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Abstract
Life Cycle Assessment (LCA) can be timely, costly and technically demanding. This often
discourages its utilisation in Small to Medium Enterprises (SMEs). This paper presents an
example of an abridged LCA. Specifically, it draws on an in-depth case study at OdoniElwell, a Welsh based SME. The paper discusses trade-offs between the environmental
performance, durability and life-in-service of two common steel coating processes: hot-dip
galvanizing (HDG) and powder coating (PC). Results are generated using Sustainable Minds
abridged LCA software. The software aggregates a range of indicators to give a single
environmental performance ranking. The results identify higher emissions but improved
durability and longer lifespans for HDG. Conversely, it presents lower emissions but reduced
durability and lifespan for PC. The analysis discusses the impact of real product lifespan
versus technical durability on environmental performance. The results advise the use of PC up
to an anticipated service life of 20 years. The study shows how abridged LCA can improve
understanding and aid decision-making. It illustrates how this improved decision-making
capacity can lessen environmental impacts in SMEs.

Introduction
This paper investigates the use and suitability of LCA in SMEs. Specifically, it examines the
appropriateness of an abridged LCA methodology in the context of a steel fabricating SME
called Odoni-Elwell (OE). It investigates two commonly used steel coating processes: hot dip
galvanizing (HDG) and powder coating (PC). It will document the impacts and environmental
performance of these processes in the case of an OE product, over a range of life-in-service
periods. Analysis will establish and communicate the benefits and limitations of the
methodology in the context of an SME. It will aim to facilitate discussion about the suitability
of the technique for wider industry application.

Steel Industry Contextual Review
Up to 1500 million tonnes of steel are produced every year1. Related energy and industrial
processes account for 9% of global anthropogenic C02 emissions2. Demand for steel is
forecast to double by the year 2050 globally3, yet by that date we must reduce C02 emissions
by a minimum of 50%4. To achieve, this would require a 75% reduction in emissions per
kilogram of steel produced5. The current rate of efficiency improvements, related to steel
production, is however insufficient to meet this target6. Additionally, rising energy costs have
heightened competition. This has increased the difficulty and expense of meeting
environmental performance requirements1. It is therefore important to explore all means and
strategies for improving efficiency and performance.
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Life Cycle Analysis (LCA) & Small to Medium Enterprises (SMEs)
LCA is a recognised means of identifying and assessing the environmental impacts of product
life-cycles7. It can improve understanding and inform ecodesign decision-making. As such,
LCA has the capacity to increase efficiency and control environmental impacts. The adoption
of LCA can however, be timely and costly. This can often discourage SMEs from integrating
it into their New Product Development processes. There is also often a lack of knowledge
and technical expertise within SMEs to enable effective utilisation of these techniques. There
is even limited understanding as to why LCA should be implemented8, 9. To connect with
industry and increase LCA uptake in SMEs there is a recognised need to simplify tools and
approaches9. Sustainable Minds is an accessible and affordable cloud-delivered LCA tool. It
utilises validated sources including the EPA and NIST. The abridged LCA approach it adopts,
aims to ‘make it possible for manufacturers across the value chain – large and small – to
dynamically estimate, evaluate, compare and improve their products' environmental
performance’10. Simplified LCAs such as this have a reported accuracy of up to 90%11.

Steel Coating Processes
Hot-dip galvanizing (HDG) and powder coating (PC) are amongst the most common steel
coating processes. They are used to prevent and limit corrosion and improve aesthetic
appearance.
HDG is economical and very durable12. It provides corrosion protection via metallurgical
bonding of zinc-iron layers. It has a service life, without maintenance, for periods ranging
between 50-75 years in most environments. The provision of this service-life, allows for
longer lasting products and structures. This helps facilitate energy and resource savings13, 14.
The process does however generate both waste and emissions. Waste includes zinc fumes and
ash, dross (a zinc-iron alloy), spent acid (including zinc and iron chloride) and quantities of
water and general waste. Emissions include C02, hydrochloric acid, sulphuric acid, ammonia,
ammonium chloride, zinc and PM1015.
Whilst PC provides corrosion protection it is primarily used for decorative purposes. Powders
are mainly organic and polyester based. They contain no solvents and emit near zero VOCs.
Overspray is recyclable and the quantity of waste limited16. Defra report limited harmful
emissions but highlight the potential release of hydrogen chloride and odour as a result of any
steel pre-treatment17. A recent LCA study indicates low C02 emissions compared to other
coating processes18. Whilst difficult to predict, current PC technology has an estimated
lifespan of 10-20 years19, 20. It therefore fails to match the durability of HDG. PC steel
products are also more susceptible to corrosion. Unlike in HDG, there is no chemical bonding
between the coating and steel substrate. Consequently, if the coating is chipped and the steel
below exposed to the environment, corrosion will occur and accelerate13.
HDG and PC are also often used together. Research by Van Eijnsbergen, advises the use of
this ‘duplex’ system. Theoretically, its adoption has the capability to lengthen service-life and
corrosion protection by approximate factors of 1.5 - 2.521.

