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of sustainability - society, environment, and economics. There are substantial challenges to identifying
and understanding the social impacts associated with manufacturing activities. This paper provides a
framework for characterizing the social impacts of manufacturing throughout the life cycle of a product
or process. Social impacts occur on various scales in manufacturing, from the level of a unit process to
the level of the enterprise. Additionally, manufacturing activities impact consumers, communities, and
larger political/spatial realms. This paper identifies key characteristics of social impacts associated with
manufacturing that should be considered to more effectively address the social dimension of sustaina-
bility for products and processes. Examples involving a typical manufacturing process - welding - are
presented to illustrate the utility of the framework.
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1. Introduction

Interest in achieving sustainable manufacturing systems and
production processes is growing. Sustainability was first defined by
the Brundtland Commission as meeting “the needs of the present
without compromising the ability of future generations to meet
their needs” [1]. Its definition has evolved to include three pillars:
the environment, society, and the economy, which, when inte-
grated, are sometimes referred to as the “triple bottom line.”

There is public movement toward a triple bottom line approach
to measuring corporate success. A recent article published in
conjunction with Newsweek’s Green Rankings stated: “Now that
environmental leadership has been widely embraced by companies
as a competitive advantage, it’s time to redefine sustainability to
include social impact. This entails a departure from the traditional
cost-cutting model toward a triple-bottom-line approach, embrac-
ing economic, environmental, and social performance as measures
of corporate success” [2].

Beyond this recent call, manufacturers’ concern about how to
manage and achieve sustainability has been driven by steadily
increasing costs of energy and resources, risks associated with
material availability and use, consumer demands, government
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regulations, and interest in reducing the environmental impacts of
production. However, although there is a desire to move toward
more sustainable practices, substantial hurdles to establish sus-
tainable manufacturing systems persist. As noted in a National
Institute of Standards and Technology (NIST) industry workshop
report: “Industry is unable to measure economic, social, and envi-
ronmental consequences of their activities and products accurately
during the entire life cycle and across their supplier network” [3].
The economic dimension of sustainability, from the perspective
of a single company, is addressed as a matter of course in standard
operating practices. Similarly, the environmental impacts asso-
ciated with decisions at various levels, from unit manufacturing
processes to entire enterprise systems [4], are increasingly under-
stood. However, there remains much discussion about the social
impacts that should be considered, how they should be measured,
and who, within an organization, is responsible for addressing these
issues. Additionally, the ability of a company to evaluate the eco-
nomic, environmental, and social consequences of its activities is
limited in part by the knowledge it has about its supply chain.
Although much ambiguity remains, there is a growing call for
brand manufacturers to address the social implications of their
products throughout the supply chain. Retailers are increasingly
requiring their suppliers to provide information about the social
impacts associated with manufactured products [5]. Some retail-
ers are making purchasing decisions based upon the information
provided [6]. Consumers are able to learn about the social and
environmental performance of products on the shelf or in their
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electronic “cart” using rating tools such as GoodGuide [7]. Simi-
larly, consumers are able to evaluate the number of slave laborers
involved in the production of the items they own or consume [8].

Some social impacts of a product are closely linked to corporate
or enterprise behavior. Corporate policies and practices related to
labor and human rights imply social impact [9]. Social risks may
be evaluated on a national or regional scale; supply chain concerns
may be focused on where products and components are produced
without specificinformation about the facilities where that produc-
tion is taking place [10]. While attention to social impacts at these
levels is certainly important, there are other levels that should be
addressed and may be addressed at the level of a facility, process
chain or unit process.

Although challenges exist, a systematic approach to identifying
and understanding the social impacts of manufacturing is pos-
sible. In this paper, the term sustainable manufacturing as used
here is first defined and then the definition extended to illus-
trate the associated social impact aspects and their relationship
to manufacturing. A framework for defining and applying metrics
for measuring social impacts is proposed. Finally, to illustrate the
importance of these considerations we are going to provide a case
study focused on welding.

2. Background

Sustainable manufacturing has been defined as the creation of
manufactured products that use processes that minimize negative
environmental impacts, conserve energy and natural resources,
are safe for employees, communities, and are economically sound
[11]. Measures of all three pillars of sustainability are necessary in
order to judge how a change to a product or production system
affects its sustainability. These metrics and associated decision-
making tools are critical to enabling an organization to measure
its progress toward sustainability and communicate its progress
to consumers and others. This work outlines a method to identify
the social impacts associated with manufacturing throughout the
supply chain.

