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reduces fuel consumption



© Copyright: JSP Corporation



·   Calculating a comparative global warming potential for the production of an ARPRO seat core shows   
 an environmental benefit to impact ratio of 12:1
 ·    The impact of the seat-core was equal to 21.9 kg CO2(e)*.

 ·    The resultant fuel saving equated to 265.0 kg CO2(e).

· If this saving is applied to the number of cars sold annually, an environmental saving of nearly 16   
 million tonnes of CO2(e) could be achieved.

· Assuming a vehicle lifetime of 100,000km, just changing the seat can enable a net reduction in CO2(e)  
 of 2.65 g/km.

· CO2(e) savings result from the ability to deliver component weight reductions of up to 35 percent,   
 achieved by replacing the heavy steel anti-submarining safety ramp with ARPRO.

· ARPRO‘s mechanical properties enable the seat-core to be incorporated into the seating itself,   
 replacing the traditional metal structure and contributing to a more flexible vehicle platform.

· In all of the environmental impact categories studied (except one), an environmental benefit (positive     
 impact) is delivered. In the ‘aquatic eco-toxicity’ category, even the weight-saving capabilities of   
 ARPRO cannot overcome the environmental burden resulting from manufacture of the wireframe.

· The end-of-life stage of the seat-core impact is insignificant relative to other life cycle stages, even      
 in the worst case (disposal). As ARPRO is 100% recyclable there is further potential to reduce its   
 environmental impact.

The ARPRO LCA evaluates the 
environmental impact of the production, 
use and disposal of a typical ARPRO 
seat-core

Key findings
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Life cycle assessment - methodology
A life cycle assessment (also known as LCA, life cycle analysis, eco-balance study, and cradle-to-grave 
analysis) is the investigation and evaluation of the environmental impacts of a given product or service. 

We have followed the internationally agreed procedure for performing a life cycle analysis, using the         
ISO 14040 environmental management standards.   
In order to be ISO-compliant the study requires an independently-managed, approved protocol 
to be followed and peer-reviewed by a second, independent life cycle assessment expert.  This 
methodology is both rigorous and comprehensive.
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Production Moulding Assembly Use Disposal Raw
Materials

Life Cycle Assessment - an introduction
Life cycle assessment is the most widely recognised technique to assess the environmental impact of a 
product or service.  In the case of ARPRO, this means assessment:

· From raw material supply, 
· Through the point of use, 
· To end of life (recycling or disposal)

Applied correctly, a life cycle assessment will improve environmental awareness and performance 
throughout the production chain, demonstrating where raw material, resource and energy 
consumption can be minimised as well as minimising disposal and management costs and eliminating 
environmental exposures and liabilities.



Measuring  
environmental impact
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environmental impact including use
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fuel saving in use
end of life

Results of ARPRO seat-core LCA demonstrating positive impact
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Results from each stage of production, use and end-of-life are reported for a range of categories.   
These measures are then quantified as equivalents of well-understood environmental impacts (see 
Appendix).

Both the environmental impact results for ARPRO and the fuel savings created are proven, but the 
net benefit to the environment is actually greater than that stated.  When using the ARPRO seat-
core, not only is fuel consumption and therefore CO2 emission reduced, but by using the ARPRO 
design rather than the traditional one, the steel construction and its associated production emissions 
are eliminated.  Though these savings cannot be included in our calculation, it is worth noting the 
disproportionate environmental impact of the small amount of steel used in the wireframe of the 
ARPRO seat-core, and that the amount of steel ‘saved’ is ten times the amount actually used.
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The results of the impact assessment including use are displayed in the previous page.  
The ARPRO LCA evaluates the resultant environmental impact of the production, use and 
disposal of a typical ARPRO seat-core. The key findings of the report are: 

·  In all of the environmental impact categories studied (except one), an environmental benefit 
(positive impact, coloured green) is delivered. In this one category, even the weight-saving 
capabilities of ARPRO cannot overcome the environmental burden required to manufacture the 
wireframe.