Research Methodology
The study was undertaken by the author at Odoni-Elwell Ltd (OE). It was completed in
collaboration with Ecodesign Centre as part of a Knowledge Transfer Partnership seeking to
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embed ecodesign principles and practices. OE is a Welsh based SME specialising in steel
fabrication in the bicycle storage and steel framed building sector. This case-study considers
an OE parking rack called the Spaceman. The product features a wall mounted design and is
intended for long-term use in exterior environments. Utilising Sustainable Minds software,
the study details the impacts and environmental performance of HDG and PC in the case of
the product. The software was chosen because it is an accepted, affordable tool, appropriate to
the needs of this and other SMEs. It was also deemed appropriate to the needs and
understanding of the author (Clarke); a product designer, with limited LCA experience.
Sustainable Minds is used to aggregate an environmental performance rating for iterations of
the product. It factors physical properties, material and manufacturing process impacts and
provided product service-life. Data is input from detailed CAD models of the design. Material
and process information is aggregated using Sustainable Minds’ database. Estimated life-inservice spans are informed by literature review, customer feedback and environment of use.
The study focuses on environmental performance during the design, manufacturing and use
stages. End-of-life procedures, transportation and recycling are not considered as part of the
study. Results consider three separate coating scenarios for the product; 1) PC, 2) HDG, 3)
Duplex. They show ratings for each scenario over varying estimated life-in-service periods.
Each scenario is compared against a bare, uncoated mild steel product with an estimated 1
year service life. This uncoated product is used as a datum against which the scenarios are
ranked on environmental performance improvement.

Results

Analysis
Results illustrate the benefit of longer service life to improved environmental performance.
For all coatings; the longer the provided service life, the greater the environmental
performance improvement. However, PC augmented the greatest performance gains over
shorter service lives. (Up to a period of 20 years - beyond which protection cannot be
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guaranteed.) The significance of actual product lifespan versus technical durability is
consequently illustrated. If the product were intended to last 75 years then HDG or duplex
(HDG and PC) would facilitate the biggest environmental performance improvement.
Conversely, it advises the use of PC for 20 years or less of service. Prior to this study OE
utilised a duplex coating system for the Spaceman product. However, evaluation of these
results questioned that decision. Allowing for changing trends and user needs, it is unlikely
the Spaceman would provide more than 20 years of service before replacement. In this case,
the presented research advises the use of PC over a duplex system. This is significant; existing
literature largely measures coating environmental performance on service longevity and
manufacturing emissions. This research however, also factors the importance of actual or
anticipated product lifespan. It therefore offers new insight.
The generated results present the most appropriate coating choice for each designated service
length. This significantly improved the understanding of the designer and manufacturer. The
results enabled the required service life to be matched with the most efficient corresponding
coating choice. This presented the most suitable material for the intended application. The
results facilitated quick, well informed decision-making that engendered environmental
performance improvements.
There were further benefits of the study. The abridged software was very accessible and time
efficient. As a non-expert with limited LCA experience the results were generated quickly (in
2-3 hours) and with no training. As identified in the literature review, SME’s are often
burdened with time and financial constraints and limited technical understanding.
Subsequently, there are benefits of this approach to SMEs, over traditional, more intensive
LCAs.

Conclusion
The study advises the use of PC over HDG and duplex coating in the case of this product.
Whilst actual product lifespan is neglected in much of the existing literature, these findings
demonstrate its significance to coating choice and environmental performance efficiency. The
paper illustrates how a simplified LCA can improve understanding of environmental
performance considerations in SMEs with limited existing expertise. It shows how this
improved understanding can facilitate better informed ecodesign decision-making.
Furthermore, it demonstrates how this increased decision-making capacity can lower SME
impacts and improve environmental performance. The paper presents evidence in favour of
the adoption of this abridged technique in SMEs over more intensive, costly and detailed LCA
studies.
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