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Abstract  14 

Purpose The implementation of midpoint, endpoint and single score assessments to support decision-making remains 15 

a major challenge for developing a coherent social impact assessment methodology. The simple weighted sum 16 

approach and normalization technique for single score assessments have been problematic and the final results do not 17 

realistically represent stakeholder perspectives due to mis/over-interpretations. The focus of this study is to develop a 18 

weighting scheme for social impact assessment. The developed scheme is then evaluated using a case study on social 19 

impact assessment of the sugarcane sector in Thailand. 20 

Methods A weighted aggregation method has been developed for assessing different categories and sub-categories of 21 

social dimensions. The performance indicators for each sub-category determine the accuracy of the impact results by 22 

establishing the rating weight of the importance of social aspects and satisfaction. The developed method is then 23 

applied to a case study on sugarcane-based ethanol production in Thailand. The stakeholders involved in the sugarcane 24 

sector comprising sugarcane, sugar and ethanol production include cane growers, cane workers, sugar factory and 25 

ethanol factory workers. The social issues related to stakeholders in sugarcane, sugar and ethanol production must fit 26 

the cause-effect chain, which can help not only defining the specific social aspects to meet the appropriate sub-27 

categories and performance indicators but also facilitating the data collection.  28 
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Results and discussion The characterized/inventory result can be improved by using the weighting factor of importance 29 

of social aspects and satisfaction. The results of the social impact performance score reveal that including the 30 

weighting of the importance of social aspects and satisfaction affect the result of the impact sub-categories and social 31 

categories. The case study revealed that the relevant impact categories of cane growers are 1) land tenure, 2) access 32 

to knowledge, facility and natural resources, 3) employment, wages and labor conditions 4) equity and 5) human 33 

health and safety. On the other hand, the impact categories of cane workers, sugar factory workers and ethanol factory 34 

workers are 1) decent livelihood, 2) labor rights, 3) equity, and 4) human health and safety.  35 

Conclusions The social impact assessment method with developed weighting scheme can help the government and 36 

private sectors prioritize their efforts in minimizing negative social impacts throughout the life cycle of biofuel 37 

systems. However, the data on the importance of social aspects and satisfaction is subjective; uncertainty analysis or 38 

sensitivity analysis must therefore be applied to further observe the variation of different options to facilitate decision 39 

making.  40 

Keywords: social life cycle assessment, social impact assessment, methodology development, sustainability, 41 

sugarcane, sugar, ethanol production, biofuel, Thailand 42 

 43 

1 Introduction 44 

 Social life cycle assessment (S-LCA) is increasingly being used for assessing both positive and negative social 45 

impacts throughout the life cycle of products (UNEP 2009). A recent review has shown that 35% of the studies 46 

addressing sustainability issues use life cycle economic/environmental indicators. However, only 17% of the studies 47 

include the social dimension probably due to the lack of a widely accepted methodology for social life cycle 48 

assessment (S-LCA) (Martín-Gamboa et al. 2017).     49 

 Various S-LCA methods have been developed in the recent years, the distinction being based on the types of 50 

data. The choice of the S-LCA method can affect the result depending on the different evaluation systems (Wang et 51 

al. 2009; Ibáñez-Forés et al. 2014). S-LCA data may be of three types: quantitative, semi-quantitative (yes/no or rating 52 

scale responses) and qualitative (descriptive text) (UNEP 2009). There are broadly two classes of S-LCA methods; 53 

Type I uses a qualitative/semi-quantitative, scale-based approach (scoring system) through the performance reference 54 

points (PRPs) to assess the social performance which can be positive or negative (Ciroth and Franze 2011; Quantis et 55 

al. 2012; Fontes 2014). Here, the weighting approach uses the personal or collective judgements by interviewing a 56 
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panel of experts and decision makers in their related field or by applying the Delphi method, pair-wise comparison 57 

and Analytic Hierarchy Process (AHP) (Manik et al. 2013; Yu et al. 2012; Giner-Santonja et al. 2012).  On the other 58 

hand, Type II uses impact pathways through characterization models which are typically quantitative as mid-point and 59 

endpoint indicators (UNEP 2009; Parent et al. 2010; Weidema 2006). In this case, rational approaches are applied by 60 

using a statistical model or quantitative criteria (Yang et al. 2009). 61 

 Comprehensive and analytical reviews of S-LCA approaches have recently been conducted to examine the 62 

multiplicity of approaches developed for Type I S-LCA from 2006 - 2015 (Russo Garrido et al. 2018). The use of 63 

weighted characterization results can often be aggregated into impact categories on the basis of equal weighting or the 64 

relative importance of social aspects. Furthermore, Type I assessment methods mostly use the PRP scale system 65 

(Chhipi-Shrestha et al. 2015; Parent et al. 2010). This is usually performed by five (or seven) point scales or binary 66 

(yes/no questions) which are used to reflect the level of compliance with international or national laws, sectoral norms 67 

and best practice (Ciroth and Franze 2011; Fontes 2014; Blok et al. 2013; Sanchez Ramirez et al. 2014; Aparcana and 68 

Salhofer 2013a). However, the rating scales which are determined to some extent through expert judgment can mask 69 

the decision dependency of weighting scheme. This may cause a high uncertainty associated with quantification of 70 

weights (Carmo et al. 2017a). 71 

 An example of Type I S-LCA is a study by Spillemaeckers et al. (2004). It presents a rating on occupational 72 

health and safety using statistical data of several indicators related to health and safety and translated into numbers 73 

using a scoring system. However, the problem of rating score through the number of working accidents as an indicator, 74 

for example, is that the low number of indicator may reflect either strongly efficient management practice or poor 75 

database management system (Jørgensen et al. 2008; Dreyer 2006). Manik et al. (2013) applied a scoring system for 76 

weighting the social expectations and perceptions of social issues from impact categories. The weighting process was 77 

performed using a questionnaire involving a panel of experts and decision-makers in the palm oil industry to reflect 78 

the importance level of sub-categories. Another study by Hosseinijou et al. (2014) undertook a material flow analysis 79 