2.1. Social sustainability in manufacturing

Companies interact with a number of social entities, such as
their employees, customers, supply chain partners, communities,
and the public as a whole [12]. Based on the initiatives that address
social sustainability and the sphere of influence identified by ISO
26000 [13], companies have a responsibility to consider how they
impact these social entities at the most basic level, in terms of the
physical health and safety of the individuals that compose these
groups. Beyond the basic level, however, there also appears to be
a desire in other initiatives to consider impacts related to human
rights [14], which begin to address concerns such as equity, respect
and even the rights to enjoyment of the arts and a share in scientific
advancement (Article 27).

These broader social issues may be understood through the
hierarchy of needs put forth by Maslow [15], which provides a
framework to consider the physiological, emotional, cognitive, and
social resources that people require. According to Maslow [15],
after an individual has achieved physical health and safety, they
will become concerned with love/belonging, esteem, and, finally,
self-actualization. Belonging, affection, and love requirements may
manifest as the desire to overcome or avoid feelings of loneliness
and alienation and could be recast in an organizational context as
“affiliation”. The need for esteem is often exemplified by individ-
uals seeking self-respect and respect from others because of their
abilities and achievements. Maslow views self-actualization as the
process of an individual utilizing an increasing amount of his or her
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Fig. 1. Manufacturer’s supply chain and social impacts.

potential and capabilities “to become more and more what one is,
to become everything that one is capable of becoming” [16].

Critics have argued that humans do not seek to fulfill these
needs in a perfectly sequential manner [17]. Additionally, alterna-
tive methods have been suggested for categorizing different types
of social/personal needs (cf., [18]). However, the hierarchy pro-
posed by Maslow does provide a useful means for categorizing
needs.

Hutchins et al. [19] have developed a framework for social
sustainability metrics by considering Maslow’s hierarchy in con-
junction with the social groups or entities a manufacturer interacts
with throughout its supply chain, as shown in Fig. 1. Each facil-
ity in the supply chain employs a number of workers, is situated
in a particular community, and may have some effect on the global
community through interaction with policy makers, customers and
others. A manufacturer could consider how it is impacting each of
these social groups or entities based on the need levels suggested
by Maslow [15]. In particular, knowing how far along a commu-
nity is in satisfying the needs in Maslow’s hierarchy will provide an
indication of where investment should be made.

In some countries, regulations require businesses to consider
some of the basic health and safety needs of their employees and
customers. However, even in the U.S., there are concerns that even
these most basic needs are not adequately addressed. For example,
the hazards associated with many chemicals in use are unknown
and the mechanisms in place to phase out chemicals of concern
have been ineffective [20]. On the other hand, some organizations
are already considering the “higher order” needs of customers and
members of their supply chain by tracking measures of the rela-
tionship (i.e., affiliation) the organization has with these entities
[21].

Numerous frameworks, principles, and guidelines provide
potential indicators of social impacts. The United Nations Global
Compact (UN-GC) [22] and the OECD Guidelines for Multinational
Enterprises [23]| are two internationally-established, high-level
documents that address social impacts amongst other sustaina-
bility issues. Programs focused on corporate social responsibility
include: ISO 26000: Guidance on Social Responsibility [13] and SA
8000, which is an auditable social certification standard [24].

The guidance provided in these documents is often incorporated
into sustainability compliance materials for use in evaluating actors
within a value chain. However, the guidance is sometimes inter-
preted differently depending on the context where it is applied.
The Global Social Compliance Program seeks to improve compara-
bility and transparency across the spectrum of compliance systems
[25].

Other organizations are approaching the lack of consensus
regarding appropriate measures of sustainability by focusing
on specific industries or sectors. The Sustainability Accounting
Standards Board (SASB) is developing industry-specific key per-
formance indicators related to sustainability [26]. Sector-specific
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organizations such as Sustainable Apparel Coalition [27] and Sus-
tainable Forestry Initiative (SFI) [28] also provide insights into what
social impacts may be associated with products and production.

However, many of the socially-oriented indicators contained in
these documents described may not be applicable in a manufactur-
ing context. Many efforts have been made to identify measures of
social impact that are useful to engineers and manufactures, such
as [18,19,29-34].

