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a b s t r a c t
Environmental pollution, resource scarcity, and freshwater shortage are critical world challenges facing
humanity. Process industry produces large amounts of brine, a waste water with a high salinity level
and often critical raw materials. This study applies the social life cycle assessment (S-LCA) to quantify
societal beneﬁts and risks in developing brine treatment systems. S-LCA is implemented for hotspot and
site-speciﬁc levels on four case studies of the Zero Brine project. Hotspot analysis focused on the major commodities. Social Hotspot Database was used as source for data and endpoint indicators. In addition, site-speciﬁc analysis regarded the social performance of the case studies companies; interviews and
questionnaires were performed with representatives of the four case studies. The collected data were
converted to scores with subcategory assessment method and performance reference points. The results
show that for all case studies “Labor rights and decent work” and “Health and safety” indicators result in
the largest impacts due to imports of commodities from developing countries. Site-speciﬁc results show
that the overall social sustainability performance of the case study companies is at a good level. The only
potential areas for improvement are the “Occupational accidents” and “Contribution to the local community”. The former are minimally higher for silica plant and higher for coal mine in relation to these
sectors average accidents rates. Furthermore, the coal mine company can contribute more to the local
community and reduce conﬂicts concerning environmental impacts at the city level. Common identiﬁed
hotspots among the case studies are: China, India and Congo. Reducing imports from these countries will
signiﬁcantly improve the societal performance of the brine systems.
© 2020 Institution of Chemical Engineers. Published by Elsevier B.V. All rights reserved.

1. Introduction
Environmental pollution, resource scarcity and freshwater
shortage are critical world challenges facing humanity in this century (Keijer et al., 2019). The process industry is the main source
of brine production in Europe. Europe is responsible for approximately 5.9% of the estimated 51.7 billion m3 produced each year
globally (Jones et al., 2019). Brine is a high-concentration solution
of salt in water, and its disposal is problematic due to impacts
on aquatic ecosystems and loss of critical raw materials (European
Commission, 2014). Therefore, processing industrial brine may result in decreasing environmental pollution, and recovery of clean
water and scarce resources. The latter can replace natural resources
in a circular economy context.
∗
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Brine consists of water with high-concentration of salt between 35,0 0 0 and 260,0 0 0 ppm (with sea water being around 30–
40,0 0 0 ppm) (Xevgenos et al., 2016). Brine can be a waste product
of various industrial processes, but it is also a product in salt solution mining. Solution mining is used by the chlor-alkali industry
and involves drilling wells down to a salt layer, produce saturated
brine and purify the latter in a brine puriﬁcation facility to produce specialty salt, vacuum salt and low-purity salt (Sediyi, 2006;
Warren, 2016). Among these three products, vacuum salt consists
of high purity salt and is manufactured for industrial use. This industrial use covers regeneration of resins used in various chemical processes, textile dying and water treatment facilities (Roskill,
2018). As a result, the salt consumed in these processes ends-up
as waste brine eﬄuent. Furthermore, another major brine source is
coal mining, due to brine being part of the coal mine wastewater
(Turek, 2004). Due to brine’s high-concentration of salt, European
regulation prohibits organizations from disposing industrial brine
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to surface water (US EPA, 2014). Furthermore, brine contains substances that the European Union has identiﬁed as critical raw materials (European Commission, 2014). The recovery of these, such
as magnesium, is a priority under the Circular Economy Package
due to current reliance on imports of magnesium from China and
Russia (Bourguignon, 2016).
The chemical industry alone utilizes approximately 11.5 million
tons of salt every year. Therefore, the need for a solution to treating large brine ﬂows and recovering valuable materials, led to the
development of zero liquid discharge (ZLD) concept. ZLD concept
currently represents the state of the art in brine treatment (Sajid
Hussain, 2012), since it eliminates brine disposal via its conversion
to high quality clean water and salt(s). ZLD typically consists of a
crystallizer and an evaporator, and enables the industry to conform
to the strictest regulations. It is recognized as the most promising
approach to eliminate the discharge of brine to surface water bodies. The Zero Brine project aims to apply ZLD technology to four
process industries case studies: (1) a demineralized water plant in
the Netherlands, (2) a precipitated silica plant in Spain, (3) a coal
mine in Poland and (4) a textile plant in Turkey. The build-up stage
of the Zero Brine industrial systems requires materials. Therefore,
when demo plants will be patented and installed in industries with
similar brine composition in Europe or elsewhere, it is important
to identify social hotspots due to these materials requirements.
The 2005 World Summit on Social Development (United Nations General Assembly, 2005) identiﬁed sustainable development
goals based on three pillars of sustainability, such as economic development, social development and environmental protection. The
environmental, economic and social facets can be evaluated with
life cycle assessment (LCA), life cycle costing and social LCA (SLCA). Unlike LCA, S-LCA is not yet standardized and researchers
are not consistent in applying frameworks and selecting social impact indicators. As a result, 14 frameworks have been developed
so far for S-LCA (Sureau et al., 2018) and various indicators have
been selected in literature since S-LCA is still undergoing evolution
(Benoît et al., 2010; Clift et al., 2017). The S-LCA guidelines which
were developed by the UN Environment Programme and SETAC follow the same framework as LCA, from goal and scope deﬁnition
phase to life cycle inventory, life cycle impact assessment and interpretation phases (UNEP/SETAC Life Cycle Initiative, 2013, 2009).
S-LCA can be described as “a social impact assessment technique
that aims to assess the social and socioeconomic aspects of products and their potential positive and negative impacts along their
life cycle” (UNEP/SETAC Life Cycle Initiative, 2009, p. 37). Therefore,
researchers suggest that decision-making based on S-LCA will lead
to more beneﬁcial situations for society (Jørgensen, 2013).
So far S-LCA has been applied to various sectors, from manufacturing and energy to agriculture, and with various system boundary types, although 41% of the studies are restricted to cradle-togate (as opposed to cradle to cradle that envelopes the complete
life cycle) (Petti et al., 2018). Furthermore, to date there are no accepted characterization models which convert subcategories into
impact categories due to causal models in social sciences being
fairly well undeveloped and the qualitative nature of S-LCA indicators (Cadena et al., 2019). The S-LCA guidelines (UNEP/SETAC Life
Cycle Initiative, 2009) describe two levels of analysis, a hotspot
level (throughout the life cycle) and a site-speciﬁc level. They advise the collection of site-speciﬁc data or a combination of both
data kinds when needed. The hotspot level of analysis consists of
more generic data to the case study usually on a national level,
while the site-speciﬁc level consists of data collected from the involved stakeholders.
The chemical industry has developed social sustainability
strategies based on its effects on supply chain actors and workers.
Few companies have performed S-LCA studies to investigate the effects of their products on a life cycle perspective. Many companies

