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Researchers and practitioners alike have become increasingly aware and interested in the sustainability of supply
chains. The majority of the research in this area includes the triple-bottom approach of sustainability understand-
ing the economic, social, and environmental outcomes of supply chain functions. Several sustainability measures
have been presented in the literature to recognize the sustainability of supply chains helping stakeholders in
making strategic decisions. However, most of these studies analyse supply chains in developed nations and the
research on sustainable supply chains in developing countries is scarce. The existing studies cover only the triple-
bottom approach of sustainability in supply chains and there is a need to delve deeper into research to identify
and quantify additional aspects of supply chain sustainability. Moreover, there is very little evidence of research
on the sustainability of public health supply chains. Greater attempts in doing so will gain more comprehension
of the emerging scope of sustainability practices in healthcare and help the various stakeholders improve their ac-
tions. Under this background, the main contribution of the paper is to devise a sustainability measure applicable
to supply chains in public health. To this end, we develop a Supply Chain Sustainability Index which in addition
to measuring the economic, social, and environmental footprints, also measures the stakeholder collaboration,
health outcomes, and product/service and process quality initiatives. The index is comprised of a set of quantita-
tive sub-indicators assessing multiple dimensions of sustainability across the supply chain participants concerning
their role, location, capacity, etc. The sustainability index is modelled as a multi-dimensional vector and follows a
hierarchal structure breaking down the different dimensions of sustainability to sets of sub-indicators and metrics.
Although the current conceptual study does not provide any empirical evidence, it aims to propose this index to
improve the evaluation and health coverage of public health supply chains. It will act as a foundation for further
research and enable practical testing of the index in public health supply chains.

1. Introduction countries [2]. Hence, the sustainability of supply chains is important to
achieve in order to help countries overcome the bottlenecks of strained
health systems and perform better.

The idea of sustainability came to the forefront only when people

Robust health supply chains are critical to any country and a well-
functioning health system will require a supply chain to deliver and

assure improved health outcome [21,36]. Although many envisage a
supply chain as only procurement, warehousing, and distribution func-
tions, integrated processed and collaboration is crucial to improve the
accessibility of healthcare commodities. Supply chain management is
a well-defined discipline, which has unfortunately not been used for
strengthening health supply chains [23]. As a result, the public health
supply chains (PHSC) in the low-and-middle-income countries (LMIC)
remain weak endangering the health system’s ability to respond to per-
sistent health challenges [38,20]. Differences in economy, legislation,
regulations, and standards pose difficulties in managing such supply
chains which affect the overall performance especially in the developing
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started understanding the impact of their own activities on the environ-
ment. People remained ignorant until the repercussions took the form
of global warming, climate change, and other means of risks for human
existence. The foremost discussion of this concept was done in the Burt-
land Report published by the United Nation in 1987. Different defini-
tions of sustainability have emerged, which are more practice-oriented
and delineates the characteristics of a sustainable society [31]. The def-
inition of the European Union is considered to be more holistic covering
many facets of sustainability including the economic, social and envi-
ronmental effects of all policies that are examined systematically before
deciding.
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The concept of sustainability should not be seen only in light of envi-
ronmental degradation but has extended to accommodate the well-being
of individuals, community, and the greater environment. To achieve sus-
tainability targets coordination between the supply chain members is
necessary [35]. The failure to establish collaboration across the differ-
ent stakeholders will affect the overall competitiveness of the supply
chain. Developing countries face an additional challenge as financial
sustainability is considered more important and other aspects of it are
completely neglected [19].

1.1. Sustainability in health supply chains

There have been attempts to understand the impact of sustainabil-
ity on healthcare. Attention has been diverted to focus on healthcare
innovations and reducing the carbon footprints of healthcare activities
[32,29]. Environmental sustainability in healthcare is understood in re-
lation to waste management and pollution [5]. In addition to this, as
healthcare organizations develop, the sustainability of customer care
and employee care are becoming building blocks to quality healthcare
and efficiency. This has necessitated the need for an integrated approach
where these organizations can achieve better health outcomes [33]. In
general, we found that the existing research on sustainability has mainly
focused on environmental stability and organizational stability which
concerns itself mainly on financial issues. Little efforts have been made
to highlight the other areas of sustainability practices in healthcare