Due to the broad range of social entities an organization inter-
acts with and the similarly broad range of potential impacts to
consider, guidance is needed in terms of the specific metrics
that should be used by manufacturers and designers. Often, deci-
sion makers must make trade-offs between conflicting goals,
whether that be product-level design requirements or corporate-
level investment decisions. A structured approach, in terms of
which social impacts should be considered in a particular situation
or should be given priority, will be useful.

In order to provide context for this discussion of social impacts,
welding will be considered as an example of manufacturing activ-
ity. Welding is chosen here as it is widely used and has a number of
well documented issues associated with worker health and safety.
It should be noted that process characteristics, design parameters,
and system inputs and outputs all effect people. Although much of
the discussion that follows will focus on welding, it is possible to
draw parallels to other manufacturing processes.

2.2. Welding

Welding is a ubiquitous process, used in manufacturing facili-
ties worldwide for assembly of structural and other components
of products. In the industrialized world welding is usually concen-
trated in well-controlled manufacturing facilities where fumes and
other outputs, including disposal of waste materials, is more reg-
ulated and carefully handled. However, in many facilities welding
processes are conducted in much less controlled environments, for
example, consider ship building activities and repair or demolition
in economically developing countries [35].

Welding processes can be divided into two major categories:
fusion welding and solid-state welding. Fusion welding can be
defined as the melting together and coalescing of materials by
means of heat. The thermal energy required for these welding oper-
ations is usually supplied by chemical or electrical means. Filler
metals, which are metals added to the weld area during welding,
may or may not be used. This process constitutes a major category of
welding; it comprises consumable- and nonconsumable-electrode
arc welding and high-energy-beam welding processes [36].

In arc welding, the heat required is obtained from electrical
energy. The process involves either a consumable or a noncon-
sumable electrode (rod or wire). An arc is produced between the

tip of the electrode and the workpiece to be welded, by the use
of an AC or a DC power supply. This arc produces temperatures of
about30,000°C (54,000 °F) to melt the metal [36]. The “arc welding”
category includes several processes, as described below.

Shielded metal-arc welding (SMAW) is one of the oldest, sim-
plest, and most versatile joining processes. About 50% of all
industrial and maintenance welding is currently performed by this
process [36]. The electric arc is generated by touching the tip of a
flux-coated electrode against the workpiece and then withdrawing
it quickly to a distance sufficient to maintain the arc. The electrodes
are in the shape of a thin, long stick, so this process is commonly
known as stick welding. The heat generated melts a portion of the
tip of the electrode, of its coating, and of the base metal in the imme-
diate area of the arc. A weld forms after the molten metal, a mixture
of the base metal (workpiece), the electrode metal, and substances
from the coating on the electrode, solidifies in the weld area. The
electrode coating deoxidizes the weld area and provides a shielding
gas to protect it from oxygen in the environment [36].

Gas metal-arc welding (GMAW), commonly referred to as MIG
(metal inert gas), is an electric arc welding process in which an arc
is struck between a consumable wire electrode and a workpiece.
The weld area is shielded by an inert atmosphere of argon, helium,
carbon dioxide, or other gas mixtures. The consumable bare wire is
fed automatically through a nozzle into the weld arc.

Flux-cored arc welding (FCAW) is similar to gas metal-arc weld-
ing, with the exception that the electrode is tubular in shape and is
filled with flux.

In short, the inputs required for the welding process include
electricity, an electrode, and a welding machine. The outputs from
the welding process can be characterized as radiation, heat, fumes,
gases, and waste. Depending on the specific welding process used,
some inputs and outputs vary, as indicated by dashed lines in Fig. 2.
Inputs that are not present in all welding processes are indicated
with dashed lines. Welding consumables can generate welding slag,
fumes, and/or stub ends depending on the type of consumable used.
Welding fumes can be hazardous and should be kept away from the
welder’s breathing zone.

Fume components contributing to the health hazard are mainly
heavy metals and fluorides. One can find reasonable data in the
literature on the magnitude of these outputs and their measurable
impacts on people.

3. Characterization of social impacts

To support assessment of the triple bottom line in manufac-
turing decision making, it is necessary to identify and understand
social impacts. In this section, a method to characterize social
impacts is proposed. This method suggests areas to consider when
looking for social impacts associated with products and production
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systems. It also seeks to provide guidance regarding which individ-
uals or organizations may be able to affect these social impacts.