(MFA) to weight the importance of life cycle steps and then performed an expert judgment to aspects identify the 80 

most important of socio-economic issues. However, the method for weighting the importance of social aspects 81 

according to stakeholders or expert opinion may introduce a biased judgment. 82 

Another issue is that although there are several social criteria/indicators from different stakeholders, it needs to 83 

be considered whether the impact of social criteria to stakeholders is positive or negative (UNEP 2009; Feschet et al. 84 
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2012; Dreyer et al. 2010). If there are some ambiguous outcomes, how can the social criteria/indicators be simplified 85 

in terms of scoring system or in quantitative terms? For example, long working hours may be bad for workers in term 86 

of health conditions but good for the growers/farm owners from another point of view. This sort of dilemma is a 87 

challenge for social life cycle assessment. Measurement of social indicators based on preference values of stakeholders 88 

(rating score) is likely to be subjective and is often associated with high uncertainty (Carmo et al. 2017a). In terms of 89 

the environmental and economic aspects, the uses of monetary terms like willingness to pay (WTP) are capable of 90 

sorting the importance of social aspects from stakeholder preferences by considering how much a stakeholder is 91 

willing to pay. But for the social aspects, it is somehow difficult to find a practical way due to subjective evaluation 92 

of stakeholder perspective.  The cause-effect chain in environmental life cycle impact assessment (LCIA) can provide 93 

a useful structure for the development of a broader sustainability assessment methodology and helps to pursue ultimate 94 

scores, assessing trade-offs between different phases in the life cycle and different impacts in an overarching and 95 

comprehensive way (Blok et al. 2013). 96 

 Moreover, the essential components for accuracy of the weighting score include the data type, stakeholder 97 

perception and methodology, all of which play a role in determining the quality of the data and thus, accuracy and 98 

reliability of outcomes. The data quality is also considered as a score along with the impact results of sub-categories 99 

and social categories depending on whether the data are primary, secondary or estimated. Although the score rating 100 

of data quality is excluded from calculating the impact of sub-categories (FAO 2014), it is important to address the 101 

data quality in the report as it represents the reliability and validity of the results (UNEP 2009). 102 

 Stakeholder perception has generally been used for assessing satisfaction in the field of social science (Kroeger 103 

and Weber 2014). A satisfaction survey is designed to monitor stakeholder perception of the degree to which their 104 

needs are fulfilled regarding the social aspects. 105 

Based on the above literature review, there are a variety of developed approaches within Type I S-LCA but with 106 

gaps that need further consideration, viz., 1) the issues of the scoring system, 2) the issues of the use of a weighting 107 

scheme, and 3) a lack of systematic identification of relevant stakeholders and social issues. In order to address these 108 

issues, a systematically comprehensive and reliable framework and method for S-LCA needs to be developed. 109 

Therefore, the objective of the study is to develop a general social impact assessment framework and method to 110 

illustrate its application via a case study evaluating the social impact of biofuel systems comprising sugarcane, sugar 111 

and ethanol production. 112 
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2 Methods 113 

In the connection with the objective of the study, it was hypothesized that the reliability of impact assessment 114 

results could be improved by proposing additions to the existing S-LCA framework as well as to the impact assessment 115 

methodology. To do so, the existing studies were therefore reviewed to identify issues which could potentially limit 116 

the use of social life cycle impact assessment (SLCIA) to applications (Section 2.1). The limitations identified in the 117 

studies are considered for alleviating the problems in the framework and method for the assessment of social impacts 118 

associated with the life cycle of product systems leading to a pathway for improving the existing S-LCA framework 119 

and method (Section 2.2). A case study is then identified for assessing the social impact of sugarcane-based ethanol 120 

production using the S-LCA method to be developed (Section 2.3). 121 

2.1 Literature review of methods for developing a framework and SLCIA method 122 

Literature based on the recent works of the review articles on S-LCA methods (Russo Garrido et al.  123 

2018; Chhipi-Shrestha et al. 2015; Wu et al. 2014) was searched through web-based research studies. These articles 124 

conducted a comprehensive review of current developed frameworks, methods, and characterization models for social 125 

impact assessment. Nevertheless, these reviewed articles have identified the issues for future development and 126 

research needs. In order to develop an improved framework and SLCIA method, the relevant articles were reviewed 127 

with a focus on selecting of indicators, scaling of inventory data, characterization, and weighting methods. 128 

2.1.1 Selecting of indicators 129 

Indicators are used to link the data with subcategories and impact categories guiding the data collection 130 

process. Direct indicators are typically developed; however, some studies used indirect indicators because the direct 131 

indicators cannot explain the complexities associated with social issues (Dreyer et al. 2010; Aparcana and Salhofer 132 

2013a; Foolmaun and Ramjeeawon (2013). The Type I characterization model does not incorporate causal 133 

relationships and the indicators are aggregated with a scoring system.  134 

2.1.2 Scaling of inventory data 135 

There is a variety of scoring systems applied to SLCIA methods as depicted below.  136 

Dreyer et al. (2010) developed a framework and characterization model using multi-criteria indicators taking 137 

the issue of labor rights as an example. This model was based on a scorecard applied to assess the effort or ability of 138 

a company to manage a given social issue as the indirect indicator. However, the study is based on traditional industries 139 
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and considered only the workers. Similarly, Traverso et al. (2012) considered social impacts of photovoltaic (PV) 140 

modules only on the workers at the manufacturing stage. On the other hand, Sanchez Ramirez et al. (2014) proposed 141 

the subcategory assessment method (SAM), which used a different approach accounting the corporate performance 142 

related to the management practices both as indirect as well as direct indicators.  143 

