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ABSTRACT

The traditional good dominant logic framework was recently replaced by a service dominant
logic. This shift requires also different perspective on life cycle assessment (LCA), from the
definition of the value of the process to be analyzed and thus the reference scenario, to the
measures to be generated in order to accurately and reliably present the environmental, social
and economic impacts. Moreover, it requires to interpret differently the input-output inventory
of physical resources of materials and energies, but also to stress the importance of assessing
non-physical resources like effort and knowledge. In general, moving from a good to a service
or a product-service system, changes the focus from production to usage, identifying by
different alternatives, which dematerialize the demand by servicizing. In addition, servicizing
increases the level of the life cycle's value, where eventually the customer could be turned into
a provider and reduce the environmental impacts. In service based LCA perspective, the joint
value co-creation and the customer behavior are the main drivers of the LCA impacts due to the
promotion of a general functional unit that fulfill the need. Three cases of study are used as
examples to apply LCA to the transition from goods to services.
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1. INTRODUCTION

The biological concept of life cycle, which accounts for the series of stages that an
organism passes from birth to reproduction and generation of an offspring, was borrowed to
many other fields. Examples include manufacturing and management, representing a series of
stages through which not only the individuals of a society but the requested essential living
demanded products and its corresponding processes, in terms of goods or services, pass
during its lifetime (Klopffer 1997; Guinee 2002). In many of these areas, resources and
emissions inventories are employed to analyze the external effects of each life cycle’s stage
in the context of the whole life cycle. This way, it is possible to improve the efficiency and
the effectiveness of the product, the process or the service in environmental terms. In general,
this input-output balance is referred to the involved streams: resources such as materials,
energy, water and land and environmental burdens to the air, water and soil.

In the case of production processes, a set of physical resources can be allocated not only to
the main units or equipments such as assembling lines or reactors but to the facilities that
contain them and their use and maintenance: warehouses, workshops, heating, lightning, etc.
The environmental burdens of each of those stages can be measured with respect to economic
(e.g., profit or contribution to economic growth), social (e.g., well-being or equity) and
environmental (e.g., human health, greenhouse gas emissions) metrics. Regarding these
metrics, an excellent selection of proper sustainability metrics for the process industry was
discussed a decade ago (IChemE 2002), and we used this approach in cases of study during the
last years (Dominguez-Ramos et al. 2015; Margallo et al. 2015; Garcia-Herrero et al. 2016).
Other standards are also available: the way in which the measurements can be reported in the
case of companies is usually completed according to the Global Reporting Initiatives standards
(Global Reporting Initiative 2018). Nevertheless, apart from the physical resources, there is
another set of resources, which barely has been discussed and that corresponds to the non-
physical ones. These resources must be also allocated to each of the life cycle’s stages, which

includes effort, time and manpower, and information and knowledge.

2. LIFE CYCLE ASSESSMENT (LCA)
From a goods dominant perspective, the life cycle of a process, product or service is
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typically composed of the following stages: extraction of raw materials, manufacture,
distribution, use and end of life, from cradle to grave (i.e., from birth to disposal) or from
cradle to cradle (i.e., from the beginning of life to reuse, recycling or recovery) (Wolfson
2016). Due to the efforts in this field through decades, the Life Cycle Analysis or Assessment
(LCA) is nowadays a well-known tool to manage and to improve the environmental
performance of processes, products or services, and also to compare between alternatives that
share the functional unit (Day 1981; Kloptfer 1997; Guinee 2002; Fredga and Miler 2010).
In addition, environmental metrics are generated to quantify the potential impacts, for
instance carbon footprint (i.e., the overall emission of greenhouse gases) or water footprint
(i.e., the overall use of water) (Cucek et al. 2012). These metrics are used to identify the life
cycle's stages that can be improved, by decreasing the use of non-renewable natural resources
and individual emissions to the three environmental compartments. As a result, the
environmental burdens are assessed so it is possible to identify hot-spots, increasing the
efficiency of the whole life cycle, and also searching for replacements in the form of more
benign options.

While there is an agreed set of procedures to define the LCA goals and scopes, to examine
the inputs and outputs of materials, energy, water and land throughout the life cycle and to
define the relevant metrics for decision making, the method has also revealed inherent
limitations. First of all, the system boundaries are not always easy to define and the
assumptions made during the process maybe not consistent, resulting in problems to compare
between different results (Keairns et al. 2016; Wolfson 2016). Moreover, in most of the
published cases of study, the LCA of a process, product or service is retrospective
(measured/estimated data) rather than prospective (forecasted data). Therefore, it does not
typically relate to broad steps such as design and development and research or education that
can tremendously change the life cycle or even improving it by considering prevention or
reduction of manufacturing. This fact is clearly exemplified by the development of Product
Category Rules (Laso et al. 2016; Laso et al. 2017). These rules helps and guide about how to
assess properly the environmental profile of already existing products leading to
Environmental Product Declarations (Environdec 2019). Another particular example of the
lack of a broader perspective takes place during the assessment of solid waste treatment and
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the comparison among landfill, recycling and incineration of waste, which typically do not
include an alternative of waste prevention and circular economy. Regarding additional
limitations, struggling at quantifying the compromise between the quality of recycled
products and its quantity is usually discussed in specialized forums among LCA practitioners
( Margallo et al. 2015).

Furthermore, in terms of time and investments it is not always easy and effective or even
useful to assess all resources. For example, while the water footprint and cumulative energy
demand in the life cycle of a vegetable is relatively easy to calculate, the assessment of
provided nutrients to the human body is less straightforward, though it has an obvious health
impact. Additionally, as it is usually difficult to present all inputs and outputs and their
impact with one measurable index, for example coupling between water footprint and carbon
footprint or between energy and material utilization, the decision making is not always
straightforward. Indeed, unless a win-win situation could be clearly identified, metrics tend to
move in opposite directions thus a trade-off arises. For instance, while the emission of CO,,
NOy, SO; and particulate matter (PM) to the air can be measured, their synergetic effects are
very difficult to calculate. This fact holds true as PM creates local pollution problems directly
affecting geographically identified areas (local impact) while the release of CO, contributes
to Global Warming as global impact.

