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Abstract

Purpose While interest in supply chain sustainability has ris-
en over the past few years in academic and business worlds,
very little research has been conducted on sustainability in
humanitarian supply chains, specifically. This study aims to
contribute to the development of the field by conducting a life
cycle sustainability analysis (LCSA) of sourcing scenarios for
a core relief item in a humanitarian supply chain.

Methods This paper is structured according to the LCSA
framework developed by Guinée et al. (Environ Sci Technol
45(1):90-96, 2011). The relief item analyzed is a kitchen set
supplied by a UN agency. Environmental, social, and econom-
ic impacts of two sourcing scenarios for a kitchen set are
mapped: one international and one local. Sources of data in-
clude interviews, company records, and online databases.
Results are analyzed using the ReCiPe method to assess envi-
ronmental impact and the United Nations Environmental
Programme (UNEP)/Society of Environmental Toxicology
and Chemistry (SETAC) guidelines to assess social impact.
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Results and discussion We show how LCSA can be used to
map the sustainability of two sourcing scenarios for kitchen
sets in a humanitarian supply chain along triple bottom line
dimensions. We report findings on sourcing scenarios for dis-
tribution to two refugee camps in Kenya: one from a supplier
in India and one from a supplier in Kenya. We use an envi-
ronmental life cycle analysis (LCA), a social LCA, and a life
cycle costing (LCC) to analyze differences and similarities.
We find that local sourcing is preferred over international
sourcing on two out of the three sustainability dimensions—
environmental and social impacts. Humanitarian organiza-
tions may further use this paper as a guideline to develop their
own sustainability assessments of supply chain scenarios.
Conclusions The results of our study provide a fresh,
sustainability-focused perspective on the debate over interna-
tional vs. local procurement. This paper is the first to apply
LCSA to a humanitarian context. It also addresses a void in
the sourcing literature by determining the sustainability im-
pacts of different sourcing strategies. The study evaluates only
two sourcing options and also uses a limited number of data
sources.

Keywords Core reliefitems - Humanitarian supply chains -
International/local sourcing - LCSA - Sourcing strategies -
Triple bottom line

1 Introduction

Sustainability has become an increasingly important issue in
commercial supply chains (Golicic and Smith 2013) as busi-
nesses now realize that it can lead to cost savings, improved
compliance, and competitive advantage (Seuring and Miiller
2008). Sustainability is often captured in the literature by the
triple bottom line: people, planet, and profit (Gimenez et al.
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2012). Seuring and Miiller (2008) summarize sustainable sup-
ply chain management as “the management of material, infor-
mation and capital flows as well as cooperation among com-
panies along the supply chain while taking goals from all three
dimensions of sustainable development, i.e., economic, envi-
ronmental and social, into account which are derived from
customer and stakeholder requirements” (p. 1700).

In contrast, very little research has been conducted in the
area of sustainable supply chain management in humanitarian
supply chains (Haavisto and Kovécs 2012; Haavisto and
Kovacs 2014). This is despite the fact that their processes for
planning, implementing, and controlling the flows of goods
and related information are similar to those used in commer-
cial supply chain management (Thomas and Kopczak 2005).
Although the triple bottom line is a well-known concept in
commercial supply chains, it is an underdeveloped area in
humanitarian supply chain management (Haavisto and
Kovacs 2012). While to some extent the socioeconomic im-
pacts of vendor selection have been researched, environmental
impacts (including electricity usage or fuel consumption) and
social impacts (such as child labor) have been touched upon
only rarely (Haavisto and Kovacs 2012).

Several crucial characteristics of humanitarian supply chain
management (SCM) are not evident in commercial supply
chains, including the following: uncertainty with regard to
the timing, location, type, and size of demand; sudden spikes
in demand for a wide variety of supplies accompanied by short
lead times; high stakes associated with the timeliness of deliv-
eries; and lack of resources (Kovacs and Spens 2009). These
characteristics make supply chain management in a humani-
tarian context more challenging than in a commercial business
environment. A life cycle sustainability assessment (LCSA)
can serve as a tool to help organizations identify the environ-
mental, social, and economic impacts of their activities
(Klopfter 2008). LCSA is a more inclusive extension of life
cycle analysis (LCA), which focuses on the environmental
impacts associated with the products, processes, and activities
of an organization (Svoboda 1995). In this paper, we use
LCSA to assess two procurement scenarios in terms of their
positive impact on the environment, society, and economy.
We analyze a typical sourcing trade-off in humanitarian sup-
ply chains: sourcing items from local suppliers (in the area
where the items are used) or sourcing items from global sup-
pliers (on a different continent) (cf. Apte 2010; Kunz and
Reiner 2012; Balcik and Ak 2014). We focus on the delivery
of kitchen sets to two refugee camps in Kenya, Dadaab and
Kakuma, which are among the world’s largest refugee com-
munities. We analyze one scenario in which items are sourced
from a local supplier in Nairobi (Kenya) and another in which
items are sourced internationally from a supplier in India. This
paper contributes to the sustainability literature in humanitar-
ian logistics by demonstrating the ability of LCSA to guide
sourcing decisions. Furthermore, our results may help

humanitarian organizations initiate discussions on the social
and environmental impacts of their operations and determine
whether to source goods locally or internationally.

In the next section, we review the literature on procurement
and sustainability in supply chains. This section is followed by
an outline of our methodology (based on the LCSA
framework of Guinée et al. 2011). Thereafter, we present the
results of an LCSA of two sourcing scenarios: international
and local. Finally, we discuss the results and implications.

