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ABSTRACT

Social sustainability is the least investigated of the three dimensions of
sustainability. With increasing interest in social aspects, new tools and
techniques for social assessment have been developed recently. This thesis
investigated existing social sustainability tool/techniques and their applicability
to energy technologies. Energy technologies have been analysed in order to
identify existing energy technologies and the presence of potential positive and
negative social impacts. It was analysed that energy technologies have both
positive and negative social impact. Tools and techniques for social
sustainability assessment shall be used for providing deeper analysis of social
aspects.As a result, 53 tools and techniques for social sustainability
assessment were identified and evaluated with taking into account their
characteristics and application. Out of these tools and techniques, 8 were
considered to be applicable to energy technologies. The analysis of energy
technologies can be conducted from project, plan, facility or product
perspective. The aim of this thesis is to help the decision maker to select the
most appropriate tool/technique for social assessment. Thus, the Decision

Support Tool (DST) in form of a Decision Tree (DT) has been developed.

Keywords: social sustainability, social sustainability assessment tools and

techniques, Decision Support Tool, Decision Tree, social impact

Word count: 7106
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Social sustainability is the least investigated of the three dimensions of
sustainability. With increasing interest in social aspects, new tools and
techniques for social assessment have been developed recently. This thesis
investigated existing social sustainability tool/techniques and their applicability
to energy technologies. Energy technologies have been analysed in order to
identify existing energy technologies and the presence of potential positive and
negative social impacts. It was analysed that energy technologies have both
positive and negative social impact. Tools and techniques for social
sustainability assessment shall be used for providing deeper analysis of social
aspects. As a result, 53 tools and techniques for social sustainability
assessment were identified and evaluated with taking into account their
characteristics and application. Out of these tools and techniques, 8 were
considered to be applicable to energy technologies. The analysis of energy
technologies can be conducted from project, plan, facility or product
perspective. The aim of this thesis is to help the decision maker to select the
most appropriate tool/technique for social assessment. Thus, the Decision
Support Tool (DST) in form of a Decision Tree (DT) has been developed.



1 Extended introduction

1.1 The concept of social sustainability

The concept of sustainability and sustainable development was first introduced
in 1987 by the Brundtl and report, which defines sustainable development
as:“Development that meets the needs of the present without compromising the
ability of future generations to meet their own needs”(WCED, 1987, p.15).
There are identified three dimensions of sustainability, namely

environmental/ecological, economic and social.

Whilst environmental sustainability includes ecosystem integrity or biodiversity
and economic sustainability includes growth, development or productivity
(Khan, 1995), the social sustainability concept and objectives often differ from

authors.

Many authors consider the social dimension, also known as social sustainability
or social pillar, as a dimension with vague meaning and objectives. Out of all
three dimensions, goals of social sustainability have the most problematic
aspirations for measurement. Social sustainability is difficult to measure and
quantify due to problems with an objective definition and identification of all
issues (Assefa and Frostel, 2007; Barr, 2008; Dempsey et al., 2011). Overall,

there is the need of greater understanding of social pillar (Murphy, 2012).



Table 1 presents some interpretations of social sustainability issues and
objectives.

Table 1.Social sustainability issues and objectives

Author Social sustainability aspects/issues/objectives

Murphy (2012) Equity, awareness for sustainability, participation and social
cohesion.

Khan (1995) Empowerment, equity, accessibility, participation/sharing,

cultural identity and institutional stability.

Assefa and Adequate provision of social services which include
Frostel (2007) education, health, political accountability and participation,
gender equity, fairness in distribution and opportunity.

Rogers et al. There are 10 social dimensions of sustainable development:
(2007) Poverty reduction, participatory development, consensus
building, nongovernment organizations, gender and
development, involuntary resettlement, indigenous peoples,
social exclusion, social analysis and social development

indicators.

Ahman(2013) Social cohesion, quality of life, basic needs and equity, sense
of place, education, social capital, integration and diversity.

Deeper analysis of social sustainability literature with focus on different views of

social sustainability is provided by Murphy (2012).

Even the social sustainability is not always treated as other dimensions(Murphy,
2012), presence of linkages between three pillars is unquestionable. Khan
(1995) stated that achieving the one sustainability without the others is not
possible. However, Goodland (2008) believes there are stronger linkages
between environmental and economic sustainability, and the social
sustainability should be separately defined in sociological terms. Murphy (2012)

stated that the linkages between social and environmental dimensions are



particularly undeveloped and he demands for clearer links with the

environmental dimension.

