineered
timber components as well as
other natural fiber products
serve as a framework to enter
the market.

© African Bamhoo, March 2023

Some regulatory compliance parameters for the

application of bamboo composite elements as

gypsum drywall frames:

Requirement

Fire resistance class A1

Tensile strength incl.
safety parameters: min
270 MPa

Declaration of toxicity
and hazardous
substances

Chemical resistance and
service life-time
extension

Solution

Implementation of fire
retardants through resin
technology

Profile dimension and
application design
adaptation

Non-hazardous bio-
based resin technology
without VOC

Coating and fiber
treatmentin
manufacturing

Applicable engineered bamboo- and natural
fiber -construction standards as a reference
framework:

ISO 23478:2022: Bamboo structures
— Engineered bamboo products —
Test methods for determination of
physical and mechanical properties

ISO/DIS 5257: Bamboo Structures -
Engineered bamboo products - Test
methods for determination of
mechanical properties using small size
specimens

ASTM D5456: Standard Specification
for the Evaluation of Composite
Structural Wood Products

EN 15228:2009: Structural timber -
Structural timber preservative treated
against biological attack
& 8 -

- 11
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African
Next steps Bamboo

A phased approach to establish a strong natural fiber competence

The already validated prototype use case with the unique expertise of African Bamboo in product development and
supply chain deliver the foundation for the validation of the most efficient commercialization strategy for Saint-Gobain.

Q4/23 Q1/24 Q2/24 Q3/24
................ LR LR R o BRI ¢ SR o S =
Phase 1 - Product Use Phase 2 - Assessment of , y
P L . Phase 3- Continued Product Development Phase 4 - Preparation for Market Entryj
Case Identification Sustainability Potential
Identification of division Determination of Focused research and development Preparation for market entry of
needs for product fit for sustainability potential works towards a market-ready product finalized product concept,
3d profile technology based on exact product concept that can be tested in the market manufacturing process and
definition business model
e Exploration of potential e Completion of prototype development and
business model, timeline, cost e EPD qualification path, and process characterization with Fraunhofer WKI o Test-bedding of first pilot cases in real
and budged restrictions LCA (cradle to grave) with e Detailing and testing process including machine application environment
* Economic validation for full product carbon footprint infrastructure with RUCKS e Evaluation of market entry strategy
commercial readiness (>TRL comparison to competitive e Initiation of certification and regulatory e Validated supply chain model
6) with pilot plant cost-per-kg technologies compliance assessment e Validated capex & opex model

© African Bamboo, March 2023 ?‘



Team

And a team with all necessary competencies for scaling

B Technological know-how along [B

;lthe entire bamboo value
Bl chain, incl. capacity, network a8

Moartnerships

W mvoLuTIOoN

FanY
/

onanorative research
partnerships for the
development of bio-

composite materials

Z Fraunhofer

© African Bamhoo, March 2023

Sl xpertise and available access |

- Expertise & Supply Chain ‘
3 Network i Access

___________________________

: R&D i Scalability
“._Competence : Potential

Long-term cultivation |

to plantations|

in Ethiopia and Kenya

IP for bamboo product [
development and

manufacturingllé

Readily Available Service Offering:

¢ Product Development

Provision of customized, cost-effective, applied R&D,
rapid and agile product development, and access to
R&D infrastructure.

¢ Manufacturing Execution

Hosting and controlling the manufacturing execution
systems that are integrated into a licensed smart
factory concept.

¢ Product Testing & Certification

Offering product testing, evaluation, quality
assurance, and certification for certified bamboo
products in Europe.

o Supply Chain Establishment

Project support with plantation model design plans,
carbon counting models, and basic cost estimation.