prefer to join the Global Reporting Initiative index, develop their
own tools, for instance BASF with the SEEBalance method (Kolsch
et al., 2008), or develop methods that are simpler in terms of application when compared to S-LCA, such as the Handbook for Product Social Impact Assessment (Fontes, 2016).
The aim of this study is to complement the decision making
of the four process industries at two levels: (a) hotspot analysis aims to complement decision making regarding of purchasing
equipment and (b) site-speciﬁc analysis aims to identify social impacts due to business-as-usual of the four case studies companies
in order to improve social performance.
In next sections the methodology that we followed and the four
case studies are described. This is followed by results which are
presented by level of analysis and, lastly the conclusions are presented with suggestions for the four case study companies.
2. Methodology
In this section the S-LCA method and the case studies are described in detail.
2.1. Social LCA framework
S-LCA follows the same 4-phase framework as LCA. The goal
and scope is the ﬁrst phase and involves the description of the
process or product under study as well as selecting and describing
the aim, functional unit, impacts and system boundaries. The Life
Cycle Inventory phase concerns the collection and organization of
social data. However, unlike LCA, data are not always quantitative,
data in S-LCA can be qualitative or semi-quantitative. The Social
Life Cycle Impact Assessment phase concerns characterization of
impact subcategories. It should be noted that it is not always possible to express social impacts per functional unit due to the qualitative nature of data. Impact subcategories may be aggregated to
stakeholder categories. These stakeholder categories are: the local
community, worker, consumer, value chain actors and society. The
guidelines suggest aggregating the subcategory indicator results to
stakeholder category results but no characterization models were
suggested. Lastly, the last phase of S-LCA concerns the analysis
of the results, conclusions and recommendations (UNEP/SETAC Life
Cycle Initiative, 2009).
2.2. Case studies in Zero Brine project
This subsection presents the “Goal and Scope Deﬁnition”, “Life
Cycle Inventory” and “Life Cycle Impact Assessment” steps of the
S-LCA framework, along with the four Zero Brine case studies.
2.2.1. Goal and scope deﬁnition of Zero Brine systems
For all of the Zero Brine case studies the goal of the waste water treatment train modiﬁcation is to process brine and produce
clean water and salt(s) through building the demo plants. Thus,
the functional unit is 1 Zero Brine demo plant. The conﬁguration
of the unit process technologies for waste water treatment ware
depended on brine composition. Zero liquid discharge is achieved
in all case studies (described below), except for the Polish case
study. System boundaries for the development of the demo plants
start with the production of relevant commodities and ﬁnish when
clean water and salt(s) are recovered at the plant. Therefore, the
system boundaries of each system under study is cradle-to-gate.
Selecting subcategories in S-LCA is based on the aim of the SLCA study. Based on previous work, certain stakeholders, such as
workers and local community are mostly affected by companies
(Tsalidis and Korevaar, 2019). Furthermore, since signiﬁcant differences were expected between developed countries (i.e. where the
case studies are located) and developing countries (i.e. countries
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Fig. 1. Zero Brine system for DWP, modiﬁcations in waste water treatment processes. (A) Treatment train of IEX brine. (B) Treatment train of reverse osmosis brine.