Several approaches are used to try to circumvent the inherent difficulties associated with
the full assessment of physical resources and emissions to environmental compartments,
leading to a continuous spectrum of types of LCA instead of pure non-intersected LCA types
(Suh and Yang 2014). With this continuity in mind, LCA practitioners can differentiate
between attributional LCA and consequential LCA, which have applied to different cases of
study (Thomassen et al. 2008). According to ISO 14040, which describes the principles and
framework for LCA, “two possible different approaches to LCA have developed during the
recent years. these are (a) one which assigns elementary flows and potential environmental
impacts to a specific product system typically as an account of the history of the product (i.e.,
attributional LCA), and (b) one which studies the environmental consequences of possible
(future) changes between alternative product systems (i.e. consequential LCA)” (ISO 14040
2006). UNEP Shonan LCA database guidance principles defined both approaches as follows:
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(a) attributional approach is system modelling approach in which inputs and outputs are
attributed to the functional unit of a product system by linking and/or partitioning the unit
processes of the system according to a normative rule, and (b) consequential approach is
system modelling approach in which activities in a product system are linked so that activities
are included in the product system to the extent that they are expected to change as a
consequence of a change in demand for the functional unit (UN, 2011). At last, while
attributional LCA provides information about the impacts of the processes used to produce
(and consume and dispose of) a product, but does not consider indirect effects arising from
changes in the output of a product, consequential LCA provides information about the
consequences of changes in the level of output (and consumption and disposal) of a product,
including effects both inside and outside the life cycle of the product. Moreover, while
attributional LCA generally provides information on the average unit of product and is useful
for consumption-based accounting, consequential LCA models the causal relationships
originating from the decision to change the output of the product, and therefore seeks to
inform policy makers on the broader impacts of policies which are intended to change levels
of production. Thus, these two approaches use different methods and systems boundaries and
aim to answer different questions, hence they also have different applications.

Attributional LCA is a bottom-up process-based methodology usually product-oriented and
mainly devoted to the accounting of resources utilization and environmental burdens. System
boundaries are set-up, which define the input and output flows from and to nature and the
intermediate flows between existing unit processes. Because of this nature, some kind of cut-
off rule must be applied to choose a manageable number of involved unit processes. Usually,
most of the published LCA studies consider these attributional features. In attributional LCA or
process-based LCA, global, national or regional markets are not considered so the use of
natural resources and the environmental burdens are only attributed to the product, process or
service identified by the functional unit.

On the other side of the spectrum, other approaches are also available to mitigate the
problem of the cut-off rules. A consequential LCA or environmental input-output LCA
( Zamagni et al. 2012; Kitzes 2013) is a top-down methodology that accounts for the full set
of direct and indirect burdens, as all emissions are considered due to the fact that all of the
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involved economy sectors are integrated. This methodology provides a way to evaluate the
linkages between economic activities and environmental burdens and to overcome the
limitations of cut-off problems identified in attributional LCA. This way, consequential LCA,
as opposite to attributional LCA, considers market conditions and the potential displacement
of products within the economic system. Limitations arise here also, as it is not
straightforward the way in which emissions are aggregated by economic sectors or the
equilibrium model are applied. As an example, the use of attributional LCA for water
footprint of tomatoes account for all direct allocable water usage, from the growth to the
cleaning and packaging in the warehouse and at home, consequential LCA would also
consider the water displacement due to the tomato being in the market instead of other
vegetables. More recently, hybrid approaches have been suggested to overcome the
limitations of both types of approaches (Yang 2017).

Current LCA usually struggles also at considering its social pillar, which is also a
fundamental component of sustainability. For instance, carbon and water footprints of diverse
goods such as cloths or fruits, consider the place that the product is manufactured and the
place that it is used, in terms of the difference in the type of water that were used for the
product (e.g., green, blue or recycled water) or the emission during transportation from the
manufacturer to the distribution center and shops/markets. However, it does consider neither
the labor hours nor the social rights of the workers or the health impacts on the consumer in

the life cycle (Irabien and Darton 2016).

3. FROM GOODS TO SERVICE

Services play a major role in our daily life. The share of the service sector in economy and
in the employees’ number growth continuously, which is a distinctive feature of the
developed countries. This role of the services was highlighted by Vargo and Lush, as they
provided several years ago a new marketing and economic model termed Service Dominant
Logic (SDL), which aim to replace the traditional Good Dominant Logic (GDL) (Vargo and
Lusch 2004; Vargo and Lusch 2006). According to the SDL, the focus should be displaced
from solutions that are based on the production and delivery of tangible values (i.e., goods) to
those, which are based on the provision of intangible values (i.e., services). Consequently,
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this new approach means that from an LCA perspective (environmental approach), the
functional unit must be de fined in terms of a service rather than a product, which in turn can
be accomplished by a myriad of reference flows as it will have exemplified later on.
Moreover, thanks to the SDL, dematerializing of goods is possible, which clearly has a huge
potential for environmental improvements both in terms of resource saving and reduction of
environmental burdens.

In this sense, services differ from goods due to three key features:

- First characteristic is inseparability, which means that while goods are produced and
delivered in two sequential steps, services are produced and deliver simultaneously (i.e.,
consulting a lawyer).

- Second feature is perishability, thus services cannot be stored or returned (i.e., a lawyer
recommendation can be followed or not but once it is given it cannot be returned).

- The third characteristic that differentiates goods from services is the heterogeneity, as the
provision of services depends on the place and time of provision and also on the
character of the producer and the client and their mutual interactions (i.e., different

lawyers may not provide the same counseling).

On the other hand, products can be perfectly heterogeneous no matter the location of the
production facility (i.e., tires for cars or pencils for writing). Thereby, services are produced
and delivered via joint value co-creation process (Wolfso et al. 2006). Furthermore, this co-
creation process shift the provision model from value in-exchange, which resembles the
delivery of good from a supplier to a consumer, to value in-use model, which turns the
supplier into a provider and the consumer into a customer, and oblige both of them to invest
resources and participate in the provision (Vargo and Lusch 2004; Vargo and Lusch 2006).
Finally, SDL offers an economic model that is not necessarily associated with the production
and distribution of products, but rather with the use and functionality that these products can
offer (i.e., servicizing) (White et al. 1999).

Servicizing can also be obtained by merging products and services into a product-service
system (PSS) (i.e., the addition of a service to a product to obtain a combination with
maximum added value) (Tukker 2004; Gaiardelli et al. 2014). With the increase in popularity
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of PSS, it has accrued myriad definitions, such as (a) “Marketable systems of products and
services capable of fulfilling a user’s demand”, was proposed by (Goedkoop et al. 1999), (b)
“A pure product system is one in which all property rights are transferred from the product
provider to the client on the point of sale. A pure service system is one in which all property
rights remain with the service provider, and the clients obtain no other right besides
consuming the service. A product service system is a mixture of the above. It requires that
property rights remain distributed between client and provider, requiring more or less
interaction over the life time of the PSS” (Hockerts and Weaver 2002), and (c) “An
innovation strategy, shifting the business focus from designing and selling physical products
only, to designing and selling a system of products and services which are jointly capable of
fulfilling specific client demands” (Manzini and Vezolli 2003).

