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Abstract Driven by public awareness and international regulations and standards,
sustainability and environmental impacts have become increasingly important
distinguishing factors between competing products and services. Circular economy
aims to increase economic growth by using natural resources and ecosystems in a
more effective way with the aim of maintaining products, components and materials
at their highest utility and value at all times. More effective use of materials enables
the creation of more value both by cost savings and by developing new markets or
by developing existing ones. Reduced acquisition of resources is a driver for
innovation for sustainable use of materials, components and products as well as
new business models. This chapter introduces methods and tools to assess and
reduce environmental impacts, and improve resource efficiency and sustainability
management. Life cycle thinking forms one of the basic principles of sustainable
development, and Life Cycle Assessment (LCA) is the leading method for
assessing the potential environmental impacts of a product, process or service
throughout its life cycle (ISO 14040-44). Other methods based on life cycle
thinking are also introduced. LCA focusing on the contribution of a product or
service to global warming uses methods for Carbon Footprint measurement and
facilitates the tracking of greenhouse gas (GHG) emissions (ISO 14067). Water
footprint is a tool that assesses the magnitude of potential water-specific environ-
mental impacts of water use associated with a product, process or organisation. It
aims at describing the impact of water utilization on humans and ecosystems due to
changes in water quality and quantity (ISO 14046 Environmental management—
Water footprint—Principles, requirements and guidelines 2014). The concept of
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handprint has recently been introduced to measure and communicate the positive
changes of actions and the beneficial impacts created within the life cycle of
products, services, processes, companies, organizations or individuals. A handprint
of a product can be created either by preventing or avoiding negative impacts
(footprints), or by creating positive benefits. When adopting the circular economy
way of thinking, companies need these tools and methods to ensure resource effi-
ciency, cost cuts and improvements in their environmental performance which
provide them with more earning opportunities. Fundamental changes throughout
the value chain, from product design and production processes to new business
models and consumption patterns, support this trend.

Keywords Life cycle assessment � Carbon footprint � Water footprint � Carbon
handprint � Sustainability

1 Introduction

The interaction between industry and the natural environment is strong. The climate
change and other environmental impacts related to industrial manufacturing have
been discussed and agreed very widely during recent decades, which has increased
pressure on industrial businesses (Lieder and Rashid 2016). Scientific under-
standing of the climate system and its sensitivity to greenhouse gas
(GHG) emissions is nowadays more comprehensive than ever before. In December
2015, 195 countries and the European Union reached a global climate deal,
agreeing to a long-term goal of limiting the increase in global average temperature
to well below 2 °C, which means that countries need to scale up their efforts and
actions to reduce emissions (European Commission 2016). This will bring great
challenges for industries of different sectors, such as those considered in the
Use-It-Wisely (UIW) project (turbines, machinery, space, trucks, shipping and
furniture). The existence of environmental regulations has been a considerable
influence on some of these companies.

In addition to the environmental considerations, the companies also face another
challenge, since resources are becoming scarcer and the competition for their
acquisition harder (Lieder and Rashid 2016). Earth Overshoot Day is the annual
marker of when we begin living beyond our means in a given year (Global footprint
network 2015, www.overshootday.org). Although only an approximate estimate of
time and resource trends, Earth Overshoot Day is as close as science can get to
measuring the gap between our demand for ecological resources and services, and
how much the planet can provide. Our demand for renewable ecological resources
and the services they provide is now equivalent to that of more than 1.5 Earths. The
unsustainable use of resources brings challenges to resource supply and price, since
the increasing requirements for resources cannot be met everywhere (Lieder and
Rashid 2016). The changing markets require quick responses from the industry,
requiring green growth and a resource-efficient economy.
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Environmental topics have a direct effect on humans, but industry is also closely
related to social aspects via employment and customer experiences related to the
industrial products. Economic competence and growth bring new jobs to the market
and thus createwell-being, and satisfying customer experiences boosts the demand for
products. Thus these three components—economic, environmental and social aspects
of sustainability—create a positive circle supporting one another and can all be
interlinked, managed and measured with a toolkit of various sustainability indicators.

The UIW-project aims to find solutions enabling rapid response to changing
markets, business environments and customer needs. Sustainability methods and
indicators presented in this article can help companies to achieve these goals by
providing tools for managing and improving the sustainability performance of the
manufacturing industry and its products. They can be used in finding new and
improved business opportunities by e.g. increasing the efficiency of practices, and
reducing waste streams both in the companies’ own processes and elsewhere in the
value chain. They can be applied in any industrial sector and for products as well as
for services.