exporting commodities) in terms of how the industry treats workers and local community and it was not possible to include all subcategories, as no reliable data existed for each subcategory. Thus,
we focused on workers, society and local community stakeholder
groups and aimed to focus on social indicators to investigate the
societal performance of the companies in each case study and
complement these results with datasets from the Social Hotspot
database (SHDB) regarding the supply chain.
The Netherlands: demineralized water plant: The Dutch case
study is located in Rotterdam and is a plant that produces ultrapure demineralized water for the local chemical industry. The
demineralized water plant (DWP) consumes lake water to produce
demineralized water and purchases vacuum salt for regenerating
ion exchange (IEX) softening units. The DWP is currently discharging approximately 2,530,0 0 0 m3 /year of brine to sea. The brine
does not undergo any treatment, but the plant managers consider improving its environmental performance by recovering and
reusing the water and sodium chloride. Fig. 1 shows the schematic
of the Zero Brine demo plant, with the involved technologies, in
the DWP. Brine from two sources in the DWP is treated, brine from
the IEX unit (Fig. 1(A)) and brine from the reverse osmosis unit
(Fig. 1(B)). Nanoﬁltration (NF), evaporation, membrane crystallization (MC), eutectic freeze crystallization, IEX and reverse osmosis
technologies are employed to recover salts and clean water. The
purpose of design in Fig. 1(A) is for NF process to concentrate the
bivalent cations in the NF concentrate, which is then fed to a double crystallization stage to recover inorganic salts. Conversely, the
NF permeate and MC eﬄuent 2 are sent to a evaporator, where
NaCl concentration reaches the requirements for the IEX process
(Micari et al., 2019; Xevgenos et al., 2015). Similarly, the design in
Fig. 1(B) aims to remove organic carbon material, recover primarily
clean water and NaCl. Recovered sodium chloride and clean water
will be reused internally in the DWP, sodium chloride will be used
for regeneration of the IEX units and clean water will replace water input from Brielse lake, lastly the rest recovered salts will be
sold externally.
Spain: precipitated silica plant: The Spanish case study is located in Zaragoza. It is a company focusing on chemicals production, mainly in silicate derivatives and its operation is an important economic activity in Zaragoza area, as it generates jobs and
has high inﬂuence on the economy of the region (Travesi, 2010).
However, large amounts of brine are produced, approximately
438,0 0 0 m3 /year, from the precipitated silica production. Fig. 2
shows the schematic of the Zero Brine plant, with the unit process

Fig. 2. Zero Brine system for precipitated silica plant, treatment of saline wastewater (brine).

technologies designed to treat the brine resulting from the precipitated silica production. Its technological scheme consists of a pretreatment where pH is modiﬁed to precipitate aluminum and iron
followed by an ultraﬁltration system to remove solids operating at
dead-end mode. Afterwards the permeate of the NF is dosed with
an antiscalant to minimize the impact of silica and barium in the
next membrane step. This next step is based on tailor-made regenerated membranes with tuned properties to maximize the recovery
and module the rejection. During operation, the conductivity of the
concentrate is ﬁxed in order to obtain process water and concentrated sodium sulfate (Na2 SO4 ) in a desired quality. Water will be
reused in the precipitated silica plant to replace part of the water
input in the silica production process, while the sodium sulfate is
expected to be sold externally.
Poland: coal mine: The Polish case study concerns a coal mine
in ZG Bolesław Śmiały. The owner is state-run and the largest
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Fig. 3. Zero Brine system for coal mine, treatment of brine.

