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PRESENT USE AND NEED FOR
ENVIRONMENTAL ANALYSES AT ERICSSON
CORPORATE AND SITE LEVELS*

PONTUS CERIN & JOSE-IGNACIO RAMIREZ

Ericsson, a major international telecommunications company, has environ-
mental effects through its activities and products. It is desirable that the
company lowers its environmental impact and delivers solutions that reduce
resource consumption and detrimental emissions. This paper examines the
environmental work at the corporate level and the site level, as well as the
information needed to perform environmental management, according to
regulatory, company environmental policy and sustainability demands. Addi-
tionally, some environmental systems analysis tools are discussed. From the
discussions, it is concluded that:

Ericsson is well advanced concerning regulatory societal and environ-
mental policy demands.

The information requirements for sustainability are not completely met.
Probably this can be improved through a combination of LCA and MFA.
The system boundaries and environmental aspects may be as important as
the analysis methodol ogy chosen.

A higher degree of the environmental performance information should be
incorporated in the corporate management system.
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INTRODUCTION

Aim

The aim of the study reported in this chapter is to increase the understanding of
how different models and methods for environmental system analysis may be
used, for extracting and handling the information, which is required for various
purposes, and for different levels, at the telecommunication and data communi-
cation company Ericsson.

Method

The method used in this study isfirst to analyze Ericsson’s present environmental
work, both at the corporate level and at a specific site level, namely the Kumla
plant, which assembles cellular mobile telephones. Both these organizations as
well as their activities are described. Secondly, the environmental information
needed by Ericsson according to regulatory, company environmental policy and
sustainable development demands are discussed. In a third step, some tools for
environmental systems analysis are presented and their applicability within
Ericsson is discussed.

The environmental analysis tools discussed are CBA (Cost-Benefit Analysis),
EIA (Environmental Impact Assessment), MFA (Material Flow Analysis), MIPS
(Materid Intensity Per unit Service), and LCA (Life-Cycle Anaysis). Other
tools, eg. DEC? (Ranganathan, 1999) and CAESAR® (Caduff, 1997) are not
presented due to only being different presentation techniques. More metho-
dologies for management are not taken up.

How to read this chapter
The disposition of this chapter follows very much the method used in the study:

Section 2 presents the current corporate organization of Ericsson and current
environmental work at corporate level is briefly presented. Section 3 presents the
current environmental work and the environmental management system (EMS)
implementation project organization at a specific ste level (Kumla plant).
Section 4 comprises a discussion of the environmental information needed by
Ericsson according to regulatory, company policy and sustainable devel opment
demands. Section 5 illustrates a brief description of some tools for environmental
systems anaysis, and their applicability within Ericsson. Finaly, section 6
displays the results comprised of syntheses and the thereof drawn conclusion.

2 Dow Eco Compass
3 CAuse Effect Sensitive and Aspect Related
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ERICSSON CORPORATION

Corporate organization

Ericsson is a major supplier of telecommunications systems as well as related
terminals. The services, which Ericsson produces, are telecom and | nternet-based
datacom for wired and mobile communications over public and private networks.
Ericsson has more than 100 000 employees in 140 countries of which 23 000 (in
23 countries) are dedicated to research and product development consuming more
than 20 per cent of the company's sales. At present, Ericsson’s product portfolio
is renewed every two years. A visudization of Ericsson’s organization is
presented below (Figure 3.1).
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During 1998-1999 the whole company has been reorganized,® in order to
strengthen the corporate management and customer focus. A corporate executive
team (CET) has been created, which includes three managers from business
segments® and four managers responsible for the geographical market areas® as
well as managers for each of the following six corporate functions:

Finance

Technology

Supply & IT

Marketing

Human Resources
Corporate Communications

There is dso a Vice President in the team. The people within this CET are the
only ones, which report directly to the corporate executive officer (CEO). This
team is intended to strengthen the co-ordination of Ericsson’s corporate
functions.

The reorganization that started 1998 has not yet been fully implemented. Instead
during the mid 1999 the responsible CEO was released of his duties, because the
executive board felt the reorganization of the company was going to slowly and
leading to an exponential rise in administration costs due to the rapidly growing
complexity of the organization. Today, it is hard to tell whether or not this will
lead to new significant changes of the company, however the people within the
CET’ are said to remain the same.

Corporate environmental organization

Some of Ericsson’s stakeholders, i.e. Telia, BT and DoCoMo, require the com-
pany to communicate its environmental performance and to deliver solutions that
help to reduce global resource consumption and emissions detrimental to nature.

The business areas of Ericsson, specifically telecom and datacom, have little

* The new CEO since the spring of 1998, introduced this reorganization of Ericsson in order to
create a more customer oriented company focusing customer needs, present as well as future
ones.

® The three business segments are Network Operators, Consumer Products and Enterprise
Solutions.

® The four corporate offices will be established in Europe, Africa& the Middle East, North
Americaand Asia& Oceania.

! Except for the new CEO, Kurt Hellstrém, and the person replacing his old position as manager
of the Asia & Ociania Market Area, also represented in the CET.
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environmental impact in relation to their revenues and total stock value. Ericsson
has eg. the second lowest tons of CO,/sales, which estimate carbon-dioxide
emission (representing global warming potential) relative to current operations,
among those companies on the Stockholm Stock Exchange with working external
environmental information system (FinansTidningen, 1998). Therefore, the
atention from environmentaists has been of minor degree. However, the
community of 1T and telecom foresee a gigantic explosion of their products and
services in the future where they will be used by a vast number of people in the
world. Therefore it will probably lie in these companies own interest to show
that an excessive use of their services will lead to sustainable development, by
reducing the use of servicesthat cause larger environmental damages.

At this moment, a new environmental organization is gradually becoming
discernible. Characterizing for this organization is its network structure. The
corporate environmental organization is named “Ericsson Corporate Environ-
mental Management Network Organization” (Figure 3.2). The actua compo-
gtion of the members of Ericsson’s environmental organization, as well as its
structure, has been determined mostly by the origina workplace of these
members, which is within al Ericsson levels, i.e. the corporate level, marketing
unit-, business unit- or product unit levels. Therefore it is hard to grasp a clear
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Figure 3.2 Ericsson’ s corporate environmental management organi zation.
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(Note: for acomplete list of acronyms, see glossary in Appendix 3.1.)
As the title of the corporate environmental organization proclaims it is not a
hierarchy organization. Perhaps a suitable description would be organization by
available sKills.