Similarly, there is very little evidence of research in the sustain-
ability of public health supply chains, an area that very few studies
have attempted to analyse. There are rare studies on isolated topics in
healthcare logistics, like understanding outsourcing strategies of inven-
tory management [27], the applicability of JIT (just-in-time) models in
healthcare settings [3], etc. An objective model for assessing the envi-
ronmental sustainability of healthcare organizations was developed in
such a way that the results may be compared over time to create bench-
marking tools [7]. Another effort recognised was qualitatively highlight-
ing the driving forces for sustainability implementation in healthcare
and propose strategies to continuously enhance the sustainability im-
plementation in healthcare [24]. In general, the existing research on
sustainability in supply chains of healthcare has mainly focused on en-
vironmental stability and organizational stability which concerns itself
mainly on financial issues. Some studies have highlighted the social sus-
tainability angle too. However, little efforts have been made to highlight
the other areas of sustainability practices in health supply chains. Such
an attempt will gain more understanding about the emerging scope of
sustainability practices in healthcare and help the various stakeholders
improve their actions.

1.2. Dimensions and measurement of sustainability

Many researchers have tried to understand the various dimensions
of sustainability at the industry, country, and global level. Past studies
provide evidence of numerical models to highlight the link between sup-
ply chains and sustainability [10]. Green supply chains and the related
strategic issues have been equally assessed [34]. Some authors believe
that the definitions of supply chains are myopic to include the notion
of sustainability and echo the challenges in measuring supply chain sus-
tainability [39,15,18]. Most efforts towards evaluating supply chain sus-
tainability have focused on environmental issues and use tools like life
cycle assessment to measure supply chain sustainability [25,22,20,11].
The existing studies cover only the triple-bottom approach to sustain-
ability which aims to see beyond the traditional bottom line of busi-
ness to the profits that the business makes socially, environmentally,
and economically. Additionally, most of the available evidence in this
area analyse supply chains in developed nations and the research on
sustainable supply chains in LMICs is scarce because of the challenge of
coordination between developing and industrialized countries. In LMICs
the dynamism and uncertainty of business environments and the lack of
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institutions prevent supply chains from learning, innovating and thus
hinder the sustainability target achievement [37,2].

A number of sustainability measures have been presented to under-
stand the sustainability of supply chains helping stakeholders in making
strategic decisions. Optimization models are used to maximize sustain-
ability as a linear benefit function of three components representing the
economic, social and environmental dimensions of sustainability [6].
Other studies employed a multi-objective linear programming model to
design and plan a closed loop supply chain [26]. An analytical model
was proposed to assess the sustainability of the supply chain via a triad
[8]. Whereas, a fuzzy inference system was applied to assess the sus-
tainability of suppliers in the medical device industry regarding the
three dimensions of sustainability [14]. Some studies utilised a prob-
abilistic model for assessing the sustainability of the supply chain over
time, while a sustainability measure which included dimensions of com-
plex technical and economic efficiency was also established [1,4]. Some
businesses try to use the balanced scorecard approach to evaluate the
sustainable impact of economic, social and environmental activities sup-
porting managers look beyond one measure of performance [12].

Under this background, the main contribution of this paper is to
devise a sustainability measure applicable to supply chains in public
health. Since a public health system is an ecosystem of various partici-
pants at different levels, sustainability will depend on the contribution
of each participant and their role in improving the health outcomes
of the supply chain. To this end, we have developed a Supply Chain
Sustainability Index (SCSI) which is comprised of a set of quantitative
sub-indicators assessing multiple dimensions of sustainability across the
supply chain and not restricted to the triple-bottom down approach. The
index like all the earlier attempts measures the economic, social, and en-
vironmental outcomes of supply chains. Furthermore, we have proposed
to investigate the following key areas of supply chains in public health
as well.

» The collaborative efforts of supply chains are included through a
stakeholder outcome measure. Since the public health supply chains
comprise of different participants, sustainability will depend on the
contribution of each participant and their role in improving the
health outcomes.