Concomitant with the growth in interest in PSS due to their greater efficiency and
profitability was a more focused consideration of the environmental impact of systems, a
natural development owing to the opportunity inherent in the PSS concept to reduce the
tangible elements, e.g., materials and energy, of system solutions (Lucas 2018; Wolfson
2016). In this case the terminology was also changed, and PSS was referred to as eco-
efficient services (EES), which are systems of products and services that are developed to
cause a minimum environmental impact with a maximum added value (Hockerts 1999;
Bartolomeo et al. 2003). Another term used is clean services. This is such a service that is
competitive with (if not superior to) its conventional tangible or intangible counterparts and
one that reduces the use of natural resources and cuts or eliminates emissions and wastes
while increasing the responsibilities of both provider and customer (Wolfson et al. 2013,
2014). Such combination of product and service can decrease the environmental impact of the
product and many times also the costs of the solution, while increasing the positive social
impact, thereby promoting sustainability. In general, there are eight types of PSS that are
divided to three groups: i) product-based, ii) service-based, and iii) solution-based (Tukker
2004). Finally, EES are often also termed as sustainable product-service systems, which are
designed and marketed to provide customers with a particular result or function without them
necessarily having to own or buy physical product in order to get that result (Roy 2002). In
addition, the design of these new product-service systems may involve the development or
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use of products that are more efficient in their use of energy and materials and generate less
pollution and waste.

Shifting from GDL to SDL requires a different approach on LCA as it was mentioned
earlier. The service to be provided becomes the actual functional unit, thus the products is no
longer fulfilling a main role. Nowadays, LCA studies are usually oriented to products
(producer perspective) and not to the consumer of that particular good (customer perspective).
For instance, the IPCC guidelines for national greenhouse gas emission inventory disregards
the emission from imported products and does not consider the role of the consumer in the
emission allocation system (Caro et al. 2015). In addition, service’s performance is usually
measured based on qualities and not quantities success parameters, either by accounting the
efficiency of the performance or by assessing what is the customers’ satisfaction (Rust and
Oliver 1994; Johnston and Jones 2004). Qveys usually perform this uestioners and sur
these measures not really account the impacts of the service on the social ,Yet .assessmentor
natural environment, as it reflects only the narrow needs, wants and benefits of the customer.

LCA as a tool both in its attributional or consequential approach can be successfully
applied to products, processes and services. Eventually, even if the SDL leads to a different
approach when using LCA, a certain set of physical resources flows will be required at some
point (material or energy). Therefore, servizicing can help at the dematerialization of goods
but cannot remove 100% of the materials or energy needs related to the chosen function unit.
In addition, as product based S-LCA mainly considers the impacts of the process on workers
(e.g.: number of working hours), service based S-LCA also can help at emphasizes the role of
the customer in generating and controlling these social impacts (e.g., unfear employment).

Like the LCA of goods, LCA of services or PSSs should include both the inventory of
direct and indirect physical resources and non-physical resources, which are the main
components of a service (Figure 1). Furthermore, the assessment should consider both the
core-value, which is the essence of the value, and the super-value, which accounts for indirect
impacts (Wolfson et al. 2010; Wolfson 2016). As such, it should account for all resources and
effort that are incorporated into the direct value, co-created by the provider and the customer,
(i.e., the core-value,) as well as the indirect delivery of resources and effort throughout the
supply-chain, for example the interactions of different suppliers and the provider, to the
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delivery of ‘by-products’ to other stakeholders (i.e., super-value). For example, a service of a
gasoline station provides gasoline filling as a core-value. Therefore, the resources which are
associated with gasoline extraction, production, transport and fill should be assessed together
with the resources that are attributed to the pump. Yet the indirect resources utilization in the
station itself, from electricity to water, which are part of the super-value, should also be
assessed. These burdens can be easily identified with the environmental amortization of
burdens from the infrastructure and the additional resources to operate the station, which
usually are neglected. Furthermore, besides the direct provider and customer of the core-
value, this perspective also accounts for indirect suppliers and stakeholders. Finally, in the
case of goods, the supplier is in charge for all resources of the life cycle except the use and
end of life stages, even if today producers are more and more responsible also at the end-of-
life stage. On the other hand, in service's life cycle, the customer is jointly responsible to the
whole life cycle stages, thus also becoming a provider of sustainability to current and next

generations (Figure 1) (Wolfson et al. 2010; Wolfson 2016).

Environmental, social, economic impacts

Super-Value
Suppliers Stakeholders

* Core-Value

Physical resources, infrastructures, effort, knowledge

Figure 1. Schematic Illustration of Sustainable Value Co-Creation in the Framework of SDL

At last, moving from GDL to SDL totally changes the perspective and thus the reference or
the scenario that should be assessed. For example, instead of food purchase and consume

assessing the provision of satiety or pleasure, assessing the provision of body covering and
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protection instead of assessing the input-output resources of a pair of pants or a fashion item,
or offering temperature (i.e., cooling or heating) instead of electricity. In addition, the criteria
or the measures of physical resources that are consumed or are emitted during a service are
also usually different. Moreover, when intangible values are the targets, their flow and
change during the various stages of the life cycle and the value of the whole service for
comparison with other alternatives is also changed.

Therefore, the aim of this work is to state the positive impacts in terms of sustainability of
moving from a good to a service or a product-service system, changing the focus from the
linear purchase-discard of a product to a concerned consumer usage of the product. LCA as a
tool can help at servicizing, as the service can become the new functional unit rather than the
conventional good used for it. The key role of the client/customer is highlighted. Three cases

of study are shown next to exemplify the benefits of the GDL LCA to SDL LCA transition.

4. METHODOLOGY
Moving from GDL to SDL requires different perspective on LCA. Moreover, if sustainability
is one of the targets, the LCA should account other aspects then physical resources. Herein,
three case studies are introduced, using the following methodology:
1. Definition of the value and the reference scenario, considering both product and service
features.
2. Assessing physical resources (e.g., greenhouse gas emission).
3. Assessing nonphysical resources per use or time, and with respect to effort and value
hierarchy (i.e., DIKIW pyramid).

4. Interpretation of the effect of servicizing on physical resources.

5. CASES OF STUDY REGARDING THE GDL TO SDL TRANSITION FROM A
LCA PRESPECTIVE
To demonstrate the new perspective gained by the use of LCA, three representative
examples were selected. The three chosen examples deal with the assessment of physical and
non-physical flow resources while bearing in mind the intangible nature of the service. In the
first example, the physical resources LCA of clothing is performed, where a scenario that
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emphasizes the use of a T-shirt is discussed. Then, an example of non-physical assessment
with respect to effort and value hierarchy for the service of liquid supply is illustrated
considering a plastic bottle as reference. Thirdly, the integration of physical and non-physical
resources assessment in the transportation market is used to demonstrate the transition from

GDL LCA to SDL LCA.