2 Literature review
2.1 Procurement in humanitarian organizations

Humanitarian logistics activities can be divided into two main
categories: immediate disaster relief or long-term continuous
aid work, generally following disasters (Falasca and Zobel
2011). The literature on humanitarian logistics is biased to-
wards disaster relief (Venkatesh et al. 2014) and focuses pri-
marily on the prepositioning of supplies (Davis et al. 2013). In
contrast, our work is concerned with procurement of develop-
mental aid. Although it is of great importance, there are few
publications focused on humanitarian procurement (Duran
et al. 2013). Around 15 years ago, it was estimated that hu-
manitarian organizations annually procured US$50 billion in
items (Taupiac 2001). Procurement for development aid con-
cerns efforts aimed at long-term social and economic devel-
opment (Taupiac 2001). Within this stream, Falasca and Zobel
(2011) introduce a two-stage stochastic programming model
for the humanitarian procurement process. Ertem et al. (2010)
present an auction-based framework for allocating humanitar-
ian procurements, which they evaluate using a simulation
model. We focus on the trade-off between procurement from
the region in which a disaster takes place versus from an
international source. In disaster relief, local procurement has
the advantage of faster delivery times and lower transportation
costs (PAHO 2001). At the same time, it can result in short-
ages in the local market (if local suppliers do not have the
required quantity and quality), local competition between hu-
manitarian organizations, and price inflation (PAHO 2001;
Duran et al. 2013). International procurement enables access
to larger quantities, lower prices, and consistent quality, which
is why disaster relief humanitarian procurement is mostly
done internationally (Falasca and Zobel 2011). However, this
need not be the case with continuous aid.

2.2 Sustainability and humanitarian supply
chains/sourcing

Humanitarian organizations are increasingly pressed to devel-

op solutions that are sustainable in terms of their environmen-
tal, social, and economic impact (Kovacs and Spens 2011a).
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However, the field of sustainability research in humanitarian
supply chains is in its infancy (Kovacs and Spens 2011b).
Beneficiary empowerment (e.g., aid that encourages benefi-
ciaries to make decisions themselves) and community-based
supply chain design (e.g., that regards beneficiaries as active
members of the supply chain) have been proposed as solutions
incorporating social aspects (Kovacs and Spens 2011a). A
sustainable economic approach requires local rather than glob-
al partnerships in order to respect local businesses
(Matopolous et al. 2014). Regarding the environmental as-
pect, the greening of humanitarian supply chains is not
straightforward and there is still a gap in this practice
(Haavisto and Kovacs 2014). Barriers to greening humanitar-
ian supply chains include inadequate information, communi-
cation, coordination, performance management systems, re-
sources, and funding; limitations on political activities; and
demand uncertainty (Sarkis et al. 2012). Topics related to the
greening of humanitarian supply chains, e.g., transportation
emissions, are particularly under researched (Kovacs and
Spens 2011a).

Most of the sustainable sourcing literature that investigates
the impacts of local sourcing versus international sourcing on
environmental and/or social impacts is conducted on the food
industry. For example, Avetisyan et al. (2014) researched ru-
minant products in the UK and found that domestic sourcing
is preferred to international sourcing only when implemented
in regions with relatively low emission intensities. Another
study in the food sector (Michalsky and Hooda 2015) con-
firms that producing locally (in this case, fruits and vegeta-
bles) can generate more favorable environmental outcomes
(i.e., less greenhouse gas emissions) than sourcing internation-
ally. Hendry et al. (2015) researched the social impacts of local
sourcing/buying on food supply chains and concluded that
local sourcing is not always favorable as several challenges
must be tackled.

2.3 Life cycle sustainability analysis

Sustainability assessment methods such as life cycle assess-
ment have been extensively applied in the building sector
(e.g., Saner et al. 2013; Cabeza et al. 2014), energy and waste
management (Quek and Balasubramanian 2014), packaging
(Von Falkenstein et al. 2010), and the food and agri-food
sector (Amani and Schiefer 2011). To the best of our knowl-
edge, Oberhofer et al. (2015) conducted the only LCA in the
humanitarian sector, when they analyzed the supply chain of
the French Red Cross' to calculate the carbon footprint of
three commonly used relief items (blanket, plastic sheet, and
jerry can). However, there is a growing need to focus on all

! Based on keyword searches that included “humanitarian,” “logistics,”
“supply chain management,” “operations,” “sustainability analysis,”
“LCA,” and a combination of those.
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three sustainability dimensions (people, planet, and profit)
when assessing sustainability. The LCSA is a transdisciplinary
framework; rather than a single prescriptive model, it consists
of multiple models and guidelines (Guinée et al. 2011). Using
a combination of LCA, social life cycle analysis (S-LCA), and
life cycle costing (LCC) is recommended, even if harmonizing
results across the three models is challenging (Klopfter 2008;
Curran 2012). For recent comprehensive reviews of S-LCA,
see Petti et al. (2016) and Wu et al. (2014). The latter conclude
that “workers” are the most researched stakeholder group.
Life cycle costing techniques have been applied, among
others, within the context of waste management (Martinez-
Sanchez et al. 2015). To the best of our knowledge, no litera-
ture exists on S-LCA and LCC in the humanitarian context.

3 Methodology

In order to better understand sustainability impacts in human-
itarian supply chains, we conducted a case study. Case studies
are well fitted to such exploratory research (Eisenhardt 1989;
Handfield and Melnyk 1998; Meredith 1993; Voss et al.
2002). Although case studies have limitations, we followed
well-established methodological guidelines (Eisenhardt 1989;
Flynn et al. 1990; Meredith 1993; Voss et al. 2002; Yin 1994)
to increase the validity of our findings. We studied one orga-
nization in-depth, which allowed us to obtain multiple types of
evidence (qualitative through interviews and quantitative
through data). We applied a methodological framework based
on the ISO 14040 guidelines for LCA, as described by Curran
(2012). Below we describe each step to further explain our
methodology.