bituminous coal mining company in Europe producing approximately 30 million tons of bituminous coal per year (total European Union production is approximately 100 million tons) (Polska
Grupa Górnicza (PGG), 2019). The coal mine currently discharges
approximately 730,0 0 0 m3 /year of saline coal mine wastewater.
Currently, the drainage from the coal mine undergoes a two stage
treatment process. First, large suspended solids are removed in
settling ponds, before the remaining eﬄuent is diluted so that
constituents conform to discharge threshold for in surface water.
However, due to tightening environmental regulations, coal mining company plans to decrease the salt load in wastewater. Fig. 3
shows the schematic of the Zero Brine plant, with the unit process technologies in the coal mine. Brine from the coal mine will
be treated with two-stage NF, reverse osmosis, single-pass electrodialysis and MC technologies. The NF unit separates the coal mine
water into two streams: salt-rich concentrate and magnesium-rich
permeate. The latter will be used for recovery of magnesium hydroxide (Mg(OH)2 ). The NF concentrate is treated by reverse osmosis, electrodialysis and crystallization, which produces waste water,
sodium chloride and gypsum. All recovered products are expected
to be sold externally.
Turkey: textile industry: The Turkish case study concerns a textile plant at Büyükkarıştıran-Lüleburgaz, Kırklareli. The main environmental concern in the textile industry is the discharge of untreated process eﬄuents mainly due to the high organic content,
color, toxicity and salinity. Salts are directly used for dyeing at a
dosage of approximately 0.6 kg salt/kg ﬁbre (Burkinshaw and Salihu, 2018) and considerable amounts are also used in water softening processes (Alekseev, 2018). At the Turkish plant, the former
accounts for 325 tons/year of reﬁned salt, while the latter accounts
for 275 tons/year both of which result in large brine eﬄuents.
Fig. 4 shows the schematic of the Zero Brine plant, with the unit
process technology conﬁgurations for the textile plant. Brine from
reverse osmosis process of the waste water treatment train of the
textile plant will be treated with IEX, ozonation and reverse osmosis technologies to recover clean water and concentrated brine.
Cationic and anionic resins will be employed in the IEX process,
ozonation aims to oxidize remained carbon material and, lastly, reverse osmosis produces clean water and concentrated brine. Both
recovered materials will be reused internally at the textile plant
for normal operations.
2.2.2. Inventory analysis of Zero Brine
The inventory data concern SHDB datasets for the commodities
needed for the Zero Brine demo plants, and questionnaires with

Fig. 4. Zero Brine system for textile plant, treatment of reverse osmosis concentrate
(brine).

case study companies’ representatives. For the hotspot analysis,
data was collected based on the supply chains of the relevant commodities (such as equipment). The hotspot analysis started with
the selection of the country and commodity class within the SHDB.
This study focused on the four case study countries: the Netherlands, Spain, Poland and Turkey, and their imports with respect to
needed commodities. Data collection regarding the import of commodities was performed via the Observatory of Economic Complexity (Macro Connections Group, 2018) for 2016. The Observatory of Economic Complexity is a tool that allows users to quickly
compose a visual narrative about countries and the products they
exchange. The top countries that constitute at least 90% of the imports in US Dollars of the Zero Brine systems’ commodities to the
Netherlands, Spain, Poland and Turkey were identiﬁed. Each commodity’s import value is subsequently mapped to relevant countryspeciﬁc economic sectors on the SHDB 2.1, Update 2016 (BenoitNoriss et al., 2013; Norris et al., 2012; Norris and Norris, 2015).
The SHDB was developed by New Earth and links economic input/output data from the Global Trade Analysis Project model with
labour intensity factors and social indicators of country-speciﬁc
sectors from reputable international organizations, such as the
International Labor Organization, Organization for Economic Cooperation and Development, United Nations Industrial Development Organization, Food and Agriculture Organization, World Bank
and World Health Organization. The database consists of social
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Table 1
Assumptions made for hotspot analysis for countries that did not exist in SHDB.
Case study

Original countries

Replaced with

Spanish case study

Democratic Republic of Congo
Republic of the Congo
Saudi Arabia
Iraq
United Arab Emirates
Tajikistan
Bahrain
Saudi Arabia