The methods presented in this chapter are based on life cycle thinking. It is a
prerequisite to understand “the bigger picture”, i.e. all the requirements and impacts
that relate to the value chain of a product. Life cycle assessment (LCA) considers all
materials and energy aspects during the entire supply chain, including raw material
and fuel acquisition, different manufacturing and conversion processes, the use and
consumption of the product and finally recycling or disposal. Together with life
cycle thinking, circular economy emphasizes the sustainable use of resources by
reducing, reusing and recycling materials and energy as much as possible (Yuan
et al. 2006). Life cycle thinking and circular economy are presented in Sect. 2.
These approaches ensure minimization of the overall environmental impacts and
help avoid shifting the potential burden between different life cycle stages or
individual production units or material and energy.

Section 3 introduces LCA, which is a method for assessing the environmental
impacts created during the life cycle of a product. LCA can be used for identifying
opportunities to improve the environmental performance of products; informing
customers, stakeholders and other interest groups of environmental impacts from
different stages of the life cycle; and marketing purposes in the forms of e.g.
eco-labelling or environmental product declaration (EPD) (Tukker 2000). Section 4
describes other assessment methods that are based on life cycle thinking. The
carbon footprint presented in Sect. 4.1 reflects the impact on climate change during
the life cycle of a product. It typically describes the global warming potential within
the next 100 years (BSI PAS2050:2011). Water footprint, presented in Sect. 4.2, is
a measure of the magnitude of potential, water-specific environmental impacts of
water use associated with a product, process or organisation, including both water
quality and quantity aspects (ISO 14046 2014). Handprint, presented in Sect. 4.3, is
a new concept that focuses on benefits rather than on negative impacts. The positive
impacts can occur in the company’s own actions or e.g. reduce the customer’s
footprint via improved product qualities (Shine 2015). Finally, the conclusions are
presented in Sect. 5.
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2 Life Cycle Thinking and Circular Economy

The basic understanding of life cycle methods is that all products and services have
a value chain connected to them, that nothing in this world “stands alone”, and that
all our actions have consequences. Life cycle thinking considers all materials, fuels,
energy and water consumed and the possible by-products, emissions and waste
created when making, using and/or disposing a specific product. The life cycle
begins from raw material extraction and conversion and continues via manufac-
turing and distribution to use and/or consumption. The life cycle ends with the
so-called end-of life stage, including re-use, recycling of materials and energy
recovery and/or disposal. In all these life cycle stages, the actions are connected to
consequences, e.g. the materials used must be supplied from somewhere, with some
energy demand and release of emissions. Resources are consumed and impacts to
the environment are created within the life cycle of every product.

The core of life cycle thinking is to avoid shifting the environmental burden
(European Commission 2010). This means that minimising impacts at one stage of
the life cycle or in one environmental impact category should not cause increasing
impacts elsewhere. Very often the value chains are international and the impacts
e.g. on climate change have an effect on a global level. For example, saving energy
during the use stage might increase the amount of material needed in manufac-
turing, or increase the energy needed in disposal of a product. Life cycle thinking
aims to avoid these kinds of consequences.

The circular economy is based on sustainable use of resources. In a circular
economy, the value of products and materials is maintained for as long as possible;
waste and resource use are minimised, and resources are kept within the economy
when a product has reached the end of its life, to be used again and again to create
further value. The “3R” principles—reduce, reuse, and recycle materials and energy
—describe different possibilities to practice circular economy (Yuan et al. 2006).

Traditional economic systems tend to be based on a linear “take-make-dispose”
production model (Sitra 2015). Products and production are based only on the
initial use of the product and recycling is segregated from production. For the
circular economy, however, there is a difference between the consumption and use
of materials. Consumed materials become waste, but the circular economy aims to
reduce waste through the efficient use of materials and other resources. Waste is
prevented if products and services were designed for reuse, remanufacture or
recycling as secondary materials. The goal is to retain the maximum possible value,
related to production and the used materials, within the circular economy (Sitra
2015).

The circulation of products and raw materials can be promoted in the following
ways (Sitra 2015):

1. Maintain: Build products to last longer without repairs and offer maintenance
services to prolong product life cycles, enabling longer use by the same owner.

2. Reuse/redistribute: Reuse the product for the same purpose on the resale
markets.
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3. Remanufacture: Plan the product life cycle as several life cycles and resell the
product after thorough remanufacture.

4. Recycle: Recycle product materials for reuse and design products so that their
materials are easy to sort. For biological materials, it would also be important to
consider how to ensure the safe and sustainable return of nutrients to the nutrient
cycle following their optimal use.

5. Cascade: Make use of a material or parts of it in another value chain, when it
can no longer be used in the original sector.