At present, the core of the environmental management network can be considered
included within the Ericsson strategic planning organization (ESP), which
prepares the basis of decisions made in the CET.

Moreover, the operating steering group (OSG) plays an important role within the
corporate environmental organization, since the OSG draws environmental
objectives and coordinates the environmental work. This group will consist of ten
people, i.e. the Environmental Officer, Mats-Olov Hedblom and the
Environmental Coordinator Lars Goran Bernau, plus the mgjor Environmental
Managers within Ericsson. These two organizations, ESP and OSG, constitute a
part of the corporate EMS body within the corporate environmental organization,
(see below). The corporate EM S body incorporates other functions as well e.g.
Life Cycle Assessment Competence Centre (likely to), Marketing, EMS Support,
Training, DFE design rules and End of Life Treatment among others.

The organizations surrounding the corporate EMS are four of the six corporate
functions, namely the functions of:

Technology - Marketing
Supply & IT - Human Resources

There is adso an environmental managers council (EMC) surrounding the
corporate EMS. The EMC consist of approximately 150 people, managers from
different Ericsson companies, business- and product units as well as the area
responsible experts within the corporate EMS.

On top of this, we have the CET mentioned earlier. Within that team there will be
two persons responsible for environmental issues and they are the managers of
the corporate functions of Marketing as well as Supply & IT. These two persons
are reporting directly to the CEO. These managers of the CET, on the other
hand, receive their information from the OSG, essential within the corporate
EMS. The corporate environmental officer will report to the Marketing officer,
while the environmenta coordinator will report to the Supply & IT manager.
Hereby, these two corporate functions are the cornerstones of the corporate
EMS.
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Corporate environmental vision and policy

Ericsson corporate environmental vision

The message brought by Ericsson’s environmenta vision is that the company can
increase its earnings and at the same time lead to increased sustainability, due to
Ericsson’'s skills and business areas, e.g. information technology.

Although, this vison might lead the company into a false sense of red,
considering that there seems to be no actual need for reducing its own impacts,
and might also make the company unable to see the absolute effects of the IT
products sold by Ericsson.

“We have the environmental and technological skills to fully take
advantage of our business opportunities as the leading company in a
world where IT products promote and act as means for an
ecologicaly sustainable global development.”

Ericsson corporate environmental policy

The main message ddivered by the environmental policy is that Ericsson's
products have not only low environmental burdens, but they also enable great
potentials for lowering the environmental impacts in society, depending on how
the products are used by the customers.

This policy intends to highlight the company potentials and obligations in cutting
back environmenta impact, in a sustainable manner, by using a holistic view and
environmental concerns.

The policy is to be modified thisfall of 1999.

“Ericsson shall contribute to sustainable development of the world
society by developing, producing and offering products and services
with low environmental load that dso provide customers with
possibilitiesto lower their environmental impact.” (The bold font
is our own highlighting to show the sections we find most
important.)

Present corporate environmental work

Ericsson’'s current corporate environmental work is summarized below,
following, in broad outline, the 1ISO 14000 structure.

From an operative point of view Ericsson has dedicated a substantial effort to
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implement environmental management systems (EMS), according to the 1SO
14001 standard, at sites with a significant environmental impact. These imple-
mentations were based on the existing quality assurance systems, which follow
the 1SO 9000 standard. Among the important links between the environmental
and qudity systems, there are two concepts applied at Ericsson: Time-to-Market
(TTM) and Time-to-Customer (TTC), as ameasure of a product total quality.

Large amount of environmental information is gathered by various evauations,
but it does rarely affect the day to day operations. The use of analyzing tools has
to be incorporated into the ongoing activities. To do so, all stages of the 1SO
14001 (1SO, 1996) five-step Policy-Plan-Do-Check-Act-, and the 1SO/FDIS
14031 (1SO, 1998) four-step Plan-Do-Check-Act processes, have to be utilized.
Today the stages performed at corporate level are 1 and 2 (to some extent)
respectively 1, 2 (to some extent), 3 and 4.

Environmental management systems — EMS (ISO 14001-series /
EMAS)

Today, a number of Ericsson manufacturing and office sites are certified in
accordance to the internationa environmental management system standard SO
14001. A genera Ericsson strategy established that all entities with significant
environmental loads® should get an EMS certification.

Due to the independent status of the companies within Ericsson, coordination of
the EMS implementation at the different sites has been rather reduced. Twenty-
two out of 35 manufacturing sites have certified EMS, while 12 plants are
working on achieving EMS certifications. Another challenge is the today
constantly changing world of tele- and datacom, which requires its companies to
steady reorganization to keep up with the rapid branch pace. Therefore, Ericsson
isaming at a common corporate environmental management system, or umbrella
certification, in the future, covering the activities taken place at offices, but not
all operations in manufacturing plants.

Environmental auditing — EA (ISO 14010-series)

Environmental audits are carried out by third parties certifying various Ericsson
sites. These certificates are usualy only covering a specific site, but arising now
are corporate umbrella certificates as achieved by the Swedish company SKF.
The competing communication solutions-provider Motorola is working on an
enterprise EMS registration.

8 The strategy as well as the corporate environmental policy does however not state what isa
significant environmental load. It is not specified if the certification should be applied on
entities with direct impacts only or also to entities with indirect ones as well.
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Environmental labels and declarations — EL (ISO 14020-series)

In the ISO 14020-series three types of |abels are considered: Type | labels, which
are awarded by third-parties (e.g. EU Eco-label); Type Il labels, are single
atribute (e.g. energy use) and self-declared statements; Type |11 labels are based
on standardized LCA practice. At present, Ericssonisaiming a Type 11 labels.

Type 111 Environmental Impact Indicators are consistent with the Environmental
Condition Indicators, ECI, specified under the EPE below.

Environmental performance evaluation — EPE (ISO 14030-series)

Ericsson has been performing research studies, investigating the value of their
products when those exit the phase of use, 10 to 20 years from now.

When conducting LCAs and End of Life (EOL) studies Ericsson is dividing the
Environmental Burdens (EB) into Environmental Impact Categories (EIC). The
formula below visualizes the burdens per impact category (ICl, 1997):

EB = (\Na * PFa)+(\Nb * PFb)+(\Nc * PFC)+"'+(Wn * PFn)

where EB denotes the Environmental Burden of each environmental impact
category, W denotes the weight in tons for each substance emission, and PF
denotes the specific potency factor based on the known or estimated
environmental risk posed by an individual substance to the specific category
under consideration.