Since the health supply chain carries the responsibility of improv-
ing health and saving lives, sustainability will also be influenced by
health outcomes.

Maintaining product/service quality and process quality is a key
requirement for effective supply chains. Hence, supply chains also
need to be gauged with respect to the various accreditations and
certification required supporting in maintaining quality through the
various functions.

.

Although the paper provides evidence from hypothetical health sup-
ply chains, the goal is to develop a measure which improves evaluations
of supply chains and act as a tool of self-evaluation for improved health
outcomes and coverage. It will act as the foundation for further research
enabling practical testing of the index in public health supply chains.

2. Methodology

A measure that incorporates factors from more than one dimension,
rather than a single dimension, gives a more complete picture of sustain-
ability. However, it also raises a number of challenges with respect to
measurement. The following steps have been identified for development
of composite indicators [13].

i Develop a theoretical framework,
ii Identify and develop relevant variables
iii Standardize variables
iv Weight and group variables, and
v Perform sensitivity analysis
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To create the new index, we have used the framework recommended
by the Organisation for Economic Co-operation and Development in
their handbook on Constructing Composite Indicators. This is one of
the most authoritative guides for creating comparable measures and is
widely used in literature. The main characteristic which needs to be
addressed in the proposed measure is its capability to reflect the multi-
dimensions of supply chains and to allow for differences between partic-
ipants in the public health supply chain with respect to their role, loca-
tion, capacity, etc. To this end, a sustainability index is proposed which
is modelled as a multi-dimensional vector whose main components rep-
resent the economic, environmental, social, quality, stakeholder and
health outcomes of the supply chain function. The index follows a hierar-
chal structure breaking down the different dimensions of sustainability
to a set of sub-indicators and metrics. These were designed to be dimen-
sionless and to extend over the range of (0, 1). This property allows the
aggregation of all the indicators to a single index, SCSIL.

Assuming that all of the relevant factors have been identified and
the sub-indices are calculated, the next challenge is to either reduce or
combine these to develop a single index. This process will involve some
subjective aspects regarding the weights and the critical importance of
each sub-index which can differ across the participants. To overcome
this challenge a variety of techniques can be used as evidenced in the
literature. Techniques used could be factor analysis and principal com-
ponents analysis [17], Data Envelopment Analysis (DEA) [30], the Ana-
lytic Network Process (ANP), and the Analytic Hierarchy Process (AHP)
[16].

The actions of the various supply chain participants will have direct
and indirect impact on each other, the environment, and the society.
The performance of each participant affects its own sustainability and
does also shape the sustainability of the supply chain as a whole. The
proposed index assesses each supply chain participant to understand its
contribution to the overall supply chain sustainability. The framework
adopted will be as follows;

« Assess the sustainability of each supply chain participant based on
six dimensions of sustainability. For each entity the weighted sum
of sub-indices of each of the six dimensions is calculated to give the
economic Ei, environmental Eni, social Si, quality Qi, stakeholder
Sti, and health Hi indicators, respectively. The weights will be as-
signed according to the activities performed, the goals, location and
the prevailing business environment. A supply chain sustainability
index (SCSI) for each participant is calculated using (I) and the same
is repeated for all the entities of the supply chain.

SCSIp = (w1 = Ei) + (w2 * Si) + (w3 * Eni) + (w4 % Qi)
+(W5 = Sti) + (w6 * Hi) O

where;

SCSIp = Supply Chain Sustainability Index for each participant

Ei =Economic outcome indicator, Si= Social outcome indicator,
Eni=Environmental outcome indicator, Qi=Quality outcome indica-
tor, Sti=Stakeholder outcome indicator, Hi=Health outcome indicator
w1l...w6 = Weights of the indicator (wl+w2+w3+w4+w5+w6=1)

« If there are more than one entity within the same group, then the
sustainability index of the group (SCSIg)can be calculated by the
geometric mean (GM) of individual sustainability index of all the
entity within the group as seen in (II).

SCSIg = m+/SCSIi, SCSIii ... .SCSIm I

where ‘m’ is the number of entities within the group.