The following conceptual diagram (Fig. 1) illustrates in a simplified way the
main phases of a circular economy model. The phases are interlinked, as materials
can be used in a cascading way, for example when industry exchanges by-products,
products are refurbished or remanufactured, or consumers choose product-service
systems. The aim is to minimise the resources escaping from the circle so that the
system functions in an optimal way (European Commission 2014).

The circular economy seeks to make more efficient use of resources and mate-
rials, for the better recycling of their value and raw materials. Reuse and reman-
ufacturing are good examples of the circular economy, since they save much of the
energy used in the original production, such as in extraction of resources and further
processing.

Fig. 1 Circular economy and life cycle phases (European Commission 2014)
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For companies, adopting the circular economy way of thinking would create
opportunities to cut costs, grow their businesses and reposition themselves strate-
gically (Sitra 2015). Resource and energy efficiency are precisely the areas where
cost savings are most often achieved. Correspondingly, the circular economy
provides companies with more earning opportunities for each manufactured prod-
uct. However, this requires fundamental changes throughout the value chain, from
product design and production processes to new business models and consumption
patterns (EEA 2/2016). Whereas the order of magnitude of expected benefits of a
transition to a circular economy is reasonably well known, the exact numbers in
existing studies need to be treated with some caution, owing to methodological and
data limitations. Furthermore, benefits will not be evenly distributed: some indus-
trial sectors, businesses, regions and societal groups are likely to lose, while others
will benefit. Chapter Sustainable Furniture that Grows with End-Users introduces
how Gispen, a major office furniture producer in the Netherlands, has embraced
circular economy principles to create new business, extend product life time and
improve the adaptability of their products.

3 Life Cycle Assessment

The standards of LCA are ISO 14040:2006 “Environmental management—Life
cycle assessment—Principles and framework” and ISO 14044:2006
“Environmental management—Life cycle assessment—Requirements and guideli-
nes” (ISO 14040:2006; ISO 14044:2006). LCA can be used for identifying
opportunities to improve environmental performance of products; informing cus-
tomers, stakeholders and other interest groups of environmental impacts from
different stages of a product’s life cycle; and marketing purposes in the forms of e.g.
eco-labelling or environmental product declaration (EPD) (Tukker 2000). LCA
makes it possible to reveal mitigation points and critical phases along the supply
chain of a product, process or a service and can also assist in strategic risk man-
agement, facilitate resource efficiency and optimization of environmental man-
agement as well as be a communication tool.

LCA has four stages (ISO 14040:2006; ISO 14044:2006). The first stage is Goal
and scope definition. This defines the goal of the study, sets the system boundaries
and lists the assumptions needed in the calculation. The second stage, called the life
cycle inventory (LCI), includes data collection of input/output data and a balance
calculation to all unit processes (the smallest element considered for which input
and output data are quantified) in the life cycle. The results are presented as inputs
and outputs of the entire system. The results from the inventory can be converted
into impacts on the environment in the third stage, the life cycle impact assessment
(LCIA). One example of this is the carbon footprint calculation; the emitted GHG
from the inventory calculation are converted into global warming potentials in the
impact assessment stage (ISO/TS 14067:2013). There are also several other impact
categories, e.g. eutrophication, acidification and photochemical ozone formation.
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The final stage of LCA is interpretation of the results, which is based on all three
previous stages of the assessment and summarises and discusses the conclusions
and possible recommendations in accordance with the goal and scope definition. In
some cases, the goal of the study can be fulfilled with just the LCI calculation and
the interpretation, and the LCIA phase can be omitted. These studies should be
called LCI studies and not LCA studies (ISO 14040:2006; ISO 14044:2006). The
stages of the LCA are presented in Fig. 2.

When calculating LCA, the life cycle is modelled from unit processes which are
connected to each other with material or energy flows (ISO 14040:2006). Each
process has inputs and outputs which are connected to previous and subsequent
processes from the beginning until the end of the product life cycle.

LCA results are sensitive for the chosen system boundaries and assumptions.
One of the most important issues is definition of the system boundaries, i.e. the
determination of stages of the product’s life cycle that are included in the assess-
ment (Pajula 2014). Full LCA is calculated from “cradle to grave” or “cradle to
cradle”. In addition to the linear part of the life cycle (production of raw materials
and energy, manufacturing of the product, all transportations, use phase, and any
disposal of the product or other end-of-life treatment) a “cradle to cradle” study
includes recycling, reuse or remanufacturing. “Cradle to cradle” coverage is nec-
essary when evaluating the concept of circular economy. “Cradle to gate” and
“cradle to customer” calculations are partial LCAs considering the life cycle until
the production of the product only (cradle to gate) or until the product has been
transported to the customer (cradle to customer), but excluding the use phase and
end-of-life steps. They are mainly used for business to business communication and
as a starting point for more comprehensive LCAs.