3.1 Goal, functional unit, system boundaries, and data

The goal of this project is to evaluate two sourcing alternatives
for a kitchen set supplied by UNHCR by conducting an
LCSA. A kitchen set is considered to be a Core Relief Item
as it is life sustaining for beneficiaries in that it is required to
fulfill their basic needs (UNHCR 2015). A kitchen set enables
the storing and cooking of food and water. Moreover, if all
else fails, kitchen set elements can serve as makeshift tools
(e.g., for digging or cutting). Kitchen sets account for 1.11 %
of UNHCR annual procurement volume and 2.62 % of annual
total procurement costs (the sixth highest). Kitchen sets are
procured globally (via international sourcing) and locally.
We focus on stainless steel as this is the core material used
in the cooking and serving utensils of kitchen set type B,
approved and preferred by UNHCR (see Core Relief Items
Catalogue, third Edition, February 2012). The generic end-
to-end product cycle of the kitchen set, as well as the scope
of our analysis, is displayed in Fig. 1. We exclude raw material
extraction and steel manufacturing (i.e., metal production
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Research scope

Raw material

extraction Steel supplier transportation

(mines)

Factory
(kitchen set
manufacturer)

Distribution
site (refugee
camp)

transportation Household

Fig. 1 Generic end to end product cycle (source: UNHCR)

from ore) from our scope as we determined, based on inter-
views within UNHCR and with suppliers, that in the case of
both production in India and local production in Kenya raw
materials are sourced from India. Similarly “household” use,
reuse, and waste are outside of the scope of this project since it
is reasonable to assume that these remain unchanged across
sourcing scenarios. The supply chain phases within scope are
inbound transportation of the steel materials to the factory,
production of the kitchen set at the factory, and outbound
transportation of the final product to the refugee camp sites.
Our study focuses on a kitchen set distributed to two large
refugee camps in Kenya, Dadaab and Kakuma. We selected
the only UNHCR supplier in Kenya for our local sourcing
scenario. We selected India as the manufacturing country of
interest for our international sourcing scenario because it ac-
counts for the largest share (54 %) of kitchen set procurement
volume of UNHCR. The supplier of interest was then selected
based on procurement volume (41 %). The selected kitchen
set suppliers’ supplier, i.e., the party that supplies steel rolls, is
one of the largest in India. The supplies were assumed to be
shipped by train, as the majority of materials shipped from this
supplier are transported by rail (The Economic Times 2014).
Data for environmental life cycle assessment and life cycle
costing were obtained through a data collection form
adapted from Curran (2012) (see Supplement 4, Electronic
Supplementary Material) and sent to the UNHCR suppliers
of interest. In both the international and local sourcing scenar-
i0s, the kitchen sets are fabricated in a similar technological
process. Based on distances between the steel supplier, the
manufacturing sites, and the refugee camps in Kenya, trans-
portation emission outputs were estimated using the
EcoTransIT tool. We used the Ecological Transport
Information Tool for Worldwide transports” because it in-
cludes a detailed and accurate database (Ehrler and Seidel
2014; Auvinen et al. 2014), is widely adopted (see, e.g.,
Fries and Hellweg 2014), and aligns with European standards
(EN 16258) for the calculation of transport emissions
(EcoTransIT 2016). The boundaries of the EcoTransIT tool
are determined by the inputs which are vehicle/vessel type,
size, and weight; capacity utilization (load factor, empty trips);
total weight of freight; and transport distance. These inputs are
the main factors influencing the energy and emissions of

2 For guidelines of the EcoTransIT tool, we refer to: http://www.ecotransit.
org/download/EcoTransIT World Methodology Report 2014-12-04.pdf.

freight transport (EcoTransIT 2016). The calculations were
based on the following:

— Road transport: 26-40-t truck; emission factor EURO 5;
loading factor 80.0 % (outbound transport from kitchen
set supplier to refugee camps); loading factor 100 % (in-
bound transport from steel supplier to kitchen set suppli-
er); empty trip factor 20 %

—  Sea transport: ship type “other global trade” (35-120 k
dwt); loading factor 55.0 %; speed utilization 75 %

— Rail transport: diesel; coal and steel train; loading factor
100 %; empty trip factor 100 %

Inputs for these have been verified with UNHCR to ensure
they are representative.

Data for the social life cycle assessment were obtained via
interviews with the suppliers, online (statistics) databases
(among others, those of UNICEF and the International
Labour Organization (ILO)), and additional company or gov-
ernment online resources. There are no established standards
for social life cycle assessment (Petti et al. 2016). We followed
the United Nations Environment Programme (UNEP)/Society
for Environmental Toxicology and Chemistry (SETAC)
guidelines (UNEP/SETAC 2009) on subcategories and indi-
cators for assessing social impacts (see Supplement 1 section
2 and Supplement 2 section 2, Electronic Supplementary
Material), as these are common for performing such an anal-
ysis (see, e.g., Ciroth and Franze 2011).