The following factors are proposed to characterize social
impacts and risks associated with manufacturing:

e scope of activity (SoA) relative to product/process of interest
e scope of activity relative to the source of impact/risk

¢ stakeholder(s) impacted

e life cycle phase

e source of impact/risk

e type of impact/risk

The scope of activity refers to the level of detail associated with
the system of interest. There are two perspectives to consider in
terms of scope of production activity. One perspective is from that
of the product or process of interest (i.e., the focus of evaluation
for potential social impacts). The other perspective is from that of
the social impact. Dornfeld et al. [37] introduce the following lev-
els of activity in the context of the need for interoperable systems
to realize computer integrated manufacturing: enterprise, factory,
line, machine tool, component, and sensor data. In the context of
evaluating social impacts there are also data at different scales in
different layers of the manufacturing and socio-political system.

The scale of the available data and the boundary around the
production activity of interest are useful characteristics of social
impacts. Consider an example in which there are concerns about
forced labor in the facility where electrode materials are processed.
From the perspective of welding, the electrode is at the machine
tool level, whereas the labor issue is likely at the facility or enter-
prise level depending on the context.

A number of stakeholders and stakeholder groups have been
suggested by others for consideration in the assessment of social
impacts of products and processes. For example, Dreyer et al. [29]
suggest that there are only three main stakeholder groups: employ-
ees,local community, and society. The UNEP-SETAC Social Life Cycle
Assessment Guidelines suggest employees, local community, soci-
ety (national and global), consumers, and value chain actors [12].
Hutchins et al. [19] propose identifying impacts associated with
those suggested by UNEP-SETAC and the addition of stockholders.
In this study we will consider employees, local community, society,
consumers, and value chain actors.

The life cycle stages that are suggested follow ISO 14040: Life
Cycle Assessment — Principles and Framework [38]:

e raw material extraction

¢ production and use of fuels, electricity, and heat

e primary manufacturing

e manufacture of ancillary materials

e manufacture, maintenance and decommissioning of capital
equipment

e distribution/transportation

¢ use and maintenance of products

e disposal or recovery of used products (including reuse, recycling
and energy recovery

For the purposes of the proposed characterization method, the
life cycle stage is identified from the perspective of the product or
process being examined.

The source of the social impact or risk is a key characteristic
of that issue. Understanding the root cause of a problem is essen-
tial in addressing it effectively. For some social impacts, such as
the effects of some welding activities on respiratory health, the
relationship between manufacturing activity and impact is well
understood and may be grounded in the physical sciences. How-
ever, the source of other social impacts, such as child labor, are not
as clearly defined. Perhaps one way to characterize the source of

this type of impact is “a combination of social, cultural, economic
and other factors.” Whenever possible, the source or potential
sources of social impacts should be tracked, as that often provides
insight into potential solutions.

Finally, at this stage, we propose two elements of type of impact
or risk. One element characterizes whether the impact (or risk) has
a (potentially) positive or negative effect on the stakeholder of con-
cern. The focus of this work is negative impacts, which may actually
imply positive impacts, as avoidance of negative impacts has posi-
tive effects. However, there is certainly a need to move from being
less bad to being good.

The second element characterizes the “need level” guided by
Maslow’s hierarchy and Hutchins et al. [19]. The proposed levels
are: fundamental, intermediate, and higher order. Fundamental
impacts are those that have a direct effect on the basic health
and safety of individuals and/or are related to widely agreed upon
human or labor rights. When negative, impacts on fundamental
needs are often perceived to be the most egregious. Higher order
needs are those that relate to the desire of individuals or organiza-
tions for esteem and actualization. Intermediate needs, as the label
implies, fall somewhere between. This grouping includes impacts
on the basic functioning of organizations (e.g., bankruptcy) and
impacts that are highly contentious in terms of being defined as
impacts (e.g., impediments on freedom of association).

While the definition of an intermediate impact is not fully devel-
oped, its inclusion is important as it acknowledges that the level of
impact for some issues is subject to debate. It is hoped that the
inclusion of this category of impact will facilitate discussion and be
the subject of future research.

