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Abstract: Carbon fiber composites are increasingly used in aerospace, motorcycles, sporting, and
high-performance vehicles, and their end of life recycling is of growing interest. This study deals
with the life cycle assessment (LCA) of carbon fiber reinforced plastics (CFRP) waste streams. The
embodied energy (EE) of recycling CFRP via two viable methods—i.e., pyrolysis and solvolysis—is
studied. Both pyrolysis and solvolysis were studied for EE with different variants. Alongside fiber
recovery from CFRP, the pyrolysis process calculations consider energy recovery from syngas and oil
produced within the system. For pyrolysis, electric furnace and natural gas were primarily considered.
For solvolysis, different solvent scenarios were considered, including (a) deionized water, (b) water
and potassium hydroxide, (c) acetone and water, and (d) water with acetic acid and potassium
hydroxide. Energy reduction from one generation to the next has also been highlighted. The EE for
recycling CFRP is quantified and discussed for these scenarios in this paper.

Keywords: recycling; composites; embodied energy; pyrolysis; solvolysis; life cycle assessment

1. Introduction

Millions of kilograms of composites are increasingly used in marine vessels, wind
turbine blades, bridge construction, automotive, aircraft, rail, and trucks. While composites
help reduce weight and energy consumption during use, their end of life is largely in
the form of landfill and less established recycling/reuse. Technology advancements in
recycling of composites will drive innovative products at reduced energy and cost. A
large portion of the composite properties are dominated by the reinforcement. To this end,
pyrolysis and solvolysis are considered as leading recycling technologies to recover the
reinforcing fiber such as glass, carbon, aramid, and hybrid fibers in thermoset composites.

Space limitations both at local and international scales due to waste disposal bans are
displacing roughly 111 million metric tons of plastic (unreinforced) trash. This will only
be compounded by the global rising demand for carbon fiber (CF) and composites [1,2].
However, this provides the opportunity for creating a circular economy for carbon fiber
reinforced polymer (CFRP) composite products. For example, it has been reported that the
energy consumption required to manufacture recycled CF (rCF) is merely 5–10% of the
energy required to produce virgin CF (vCF) [2].

In the case of the aerospace industry, it is estimated that by the year 2025, 8500 planes
will be decommissioned, which roughly translates to 154,221 tons of CF that could poten-
tially be diverted away from landfill and given a second life through recycling [3,4]. With
growing demand for CF estimated to reach 116,000 tons by 2021, the recycled carbon fiber
(rCF) market can channel the potential to assist the market with supply for this demand [5].
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This aligns with two of the principles of circular economy, which (a) aim to reduce the
amount of waste entering landfills, and (b) prolong the life of a product through reuse and
recycling methods [6]. By categorizing recycling technologies under those specified by
Pimenta, S and Pinho, S.T. [7], the initial steps in this work related to size reduction relate
to mechanical recycling (shredding, sorting). The current work focuses on two recycling
processes, namely pyrolysis and solvolysis. Pyrolysis is classified as a thermal process with
capability for energy recovery [8]. Solvolysis, a chemical process capable of fiber recovery
and resin reuse [9,10]. These are now briefly explained.

1.1. Pyrolysis Process

Pyrolysis employs a technique wherein CF-epoxy composites are heated to high
temperature (in the range between 350–800 ◦C) in the absence of oxygen (to avoid charring)
in inert atmospheres (such as nitrogen) in order to break down the composite into gas,
oil, and fiber constituents [8]. Figure 1 provides a schematic of the pyrolysis furnace
including the sorting process, until the remanufacturing step in the second generation, and
composite waste reduction in downstream processes. Transportation, size reduction and
post processing steps were added to represent a complete system. This approach was then
used as a basis for building the model in the life cycle analysis (LCA) software.

Initially, the CF-epoxy laminate undergoes size reduction with primary and secondary
shredding steps. The feedstock is then fed into a furnace with temperatures ranging from
350 to 800 ◦C. Our model considers a continuous operation to process (1.7 metric tons)
3800 pounds every 1.25 h. This has potential to run at a frequency that recycles 1200 metric
tons of carbon fiber per year [11]. Further, in pyrolysis, the gas particles pass through the
abatement system or scrubber where they are recirculated within the system to be used as
an alternative fuel. The hot gases condense to form oil within the hydrocracking system.
The post-processing of recycled carbon fiber can follow number of routes [12]. In this work,
the post-recycle conversion into intermediate mats was assumed. The combing and carding
were assumed as the processes for obtaining the recycled mats, considering a throughput
of 13,607 kg (30,000 pounds) per hour.