·  Calculating a comparative CO2 (global warming potential) figure for the production  
of an ARPRO seat-core shows:

 · The impact of the seat-core was equal to 21.9 kg CO2.

 ·  The resultant fuel saving equated to -265.0 kg CO2.

·  In the category, ‘Global warming’ the ARPRO seat-core delivered an environmental benefit 
twelve times that of its impact.

Results of the life cycle 
analysis
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Environmental impact

Almost all of the impact from ARPRO production is the result of either ARPRO’s raw material inputs 
or the moulding process.  This is explained by the fact that the main material input for ARPRO is 
polypropylene (propylene and therefore polypropylene is a product of “cracking” naptha - a derivative 
of crude oil and an energy-intensive process) and (steam-chest) moulding which requires generation 
of high pressure steam. 

The contribution to the total potential impact of ARPRO production (excluding material inputs and 
moulding) is therefore relatively small and electricity generation is responsible for the majority of the 
remaining potential impacts.

The CO2 used in ARPRO production is sourced from other manufacturing industries where CO2 is a 
by-product and is therefore already a recovered product.  

The impacts from the moulding phase are mainly due to the extraction and combustion of fuel and, to 
a lesser extent, the generation of electricity.  Compared to actual ARPRO production, the moulding 
phase is more energy intensive.

The wireframe production is responsible for the majority of the total potential environmental impact 
in the remaining three out of the nine impact categories presented.  The production of steel and 
polyamide (a polymer coating on the steel frame) dominate the potential impacts of wireframe 
production in all categories.  It should be remembered that the alternative design solution uses far 
more (often more than 10 times more) steel.

The end of life stage of the seat core life cycle is insignificant relative to other life cycle stages.  It 
should also be noted that ARPRO is 100% recyclable!.

Summary

YOU MADE THE 
PROTOTYPE REALLY 
QUICKLY!

...AND THE FEA 
WAS CORRECT - 
IT PASSED THE 

CRASH TEST!

YES, WE’RE 
DISCUSSING THE  

TEST RESULTS 
LATER!

THE TEST RESULTS 
ARE POSITIVE, BUT HAVE 

YOU CONSIDERED 
TRACEABILITY AND 

 END-OF-LIFE?

ALL INFORMATION IS ON 
THE WEBSITE, BUT WE 

SHOULD PROBABLY VISIT  
THE FACTORY...! COME 

AND SEE FOR YOURSELF...!

THE PLANT WAS 
REMARKABLE: BUT WHAT’S 

YOUR VERDICT?
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Impact category       Benefit/impact 
                                                     ratio

Depletion of abiotic resources    4:1
Acidification    6:1
Eutrophication    5:1
Global warming (climate change)  12:1
Ozone depletion  39:1
Human toxicity    2:1
Fresh water aquatic ecotoxicity    1:1
Terrestrial ecotoxicity    1:1
Photo-oxidant formation    9:1

Note: Not all of these environmental impacts are of equal importance,but there is no way to compare them quantitatively.

Impact category
· Depletion of abiotic resources
· Acidification
· Eutrophication
· Global warming (climate change) 

· Ozone depletion 

· Human toxicity 

· Fresh water aquatic ecotoxicity
· Terrestrial ecotoxicity
· Photo-oxidant formation

‘Real-world’ description…
· Using up the earth’s resources
· Tendency to cause acid rain
· Specific chemical deposits to soil
·  Effect on rise in average temperatures,  

sea levels, etc.
· Tendency to increase the size of the hole in the       
 "ozone layer"
· Adding to pollution that affects humans (air, water,  
 food chain)
· Amount of water pollution
· Amount of soil pollution
· Adding to smog levels

WE’VE VALIDATED 
THE NEW SEAT SOLUTION; 

LET’S PROCEED!

THE BEST 
GEOGRAPHIC FIT IS 

ONE OF OUR APPROVED 
MOULDERS CLOSE TO 

THE ASSEMBLY 
PLANT!