4. Characterizing social impacts in a welding process

To illustrate the scenarios in which the factors proposed for
characterizing social impacts are linked to manufacturing deci-
sion making, consider the individuals and groups involved in the
selection, procurement and utilization of a typical consumable in
welding, electrode wire for gas metal arc welding.

e Designer - designs the part, influences electrode wire selection
with choice of material, part functionality, operating environ-
ment, etc.

e Manufacturing engineer - selects appropriate welding process
(including electrode wire) to achieve required design specifica-
tions

e Procurement department - determines which supplier to pur-
chase the electrode wire from

e Electrode wire manufacturer (supplier or 2nd/3rd tier supplier) -
determines electrode composition and where to source materials
for their electrode products

e Material processor - establishes working conditions within their
facility and decision making relative to community impacts

e Ore extractor - establishes working conditions within their facil-
ity and decision making relative to community impacts

All along the procurement chain decisions are made based on
cost, regulatory constraints, traditional supplier relationships, etc.
These decisions are not unique to welding; most any manufacturing
process requires these decisions to be made.

With an understanding of the value chain and an awareness of
social impacts of interest, one can generally identify impacts that
are associated with value chain actors throughout the life cycle and
scope of production activity. Databases such as those provided by
the ILO, UN, and Earthster can provide information related to risk of
social impacts [10,39,40]. Audit results can be reviewed for facility-
specific information.
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Table 1
Example of characterized social impact of welding.

Product or process of interest Welding

Social impact or risk Increase in risk of mortality
from lung cancer

SoA - product/process Unit process

SoA - impact/risk Unit process

Stakeholder Impacted Employee

Life cycle phase Use

Source of impact/risk Chromium in welding fumes
Level of impact Fundamental

Reference [42]

For example, there are some serious concerns about mining ore
for tantalum, gold, tin and tungsten - these are sometimes referred
to as ‘conflict minerals’. The profits generated at these mines in the
Democratic Republic of Congo (DRC) are often used to fund armed
conflicts [41]. There are several impacts or risks that could be asso-
ciated with the activity “mining ore for gold” in the location “DRC.”
Child labor, health and safety, fair labor, corruption, and preven-
tion and mitigation of armed conflicts are some of the potential
impacts associated with mining in this area. The risk for corrup-
tion is also in the life cycle phase raw material extraction and the
SoA-process/product is enterprise; however, the SoA-impact/risk
is society.

In Tables 1 and 2, two examples of characterization of social
impacts of welding are detailed from information in the literature.
Table 1 addresses the potential risk of mortality due to inhala-
tion of fumes and particulates from the welding process if the
worker is not properly protected and adequate ventilation pro-
vided. This stems from the presence of chromium in the filler metal
(electrode wire). Table 2 addresses a different social impact, also
related to the constitution of the filler metal, but in this case, the
use of nickel and the potential that the source of the nickel is
from a region where risk is increased for human and labor rights
violations and, hence, promotes risk or impact in material extrac-
tion.

These two examplesillustrate the temporal and spatial nature of
the problem - one affecting workers very early in the supply chain
and likely masked by several layers of suppliers and the second
affecting a production worker in the fabrication facility actually
welding. Manufacturers seeking to employ sustainable production
practices will have varying abilities to address the issues raised
here.

A careful analysis of the potential impacts, first at a local
level and then at increasingly broader levels may yield a clearer
indication of those potential sources of impact that the man-
ufacturer can affect. Clearly, it may be very difficult to insure
that the source of filler metal constituents fully supports human
and labor rights without relying on assurances from the suppli-
ers.

However, it is increasingly evident that the manufacturer
employing welding will need to understand some rudimentary

Table 2
Example 2 of characterized social impact of welding.

Product or process of interest Nickel production

Social impact or risk
SoA - product/process
SoA - impact/risk
Stakeholder impacted
Life cycle phase
Source of impact/risk

Risk of human and labor rights violations
Unit process

Facility or enterprise

Employee

Raw material extraction

Includes Chinese social, cultural, and
financial situation

Level of impact Fundamental

Reference [43]

aspects of the source and content of the materials used. We pro-
pose that where an impact falls on the spectrum between an
opportunity and a challenge is a function of the characteristics
previously described, specifically:

scope of activity,
stakeholder(s) impacted,
life cycle phase,

source of impact/risk, and
impact type.