Angola
Angola
Qatar
Iran
Qatar
Uzbekistan
Qatar
Qatar

Polish case study
Turkish case study

theme tables which cover 22 themes within ﬁve social endpoint
impact categories: “Labor Rights and Decent Work”, “Health and
Safety”, “Human Rights”, “Governance” and “Community Impacts”.
The data tables identify social risks for 100 indicators. The ranking
of worker hour intensity and the risk levels across multiple social
themes for country speciﬁc sectors are used to calculate weighted
risks using an additive weighting method.
The SHDB covers almost all countries worldwide, however,
some of the relevant countries identiﬁed did not exist in the SHDB.
These were developing countries where high chances of social risks
exist, and part of the supply chains for the Spanish, Polish and
Turkish case studies. Therefore, it was decided not to exclude them
but replace them with neighbouring countries which have similar
political regimes and exhibit similar social conditions, as shown in
Table 1. For site-speciﬁc analysis, data collection was performed
using questionnaires distributed to company representatives in the
Zero Brine project and corporate social responsibility reports. The
questionnaires with replies can be found in Supplementary Material (S1-4).
2.2.3. Impact assessment of Zero Brine
The social life cycle impact assessment (SLCIA) was performed
with method V2.00, which is provided in the SHDB package for
hotspot analysis, and the Subcategory Assessment Method (SAM)
(Ramirez et al., 2014) for site-speciﬁc analysis. Table 2 presents the

stakeholder groups and social impact categories that were considered in this study based on the two levels of analysis. SLCIA characterization model algorithms based on the distribution of data
across the entire population of sectors and countries on the SHDB
are classiﬁed into quartiles and show how the national sectors
compare globally. These quartiles refer to four risk levels, low,
medium, high or very high risk, and each risk level is assigned to
a weighting factor as presented in Table 3. The weighting factors
indicate the relative probability that a negative situation will happen (Norris and Norris, 2015). SAM transforms qualitative data into
quantitative data and compares different data types in a standardized manner to arrive at meaningful results. This is achieved with
Performance Reference Points (PRPs) which are used as thresholds
(e.g. based on international agreements) to understand the magnitude and signiﬁcance of the collected site-speciﬁc data. SAM assesses organizations at four levels (A, B, C or D) for each Social
impact category in relation to the fulﬁlment of PRPs called basic requirements, as presented in Table 3. Furthermore, we added
one intermediate level to SAM when no site-speciﬁc data could be
found to decrease uncertainty. It was decided that “no data” result
was assigned the value between B (Organization fulﬁls the BR) and
C (Organization does not fulﬁl the BR in a negative context) levels.
3. Results and discussion
In this section, the results of the four case studies are presented
and analysed based on the hotspot and site-speciﬁc analysis levels.
3.1. Trade values of Zero Brine commodities
Figs. 5–8 show the top countries (country codes abbreviations
can be found in Table S14 of Supplementary material) that supply at least 90% of the commodity imports per Zero Brine case
study. These commodities are presented in groups, based on the
SHDB classiﬁcation and all trade values were converted to 2002
$USD due to SHDB requirements. The full list with all speciﬁc
commodities, global regions and trade values can be found in the

Table 2
Selected social impact categories per stakeholder group and level of analysis (grouped).
Stakeholder group

Social impact category

Hotspot level

Society and Local community

Human Rights
Community Infrastructure
Local employment
Community engagement
Public commitment to sustainability issues
Contribution to economic development
Access to material resources
Governance
Feedback mechanism
Regulation
Labour Rights and Decent Work
Health and safety
Prevention and mitigation of conﬂicts

X
X

Society and Value chain actors
Consumer
Workers

81

Table 3
Weighting factors for each risk level for method V2.00 and SAM levels.

Site-speciﬁc level

X
X
X
X
X
X
X
X
X
X

X
X
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Fig. 5. Relative imports of commodities required for the Dutch Zero Brine system by country of origin.

Fig. 6. Relative imports of commodities required for the Spanish Zero Brine system by country of origin.

Fig. 7. Relative imports of commodities required for the Polish Zero Brine system by country of origin.
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Fig. 8. Relative imports of commodities required for the Turkish Zero Brine system by country of origin.

Supplementary Material (Table S1–4). For the Netherlands, Turkey
and Poland case studies, most commodities are imported from
other European countries. At least 91% is imported from Europe,
including Russia and the United Kingdom, but several commodities are imported from Asian countries (such as China and Japan)
as well. Only Spain shows a larger range in imports for the investigated commodities, 76% is imported from Europe (including Russia and the United Kingdom), 9.6% from Asia, 9.6% from America
and 4.8% from Africa. African and Asian countries are expected to
show higher societal risks than Europe and North America due to
less strict regulations. Nevertheless, since the risk of imports is a
combination of the country of origin and the amount of imported
commodity, the Spanish case study will not necessarily result in
larger societal risks than the other case studies.