Contradictions between these dimensions may also arise. An example of the
contradictions between environmental and social sustainability arises in the
case of poverty alleviation at the expense of short-term environmental
degradation. However, the objectives of environmental, economic and social
sustainability must be achieved in both short-term and long-term period of time
(Khan, 1995).

Model of sustainable development is usually presented as three circles model
illustrating three dimension of sustainability. However, Giddings et al. (2002)
presented Nested sustainability model in order to critique of three circles model.

Three circles model and its alternative are presented in Figure 1.

Society

Environmen

Figure 1. Three circles model vs. Nested sustainability model (Source: Giddings
et al., 2002, p.189 and p.192)

Figure 2 shows the consideration of social dimension compared to other
sustainability dimensions during the time in three circles model. Although the
social dimension was taken into consideration in sustainability agenda from
1980s, it was not equally considered until 2000s. Social sustainability was
dominated by environmental and also by economic dimension probably due to
the fact that principles of sustainable development were developed from the

environmental movement (Colantonio, 2007).



Environmental

19805/ mid-1990s late 1930s 2000s, balance?

Figure 2.Consideration of social dimension during the time (Source: Colantonio,
2007, p.4)

1.2 Aim and objectives

The aim of the project is to develop a Decision Support Tool (DST) to determine
the most appropriate tool/technique for social sustainability assessment of

energy technologies.

The objectives are:

» To identify and evaluate the available tools/techniques for social
sustainability assessment and select those that are applicable to energy
technologies.

> To identify and evaluate the energy technologies and their social impacts.

» To develop a Decision Support Tool (DST) that aids in the selection of the
most suitable tool/technique for social sustainability assessment of a given

technology.

1.3 Energy technologies and social sustainability

Although some research studies have looked at social sustainability and social
sustainability assessment (Murphy, 2012; Colantonio, 2007; Benoit and
Vickery-Niederman, 2010), there has been only few studies focused on social
sustainability assessment of energy technologies or energy system. Most of
them were aimed at only one ingredient of social sustainability such as social

acceptance.



According to Assefa and Frostel (2007) the energy technologies are important
group of technologies that should be subjected to sustainability assessment due
to decision making about the alternatives and their potential contribution to

climate change.

Difficulties with understanding of terms: energy source, form and technology
may occur. Energy source refers to an input that is represented by combustible,
thermal or kinetic fuel in order to generate heat or electricity(OECD/IEA, 2005).
Energy coming from the energy source enters into the energy system and then
is transformed from one form to another e.g. biogas, electricity. The energy
technology do the process of transformation and also storing and

transportation(Gritsevskyi, 2008).

Technologies play an essential role in societal system. Technologies can have
a positive impact on society in the case of job creation or improvement of living
conditions (Lehmann et al., 2013). From the social view, energy technologies
help to improve living conditions by providing energy. In developing countries
the development of new energy technologies can bring significant improvement

to energy security (Gritsevskyi, 2008).

Social sustainability assessment of technologies is essential during decision
making related to technology implementation and contributes to development of

more sustainable technologies (Lehmann et al., 2013).

1.4 Decision support tool (DST)

Rakus-Andersson (2009, p.1) defines decision making as a task that:“arises
from the need to select the best possible course of action (or a set of optimized
actions) from a set of alternative”. To make the best decision is the basis of

each project and plan.

A decision support tool (DST) is analysis, procedure or guidance that supports a
decision (Sullivan et al.,2000).A DST supports decision making based on
complex information and can be in written the form of guidance, model, data or
software (Liu et al., 2012).



Distinctions between the terms within decision making are essential for
understanding and development of a DST. Important terms in decision making
are: decision support information, decision support tool (DST) and decision
support systems (DSS). Figure 3shows a conceptual framework for information

use and differences between these terms.

Decision support systems

Decision support tools,

techniques, maps, trees
Decision support input:

problem specific

information/model

Figure 3. Decision Support Information, Tools and Systems (Source: Sullivan et
al., 2000, p.16)

Figure 3shows the superiority of a DST of a decision support input and
superiority of a DSS of a DST. The decision support tools, techniques, maps

and trees represent the middle part of a decision making process.

Currently does not exist any DST for social sustainability assessment that would
help a decision maker to select the most suitable tool or technique from the set
of tools and techniques. Creation of a DST for social sustainability assessment
is an emerging task. There is an importance to develop DST within social
sustainability assessment due to increasing number of emerging
tool/techniques for social sustainability assessment. There have been identified
dozens of tools and techniques for assessing social sustainability which is

caused by increasing interest in social sustainability.

Main objective of the DST is to provide the tool for selection of the most
appropriate social sustainability tools/techniques with taking into consideration

applicability to energy technologies.