Life cycle assessment — LCA (ISO 14040-series)

The Ericsson corporate environmenta management assigns life cycle
assessments an important role in Ericsson’s environmental work. A lot of effort
is made to perform these studies in order to find out the environmental load
contributions from Ericsson’s products or more accurate, functions of products
and services. Studies are made on; switching centers, radio base stations, cables
and populated printed circuit boards, etcetera. Today, Ericsson has a desire to
evaluate the whole company's contributions to a societal context, i.e. not only to
show the environmental loads from their product, but to include the dynamic
effects that Ericsson’s products will have on the behavior on the public and
thereby on the environment.

However, the current development process of some products, such as mobile
phones, does not consider the LCA methodology.
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The LCA methodology has also been applied to specific case studies, such as a
study comparing the environmental loads of the mobile networks of Stockholm
and Sacramento, California. This study was carried out jointly by Ericsson, Telia
and AT&T. The method used in this study is Life Cycle Stressor Effects
Assessment, LCSEA. The LCSEA considers not only the potentia effects as an
ordinary LCA, but also where the emissions take place (local effects).

Work place analysis — WPA

Another tool used at Ericsson is the Eco-Workplace Analysis, which is basically
an LCA agpplied to the activities of the employees. The activities comprise
building operations, IT equipment and paper consumption, commute and
business travel. The impact categories included in such analyses include resource
consumption (e.g. water, metals, mineras, electric energy etc), as well as
emissiongwastes (e.g. greenhouse gases, acid rain gases, hazardous waste €etc).
An example of the results of such an analysisis presented in Figure 3.3.

Environmental Performance Profile:
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to your department’s average (baselire)

Resource Depletion
Total Energy

Raw Material

Fossil Fuel

YWy ood

Fresh Water

Emissions And Waste

Ground Level Ozone
Stratospheric Czone
A Towicity

E Ltrophication
Aquatic Toxicity
AshWastes
Radioactive Waste

Lower Impact

I Euilding operation B Commute
[ IT equipment and paper consumption [ Business frawvel

Figure 3.3 Environmental performance profile used in work place analysis.

These results may then be aggregated to department, company and up to
corporate levels or aggregated to a district level, compare inventory scope to
ordinary MFAS, or the aggregation can be used in very broad LCAs where e.g.
the contributions from the product supporting functionsin al life-cycle phases.
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SITE LEVEL — KUMLA PLANT

Environmental policy at Kumla

The environmental policy at Kumla states that the environmental work at the
plant has to be at world level, since Kumla is world leading regarding mobile
phones manufacturing. Ericsson corporate environmental policy is aso vaid at
Kumla. Thisimplies*according to the Kumla Environmental policy” that:

Environmental matters will be given priority at all management levels

We (at Kumla) strive in our daily work to continually reduce use of natural
resources

We (at Kumla) prevent contamination

All of ustake part by being given possibility and responsibility to identify and
influence the environmental aspects which are connected with Kumla's
businessidea

Our environmental work is characterized by continuos improvement of
environmental aspects, as well as work procedures which integrate with other
improvement work, through goal setting and follow-up

We (at Kumla) have sufficient knowledge and instruction in order to active
cooperate to the accomplishment of Kumla's environmental goals

We (Kumla) support the reduction of environmental loads through the
application of an integral view by the total process of development (TTM),
and manufacturing & distribution (TTC) process of mobile telephones

We (Kumla) communicate with clients, neighbors, authorities, suppliers and
other stakeholdersin environmental questions

We (at Kumla) use the best technology from the environmental point of view
in the development of new production and distribution methods

EMS implementation project organization at the Kumla plant

The factor, which triggered the implement of an environmental management
system (EMYS) at the Kumla plant was Ericsson’ s corporate strategy affirming all
the activities and product units within the company, which have an environmental
effect,’ to be certified according to 1SO 14000 by year 2000 at the latest.™

The implementation process was started during spring 1997. It was then decided

® As stated earlier the corporate environmental policy does not state what is a significant
environmental aspect. It is not specified if the certification should be applied on only entities
with direct impacts or aso to entities with indirect ones as well.

10 Today, this corporate goal has been changed to that al the activities and product units within
the company, which have an environmental effect, to be certifiable according to ISO 14000 by
year 2000 at the latest
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to procure the support of the administration consultant Arthur D. Little (ADL),
which had carried out other assignments at Kumla, and had experience of
implementing an EMS at other companies. ADL suggested carrying out the work
in two phases:

Phase 1: " Analysing and Evaluating the Current Situation”
Phase 2: “Implementation”

The milestones of Phase 1 were:

1. To establish the most relevant environmental aspects at Kumla
2. Tocarry out a“Gap Analysis’, in order to establish the existing baseline and
what was missing to attain a working environmental management at Kumla

Another important principle of ADL’s approach was that environmental aspects
receive enhanced support if some “business value’ can be associated to them.
This principle was considered very beneficiad a Kumla and resulted in the
implementation of an EMS having received a greater support from the plant’s
direction. In comparison, at the Linkdping plant, where a traditional approach
was applied, the introduction of an EM S has gone at a Slower pace.

A 3-step process was used to establish the relevant aspects (Figure 3.4).
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Step 1: Frequency and Environmental Load
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Figure 3.4 A 3-step process used at Kumla Plant to establish relevant
environmental aspects
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As a result of this analysis a nhumber of aspects as well as degree of influence
were pointed out. These conclusions are shown below:

Influence Possibility Existing Existing Effects
Aspect Kumla ¥ Lund ¥ to reduce | legislation | Corporate | on vicinity
costs goals
Energy use high yes
Resource use high high yes yes
Water use high
Emissions to air high yes yes
Noise high yes yes yes
Emissions to soil | high
and water
Waste high high yes
management
Hazardous waste | high yes yes
Production moderate | high yes
method
Product planning | moderate | high yes
Supplier moderate | high
selection
Accident high yes
prevention
Emergency high yes
readiness

Y Design is carried out at Lund while production is carried out at Kumla

Phase 2, i.e. the practical implementation, was started at the beginning of 1998.
A project group defined policy and objectives;, afterwards this was made
extensive to al of the employees working at Kumla, mainly through course
activities. The Kumla plant obtained the ISO 14001 certification by turn of the
year 1998-99.