There are two types of LCA approaches, which have different perspectives and
thus can be used for different types of needs (Finnveden et al. 2009).

– Attributional LCA can be seen as a “conventional” approach that focuses on
describing the environmentally relevant flows and impacts related to a product
or process. It includes the full life cycle as it is, uses allocation (partitioning of
the input or output flows of a process between the product system under study
and one or more other product systems) and typically uses average data.

1. Goaland scope
definition

2. Life cycle
inventory

3. Impact
assessment

4. Inter-
pretation

Fig. 2 The four stages of life
cycle assessment
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– Consequential LCA studies the change in environmental impacts related to a
change in the life cycle. The result describes the consequences of actions within
the life cycle, allocation is avoided through system expansion, and marginal data
is used in the calculations. The selection between attributional and consequential
approach should be made in the goal and scope definition phase depending on
the purpose of the study.

The unit processes within the life cycle can be grouped according to the life
cycle steps (e.g. energy production, transportation) or other coding (raw material
supply, own processes, end-of-life), and the results can be studied transparently
(ISO 14040:2006; ISO 14044:2006). Figure 3 shows an example of a life cycle,
presenting the life cycle steps of a fibre product and the types of input and output
flows related to each life cycle step.

Life cycle inventory (stage 2) calculations require vast amounts of highly
specific data. The procedures related to LCI are shown in Fig. 4. Data can be
collected from the production sites within the value chain, or it may be obtained
from other sources, e.g. public databases. The LCA standards set specific
requirements for e.g. time-related coverage, geographical coverage, technology
coverage, precision, completeness and representativeness of the data. In addition,
uncertainty and sensitivity of assumptions can be demonstrated via sensitivity
analyses. The results of LCA are represented per functional unit, which describes
the need that is fulfilled with the product or service. Typical functional units are
numbers of product (e.g. one car or a book) or amounts of product (e.g. 1000 kg
paper or 1 l of diesel).

INCINERATION WASTE DISPOSAL

WOOD FIBRE OTHER RAW 
MATERIALS

ENERGY EMISSIONS AND 
SOLID WASTE

PAPER TO THE CUSTOMER

PRINTING AND
CONVERTING

PAPER RECYCLING

RAW
MATERIAL
PRODUCTION

PAPER AND BOARD
MANUFACTURING

RECOVERED PAPER 

USE

Fig. 3 Life cycle example of a fibre product
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Life cycle impact assessment (stage 3) consists of the following steps (ISO
14044:2006):

– Classification assigns the LCI results to one or more impact categories, e.g.
CO2 influences global warming and SO2 can impact human health and
acidification.

– Characterisation converts the LCI results into common units and aggregates
the results within the same impact category. For example, CH4 and N2O are
converted into CO2 equivalents with emission-specific factors (a global warm-
ing potential of 1 kg CH4 equals 25 kg CO2 eq.) and reported as CO2

equivalents.
– Normalisation calculates the magnitude of category indicator results relative to

some reference information, which should be relevant considering the spatial
and temporal scales of the study. The purpose is to better understand the relative
magnitude for each indicator result of the product system studied. This step of
impact assessment is optional, not mandatory.

– Grouping means that the impact categories are sorted and ranked. Grouping can
be carried out either by sorting the impact categories on a nominal basis (e.g. by
characteristics such as inputs and outputs) or by ranking the impact categories in

Goal and scope definition

Preparing for data collection

Data collection

Validation of data

Relating data to unit process

Relating data to functional unit

Data aggregation

Refining the system boundary

Allocation
includes

reuse and 
recycling

Data collection sheet

Collected data

Validated data

Validated data per unit process

Validated data per functional unit

Calculated inventory

Completed inventory

Revised data collection sheet

Additional data 
or unit processes

required

Fig. 4 The simplified procedures of life cycle inventory (ISO 14044)
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a given hierarchy (e.g. high, medium and low priority). Ranking is based on
value-choices and the results may be different when calculated by different
parties. This step of impact assessment is also optional, not mandatory.

– Weighting converts and possibly aggregates indicator results across impact
categories using numerical factors based on value-choices. Sensitivity analysis
can be used to assess the consequences of value-choices. This step of impact
assessment is again optional, not mandatory.