The type of impact (i.e., positive/negative and need level) pro-
vides some insight into its severity or gravity. The scope of activity,
from the perspective of both the product or process of interest and
the impact, as well as life cycle phase, can provide insight into the
decision makers in a position to affect the impact.

Negative impacts that effect fundamental needs especially those
within a brand manufacturer, retail, or their close supplier’s facility
pose a significant threat to those organizations. Costs associ-
ated with the legally required prevention and mitigation of these
impacts can be significant and the risk to brand reputation can also
be substantial.

What becomes important for manufacturers and engineers is
the identification of (i) strategies that mitigate these threats and
(ii) decision makers in a position to implement them. For exam-
ple, in some welding processes filler material is used that does not
include integral shielding (e.g., flux) on the material and, hence,
some materials issues are avoided. If the supply chain source can
verify the filler material is sourced sustainably, then this eliminates
the potential impact. In some cases improved material selection is
a simple solution.

However, it seems that as impacts shift to intermediate or higher
order needs, the scope of activity shifts to higher levels (from the
product/process or impact perspective) or further from the point
of analysis in the life cycle it becomes difficult to (i) link the impact
to the product or process of interest, and (ii) identify the decision
maker(s) capable of affecting change.

The risk to human/labor rights associated with the nickel
described in Table 2 begins to illustrate these challenges. Because
nickel is a commodity and the facility of concern is likely supply-
ing materials to many other facilities it is challenging to determine
how much of the impact or risk can be assigned to the welding
process of interest and how much influence individual decision
makers have. Similarly, because raw material extraction is many
steps removed from the welding activity, it may be challenging to
verify that the risk is an actual issue and influence change. In this
case, the relationship between decision makers is likely weak to
nonexistent.

This implies that changes to support improved social sustaina-
bility may be initiated outside of an individual brand manufacturer
or retailer. For example the Electronic Industry Citizenship Coali-
tion (EICC) and Global e-Sustainability Initiative (GeSI) have
partnered to develop a conflict-free smelter program to collec-
tively address the associated problems in the Democratic Republic
of Congo.

Manufacturers and engineers can utilize the characterization
method described herein and the resulting structure demonstrated
in Tables 1 and 2 to construct a prioritization scheme for social
impacts that is relevant in their unique circumstance. Some may
wish to address those issues in which the scope of activity relative
to the impact/risk occurs at the unit process level and is, presum-
ably, more directly under their control. Some may wish to focus
on the most fundamental levels of impact. Others may wish to
use established statistical methods to weigh and consider several
characteristics simultaneously.
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5. Conclusion

This paper first defined sustainable manufacturing as a basis
for establishing a view of the social impact aspects of sustaina-
bility and their relationship to manufacturing. A framework for
defining metrics for measuring social impacts and identifying deci-
sion makers in a position to affect the metrics was proposed.
The framework includes: scope of activity (SoA) relative to prod-
uct/process of interest and relative to the source of impact/risk,
stakeholder(s) impacted, life cycle phase, source of impact/risk,
and type of impact/risk. Finally, welding was used as an example
to ground the discussion of this characterization scheme, provid-
ing two concrete examples of social impacts due to process related
effects and material extraction/supply chain effects.

To successfully assess and address the social impacts of produc-
tion as a means toward achieving sustainable manufacturing it is
necessary to:

e clearly identify the domain or scope of the enterprise in which
relevant processes occur. That is, define the spatial and temporal
dimensions across life cycle stages and the different processes
that are involved

e consider whether it is the product or process that is of interest
(i.e., the focus of evaluation for potential social impacts)

e employ a clearly defined set of factors to characterize social
impacts and risks associated with manufacturing as applied to
each process of interest

e investigate the root cause of any identified problems to establish

a basis for addressing them based on the impacts

identify decision makers with the capability to affect positive

change or establish organizations with the ability to institute

solutions

There are many opportunities for further research related to
the social impacts of manufacturing. While this work establishes a
framework for characterizing impacts, additional work is needed
to clarify definitions of the different aspects of social impacts.
Additionally, it may be possible to develop a means for character-
izing the overall severity of an impact or the responsibility of an
organization to address an impact. Methods for prioritizing poten-
tial impacts are needed and should be tested. Finally, to facilitate
socially sustainable manufacturing processes, software tools are
needed which incorporate the considerations defined above.
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