5.1 Case Study 1: Clothing

This first case study deals with clothing as an essential service. It is more than obvious that
clothing provides a dual service, which include both protection from outside weather
conditions (e.g.: cold, heat, rain, etc.) and personal projection (e.g.: trademarks, colors,
messages, etc.). Conventional GDL will use LCA (for example in its attributional approach)
for the discussion of the best environmental performing T-shirt or trouser: plastic fibers,
cotton, linen, etc. But, moving from GDL to SDL perspective will discuss the need and the
use of the clothing and not just the material used for the clothing.

According to the previous discussion, as the client demands being protected by a certain
material to feel comfortable and look proper to others, the functional unit of the service is
the need of clothing for a person during a period of time under certain outside weather
conditions. With this respect, one important factor related with the client is the use time of
a good. Let us use here a T-shirt as a potential reference flow for the aforementioned
functional unit. First of all, any T-shirt usually stays most of the time in the cupboard rather
than used. (Table 1) Thus, the first question that should be addressed is how to reflect the
time that this T-shirt is used in the assessment. This perspective is very important, as most
of the goods that we purchase on a daily basis are not used in full capacity. In this particular
example, this need of clothing is translated into a T-shirt and its uses. Hence, instead of
measuring carbon footprint of an item, carbon footprint per use or per time would be a more
accurate environmental metric to present the impact of the item’s life cycle on the social
and natural environments. In addition, once this T-shirt reference flow has been selected, it
should consider that the T-shirt is capable of preventing cold from outside and make the
client to look adequately for a certain amount of time, which leads to a different number of

usesTable 1. The Carbon Footprint of a T-Shirt, Adapted from (The Carbon Trust 2017)
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Life cycle’s stage Core/Super Carbon footprint Carbon footprint
value (g CO,-eq.)-50 uses (g CO,-eq.)-100 uses
Raw material production Core value 2.1 2.1
Fiber/textile production Core value 3.1 3.1
Clothing production Core value 0.8 0.8
Distribution Super value 0.3 0.3
Retail Super value 0.8 0.8
Use Core value 7.8 15.6
Recycle Core value 0.4 0.4
Total 15.3 23.1
Total per-use 0.31 0.23

The carbon footprint of the various stages of a T-shirt's life cycle assessment is illustrated
in Table 1, which corresponds to a classic attributional or product based LCA for different
number of uses. As mentioned earlier, even the clothing service will demand physical flow
resources as in this case, which is explained by a GDL LCA. The emissions of a 250 g cotton
T-shirt over the total life span (assuming global average carbon intensity of cotton
production, a useable lifetime of 50 uses and hot water washing after each use) is 15 g CO;-
eq. (The Carbon Trust 2017). As it can be seen, 45% of the greenhouse gases are attributed to
the non-use of the shirt (e.g., grow of cotton and production) while 52% are due to the use
(e.g., washing, drying and ironing) and the last 3% are attributed to recycling. The first two
parts can be reduced by using resources more rationally, from the use of alternative energy
during production and to produce domestic electricity to avoiding drying machine that
responsible to almost half of the emission of the use stage. Yet, the use time of a shirt is also
very important variant, as resources that were consume or pollutants that were emitted during
the pre-use stages (e.g., extraction of raw materials, manufacturing and transportation) are
embedded emissions and can be utilized more efficiently when the use time increase. Thus,
considering the use or wear of a T-shirt as a service and not as a good, requires calculating
the emission per use or time. For example, using the T-shirt double the time (i.e., 100 uses),
will cut the emission per use of pre-use steps by 50%, while the use stage emission per use
will not be changed. Hence, the overall emission per use will be cut by 26%. As such, the
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emission per-use will be calculated as g CO,-eq. per use. Moreover, the emission can also be
calculated per time, for instance g CO;-eq. per hour, as one use of a shirt can varied from
minutes to hours. Finally, using the same T-shirt twice the time avoids also the emission that
are attributed in pre-production, manufacture and delivery of another T-shirt (7.1 g CO;-eq.),
so actually the total emission is only 16 g CO,-eq. or 0.16 g CO»-eq. per use, a reduction of
around 50%.

Presenting the emission per-use instead of per-shirt, also emphasis the power of the
consumer to become a customer and not only be involved in the value co-creation and thus in
reducing the emissions, but also be responsible for the environmental impact of the T-shirt
use, hence becoming a provider of sustainability. It means that, if according to the good-
based assessment, half of the footprint is attributed to the provider due to all pre-use stages
(e.g., production and delivery) and the other half to the user, in a service-based assessment
the consumer behavior also changes the share of the pre-use emission in the overall emission.
Moreover, the customer can also feel his contribution to the reduction of emission per-use,
hence change his or her habits, which can motivate him or her to be a smarter user (e.g., buy
less shirts or cut the use of dryer and thus further reduce the emission per-use). Finally, the
LCA comprise of core-value emissions that directly attributed to the shirt (e.g., production,
use and recycle) and indirect super-value emissions (e.g., distribution and retail). However, in
the current example the super-value emissions are relatively low compared to the core-value
emissions (~7% of the total emissions), and increasing the uses will reduce this relative

emission accordingly.

5.2 Case Study 2: Storage of Liquids

Physical flows of resources regarding water, materials, energy and land use of the life
cycle of a product, process or service can be usually measured or estimated, and thus properly
assessed and compared to others which can perform similarly. On the other hand, non-
physical resources like client/customer effort and the level of the value in the DIKIW
hierarchy, from data and information to knowledge, intelligent and wisdom (Ackoff 1989),
are objectively more difficult to be measured, and the process is even more complex when the
various life cycle's stages should be assessed. Yet, shifting the focus from goods to services,
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oblige also to assess these features and to learn how they can improve the environmental and
social impacts.

Let us now consider as case study the need of storing a liquid over a certain period, which
is the service that must be fulfilled. Yet, in order to accomplish the service, a product in a
form of container or vessel should be used, and even reused for several times, thus this case
study is about PSS. Consequently, the reader could establish a clear parallelism with the
previous case study, as the physical resources imbued in the life cycle of the container or the
vessel that is used to keep the liquid should be recalculated per use or time. Thus the
functional unit to be served is the safe storage of a certain volume of a liquid for a certain
period of time. The service must assume that there are neither leaks nor contamination and
that transportation is possible. For this particular case study, a plastic bottle is a reasonable
example of a reference flow, as it can store a liquid during a reasonable period of time with
no leaks and easiness of transportation. While from GDL perspective the purpose of the
plastic bottle is only to transport the required liquid, from SDL itis additionally defined for
refilling purposes of a certain liquid such as water or soda, then plastic bottles production
could potentially be reduced if everyone will reuse their own bottles. Moreover, though
nowadays using one-time plastic bottles instead of owned glass bottles just make it more
comfortable, before the current dominance of the plastic bottles or aluminum cans, in
developing countries, liquids were usually transported in owned glass bottles that were
suitable for refilling service. In other words, the solution was in front of us all the time and
for sure not nothing new.