The steps of impact assessment are presented in Fig. 5.
The LCA standards do not determine which impact assessment methods should

be used in a study. Selection of the method should be made in the goal and scope
definition phase (stage 1), considering the spatial and temporal aspects of the study.
Some methods include only characterisation factors but not normalisation or
weighting factors, and these methods are called “the midpoint methods”. For
example, the CML 2001 impact assessment method can be mentioned as a midpoint
method (CML 2001), and the ReCiPe method includes both midpoint and
endpoint-indicators (ReCiPe 2013). According to Goedkoop et al. (2008), the
midpoint indicators without weighting can be seen as more robust and less sub-
jective than the endpoint indicators, but they might be difficult to compare or
interpret due to their abstract meaning.

Environmental Product Declaration (EPD) is an LCA-based tool to communicate
the environmental performance of a product. It is a document that communicates
information about the life cycle environmental impact of products in a transparent
and comparable way (ISO 14025 2006). To control the calculations and data col-
lection, detailed requirements for some product group are developed; these are
called Product Category Rules (PCR). For example there is a PCR for the assess-
ment of the environmental performance of office furniture (EPD 2012).

“Critical review” is a specifically determined process for LCA that aims to
ensure consistency between a LCA study and the guidelines of the ISO standard.
This has to be used if the results of the study are to be published and used for a
comparative assertion. Critical review can be carried out by an internal or external

Inventory
results

CO2
CH4
CFC
NOx
SO2
HCl

Classification

Climate warming

Ozone depletion

Acidification

Characterization

Global Warming
Potential (GWP)

Ozone Depletion
Potential (ODP)

Acidification
Potential (AP)

Normalization

GWP relative to certain
area/time

ODP relative to certain
area/time

AP relative to certain
area/time

Grouping

One or more
sets of impact

categories,
e.g. high,

medium and
low priority

Weighting

One Figure

Impact assessment

Fig. 5 Steps of impact assessment
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expert, who is independent of the LCA, or by a panel of interested parties. The
review statement, comments of the expert and any responses to recommendations
by the reviewer(s) must be included in the LCA report (ISO 14040:2006).

Since life cycle assessments are often rather extensive and the amounts of
input/output data, flows and factors are very large, several calculation softwares
have been developed to help the calculations. They often include generic databases
and some impact assessment methodologies which are helpful in calculations.
SimaPro, GaBi and SULCA can be mentioned as examples of LCA calculation
tools (Loijos 2012; VTT 2014). Naturally, like every method, LCA has its limi-
tations, for example, inclusion of biodiversity, littering, or animal well-being may
be difficult in the calculations, due to lacking data and limitations in impact cate-
gories (Finkbeiner et al. 2014). Such challenges and limitations must be considered
and recognized in the goal and scope definition phase when using the method.

4 Other Methods Based on Life Cycle Thinking

In addition to LCA, carbon and water footprint are currently the most commonly
applied environmental assessment methods used by companies (Saurat et al. 2014).
All three are based on life cycle thinking, but whereas LCA includes all environ-
mental aspects, the others address specific environmental impacts such as climate
change (carbon footprint) or water-specific environmental impacts (water footprint).
As they were developed to study questions related to a certain specific environ-
mental topic, it is important to be aware that carbon and water footprints cannot be
used for an evaluation or communication of overall environmental superiority
(ISO/TS 14067:2013; ISO 14046 2014). Extensive LCAs should be conducted first
to identify the hotspots related to the production and value chains and to reveal the
most critical environmental impacts. This then allows companies to focus later on
the most important indicators, such as for example carbon footprint. This is possible
especially for companies or sectors working with basically the same raw material,
or mix of raw materials, from year to year, such as the aluminium or the forest
industry (Saurat et al. 2014).

4.1 Carbon Footprint

Climate change caused by human actions has created a need to measure and mit-
igate GHG emissions. Carbon footprint is a concept that describes the GHG
emissions and removals over the life cycle of a product expressed as CO2 equiv-
alents (BSI PAS2050:2011). The quantification of a carbon footprint is based on the
principles of LCA, focusing on the single impact category of climate change
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(ISO/TS 14067:2013). Benefits of carbon footprint as an indicator are that it is
easily understandable, globally interesting, broadly applicable and easy to imple-
ment for different strategies (Alvarez et al. 2016).

The carbon footprint of products standard (ISO/TS 14067:2013) provides
principles, requirements and guidelines for the quantification and communication of
the carbon footprint of products, including both goods and services. Calculations
can also be made at an organisational level (ISO/TR 14069).