3.2 Assessment methods
3.2.1 Environmental assessment

To assess environmental impacts, we used the ReCiPe method
developed by Goedkoop et al. (2013). We adopted the
hierarchist version of the method because it has a balanced
time perspective and is the one most often applied (Goedkoop
et al. 2013; Margni and Curran 2012). The ReCiPe method
models impacts at both mid- and end point levels and is
among the recommended LCIA methods, based on criteria
such as completeness of scope, scientific robustness, and ap-
plicability (Hauschild et al. 2013). It consists of 18 midpoint
categories, among them climate change and marine eutrophi-
cation (for a complete list, please refer to Supplements 1 and 2,
Electronic Supplementary Material). These midpoint impacts

@ Springer
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are linked to three endpoint impacts—damage to human
health, damage to ecosystem diversity, and damage to re-
source availability—through the following formula:

I, = Qemlm

In this formula, 7,, is the indicator result for midpoint im-
pact category m (e.g., impact on climate change); O,,, is the
characterization factor that connects midpoint impact category
m with endpoint impact category, e; and /, is the indicator
result for endpoint impact category e (e.g., damage to ecosys-
tem diversity) (Goedkoop et al. 2013). The characterization
factor Q,,, is known based on the ReCiPe template developed
by Goedkoop et al. (2013) and is considered to be a weighting
factor. The indicator result for endpoint impact category 7,
becomes especially meaningful when comparing different
scenarios.

3.2.2 Social assessment

For our analysis, we chose the method developed by UNEP/
SETAC (2009) to operationalize social assessments because
this method avoids cause—effect chains between impact cate-
gories that are unknown or ambiguous (Parent et al. 2010).
Based on the subcategory/indicator, the data collected is either
at the company or sector/country level. Lack of data harmo-
nization in S-LCA is still an unsolved issue (Wu et al. 2014).
Regarding company-specific data, it is generally accepted in
S-LCA that the performance of the company is assessed, rath-
er than that of the functional unit of the LCA study itself (Hu
etal. 2013).

There are no internationally accepted methods for determin-
ing whether the aspects found in the inventory analysis have a
positive or a negative social impact for the various relevant
stakeholders (Ciroth and Franze 2011; UNEP/SETAC 2009).
We adopt the method of Ciroth and Franze (2011) to assess and
visualize these impacts. This method seems appropriate for our
case as it uses a multilevel scoring system and applies equal
weighting to the various stakeholder groups involved. In con-
trast to the LCA, the social information of the S-LCA is eval-
uated by a scoring system, which attempts to assess the
“meaning” of the data. This provides an estimation of the
impact (UNEP/SETAC 2009). The assessment process con-
sists of two phases. In the first phase of performance assess-
ment, the performance of the sector/company is assessed by
ranking the indicators, per subcategory, from very good per-
formance (1) to very poor performance (6). Next, to move from
performance assessment (PA) to impact assessment (IA), the
impacts of the subcategory performances are categorized as
either rather high (+) or rather low (—) on the UNEP/SETAC
impact categories (this is context dependent), and impacts are
also ranked from positive effect (1) to very negative effect (6).
Last, using subcategory scores, averages are calculated per

@ Springer

stakeholder group. We adopted the rules of Ciroth and Franze
(2011) to calculate the average scores® and all subcategories
were weighted with the same factor.

3.2.3 Economic assessment

For the life cycle costing analysis, we include only internal
costs of the production and transportation stages. According to
Rebitzer and Hunkeler (2003), an LCC must focus only on the
economic system (internal costs) if “LCC is applied in con-
junction with environmental and/or social assessments for the
same product system with the same system boundaries” (pp.
254). We therefore assume that all external costs are covered
by the environmental and social LCA. As we take the perspec-
tive of the buyer (UNHCR), who must make the sourcing
trade-off, we take all landed costs covered by the buyer—
namely, product procurement costs and transportation costs.
Because actors across the two supply chains (sourcing scenar-
ios) may have different profit margins, we acknowledge that
differences between the two sourcing strategies in terms of
their product procurement costs and transportation costs may
not reflect differences in the actual costs of transforming raw
materials into a final product and transporting that product to
the beneficiaries. Moreover, such cost differences will also
depend on actual cost allocation mechanisms. So for the eco-
nomic assessment, we consider only procurement costs (in
which production costs are covered) and transportation costs.

In conclusion, the methodological steps of the LCSA for
both the international and the local sourcing scenarios are (in
order) environmental LCA, social LCA, and LCC. Next, re-
sults of the scenarios are compared in the interpretation (see
Fig. 2).

4 Inventory analysis and impact assessment

We present a summary of results below in Table 1 (interna-
tional sourcing scenario) and Table 2 (local sourcing scenar-
i0). A comprehensive overview of additional environmental,
social, and economic inventory data and sources of our anal-
ysis are provided in Supplement 1 (international sourcing sce-
nario) and in Supplement 2 (local sourcing scenario).
Calculation details on the environmental LCA are provided
in Supplement 3 (Electronic Supplementary Material).

4.1 International sourcing scenario: environmental LCA

The production process comprises the manufacturing of a
kitchen set in India. The scrap is not recycled. Furthermore,
no emissions to air or water are reported. Results show that to

3 For an elaboration on the methods of the social impact assessment and an
example, we refer to Supplement 1 (section 2) and Supplement 2 (section 2).
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International sourcing
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Local sourcing scenario
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& Impact Assessment

- Environmental dimension
- Social dimension
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Inventory Analysis

& Impact Assessment

- Environmental dimension
- Social dimension

- Economic dimension

Interpretation and
Comparison of Scenarios
- Environmental LCA

- Social LCA

- Economic LCC

Fig. 2 Methodological steps

produce 1 t of kitchen sets (which corresponds to 1000 sets),
3923 kg of CO, is emitted. In the production phase, 99 % of
the endpoint impacts are related to human health according to
the ReCiPe analysis (see Supplement 3, Electronic
Supplementary Material).

Steel materials are shipped from the steel manufacturing
site (Jamshedpur) to the kitchen set manufacturer by train
via Mumbai (last-mile delivery by truck). Finished goods are
shipped in corrugated boxes from the factory to the port of
Mumbeai (India) by truck and then dispatched by sea to, among
other locations, Kenya (Port of Mombasa). Last-mile delivery
to refugee sites Kakuma and Dadaab takes place by truck.
Based on the ReCiPe analysis, we can observe that the main
midpoint impacts of this transportation mode mix are on the
areas of climate change (CO,), marine eutrophication (NO,),
and terrestrial acidification (SO,) (see Supplement 1,
Electronic Supplementary Material), with climate change be-
ing the greatest of these.