The clear issue with this reference flow is the environmental degradation. Plastic bottles,
which are used on a regular basis all over the world, have very high environmental impact.
They are manufactured from petroleum that is used both for polymers’ production and also as
fuel. In addition, most plastic bottles are not recycled, a process that can reduce their
environmental impact (Hopewell et al. 2009). Furthermore, these bottles and other plastics
end up in the ocean, reaching marine fauna through ingestion and entanglement (Eriksen et
al. 2014). Though recycling service also consumes resources, it can cut the overall carbon
footprint of plastic bottle’s life cycle by relevant percentages as shown for PET bottles by
means of a consequential LCA (Shen et al. 2011). However, bottle recycling requires some
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effort from the consumer who should become customer and take an active role in waste
separation at home and in throwing the bottle to an assigned bin, highlighting the key of the
client being a customer.

On contrary to recycling, which uses the bottles as raw material for another product, a
processes that consume some resources, reusing the bottle by refilling in the shop (i.e., Zero-
Packaging Shopping) does not require extra resources, thereby yields lower environmental
impact. This means that a different reference unit is possible: an owned refillable
glass/metallic bottle. Immediately, the concept of prevention arises, as the use of additional
means (plastic bottles) to serve the purpose is completely avoided. Again, the key element is
the possibility to reuse. On the other hand, this kind of service require higher effort from the
consumer: he should save the owned bottle, clean it and carry it back to the shop, but also
from the provider, which should place a suitable arrangement for this purpose (e.g., storage of
the requested liquids). Finally, Zero-Packaging Shopping has also social benefits as it
supports local economy, including small and regional farmers and other suppliers, and
presents higher transparency along the supply chain (Beitzen-Heineke et al. 2017).

As the main characteristics of a service is the intangibility of the value, the level of this
value and its effect on the environmental impact of the whole life cycle should also be
assessed. For example, the amount of recycled bottles or the efficiency of bottles recycling
service can be increased by moving from a service that include simple alignment of
recycling bins, which can be seen as equivalent to data in the DIKIW pyramid, to an
alignment that corresponds to the amount and the place of the bins based on needs (e.g.,
putting bins near supermarkets) and adds also some information about the distribution of
the bins in an internet site or an application, thus presenting value that is more in the level
of information. Furthermore, accompanying the recycling service with publicity and
adverting about the importance of recycling and the uses of the recycled material will
increase the value level to knowledge, thus increasing the amount of recycled bottles.
Moreover, imbuing education program about recycling, that besides data, information and
knowledge also add some way of thinking and acting as well as skills, or addition of policy
and taxes or other fees regarding disposal of plastic bottles, might increase the level further
to intelligent and even wisdom that can be manifested also by smart shopping and rational
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use of resources (i.e., reducing).

There are variety of aspects that effect recycling rate, form socio-economic to
demographic characteristics (Vining and Ebreo 1990; Sidique et al. 2010b). Yet, there are
also different ways to motivate recycling and increase recycling rate. Several researches in
the field found that the location of recycling receptacles is a critical factor in affecting the
level of recycling receptacle usage (Ludwig et al. 1998; O’Connor et al. 2010) found that
by determining the most common point of consumption, the response effort necessary to
recycle plastic bottles was potentially decreased, thus the level of recycling was increased.
Furthermore, Austin et al studied the effect of sign prompts on the recycling behavior of
faculty, staff, and graduate students in two academic departments of a large university
(Austin et al. 1993). They found that the sign prompts increased recycling behavior,
whereas installation of the sign prompts in close proximity to receptacles in one department
resulted in a 54% improvement over baseline. The posting of sign prompts over containers
4 m apart from another department resulted in a 17% improvement. Positioning the signs
and receptacles in the close proximity resulted in a 29% improvement over baseline. In
another research, Vining and Ebreo found that after a 3-year recycling education program
residents’ knowledge of recycling issues was more accurate, their motivation reflected
greater concern for the environment, and their recycling behavior increased (Vining and
Ebreo 2008). Additionally, Sidique et al analyzed the effects of various recycling and waste
management policy variables on recycling rate and found that variable pricing of waste
disposal increases the rate of recycling (Sidique et al. 2010a). Consequently, the
transformation of the client into a customer together with the provider seems to play a
major role. A larger non-physical flow is requested to the client (a customer as a matter of
fact) and the provider at the different levels of the DIKIW pyramid in order to provide the
service defined as storage of a liquid over a certain period. The trade-off that shows up is
clear: a greater effort from the customer, carrying its owned bottle, and the provider, using
a non-conventional configuration of shelves, etc. in the shop or supermarket (i.e., non-
physical flows) would lead to a better environmental profile (i.e., reducing the amount of

plastic for a single-use bottle).
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5.3 Case Study 3: Movement of Persons

Transportation, which can be simply seen as movement from one point to another, is used
for many purposes: to commute to work or study, to transfer or delivery of merchandise or to
many other daily activities (e.g., shop, entertainment, etc.). In this case study, the service to
be provided is the movement of one person from one location to another, under safety
conditions and reasonable period of time and price. Once more, the reader could detect a
parallelism with the other two previous case studies, as the resources should be assets not just
per person or kilometer but also per time. The functional unit to be served is the safe
movement of a person from one geographical point to other geographical point within a
human reasonable period of time. For this particular case study, transportation by car in terms
of passenger and kilometer traveled (PKT) becomes an understandable example of a
reference flow, as it can serve well to the mentioned purpose.

Undoubtedly, the transportation sector (not only cars) has a huge impact on the environment,
especially from the combustion of fuels that releases air pollutants and greenhouse gases
(Berntsen and Fuglestvedt 2008), but also in a lesser way from the dominance of
infrastructure, such as asphalt roads (Butt et al. 2014), railways, maritime ports or airports. In
general, there are several transportation solutions, from private vehicle, either car or
motorcycle (i.e. goods), to public transportation solutions like bus, metro, train (i.e., product-
based PSSs). But recently, due to the high cost of transportation means and their operation
and maintenance and due to environmental concerns, more service- or solution-based PSSs
are offered in the transportation market, from carpooling (i.e., a service where some
passengers share a journey) to car sharing (i.e., a service where various users share the same
car). At last, using a videoconference meeting service instead of driving to a meeting point or
secure electronic payment platforms instead of driving to the bank (i.e., pure service) can
serve as reference flows of a different functional unit (as the functional unit regards to the
movement of a person and not to the purpose).