3.2. Social hotspot analysis of Zero Brine system commodities
Fig. 9 shows the endpoint social indicators results of each case
study. A detailed list of all the values used for Fig. 9 can be found
in Tables S5–8 of Supplementary material. The Y-axis in Fig. 9 is in
medium risk hours, which is the number of worker hours along
the supply chain that are characterized by a certain social risk.
Thus, higher values correspond to higher risks (i.e. more negative
performance). The results obtained with the SHDB are a combination of the counties of origin for the imported commodities and
the total ﬁnancial value (in relation to the amount) of commodities
that are imported in the four countries. For example, for the Dutch
case study the total ﬁnancial value of “Ferrous metals” that is imported into the Netherlands is two to three orders of magnitude

Fig. 9. Endpoint social indicators of case studies, (A) Dutch case study, (B) Spanish case study, (C) Polish case study and (D) Turkish case study.
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larger than for the rest commodities. Moreover, 75% of the imported “Ferrous metals” had Finland as the country of origin, Finland dominated the negative social impacts for all endpoint indicators. However, this did not show that Finland is a country of high
risk, since a closer look at midpoint indicators shows a moderate contribution between 50% and 75%; except for “Hospital beds”
where Finland contributed to 83%.
In general, the “Labor rights and decent work” impact category
exhibit the largest risk for each case study, whereas, the “Community infrastructure” resulted in the lowest risk, except for Spain.
The large risk presented by “Labor rights and decent work” may be
due to consisting of more midpoint indicators than the rest endpoints, whereas, “Community infrastructure” risk was attributed to
the social contribution of Angola. In the next paragraphs, endpoint
indicators are presented per case study, and all endpoint indicator results by country can be found in the Supplementary material
(Tables S5–S8).
The social impacts for the Dutch Zero Brine system is dominated by the two commodities’, “Ferrous metals” and “Chemicals,
rubber and plastic products”. Furthermore, the “Labor rights and
decent work” endpoint indicator is the highest and “Health and
safety” indicator follows. As mentioned above the ﬁnancial value of
the “Ferrous metals” category which are imported in the Netherlands is much larger than the rest commodity classes. Nevertheless, Finland is dominating the endpoint result and all midpoint
indicators results. Concerning “Chemicals, rubber and plastic products”, imports from China and Belgium contribute highly. On one
hand, the imports from China are not high, representing 3.2% of
the total but the midpoint indicators “Collective bargaining” and
“Toxics and hazards” result in large risks. On the other hand, the
contribution of Belgium is high approximately 37% of total commodity class imports originate from there.
Concerning the Spanish Zero Brine system, we observe something similar as two commodity classes dominate the endpoint
results, i.e., “Metals nec” and “Mineral products nec”. Furthermore, the “Labor rights and decent work” endpoint indicator is the
highest and “Governance” indicator follows. The “Metal nec” class
makes a large contribution to all endpoint indicators due to the social risks linked with Angola. Angola was selected because neither
the Democratic Republic of Congo nor Republic of the Congo existed in the SHDB, and they both represent in total approximately
42% of Spanish imports for that commodity class. In addition, the
contribution of “Mineral products nec” is high which is primarily
due to imports from China (approximately 14%) and to a much
lesser extent from India (1%). In general, Chinese imports result in
a large risk for all midpoint indicators.
In the Polish Zero Brine system, all three considered commodity
classes contribute to the endpoint result, but “Ferrous metals” and
“Chemicals, rubber and plastic products” dominate the score. Furthermore, the “Labour rights and decent work” endpoint indicator
is the highest, followed by “Health and safety”. The “Ferrous metals” class has a large contribution primarily due to imports from
India and China, even though they represent only approximately
2.7% and 1.9% of imports, respectively. These two countries make
a large consistent contribution to all endpoint and midpoint indicators. In particular, India poses signiﬁcant risks for the “Injuries
and fatalities” midpoint indicator. In addition, the high contribution of “Chemicals, rubber and plastic products” class derives from
Belgium (approximately 12%), Germany (9.3%), Hungary (5.3%) and
South Korea (2.3%). Among these countries Belgium and Germany
are consistent in contributing to all endpoint indicators, especially
to “Toxics and hazards” and “Collective bargaining” midpoint indicators.
Finally, for the Turkish case study “Minerals nec” and “Metals nec” have a large contribution, with “Mineral products nec”
and “Ferrous metals” following. Furthermore, the “Labor rights and