In total, the production phase accounts for 97 % of the
impacts related to climate change whereas the transport phase
accounts for only 3 %. The endpoint impacts are observed
mainly in the human health impact category.

4.2 International sourcing scenario: social LCA

Workers The Indian steel manufacturing sector is character-
ized by a large number of trade unions (Singh 2008).

Table 1 Overview of

international sourcing scenario Inventory analysis

Environmental
LCA

Production: 895,830 kWh of energy is required to produce 228,378.5 kg of the primary
product and 97,876.5 kg of scrap which is not recycled; scrap rate equals 30 %; no

emissions to air or to water are reported

Transportation: from steel manufacturer (Jamshedpur) to kitchen set factory (train, last-mile
delivery: truck); to port of dispatch, Mumbai (truck); Mumbai-Mombasa (sea freight);
Mombasa to Kakuma/Dadaab (truck)

Social LCA

- Workers: Indian in general: India is a strongly unionized country; 14.4 % of children aged

10-14 in workforce; large gender gap: women earn 30 % less than men; low social
expenditures; limited compliance with minimum wages

Factory specific: good work ethics at factory; above average wages

- Local community: 35 % of population access to improved sanitation facilities; potential
material resource conflicts by forced migration; indigenous people do not seem to be

harmed

- Society: no/low public commitment to sustainability issues; steel production industry is
major contributor to economic development

LCC Procurement costs per kitchen set: US $18.34. Transportation costs: India—Kakuma
US$4.23; India—Dadaab US$3.23

Impact assessment

Environmental

LCA health

Production: 3923 kg of CO, per 1000 kitchen sets (=1 t); 99 % of impacts related to human

Transportation: 140 kg of CO, per 1000 kitchen sets (total from India to camps); main
midpoint impacts of transportation are in climate change (CO,) and terrestrial
acidification (SO,)*

Social LCA

- Workers: discrimination (IA score 5); aggregated IA: negative impact

- Local community: safe and healthy living conditions (PA/IA score 4); respect of
indigenous rights (PA/IA score 2); aggregated IA: indifferent impact (3.2)

- Society: poor public commitments to sustainable issues (IA score 5); good contribution to
economic development (IA score 1); aggregated IA: indifferent impact (3.4)

- Total aggregated impact score: 3.87/indifferent-lightly negative effect

@ Springer
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Table 2 Overview of local

sourcing scenario Inventory analysis

Environmental Production: 114,000 kWh of energy and 825 m® of water are required to produce
LCA 418,000 kg of the primary product and 168,000 kg of scrap; scrap rate equals 35 %; no
emissions to air are reported
Transportation: from steel manufacturer (Jamshedpur) to port of Mumbai (train, last-mile
delivery: truck); Mumbai-Mombasa (sea freight); Mombasa—Xkitchen set manufacturer
Nairobi (truck); from Nairobi to Kakuma/Dadaab (truck)
Social LCA Kenya in general:

- Workers: significant amount of trade unions; good working hour regulation/policy; medi-
um level of discrimination

- Local community: 29.4 % of the population has access to improved sanitation facilities;
crime rate of Kenya is relatively high (rank 7 out of 120 countries)

- Society: public commitment for sustainability issues through environmental tribunal; high
violence vulnerability

LCC Procurement costs per kitchen set: US$23.10
Transportation costs: from Nairobi to Kakuma US$2.14; from Nairobi to Dadaab US$1.14

Impact assessment

Environmental
LCA health®

Production: 363 kg of CO, per 1000 kitchen sets (=1 t); 99 % of impact related to human

Transportation: 162 kg of CO, per 1000 kitchen sets; main midpoint impacts of
transportation are in climate change (CO,), terrestrial acidification (SO,) and particulate
matter formation (PM)

Social LCA

- Workers: positive impacts of freedom of association (IA score 1) and working hours (IA

score 1); negative effects of fair salary (IA score 4) and discrimination (IA score 4);
aggregate IA score: 2.7/indifferent/slightly positive effect for workers

- Local community: poor access to material resources (IA score 4) and secure living
conditions (IA score 5); aggregate IA score 4/negative effect for local workers

- Society: positive effect of public commitments to sustainable issues (IA score 2); negative
effects of corruption (IA score 4)

- Total aggregated social impact score for Kenya: 3.23/indifferent-slightly negative effect

However, it is unclear the extent to which they are effective as
some suffer from inter-union competition and financial insta-
bility. Cases of child labor and forced labor are not found in
the steel pot manufacturing industry; however, on average,
14.4 % of children ages 10—14 are in the work force (ILO
2015). In India, compliance with minimum wages is generally
low (ILO 2014). Moreover, the gender wage gap is quite sig-
nificant and women earn approximately 30 % less than men.
Additionally, social security expenditures in India are quite
low. According to company data, working conditions in the
steel pot plant in India are above the sector/country averages
presented in the information above. The working conditions
are reasonably good, as the supplier guarantees good work
ethics (though specific examples are not provided by the com-
pany) (Alpinter 2015).

Local community The local community is mainly impacted
by limited access to material and immaterial resources. In
India, 35 % of the population has access to adequate sanitation
facilities. The Ministry of Steel has planned projects to
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improve infrastructures as steel transport relies heavily on
these. Potential material resource conflicts can arise when
people are forced to leave their land; however, the indigenous
people do not to seem to be at risk of this since the north,
where they are living, is not an iron mining area.