African
Bamboo
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African
usP Bamboo

Fully integrated solution provider network along entire value chain

The current project setup offers a strong competitive advantage driven by a unique acquisition of state-of-
the-art bamboo expertise, technology partnerships and access to already available supply chains

Proprietary technolog)

development in Europe AP =viLeoy e Intercontinental collaboration
Z Fraunhofer eligible for public funding
African Wl opportunities
Bamboo Py R i . )
IHDY/ L) e Unique links to African

AFRICAN BAMBOO NL: [ong-term track-record in d N fucs markets
the development standardization of high- SAINT-GOBAIN
performance bamboo fiber composite materials

African
SAINT-GOBAIN EU: readily available access to Bamboo

various construction product markets through

divisional organizational setup, scaling power SATWEQE!%X.N Alreadyv established supplv chain
o and market access in Africa
FRAUNHOFER WKI /7 RUCKS / IHD: readily available

expertise in bamboo, bamboo technology
development and processing technologies, and ) o AFRICAN BAMBOO ET: fully integrated bamboo
testing along all phases of the development, i.e. from ® Access to African building and plantation access with validated resource properties

supply chain to certification construction market for the envisioned application
e Establishment of new supply

chains
e Opportunity in the carbon
credit market space

FAEVOLUTION: bamboo product development and
circular design; impact assessment

SAINT-GOBAIN AFRICA: already established
business infrastructure to build up own bamboo
supply chain and create new opportunities in the

carbon credit market space
© African Bamboo, March 2023 7‘ 14
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R&D Outcome

Validated hamboo composite profile production process

Bamboo composites for 3d profile applications, e.g. framing elements for modular gypsum

drywall construction to replace metal products

LR -3
‘ &
S

BAMBOO COMPOSITE PROFILE - PRODUCTION PROCESS

MATERIAL

3
© African Bamboo, March 2025
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African
Bamboo

Property Test Standard Unit Result
Bending strength (MOR) EN 310 N/mm?2 37.2
Bending MOE EN 310 N/mm?2 31,700
Density EN 323 Kg/m3 517
Swelling in thickness (2h) EN 317 % 3.8
Swelling in thickness (24h) EN 317 % 8.9
Internal bond EN 319 N/mm?2 0.22
Water absorption (2h) % 42.6
Water absorption (24h) % 69.7

Physical and mechanical parameters as validated in standardized tests of
the prototypes that have been manufactured at the Fraunhofer WKI.
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Impact assessment

African
Bamboo

Sustainability potential as compared with existing products

Impact assessment of all considered phases along the entire
lifecycle of the product from cradle to grave and the bamboo

supply from Portugal vs. Ethiopia

Product Stage

(A1-A3)

Global
Warming

B
-0.5

Energy Use 20

Construction Stage
(A4-A5)

0.055

Use Stage
(B1-B7)

- A

0.00

End-of-Life
(c1-c3)

o

-0.17

Kg CO2/ Kg

24.54

MJ/Kg

025
o 0.688
-025
>/
-0.75

Energy Use

10
5
( o 14170
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0.055

0.00

0.04

KgCo2/Kg

34.41

MJ/Kg

5.68
6
4
()]
b 242 247 0 2216
5 .
Qo
[od 2
&
9 0.484 0.688
o 0.0224 0.01( 0.038
4
0 L_I.—Lﬁ
0.026 0.115 0.055 0.055
-0.165
-0.704 -0.704
-2
Steel Galvanized Steel  Aluminium Bamboo (PT)  Bamboo (ET)

B Productstage [ Construction process stage

Use stage [ End-of-life stage [ Total

GWP potential analysis of the bamboo composite product vs. various

existing benchmarks out of metal.
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African
Scalability potentials Bamboo

A versatile material platform to create sustainable composite
applications for various industries

African Bamboo provides bamboo-fiber material processing technology know-how, expertise, IP and engineering talent
to commercialize composite applications for different industries.

Raw material and bio-based Bamboo Supply Chain
resource supply Establishment & Management

Bamboo fiber 3D-molded Structural Bamboo
Products . reinforcement composite decorative plastic
fabrics parts, FRPs surfaces composites

"‘\ ——— = =
Markets 1l NN = T
Architecture Furniture Sports & Leisure 18
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