1.2. Solvolysis Process

Solvolysis is a chemical process that is applied at low (subcritical) or high (supercritical)
temperatures [9]. Solvolysis acts on the composite at supercritical temperature and pressure
(conducted at 375–650 ◦C ranging between 22–35 MPa [12] of the solvent. A catalyst
decreases operation time [9] to dissolve the resin and recover the fiber for remanufacture.
Solvolysis can also be conducted without a catalyst [10]. Studies have shown that the
tensile strength and modulus of single fiber filaments can be retained to 100% of virgin
properties [10,13]. For this paper, the supercritical solvolysis process with a batch-type
reactor is considered.

The solvolysis process route is explained in Figure 2. The process begins with primary
and secondary shredding and transportation (same as the previous pyrolysis values) to
the reactor where supercritical temperature and pressures act upon the end of life (EOL)
composite matrix. The resultant constituents include the recovered carbon fibers and
organic compounds during resin degradation.
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2. Scope of the Current Study

The CFRP recycling technology scenarios considered in this paper build on a previous
study by the authors, in relation to pyrolysis and solvolysis technologies. [11]. Prior work
considered a 1 kg CF-epoxy composite laminate as the benchmark specimen. The embod-
ied energy (EE) with respect to a natural gas-based pyrolysis system and a supercritical
solvolysis system utilizing water as its primary solvent was studied. Energy impacts were
reported alongside each processing step.

In the case of the pyrolysis system, the analysis included the energy that was recovered
by pyrolyzing the resin as (a) syngas, to run the operation as ‘avoided energy’ (energy
offset to be used in the place of conventional fuel), and (b) the base case which consists
of the pyrolysis process without considering any form of avoided energy. The solvolysis
process considered a batch-type supercritical reactor using deionized water as solvent to
evaluate the EE of the same 1 kg CF-epoxy specimen.

This paper explores the EE contained per step of both pyrolysis and solvolysis pro-
cesses with additional scenarios considered. Various pyrolysis furnace systems such as
(a) electric, (b) electric with renewable (solar) energy, and (c) natural gas are considered.
Energy reduction due to reuse of syngas produced during burning and reuse of oil from the
hydrocracker are included for all three furnace types. With respect to solvolysis, solvents re-
lated to the supercritical process have been considered. Additionally, the overall reduction
in EE from one generation to the next is demonstrated using the cut-off approach [12,13].
This helps determine the change in EE within the product from one generation to the next.

3. Materials and Methods

Life cycle analysis (LCA) is a technique to quantify the environmental impacts as-
sociated with a product, process, or services’ life cycle by including all the stages of its
supply chain from raw material extraction, to transportation, manufacturing, use phase,
and end-of-life [14].

Carbon/epoxy is considered as the source material system for pyrolysis and solvolysis
in this study. These are representative of materials obtained from out-of-date carbon/epoxy
prepregs, decommissioned aircraft, racing cars and sporting goods such as bicycles and
hockey sticks. The pre-pregs typically comprise 62% volume fraction carbon fibers in high
performance epoxy resin, typically 250 ◦F or 350 ◦F cure. In this work, we consider pre-preg
as a family of material systems and not from a specific vendor.

A single-issue method which focuses on understanding the energy that the supply
chain embodies (including those of primary energy sources) is known as EE [15,16]. A gate-
to-gate system boundary was outlined for both pyrolysis and solvolysis recycling technolo-
gies. This was then expanded to include a cradle-to-grave (with two generations) analysis
for the 1 kg CF-epoxy laminates, following the ISO 14040 and 14044 standards [17,18].

A hybrid data collection approach entailed (a) industry and academic survey from
partner institutions, (b) equipment specification(s), and (c) background data referencing
literature review. LCA software datasets, namely, Ecoinvent 3.4 (using allocation, cut-off by
classification unit) [19,20], ELCD v3.2 [21,22], and US-EI 2.2 [23]) were employed for the
model. SimaPro software [24] and the FRPC Energy Estimator Tool [25] was used to build
the current model and analyze the LCA results.

The cumulative energy demand (CED) methodology [26,27] was used to understand
the EE value at each stage. The steps considered for LCA remain identical to [11]. These
steps include primary shredding, secondary shredding, sorting, furnace, scrubber, hydro-
carbon cracker, combing, precision cutting, and transportation.