Society There does not seem to be a public commitment to
sustainability issues. There are no direct signs that the supplier
applies codes of conducts (Alpinter 2015). The economic con-
tribution of the steel pot manufacturing sector is unclear. India
is the world’s fourth largest steel producer. The steel produc-
tion industry seems to make a major contribution to the Indian
economy and its GDP growth of 3.2 %. Because of mining
activities, there is a risk of land acquisition conflicts.

Impacts are determined based on this social inventory data
using the method described in Ciroth and Franze (2011) (see
chapter 3, “Methodology” section; see Supplement 1, section
2, Electronic Supplementary Material). With regard to the
worker stakeholder group, i.e., specifically on matters of child
labor, fair salary, and forced labor, the company/sector
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perform well (PA score 2).* Regarding discrimination, the
sector performs poorly (PA score 5), which results on average
in an inadequate overall performance (PA score 4). As the
poor performance on discrimination contributes to all impact
categories, the impact on the end result (IA score 4) is quite
significant.

Concerning the stakeholder group local community, the
rather poor performance (PA score 4) and negative impact
(IA score 4) of safe and healthy living conditions and the
rather good performance with respect to indigenous rights
(PA score 2) and positive impact (IA score 2) result in an
average IA score of 2.9 (slightly positive/indifferent effect).

Lastly, when considering society, the poor public commit-
ments to sustainability issues (PA score 4), the negative impact
of prevention and mitigation of conflicts (IA score 4), and
very positive effect of contribution to economic development
(TA score 1) result in an aggregate lightly negative effect for
society (score 3.4).

4.3 International sourcing scenario: LCC

The procurement cost of the Indian kitchen set is US$18.34.
The transportation cost per unit for India—Kakuma and India—
Dadaab is US$4.23 and US$3.23, respectively (see
Supplement 1 for more details on transport costs, Electronic
Supplementary Material).

4.4 Local sourcing scenario: environmental LCA

The production process comprises the manufacturing of a
kitchen set in Kenya. No solid wastes or emissions to air are
reported. However, treated water is reported as emissions to
water, based on estimates by engineers. To produce 1 t of
kitchen sets, only 363 kg of CO, is emitted, resulting in cli-
mate change midpoint impacts and main endpoint impacts on
human health. Regarding transportation, steel materials are
shipped from the steel manufacturing site in India to
Mumbai harbor by train (last-mile by truck), then dispatched
by sea to Kenya (Port of Mombasa). Subsequently, the steel
materials are transported by truck to the kitchen set supplier in
Nairobi where the kitchen sets are manufactured. Last-mile
delivery to refugee sites (Kakuma and Dadaab) takes place
by truck. Based on the ReCiPe analysis, the midpoint impacts
of transportation are in the areas of climate change (CO,),
terrestrial acidification (SO,), and particulate matter formation
(PM), with the dominant being climate change (see
Supplement 2, Electronic Supplementary Material). The con-
tribution of the production phase to climate change is 69 %
and that of transportation phase is 31 %. The endpoint impacts
are mainly observed in the human health impact category.

* For a more elaborate overview of the meaning of the rankings, we refer to
Supplement 1.

4.5 Local sourcing scenario: social LCA

Workers The Kenyan industry sector has a significant
number of trade unions and they seem to be quite suc-
cessful in negotiating collective agreements. With regard
to working time, employees are entitled to have 24 con-
secutive hours of rest per week and a regular work week
is 52 h. Overtime is restricted to a maximum of 6 h per
week and employers must pay overtime to their em-
ployees equal to at least 150 % of the wage. There is a
medium level of discrimination in the country. At the
sector level, women earn 8 % less than men, on average;
and in the manufacturing industry only 26.3 % of the
workforce is female. At the factory in Kenya men and
women are paid the same.

Local community As regards local community indicators, the
steel industry encompasses about 13 % of the manufacturing
sector. Because no raw materials are extracted locally, howev-
er, the local steel industry depends on imported raw materials.
Only 29.4 % of the population has access to adequate sanita-
tion facilities. Potential material resource conflicts could arise
as conflicts in Kenya revolve around land issues; however,
conflicts in Kenya currently stem primarily from differing
community identities. Lastly, the crime rate in Kenya is rela-
tively high compared to other countries.

Society Concerning public commitment to sustainability is-
sues, it is notable that a National Environmental Tribunal has
been in force since 1999 and is highly successful according to
the United Nations. The supplier in Kenya, however, does not
seem to be strongly committed as it did not sign any codes of
conduct with regard to this matter. Kenya has reasonable GDP
growth of 5.1 %. The general country profile shows that
Kenya has been disturbed by corruption and that Kenya’s
long-term position will be influenced by the extent to which
its infrastructure is properly developed. Furthermore, Kenya is
vulnerable for violence because of its proximity to Somalia
and Sudan, which are known for the violent terrorist groups Al
Shabaab and Al Qaeda. Land use issues revolve around natu-
ral resources, such as oil, metals, and water; however, these do
not seem to relate directly to the steel manufacturing sector.
Once again, we assess impacts from the social inventory
data using the method described in Ciroth and Franze (2011).
Regarding the performance assessment of the worker stake-
holder group, with respect to “freedom of association” and
“working hours,” the company/sector performs well (PA
score 2). Performance regarding “fair salary” is satisfactory
(PA score 3) and performance regarding “discrimination” (PA
score 4) is quite poor, resulting in negative impact scores for
these two categories (IA score 4). In aggregate, the social
impacts for workers are indifferent/lightly positive (IA score
2.6). As concerns the stakeholder group local community,
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very poor performance on access to material resources (PA
score 5) and secure living conditions (PA score 6) result in
aggregate negative social impacts for local community (IA
score 4). Lastly, with regard to society, effects of public com-
mitments are positive (IA score 2) and negative for corruption
(PA score 5; IA score 4). Aggregating the social impacts of the
three groups of stakeholders results in a social impact score of
3.23 for local sourcing in Kenya; this implies an indifferent-
lightly negative effect.