HERE IS THE FINAL 
DESIGN! THE CABLE 
ROUTING HAS BEEN 
INTEGRATED WITH 

AN UNDERCUT!

A FEW WEEKS LATER...

YOUR EXPERIENCE WITH THE 
DIFFERENTIAL SHRINKAGE OF 

THE WIREFRAME HAD MADE 
QUALIFICATION MUCH 

FASTER!

THE DENSITY 
IS PERFECT-THANKS 
FOR HELPING SET UP 
THE MACHINE!

FANTASTIC.  
THE PROCESS 
CAPABILITY HAS 
BEEN CONFIRMED

ARPRO
TECHNICAL

CENTRE



Environmental impact
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ARPRO LCA data is broken down in to distinct production phases and sources of environmental 
impacts to better explain some of the key findings and increase understanding of environmental 
performance of ARPRO.

ARPRO production (driven by material inputs and moulding, see page 10) is responsible for the 
largest potential impact in the following categories: abiotic depletion, acidification, global warming, 
ozone depletion, terrestrial ecotoxicity and photo-oxidant formation.  A reasonable result given 
that the seat is ‘made of’ ARPRO.

Wireframe production is significant to all investigated potential impact categories however.  It 
makes the largest contribution to the total potential impact on eutrophication, human toxicity and 
fresh water aquatic ecotoxicity.

The assembly stage makes a critical contribution to total potential impact on eutrophication and 
ozone depletion.

The end of life stage is insignificant to the total potential impact in all categories.

These results are then split further to report more detail on the different phases of the ARPRO 
Seat-core production:

· ARPRO production 
· Seat-core wireframe production 
· Seat-core assembly into vehicle 
· End-of-life

While reviewing the results the relative importance of each phase should be considered.  Please 
note for example the small impact of the end-of-life phase despite the worst case scenario being 
employed.  In analysing the ARPRO production in more detail, it is possible to determine the 
specific impacts of material inputs and the moulding phase.

Results in more detail

  
  

 

  
 

AT THE LAUNCH..

THE SEAT ALONE IS 
10kg LIGHTER! IMPROVED 
EFFICIENCY AND REDUCED 

EMMISSIONS!

AND THE AWARD FOR 
DESIGN INNOVATION 

GOES TO...

CONGRATULATIONS ON 
YOUR PROMOTION - YOU MADE 

GOOD DECISIONS AND RAN 
A GOOD PROJECT!

MEANWHILE ARPRO  
PRODUCTION RUNS 
24 HOURS A DAY, 
7 DAYS A WEEK...

LATER THAT YEAR...
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ARPRO production:
environmental impact by input

wireframe production:
environmental impact by input

assembly (transport):
environmental impact by input
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ARPRO seat-core:
environmental impact by life cycle phase

wireframe production
transport
moulding

electricity generation (shredding)

transport (end-user to salvage yard)

transport (salvage yard to shredder)

transport (shredder to landfill/recycling)

disposal (landfill)

material inputs
 ARPRO production

moulding

Moulder to tier 1
tier 1 to final assembly

final assembly to dealer
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assembly

end of life:
environmental impact by input
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Sources of environmental 
impact within ARPRO 
production

The majority of the potential impacts of ARPRO 
production on abiotic depletion and photo-oxidant 
formation can be attributed to material inputs 
(polypropylene).  Material inputs are also the driver in 
terms of acidification, eutrophication, global warming, 
ozone depletion human toxicity and fresh water 
aquatic ecotoxicity.

Moulding is responsible for the majority of ARPRO 
seat-core production potential impacts in all categories 
except abiotic depletion and photo-oxidant formation.

Compared to material inputs and moulding, the 
contribution of other manufacturing processes to total 
potential impacts is relatively small. Actual ARPRO 
production impacts on fresh water aquatic ecotoxicity, 
global warming and ozone depletion due to the 
direct use CO2 in the process.  We believe the use 
of CO2 currently provides the most environmentally 
advantageous mechanism across all available 
densities.