Ciroth and Franze (2011) considered several stakeholder groups and developed a scoring system using six 144 

performance levels: very good, good, satisfactory, inadequate, poor and very poor performance levels, and six impact 145 

levels: positive, lightly positive, indifferent, lightly negative, negative and very negative effect. Although this method 146 

gave an equal weighting to subcategories, all subcategories and stakeholders may not be equal in relevance.  147 

Manik et al. (2013) assessed the social implications of palm oil biodiesel by combining the stakeholders’ 148 

survey and expert evaluation. A seven-point Likert scale was used to gauge both social expectation and perception by 149 

considering four stakeholder categories: value chain actors, workers, local community and society. Also, the weighting 150 

of the importance of social aspects was identified by the experts at the data collection stage. However, this method for 151 

weighting the importance of social aspects according to stakeholders or expert may introduce a biased judgment.  152 

Aparcana and Salhofer (2013a) proposed a binary (yes/no type of response) by scoring 1 for fulfillment and 153 

0 for non-fulfillment of each of the 26 social criteria assigned by stakeholder interviews. Nevertheless, the study 154 

allowed the stakeholders to rate the satisfaction level on a scale of 1 (very bad), 2 (bad), 3 (medium), 4 (good) and 5 155 

(very good).  However, the use of scaling of inventory data on the functional unit is not associated with the social 156 

impact results which may cause a problem on data validation when applying to other systems. 157 

2.1.3 Characterization 158 

The characterization model is typically used to provide the inventory indicators to sub-categories or impact 159 

categories through causal relationships. The use of PRPs in Type I assessment methods for different studies has been 160 

on different scales (Ciroth and Franze 2011; Quantis et al. 2012; Fontes 2014). This may lead to difficulty in 161 

comparison of the results in the same social aspects across different studies. So, a proper characterization for impact 162 

categories and subcategories is needed. 163 

2.1.4 Weighting methods 164 

The weighting according to stakeholders/experts judgment can usually be based on the relative importance 165 

attributed to different sub-categories of the stakeholder group. The different values of the issues which were 166 

determined through expert judgment were likely to affect the impact categories. Manik et al. (2013) selected third-167 
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party stakeholders including academia, an activist organization, NGOs, and government agencies. Hosseinijou et al. 168 

(2014) focused on 20 experts in the fields of business. The results of the social assessment may thus depend on the set 169 

of stakeholders selected. 170 

Based on the literature review above, the needs for improvement or addition to the general impact assessment 171 

methodology of the S-LCA are as follows; 172 

 Incorporating the causal relationships and aggregating the indicators with a scoring system (Section 173 

2.1.1) 174 

 Covering all dimensions of social aspects collected from different experts and stakeholders (Section 175 

2.1.4) 176 

 Enhancing the linkage between functional unit and inventory data to social impacts (Section 2.1.2)  177 

 Providing the basis for the use of PRPs in Type I assessment methods and a consistent characterization 178 

for impact categories and subcategories (Section 2.1.3) 179 

 Developing an appropriate weighting scheme considering the relative importance of social aspects, and 180 

aggregating the characterization result into impact categories, stakeholder categories, or even in a single 181 

score (Section 2.1.2) 182 

2.2 Procedure details for developing a framework and SLCIA method 183 

The general framework for SLCIA used in this study was the one proposed by the UNEP-SETAC Life Cycle 184 

Initiative. The SLCIA phase consists of three mandatory steps following ISO 14044 (2006) for LCIA, which include; 185 

Selection of impact categories and characterization methods and models; Linkage of inventory data to particular 186 

SLCIA subcategories and impact categories (classification); Determination and/or Calculation of subcategory 187 

indicator results (characterization) (UNEP 2009). The framework is an open space for future development. 188 

The procedural details for developing a framework and SLCIA method follow the general framework steps which 189 

include; Step 1 Providing the social categories, sub-categories, and indicators; Step 2 Measuring the 190 

inventory/characterization results of indicators; Step 3 Determining the weighting factor at the sub-categories level; 191 

Step 4 Aggregation of results of performance score at sub-category and social category level. 192 

Step 1 Providing the indicators, sub-categories, and social categories 193 

The global default indicators, sub-categories and social categories on social and socio-economic aspects are 194 

normally used for systematic evaluation of performance outcomes. However, there are variations in the social and 195 
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socio-economic context which differ in temporal scope and timing of the data collection. Some default indicators may 196 

not be relevant in some types or contexts of performance measurement. Using existing data allows the S-LCA 197 

practitioners to save time and money in completing the SLCIA but may create variances and subjectivity of impact 198 

results. Directly collecting the data needed has the advantage of being specifically fit to the SLCIA method and 199 

indicators. In some cases, the social issues are specified through expert knowledge and stakeholder experience by 200 

applying the cause-effect chain analysis. The analysis generates the relationship between the possible cause and effect 201 

of social aspects within a process by asking the experts and stakeholder to list the problems. This step follows a cause-202 

effect analysis which is anticipated to facilitate the choice of indicators, sub-categories and social categories.  203 

Step 2 Measuring the inventory/characterization results of indicators 204 

The purpose of this step is to measure and aggregate the inventory/characterization results of indicators to sub-205 

categories or impact categories through causal relationships. This involves the calculation of indicator results and 206 

conversion of inventory results to a common metric. However, some social and socio-economic impacts might be best 207 

captured through qualitative, semi-quantitative, or quantitative indicators depending on the context of the issue at site. 208 