4.6 Local sourcing scenario: LCC

Products are shipped directly from the supplier to the destina-
tion camps, Kakuma and Dadaab. The procurement cost of a
kitchen set is US$23.10. The transportation costs per unit for
Nairobi—Kakuma and Nairobi—Dadaab are US$2.14 and
US$1.14, respectively (see Supplement 2, section 3 for more
details on transport costs, Electronic Supplementary Material).

5 Interpretation
5.1 Environmental profile

The environmental profile of the international sourcing sce-
nario for kitchen sets is strongly dominated by the production
phase, and the main midpoint impact is climate change.
Likewise, the main impacts for the transportation phase are
also related to climate change. In converting midpoint impacts
to endpoint impacts, human health is most affected by the
production and transportation of the kitchen set.

The production phase also dominates the environmental
profile of the local sourcing scenario for the kitchen set but
to a lesser extent. For the impact categories, this results in the
greatest impact on climate (midpoint category) and damage to
human health (endpoint category). No endpoint impact could
be calculated for water depletion in the production stage; how-
ever, we observe that water depletion accounts for only a small
percentage of impact on the environment (see Supplement 3,
Electronic Supplementary Material).

Comparing the environmental profile of the two scenarios,
we can observe that the local sourcing option outperforms the
international one with respect to production impact. Energy
consumption is relatively low; accordingly, so too is CO,
emissions per kitchen set. The higher efficiency of the factory
in Kenya may be due to economies of scale (production vol-
ume is approximately 26 % higher than at the factory in India)
and to differences in production technology. The international
sourcing scenario performs slightly better with respect to
transportation environmental impacts. This is mainly due to
lower scrap rates and higher proximity to the steel supplier,
which result in smaller amounts of steel materials being
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transported over a shorter distances and, hence, lower emis-
sion rates.

5.2 Social profile

For each sourcing option, we identified social hotspots (i.e.,
categories with serious negative impacts or poor performance)
for each of the analyzed stakeholder groups. In the interna-
tional sourcing scenario, the stakeholder group “workers” is
the worst affected. This is mainly due to the presence of
(gender) discrimination (among others, gender and ethnicity
are sometimes a criterion for hiring employees resulting in a
low rank on the country gender index; see Supplement 1,
section 2, Electronic Supplementary Material) despite codes
of conducts and government initiatives. Overall, local com-
munity and society are slightly negatively affected. A major
social hotspot is the category of living conditions, which are
not very safe or healthy (a.o. the burden of disease and the
pollution level in the country are high; see Supplement 1,
section 2, Electronic Supplementary Material). Concerning
the society stakeholder group, public commitment to sustain-
ability issues is very low, and we did not find evidence of
publicly available promises or agreements on sustainability
issues.

According to the impact assessment when goods are pro-
duced locally (in Kenya), workers are the least affected as
compared to other stakeholder categories. This is mainly be-
cause there are ratified conventions and laws in place that
protect workers. Major areas of concern are discrimination
and social benefits. Based on the impact assessment, local
community seems to be the worst affected. Social hotspots
are the access to material resources (as only a small part of
Kenyans have access to improved sanitation facilities) and
secure living conditions. Secure living conditions are rated
relatively low due to the high crime rate in the country. The
stakeholder group society performs slightly negative. The
main reason for this is that corruption in the country is high.

Comparing the social profile of the two scenarios, we
conclude that the local sourcing scenario outperforms the
international sourcing scenario with respect to stakeholder
groups, workers, and society. The international sourcing
scenario scores higher with respect to local community.
The main reason international sourcing performs worse
with respect to workers is the relatively low score in dis-
crimination: discrimination in India is worse than in
Kenya as gender and ethnic background are more often
a criterion for (not) hiring an employee. The lack of se-
cure living conditions in Kenya is the main reason the
local sourcing scenario scores lower on local community.
Finally, when looking at the stakeholder group society, the
relatively high commitment to sustainability issues in
Kenya makes the local sourcing scenario more favorable
to the international sourcing scenario.
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5.3 Life cycle costs

Based on the LCC, procurement costs are the largest part of
the total landed costs in both scenarios. Transportation costs
are double when it comes to international sourcing, due to the
long distance from India to Nairobi (Kenya). However, sav-
ings in procurement costs outweigh additional transportation
expenses, making international sourcing the lowest overall
cost option.

6 Discussion

Comparing the two LCSA analyses, we can conclude that
there is not one scenario that outperforms the other on every
aspect (see Table 3, favorable results are in italics; see
Supplement 2 and Fig. 5, Electronic Supplementary
Material). We can conclude that the local sourcing scenario
has better results for the production stage, for total environ-
mental impact assessment, for social impact assessment relat-
ed to workers and society, and for the aggregated social im-
pact. It should be noted, however, that differences between
social outcomes for both scenarios are not very large and that
Kenya’s impacts are on average “indifferent” (see Table 3).
Additionally, total landed costs are higher when procuring
locally.