The CO2 equivalent of a specific amount of a GHG is calculated as the mass of a
given GHG multiplied by its global warming potential factor given by the
Intergovernmental Panel on Climate Change (IPCC). The factors describe the
global warming potential of emissions over the next 100 years. The CO2 equiva-
lents are then summed up and reported as carbon footprint. The factors for the most
important GHG are reported in Table 1. The figures show that the impacts of
different GHG on climate change vary so notably per physical unit that they cannot
be directly compared and summed together at the inventory result level, but need to
be converted into the impact assessment level instead (Fang and Heijungs 2015).

The typical sources of GHG emissions in carbon footprint calculations are
energy production and consumption in the forms of electricity, heat or fuels,
transportation and selection of raw materials. As in the LCA calculations, the results
of footprint calculations can be divided into life cycle steps, and thus the most
important emission sources are shown.

Carbon neutrality is a term that has been widely used in public discussion,
although its meaning varies rather widely. It can be understood as zero fossil GHG
emissions to the atmosphere, or as a situation in which the amount of released
emissions is compensated by investing in projects that are mitigating GHG emis-
sions elsewhere. Both perspectives have deficiencies, since the dynamics of bio-
genic carbon and land use change are very complex in the first approach, and the
compensation does not remove the released emissions and their impacts from the
atmosphere in the second approach. Thus the background and assumptions of
carbon neutrality should always be reported in a high level of detail. The term
“Offsetting” refers to compensating for all or for a part of the Carbon Footprint in a
process outside the boundary of the product system through prevention, reduction
or removal of GHG emissions, but it is not permitted in carbon footprint calcula-
tions (ISO/TS 14067 2013).

Table 1 Conversion factors of the most important greenhouse gases to carbon dioxide
equivalents by IPCC (2007)

Conversion factor by IPCC

Carbon dioxide, CO2 1

Methane, CH4 25

Dinitrogenmonoxide, N2O 298
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Scientific communities and international guidance agree that all GHG emissions
arising from fossil sources shall be included in Carbon Footprint calculations,
whereas the inclusion of biogenic carbon involves more complexity and there are
different views on its inclusion (Pajula 2014). Carbon sequestration in forests and
storage in end products create carbon stocks for years, decades or even centuries
and make biogenic carbon time-dependent, whereas fossil emissions can be con-
sidered to be released “today” (ISO/TS 14067 2013). On the other hand, although a
sustainably managed biomass system is usually carbon neutral or even accumulates
carbon over time, the timing difference between the release and sequestration of
forest biomass carbon leads to a situation in which part of the carbon remains in the
atmosphere until it is fully sequestered back into the growing forest. This leads to
the fact that carbon neutral does not equal to climate neutral. The timing difference
between emission and sequestration results first in a warming effect, whereas over a
long period the accumulation of carbon results in a stock (Pajula 2014). Therefore,
the conclusions of a study strongly depend on the forest management system in use
and the timeframe chosen for the assessment (see Fig. 6, cf. Helin et al. 2012). The
suitability of the different approaches presented in the literature for biomass carbon
accounting within LCA was discussed by Helin et al. (2012). As there is no sci-
entifically correct timeframe, it is recommended that different timeframes should be
considered. Moreover, the technical specification requires reporting of biogenic
emissions separately from fossil-based emissions (ISO/TS 14067 2013).

Fig. 6 A policy horizon considering climate impacts (Helin et al. 2012)
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4.2 Water Footprint

Water scarcity and the availability of fresh water is a global concern. Numerous
industries have become vulnerable to water disruption. In recent years, there has
been an increased interest to assess water-related impacts as a basis for improved
water management at local, regional, national and global levels. At the company
level, it is not only important to ensure a supply of water, control the emissions to
water and maintain the local environment, but also to understand the indirect water
and the risk factors that occur when operating in different regions. One of the
methods developed for this purpose is water footprint.

Water footprint is a tool that assesses the magnitude of potential, water-specific
environmental impacts of water use associated with a product, process or organi-
sation. It aims at describing the impact of water use on humans and ecosystems due
to changes in water quality and quantity, making it possible to reveal mitigation
points along the supply chain. Compared to the product carbon footprint, which
describes the global warming potential of a product with a global impact, the water
footprint is a local indicator.

Various initiatives by different institutions and organisations have been launched
in order to develop analytical tools to measure and assess freshwater use and water
footprint (Hoekstra et al. 2011; Ridoutt and Pfister 2010). Due to a great variety of
different methods, comparison of the results has been difficult. In order to har-
monise the methodology and approach, the ISO Standard 14046 was launched in
2014. The standard provides principles, requirements and guidelines for water
footprinting. A water footprint assessment conducted according to this standard is
based on a LCA (ISO 14044 2006). An LCA-based water footprint is the fraction of
impact assessment results which are related to water resources. Water footprint is a
sum of the water footprint of different life cycle stages, identifies potential envi-
ronmental impacts related to water, includes geographic and temporal dimensions,
identifies quantity of water use and changes in water quality, and utilises hydro-
logical knowledge. Because any change in water quality and in water quantity may
have an impact on the availability or possible uses of water, it is important to
consider both aspects in the impact assessment.

