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Introduction

This report presents the findings of a cradle-to-gate life cycle assessment (LCA) for the
production of composite poles by Jerol Industries AB. Conducted in 2024 based on the
production year of 2022, this study aims to evaluate the environmental impacts associated
with each stage of the production process, from raw material extraction to the final product
ready for delivery. By identifying the main contributors to greenhouse gas emissions and other
environmental burdens, Jerol Industries AB can target specific areas for improvement and
enhance the sustainability of their production processes.

Jerol Industries AB manufactures composite poles designed for exceptional durability and
longevity. These poles are composed of 65-70% glass fiber, 30-35% polyester, and 1.5-2%
peroxide. When these materials are heated together, they create a robust laminate, upon
which a protective polyethylene layer is extruded. This outer layer is colored using a
masterbatch to achieve the desired shade, with the standard color being RAL 7023 (standard
gray). Engineered to have no environmental emissions once installed, these poles have an
estimated lifespan of at least 80 years.

The primary goal of this LCA is to provide a comprehensive understanding of the
environmental footprint of Jerol Industries AB's composite poles. By analyzing the
contributions of raw materials, energy consumption, fuel usage, transportation, packaging,
and waste management, this report seeks to offer detailed and actionable insights into the
environmental performance of the company's operations. The results are intended to guide
efforts in reducing greenhouse gas emissions and minimizing the overall environmental
impact, aligning with Jerol Industries AB's commitment to sustainable manufacturing
practices.
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Abstract

This report presents a cradle-to-gate life cycle assessment (LCA) of Jerol Industries AB's
composite poles, focusing on the environmental impacts from raw material extraction to the
final product ready for delivery. The LCA identifies key contributors to greenhouse gas emissions
and other environmental burdens, providing actionable insights for improving sustainability. The
study reveals that the primary source of carbon footprint is raw material production, accounting
for 88.73% of the total emissions, with polyester and glass fibre as the main contributors.
Transportation, especially the long-distance shipment of glass fiber from China, contributes
8.70% to the total carbon footprint. Energy consumption, fuel use, packaging, and waste
management have minimal impacts but still offer opportunities for emission reductions.
Sensitivity analysis shows potential reductions in total CO2e emissions by sourcing materials
more locally, such as glass fiber from Norway, which could lower the footprint from 4.60 kgCO2e
to 3.37 kgCO2e per kg of composite pole. The findings support Jerol Industries AB's commitment
to sustainable manufacturing by highlighting specific areas for targeted improvements to reduce
their environmental footprint.



Methodology

2.1 Purpose and Scope

The purpose of this LCA study is to map and quantify the environmental footprint of Jerol
Industries AB's production of composite poles. The study includes all processes from raw
material extraction to the finished product delivered from the factory (Cradle-to-gate).

2.2 Functional Unit

The functional unit in this study is defined as "the production of one kg composite pole." All
input factors and emission factors are quantified relative to this unit.

All products are produced using the same methods and raw materials. They are constructed
from fiber composite for strength and polyethylene for weather resistance, ensuring their
lightweight and easy installment. The Jerol composite pole can be produced in lengths ranging
from 4 to 23 meters.

2.3 System Boundaries

The geographical system boundaries are defined to reflect the place of origin to the extent
that it is known.

The system boundaries for this study include all relevant life cycle phases:

e Extraction and production of raw materials

¢ Transportation of raw materials to the production facility
e Production processes at the factory

e Packaging and internal transportation

¢ Waste management

2.4 Data Collection

Data was collected from Jerol Industries AB's internal databases and spreadsheets, including
details on raw materials, energy consumption, transportation, packaging, and waste. Data
from the Ecolnvent/EcoQuery database was used for accurate emission factors and
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environmental impact calculation. CO2e industry standards were used for data not found in

Ecolnvent. Lastly, Microsoft Excel was used for data entry, preliminary analysis, and

visualization.

Assumptions and Limitations:

o Consistent data quality across all stages is assumed.

e Some data points may be based on industry averages rather than specific

measurements.

e Worst case scenario is used for all industry average data points.