The manufacturing process includes wet layup followed by compression molding for
both fibers, i.e., produced by pyrolysis and solvolysis. Consistency is maintained for both
generations of composites undergoing pyrolysis and solvolysis to ensure comparability.
Landfilling is applied for both scenarios at the end of the second generation. For the second
life cycle, energy from Life 1 recycling in terms of size reduction, pyrolysis/solvolysis, and
post-processing is valued. This is then considered in Life 2 raw material (“refurbished”)
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category on account of the assumption being that 100% recycled carbon fiber is to be utilized.
Therefore, the cut-off approach (explained under Section 3) dictates that this refurbished
material represents the recycled value in terms of the amount of recycled material used in
Life 2 [28,29].

4. Solvolysis Solvent Selection

Four different scenarios of solvent usage were chosen for analysis. Scenario 1 followed
the work of Khalil, in which a functional unit of 1 kg CFRP waste was analyzed with 4.67 kg
of water and 0.131 kg of the catalyst potassium hydroxide as the solvent [30]. Scenario 2
followed the thesis of Sokoli [31] in which 7 kg of CFRP waste was analyzed with 7.5 kg of
acetone and 15 L of water as the solvent. Scenario 3 followed the work of Meng, in which a
functional unit of 1 kg of CFRP was analyzed with 0.45 kg of acetic acid, 1.35 kg of water,
and 0.04 kg of the catalyst Sodium Hydroxide as the solvent [32]. Scenario 4 followed the
thesis work of Knight, where 150 kg of CFRP was analyzed with 700 kg of water as the
solvent [10]. Table 1 summarizes nine scenarios considered to understand the pyrolysis
based EE values for CF-epoxy composites.

Table 1. Nine scenarios representing various pyrolysis cases considered for this study.

Scenario Case Study Description

Scenario 1A Electric furnace with avoided energy from oil and syngas
Scenario 2A Electric furnace without any avoided energy
Scenario 3A Electric furnace without avoided energy from oil
Scenario 1B Natural gas furnace with avoided energy from oil and syngas
Scenario 2B Natural gas without any avoided energy
Scenario 3B Natural gas without avoided energy from oil

Scenario 1C Electric furnace utilizing renewable energy (purchased solar power) with
avoided energy from oil and gas

Scenario 2C Electric furnace utilizing renewable energy (solar) without any avoided energy
Scenario 3C Solar without avoided energy from oil.

Here, Scenarios 3A and 3B are found to be most prevalent within the industry currently
compared to the others. The carbon fiber to epoxy ratio for each scenario is as follows: 60:40,
50:50, 55:45, and 65:35, based on the literature [10]. Each scenario was scaled to represent
a functional unit of 1 kg CFRP epoxy with a 50:50 ratio of carbon fiber to epoxy, which is
shown in the Supplemental Information.

5. Pyrolysis: Assumptions and Estimations

Several assumptions were made due to the sensitive and proprietary nature of the
information relating to the pyrolysis furnace design and company innovations. These
assumptions are listed below [11].

1. Epoxy breaks down into oil and gas in the furnace, with exact ratios taken from a
laboratory study that used a small static bed reactor running at 600 ◦C. These were
then extrapolated to industry scale [33–36].

2. Environmental impacts of individual gases formed from the epoxy breakdown were
not considered due to their containment and reuse within the system.

3. Regarding post-processing of recycled CF, combing and carding were calculated based
on industry information considering a throughput of 1360 kg/h (3000 lb/h).

4. Scrubber values were based on a standard cyclone design recommended by the
Environmental Protection Agency [37,38].

5. For furnace systems that had the ability to reuse oil, data from hydrocrackers were
taken; however, any catalytic system with the ability to break apart oil molecules
could theoretically be used.

6. In order to obtain syngas densities, temperatures taken for individual chemical densi-
ties ranged from 500 to 600 ◦C.
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7. Since power ratings of reactors were not available from the literature review, Knight’s
scaled-up industrial sized reactor with a 1.93 m3 volume was considered [10] as a
basis for the temperature and pressure of supercritical solvents required for these
cases. For this purpose, this study considers a reactor of 2 m3.

8. 200 km is the average distance taken for the overall transportation operation from one
facility to another.