Some specific practices developed as a consequence of Phase 2 were:

a) The preparation of guidelines for machine procurement, and
b) The analysis of transport form used by the employees

The guidelines for machine procurement requires that the machine supplier has to
specify following data:

Energy consumption (kW/h)
Waste produced (kg/h, specification)

Emission to air during normal operation (kg/h, specification)
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Chemicals consumption during normal operation (kg/h, specification)

In the transport form analysis, a poll was made among the employees in order to
survey the proportion who traveled by car (alone or in group), bus, bicycle or
walking, and the proportion who would be willing to change to a transport form
with less environmental load.

Regarding organization, the roles of environment contact person and environment
group have been created in order to coordinate environmental management work.
According to Kumla's organization, each unit chief is responsible for all the
activities within the unit; function of the environment contact person is to support
the unit chief concerning environmenta matters. The function of the environment
group is to assist with specific competence in the areas of environmental
legidation, management and generd knowledge.

Today, the environmental management system in Kumla is an integrated part of
the quality management system, SO 9001. For example, the " Generad Require-
ments of Machine Procurement” has several requirements where environment is
one among others.

INFORMATION NEEDED ACCORDING TO...

...Regulatory societal demands

The society imposes demands upon Ericsson through legidation. These demands
can be:

a) Redtriction on emissions

b) Reduction of waste generated

C) Restriction in the use of hazardous substances

d) Requirement regarding facilities to manage and deposit wastes

€) Regquirements to carry out remediation of contaminated soil or water, under
the responsibility of the plant site

f) Documentation of emissions and waste

g) Documentation of use of energy and other resources, such as water

h) Study the environmental impacts of a new plant or a significant change of an
existing plant (EIA), in order to apply measures in order to reduce the
negative effects and continue to comply with regulations after the
congtruction or modification of the plant

i) Reguirements to take back the packages or products after use (producer
responsibility)
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At present, the legidation is mainly oriented at restraining the emissions of the
manufacturing activities at site level. The company's environmental loads are
viewed as being those directly originating from within the judicial entities. The
limits usually cover the following emissions:

Liquid waste emissions
Gaseous emissions
Solid waste emissions
Noise

The limits imposed vary depending on the country where the plant is located, and
even within a country there can be different limits, based e.g. on the sengitivity of
the recipients. Implementation differences are significant between countries and
even within them, depending on regional |abor market conditions and strength of
regional authority.

It is usualy required that data of emissions, waste generation, energy and
resource use be presented in an annua environmenta report. Therefore, the
information needed according to the regulatory societal demands for a corpo-
ration is mainly given by those measurements of the yearly environmental report
a site levels. Eventualy, a smple MFA of the plant processes can be useful in
order to reduce the waste generated or the use of energy and resources.

The upcoming producer responsibility requirement,™* on the other hand, imposes
much higher demands, restricted not only to site level, but also aong the whole
product chain, design — manufacturing — selling — retrieval, in order to enable a
low cost system to take back the used packages or products.

...Environmental policy demands

As mentioned earlier, the core of Ericsson’'s Environmental Policy is to
“contribute to sustainable development™ of the world society by developing,
producing and offering products and services with low environmental load that
also provide customers with possibilities to lower their environmental impact”.

This imposes the following requirements regarding indicators or aggregate

™ producer responsibility legislation for electronic equipment is already implemented in some
countries, i.e. Switzerland and the Netherlands and will become judicia enactment in Sweden
2001 and in the EU 2005.

2 However, thereisno explanation to what Ericsson means by the expression ” sustainable
development”. Are they referring to an expression used by the World Commission on
Environment and Development (i.e. the ” Brundtland Commission”, presented further down) or
are they only regarding sustainable development as an ecological phenomenon? Perhaps as
something else?
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information:

a) Theenvironmental load from al life cycle stages of Ericsson’s products.

b) Potentia products and services, which can be substituted by Ericsson’s
products, and their environmental load, eg. teleconferences instead of
airplane trips.

¢) Possible new application of Ericsson’s products which may reduce the
energy and material throughput, e.g. distance control of heating and
illumination system, or an information system which enables streamlined
physical transports.

d) The very crucia point is whether the more efficient services described in b)
and c) will lead to a sustainable development where lesser resources are used
or if it only will act as means for ordinary economic growth releasing
resources for other use.

In order to make an estimation of the environmental load of a product it is
necessary to have information of the materia and energy and energy flows
required by the manufacture, use and disposal/recycling of the product. It is not
sufficient with this data, however, since some evauation of the environmental
effects of these flows has to be made in order to obtain an environmental load.

As it is today, the scope of many Ericsson EMS projects are related to specific
stes with considerable effects on the environment as advocated in Ericsson's
corporate environmental strategy. However, as declared by the EMS project
group in Kumla, earlier, the production site does not have control over all
environmental aspects caused by the plant activities. Hence, the EM S should also
cover the decision-making activities, and not only the locally controlled activities,
which have an environmental impact. The EMS and the linked scope of
environmental analyses should expand from being based on mere TTC"
approach to a more extensive TTM™ decision chain, following the product-group
in the company rather than one single organizationa unit, which usualy is not as
persistent over time. In this case, an EMS e.g. certain covering cellular phones,
including the design facilities in Lund and the production plants, two in Sweden
and one in England, would replace the Kumla EMS. Heribert et al. (1993)
describes somewhat similar thoughts how to integrate and coordinate the
environmental work, based on the cradle to grave use of life-cycle methodology.

Evidently, there is a high degree of uncertainty when acquiring this data,

13 Time-to-Customer (TTC), as ameasure of a product total quality including the time from the
start of manufacturing to customer.

% Time-to-Market (TTM) as ameasure of a product total quality including the time from the
start of designing over the market phase.
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especidly concerning the activities outside the control of the company.

...Sustainable development demands

According to "Bruntland Commission’s’ report Our Common Future (WCED,
1987), sustainable development is understood as ”development ...that meets the
needs of the present without compromising the ability of future generation to
meet their own needs’. This can be interpreted in severa ways, Harremoés
(1996) gives the following version of sustainability with a resource component
and a pollution component:

“Society should use its resources such that the society can continue its mode of
operation without exhausting its resources.”

Not only environmental concerns lie in the concept sustainable development, but
also creating socia equity. This equity is an intra-generational such, but also an
inter-generational that means that will shall provide the future generations the
possibility to live with the same standard as we are (Turner et al., 1994;
Bergstrom et al., 1998). These palitical concepts are very broad, and need to be
broken down into apprehensible goals to see whether the two equities,
environmental and social, enable each other or acts as counterparts.