Benefits of using a DST within social sustainability assessment are to:

» Reduce time of decision making process,

» Avoid inappropriate selection of tool/technique for assessment, and



» Provide information about selected tool/technique and recommendations.

Institute for Manufacturing (2014), which provides new ideas and approaches to
modern industrial practice, identified more than seventy DSTs that are classified
under following categories: Information Control, Paradigm and Simulation

Models, Way of choosing, Representation Aids and Processes.

A choice of a DST" design depends on many factors. The most important factor
is a nature of input information. The input information represents information
about the individual tools/techniques for social sustainability assessment. Input

information are in verbal form because there are no numeric data available.

Analytical Hierarchy Process (AHP), one of the most used Multiple Criteria
Decision Making (MCDM) methods, cannot be used because it uses
comparison scales and inputs are measured as the weight, price or time
(Gonzalez-Prida et al., 2014).Taking into account nature of the input information
these comparison scales are not available. SWOT analysis is used for
organisation's assessment of its strengths, weaknesses, opportunities and
threats. This DST is not suitable for social sustainability assessment as well.

Because of the properties of an input information, the most appropriate DST is a
decision tree(DT) presented in the Representation Aids category. The
Representation Aids category includes tools and techniques that aid
visualisation of the problem space or the data (Institute for Manufacturing,
2014).The DT represents a rational approach which is used for selection of the
best option from all alternatives. The DT uses the classification of input

information as well as the visualization.

1.4.1 Decision Tree (DT)

The decision tree is group of steps arranged in a logical order(Sullivan et al.,
2000). The methodology of a decision tree is based on principle of elimination
answers by asking sub questions(Scragg, 1997). Decision tree is often

classified as a technique for data mining (Pathak and Pal, 2013).



The design of a DT is in the form of a diagram with use of branching lines and
nodes. There are two types of the nodes namely chance nodes and decision
nodes (Haimes et al.,, 1989). Pathak and Pal (2013, p.333) stated that: “to
construct a decision tree for each outcome class, the original instances in the

training data set are categorized into two revised classes: yes (Y) and no (N)”.

Pathak and Pal (2013) also defined two types of splitting criteria, binary and
multivariate. Splitting criteria represents extraction of input information from a
table. Multivariate splitting that is considered to be more complicated that binary
splitting. It uses several attributes within one node while binary splitting uses
two attributes. The value obtained from binary splitting that uses for the division
of the attribute in two mutually exclusive and exhaustive sub-domains is used

for attribute comparison.

The important component for development of a decision tree is a data set. In
case of selection of the most appropriate tool or technique the table with

tools/techniques for sustainability assessment can be used.

DTs as well as other DSTs support decision making. The decision tree has

widespread use in many fields such as environment, healthcare or finance.

The advantages of using a decision tree are following:

» The DT is easy to understand and self-explanatory,

» It can use both numeric and nominal input, and

» DTs can handle datasets in any size that may have errors or missing values
(Pathak and Pal, 2013).

10



2 Methodology

The research methodology includes six steps within three phases that are

directed to accomplish aim and objectives of this research study.

PHASE 3 \ PHASE 2 \

PHASE 1

Objective 2 J

Objective 1

Figure 4. Research methodology diagram

The first phase of research methodology, presented in Figure 4, involves the
first step and the second step. This phase focuses on social sustainability
assessment tools and techniques. The first step consists of gathering data from
appropriate literature in order to identify the social sustainability assessment
tools and techniques. This step is followed by evaluation of social sustainability
tools and techniques. Phase 1 represents the first mentioned objective of the
thesis.

The second phase that represents the second objective relates to energy
technologies. The third step, within the second phase, is defining existing
energy technologies followed by their evaluation. The identification of energy
technologies includes the diagram of available energy technologies with main
classification into renewable and non-renewable energy technologies. The
evaluation will show potential positive and negative social impact of energy
technologies.

11



After identification and evaluation of assessment tools/techniques and energy
technologies follow the steps related to DST namely definition and development
of the DST. The definition of a DST includes criteria for selection and
description of selected form of a DST. The development of a DST comprises
the development of a diagram. Phases 1 and 2 constitute crucial information
needed to accomplish Phase 3 that demonstrates the last objective.

12



3 Results and Discussion

3.1 Review of social sustainability assessment tools and
techniques (Phase 1)

With regard to transition to sustainability, sustainability goals have to be
assessed. The number of tools and techniques that can be used for
sustainability assessment is increasing (Ness et al.,, 2007). These tools and
techniques help the decision makers decide which actions they should take in

order to contribute to sustainable development.