When moving from goods perspective to services perspective, the main value of the
process should be changed from a car or other transportation means to a journey. As an
average time usage of private car is around 5% of the year (Vivier 2006; Kenworthy and
Laube 2016), the effect of product’s use intensity on greenhouse gases emission is very
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important. The use of a car for more journeys (i.e., for more kilometers and longer time),

increases the emission of greenhouse gases from operational components (i.e., core-value like

running, maintenance and fuel production), but does not change the non-operational stages

(i.e., super-value such as vehicle manufacturing, insurance and infrastructures, which their

emissions are not directly assigned to the journey) as shown in Table 2, which is sourced

Table 2. Environmental Assessment of Passenger Transportation of Conventional Gasoline

Sedan (PKT-passenger kilometer traveled), Adapted from (Chester and Horvath 2009)

LCA component

Carbon footprint
(g CO1.¢q./PKT)
(11,000 mile per

year)

Carbon footprint
(g CO,.¢q./PKT)
(22,000 mile per

year)

Carbon footprint
(g COZ-eq. /P*h)

Vehicle active operation:
running, cold start

144

144

1,4400

Maintenance:
vehicle maintenance, tire
replacement

10

10

1000

Fuel production:

refining and distribution (includes
through fuel truck delivery stopping
at fuel station).

25

25

2,500

Vehicle inactive operation: idling

Manufacturing:
vehicle manufacturing, engine
manufacturing

Insurance:
vehicle liability

Infrastructure construction:
roadway construction

Infrastructure operation:
roadway lighting, herbicide spraying,
roadway salting

Infrastructure maintenance:
roadway maintenance

Parking:
roadside, surface lot, and parking
garage parking

61

30

6,100

Total

240

210

24,000
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from a classical attributional LCA (Chester and Horvath 2009). Thus, doubling the use of a
car from 11,000 mile-yr' to 22,000 mile-yr" (17,700 km -yr™' to 35,400 km -yr'") will result in
the reduction of 12.5% of the emission PKT, this is from 240 g CO,-eq PKT to 210 g CO,-eq
PKT (Chester and Horvath 2009). Moreover, if a journey from one point to another is the
service to be assessed, then the time that a certain journey takes, due to traffic, road
maintenance or accidents, should also be considered. In this case, though the kilometer and
number of passengers are the same, the amount of gasoline that is used in different journey
time is different and it might be that the component of the vehicle maintenance will also alter.
Thus, from a service perspective, we should present the greenhouse gases emission per time
in order to compare between different scenarios and choose the best alternative. For example,
assuming the average velocity of the car is 65 mile-h” (approximately 100 km-h-1), then the
total emission per hour is 24,000 g CO,-eq. per passenger. Hence, a traffic jam that doubles
the traveling time, will increase the operation emission by 70%, as the gasoline usage is not
doubled due to lower speed and a lot of stops. On the other hand, the non-operational
components are almost unchanged. Thus, a travel of 2 h instead of 1 h for the same distance
will emit 36,530 g CO,-eq. per passenger or 52% higher emission per kilometer.

The effect of the value’s level in the DIKIW hierarchy (Ackoff 1989) on the environmental
impact can also be illustrated in the transportation field (Table 3). Changing from private car
journey that is based solely on product to the use of PSSs or even pure service, requires
higher co-creation and more effort from the customer, but also increases the level of the value
in the DIKIW hierarchy. If using a car alone (i.e. pure good) is equivalent to a level of data,
addition of transport navigation apps like Waze or Google Maps (i.e., product-based PSS)
that add information about the best way to perform the journey, increases the value level to
information, and saves time, gasoline and emission and also costs (Table 3). Additionally, car
sharing that requires higher level of co-creation (service-based PSS) and splits the resources,
physical and non-physical, between the provider and the customer differently, thereby
yielding knowledge, also reduces the environmental impact. In the same manner, public
transportation that offer solution-based PSSs further increases the co-creation and reduces the
emission per kilometer per person traveled yielding more intelligent solution. Moreover,
these PSSs not only increase the use intensity or the time that the product is utilized, but also
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allow to be used with more passengers, thus having lower emission per capita. In addition,
both PSSs also add important social impact like equity, affordability and accessibility, while
public transport also reduced costs and it is usually more time affective and less sensitive to
traffic changes as it uses assigned lines. At last, using various services such as paying or
ordering applications or pay-per-view services, generate wise solution that make unnecessary
the need to perform the journey at all, hence change the value from a journey to paying or
ordering and totally avoid emissions. This way, the service of movement will be avoided at
all, then the corresponding physical flows of any of the chosen reference flow, as no
movement of person is envisaged. In the previous case studies, this option seems to be

impossible as the need of clothing or storing liquids cannot be avoided.

Table 3. Carbon Footprint for Various Transportation Solutions (PKT-passenger Kilometer

traveled), Adapted from (Chester and Horvath 2009)

Carbon footprint

Solution PSS type DIKIW (g CO,-eq./PKT)
Car Pure product Data 234
Car with google map” PSS, product-based Information 210
Car sharing** PSS, service-based Knowledge 185
Public transportation” PSS, solution-based Intelligent 107

Paying by internet instead of
driving to the bank or
working from home

Pure service (no

Wisdom 0
movement of person)

*10% reduction of gasoline
**10 times uses of the car compare to private car
***]ight rail.

6. CONCLUSIONS

Sustainability as a service does oblige each provider and consumer to co-create sustainable
values and also to provide sustainability to current and future generations. Moving from GDL
to SDL will change the focus from what we want to what we really need. It also requires
looking differently at the LCA tool, considering different boundaries and reference scenarios
as well as non-physical resources like effort and the level of the value.
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In general, every need can be fulfilled by a service, which defines the functional unit under
the approach of LCA. In addition, moving from a good to a service or a product-service
system, changes the focus from a product to the dematerialized alternatives of that product. It
also requires higher investments of resources from the client, which thus turns into a
customer and co-creates the value together with the provider, thereby allows to reduce the
environmental impacts. In addition, servicizing increases the level of the life cycle's value
within the DIKIW hierarchy, where eventually the customer could be also turned to a
provider and reduce further the environmental impacts. Finally, the environmental, social and
economic assessment’s quantitative impacts of the LCA are expected to be different when the
need is changed from a good to service, as explained in the different case studies.

When service is the focus, physical based LCA should be recalculated based on nonphysical
resources. For instance, considering the use or wear of a T-shirt as a service and not as a
good, requires calculating the carbon footprint per use or time instead of emission per item.
Thus, as 50% of the emission of the various stages of a T-shirt is assigned to the pre-use
stages (e.g., extraction of raw materials, manufacturing and transportation) and the rest is due
to use stages (e.g., washing, drying and ironing), increasing the uses and measuring the
emission per use instead of emission per item, will reflect more accurately the effect of the
life cycle on the environment, and will allow to manage the life cycle more efficiently.