In order to attain some indicator that resources are used in a sustainable manner,
information is needed about the fluxes of substances and energy in society,
together with knowledge about their scarcity, as well as environmental effects.
Moreover, some dynamic tool to forecast these fluxes given alternative solutions
are needed, in order to make comparisons between these adternatives.

It should be noted here, that a material resource and its scarcity are relative
concepts, since the fact that a certain substance is considered scarce at one point
in time, depends, among other factors, of the use given that substance. This use
can be modified by e.g. subgtitution or development of new technologies. Based
on this, some authors have pointed out that the limiting factor is human resources
(e.g. Simon, 1996). However, the need for information about fluxes would still
be valid, since it would point out which uses of material resources must be
modified at agiven time.

The information needed by Ericsson according to sustainable development
demands would in consequence be:
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a) Information of the fluxes of the substances and energy used in Ericsson's
products and services, including the whole life cycle: production ® use ®
disposal/recycling.

b) Information on the present scarcity of the resources used.

c) Information about the environmental effects of the substances and energy
used.

d) Information regarding the changes in human behavior when new technologies
and their potential services are introduced.

It would be very beneficial for sustainable development to apply the concept
proposed at the company’s policy; namely that Ericsson’s products can be used
to reduce its customer's total environmental load. Information would then be
needed about the customer’s present environmenta load, and how this load can
be modified through the use of the company’s product.

Some of this information is similar to that required according to environmental
policy demands. The difference would be that in the case of sustainable
development demands, the information would have to cover al of Ericsson’s
activities, and not only concentrated to Ericsson’s products and their use. In other
words, the company has to live sustainable itself, not only relying in its products
good performance, and make sure its customers uses Ericsson’s technology in an
environmentally efficient manner. An approach to EMS and environmental
analyses, which includes the company TTM activities as described earlier, is
recommended, as well as the requirements stated in 1SO 14001."> However, it is
not enough to examine one’'s own contribution and one's customers' in order to
receive information for sustainable development decisons. As the corporate
policy aso points out, the company has to involve suppliers in Ericsson’'s EMS
and studies. Thus, the scope of the environmental work should cover al life-cycle
phases of the actual company, up-stream as well as down-stream (Heribert et al.,
1993; Borgstrom & Ekroth, 1997) to enable actions towards eco-sustainable
development. Empowering such development, the study has to be made broad,
incorporating the behavior of people dealing with the product group (Figure 3.5).

Ericsson’s environmental policy is consstent with sustainable development to
some extent. As mentioned before, Ericsson’s policy has as objective “to

310150 14001, Clause 4.3.1 (1SO, 1996) it is stated that: “The organization shall establish and
maintain (a) procedure(s) to identify the environmental aspects of its activities, products or
services that it can control and over which it can be expected to have an influence, in order to
determine those which have or can have significant impacts on the environment. The
organization shall ensure that the aspects related to these significant impacts are considered in
setting its environmental objectives. The organization shall keep this information up-to-date.”
(Pertsin italics are the authors' own considerations of importance in this matter of scope.)
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contribute to sustainable development of the world...”. However when trandating
this statement in operative goals, sustainability becomes diffuse, concentrating
instead in complying with an environmental certification or achieving business
values such as cost reduction by effective use of resources.
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Figure 3.5 Relationship between different environmental scope of analysis methods.

ENVIRONMENTAL ANALYSES METHODS

Material flow analysis — MFA

Description

Material Flow Anaysis (MFA) is a tool for analyzing regiona metabolisms,
which gives an opportunity to understand how the society physicaly interacts
with the environment (Burstrom, 1998). The use of MFA may encompass more
than flow analyses of materias, i.e. energies. This methodology, MFA, is in
other words designed to quantify the physical metabolism of complex biological
and cultural systems, the biogeogenic and the anthropogenic. Often the system
borders in these studies are regional, consistent with societal borders eg.
municipal, provincial and national or unrestrained by judicial borders following
the ecosystems in nature e.g. catchment areas or idands. The methodology of
MFA in brief:
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Goal & Scope
Quantifying fluxes and reservoirs
Interpretation

Process, goods and materials may define the anthropogenic systems. Indicator
materials can identify the metabolic process of systems (Baccini & Brunner,
1991). The choice of material flux systems to describe the anthroposphere is
based on four essentia activities, namely:

To nourish

To clean

To reside and work

To transport and communicate

To us it seems like MFA is a more or less similar to the Life Cycle Inventory
(LCI) *® phase in the LCA methodology. Both tools set a goa and scope in the
beginning of a study, which sets functional units, system boundaries, data
requirements, assumptions and limitations. The MFA, as well as the LCI, do
guantify material and energy flow within and crossing the system borders,
defined in the goal and scope. What can be discussed in an MFA and LCI study
is the goal and scope choices made, but no major vauation is incorporated when
classifying, characterizing and weighting data, as done in Life Cycle Impact
Assessments, LCIAs. The relation between these different terms is illustrated in
Figure 3.6.

One great difference although, is the utilization, the scope, of the methods. MFA,
is as described above, atool for analyzing regional metabolisms, while LCI is a
tool for analysis of material and energy flows during products or services life
cycles, incorporating perhaps several regions into its study. These differences are
connected to the goal and scope chosen, given that municipalities or regiona
authorities usualy use MFAs while LCA is more often employed by the industry.

Another difference is that the standardization of the LCA/LCI methodology has
come much further than the MFA methodology, which makes it more difficult to
compare the results of separate MFA studies. Likewise, the availability of
standardized database structure is much greater for the LCA/LCI methodology.

® The corporate world usually uses LCI, Life Cycle Inventory, as the provider for LCA, Life

Cycle Assessment. The life-cycle inventory is alist of material and energy flows (Linnanen et al, |
1996). In this study, we consider LCI as being a stricter category of MFA, Material Flow

Analysis (energy flows included), due to the existing set of LCA guidelines by 1SO 14040-

series, which often is used as arole by enterprises.
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Figure 3.6 Relationship between different environmental a
methods (complexity vs. uncertainty scales)

There is, athough benefits from reviewing MFA studies to learn more about how
the material and energy fluxes work in a societal context. MFAs will be really
useful in future if they adhere to the 1SO standards for LCA. The MFA and LCI
data will then be in the same format and can be exchanged back and forth,
however, that is not the situation today.