Firstly, it is important to know a distinction among terms: tools, techniques,
methodologies and methods. These terms are commonly used related to
sustainability assessment. According UNEP/SETAC (2009), an assessment tool
is any instrument used to perform a procedure. These tools can use different
methodologies that are classified as the sets of methods. A technique is a set of

procedures needed to perform a task.

Based on sustainability tool/technique research, social sustainability can be
evaluated through variety of tools and techniques. During the overview the
social sustainability assessment tools and techniques, following factors have
been considered:

» The focus on social aspects,
» The level of assessment, and

» The nature of tool/technique.

The original hierarchy of tools and techniques presented by UNEP/SETAC
(2009) has been kept and then updated with other levels, tools and techniques
identified in appropriate literature.

Figure 5showsthe different levels of assessment that represent the object of a
tool application: project, intervention or facility, product, organization,
community and sector/country level (UNEP/SETAC, 2009; Streimikiene et al.,
2009). These different tools and techniques have different goals and use
various disciplines in the assessment (UNEP/SETAC, 2009).

13



Tools and techniques are further differentiated according to the tool/technique
nature within individual levels. There are analytical tools, procedural and
management tools, monitoring tools, communication tools and reporting tools.
Analytical tools assess the object in systematic and logical way. Procedural and
management tools represents tools used for managerial purposes. The
communication tools refer to stakeholder’s communication and finally the

reporting tools represents tools with reporting purpose.

There is a fine line between individual tools. Some tools and techniques are
included in more than one category and many tools can be substituted or
complemented by others. Knowledge of characteristics, differences and

connections among tools are essential for the development of the decision tree.

Project, intervention or facility level covers social sustainability assessment
tools and techniques suitable for the whole project assessment from initial steps
to the end of the project. The development of a power plant can be included into
this level with taking into consideration life stages of a power plant including
mining, construction, installation/commissioning, operation, maintenance,
decommissioning, recycling and disposal. Main characteristics and application

information are shown in Table 2.

14
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Table 2.Social sustainability assessment tools/techniques on

project/intervention or facility level

Project, Intervention or facility

Tool | Tool/techni Main characteristics App_)lic_:ati_on and
type que limitations
Social » |s the systematic appraisal of impacts on > ll:rmZe dnesg?;prﬂi?]rty n
Impact individuals and community quality of life prcﬂects (UNFI)EP/SETAC
Assessment by proposed project, plan, policy or 2009) ’
(SIA) programme (qudge, 2004) I » Can be part of EIA and
» Provides quantitative and qualitative then creates triole
social indicators (UNEP/SETAC, 2009) bottom line (TBFI)_)
(Sheate, 2009)
- o » Assess projects, plans
Health > HIA uses participatory, qualitative and - poligie; - dif?erent
Impact quantitative techniques Ty
Assessment | > It helps to make decisions about possible (WHO, 2014)
(HIA) alternatives, improvements to prevent ’
- injuries and diseases as well as promotes
3 health (WHO, 2014)
%‘ Strategic » Contributes to strengthen commitments of g g::etl)oe ampeprllltegfln
g Environ- society to sustainable development, o rar?ws lans and
mental green economy and efficient goligcies P
Assézssment 210a1nza)gement of resources (Partidario, > Applied in Long-term
( ) strategic perspective
Partidario, 2012)
Human > Aim of HRIA is to understand, identify and > Ins1 (;Jr?i?od ril;or st:rngrhnohladnech
Right manage impacts in human rights field B sn?zation
Impact » Can improve company and product " 9
: . . » Suitable for
Assessment reputation, relations with stakeholders, multinational
(HRIA) workers” motivation and productivity, enterprises
contribution to sus'talnable de.vc.e!opment > Can be done ex ante or
and corporate social responsibility (CSR) ex post (Lenzen and
etc. (Lenzen and d"Engelbronner, 2009) d'Eﬁ]gerronner 2009)
£ | sA 8000 > Focuses on workers’ rights in g Lssgzzgr;%rnftacmty
g organizations and enterprises > Can be used in a SLCA
> (UNEP/SETAC, 2009)
P : : »> Uses to know
S | Occupation | > Is American standard focuses on risks "
£ : continuous
< | al Safety & il gl improvement within
€ | Health » Aims to reduce environmental risks and
© . . health and safety of
= Administra- improve health and safety of workers workers (AFNOR, 2006)
5 | tion 18001 > Takes into account other standards such ’
° (OHSAS as British standards BS 8800
9 18001) » |s compatible with ISO 14001 and ISO
a

9001 (AFNOR, 2006)
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Tools and techniques within the product level are connected with production
and consumptions of goods and services. With focus on energy technologies,
products can be represented by products such as wind turbines or solar panels.
Product related assessment tools/techniques are used for social sustainability

assessment of a specific product. Detailed information are included in Table 3.