Sources of environmental 
impact within wireframe 
production

The wireframe’s steel production (though becoming 
increasingly efficient, is a hugely energy intensive 
process) is responsible for the majority of total impacts 
in all categories.

Coating production (for the wireframe) makes 
an important contribution to the following impact 
categories: abiotic depletion, acidification, 
eutrophication and photochemical oxidation.

Transport of raw materials to the production facility 
makes a small but important contribution to the total 
potential impact on ozone layer depletion.

Sources of environmental 
impact within seat-core 
Assembly

The majority of potential impacts in all categories are 
associated with transport from moulder to Tier 1/Final 
Assembly plants and so the potential impacts in the 
assembly stage are predominantly from diesel  
production and emissions associated with 
combustion.  The results use weighted averages 
of real production components and return ‘typical’ 
impact scores.
 

Sources of environmental 
impact at end of life

Electricity generation for the shredding operation is 
responsible for the majority of total potential impact in 
the following categories: abiotic depletion, fresh water 
ecotoxicity and terrestrial ecotoxicity.

The transport stage includes the collection from 
the end user to salvage yard, from salvage yard to 
shredding operation, and from shredding operation 
to land filling/recycling.  Diesel production and 
combustion generate the majority of the potential 
impact in the following categories: global warming, 
ozone depletion and photo-oxidant formation.  

Landfill has an important potential impact in terms 
of eutrophication, human toxicity and photo-oxidant 
formation.  Landfill is used as the measure in the 
ARPRO LCA to provide a worst case score.

ARPRO however is a 100% recyclable material, and 
as such offers a clear potential environmental benefit 
for use in seat-cores, for example, when vehicles reach 
the end of their useful life. This benefit is seen further 
when recycling products in accordance with the end-
of-life vehicle (ELV) Regulations, as disassembly and 
sorting of mono-material ARPRO parts is easier and 
more efficient. Efficient recycling of non-metallic parts 
will be increasingly required as the ELV Regulations 
require re-use and recovery targets to be increased 
from 85% to 95% by weight of vehicle.

Recycling ARPRO at the end-of-life stage also further 
increases its positive environmental impact.
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Environmental impact categories in more detail 
global warming 
Emissions of gasses such as carbon dioxide (CO2), methane (CH4), 
carbon monoxide (CO), nitrous oxide (N2O) and sulphur hexafluoride 
(SF6) increase the absorption of infra red-radiation scattered back 
from the surface of the earth and so increase the temperature of the 
atmosphere.

A ‘unit of measurement’, Global Warming Potential (GWP) has 
been developed by the IPCC (Intergovernmental Panel on Climate 
Change) and can be used to express the potential contribution 
of different gases to the greenhouse effect.  GWP is a relative 
parameter that uses CO2 as a reference gas.  Characterisation 
factors are expressed as Global Warming Potential for a time 
horizon of 100 years (GWP100), in kg carbon dioxide-equivalents 
per kg emission.

Increasing global temperature may cause sea levels to rise and 
change the amount and pattern of precipitation.  Other likely effects 
include increases in the intensity of extreme weather events, 
changes in agricultural yields, glacier retreat, species extinctions 
and increases in the range of diseases.

Abiotic depletion 
This impact category considers the proportion of  
the available resource (in years) for each abiotic raw material 
consumed by the activities in question and summing their 
contribution to depletion of known stocks, calculates a measure of 
total depletion in years.  Raw materials extracted that contribute 
to resource depletion are aggregated according to their impact on 
resource depletion compared with reserves of the metallic element 
antimony (Sb) as a reference.

Acidification 
Acidification arises due to the deposition of acids that lead to:

(i) a decrease in pH 
(ii) a decrease in the mineral content of soil 
(iii)  an increase in concentrations of potentially toxic elements in 

ground water

These effects are caused by acid rain and dry deposition to water 
and surfaces; caused by production of the associated gaseous 
pollutants sulphur dioxide (SO2) and nitrogen oxides (NOx).

