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Background
▪ Carbon fibre demand is expected to grow from 123kT in 2020 to
192kT in 2025(1).
▪ Industrial applications, at 85kT in 2020, account for almost 70% of
demand.
▪ Industrial applications are forecast to account for almost 85% of
growth between 2020 and 2025.
▪ In this period, the carbon fibre disposed of as post-industrial waste
will(2):
▪ Produce 9.9 million tonnes of CO2
▪ Consume 135 TJ of primary energy
▪ Consume 245 million litres of water

Reusing this waste in
industrial applications where
carbon fibre is needed can
reduce this burden by 90%

(1) Composites World: Carbon Fibre Suppliers Gear Up For Next-Gen Growth. Feb 2020
(2) Ashby, M. F., 2013: Materials and the Environment – Eco‐Informed Material Choice, 2nd ed
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Company
Ownership
Global Materials
Recycling
2018 Production Data, kT
Material
Steel
Aluminium
Magnesium
Titanium
Glass Fibre
Carbon Fibre

Global Production
1,808,600
64,340
650
250
5,080
85

Demand Met By
Recycled Material
42%
43%
38%
23%
0%
<1%

Recycling Rate
86%
70%
45%
91%
0%
<1%

▪ The composites industry stands out in not using recycled material to
satisfy demand and not having a robust infrastructure for recycling of
post-industrial and end-of-life waste.
▪ Global production of composite materials may be small compared to
metals and unreinforced plastics, but OEMs and consumers care
about the impact of individual items.
ELG Carbon Fibre Ltd. - Confidential

2

Company
RecycledOwnership
Carbon Fibre
▪ Recycled carbon fibre has similar properties but is
not the same as virgin carbon fibre.

▪ Recycled carbon fibre has a very different physical
form.
▪ Whilst the fibres have similar mechanical
properties, achieving the same degree of alignment
and fibre volume fraction is challenging.
▪ But… in many cases continuous fibres, alignment
and high fibre volume fraction are not required!

Recycled carbon fibre provides the weight saving benefits of
carbon fibre at lower economic and environmental cost
ELG Carbon Fibre Ltd. - Confidential
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Ownership
Environmental
Characteristics
Steel
GFRP
RCFRP
Aluminium
Magnesium
CFRP
Titanium

Steel
GFRP
RCFRP
Aluminium
CFRP
Magnesium
Titanium

Embodied
Energy (MJ/kg)
35
55
65
210
320
456
685

GWP (kg
CO2/kg)
1.90
4.40
5.80
12.00
20.50
36.00
46.50

GFRP
RCFRP
Steel
CFRP
Aluminium
Titanium
Magnesium

Steel
GFRP
RCFRP
CFRP
Aluminium
Titanium
Magnesium

Energy / Unit
Strength
0.19
0.26
0.61
1.01
1.42
3.24
4.53

GWP / Unit
Strength
4.22
8.00
16.57
28.47
30.00
48.95
292.68

Steel
RCFRP
GFRP
Aluminium
CFRP
Magnesium
Titanium

Steel
GFRP
RCFRP
Aluminium
CFRP
Titanium
Magnesium

Energy / Unit
Stiffness
1.32
2.39
3.42
8.22
11.96
13.26
28.02

GWP / Unit
Stiffness
9.18
141.94
152.63
173.91
336.07
422.73
857.14

Fully understand the requirements then
choose the right material for the right
application
ELG Carbon Fibre Ltd. - Confidential

▪ Where weight is not a
factor, steel is a good
material from an
environmental impact
perspective.
▪ Where weight is important,
recycled carbon fibre offers
the potential to reduce the
environmental impact of
lightweighting.
▪ Final material selection will
involve other factors such
as rate capability, cost and
other physical/mechanical
properties.
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Embodied
Energy of
Company
Ownership

Structural

Materials

Titanium

CFRP
Magnesium
GFRP

rCFRP

Aluminium
Steel

The high embedded energy of carbon fibre means there is
usually an economic and environmental reason to recycle
ELG Carbon Fibre Ltd. - Confidential
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Recycled Carbon Fibre Products

Reclaimed Fibre Length

Composites: Compression moulded
prepreg, SMC and organosheets,
liquid moulding processes (RTM,
VARTM, vacuum infusion)
80mm

50mm

Coatings and compounds
(thermoplastic and
thermoset. Lightweight
papers e.g for gas diffusion
layers.