Having highlighted and quantified these trade-offs, the
UNHCR can make better informed decisions. Choosing be-
tween the two scenarios will result in emphasizing different
aspects in the supply chain, either in terms of more favorable
economics (international sourcing) or in terms of more favor-
able environmental and social impacts (local sourcing).
Schneider and Wallenburg (2012) identify different sustain-
ability sourcing profiles/archetypes. In the case presented be-
low, when choosing for international sourcing, the organiza-
tion would be an “economist”—focusing mainly on economic
performance and having minimum acceptable performance
levels with respect to the environment and the society.
Adopting the local scenario, the “social environmentalist” ar-
chetype would apply because more environmentally and so-
cially friendly outcomes are emphasized (Schneider and
Wallenburg 2012). Schneider and Wallenburg (2012) further
argue that these archetypes are valuable in conceptualizing
sustainable sourcing and can serve as a starting point to move
to the “all-round perfectionist” type organization that empha-
sizes all three pillars of the triple bottom line of sustainability
(depending on context and stakeholder salience). The analysis
also highlights opportunities for improvement. For example,
UNHCR could, based on performance across the three dimen-
sions, decide to help its Kenyan supplier become more effi-
cient with respect to reducing its scrap rate in order to reduce
both emissions in the transportation phase and material costs.
Another option for UNHCR could be to help its Indian (i.e.,

international) supplier improve energy efficiency in order to
cut emissions at the production stage.

Overall, this study confirms previous studies in the
(commercial) food sector advocating local sourcing for envi-
ronmental reasons (Avetisyan et al. 2014; Michalsky and
Hooda 2015). At the same time, food supply chains are dif-
ferent from humanitarian supply chains: specifically, human-
itarian supply chains differ with respect to resource and sup-
plier availability, governance structures, and donor require-
ments. Moreover, reviewed food sector studies have focused
on only one aspect of sustainability (either environment or
society), while our study assesses environmental, social, and
economic impacts of international sourcing versus local
sourcing.

7 Conclusions

This study provides a sustainability analysis of two procure-
ment scenarios for a core relief item in a humanitarian supply
chain. We presented an LCSA consisting of three separate
assessments: environmental life cycle assessment, social life
cycle assessment, and life cycle costing. We applied LCSA
and found that a local sourcing scenario outperforms an inter-
national sourcing scenario with respect to environmental and
social impacts.

This study contributes to the academic literature by (a)
taking an inclusive sustainability approach, covering all three
aspects of the triple bottom line (people, planet, profit), there-
by using a framework that is relatively new in the literature;
(b) conducting research in a humanitarian supply chain con-
text, thereby contributing to the relatively young field of sus-
tainable humanitarian supply chain management and logistics;
and (c) conducting research within the context of emerging
economies.

Our paper also has practical implications. NGOs can use
this approach to identify environmental, social, and economic
impacts of their relief item supply chains. Our analysis may
serve as a starting point for future benchmarking or for recon-
sideration of humanitarian supply chains. Furthermore, it may
facilitate an evaluation of policies related to the goals of
NGOs (e.g., to be more environmentally or socially sustain-
able or both?) and help them align their supply chain designs
with socioeconomic context of their operations (as proposed
by Kunz and Gold 2015). Furthermore, our work may serve as
an example of how to analyze a supply chain with regard to
sustainability; identify the environmental, social, and
economic hotspots in operations; and classify an NGO
according to the framework of Schneider and Wallenburg
(2012) in order to determine future actions. Last, an LCSA
analysis may help humanitarian organizations communicate
about their supply chain design with their donors.
Humanitarian organizations are quite dependent upon
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Table 3 Comparison of LCSA
scenarios

International sourcing ~ Local sourcing

India Kenya
Environmental LCA (endpoint impacts) ~ Production—HH 0.00549159 0.00050909
Production—ED 0.00003110 0.00000288
Transportation—HH 0.000215188 0.00025134
Transportation—ED 0.00000111 0.00000129
Social LCA (IA scores) Workers 5 2.7
Local community 3.2 4
Society 34 3
LCC Procurement costs/unit ~ US$18.34 US$23.10

HH damage to human health (unit: disability-adjusted loss of life years), ED damage to ecosystem diversity (loss
of species during a year; see Goedkoop et al. 2013)

donations and donor requirements (Haavisto and Kovacs
2012). This study shows that financial considerations do not
necessarily align with environmental and social consider-
ations; thus, analyses need to take into account more than
economic aspects.

The study has some limitations. First, the focal suppliers
collected the environmental data; therefore, our influence on
data quality reporting bias was limited. Furthermore, the ac-
curacy of the social analysis is debatable, as data of different
functional units were collected for the different subcategories
(though this was mainly caused by the nature of the indicator).
As far as we know, there are no standards for social assess-
ment; thus, choices may be subjective. We have tried to over-
come this by discussing the assessment within the author
team. Future LCSA research could involve consulting experts
who are highly informed about the social circumstances in a
specific country or sector (in addition to using online data-
bases for data collection) or asking several persons to conduct
the same impact assessment and then calculating the average
of'their assessments to arrive at a final assessment. A final note
should be made to decision makers who want to use LCSA for
determining their sourcing scenario: they should take into ac-
count the environmental dynamics with respect to social im-
pacts as these can change over time, thereby influencing the
attractiveness of certain sourcing options.

Several directions for future research can be derived. First,
the LCSA framework and the corresponding three assess-
ments should be further refined. The social impact assessment
method, in particular, should be researched and developed in
order to establish common standards and strengthen its reli-
ability. In addition, further research on sustainability in hu-
manitarian supply chains is required in order to improve the
level of preparedness of relief organizations.

This paper is a first step in developing a better, more em-
pirically grounded understanding of sustainability in humani-
tarian supply chains. Interest in sustainable humanitarian lo-
gistics will only grow in the coming years. This and future
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research on analyzing and improving sustainability in human-
itarian supply chains is key to “alleviate the suffering of vul-
nerable people”.

Open Access This article is distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give
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to the Creative Commons license, and indicate if changes were made.
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