Table 3. Social sustainability assessment tool/techniques on the product level

Tool | Tool/techni Main characteristics Application and limitations
type que
SLCA » Assessment through product life > Is commonly used in
cycle engineering (Basurko and

» Assess production and product Mesbahi, 2014)

» Considers economic (to some > Important decision support
© extent) and social aspects tool in developing countries
2 (UNEP/SETAC, 2009) during developing projects
%’ » Provides basis for communication (Lehmann et al, 2013)

g and reporting (UNEP/SETAC, 2009) | > Suitable for comparative
» Based on functional unit technology analysis and for
» Supports decision making addressing social impact of
technology implementation
through social indicators
(Lehmann et al, 2013)

i » Assess social, environmental and 2 BEEY el G 12E g T 4l
Social T T conditions of workers and
audits economic limitations and benefits o preventing abuse and

an organization o

» Information and details about explo!tatlon G LA
= p . : ; > Requires stakeholder’s
= inancial and non-financial resources .

S are shared with public through any mvolvement' .
= public platform during the social > Gl ysed o deyeloplng
§ audit countries (Eavani et al,

» Aims to enforce transparency and 2012)

accountability as well as provide the
ultimate users of projects and
services (Eavani et al, 2012)

The organization level of assessment includes tools that assess a corporate
impact. These tools are used for social assessment of an organization as a
whole. They can assess the behaviour, operations or activities of an
organization. Tools within this level cannot be used for assessment of individual
For further information see Table 4.

projects or specific products.
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3.2 Energy technologies (Phase 2)

3.2.1 Identification of existing energy technologies

This paper is focused on social assessment of energy technologies thus all
existing energy technologies need to be identified. Following 9 technologies
were identified from appropriate literature: solar, wind, biomass and waste,
geothermal, hydroelectric, ocean, nuclear, fossil fuels and Carbon Capture and
Storage (CCS) energy technologies. Diagram of energy technologies presented

in Figure 6providesdetailed information about subdivision of these technologies.

At the beginning, energy technologies were divided into two groups: Renewable
and non-renewable energy technologies. Renewable energy technologies use
renewable energy sources and non-renewable energy technologies use non-
renewable sources such as coal or gas. EU Commission (2013) defined
renewable energy source as follow “Renewable energy sources are defined as
renewable non-fossil energy sources: wind, solar, geothermal, wave, tidal,

hydropower, biomass, landfill gas, sewage treatment plant gas and biogases”.

The term ‘renewable’ is often connected with the term ‘inexhaustible’. However
the nuclear energy technology is classified as non-renewable due to uranium
use as a source of energy, Cohen (1983) thinks that it can be considered as a
renewable. He took into consideration the reactors that can be fuelled by

replenished uranium from seawater.

The biomass technologies are also questionable. In case of using wood from
forests and woodlands as a fuel the biomass energy technology should not be

considered as a renewable (Gritsevskyi, 2008).

Even though the Carbon Capture and Storage (CCS) technology has been
included in energy technology diagram it has not fulfil the definition of energy
technology is presented in Section 1.4, CCS does not generate electricity or
heat but it mitigates negative impact of some non-renewable energy
technologies by capturing and storing CO, (CCSa, 2014).

22



174

(8002 1AsAesu9D) (010Z ‘OBN :#71.0Z ‘PHOA ABisug sjgemeusy :Z|0z ‘[a4weg wol) pajdepe)

welbelp saibojouyosay ABiaug "9 ainbi4

sep
|1e0d
(s22)
a8eu03s pue
aunided uoque) sion l1ssod

sa130jouyd9)
A3Jsaua
9|gemaual-uoN

uonedijises
sle-ewseld ||
uonediyises
lewsayl ||
S1e31S01|3Y YyUMm
sweid $19MO
1 Jejos
siojoeal 914393]204pAY sjued
! uonisNqWIo!
Suijiog -J0-unJi/ 04a1 a84e7 : /3imdes 21 sauiqiny sauIqn}
o5 4 / 01N aueyIBIN SIsAj0JAd panuap puM e _0%3 |_[s1sued sejos| | si03e3uadu0d
51030694 SaplL s.ung ECRIEN] a10ysyo m\_o;.mco Jleljonoloyd Jejos
Jaiem sjueld
pasunssald ew a8ue weajs-yse|4 B
Tmu_:m;uws; 7 _mEE:L 7 Il _ 9 A 7 _ J P Tmu_mo_o_i 7 fewd E.; 7 [ea1sAyd A Tk_o;mtoi Tk_o:mcoi Tﬁ_go“of; 7 _mE‘_msL
T T y . 3
ASojouyoa
. jouysy sa150j0uy291 sa13ojouyay sal3ojouyyd3} saigojouyday sa180jouy2a1 sa1ojouyda
19Ua JeanN (EVENEVGERG) 214303[904pAH |ewJay3o99 9)sem pue ssewolg PUIM 1ej0S
| L T X X |
saljouyoay
ASiaua
a|gemauay