decent work” endpoint indicator is the highest and “Health and
safety” and “Governance” indicators follow. The “Minerals nec”
class large contribution is due to imports from Uzbekistan (in place
of Tajikistan) and India. Both countries are not major importers
with 7.3% and 7.1%, respectively. However, “Collective bargaining”
and “Forced labour” midpoint indicators are hotspots for these two
countries. In addition, “Metals nec” contribution is due to Uzbekistan (9%) and Kazakhstan (27%). Even though Uzbekistan is not a
major exporter, there are high risks from “Collective bargaining”,
“Forced labour” and “Poverty” midpoint indicators. On the other
hand, Kazakhstan does not pose a risk in these midpoint indicators, but is a major exporter to Turkey.
Our hotspot results are in agreement with Werker et al. (2019)
who limited their analysis to working conditions in hydrogen production industry in Spain. They concluded that social impacts derived mainly from upstream global processes, especially in India
and China. Overall, labour rights have progressed in China and
India but remain signiﬁcantly lower than in to developed countries (Chan and Hui, 2014; Puddington and Roylance, 2016; Sarkar,
2019).

3.3. Site-speciﬁc analysis of Zero Brine systems
Table 4 shows the results for the site-speciﬁc analysis based on
SAM. Table S13 in Supplementary material exhibits all collected
qualitative and (semi)quantitative data before conversion with
SAM. Furthermore, all data can be found in Tables S9–12 of the
Supplementary material as well. All four case study companies
score well in most impact indicators. Furthermore, although they
score differently based on the site-speciﬁc indicators, the silica
plant and DWP result in the same score. The only identiﬁed
areas which can be improved are the occupational accidents and
contribution to the local community. Occupational accident rates
are high for the silica plant and coal mine in relation to these
sectors’ average accidents rates. Furthermore, the coal mine can
contribute more to the local community and reduce conﬂicts over
environmental damage at city level, but no serious escalation has
occurred. The coal mine currently contributes less than 10% to
the local economy, but its contribution to the local community
is limited to what they have to pay by law. Another identiﬁed
negative social impact is the large water consumption of the silica
plant. However, this is expected to change the installation of the
Zero Brine plant is operational.
In general, more social positive effects were identiﬁed than negative. For instance, all case study companies prefer hiring from
the local community. However, only the textile plant has developed speciﬁc policies to encourage this and is the only company
that supports the community with initiatives for education, health
and sports. Additionally, in 2007 it also signed the United Nations Global Compact initiative that demonstrates its dedication to
improving the social aspects of employment (Zorlu, 2019). Meanwhile, the silica plant, textile plant and DWP publish annual reports on their business, including impacts to the environment (limited to greenhouse gas emissions) and employment ﬁgures. Among
them, only the DWP is obliged to do so due to national regulations.
The DWP could improve on that aspect, and elaborate more on its
social and environmental performance. Among the case study companies, the coal mine and textile plant are the biggest contributors
to the local economies with a share less than 10% in both cases.
This depends not only on the size of the stakeholder, but also to
the size of the local economy. For instance, the textile plant contributes approximately 3.9% to the local economy of Istanbul, and
Istanbul has a much larger economy than ZG Bolesław Śmiały and
Zaragoza. However, the share to the local economy means that an
improvement of the social and environmental performance of the
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Table 4
Site speciﬁc results.

textile plant and coal mine will result in a larger impact to the
local community than the rest case studies.
On the other hand, only on a few social indicators result in social burdens. For instance, the 20% of water consumption by the
silica plant is extremely large for only one organization. Fortunately, participating in the Zero Brine project will improve this
aspect. In addition, the “Occupational accident rate” indicator of
the coal mine is much larger than the average for the mining
sector and “Applying Corporate Social Responsibility” indicator is
non-existent. However, regarding the latter, the Corporate Social
Responsibility concept is still not well developed in the Polish mining sector. Furthermore, there are recurring conﬂicts between the
workers and management of the coal mine, that occasionally ends
with miners clashing with the police. For the DWP and textile
plant, no such large relative social impacts were identiﬁed.
Site-speciﬁc results of this study are partially in agreement with
Cadena et al. (2019) who investigated social risks for a bio reﬁnery in the Netherlands. These researchers identiﬁed “Occupational health and safety”, “Local community” and “Regulatory compliance” being social hotspots. “Occupational health and safety” is
identiﬁed only for the plants in Poland and Spain (the latter is
most similar industrial plant of our study to a bio reﬁnery) but not
for the DWP in the Netherlands. Furthermore, both these plants are
treating the local communities well and there is no need for extra
permits to be requested in order to treat brine due to regulations.
3.4. Limitations
A major limitation of this study derives from the structure
of the SHDB. The database is structured into various classes of
commodities, which results in classes that consist of a large
number of commodities, and for this study we considered only a
few commodities per class. For example, polyethylene, silicone and