These types of indicators are not always formalized in terms of quantitative assessment. For example, semi-209 

quantitative indicators cannot directly be expressed per unit output. But these can be categorized as qualitative 210 

indicators and measured into a “yes” or “no” form or a scale (scoring system). Therefore, the scoring system is crucial 211 

to this end. In this step, the characterization is conducted upon data collection, when the stakeholders are asked whether 212 

compliance or non-compliance with norms or best practice is performed. The frequency of the stakeholder response 213 

is then converted to a percentage score and translated to a rating score. 214 

Step 3 Determining the weighting factor at the sub-categories level 215 

Sometimes the inventory/characterization results cannot reflect the reality of social issues in a specific 216 

context. For example, the social issue of freedom of association and rights to collective bargaining is probably not a 217 

problem for the workers because they may not recognize that the rights will be essential for them. A number of studies 218 

have used weighting the importance of social aspects according to expert judgment and stakeholder perception (Manik 219 

et al. 2013; Hosseinijou et al. 2014). However, the framework is developed to combine weighting according to expert 220 

judgment and stakeholder satisfaction by allowing the stakeholders to rate the satisfaction levels of social performance. 221 

Step 4 Aggregation of results of performance scores at sub-category and social category level 222 
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To obtain a performance score at the social category level, several sub-category scores have to be aggregated 223 

into a single score. This is obtained by calculating an arithmetic mean of the sub-category scores. However, the 224 

aggregated results have lost some information and risk relevant information being masked. To address this limitation, 225 

all sub-categories will include data quality scores which are useful for making a decision and identifying areas of 226 

improvement. 227 

2.3 Case study for application of developed S-LCA method 228 

 To illustrate the developed S-LCA framework and impact method developed, a case study was conducted on S-229 

LCA of sugarcane, sugar and ethanol production. The inventory data of the social indicators were collected from an 230 

earlier study by Sawaengsak and Gheewala (2017).  Based on the study, the system boundaries proposed include: 231 

sugarcane production stage (land preparation, planting, maintenance, and harvesting), transportation stage, sugar 232 

production stage (production process and management), and ethanol production stage (conversion process and 233 

management).  234 

The expert judgment and stakeholder satisfaction were collected from primary sources through face-to-face 235 

interviews via questionnaires. The study area was Nakhon Ratchasima province, the largest sugarcane cultivation and 236 

sugar/ethanol production area in Thailand. The study sites (farms) were randomly selected for three different sugar 237 

factories located in Nakhon Ratchasima province.  238 

The selected experts were the representatives of each stakeholder group and thus trusted by stakeholders. The 239 

experts, who were the representatives of the private sector (three groups: village heads, cane grower heads and heads 240 

of agricultural promotion from sugar factories) and government sector (two groups: directors of provincial agricultural 241 

office and heads of local agricultural promotion office) with relevance to sugarcane-based ethanol business, were 242 

asked questions to identify and verify the importance of social aspects involving the stakeholders. Each group of 243 

experts was represented by five participants.  244 

Moreover, stakeholder groups were selected on the basis of the social issues identified by the experts in the 245 

interviews. The stakeholders considered in the study included cane growers and cane workers for sugarcane 246 

production, sugar factory workers for sugar production and ethanol factory workers for ethanol production. For each 247 

type of stakeholders, at least 30 participants were sampled as a conservative minimum sample size.  248 

Results and discussion 249 

3.1 The result of developed framework for SLCIA 250 
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To address the reliability of impact assessment results, the procedure for improvement or addition to the existing 251 

S-LCA framework (Section 2.2) underlying the social impact assessment of production systems is described below. 252 

The procedure for the measurement of impact performance of social categories related to stakeholders is shown 253 

in Fig. 1. The cause-effect relationship is established in the very beginning so as to identify and select the relevant 254 

social impact indicators, sub-categories and social categories (indicated in Fig. 1 as “Identification of the impact 255 

category” box).  256 

After that, the characterization is applied to calculate the selected impact indicators related to stakeholders 257 

(indicated in Fig. 1 as “Characterization” box). The rating scores of inventory results/characterized results of indicators 258 

(CR) are assigned to facilitate aggregation of score-based actual results (ACTCR) and the actual performance results 259 

(PRact).   260 

Simultaneously, the weighting of the importance of social aspects (I) and satisfaction (S) are calculated based on 261 

scoring of the expert judgment and stakeholder satisfaction (shown in “Weighting factor” box). The weighted results 262 

of the importance of social aspects and satisfaction (Wi.s) are calculated to obtain the adjustment factor of I and S 263 

(AFi.s).  264 

The results from the characterization and weighting process are combined to obtain the adjusted performance 265 

result (PRadj). The adjusted performance result (PRadj) can be assigned a rating score to present the adjusted 266 

performance score (PSadj) for measuring the impact performance at sub-category level and integrating into the impact 267 

performance score (IPS) at social category level (shown in “Results of impact performance” box). 268 
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 269 

Fig. 1 Framework of the developed social impact assessment 270 

 271 

3.2 The result of developed method for SLCIA 272 

The procedure outlined in the framework developed above is applied to a case study of sugarcane-based ethanol 273 

production system. This section gives the details of all steps in the SLCIA methodological development and how to 274 

calculate the impact results. 275 

The developed method consists of four main steps of developing social impact assessment including; Step 1:  276 