sa18|ouyoal ASuau3




3.2.2 Overview of the potential social impact of energy technologies

The research of social aspects, indicators and factors has been conducted to
express potential social impact of solar, wind, biomass and waste, geothermal
hydroelectric, ocean, nuclear fossil fuels and CCS energy technologies. Several
social aspects, indicators and factors have been selected and the potential

positive or negative social impact is shown in Table 6.

Table 6. Social impact of energy technologies

Energy
technology .
Job creation/ Eneray®
. Health | Aesthetics Noise provision of 9y
Social employment® security
aspect/indicator

Wind ?

Biomass and waste ?

Geothermal -

Hydroelectric -

Ocean -

Nuclear - + ++

Fossil fuels ? + ++

?

CCS + ? ? ?

(adapted from Carrera and Mack, 2009; Pappas et al., 2012; Maxim, 2014;
Lewis et al., 2011; Dickson and Fanelli, 1995;Pires et al., 2011)

@ considering Number of employees per unit of electricity produced (job-years/GW h)

b considering average capacity of plant/project (in MW)

Score  Assessment of impact

+ + potential significant positive impact
+ potential positive impact

- potential significant negative impact
- potential negative impact
0 no impact

? gaps in evidence
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Social impact can be measured through social indicators. The levels of social
impact, presented in Table 6, are predominantly based on researches that
evaluate social indicators such as health and aesthetics(Carrera and Mack,
2009) or visual disturbance or noise of energy technologies. Remaining
aspects/indicators, job creation and energy security, use data from studies on
characteristics of energy technologies such as number of employees employed
per unit of electricity produced or average capacity of plant/project (Maxim,
2014).Furthermore, studies on ocean, geothermal and CCS technologies have
been used as well (Lewis et al., 2011; Dickson and Fanelli, 1995; Pires et al.,
2011).

The most of social aspects/indicators of energy technologies relate to quality of
life such as health, aesthetics and noise. Almost all energy technologies have
negative social impact on the health, noise or aesthetics. CCS technology has a

positive social impact due to capturing CO, (CCSa, 2014).

Even though renewable energy technologies such as solar, wind or biomass
were evaluated as those technologies with negative impact on health (Carrera
and Mack, 2009)they still can have positive social impact in case of
implementing these technologies instead of non-renewable alternatives such as
fossil fuels energy technologies. According to Akella et al. (2009) the improved

health is one of the social benefit of renewable energy system.

Refer to social impact of wind energy technology, there are differences in noise
disturbance of onshore and offshore energy technologies. There is no noise
disturbance of offshore wind farms and the level of noise disturbance of
onshore wind farms depends on the distance of local community (Pappas et al.,
2012). The aesthetics differ in assessment of solar energy technologies. Visual
disturbance is higher if solar panels are situated self-standing than they are
situated on roof top(Pappas et al., 2012). All energy technologies contribute to

job creation and energy security in some extent.

For a more comprehensive and accurate results of social impact are needed
detailed information the plan/project and characteristics of energy technology
such as place or size of power plant. Social sustainability assessment
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tools/techniques, presented in Section 3.1, shall be used for deeper analysis of
social aspects.

3.3 Development of a DST (Phase 3)

To select the most appropriate tool/technique is a challenge. Thus the DST will
be developed to help the decision maker to select the most appropriate
tool/technique. Available forms of the DST were discussed in Section 1.4 as
well as some benefits of its use. A DT was selected as the best choice from all
alternatives. Before starting the development of the DT, the set of tool/technique
applicable to energy technologies has to be identified.

3.3.1 Selection of social sustainability assessment tools/techniques
applicable to energy technologies

After identification and evaluation of social sustainability assessment

tools/techniques and existing energy technologies, tools and techniques

suitable for assessment of energy technologies need to be selected.

As mentioned before social sustainability assessment tools/techniques are
divided into five levels: project, intervention or facility, product, community,
organization and sector/country level. These levels refer to the object of an
assessment. Since the tools/techniques within community level assess the
community, tool/techniques within organization level are used for assessment of
the corporate impact and tools/techniques within sector/country level assess the
country or sector, such tools/techniques are not relevant for application to
energy technologies. Even though some tool/techniques within the community
level can be used in other social sustainability assessment tools. Tools and
techniques within the community level can be also used in order to find out the

social acceptance of energy technologies.