2.5 Material and energy streams

Table 1 presents a comprehensive summary of the production input factors, product names,
countries of origin, and a general description of how the associated emission factors are

Modelling

estimated.
Product name Country
of origin
Polyester Polylite 410-000 Norway
Polyester Aropol G350 Finland
Polyethylene HE3493-LS-H Finland
Glue Technomelt Germany
AS5376
Peroxide Pulcat S Sweden
Peroxide TBPB Sweden
Masterbatch Remafin-Grey Poland
PH73176006-ZN
Glass P218 Sweden/
Italy
Glass R25H Sweden/
France
Glass Jushi  E6-CR-13- China
2400-180

Ecolnvent: polyester resin production,
unsaturated (EUR)
Ecolnvent: polyester resin production,

unsaturated (EUR)

Ecolnvent: polyethylene production, high
density, granulate (EUR)

Industry standard: worst case scenario
“standard hotmelt” (EUR)
European Commission: LCA database of
environmental impacts (EUR)

LCA database of

environmental impacts (EUR)

European Commission:
Ecolnvent: polyethylene production, high
density, granulate (EUR)

Ecolnvent: glass fibre production (EUR)

Ecolnvent: glass fibre production (EUR)

Ecolnvent: glass fibre production (RoW)



Aceton Aceton Sweden  Ecolnvent: acetic acid production, butane
oxidation (EUR)

Structural Truckregel Sweden  Ecolnvent: structural timber production
timber (EUR)
Formwork Formvirke Sweden  EPD: forskaling. (EUR/NOR)

The overview shows that most of the production inputs are produced in Europe and imported
to Jerol's production. However, there are some important exceptions, such as the glass (Jushi
E6-CR-13-2400-180), which is produced in China. This material significantly contributes to
material use and emissions related to both transport and production, as glass fiber production
is an energy-intensive process.

2.6 Calculation of Environmental Impact

Environmental impacts are quantified using the ReCiPe method. ReCiPe is a method used in
Life Cycle Assessment (LCA) to evaluate the environmental impacts of products or processes.
It is one of the most comprehensive and widely used impact assessment methods and
provides a detailed assessment by translating emissions and resource extractions into a
limited number of environmental impact categories.

The score is determined based on the impact category "Climate Change," using the indicator
"Global Warming Potential over a 100-year period (GWP100)."

The results are presented in the form of greenhouse gas emissions measured in CO2
equivalents (CO2e).

2.6.1 Methodology raw materials

Emissions database: The CO2e emission factors are collected from Ecolnvent’s database,
EcoQuery. EcoQuery is a well-known database for life cycle inventory data, commonly used in
life cycle assessment (LCA) studies. (Ecolnvent, v3.10).

Raw Material Identification: The raw materials listed include Polyester, Polyethylene, Glue,
Peroxide, Masterbatch, Glass, and Acetone.

EcoQuery Activity Name: Each raw material has associated activities that describe the
production processes or relevant lifecycle stages from the EcoQuery database. For example,
"polyester resin production, unsaturated" for Polyester and "polyethylene production, high
density, granulate" for Polyethylene.



CO2e Emission Factor: The emission factors are given in kilograms of CO2 equivalent (kg CO2-
Eq) per kilogram of raw material produced. These factors quantify the greenhouse gas
emissions associated with each raw material's production process.

Life Cycle Inventory: The emission factors are derived from the LCIA Method, using the impact
assessment indicator "Global Warming Potential (GWP100).

Industry standards:

Emission factor: The emission factor for glue is derived from industry standards "A standard
hotmelt equates to 3-4kg of carbon per kg used". (Interlock adhesives, u.d.).

Emission factor: The emission factor for peroxide is derived from “LCA database of
environmental impacts to inform material selection process”. (Norton, 2018)

2.6.2 Methodology energy

In 2022 the average energy emissions of Sweden were 28 gCO2eq/kWh (Nowtricity, 2022).

Formula:

E XEF

Total CO2e emissions (kg) = 000"

Where:
e E =Energy consumption in kilowatt-hours (kWh)

e EF =CO2e emission factor in grams CO2eq per kWh (28 gCO2eq/kWh)

2.6.3 Methodology fuel

Data for the fuel CO2 emission factor is sourced from "Miljgdirektoratet," which provides a
table of conversion factors for various energy carriers (Miljgdirektoratet, 2020). For diesel, the
relevant factor is 2.66 kg CO2 per liter.

Formula:

co
Total CO2e emissions (kg) = Diesel usage (L) X 2.66 (kg

)



2.6.4 Methodology Transport
Land transportation

Data for the fuel CO2 emission factor is sourced from "Miljgdirektoratet," which provides a
table of conversion factors for various energy carriers. For diesel, the relevant factor is 2.66 kg
CO2 per liter. On average, trucks consume between 30 to 40 liters of diesel every 100 km For
larger trucks with a payload of approximately 23.5 tons, the consumption can increase up to
38 liters per 100 km. Smaller trucks with a payload of around 16 tons use about 25 liters of
diesel per 100 km (Webfleet, 2020).