Providing the social categories, sub-categories, and indicators; Step 2: Measuring the inventory/characterization 277 

results of indicators; Step 3: Determining the weighting factor at the sub-categories level; and Step 4: Aggregation of 278 

results of performance score at sub-category and social category level. The steps are described the details in the 279 

following: 280 

Step 1: Providing the indicators, sub-categories, and social categories 281 

 To find all possible causes of social issues associated with the stakeholders, the cause-effect chain was determined 282 

through expert knowledge and stakeholder experience to identify the problems. The experts include the private sector 283 
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(three groups: village heads, cane grower heads and heads of agricultural promotion from sugar and ethanol factories) 284 

and government sector (two groups: directors of provincial agricultural office and heads of local agricultural 285 

promotion office) with relevance to sugarcane-based ethanol business. Each group of experts was represented by five 286 

participants. The stakeholders include cane growers (41 participants), cane workers (44 participants), sugar factory 287 

workers (30 participants) and ethanol factory workers (42 participants). The study focuses on male/female workers, 288 

status (single or married), aged 18-65 and education level (primary school – university). The growers are contracted 289 

with the sugar factory for a small-scale plantation (with areas of less than 10 ha). The workers are classified by 290 

employment type (part-time/full-time work) and worker type (local/non-local workers). 291 

 The specific social issues derived from the cause-effect analysis should be relevant to the social category, sub-292 

categories and performance indicators. The relevant social category, sub-categories and performance indicators should 293 

cover human rights and social well-being in the products related to bioenergy and agricultural system. The assessment 294 

based on standards, norms and best practices related to the social indicators is from the international standards for 295 

social sustainability including Bonsucro (Bonsucro 2014), Global Bioenergy Partnership (GBEP) (FAO 2011) and the 296 

Sustainability Assessment of Food and Agricultural Systems (SAFA) (FAO 2014). The assessment is made at three 297 

levels: 298 

1. Specific social issues: social issues related to stakeholder groups that found at site are measured, such as          299 

 Cane growers: land rights, labor shortage and high cost/low income of production 300 

 Cane workers/sugar and ethanol factory workers: labor rights, quality of life, and health and safety 301 

2. Impact sub-categories: social sub-categories for each of the specific social issues, for example,  302 

 Cane growers: land rights; employment; training for health and safety; labor condition; access to 303 

knowledge, facility and natural resource; and fair wage/income 304 

 Cane workers/sugar and ethanol factory workers: non-discrimination; forced labor; child labor; gender 305 

equality; quality of life; capacity development; fair access to means of production; and workplace safety 306 

and health provisions 307 

3. Impact categories: social categories for each of the social sub-categories, for example,  308 

 Cane growers: land tenure; employment, wage and labor conditions; access to knowledge, facility and 309 

natural resource; health and safety 310 
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 Cane workers/sugar and ethanol factory workers: equity; labor rights; decent livelihood; human health 311 

and safety 312 

 The interrelationship between a cause-effect chain related to stakeholder groups and the global standard for social 313 

sustainability is illustrated more fully in Figures 2a and 2b. The questionnaire and selected indicators used in the 314 

characterization model are provided in the Electronic Supplementary Material (ESM). 315 

 Step 2: Measuring the inventory/characterization results of indicators  316 

 The questions related to the social indicators are from the global standard for sustainability including Bonsucro, 317 

GBEP and SAFA. However, some of the questions need to be adjusted to be relevant to the specific location and type 318 

of data. The characterization method which is used in this study is applied through compliance with norms or best 319 

practice performed with a binary scale (yes/no). The indicators and their norms used in characterization model are 320 

provided in the Electronic Supplementary Material (ESM). The percentage of indicators is calculated from the number 321 

of growers/workers answering yes/no questions and a total number of growers/workers, presented by Equation 1. The 322 

resulting indicator score is expressed as an actual score (ACTCR) of indicators through a scoring system (Table 1). The 323 

outcomes of this characterization process are the actual performance results (PRact) which are obtained by comparing 324 

an actual score (ACTCR) with ideal performance (ACTmax), as Equation 2 and expressed as a value between 0 and 1. 325 

 The inventory/characterization results (CR) of indicators are calculated as follows: 326 

                           𝐶𝑅 =  
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑔𝑟𝑜𝑤𝑒𝑟𝑠/𝑤𝑜𝑟𝑘𝑒𝑟𝑠 𝑎𝑛𝑠𝑤𝑒𝑟𝑖𝑛𝑔 𝑦𝑒𝑠/𝑛𝑜 𝑡𝑜 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟 𝑞𝑢𝑒𝑠𝑡𝑖𝑜𝑛

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑔𝑟𝑜𝑤𝑒𝑟𝑠/𝑤𝑜𝑟𝑘𝑒𝑟𝑠
 × 100                               (1) 327 

 Rating CR to an actual score (ACTCR) of indicators (Table 1) 328 

Table 1 Classification of inventory/characterization results for rating score 329 

Characterized result (CR) Score of ACTCR 

  80% < CR ≤ 100% 5 

60% < CR ≤ 80% 4 

40% < CR ≤ 60% 3 

20% < CR ≤ 40% 2 

 0%   ≤ CR ≤ 20% 1 

 330 

 331 

 The actual performance results (𝑃𝑅𝑎𝑐𝑡) of sub-categories are calculated as follows: 332 

                                                                𝑃𝑅𝑎𝑐𝑡 =  
∑ 𝐴𝐶𝑇𝐶𝑅

∑ 𝐴𝐶𝑇𝑚𝑎𝑥
                                               (2) 333 
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∑ 𝐴𝐶𝑇𝐶𝑅 is a sum of all actual scores of the indicator in a sub-category. ∑ 𝐴𝐶𝑇𝑚𝑎𝑥  is a sum of actual scores of 334 

the indicator under ideal performance in a sub-category. 𝐴𝐶𝑇𝑚𝑎𝑥  assumes that the actual score is being rated under 335 

ideal performance at the best level which will have a score of 5. 336 

Step 3: Determining the weighting factor at the sub-categories level 337 

A three-point scale has been used on the importance of social aspects, data quality and satisfaction which are 338 

characterized as “high”, “moderate” or “low” importance, quality and satisfaction respectively. The principles and 339 

procedures of rating score of Importance of social aspects (I), Data quality (D) and Satisfaction (S) are illustrated in 340 