Although the standard sets principles for the water footprint assessment, specific
methods or characterization factors that should be used for the assessment are not
defined in the standard. Several methods have been developed proposing different
inventory schemes and impact assessment models to account for the impacts
associated with water consumption or water quality degradation. Different methods
use different underlying assumptions, modelling choices, and conceptualisation of
what actually constitutes an impact of water use (Boulay et al. 2015; Kounina et al.
2013). Impacts may include contributions to regional water scarcity, depriving other
users of access to water, reducing the water flows required to maintain ecosystem
functions, or degradation of water quality. No single method is available which
comprehensively describes all potential impacts derived from fresh water use
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(Kounina et al. 2013). Currently, the WULCA group (Water Use in LCA,
UNEP-SETAC Life Cycle Initiative) is coordinating a consensus-building process
and leading the scientific work towards achieving a harmonised method to assess
water use in LCA (WULCA 2015).

Water footprint can be presented as the result of a stand-alone assessment (in
which only potential environmental impacts related to water are assessed) or is a
sub-set of results of a larger environmental assessment (e.g. LCA, in which con-
sideration is given to all relevant potential environmental impacts). According to
the ISO standard, a qualifier is used if a water footprint study is limited to only
certain aspects. A “water scarcity footprint” or “water availability footprint”
assesses impacts associated with water use only, and “water eutrophication foot-
print” assesses the impact related to eutrophication only. If all relevant water use
impacts are included (e.g. water use, eutrophication, acidification, freshwater tox-
icity), the study can be called water footprint (with no qualifier).

Water footprint and environmental risk assessment can be connected to derive
complementary data on product water sustainability (Saarivuori et al. 2015). This
provides companies with a way to manage and foresee water use related impacts
and risks and can be used as a basis for a broader water disclosure, providing a
deeper understanding of water risks for the companies themselves, the investors and
other stakeholders. In addition, water footprint provides a scientific basis and a
framework to assess water efficiency.

4.3 Handprints

The concept of handprint has been introduced rather recently (CEE 2007) to
measure and communicate the positive changes of actions and the beneficial
impacts, whereas the footprint measures the negative impacts in terms of emissions
and resource consumption. Operating an organization always creates some kind of
footprint, but it can also bring positive changes and benefits to the surrounding
world. The estimate of those impacts of positive change is called a handprint
(Norris 2015b).

The handprint concept can be applied to products, processes, companies,
organizations or individuals, and it can consider the impacts on environment or
society. Handprint evaluates the environmental impact of the object of study in two
categories: the delivered benefit and the good the object of study does. Handprint
builds on the concept of environmental footprint and the concept is characterized by
unlimited potential and a self-reinforcing positive feedback loop (Biemer et al.
2013a, b). This means the handprint can sustain itself once it is established as
companies tell others what they learned, and they in turn will tell others. The
handprint and the footprint are not exclusive, but rather complementary ways of
thinking.

Managing the Life Cycle to Reduce Environmental Impacts 107



According to Norris (2015a), a handprint of a product can be created either by
preventing or avoiding negative impacts (footprints) that would otherwise have
occurred, or by creating positive benefits that would not have occurred. The
handprint of a company considers the footprint of the company itself, but also the
positive changes the company may have on individuals or other companies. This
includes changes in the supply chain and also takes into account the changes which
are indirectly associated with the goods and services the company produces.
Handprints can take place anywhere in the world and they can be composed of
multiple small impact reductions.

Handprinting includes three steps (SHINE 2015):

1. Measure and reduce company footprint (e.g. reduce emissions, promote
eco-efficiency in supply chains and dematerialize goods and services).

2. Support others to reduce their footprints (e.g. promote innovations in the supply
chain which reduce the footprints of goods and services sold to other companies,
improve use phase efficiency, educate downstream customers to use products
more effectively or efficiently, share innovations with other businesses and
increase demand for own products with better performance (smaller footprint)
than that of displaced products).

3. Take actions which address the same kind of impact categories on which
footprints are causing negative impacts.

Both consequential (change-oriented and focused on the consequences of pos-
sible future changes between alternative product systems) and attributional (impacts
of a specific product system based on an account of the history of the product) LCA
can be applied in these assessments (Norris 2013).