Formula:

D
Total CO2e emissions = <(E X FC) X EF)

Where:
e D =Total distance in kilometers
e K= Conversion factor for kilometers per mile
e FC = Fuel consumption per given distance

e EF =CO02 emission factor per liter

Boat Freight Shipping

The carbon footprint for freight shipping is quantified by the CO2 emissions per distance and
weight. Shipping freight over a distance of 1000 km for a 2 kg package is equivalent to emitting
0.03 kg of CO2e (CO2 Everything, 2023).

Formula:

Total CO2e emissions =



Where:
e« D =Distance in kilometers
e C=CO02e for 2 kg over 1000 km

e W =Total weight of product

2.6.5 Methodology packaging

Structural Timber:

Structural Timber has a CO2 emission factor of 93.45kgCO2e per cubic meter (m3) (Ecolnvent,
v3.10). This value, sourced from the comprehensive life cycle assessment (LCA) database
Ecolnvent, represents the CO2 equivalent emissions produced for every cubic meter of
structural timber used.

Formwork:

The CO2 emission factor for formwork is 0.09 kgCO2e per cubic meter (m3) (Gausdal
Landhandleri, u.d.). This value, derived from an Environmental Product Declaration (EPD), a
standardized document providing data on the environmental impact of products, indicates the
CO2 equivalent emissions generated per cubic meter of formwork used.

Formula

Total CO2e emissions = Volume X CO2 emission factor

2.6.6 Methodology waste

The emission factor used for calculating CO2e emissions are 0.225 kgCO2e per kg for mixed
waste (Redgo Norway AS, 2022).

The emission factor for calculating CO2e emissions are 1.2 kgCO2e per kg for combustible
waste (Bernt).

Formula:

Total CO2e emissions (kg) = Amount of waste X CO2e emission factor



Results

3.1 Carbon footprint

The total cradle to gate carbon footprint for one kg composite pole is calculated to be 4,60
kgCO2e.

Reference service life, product:
80 years.

3.2 Contribution from Raw Materials

The raw materials used in production account for 88,73% of the total carbon footprint. Table
1 details the contributions from various raw materials.

Table 1: Carbon Footprint from Raw Materials

Material Volume (kg) CO2e (kg) CO2e (%)
Polyester 166010 [927132,648]  [52,76]
Polyethylene 74900 [178621,52] [10,16]
Glue 3430 [13720] [0,78]
Peroxide 2395 [4813,95] [0,27]
Masterbatch 3558 [8485,1184] [0,48]
Glass 283159 [622466,2205] [35,42]
Aceton 1970 [2084,457] [0,12]

3.3 Contribution from Energy

The energy used during the production process of the product accounts for 0,55% of the total
carbon footprint. Table 2 details the energy-related emissions.

Table 2: Carbon footprint from energy

Energy Volume (kW) CO2e (kg)
Swedish energy mix (28g CO2e/kWh) 386251 [7338,769]
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3.4 Contribution from fuel

The fuel used during the production of our product accounts for 0,26% of the total carbon
footprint. Table 3 details the fuel-related emissions.

Table 3: Carbon footprint from fuel

Fuel Type Volume (L) CO2e (kg)
Diesel 1948 [5201,16]

3.5 Contribution from Transportation

The transportation of raw materials and finished products accounts for 8,70% of the total
carbon footprint. Table 4 details the transport-related emissions.

Table 4: Carbon Footprint from Transportation

Transport Type Distance (km) CO2e (kg) CO2e (%)

Tanker truck 4439 [4496,88] [2,61]

Truck 39042,82 [67407,55] [39,13]
Light Truck 5 [3,33] [0,002]
Boat 162559,6 [100364,30] [58,26]

3.6 Contribution from Packaging

The packaging used in production contributes 0,01% of the total carbon footprint. Table 5
details the packaging-related emissions.