Table 2. After all the rating scores of I, D and S are obtained, the weighted score (Wi.s) can be calculated by multiplying 341 

I and S, as Equation 3. The adjustment factor of I and S (AFi.s) is then obtained by dividing Wi.s by W(i.s).max , as Equation 342 

4; 343 

Table 2 Principles of rating score of the importance of social aspects, data quality and satisfaction of sub-categories 344 

Score level 

Principle of rating score 

Importance of social aspects 

(I)1 
Data quality (D)2 Satisfaction (S) 

High 

(3) 

Less important of specific 

 social aspects 

Interviews with stakeholders and experts by 

performing a triangulation technique or 

using multi-question to verify the collected 
data 

Satisfied 

Moderate 

(2) 

Moderate important of specific 

social aspects 

Documents (existing studies or relevant 

studies) with a peer-reviewed source 
Neutral 

Low 

(1) 

Most important of specific 

 social aspects 
Relevant data which is older than 5 years Unsatisfied 

1the value of score level for importance of social aspects is opposite from the two others which a high score level is rated 1 and low score level is 345 
rated 3, 2the rating of data quality made by the collector is excluded from the calculation of weighted score. 346 
 347 

 348 

 The weighting score (Wi.s) of sub-categories is calculated by multiplying the importance of social aspects 349 

(I) and satisfaction (S) as follows:                                           350 

                                                       𝑊𝑖.𝑠 = 𝐼 × 𝑆                                                                (3) 351 

 The adjustment factors of I and S (𝐴𝐹𝑖.𝑠) are calculated as follows: 352 

                                   𝐴𝐹𝑖.𝑠 =  
𝑊𝑖.𝑠

𝑊(𝑖.𝑠).𝑚𝑎𝑥
                                                               (4) 353 
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Wi.s is a weighting score per sub-category. W(i.s).max is a weighting score under ideal performance per sub-category. 354 

W(i.s).max assumes that the importance of social aspects and satisfaction is being rated under ideal performance at the 355 

best level which will have a score 9 (3×3). 356 

Step 4: Aggregation of results of performance score at sub-category and social category level. 357 

The adjusted performance result (PRadj) is calculated by multiplying PRact and AFi.s, as Equation 5; 358 

 The adjusted performance results (PRadj)are calculated as follows: 359 

                                                                 𝑃𝑅𝑎𝑑𝑗 =  𝑃𝑅𝑎𝑐𝑡 ×  𝐴𝐹𝑖.𝑠                                                (5) 360 

 Scoring PRadj to the performance score (PSadj) by using a rating system (Table 3) 361 

Table 3 Classification of rating system for the adjusted performance score (PSadj) 362 

Adjusted performance result (PRadj)  Adjusted performance score (PSadj) Rating definition 

0.80 < PRadj ≤ 1.0 5              Best 

  0.60 < PRadj ≤ 0.80 4              Good 

  0.40 < PRadj ≤ 0.60 3              Moderate 

  0.20 < PRadj ≤ 0.40 2              Limited 

    0.0 ≤ PRadj ≤ 0.20 1              Unacceptable 

 363 

 Aggregating PSadj to the impact performance score (IPS) at social category level 364 

After getting PSadj, IPS is then obtained by calculating an arithmetic mean of all PSadj  at sub-category level. If 365 

the calculated value happens to be 0.5, this would be rounded downward to the lower score. 366 

3.3 The results of application to the case study  367 

3.3.1 Cause-effect relationship towards the social issues and social indicators  368 

  The cause-effect chains were achieved through interviews yielding expert opinions and stakeholder 369 

perspectives on the problems specific to their role. By considering all possible causes of social issues related to 370 

stakeholders, the set of social performance indicators, sub-categories and social categories were selected by including 371 

the issues of relevance and data availability. According to the Sustainability Assessment of Food and Agricultural 372 

systems (SAFA) guidelines developed by Food and Agriculture Organization of the United Nations (FAO), the 373 

indicators, sub-categories and social categories of selected stakeholders are chosen by linking the inventory data 374 

through the cause-effect chain as illustrated in Fig. 2(a) and (b). The five relevant impact categories of cane growers 375 

are chosen including; 1) land tenure; 2) employment, wages, and labor conditions; 3) access to knowledge and 376 

facilities; 4) equity; and 5) health and safety. On the other hand, the four relevant impact categories of cane workers, 377 
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sugar factory workers, and ethanol factory workers are; 1) decent livelihood; 2) labor rights; 3) equity; and 4) human 378 

health and safety. 379 

(a) Cane growers 380 

 381 

(b) Cane workers, Sugar factory workers and Ethanol factory workers 382 

 383 
Fig. 2 The cause-effect relationship towards the social issues associated with stakeholders; (a) Cane growers and (b) 384 
Cane workers, Sugar factory workers and Ethanol factory workers  385 

 386 

 387 

 388 

 389 
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 Violations of land rights and labor shortage (Fig. 2(a)) 390 

 The effect of land rights and labor shortage related to cane growers mainly derives from labor preference of 391 

agricultural practices, labor movement, land competition and lack of support from the sugar factory and agricultural 392 

extension.  The expansion of sugarcane cultivation area which replaces rice cultivation can contribute to both land 393 

rights and labor shortage issues. Promotion of the policy by the Thai government on land conversion from low 394 

productivity rice field to sugarcane has resulted in land competition. This is because the cane growers acquire the land 395 

and natural resources from other growers for expanding their plantation area. The labor migration considering inter-396 

regional labor mobility is relevant in affecting labor shortage during the harvesting season. The low wage/income rate 397 

and welfare is the crucial variable when making a migratory decision. The lack of providing knowledge of the good 398 

agricultural practices (GAPs) and health and safety training program from the private and government sector can also 399 

make the cane workers unaware of the effect of burning cane practice on the local community. The cane workers are 400 

likely to choose the practice of burning cane as the burnt cane can be more easily cut and thus saves time. This leads 401 

to the problem of labor shortage as the cane growers cannot find the workforce for cutting green cane. 402 