Focus on products
suitable for high
volume manufacturing
10mm
0.1mm
Milled Fibres

ELG Carbon Fibre Ltd. - Confidential

Chopped and Pelletised
Fibres

Hybrid Nonwovens

Carbon Fibre
Nonwovens
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The Opportunity
Space
Steels
200

Density 7800 kg/m3

Young's Modulus (GPa)

Density 1560 kg/m3
150

Unidirectional
CFRP

100

Density 2700 kg/m3

Density 1530 kg/m3

Aluminiums
Multidirectional CFRP
50

Density 1380 kg/m3
Magnesiums

CF Compounds
rCF
compounds

GF Compounds
100

Unidirectional GFRP

rCF Laminates

Density 1740 kg/m3

200

Density 1800 kg/m3

Density 1440 kg/m3
300

Density 1900 kg/m3

Multidirectional GFRP

400

500

600

700

800

900

Tensile Strength (MPa)

Adequate mechanical properties for many applications. Attractive replacements for
aluminium, magnesium and virgin carbon fibre from a cost and weight perspective.
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Barriers To Market Adoption
▪ Lack of design data.
▪ Investment required to adapt existing processes to
handle recycled carbon fibre forms.
▪ Development time required to optimize recycled
carbon fibre product forms for new applications.
▪ Industry conservatism—lack of case studies.
▪ Lack of standards based on test methods that are
appropriate for recycled carbon fibre.

These barriers are being addressed, and recycled carbon
fibre is being increasingly adopted in several industries
ELG Carbon Fibre Ltd. - Confidential
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Case Study—WTG Nacelle
Background
▪ The original design used a 400gsm carbon
fibre NCF in the nacelle construction.
▪ Initial testing showed that a 275gsm
nonwoven mat made from recycled carbon
fibre provided the required performance.
▪ Subsequent testing has allowed this to be
further reduced to 230gsm, with one ply of
230gsm nonwoven replacing one ply of
400gsm NCF in a vacuum assisted resin
infusion process.
▪ 49 tonnes of recycled carbon fibre
nonwovens used since production started
in the second half of 2019.

ELG Carbon Fibre Ltd. - Confidential

Benefits
▪ 16% weight reduction
▪ 57% material cost reduction
▪ Surfacing layer eliminated
▪ 7MJ energy and 291t CO2
production avoided
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Case Study—Automotive Roof
Background
▪ The original design used aluminium for a
car roof.
▪ The production volume is quite low and
composites were investigated as an
alternative.
▪ A laminate based on 200gsm rCF
nonwovens provided the required level of
mechanical performance.
▪ The formability of the nonwovens allowed
complex details to be easily produced.

▪ The OEM selected for the project for an
innovation award in 2019.

ELG Carbon Fibre Ltd. - Confidential

Benefits
▪ Class A surface finish from the tool.
▪ Single tool to make all parts.
▪ 10% weight reduction compared to
aluminium.
▪ Lower overall cost than aluminium
alternative.
▪ Lower environmental impact than
aluminium.
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Case Study—Rail Bogie Frame
Background
▪ Each kg of weight saved on a rail vehicle
has a value of £12 - £105 depending on
the vehicle service.
▪ The industry is very conservative—moving
from metals to composites for structural
applications is very challenging.

2017 Cost Base
Metro/LRV
Inner Suburban
Outer Suburban
Inter Urban
Inter City
High Speed

Track
Electricty (pence
Total Cost
Maintenance
per mile per
(pence per mile
(pence per mile
tonne )
per tonne)
per tonne)
0.56
0.35
0.915
0.38
0.35
0.732
0.34
0.39
0.732
0.27
0.54
0.8052
0.20
0.65
0.8418
0.20
1.87
2.0618

Annual Miles

Total Annual
Cost (£ per year
per tonne)

86000
86000
105000
282000
318000
318000

NPV of 1 kg
Weight Saved

787
630
769
2271
2677
6557

£12.70
£10.16
£12.40
£36.64
£43.20
£105.80

Potential Benefits

▪ Alstom identified the potential to make
significant weight savings by using
composites in bogie frames—bringing cost
and environmental benefits.

▪ Reduce track wear due to lower
weight.

▪ A project was established to develop and
test a full scale prototype and demonstrate
the technical and economic viability of this
approach.

▪ Lower operating costs due to
reduced energy consumption.

ELG Carbon Fibre Ltd. - Confidential

▪ Reduced track wear due to
increased lateral flexibility.
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Comprehensive Test Program
▪ Evaluation of processing
options—resin infusion of dry
fabrics, autoclave moulding of
prepregs.
▪ Static mechanical properties of
laminates.
▪ Automated lay up of UD
reinforcement beams.