poly(methyl) methacrylate are part of the class “Chemicals, rubber
and plastic products”, but in the same class other commodities exist as well, such as pesticides, activated natural mineral products,
etc. In addition, a couple of countries did not exist in the SHDB and
were replaced with neighbouring countries with similar political
regimes and working conditions. If this assumption is not correct,
then the Spanish case study results for imported commodities
(Fig. 5(c)) will change considerably due to Angola contributing
at least 63% to all endpoint indicators and for “Governance” and
“Community infrastructure” approximately 88%. Similarly, but to a
lesser extent, Uzbekistan contributes between 6.1% (in “Health and
Safety) and 18% (in “Governance”) to the endpoint indicators for
the Turkish case study. The use of weighting systems in method
V2.00 and SAM also inﬂuences the S-LCA results due to weighting
inserting uncertainty. Especially, in the case of S-LCA, this is more
apparent as weighting is applied on quantitative and qualitative
data. The latter is a limitation for all S-LCA studies due to their
qualitative nature. Nonetheless, since S-LCA is still in the initial
stage of development, there are ongoing research efforts in the
ﬁeld to undertake such methodological challenges.
4. Conclusions
The technical, environmental and economic aspects of brine
treatment systems are well addressed in literature. However, the
social performance of the industry and brine treatment systems is
still missing. This study aims to provide process plant managers
with increased knowledge and understanding of social hotspots in
the Zero Brine component supply chain to aid corporate social performance.
For instance, the use of the SHDB has identiﬁed key hotspots
for social risk in each case study. This opens up the prospect
to switch the supply of some commodities based on country of
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origin in order to decrease social risks and impact. Common identiﬁed hotspots among the case studies are: China and India, and potentially Democratic Republic of Congo and Republic of the Congo
(for which Angola was used as a proxy) and Tajikistan (for which
Uzbekistan was used as a proxy). It is apparent that the products
derived from these exporting countries are selected by European
industries due to their low cost, but recommendations only based
on cost is out of the scope of this study.
Using S-LCA at the site-speciﬁc level for case studies involving
developed countries is expected to result in positive metrics regarding the social performance of the involved case study companies. Developed countries have well developed regulations that
require a high level of ethical and social consideration amongst
companies that operate within their borders, leading to (mostly)
positive social performances. This is true, in general all companies
social score is at a good level. Nevertheless, areas of concern were
identiﬁed with “Water consumption”, “Occupational accidents rate”
and “Organizational support for community initiatives” indicators.
The former will depend on the type of sector and national laws.
Whereas the latter depends (in most cases) explicitly to initiatives
taken from organizations. Companies that recruit from the local
community should be encouraged to invest in the local communities (through not only jobs, but skills development, education,
investing in local communities landscape, etc.) more if they aim
at improving their social sustainability.
Therefore, we recommend the involved case study companies
to consider the following in their decision-making:
I. All companies should aim to purchase equipment for the
Zero Brine systems from suppliers globally which promote
social equality or developed countries with strict environmental, social and ethical regulations if possible.
II. The Dutch DWP and Turkish textile plant systems do not result in negative SAM level = 4, and therefore no speciﬁc suggestions are made on a company level. For instance, it is out
of the scope of this study to identify ways for the DWP to
improve its positive effect on the local economy.
III. The Spanish silica plant should aim to further reduce the
accident rate, which is minimally higher than the Spanish
chemical industry average, to improve its social sustainability proﬁle.
IV. The coal mine company should focus on reducing occupational accidents and developing a stronger a stronger interaction with the local community, such as environmental, educational and skills development initiatives. Both social indicators score relatively low. Integration of a corporate social
responsibility strategy into operations would provide structure for the suggested actions and improvements.
In summary, we recommend the use of hotspot analysis to
identify risks in the supply chains of the companies and the use
of site-speciﬁc analysis to identify social behaviours impacts. Suggestion for further suggested work includes the use of the SHDB
with operating expenses and life cycle costing data to investigate
avoided social burden or identiﬁed social beneﬁts due to the replacement of existing commodities with the recovered products
from the Zero Brine systems.
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