Applicability

By comparing the MFA tool with the environmental information needed, it can be
seen that a MFA could supply a significant amount of this information,
especialy according to the sustainable development demands. However, the
information supplied by a MFA would have to be complemented with another
tool that can aggregate the information providing the specific environmental
pressures of the substances and energy fluxes.

Regarding Ericsson, an aspect that can restrict the applicability of MFA, both at
Site and corporate level, are the resources that can be dedicated to gathering the
information required by an MFA. In other words, the company management as
well as the employees can consider that it istoo cumbersome and costly to gather
al thisinformation, in relation to the benefits, and the available resources (time,
guaified personnel, etc.). Therefore, it could be interesting to analyze which
information is aready easily available, from e.g. environmental reports, existing
LCA/LCI studies etc.
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Ecological rucksack, Material Intensity Per unit Service — MIPS

Description

MIPS, Material Intensity Per unit Service, is a tool for initial estimation and
comparison of environmental impacts of infrastructures, goods, and services. The
method is applicable as a way of conducting LCAS, or even MFAs, simplifying
them by ease up the initid work-heavy inventory phase. According to its
proposers, assessments for goods and infrastructures could thus be greatly
smplified, cost effective and internationally harmonized with less resistance than
until now has been the case (Schmidt-Bleek, et al., 1997: 1ff). The parents of this
MIPS method is the Factor 10 Club, working for a urgent dematerialization of
economies by de-linking economic growth from materia intensity by a factor of
10.

The method, MIPS, is one-dimensiona, taking only weight of man moved
materids, from the biosphere (biogeogenic system) to the technosphere
(anthropogenic system). These materials are eg. plowed soil, overburdens,
minerals, water, fish and plants et cetera. It does however, not take into account
the distance the materials have been moved and it does not measure nor assess
the eco-toxicity associated with this processes and materids. The MIPS is
composed of five different ecological rucksacks:

Abiotic materials
Biotic materials
Soils

Water

Air

Schmidt-Bleek et al. (1997) further states, the calculations use Material Inten-
sity, M1, which composes all natural resources necessarily to manufacture,”’ use
and dispose a product. To make it possible to elucidate the ecologica rucksacks
for products, a number of base materials are given their Mls. For example a
more rare mineral only available in lower concentrations has a higher Ml; i.e.
copper (500) while iron (7). We can hereby determine the rucksack of an
ordinary 22 kg PC to (14 000 kg) for production and the normal usage rucksack
is close to (7 000 kg). The producing of a 0.5 kg heavy populated circuit board
for a switching center needs approximately 800kg of moved materias (Cerin,
1998).

Y Includi ng, overburdens and disposals from mines et cetera (K ageson, 1998).
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The formula below visualizes the MIPS expression (ICl, 1997):
a (M, *MIM,) =MI = MIPS* S

where M denotes materias involved, MIM denotes materia intensity of materials
(rucksack), MI denotes the total materia input, MIPS denotes the material inputs
per service unit, and S denotes the service unit.

Applicability

On a genera perspective, there are some critics of the MIPS methodology, e.g.
Kageson (1998) criticizes that this methodology, in order to achieve a single
dimensional assessment (tons) leaves out important environmental aspects, such
as eco-toxicity. Moreover, Kageson criticizes the Factor 10 approach, on which
the MIPS methodology is based. For instance, MIPS and Factor 10 intend to
achieve an absolute reduction in tons, unlike the Factor 4 (Weizsacker et al.,
1997), which sees a relative reduction measured in material and flow intensity
per GNP (see Figure 3.7, below).

Factor
/ /‘% Relative M: Material and energy use i.e.
Absolute IS nature consumption and
b= M, A O disposals.
- ! — M o) S: Service and utility use.
M i P=
S | S
i M

o

Figure 3.7 Absolute and relative factor comparisons. Picture from Holmberg (1998).

Dematerialization can be measured by using MIPS, but it does not redly take a
stand on the flow quality, recycled or dissipated, and it does not at al consider
transmateriaization, toxicity and scarcity (Holmberg, 1998). With MIPS it
seems like local effects constitute negligible effects on global sustainability.
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The MIPS methodology is in many cases not sufficient for legidative purposes,
i.e. evaluating resulting scarcity and pollution from corporate operations, due to
the one-dimensiona inventory and accounting. Kageson (1998) has also shown
that the correspondence between the use of non-renewable materials and the
resulting future scarcity and air, water and soil pollution are weak. The exception
isgloba air pollution i.e. 0zone depletion and carbon oxide emissions.

Ericsson could use MIPS as a work and time effective front-end design tool,'®
but it has not the accuracy for being a back-end design tool, giving valuable
information to future design projects. MIPS could neither give results that would
pass an environmental auditing nor environmental |abeling.

Cost-benefit analysis — CBA

Description

Actualy all decisions are made on the bases of gains and losses, and cost—benefit
analysis (CBA) is one method to sum up the net gains often compared with a
status quo alternative among others for ranking.

If we incorporate time into a CBA formula, the net present value (NPV) should
then preferable be positive (Turner, Pearce & Bateman, 1994) as shown below:

B-C B Benefit in year t r discount rate

é t t>0

t 1+ r)t C Costinyeart t yeart

When taking environmental concerns into account one way is to measure the
gains and losses in wellbeing. One way of doing this is to see what people are
willing to pay (WTP) to receive an environmental asset e.g. a living lake. WTP
can also be expressed in terms of willingness to avoid something or willingness to
accept (WTA) a loss in welfare, eg. polluted air for a certain compensation.
There is also a price for peoples willingness to restore (WTR) an environmental
asset.

In order for CBA to work as an ingrument steering towards ecologica
efficiency, environmental items has to be incorporated into the benefits and costs.
This can be achieved either by a regulatory command-and-control (CAC)
approach or/and by the often more efficient, in the long run, economic incentive

18 Eront-end desi gn is product and service evaluations that can be influencing the actual studied
case. The reason why is, it often uses a method which needs little information to be carried out
and gives fast answer return.
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(El), approach. A life cycle cost study is one mode for internalizing the cost
from e.g. customers as well as from the producer responsibility.

Applicability

Criticism has been raised that it is hard to find the rea willingness-to-pay
(WTP), because result tends to be depending on researches and/or analysts
subjective values. The different alternatives of WTP, i.e. WTA and WTR often
present great diversity in people’s preferences even though they study the same
environmental asset.