Acidification Potential (AP) factors have been developed for potentially 
acidifying gases such as SO2, NOx, HCl, HF and NH3.  The AP of a 
substance is calculated on the basis of the number of hydrogen ions 
that can be produced per mole of a substance, using SO2 as the 
reference substance.

Acid rain has been shown to have adverse impacts on forests, fresh 
water and soils, killing insect and aquatic life-forms.

Photo-oxidant formation 
Low level smog contains irritants that can adversely affect 
human health.  Factors have been developed for emissions with 
photochemical oxidant formation potential (POCP) that contribute 
to the formation of photochemical oxidants (smog).  The POCP is 
a measure of the capacity to form ozone in the lower atmosphere 

using ethylene as the reference substance.  Impacts are expressed 
in kg ethylene (C2H4) equivalents.

Smog is especially harmful for senior citizens, children, and people 
with heart and lung conditions such as emphysema, bronchitis, 
and asthma. It can inflame breathing passages, decrease the lung 
capacity and cause shortness of breath. It can cause eye and nose 
irritation and interferes with the body’s ability to fight infection, 
increasing susceptibility to illness

Ozone depletion 
Changes in stratospheric ozone will modify the amount of harmful 
ultraviolet radiation reaching the earth’s surface with potential effects 
on human health.  For emissions that contribute to the depletion 
of the ozone layer (e.g. chlorofluorocarbons), ozone depletion 
potentials (ODPs) have been calculated.  ODPs use CFC-11 (or 
CCl3F trichloroflouromethane – the first widely used refrigerant with 
the highest ozone depletion potential) as a reference substance (kg 
CFC-11 equivalent/ kg emission).

It is thought that consequences such as skin cancer, damage to 
plants, and reduction of plankton populations in the oceans may 
result from the increased UV exposure due to ozone depletion.

Human toxicity 
This impact category indicator represents the potential for the 
human body to be contaminated.  

Outputs in this category include releases of metals to air and water, 
organic compounds to water, volatile organic compounds, nitrogen 
oxides, ammonia and sulphur dioxide.

Human Toxicity Potentials (HTP), are calculated.  They 
describe fate, exposure and effects of toxic substances for 
an infinite time horizon.  For each toxic substance HTPs are 
expressed as 1,4-dichlorobenzene equivalents per kg emission. 
1,4-dichlorobenzene is used a pesticide and a deodorant, most 
famously in mothballs.  It is poorly soluble in water, is not easily 
broken down and accumulates in fatty tissues.  The International 
Agency for Research on Cancer (IARC) has determined that it may 
reasonably be considered a carcinogen, since animals given very 
high levels in water developed liver and kidney-tumours.

Freshwater aquatic toxicity / terrestrial toxicity 
The ecotoxicity scores represent the quantity of aquatic or terrestrial 
ecosystems potentially polluted to their maximum tolerable 
concentration.  Outputs in this category include releases to water of 
metals, non metals and organic compounds.

Eutrophication 
This is caused by the addition of nutrients (e.g. NOx, nitrates, 
phosphates and ammonia) to a soil or water system that leads to 
an increase in biomass.  These substances are aggregated using 
nutrification potentials (NPs) which are a measure of the capacity to 
form biomass compared to phosphate (PO4-3).

Changes in nutrient supply can dramatically affect ‘primary 
productivity’ (excessive plant growth and decay) causing a lack of 
oxygen and severe reductions in water quality for fish and other 
animal populations.

Appendix
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* CO2(e) is a measure for describing how much global warming a given type and amount of greenhouse gas may 
cause, using the functionally equivalent amount or concentration of carbon dioxide (CO2) as the reference

About ERM
Environmental Resources Management (ERM) the independent consultancy that performed the ARPRO 
Life Cycle Assessment is one of the world’s leading providers of environmental consulting services.  More 
information on ERM can be found at www.erm.com