For the selection of social sustainability assessment tools/techniques, Table 7
was created. Table 7 includes following information criteria for selection:
sustainability dimension, level of analysis, social aspects and overview of

applied case studies. These information are useful not only for selection of
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tools/techniques suitable for energy technologies but also for development of a
DT.

Some social aspects can be assessed within several tool/techniques but in
different extent. For example HRIA is focused on human rights, one of the
social aspects, in bigger extent than ESIA that assess all social aspects,
including human rights(The World Bank/NTF, 2013).

There is possibility to use a combination of several tool/techniques for
sustainability assessment. SLCA can be used separately or as a complement of
LCA (SEAT, 2010). SLCA assess only social impact but together with LCA can

assess both, social and environmental impact.
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Table 7. Social sustainability assessment tools/techniques for energy

technologies

Appli-
Tool/ cable
Focus - Sustainability Levels of Social Case studies related to to
Tech- dimension analysis aspect energy technologies en.Tec
nique h-
nology
SIA Social dimension Program/poli | All SIA for proposed Yes
cy/projects/pl | social Valleydora Photovoltaic
ans level aspects | power plant free state
province in 2012
HIA Social dimension Project/plan/ | Health | HIA of integrated wood Yes
policy level impacts | processing and electricity
generation plant in
Newbridge
SEA Environmental, Program/poli | All SEA of the Offshore Yes
economic and social cy/plans social Renewable Energy
dimensions level issues Development plan in
Ireland
HRIA Social dimension Corporate/ Human | N/A No
country/site/ | rights
product level
SA Environmental, Plan/progra All N/A No
economic and social mme/project | social
dimensions level aspects
ESIA Environmental, Project/plan/ | All MTKVARI hydroelectric Yes
economic and social policy level social Power plant project
dimension aspects
SA Social dimension Facility level | Worker | Dahanu Thermal Power Yes
8000 ‘s Station
rights
OHSAS | Social dimension Facility level | Occupa | Dahanu Thermal Power Yes
18001 tional Station
health
and
safety
SLCA Social and economic Product level | All N/A Yes
dimension but social
economic only to some aspects
extent
TA Environmental, Project/plan All Solar Thermal Technology | Yes
economic and social level social Assessment — U.S.
dimensions aspects | Department of Energy
Social Environmental, Facility/Prod | All N/A No
Audit economic and social uct/company | social
dimensions level aspects
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From Table 7there were identified eight social sustainability assessment
tools/techniques applicable to energy technologies. Social sustainability
tools/techniques that can be used for assessment of energy technologies are
SIA, ESIA, TA, SA 8000, OHSAS 18001, SEA, SLCA and HIA. The applicability
to energy technologies was clarified by existing case studies and information

about their application.

Human Rights Impact Assessment (HRIA), Sustainability Appraisal (SA) and
Social audit are not applicable to energy technologies. HRIA is used for
stakeholders monitoring in the human rights field(Lenzen and d Engelbronner,
2009). SA is conducted during preparation and developing phase of a Local
Plan and Social audit assess sustainability benefits and limitations of an
organization or of the production facility (Eavani et al., 2012). The audit is
predominantly focused on working conditions of employees. Due to these
information the possible application to energy technologies was rejected.

3.3.2 Development of a DT for social sustainability assessment of
energy technologies
The simple DT in Figure 7provides step-by-step guidance for selection of

tool/technique.

The DT is drawn starting on the top and moving down. The decision nodes,
chance nodes together and the branching lines have been used for the
development of a DT. Chance nodes are represented by round shape and
decision nodes have square shape. Binary splitting criteria has been chosen for
an extraction of information from a Table 7 with use of questions and sub

questions.

DT starts with making sure that the decision maker knows what social
sustainability assessment is and if the decision maker wants to assess social
sustainability assessment of energy technologies. Other questions and sub

questions ask for sustainability impact and object of the assessment.
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The DT should not be used itself but together with other information provided by
this study. The decision maker can use the DT in the first phase of the decision
making and then use other information about the individual tool or technique.
The results of a DT are illustrated by decision nodes. The decision nodes
include recommended tool/technique or group of tools/techniques. The DT
works under the assumption that the decision maker is deciding according
following criteria: dimension focus, level of assessment and focus on chosen

social aspect.

As an example of use the DT in practice the case study of Health Impact
Assessment (HIA) in New bridge can be used. HIA was used for assessment of
Integrated Wood Processing Plant in 2000. Main input information include the
object of the assessment - power plant. The main priority was evaluate the
health impact (Las, 2000).