Moreover, the problem of interest is not easy to deal with, because some
emissions do not result in environmental effects until long after occurring while
the interest makes a future cost less significant. Discounting therefore “discri-
minates’ the future, shifting costs for environmental burdens to future gene-
rations. An example from Turner et al. illustrates the dilemma by taking the cost
from a leaking nuclear waste repository equal to £1000 million in 100 years
time. If the discount rate is 8 per cent then the present value (of the damage from
leaked material 100 years from now) will only be £ 450 000.

Concerning Ericsson, at site level, it could be said that cost-benefit is implicitly
applied when seeking “business value® in order to establish relevant
environmental aspects. That way, some aspects that are related to sustainability
are pointed out, such as reduction of energy and material use. Otherwise, it is
difficult to see in which other way this methodology can provide a measure of
improved sustainability.

I/O-anadlysis (input—output), may be used as a CBA tool for determining
environmental costs and reductions thereof, and thereby environmental savings.
At Sulzer Technology Corporation they used an I/O balance sheet in financia
terms on material and energy flows in a plant location to track mgjor areas of
savings (Schroder & Winter, 1998). Richardsson (1999), senior consultant at
Pricewaterhouse Coopers, also cals attention to the need for I/O balance sheets
in order to measure a corporation’s environmental performance. Appendix 3.2
shows how such an /O environmental performance scorecard might look like.

Environmental impact assessment — EIA

Description

An Environmental Impact Assessment (EIA), according to OECD Devel opment
Assistance Committee (OECD, 1992), is a procedure used to examine the
environmental consequences, both beneficial and adverse, of a proposed deve-
lopment project and to ensure that these conseguences are taken into account in
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project design. The EIA evaluates the expected effects on human hedth, the
natural environment and on property. The EIA should consider alternative project
designs (including the "no-action” aternative), as well as mitigation measures or
environmental safeguards that should be incorporated into the project design to
offset adverse impacts.

Applicability

In the case of Ericsson, an EIA is applicable when a new plant is built or a
significant modification is made to an existing plant. Obvioudly, this occurs only
occasionally. Therefore, we have not further commented this tool in this report;
in order to concentrate on the methods we consider more suited to analyze
Ericsson’'s main activities, such as the production and marketing of telecom
products and services.

Life-Cycle Assessment — LCA

Description

According to 1SO 14040, a Life Cycle Assessment, LCA, studies the environ-
mental aspects and potential impacts throughout a product’s life (i.e. cradle-to-
grave) from raw material acquisition through production and use to disposal. The
genera categories of environmental impacts needing consideration include
resource use, human health, and ecological consequences.

It is important to keep in mind that LCA does not address economic considera-
tions or socid effects. Additionaly, like al other scientific models, LCA is a
smplification of the physical system and cannot claim to provide an absolute and
complete representation of every environmental interaction (SETAC, 1993).

The methodological framework of LCA includes definition of goal and scope,
inventory analysis, impact assessments and interpretation of results as illustrated
in the picture below (Figure 3.8).

Most important items of the LCA framework (1SO, 1997) categories are:

1. Goa and scope (functiona units, system boundaries, data requirements,
assumptions and limitations)

2. Inventory anaysis, 1ISO 14041 (alocation procedures and calculation of
energy flows)

3. Impact assessments, 1SO 14042 (classification, such as resource depletion,
human health and ecological effects; characterization; weighting)

4. Interpretation, SO 14043 (identify significant environmental issues and
evaluate them and draft conclusions and recommendations)
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An example of the workflow from inventory data to impact assessment in the
LCA methodology is presented in Appendix 3.3.

Life Cycle Assement Framework
Goal & 5cope —
Definition -
Direct Applications:
l' T - Product Development
150 14041 and bngrovements
Inventary — 150 MU‘_G ::: - Strategic Planning
Analysis sl - Public Policy Making
* 1. - Marketing
Jrrrmsen e - Et Letera
IS0 14042 | | N
Impact b
Assessment

Figure 3.8 1SO 14040 — phases of the life-cycle assessment

Applicability

The inventory phase of LCA is very time consuming if everyone conducting an
LCA should follow the chain back to the cradle. Besides the transparency and
thereby the comparability, reliability and reusability would be of lower rank. In
order to overcome these obstacles, an interaction between companies has to be
obtained letting each player contribute with the LCI data of its expert area. To
enable an interaction of LCl data between Swedish companies, the Centre for
Environmental Assessment of Product and Material Systems at Chamers
University of Technology (CPM), has in corporation with Swedish companies
developed a Swedish national LCI database: SPINE@CPM. This database is
freely accessible for the CPM members financing the build-up of the database,
often by own studies, which then are approved by CPM. The database structure
is based on a system called SPINE, and the coming 1SO 14048 standard for LCI-
database format will be based on SPINE and the competing SPOLD structures.
Ericsson and other participating companies can thereby ensure that what they
produce will be consistent with the future standard on LCI format.

As indicated earlier in this chapter, Ericsson’s corporate environmental
management assigns LCA an important role in Ericsson’s environmental work.
However, LCA is not yet atool used in al product development carried out by
Ericsson.
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At site level, such as the Kumla plant, it would be difficult to justify the
introduction of LCA methodology, because of the fact that many of the factors
taken in account in an LCA are not controlled by the plant, but by the Design
Unit, based in Lund.

A recent application of the LCA methodology being utilized at a pilot scale at
Ericsson is the “work place analysis’ (WPA), which accounts the environmental
impact of different activities of personnel, such as office space requirements,
business travel and computer use.

SYNTHESIS AND CONCLUSIONS

Synthesis

As can be seen in sections 2 and 3, Ericsson is capable of handling regulatory
societal demands and providing the information needed according to these
demands, both at corporate and site level. Ericsson appears well prepared to meet
the upcoming regulations, such as producer responsibility.

Concerning environmental policy demands, Ericsson is well advanced regarding
the implementation of an environmental management system, according to the
ISO 14001-standard, at the different production sites. A common corporate
environmental management system, or umbrella certification, is planned on the
near future. However, one of the principal objectives named in Ericsson’s policy
“to contribute to sustainable development of the world” has been considered only
indirectly when establishing the operative procedures to attain the corporate
environmental objectives. During the following years significant efforts will be
alocated to improve Ericsson’ s environmental management systems.