+ The overall SCSI will be calculated by the GM of sustainability index
of all the groups. The GM has been chosen to reflect the dependency
of the sustainability of each group on the other. This encourages col-
laboration between different supply chain participants. For a supply
chain with ‘n’ groups the overall sustainability (SCSI) will be calcu-
lated through (III).

SCSI = n+/SCSIgi, SCSIgii ... SCSIgn (11T
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The SCSI will take on values between zero and one, where one indi-
cates the highest sustainability. The fact that the index value is dimen-
sionless facilitates the comparison between different participants, roles
and locations.

3. Description of the sub-indices

The proposed sustainability involves factors in six broad dimensions:
environment, society, and economy, stakeholders, quality and health
outcomes. Below we identify some variables that relate to each dimen-
sion.

3.1. Economic output

The economic dimension of the supply chain refers to the profits
earned by the members of the chain as well as the economic benefits
realized by the host nations, regions, and communities of those mem-
bers. The economic dimension as shown in Table 1 is sorted into three
categories. (1) Monetary performance refers to the ability of the firm to
generate revenue and carry out its operations (2) Financial health refers
to well-being and long-term viability of the firm with respect to financial
resources. (3)Efficiency refers to the optimum allocation and utilisation
of resources to serve the stakeholder by reducing waste and inefficiency.

3.2. Social output

The social dimension of sustainability relates to the human capital
of the supply chain. Improving sustainability with respect to the so-
cial dimension involves developing and maintaining business practices
that are fair and favourable to the workforce, communities, and regions
touched by the supply chain. This can be categorised into two broad cat-
egories. (1) Workplace refers to the internal human resources, i.e., those
who work within the supply chain and factors contributing to their em-
powerment and well-being. (2) Community refers to all people outside
of the supply chain, including those who are directly and indirectly af-
fected by the chain‘s performance. The various sub-indicators are shown
in Table 2.

3.3. Environmental output

Improving environmental sustainability means reducing the ecolog-
ical footprint of the supply chain. Of the three dimensions, the environ-
mental aspect of supply chain management has been studied the most
[16]. This is divided into the following categories as seen in Table 3.
(1) Sources refer to the emissions caused by local impacts and the use of
energy in the supply chain functions. (2) Disposal refers to the recycling
and waste diversion efforts across the supply chain functions.

3.4. Quality outcome

This refers to the internal and external systems, procedures, and val-
ues that relate to the various dimensions of supply chains. These accred-
itations and reporting arrangements will aid in attaining better confor-
mance and compliance with technical specification, legislative require-
ments, etc. which will provide assurance to customers and the various
other stakeholders. We divide this into two categories as seen in Table
4. (1) Accreditations signal that the product/service follows the required
specifications and will fulfil the demand of the various stakeholders.
Examples will include ISO 14,000, ISO 9000, energy standards, etc. (2)
Reporting will induce better accountability in supply chain functions and
will force the various stakeholders to overcome non-conformances. Ex-
amples will include Environmental management systems, EPA, OSHA,
CPCS.
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Table 1
Economic outcome indicators.
Category Metric Measurement
Monetary Productivity Output/input Economic Economic Ei will be a
Order measurement Successful orders/Total orders sustainability outcome sub GM of the 6
Financial health Profitability Revenue/Cost of supply chain index (Ei) economic
Value added Profit/selling price functions metrics
Efficiency Days of supply Average inventory/Average
monthly demand
Product/Service delivery Actual delivery/Total
production-procurement
Table 2
Social outcome indicators.
Category Metric Measurement
Workplace (Internal) Wage Ratio Top wages/Bottom wages Human capital Social Si will be the
Health Delivery Health expenditure per or social outcome sub GM of all the
capita/Total expenditure sustainability index (Si) 6-social metric
Gender Equality Female personnel/Male of supply chain
personnel functions
Capacity Development Training or development
budget/Total expenditure
Community (External)  Product recalls Total notifications/total sales
Employment opportunities  Total jobs
offered/Unemployment
Table 3
Environmental outcome indicators.
Category Metric Measurement
Sources Emissions Emissions per unit/total units Environmental Environmental ENi will be the
Energy Renewable energy/Total sustainability outcome sub GM of all the
energy used of supply chain index (ENi) 4-social metric
Disposal Recycling Recyclable weight this functions
month/Recyclable weight last
month
Waste Diversion Waste diverted/Total amount
waste
Table 4
Quality outcomes indicators.
Category Metric Measurement
Accreditations  Accreditations (products/services)  Existing Quality Quality Qi will be the
certifications/Mandatory sustainability outcome sub GM of the
Certifications of supply chain  index (Qi) 2-quality
Reporting Reporting (processes) Existing reporting/Mandatory functions metrics