Generating handprints is about actions that increase sustainability and well-being
and reduce harmful activities and impacts in terms of both humans and the planet
(SHINE 2015). The idea is to create and communicate positive changes in the
whole supply chain from factories to customers. Handprints complement the
footprint and bring similar quantitative and life cycle based assessment methods to
address a much wider scope of action (global focus and multiple impact categories
for companies to strive towards being net positive). Handprinting also highlights
the positive approach to impact assessment that can motivate and inspire company
staffs and promote creativity and new ideas on how to create more positive com-
pany impacts. Handprint covers a growing set of sustainability dimensions such as
climate change, human health, biodiversity and water consumption. There is also a
growing set of social performance indicators. However, better assessment tools and
further definition of the handprint calculation method are needed if companies want
to communicate the benefits achieved and their high level of clean-tech knowhow.
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5 Conclusion

The benefits of a transition towards a circular economy in Europe could be con-
siderable, reducing environmental pressures in Europe and beyond and decreasing
the continent’s high and increasing dependence on imports (EEA 2/2016).
Increasingly, this dependence could be a source of vulnerability. Growing global
competition for natural resources has contributed to marked increases in price levels
and volatility. Circular economy strategies could also result in considerable cost
savings, increasing the competitiveness of Europe’s industry while delivering net
benefits in terms of job opportunities (EEA 2/2016).

Reduction of environmental impacts from industry can be obtained with effec-
tive life cycle management. Consideration of the full life cycle of products, i.e. life
cycle thinking, is a prerequisite for full understanding of actions and their conse-
quences, both in the industrial manufacturing phase and elsewhere in the life cycle.
Sustainability indicators and tools can provide beneficial information for creating
new business opportunities and innovation processes. They provide transparent
information of resource and energy consumptions in different parts of the life cycle
and also reveal the most important sources of emission and waste. Thus they can be
of help in finding the most environmentally burdening processes and phases in the
life cycle so that the correcting actions can be directed efficiently to those areas with
the best improvement potentials. The life cycle management can also reduce the
resource requirements and create more economic value by reducing, reusing and
recycling of materials and energy while minimising the costs and the amount of
waste created.

The methods listed in this article are focused on environmental impacts from the
life cycles of products and services. Life cycle thinking, circular economy and LCA
provide a starting point for companies to think, act and manage their production
sustainably. Although still having some methodological challenges, such as the
allocation of burden between products in recycling systems or inclusion of biogenic
carbon, they are widely known and accepted approaches that have gained a per-
manent status as sustainability tools. They can be applied in all sectors, all products
and all services in the world, globally and locally, and they can be used for existing
processes or in the design and development phases of new products and processes.
They provide information for internal use but also for communication and mar-
keting purposes. The tools can bring benefits to the companies and industry sectors
and increase the know-how of sustainability both at the producer and consumer
level.

The carbon footprint and water footprint are nowadays standardized and
accepted methods that are based on LCA. They focus on specific topics of climate
change and water quality and scarcity, respectively. They can be useful when
studying a specific product, industrial location or company, and they are rather easy
to communicate and interpret. However, it is essential to keep in mind that envi-
ronmental challenges are not limited to carbon or water, and optimizing a single
indicator may cause trade-offs with other impacts.
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The concept of handprints on the other hand is still being developed. Handprints
aim at communicating the benefits of actions, the positive impacts rather than the
negative impacts measured by the footprints. Companies should follow the
development process of handprints and provide feedback to the concept developers
in order to reach the full benefits that can be created. The positive impacts and their
communication as handprints can generate competitive advantage for companies,
improve the brand and reputation and increase demand for the company’s products.

As new circular approaches emerge, frictions between the existing linear system
and the new approaches are bound to arise. These may be perceived as threats by
some stakeholders, but as opportunities by others. The UIW-project considers six
clusters, namely turbines, machinery, space, trucks, shipping and office furniture.
They can all apply the life cycle management options reported in this article to
support sustainable design of product services and production processes. Life cycle
thinking, efficient use and recycling of materials, environmental impact assessment
and consideration of positive actions can enhance new business opportunities,
improve competitiveness and extend the life cycles of industrial products/services.
Good practical examples exist. For example, businesses are already employing or
experimenting with new business models such as service- and function-based
business models and collaborative consumption. Governments increasingly foster
waste prevention, reuse and repair (EEA 2/2016). At the same time more infor-
mation is needed to inform decision making and combine thinking about envi-
ronmental, social and economic impacts. Better insight is needed into production
structures and functions, consumption dynamics, finance and fiscal mechanisms, as
well as triggers and pathways for technological and social innovations.
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