The DT starts with question Do you want to undertake social sustainability
assessment of energy technologie$. The decision maker has to be sure that he

knows what is meant by terms social sustainability and energy technology.

Then follows the question Do you want to assess also environmental impact
and/or economic together with social sustainability assessmenf. Several
tools/techniques considered to be applicable to energy technologies can assess
social aspects as well as economic and environmental aspect. The answer for

this question would be negative.

Questions The object of assessment is only a device of energy technology
component in term of a product e.g. solar panel and The object of assessment
is power plant project, intervention or facility” refer to the level of assessment.
Energy technologies can be recognized from several perspectives i.e. product,
power plant project, plan, facility perspective. Since the object of the
assessment is wood processing power plant, the answer for the first question

would be negative and then positive for the second question.

Following questions Focus on workers” rights only and Focus on health only’

are asking for the specific social aspect/indicator. Social sustainability
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assessment tools/techniques that are applicable to energy technologies can be
focused on human/workers rights, health or on all social aspects. Taking into
consideration the preferences of decision makers, the result of this case study
example is the proposal to use HIA or OHSAS 18001. Whereas OHSAS 18001
is standard focused on health and safety of workers (AFNOR, 2006), the HIA is
the technique focusing on health of all stakeholders (WHO, 2014). Thus the

final decision would be upon the decision maker.
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Do you want to undertake R
Do you want to assess social impact

social sustainabilitx1

Start of energy technologies related to
BesesDentQfenec:y quality of life or poverty reduction®?
S technologiesz?
Do you want to assess also
environmental impact
and/or economic together Use tools/techniques for
with social sustainability environmental or economic
assessment? sustainability assessment
The object of assessment is
energy technology project,
The object of assessment is plans or programme
only a device of energy
technology component in term
.of a product e.g. solar panel
Did you undertake
supply chain of a given
Use SEA, TA or ESIA
energy technology
The object of assessment
is power plant project,
intervention or facility
Undertake the
supply chain and
Y
continue with the | e Use SLCA
Focus on
workers *
rights only
Yes
Use SA 8000
Focus on
health only

m Use HIA or OHSAS 18001

Figure 7. DT for social sustainability assessment of energy technologies
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Table 8.DT explanatory notes

1 Social sustainability relates to following social aspects: Social cohesion, quality
of life, basic needs and equity, sense of place, education, social capital,
integration and diversity (Ahman, 2013).

2 | Energy technologies are technologies that generate heat or electricity. There are
solar, wind, biomass and waste, geothermal hydroelectric, ocean, nuclear fossil
fuels and CCS energy technologies.

3 | Quality of life can include social aspects such as health, safety, aesthetics or
noise and the poverty reduction includes job creation.

The presented DT was developed for the purpose of support decision making in
sense of selecting the most appropriate tool and technique from all possible
alternatives. The DT is self-explanatory, easy to understand (Pathak and Pal,
2013) and fast tool. Because of these properties, the DT can be even used by
non-expert in field of sustainability science.
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4 Conclusion

This thesis focuses on social sustainability assessment of energy technologies
through identification and evaluation of social sustainability assessment

tools/techniques and existing energy technologies.

The social sustainability assessment tools/techniques and energy technologies
were investigated in two phases in order to gain the information about the
applicability of tools/techniques to energy technologies. The third phase
comprises the development of a Decision Support Tool, in form of a Decision
Tree that can help the decision maker to select the most appropriate tool or

technique.

The social sustainability assessment tools/techniques can be used for
assessment from project/plan or facility, product, organization, community and

country perspectives.

It was analysed that energy technologies have both positive and negative social
impact. Tools and techniques for social sustainability assessment shall be used

for providing deeper analysis of social aspects.

As a result, 53tools and techniques for social sustainability assessment were
identified and evaluated with taking into account their characteristics and
application. Out of these tools and techniques, 8 were considered to be
applicable to energy technologies. The analysis of energy technologies can be

conducted from project, plan, facility or product perspective.

The presented DT supports the decision making in sense of selecting the most
appropriate social sustainability assessment tool or technique from all possible

alternatives and time reduction during the decision making process.
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5 Recommendations

Finally more future research on social sustainability tools and techniques is

necessary due to updating current list of tools and techniques.

Once the DT becomes fully developed, it should be tested in order to support its
utility and the validity. However before that stage is reached, many challenges

remain and further research is needed.

Further development of a DT can by supported by questionnaires including
questions about the decision maker’s criteria and preferences during the

selection of social sustainability assessment tool/technique.
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