Effect of high cost/low income (Fig. 2(a)) 403 

 In connection with the effect of labor shortage, the small and medium cane growers who cannot find the 404 

local workers for green cane cutting need to find the workforce from the sugar factory or a cutting machine from a 405 

large cane grower. These can contribute to a high production cost due to the high labor cost for manual cutting during 406 

the peak harvesting season or the cost of renting a cutting machine. Moreover, the lack of providing knowledge of 407 

GAPs and resource management from the private and government sector can make the cane growers have a low 408 

production yield which further contributes to the issue of low income from selling sugarcane. There are two 409 

dimensions of access to natural resources causing social issues including 1) the reduction of amount of natural 410 

resources due to which the cane growers cannot get water enough to irrigate the sugarcane; and 2) the degradation of 411 

the quality of soil fertility leading to the growers not getting adequate soil quality; both may lead to a lower yield of 412 

sugarcane production (and thus lower income – which is a social issue). This is because the growers still use the 413 

conventional practice of burnt cane cutting which can degrade the quality of topsoil. Another issue related to 414 

conventional cane cutting is the smoke and dust from burning cane during the harvesting process. So, the knowledge 415 

of GAP and resource management is crucial to mitigate the issue of access to natural resources.  416 

 Effect of labor rights and quality of life (Fig. 2(b)) 417 
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 The main causes related to labor rights and quality of life include freedom of association, wage level, equal 418 

opportunity, and skills and knowledge. As these causes affect the cane, sugar factory and ethanol factory workers, the 419 

interpretation of the cause-effect relationship should consider the nature of working conditions. The cane workers who 420 

have a legally binding work contract can leave or rest from their work based on a verbal agreement. However, the 421 

workers cannot avail paid personal/sick leave or time off from work. This is totally different from the sugar factory 422 

workers or ethanol factory workers who have written agreements with their employers to receive compensation when 423 

taking leave at least as per national and international labor treaties. In case of the freedom of association, there is 424 

legislation in Thailand covering the right of freedom of association which allows the workers to form a union or to 425 

negotiate the working conditions with the employer. However, there are also findings of limitation for worker 426 

association in some cases because the workers may not know their basic labor rights. The workers are not getting 427 

enough power to negotiate their benefits that they should obtain. Moreover, the wages for sugar and ethanol factory 428 

workers is normally the same following company regulation. However, the workers in sugarcane cultivation can get 429 

higher wages if the workers become more skilled and can harvest more.  430 

Effect of health and safety (Fig. 2(b)) 431 

There are a few chances that accidents can occur during work on sugarcane production. However, the cane 432 

workers have a risk in the long term associated with the use of chemicals for weed and pest/disease control. The farm 433 

owner, sugar and ethanol factory should have a provision on health and safety procedures which allow their workers 434 

to easily access the equipment, knowledge or training necessary to make a health and safety feasible. 435 

3.3.2 Social impact using a case study of biofuel systems comprising sugarcane, sugar and ethanol  436 

production 437 

The inventory data for social indicators were collected from Sawaengsak and Gheewala (2017). The expert 438 

judgment and stakeholder satisfaction were obtained from primary sources through face-to-face interviews via 439 

questionnaires. 440 

        The results of the inventory/characterization results (CR) at the sub-category level are illustrated in Tables 441 

4 and 5. The issue of paid wage/income being lower than the minimum wage required by law was found in all 442 

stakeholder groups. The issues of health and safety include an access to knowledge/training and to medical care, found 443 

in cane growers and cane workers. This reflects that the issue of health and safety may occur during the operating for 444 

sugarcane production. Moreover, the cane workers may be affected by the issues of the right to quality of life. The 445 
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percentage of characterized/inventory results related to the employment relations and freedom of association and right 446 

to bargaining is relatively low. The main issue related to sugar factory workers and ethanol workers is gender equality 447 

reflected by the unbalance in the number of jobs between male and female in the factory. Moreover, fair wages is also 448 

an issue. 449 

The adjusted performance results (PRadj) derived from multiplying the actual performance results (PRact) and 450 

the adjustment factor of I and S (AFi.s) at sub-categories level are illustrated in Tables 6 and 7. The results show that 451 

PRact of the safety of workplace related to cane growers (S3.3, Table 6) is high (0.80), but AFi.s is low (0.44). This 452 

results in a low value (0.36) at the sub-category level. This means that, for example, although the farm owners provide 453 

clean drinking water to the workers during the operating time, but this seems not to be enough for the workers to 454 

obtain a proper benefit on safety of workplace. The low level of AFi.s is as a result from a medium level based on 455 

expert judgment on importance and worker satisfaction. This reflects the needs for addressing additional benefits on 456 

safety of workplace. Moreover, the safety of workplace (S3.3) links to S5.1 Workplace Safety and Health Provisions 457 

which is also a medium level based on expert judgment on importance and worker satisfaction. According to the 458 

interviewing with the cane growers, they did not properly provide the first aid kits, medicines or medical equipment 459 

to the workers. The transportation facility should be provided by the cane growers when the injured worker needs to 460 

attend treatment at a hospital. Therefore, providing these benefits is likely to help reduce the importance of social 461 

aspects and increase the worker satisfaction with respect to both the safety of workplace and the workplace safety and 462 

health provisions. 463 

In case of cane workers, PRact of the freedom of association and right to bargaining (S2.4, Table 7) is very 464 