9. Power ratings of reactors were not provided for the industrial scale that was desired.
Ultimately, a high pressure reactor that could maintain the required temperature
and pressure of supercritical water and a volume of 2 m3 was chosen [39]. These
properties are based on [10] where an industrial sized reactor was defined as 1.93 m3.
This assumption was made due to lack of information regarding specifications for
multiple solvent mixtures as well as solvent and catalyst mixtures.

10. Average distance of 200 km was considered for transportation of the CFRP waste.
Some studies state that the solvent after solvolysis may be reused [31]. However,
this was not considered in this study as the pathway of such processes was not
clearly specified.

6. Cut-Off by Classification Recycling Approach

The cut-off by classification recycling approach [12,13,28,29] was applied to distinguish
how energy values are split between the two generations of CF-epoxy laminates post-
recycling as allocation is a key issue in LCA. Key takeaways from the cut-off approach are:
(1) the recycler is rewarded for the amount of EOL waste recycled in that life (meaning, this
energy is not considered in Life 1); (2) landfilling is always considered a burden, irrespective
of the life it occurs in (energy is counted); (3) refurbished material used in post-recycled
lives take up the value of recycling that was earlier not counted, based on the ratio that is
used in place of the virgin material; (4) virgin burdens are always accounted for in all lives.

Therefore, Life 1 considers the burden of using carbon fiber and epoxy virgin materials
and accounts for the energy related to the wet layup process at the facility, i.e., steps
involved in creating the first-generation product. Next, shredding, in addition to the
respective recycling technology, is rewarded and not accounted for under Life 1.

Starting raw materials in Life 2 being 100% recycled material avoids the use of virgin
materials and transportation (accounted for in Life 1). This way, the refurbished (starting
material used in Life 2) material considers the Life 1 recycling energy for this amount, since
100% of the raw material taken is recycled, with no virgin materials used. The generation
products are discarded to landfill, with Life 2 taking all the burden for disposal.

7. Results and Discussion

The following sections explain the results extracted from the LCA with respect to
individual process cases as well as overall EE reduction from the first to second generation.

7.1. Composite Recycling Impacts of Pyrolysis

Table 2 summarizes the total EE associated with each step and variants. The most
energy intensive step in the pyrolysis process was found to be that of the pyrolysis fur-
nace, with transportation, size reduction, and post-processing steps accounting for a mere
1.168 MJ/kg of the total EE [11]. In addition to the natural gas furnace, the electric based
pyrolysis furnace as well as electric with renewable energy offset was also considered. The EE of
the pyrolysis furnace system including values for sorting, furnace type, scrubber, and (for
those furnaces capable of processing oil) hydrocracker values were combined from Table 2.
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Table 2. Total EE per step within the pyrolysis process.

Step MJ/kg

Primary Shredding 0.1649
Secondary Shredding 0.4361

Sorting 0.2695
Electric Furnace 125.14

Natural Gas Furnace 50.55
Scrubber with reuse of gas −9.695

Scrubber without reuse 0.0000007
Hydrocracker with reuse of oil −34.09

Hydrocracker without reuse 0.1916
Combing 0.000065
Cutting 0.000043

A sensitivity analysis was run based on the ability of the furnace to reuse oil and gas
to offset energy needed for heating the system. The most advanced pyrolysis process can
avoid energy consumption by using the syngas and oil produced to power the same system.
From Figure 3, the EE of recycling carbon/epoxy with the electric furnace was 81.63 MJ/kg,
while natural gas was only 7.04 MJ/kg. The most energy-intensive scenario was a pyrolysis
furnace where neither gas nor oil were reused to power the process. In these cases, an EE of
125.6 MJ/kg for electric and 51.02 MJ/kg for natural gas was estimated. However, the most
common system found that is used in industry today is a pyrolysis furnace with capacity
to capture and reuse the gas (excluding oil) created to power the same furnace. This has an
estimated EE of 115.91 MJ/kg for electric and 41.32 MJ/kg for natural gas.
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Figure 3. EE by scenario for recycling carbon fiber epoxy laminate via pyrolysis.

In all scenarios, natural gas furnaces were the least energy intensive option until
electric furnaces powered by renewable solar energy were considered. Another sensitivity
test revealed that renewable energy purchased to offset electricity consumed by electric
furnaces outperformed the other options with an EE of 47.1 MJ/kg for no reuse, 37.4 MJ/kg
for only gas reuse, and 3.12 MJ/kg for both gas and oil reuse.