reporting

3.5. Stakeholder outcomes

Since the supply chain is an ecosystem of different stakeholder, sus-
tainability will depend on their actions and outcomes. Hence under-
standing the supply chain in relation to the various interactions of the
stakeholders will provide a clear vision of the market and level of ser-
vices required. This is broadly divided into the following categories. (1)
Market structure refers to the health of the market and the configuration
of the supply chain participants. (2) Collaboration refers to the practices
aimed at improving the level of satisfaction and achieving better satis-
faction (Table 5).

3.6. Health outcomes

The sustainability of a public health supply chain will be gauged
the health and well-being of the patients. Every supply chain partner
contributed to the various activities to improve the health outcome and
save lives. Positive supply chain interventions will result in expedited

service delivery, access to medicines, improved affordability and effi-
cacy of medicines. The indicators can be seen in Table 6.

The various sub-indicators contribute to developing the SCSI. The
composite index is a weighted average of the six dimensions and can
be calculated for each participant of the supply chain. If there is more
than one participant in a group, the individual indices are aggregated to
calculate the supply chain index of the group. The various group indices
are aggregated to develop the composite index for the entire supply
chain as shown in Fig. 1.

4. Empirical investigations

In this section a hypothetical example is used to illustrate the work-
ing of the sustainability index. This example can be applied to health
supply chains of all countries-both developed nations and LMIC. The as-
sessment framework is of critical importance to a nation since it acts as
an indicator of the health system and its overall impact on the well-being
of people. For our empirical analysis we follow the network as depicted
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Table 5
Stakeholder outcome indicator.
Category Metric Measurement
Market Structure Depth of suppliers Existing suppliers/Total Stakeholder Stakeholder STi will be the
number of suppliers in the outcome of outcome sub GM of all the
market supply chain index (STi) 4-social metric
Breadth of customers Existing customers/Total functions
customers in the market
Collaboration Accuracy of feedback Non-conformance
rectified/Non-conformance
reported
Level of satisfaction Repeat interactions or
delivery/Total interactions or
delivery
Table 6
Health outcomes indicators.
Category Metric Measurement
Healthcare and well-being  Service delivery Patients served/Total patients Health Health Hi will be the
Efficacy of healthcare  Counterfeits identified/Total outcome outcome sub GM of all the

consumption
Accessibility
health points
Affordability

Rural health points/Total

sustainability 4-social metric
of supply chain

functions

index (Hi)

State sponsored healthcare

expenditure/Total health

expenditure

Procurement

Distributor 1
agent 1 /

™~

agent 2

l

Group
Indices

l

B
Supplier

1
Procurement \

Group 2

Health
Facility 1

Health
Facility 2
Distributor 3

\
Distributor 2 ‘/

\

/

|

Group 3

!

SUPPLY CHAIN SUSTAINABILITY INDEX

Fig. 1. Structure of the SCSIL

in Fig. 1. It consists of four echelon with a total of eight participants:
two procurement agents, one supplier, three distributors, and two health
facilities. The hypothetical values of the various sub-indicators (as dis-
cussed in the earlier sections) for each participant with the correspond-
ing weights are shown in Table 7.

The weighted sum of the indicators results in the economic, social,
environmental, quality, stakeholder and health dimensions. The SCSIp,
SCSIg, and overall SCSI calculated using the formulae explained in the
earlier section are detailed in Table 8.

5. Findings and discussions

The empirical investigation helps us to understand the following ar-
eas of sustainability in health supply chains;

« The performance of each participant in the supply chain can be anal-
ysed with respect to their sustainability index. This will facilitate in
identifying participants with critical sustainability levels.

» The level of sustainability at each echelon recognizes the perfor-
mance of each group of participants in the supply chain vis-a-vis
the others.