Changing the LCA perspective from GDL to SDL also requires to add to the assessment
nonphysical resources like time and effort. As the main characteristics of a service is the
intangibility of the value, the level of this value and its effect on the environmental impact of
the whole life cycle should also be assessed. For example, the amount of recycled bottles or
the efficiency of bottles recycling service can be increased by moving from a service that
include simple alignment of recycling bins, to an alignment that corresponds to the amount
and the place of the bins based on needs, and adds also some information about the
distribution of the bins in an internet site or an application. Moreover, accompanying the
recycling service with publicity and adverting and imbuing education program about
recycling or addition of policy and taxes or other fees regarding disposal of plastic bottles,
will also increase the level of the nonphysical value, and as a result reduce the effect of the
physical life cycle on the environment.
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Finally, smart servicizing of the product, like in the case of using google map application
when driving a private car or using car sharing service, will not only increase the level of the
value but also decrease the carbon footprint per passenger per kilometer. Furthermore,
increasing the level of co-creation, for example using public transportation (i.e., PSS) instead
of private car, can cut the emission by more than half. Yet, using pure service like online
purchase instead of using a car to go to the bank or the cinema, might tremendously reduce

the emissions.

REFERENCES

Ackoff RL (1989) From data to wisdom. Journal of Applied Systems Analysis 16: 3-9.

Austin J, Hatfield DB, Grindle AC, & Bailey JS (1993) Increasing recycling in office
environments: The effects of specific, informative cues. Journal of Applied Behavior
Analysis 26: 247-253.

Beitzen-Heineke EF, Balta-Ozkan N, & Reefke H (2017) The prospects of zero-packaging
grocery stores to improve the social and environmental impacts of the food supply chain.
Journal of Cleaner Production 140: 1528-1541.

Berntsen T & Fuglestvedt J (2008) Global temperature responses to current emissions from
the transport sectors. Proceedings of the National Academy of Sciences 105: 19154-
19159.

Bartolomeo M, dal Maso D, de Jong P, Eder P, Groenewegen P, Hopkinson P, James P,
Nijhuis L, Orninge M, Scholl G, Slob A, & Zaring O (2003) Eco-efficient producer
services-what are they, how do they benefit customers and the environment and how
likely are they to develop and be extensively utilized?. Journal of Cleaner Production
11(8): 829-837.

Butt AA, Mirzadeh L, Toller S, & Birgisson B (2014) Life cycle assessment framework for
asphalt pavements: methods to calculate and allocate energy of binder and additives.
International Journal of Pavement Engineering 15: 290-302.

Caro D, Rugani B, Pulselli FM, & Benetto E (2015) Implications of a consumer-based
perspective for the estimation of GHG emissions: The illustrative case of Luxembourg.
Science of the Total Environment 508: 67-75.

Journal of Service Science Research (2019) 11:17-45



40 Adi Wolfson, Antonio Dominguez-Ramos, Angel Irabien

Chester MV & Horvath A (2009) Environmental assessment of passenger transportation
should include infrastructure and supply chains. Environmental Research Letters 4:
024008.

Cucek L, Klemes JJ, & Kravanja Z (2012) A Review of Footprint analysis tools for
monitoring impacts on sustainability: Recent Cleaner Production Advances in Process
Monitoring and Optimisation. Journal of Cleaner Production 34: 9-20.

Day GS (1981) The Product Life Cycle: Analysis and Applications Issues. Journal of Marketing
45: 60-67.

Dominguez-Ramos A, Singh B, Zhang X, Hertwich EGG, & Irabien A (2015) Global
warming footprint of the electrochemical reduction of carbon dioxide to formate. Journal
of Cleaner Production 104: 148-155.

Environdec (2019) Product Category Rules, Retrieved from https://www.environdec.com/PCR/.

Eriksen M, Lebreton LCM, Carson HS, Thiel M, Moore CJ, Borerro JC, Galgani F, Ryan FG,
& Reisser J (2014) Plastic pollution in the world’s oceans: More than 5 trillion plastic
pieces weighing over 250,000 tons afloat at sea. PLoS ONE 9.

Fredga K, & Mailer KG (2010) Life cycle analyses and resource assessments. Ambio 39: 36-
41.

Gaiardelli P, Resta B, Martinez V, Pinto R, & Albores P (2014) A classification model for
product-service offerings. Journal of Cleaner Production 66: 507-519.

Garcia-Herrero I, Cuéllar-Franca RM, Enriquez-Gutiérrez VM, Alvarez-Guerra M, Irabien A,
& Azapagic A (2016) Environmental assessment of dimethyl carbonate production:
Comparison of a novel electrosynthesis route utilizing CO, with a commercial oxidative
carbonylation process. ACS Sustainable Chemistry and Engineering 4.

Global Reporting Initiative (2018) Retrieved from https://www.globalreporting.org/standards/
gri-standards-download-center/.

Goedkoop MJ, van Halen JG, te Riele H, & Rommens PJM (1999) Product service systems,
ecological and economic basics. Ministry of Environment, The Hague, Netherlands.
Guinee JB (2002) Handbook on life cycle assessment operational guide to the ISO standards.

The International Journal of Life Cycle Assessment 7: 311-313.

© The Society of Service Science and Springer-Verlag GmbH Germany, part of Springer Nature



From Goods to Services: The Life Cycle Assessment Perspective 41

Hockerts K (1999) Eco-efficient service innovation: increasing business-ecological efficiency
of products and services. In Charter M (Ed.) Greener marketing: a global perspective on
greener marketing practice. Greenleaf Publishing, Sheffield: 95-108.

Hockerts K & Weaver N (2002) Are service systems worth our interest? assessing the eco-
efficiency of sustainable service systems. Working Document INSEAD, Fontainebleau,
France.

Hopewell J, Dvorak R, & Kosior E (2009) Plastics recycling: challenges and opportunities.
Philosophical Transactions of the Royal Society B: Biological Sciences 364:2115-2126.

IChemE (2002) The Sustainability metrics: sustainable development progress metrics
recommended for use in the process industries.

Irabien A & Darton RC (2016) Energy-water-food nexus in the Spanish greenhouse tomato
production. Clean Technologies and Environmental Policy 18: 1307-1316.

ISO 14040 (2006) Environmental management-life cycle assessment-principals and framework.

Johnston R & Jones P (2004) Service productivity: Towards understanding the relationship
between operational and customer productivity. International Journal of Productivity and
Performance Management 53: 201-213.

Keairns DL, Darton RC, & Irabien A (2016) The Energy-Water-Food Nexus. Annual Review
of Chemical and Biomolecular Engineering 7: 239-262.

Kenworthy J & Laube F (2016) The Millennium Cities Database for Sustainable Transport.
Belgium.

Kitzes J (2013) An introduction to environmentally-extended input-output analysis. Resources
2:489-503. doi:10.3390/resources2040489.

Klopffer W (1997) Life cycle assessment. Environmental Science and Pollution Research 4:
223-228.

Laso J, Margallo M, Celaya J, Fullana P, Bala A, Gazulla C, Irabien A, & Aldaco R (2016)
Waste management under a life cycle approach as a tool for a circular economy in the
canned anchovy industry. Waste Management & Research 34: 724-733.