Ericsson has not explicitly taken up, an approach regarding sustainable deve-
lopment demands, which would satisfy the information, required for decision
making and management for a sustainable development. Nevertheless, Ericsson
today performs WPA-evaluations of activities of the personnel, which might have
environmental impacts.

Both the LCA and WPA methodologies are supported by MFA.
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Conclusions

To achieve greater results in environmental performance, the indirect impacts
from decison making in the design phase ought to be incorporated into the
present EMS, covering activities with significant direct environmental impacts.

From the discussion on the different methodol ogies taken up in the fifth section, it
can be concluded that probably a combination of methods will be needed in order
to provide this information.

The LCA methodology is aready applied within Ericsson, but it would have to
be improved and consider a wider field of activities carried out by Ericsson, in
order to be able to supply an adequate measure of progress toward sustainability
within Ericsson. Therefore, the WPA could be introduced on a larger scale
complemented with CBA giving incentives to both company and employees.
Standardization and a clearer picture of the benefits is needed in order to
overcome due concern for excessive cost and time required to implement such
environmental systems analysistools.

Ericsson has not explicitly taken up an approach, which would satisfy the
information required for a sustainable development. Probably a combination of
LCA (Life Cycle Assessment), eg. applied to products and workplaces,
supported by MFA (Material Flow Anaysis) will be able to supply an adequate
measure of progress toward sustainability within Ericsson.

However, perhaps most importantly, in order to receive maximum benefits, the
environmental performance information gathered must to a much greater extent
be incorporated into a corporate management system, which then will lead
Ericsson to continuoudly check and act on the resulting conclusions of the
analyses of gathered information.
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APPENDIX 3.1 GLOSSARY

Acronyms Compound Terms

ADL Arthur D. Little

CAC Command And Control

CBA Cost Benefit Analyses

CEO Corporate Executive Officer

CET Corporate Executive Team

CPM Centre for Environmental Assessment of Product and Material
Systems, Chalmers University of Technology

DFE Design For Environment

DK Directory of Human Resources and Organization

DM Directory of Marketing

DS Directory of Supply and Information Technology

DT Directory of Technology

EA Environmental Auditing

EB Environmental Burden

El Economic Incentives

EIA Environmental Impact Analyses

EIC Environmental Impact Category

EL Environmental Labels and Declarations

EMAS Eco-Management and Audit Scheme

EMC Environmental Managers Council

EMS Environmental Management Systems

EOL End of Life

EOLT End of Life Treatment

EPE Environmental Performance Evaluation

ESP Ericsson Strategic Planning

FDIS Final Draft International Standard

ICC International Chamber of Commerce

ICl Multinational British-based chemicals and materials company

ISO International Standards Organization

IP The Internet protocol defines how information travels between systems
across the Internet.

/0 In and Out accounting

IT Information Technology

LCA Life Cycle Assessments

LCI Life Cycle Inventory

LCIA Life Cycle Impact Assessments

LCC Life Cycle Cost

LCSEA Life Cycle Stressor Effect Assessment

LME Lars Magnus Ericsson, (the founder of Ericsson) symbolizes
Corporate Level

MD Marketing Director, the Head of DM

MFA Material Flow Analysis
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Acronyms Compound Terms

MIPS Material Intensity Per Unit Service, Ecological rucksack

NPV Net Present Value

0OSsG Operating Steering Group

PF Specific Potency Factor

SD Supply and IT Director, the Head of DS

SETAC Society of Environmental Toxicology and Chemistry

SPINE Large industries and research centers developed SPINE to help
businesses provide customers with environmental declarations (1SO
14025). LCl-database, which will partly format the base for the
coming 1SO 14048 standard together with SPOLD

SPOLD Society for the Promotion of Life-Cycle Development. LCl-database,
which will partly format the base for the coming 1SO 14048 standard
together with SPINE

TTC Time To Customer
Time from received order to delivered product to customer

TT™ Time To Market
Time from product idea to full scale production to market

W Weight in tons

WPA Work Place Analysis




APPENDIX 3.2 INPUT/OUTPUT BASED ENVIRONMENTAL PERFORMANCE SCORECARD
Cate- Non-Financial Linked Financial Accounts
@ gory Last Year | This Year Last Year This Year
&) Abso- | Relative Total | Relative Sold | Abso- | Relative Total | Relative Sold
% -E lute Fiscal 110 Functions lute Fiscal 110 Functions
E ) In-put Raw Material Procurement Costs of Raw Materials
= 8 Consumption
O =— Water Consumption Costs of Water Consumption
= 8 Energy Consumption Costs of Different types of Energy
S_) %) Use of Toxic or Procurement Costs of Toxic or Dangerous Substances
Dangerous Substances
© 8 Out- Solid Waste Waste Treatment Costs
E‘ O | put Waste Disposal Costs
o S Waste Transport Costs
= C_U Waste Water Operating Costs of Water Treatment Facilities
c @© Heavy Metals Emissions Costs of Heavy Metals Discharged with Waste Water
(@] CYIJ Substances Causing Operating Costs of Specific Effluent Treatment
=0 Eutrophication
> = CO; Emissions Amount Paid in CO, Emissions Related Taxes
Lﬁ SO, Emissions Amount Paid in SO, Emissions Related Taxes

NOyx Emissions

Amount Paid in NOyx Emissions Related Taxes

VOCs

Costs of Discharged Products Containing VOCs

Based on: Rikhardsson (1999), Rauberger & Wagner (1999) and Schroder & Winter (1998).




APPENDIX 3.3 POSSIBLE LEVELS OF DATA AGGREGATION IN LCA

Inventory Data Potency Factor Impact Category Impact Group World Impact
CO, Gwp | _ GWP-index Global-index Environmental-
CH, Global Warming index
Cd (DI __ ADP-index

/ Abiotic (resource) depl.
Pb ODP _ ODP-index
Zn Ozone Depletion
CFC-11 AP — AP-index Regional-index
CEC-12 % Q;ldlflcatlon
- - NP-index E—
ch)C 113 7 Nutrification ol
POCP POCP-index
NOx Photoch. Ozone Creat.
NH3 | HT o HT-index Local-index
HCI Human Toxicity
PO AET ___ AET-index
Aquatic Ecol. Toxicity
AS etC. etc
etc.
(Physical e:g_ .
Inputs/Outputs) Fiscal units
>
Complexity
>

Uncertainty

Atik & Schultz (1998), ICI (1991), van der Werf (1999) and Baumann & Tillman (1995) constitute the foundation to this diagram.