Table 5: Carbon footprint from packaging

Packaging type Volume (m) CO2e (kg) CO2e (%)
Structural timber 441 [219,61] [99,81]
Formwork/Shuttering 2365 [0,43] [0,19]

3.7 Contribution from Waste

Waste generated in the production process contributes 1,75% of the total carbon footprint.
Table 6 details the waste-related emissions.
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Table 6: Carbon Footprint from Waste

Waste Type Volume (kg) CO2e (kg)
Residual waste 44660 [10048,5]
Incineration 20510 [24612]

CO2e (%)
[28,99]
[71,01]
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Sensitivity analysis

4.1 Case one, Impact of Sourcing Glass Fibre from China

41.1

4.1.2

Impact of Sourcing Glass Fibre from China, Transportation Emissions: If we were to
source all our glass fibre from China, transportation-related emissions would increase
significantly from 172,277.61 kgCO2e to 745,932.16 kgCO2e. [This includes 690,491.43
kgCO2e from maritime transport from the Shanghai port to Gothenburg and 25,026
kgCO2e from truck transport between Gothenburg and Jerol Industries AB, as well as
the transportation of the remaining raw materials 30,414.73 kgCO2e]. As a result,
transportation emissions would rise from 8.70% to 29.24% of the total cradle-to-gate
CO2e emissions. This would lead to an increase of the total CO2e emissions for our
product, from 4,60 to 5,93 kgCO2e per kg composite pole.

Impact of Sourcing Glass Fibre from China, Raw materials emissions: If we sourced all
our glass fibre from China, the glass fibre raw material emissions would increase from
622,466.2205 kgCO2e to 746,815.6552 kgCO2e. increasing the total raw material
emissions from 1,757,323.914 to 1,881,673.349. As a result, raw material emissions
would rise from 88,73% to 89,55% of the total cradle-to-gate CO2e emissions. This
would lead to an increase of the total CO2e emissions for our product, from 4,60 to
4,88 kgCO2e per kg composite pole.

Combining the two (4.1.1 + 4.1.2), Impact of Sourcing Glass Fibre from China: Transportation
and Raw materials emissions:

If we were to source all our glass fibre from China and include the above emissions, the total
CO2e emissions for our product would increase from 4,60 to 6,21 KgCO2e per Kg composite

pole.

4.2 Case two, Impact of Sourcing Glass Fibre from 3B, Norway

42.1

4.2.2

Impact of Sourcing Glass Fibre from 3B, Norway, Transportation Emissions: If we were
to source all our glass fibre from 3B, Norway, transportation-related emissions would
decrease significantly from 172,277.61 KgCO2e to 40,753 KgCO2e. As a result,
transportation emissions would decrease from 8.70% to 2.43% of the total cradle-to-
gate CO2e emissions. This would lead to a decrease of the total CO2e emissions for our
product, from 4,60 to 4,30 KgCO2e per Kg composite pole.

Impact of Sourcing Glass Fibre from 3B, Norway, Raw materials emissions: If we source
all our glass fiber from 3B in Norway and purchase Guarantees of Origin for renewable
electricity, we could significantly reduce emissions. While there are current grid
capacity limitations in Norway that might impact continuous full replacement of
natural gas with electricity, assuming 3B can maximize its use of Norwegian renewable
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energy, emissions from glass fiber production could decrease from 622,466.22 kgCO2e
to 225,550.38 kgCO2e in 2022. This would lower total raw material emissions from
1,757,323.91 kgCO2e to 1,360,408.07 kgCO2e, reducing their share in total cradle-to-
gate emissions from 88.73% to 85.91%, and decreasing the total product emissions
from 4.60 to 3.68 kgCO2e per kg of composite pole.

4.2.2.11f 3B purchases guarantees of origin for their electricity but cannot obtain enough
electricity to fully replace the natural gas they use due to infrastructure and grid
capacity constraints in Norway, the emissions associated with glass fiber raw materials
would decrease from 622,466.22 kgCO2e to 453,707.90 kgCO2e. This is based on
Ecoinvent “glass fibre production in Europe”, where electricity is 24.55% of the global
warming potential (GWP100) and natural gas is 37,94% of the total GWP. In this
scenario, only the electricity emissions are reduced to 0. This reduction would lower
the total emissions from raw materials from 1,757,323.91 kgCO2e to 1,588,565.59
kgCO2e. Consequently, the share of raw material emissions in the total cradle-to-gate
CO2e emissions would drop from 88.73% to 87.68%. Overall, this would reduce the
total CO2e emissions for our product from 4.60 kg to 4.21 kgCO2e per kilogram of
composite pole.