Laso J, Margallo M, Celaya J, Fullana P, Bala A, Gazulla C, Irabien A, & Aldaco R (2017)
When product diversification influences life cycle impact assessment: A case study of
canned anchovy. Science of the Total Environment 581-582: 629-639.

Journal of Service Science Research (2019) 11:17-45



42 Adi Wolfson, Antonio Dominguez-Ramos, Angel Irabien

Lucas H, Hagen S, Thomas O, & Pfisterer HJ (2018) Impacts of product-service systems on
sustainability - A structured literature review, Procedia CIRP 73: 228-234.

Ludwig T, Gray T, & Rowell A (1998) Increasing Recycling In Academic Buildings: A
Systematic Replication. Journal of applied behavior analysis 31: 683-686.

Manzini E & Vezolli C (2003) A strategic design approach to develop sustainable product
service systems: examples taken from the ‘environmentally friendly innovation’ Italian
prize. Journal of Cleaner Production 11(8): 851-857.

Margallo M, Taddei MBM, Hernandez-Pellon A, Aldaco R, & Irabien A (2015) Environmental
sustainability assessment of the management of municipal solid waste incineration
residues: a review of the current situation. Clean Technologies and Environmental
Policy 17: 1333-1353.

Margallo M, Aldaco R, Barcel6 A, Diban N, Ortiz I, & Irabien A (2015) Life cycle
assessment of technologies for partial dealcoholisation of wines. Sustainable Production
and Consumption 2:29-39.

O’Connor RT, Lerman DC, Fritz JN, & Hodde HB (2010) Effects of number and location of
bins on plastic recycling at a university. Journal of Applied Behavior Analysis 43: 711-
715.

Roy R (2000) Sustainable product-service systems. Futures 32: 289-299.

Rust RT & Oliver RL (1994) Service quality: Insights and managerial implications from the
frontier. In Service Quality: New Directions in Theory and Practice: 1-19.

Shen L, Nieuwlaar E, Worrell E, & Patel MK (2011) Life cycle energy and GHG emissions
of PET recycling: Change-oriented effects. International Journal of Life Cycle Assessment
16: 522-536.

Sidique, SF, Joshi SV, & Lupi F (2010a) Factors influencing the rate of recycling: An
analysis of Minnesota counties. Resources, Conservation and Recycling 54: 242-249.
Sidique SF, Lupi F, & Joshi SV (2010b) The effects of behavior and attitudes on drop-off

recycling activities. Resources, Conservation and Recycling 54: 163-170.

Suh S & Yang Y (2014) On the uncanny capabilities of consequential LCA. International

Journal of Life Cycle Assessment 19: 1179-1184.

© The Society of Service Science and Springer-Verlag GmbH Germany, part of Springer Nature



From Goods to Services: The Life Cycle Assessment Perspective 43

The Carbon Trust (2017) The Carbon Footprint of A Cotton T-shirt, Continental Clothing Co.
Ltd.

Thomassen MA, Dalgaard R, Heijungs R, & De Boer I (2008) Attributional and consequential
LCA of milk production. International Journal of Life Cycle Assessment 13:339-349.

Tukker A (2004) Eight types of product-service system: Eight ways to sustainability?
Experiences from suspronet. Business Strategy and the Environment 13: 246-260.

UN (United Nations) (2011) Global guidance principles for Life Cycle Assessment
databases: A basis for greener processes and products.

Vargo SL & Lusch RF (2004) Evolving to a new dominant logic for marketing. Journal of
Marketing 68: 1-17.

Vargo SL & Lusch RF (2006) Service-Dominant Logic: What it is, what it is not, what it
might be. In The Service-Dominant Logic of Marketing: Dialog, Debate, and Directions,
Armonk: 43-56.

Vining J & Ebreo A (1990) What makes a recycler?: A comparison of recyclers and
nonrecyclers. Environment and Behavior 22: 55-73.

Vining J & Ebreo A (2008) An evaluation of the public response to a community recycling
education program. Society & Natural Resources 2: 23-36.

Vivier J (2006) Mobility in Cities Database: Better Mobility for People Worldwide. Belgium.

White A, Stoughton M, & Feng L (1999) Servicizing: The quiet transition to extended
product responsibility. Boston: Tellus Institute.

Wolfson A, Mark S, Martin PM, & Tavor D (2006) Sustainability through service: Perspectives,
concepts and examples. Heidelberg: Springer.

Wolfson A (2016) Sustainable Service. Business Expert Publisher. New York.

Wolfson A, Tavor D, & Mark S (2010) S3-Sustainability and services science: Novel
perspective and challenge. Service Science 2: 216-224.

Wolfson A, Tavor D, & Mark S (2013) Editorial column - from cleantech to cleanserv.
Service Science 5: 193-196.

Wolfson A, Tavor D, & Mark S (2014) Cleanservs: clean services for a more sustainable
world. Sustainability Accounting, Management and Policy Journal 5: 405-424.

Journal of Service Science Research (2019) 11:17-45



44  Adi Wolfson, Antonio Dominguez-Ramos, Angel Irabien

Yang Y (2017) Does hybrid LCA with a complete system boundary yield adequate results for
product promotion? International Journal of Life Cycle Assessment 22: 456-460.

Zamagni A, Guinée J, Heijungs R, Masoni P, & Raggi A (2012) Lights and shadows in
consequential LCA. International Journal of Life Cycle Assessment 17: 904-918.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in

published maps and institutional affiliations.

© The Society of Service Science and Springer-Verlag GmbH Germany, part of Springer Nature



From Goods to Services: The Life Cycle Assessment Perspective 45

AUTHOR BIOGRAPHIES

Adi Wolfson is a professor of chemical engineering at Sami Shamoon
College of Engineering (SCE). Prof. Wolfson earned his PhD summa
cum laude in chemical engineering at Ben-Gurion University of the

Negev in Beer-Sheva, Israel. His research is focused in the fields of

green chemistry and engineering and on developing methodologies,

models and tools for sustainable services and clean services (CleanServ).

Antonio Dominguez-Ramos is an assistant professor and researcher
at the Department of Chemical and Biomolecular Engineering of the
Universidad de Cantabria (Spain). He holds a PhD in Chemical

Engineering from the Universidad de Cantabria. His research

activities portfolio takes as reference the Sustainable Production and

Consumption concept as a fundamental approach for Climate Change

mitigation through the development of the innovative process in

Chemical Engineering.

Angel Irabien is a professor of Chemical Engineering at Cantabria
University in Spain. He holds a PhD in Technical Chemistry from the
Basque Country University, predoctoral studies in the Friedrich
Alexander Universitidt (Germany), postdoctoral studies at the Kings

College, University of London (UK) and he has been academic

visitor at the Oxford University (UK). His research interests include

areas such as sustainable processes and sustainable products involving

technical innovations.

Journal of Service Science Research (2019) 11:17-45




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