The analysis can yield comparisons of the various indicators and sub-
indicators. Since all the values are normalized, a comparison of the
different indicators across the supply chain participants is possible.
We identify sets of indicators and sub-indicators which have the
highest and lowest levels of sustainability. This will aid the different
participants to compare and contrast their individual performances.
Good practices can also be distinguished and the knowledge of the
same can be embedded across the different supply chain functions.
Based on the weights assigned to the contribution of each indicator
towards sustainability, priority can be given to specific indicators to
improve the participant’s sustainability.

The sustainability assessment of each dimension will reflect which
sub-indicators are given priority and which aspects are being ignored
within health supply chains.

The recognition of the different dimensions may help in identifying
strategies to improve individual participants as well as overall supply
chain sustainability.
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Table 7

Sub-indicators of a hypothetical health supply chain.

Health (Hi)

Stakeholder (Sti) ~ Weight

Weight

Quality (Qi)

0.76
0.56
0.57
0.67
0.32
0.45
0.09
0.07

Environmental (Eni)  Weight

Social (Si)  Weight

Economic (Ei)  Weight

Weight

Supply chain participants

0.34
0.43
0.31
0.59
0.68
0.6

0.1

0.4
0.27
0.6
0.3

0.87
0.12
0.37
0.61
0.27
0.39
0.34
0.5

0.2

0.06
0.03

0.1

0.45
0.34
0.25
0.89
0.59
0.06

0.3

0.023
0.31
0.08
0.34
0.47
0.57
0.43
0.12

0.76
0.56
0.76
0.36
0.57
0.9

0.27
0.56

0.3

0.56
0.78
0.56
0.45
0.12
0.4

0.05

Procurement Agent 1

0.12
0.4
0.05
0.4
0.6
0.36
0.4

0.6

0.4
0.3
0.3

Procurement Agent 2

Supplier 1

0.05
0.09
0.03

0.5

0.1

Distributor 1

0.07
0.12
0.89
0.9

0.08
0.04
0.45
0.27

0.6

Distributor 2

0.07
0.56
0.31

Distributor 3

0.12
0.03

0.12
0.34

Health Facility 1

0.57

0.12

Health Facility 2
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Table 8

SCSI of the health supply chain.
Supply chain participants ~ SCSIp SCSIg SCSI
Procurement Agent 1 0.622 0.38236  0.571
Procurement Agent 2 0.9007
Supplier 1 0.617 0.617
Distributor 1 0.7445  0.69857
Distributor 2 0.5476
Distributor 3 0.8362
Health Facility 1 0.4805  0.646
Health Facility 2 0.8685

6. Conclusion

The study is a novel attempt to emphasize the importance and quan-
tify the sustainability of PHSC. The proposed index purports to raise
awareness as well as provide an enhanced measure for health outcomes
and well-being. We envisage that the index will benefit stakeholders
to understand the impact of their actions and pave way for a stronger
health system. However, the study does have a certain limitation.

» The different sub-indicators do not present an exhaustive list of the
various dimensions of sustainability. Some of the measures might
overlap in certain situations and interactions. The primary challenge
while evaluating a sustainability measure is not the lack of inputs,
but to decide what to do with many inputs available [9].

The process of assigning weights can also result in certain subjec-
tivity. Although we have identified some popular methods used to
assign weights in the literature, the appropriate method must be cho-
sen based on the industry requirements and constraints.

Data collection can be a major limitation as not all factors that are
considered important for sustainability might be believed to be rel-
evant by the different stakeholders [28].

The sustainability of supply chains will be affected by additional
factors in the future which will need to be addressed. Subject to data
availability, the proposed conceptual framework and approach can
be used by future researchers to identify new variables and create
an extended version of the same index. This can be achieved as the
fundamental structure of measurement remains unchanged.

.

.

Despite these challenges, the proposed index will help in expand-
ing one’s thinking about the sustainability of supply chains in public
health. It is difficult to have a perfect sustainability measure. However,
the current index can act as a tool of self-evaluation for improved health
outcomes and coverage. It will act as the foundation for further research
enabling practical testing of the index in public health supply chains.
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