While comparing the total EE between life cycles 1 and 2 for the selected 3A (electric
furnace without avoided oil) (Figure 4a) and 3B (natural gas furnace without avoided oil)
scenarios, the results (Figure 4b) show a significant decrease in EE. Scenario 3A exhibited a
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68.5% decrease in EE from Life 1 to Life 2. Scenario 3B displayed an even more dramatic
trend with a 79.6% decrease between cycles.
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Figure 4. (a) Scenario 3a. EE comparison of Life 1 versus Life 2 for electric furnace scenario for
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for pyrolysis.

More information regarding the exported values for each of these steps may be found
in the supplementary data files. The primary peak in EE for Life 1 in both materials arise
from the raw material sourcing for CF, followed by the raw material sourcing of the epoxy
resin and compression molding process. However, the largest EE values in Life 2 differ in
both scenarios. For scenario 3A, CF raw material sourcing remains the largest contributor
to the overall EE. For scenario 3B, epoxy raw material sourcing becomes the largest source
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of EE for the composite product. This difference is likely due to the variation in furnace
type, with natural gas furnace requiring less energy than an electric furnace.

7.2. Recycling Impacts of Solvolysis

Figure 5 outlines the breakup of the process for solvolysis of the four scenarios outlined
in Section 3. EE values of transportation, size reduction, and post-processing is shown in
Table 3. The highest EE is from transportation cost (0.567 MJ/kg) followed by secondary
shredding (0.44 MJ/kg). Interestingly, the EE from primary shredding is 0.16 MJ/kg, ~63%
lower than secondary shredding. This is attributed to primary shredding reducing the bulk
to largerc, for which secondary shredding is more time consuming and involved greater
interaction with the shredding blades. Combing and precision cutting have negligible EE
in comparison to transportation and shredding.
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Table 3. Break up of EE for transportation, size reduction, and post processing.

Transportation
EE [MJ/kg]

Primary
Shredding EE

[MJ/kg]

Secondary
Shredding EE

[MJ/kg]

Combing EE
[MJ/kg]

Precision
Cutting EE

[MJ/kg]

0.567 0.16 0.44 0.000065 0.000043

The break-up of EE for transportation, size reduction, and post processing for Sce-
narios 1 to 4 is summarized in Table 4. Total EE values for each scenario is summarized
in Table 5. Similar trends as EE were also observed for cost per kg of CFRP average USD
5.20/kg as seen in Table 5.

Table 4. Total EE values for each scenario.

Scenario 1 Total EE
[MJ/kg]

Scenario 2
Total EE [MJ/kg]

Scenario 3 Total EE
[MJ/kg]

Scenario 4 Total EE
[MJ/kg]

258.4 278.1 268.5 257.4
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Table 5. Breakdown of the solvolysis processing cost per kg of CFRP for the four scenarios.

Scenario 1 Cost
(USD/kg)

Scenario 2 Cost
(USD/kg)

Scenario 3 Cost
(USD/kg)

Scenario 4 Cost
(USD/kg)

USD 5.06 USD 5.44 USD 5.26 USD 5.04

The breakdown of the annual energy cost that comes from each step of the solvolysis
process including the energy required to achieve supercritical condition, to power the
reactor, and to add different solvents/catalysts is considered. It is to be noted that the time
for such scaled-up processes will decrease based on the type of solvent used. However, due
to the novel and proprietary nature of the industrial solvolysis process, this information was
not provided for commercial scale facilities and, therefore, was not included in the study.

The breakdown of the processing cost per kilogram for each of the four scenarios,
based on energy requirements, reveals that scenario 4 is the cheapest to produce (USD
5.04/kg) and scenario 2 is the most expensive (USD 5.44/kg). There is a uniform cost
of USD 5,019,000 per year to achieve supercritical condition for all four scenarios, with
scenario 2 having the highest annual cost from its solvent (USD 402,500).

The EE difference between Life 1 and 2 for scenario 2 and 4, respectively, are shown in
Figure 6a,b, respectively. The EE for Life 1 was higher than Life 2 for both cases, since the
EE in material (CFRP and epoxy) has taken place in Life 1. The total EE for Life 1 versus
Life 2 is 44% for Scenario 2 (acetone+water), and 48% lower for Scenario 4 (water), with
water being lowest EE.