Fatigue Testing

▪ Mechanical properties of
laminates after environmental
and chemical exposure.
Fire Testing

ELG Carbon Fibre Ltd. - Confidential
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Prototype Rail Bogie Frame

ELG Carbon Fibre Ltd. - Confidential
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Case Study—BEV Body Panels & Closures
Background
▪ Modification of an existing BEV involving
an 800mm stretch and new carbon fibre
roof, side panels and tailgate.
3

▪ Recycled carbon was selected for these
panels in the Phase 1 proof of concept
project.
▪ Extensive mechanical testing to support
the design.

1

2

▪ Panels were manufactured using
autoclave cured prepreg.
▪ Recycled carbon fibre also used for
some of the tooling.

ELG Carbon Fibre Ltd. - Confidential
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Case Study—BEV Body Panels & Closures
Benefits
▪ Loft, drape and stretch of the recycled
carbon fibre mats allowed complex
geometries to be easily formed.
▪ High quality surface finish on tools
eliminating “phantom print”.

▪ High quality surface finish on body
panels.
▪ The project has moved to Phase 2, with
preproduction vehicles being built for
testing.
▪ The OEM has remained involved in the
project through its technical centre.

ELG Carbon Fibre Ltd. - Confidential
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Case Study—Laptop Cases
Background
▪ Dell has rapidly evolved the use of carbon fibre
from its first thermoset laptop cases in 2013,
introducing thermoplastics in 2015, overmoulding
in 2017 and recycled carbon fibre in 2019.
▪ Overmoulding delivers an 80% reduction in cycle
time, 20% increase in yield and 75% reduction in
total tooling costs.
▪ Around 6 million carbon fibre laptop cases are
now made each year for Dell.
▪ Recycled carbon fibre was first introduced to the
laptop case in 2019 and is being used in mass
production models from 2020.
▪ Dell using recycled carbon fibre in a novel
combination with virgin carbon fibre.

ELG Carbon Fibre Ltd. - Confidential

Benefits
▪ 20% lighter than the previous
carbon/glass construction.
▪ 15% stiffer than the previous
carbon/glass construction.
▪ 80% lower greenhouse gas
emissions compared to
magnesium.
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Case Study—Aircraft Seating
Background
▪ First generation full carbon fibre seatback
proved that weight could be reduced by
around 20% in a fully FST and HIC test
compliant seatback.
▪ Now line fit approved and flying with a
major airlne.
▪ Cost remains a challenge and the next
generation carbon fibre seatback aims to
use recycled carbon fibre and provide
further weight savings without
compromising the structural performance.

ELG Carbon Fibre Ltd. - Confidential

Benefits
▪ 20% lighter than competing
technology.
▪ Meets all FST and HIC test
requirements..
▪ Lower materials, manufacturing
and in-service environmental
impact.
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Compounding / Injection Moulding
Non-Structural Applications
▪ Recycled carbon fibres offer the same electrical and thermal
performance as virgin carbon fibres in compounds for the
electronics industry.
Small Structural Applications
▪ Recycled carbon fibre reinforced compounds can provide the
mechanical performance needed to replace aluminium and
magnesium castings at an affordable life-cycle cost.
Large Structural Applications
▪ Increasingly sophisticated injection moulding technology
Would save 320 GJ energy and
combined with the high mechanical performance of recycled 375,000 tonnes of CO2 production
carbon fibre reinforced compounds offer a cost effective
annually if applied to 500,000
alternative to steel assemblies, aluminium and magnesium
vehicles
castings in automotive structural applications.

Cost effectiveness of recycled carbon fibre combined with the high rate capability of
injection moulding creates new opportunities for carbon fibre composites
ELG Carbon Fibre Ltd. - Confidential
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Summary
▪ Carbon fibre recycling has been established at an
industrial scale and products are available for the
compounding and composites industries.
▪ Recycled carbon offers a lower environmental footprint
than other lightweight materials and is cost competitive
when used in the right applications.

▪ Industry conservatism has meant a long gestation time
for the industry, but the range of applications is now
increasing as industry confidence grows .
▪ The focus today is the use of post-industrial waste.
End-of-life waste will bring new challenges in terms of
waste separation and preparation, but the same
recycling and material technologies will be applicable.

ELG Carbon Fibre Ltd. - Confidential
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