The cost of a Guarantee of Origin (GO) for renewable energy is approximately 0.10 NOK
per kilogram of glass fibre produced. In 2022, we used 283,159 kg of glass fiber. Thus,
purchasing GOs for our glass fiber volume would cost around 28,315.9 NOK.
Guarantees of Origin demonstrate to customers that a specific portion or amount of
energy used in production comes from renewable sources. This ensures that the CO2e
emissions associated with the energy consumption in producing the product are
effectively reduced to zero.

Combining the two (4.2.1 + 4.2.2), Impact of Sourcing Glass Fibre from 3B, Norway:
Transportation and Raw materials emissions:

If we were to source all our glass fibre from 3B, Norway and include the raw materials and
transport emissions as well as assuming that 3B can maximize its use of Norwegian renewable
energy, the total CO2e emissions for our product would decrease from 4,60 to 3,37 kgCO2e
per kg composite pole.
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Discussion

Overview of Findings

The life cycle assessment (LCA) of Jerol Industries AB’s composite poles highlights several key
areas contributing to the overall environmental impact. The total carbon footprint of
producing one kilogram of composite pole is calculated to be 4.60 kgCO2e. This LCA provides
valuable insights into the most significant sources of greenhouse gas emissions throughout the
production process, from raw material extraction to the final product ready for delivery.

Key Contributors to Carbon Footprint
Raw Materials:

1. Raw materials account for 88.73% of the carbon footprint.

2. Polyester: The primary raw material, polyester, is the largest contributor to the carbon
footprint, accounting for 52.76% of the total raw material CO2e emissions. This
significant impact is due to the components: Phthalic Anhydride, Adipic Acid,
Propylene Glycol, Acetic Anhydride, and Ethylene Glycol which are all petrochemical
derivatives. These chemicals are synthesized from oil and natural gas feedstocks, and
their production involves significant energy consumption and releases of CO2 and
other greenhouse gases.

3. Glass Fiber: Another major contributor is glass fiber, responsible for 35.42% of the total
raw material CO2e emissions. The production of glass fiber involves high-temperature
processes, leading to substantial energy consumption and emissions. The largest
contributors to high emissions are energy-related (heat and electricity) and chemical
intermediates (such as boric acid and nylon 6) that are derived from fossil fuels. The
easiest way to reduce the composite poles CO2e emissions are to source glass fibre
locally and to purchase Guarantees of Origin (GO) for renewable energy.

4. Polyethylene: This material contributes 10.16% to the total raw material carbon
footprint, also reflecting the energy demands of its high-density granulate production
process. The largest contributor by far is ethylene, a key petrochemical derived from
fossil fuels. Ethylene is produced primarily by steam cracking of hydrocarbons such as
naphtha or ethane, a process that is highly energy-intensive and involves the
combustion of fossil fuels, leading to significant CO2 emissions.

Energy Consumption:

1. The energy consumed during production contributes 0.55% of the total carbon
footprint. Given Sweden’s relatively low-carbon energy mix (28 gC02eq/kWh), the
impact from energy use is minimal but still notable.
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Fuel Usage:

1. Fuel consumption, particularly diesel, accounts for 0.26% of the total carbon footprint.
This includes the use of diesel in transportation and internal logistics.

Transportation:

1. Transportation of raw materials and finished products is an important contributor,
accounting for 8,70% of the total carbon footprint. This percentage is driven by the long
boat distance from China to Sweden and the reliance on diesel-powered vehicles for

long-distance transport, highlighting the need for more efficient logistics or alternative
fuels.

Packaging:

1. Packaging materials contribute minimally, with structural timber accounting for 0.01%
of the total emissions. Despite this small percentage, efforts to further reduce
packaging impact can still be beneficial.

Waste Management:

1. Waste generated during production contributes 1.75% to the total carbon footprint.
The majority of this is from combustible waste, which emphasizes the importance of
improving waste management practices and reducing waste generation.

Conclusion

The LCA of Jerol Industries AB’s composite poles identifies raw materials, particularly polyester
and glass fiber, as the primary contributors to greenhouse gas emissions. Transportation,
especially by boat from China to Sweden is a significant contributor to the CO2e emissions.
Energy use, fuel consumption, packaging, and waste management play a minimal role, but
may still contribute to reducing the overall impact by reducing CO2e emissions. By targeting
these areas for improvement, Jerol Industries AB can significantly reduce the environmental
impact of their composite poles, aligning with their commitment to sustainable manufacturing
practices. This LCA provides a foundation for ongoing efforts to enhance sustainability and
minimize the carbon footprint of their products.
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