Recycling 2022, 7, x FOR PEER REVIEW 11 of 14 
 

 
(a) 

0

100

200

300

400

500

600

700

800

Life 1 Life 2

M
J/

kg

Scenario 2: Acetone + Water

Carbon fiber (577.5) Epoxy (67.48)

Transportation for 200 km (0.567) Wet layup (0.4)

Compression molding (27.7) Carbon fiber (277.51)

Epoxy (67.48) Wet layup (0.4)

Compression molding (27.7) Landfill (0.155)

Figure 6. Cont.



Recycling 2022, 7, 6 11 of 13
Recycling 2022, 7, x FOR PEER REVIEW 12 of 14 
 

 
(b) 

Figure 6. (a) EE difference between Life 1 and 2 for scenario 2 (acetone + water for 1 kg CFRP); (b). 
EE difference between Life 1 and 2 for scenario 4 (water for 1 kg CFRP). 

8. Conclusions 
The study provided insight into a number of aspects which are summarized below: 

(a) Due to the high EE of production of carbon fiber as a raw material, the EE required 
for conversion to recycled carbon fiber using both processes, i.e., pyrolysis and sol-
volysis was lower than virgin carbon fiber. The results display an overall decrease 
(~74% for pyrolysis and 46% for solvolysis) in EE with respect to recycled composites 
applying both these recycling routes; 

(b) With pyrolysis, an electric furnace using renewable energy provided the lowest EE 
(3 MJ/kg) in comparison to natural gas (41 MJ/kg). However, a natural gas furnace 
with ability to recover syngas is more representative of current (year 2022) pyrolysis 
practices in industry; 

(c) In the solvolysis study, only deionized water as solvent possessed the lowest EE (257 
MJ/kg), whereas the process utilizing acetone and water was the most energy inten-
sive (278 MJ/kg). The breakdown of EE scenarios in solvolysis indicates that using 
just deionized water (for, e.g., 150 kg of CFRP with 700 kg of water as solvent) gave 
the lowest EE. However, water is not always a viable option. It must be noted here 
that specific information regarding reaction times due to catalysts is needed for EE 
for solvolysis; 

(d) Even with landfilling as the option for Life 2 of both scenarios, and Life 2 containing 
virgin resin, the EE of Life 2 drops to below half of that of Life 1; 

(e) Transportation accounts for higher EE than shredding and/or secondary operations. 

0

100

200

300

400

500

600

700

800

Life 1 Life 2

M
J/

kg

Scenario 4: Water

Carbon fiber (577.5) Epoxy (67.48)

Transportation for 200 km (0.567) Wet layup (0.4)

Compression molding (27.7) Carbon fiber (256.8)

Epoxy (67.48) Wet layup (0.4)

Compression molding (27.7) Landfill (0.155)

Figure 6. (a) EE difference between Life 1 and 2 for scenario 2 (acetone + water for 1 kg CFRP); (b). EE
difference between Life 1 and 2 for scenario 4 (water for 1 kg CFRP).

8. Conclusions

The study provided insight into a number of aspects which are summarized below:

(a) Due to the high EE of production of carbon fiber as a raw material, the EE required for
conversion to recycled carbon fiber using both processes, i.e., pyrolysis and solvolysis
was lower than virgin carbon fiber. The results display an overall decrease (~74% for
pyrolysis and 46% for solvolysis) in EE with respect to recycled composites applying
both these recycling routes;

(b) With pyrolysis, an electric furnace using renewable energy provided the lowest EE
(3 MJ/kg) in comparison to natural gas (41 MJ/kg). However, a natural gas furnace
with ability to recover syngas is more representative of current (year 2022) pyrolysis
practices in industry;

(c) In the solvolysis study, only deionized water as solvent possessed the lowest EE
(257 MJ/kg), whereas the process utilizing acetone and water was the most energy
intensive (278 MJ/kg). The breakdown of EE scenarios in solvolysis indicates that
using just deionized water (for, e.g., 150 kg of CFRP with 700 kg of water as solvent)
gave the lowest EE. However, water is not always a viable option. It must be noted
here that specific information regarding reaction times due to catalysts is needed for
EE for solvolysis;

(d) Even with landfilling as the option for Life 2 of both scenarios, and Life 2 containing
virgin resin, the EE of Life 2 drops to below half of that of Life 1;

(e) Transportation accounts for higher EE than shredding and/or secondary operations.
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(f) More research is required on (a) various furnace scenarios for pyrolysis to rank the EE,
and (b) various catalysts and solvents that lessen the dwell time of the overall process,
in turn reducing the cycle time and EE for solvolysis.
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