low (0.2), but AFi.s is high (0.67). This contributes to getting a very small value of PRadj (0.13) at the sub-category 465 

level. This seems to be a critical issue if we look at the result of an actual performance indicator only as PRact is very 466 

low. The result may reflect that the cane workers do not have freedom to negotiate as groups or through a union or 467 

representatives of their choosing to set the terms of their employment. But if we consider the adjustment factor, this 468 

is somewhat a conflict resulting from a high level of worker satisfaction. This interprets that in the absence of freedom 469 

of association, this seems not to be a major problem in sugarcane production stage based on the experts’ and cane 470 

workers’ perspective. However, there is a possibility that the workers were not concerned because they may not know 471 

their basic labor rights to freedom of association. This can lead to a further problem if the workers did not receive fair 472 

benefits including wage/salary and welfares. The relevant authorities like the sugarcane farmer federation should give 473 
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the information for the practice of fundamental freedom of association to the workers. This gives the advantage to the 474 

workers for negotiating their benefits that they should obtain from the employer.  475 

In case of the sugar factory workers, PRact of the quality of life (S1.1, Table 7) is high (0.9), but AFi.s is low 476 

(0.44) giving a low value (0.4) at the sub-category level. This shows that there are no issues on the quality of life if 477 

we consider only the actual performance indicator. But looking at the adjustment factor, this seems to be a problem 478 

based on the expert and stakeholder perspective. A reason is that the worker’s paid wage/salary from working at the 479 

sugar factory cannot cover the worker’s living expense. Although the workers get the minimum wage/salary followed 480 

by government regulation, it cannot maintain the minimum standard of living. 481 

The results of the rating scores of sub-categories are illustrated in Tables 8(a) and (b). The adjusted 482 

performance results (PRadj) are converted to the adjusted performance score (PSadj) using the rating score system. The 483 

score of the data quality of each stakeholder group is indicated in parenthesis behind the sub-categories. The moderate 484 

quality of data presented as score 2 may require improvements in the future (Table 8(b)). This can have influence on 485 

the impact results including; 1) Cane workers: employment relations; 2) Sugar factory workers: child labor, freedom 486 

of association and right to bargaining, non-discrimination, and gender equality; and 3) Ethanol factory workers: 487 

employment relations, child labor and freedom of association and right to bargaining. 488 

The results of aggregating scores at the social category level are illustrated in Tables 9(a) and (b). The 489 

aggregation step helps to combine the relevant sub-categories into a social category. The results of the impact 490 

performance score (IPS) of different social categories can reveal the critical social issues which need to be addressed 491 

by a good agricultural practice, management or policy. However, the major issue associated with aggregating scores 492 

at the social category level is that some details of the social impacts of sub-categories may be lost. For example, a bad 493 

score in one category can be compensated by a better score in another category. 494 

 495 

 496 

 497 

 498 

 499 
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 500 

Table 4 The inventory/characterization results (CR) of social categories, sub-categories and indicators associated with cane growers 501 

1GAP = Good Agricultural Practice, 2IPM = Integrated Pest Management, 3PPE = Personal Protective Equipment 502 

 503 

 504 

Stakeholders Social categories Sub-categories Indicators Measurement 
Inventory/ Characterized 

results of cane growers 

Cane 

growers/self-
employed 

workers 

S1 Land 

tenure/access and 
displacement 

S1.1 Land rights S1.1.1 Land rights The percentage of growers who have the rights to use the land and 

are not legitimately contested by local communities or other farm 
owners with demonstrable rights 

95% 

S2 Access to 

knowledge, facility 
and natural 

resources 

S2.1 Access to 

knowledge, facility 
and natural 

resources 

S2.1.1 Access to knowledge, 

facility and natural 
resources 

The percentage of growers who have access to knowledge of GAP1 

and IPM2 from private/ government sectors.  
 

95% 

S3 Employment, 

wages and labor 

conditions 

S3.1 Child labor S3.1.1 Child labor Percentage of growers who do not employ below 13-year-olds on 

hard work which is likely to be harmful to their health or 

development and to prejudice their attendance at school or other 

appropriate training programs. 

90% 

S3.2 Forced labor S3.2.1 Absence of forced/ 
compulsory labor 

Percentage of growers who do not restrict the workers in the 
workplace area for working or force them for overtime working. 95% 

S3.3 Safety of 

workplace 

S3.3.1 Availability of 

sufficient safe drinking water 

to each worker present on the 
field and/or mill 

Percentage of growers who provide clean drinking water to the 

workers 
73% 

S3.4 Fair wage S3.4.1 Fair wage Percentage of growers who get  paid a wage from other growers 

for working on land preparation, cultivation and maintenance stage 
equal to or more than the initial wage rate (minimum wage and 

benefits required by law) 

20% 

S4 Equity S4.1 Non-

discrimination 

S4.1.1  Non-discrimination Percentage of growers who pay equal wage/salary to their workers  

regardless of gender and at least the initial wage rate (minimum 

wage required by law)  regardless of work 

82% 

S4.2 Gender 

equality 

S4.2.1 Gender equality Percentage of growers who hire the workers regardless of gender 
64% 

S5 Human health 

and safety 

S5.1 Safety of 

workplace and 

health provisions 

S5.1.1 Provide training for 

health and safety on 

pesticide application (if any) 
to workers 

Percentage of growers who provide the training program to 

workers in health and safety 
38% 

 S5.1.2 Appropriate PPE3 

supplied to and used by all 

workers 

Percentage of growers who provide an appropriate PPE3 to and 

used by all workers 100% 

 S5.1.3 Provide sufficient 

health care i.e. first aid and 

provision for emergency 
response to workers. 

Percentage of growers who provide first aid facility and provision 

for emergency response to workers 
53% 
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Table 5 The inventory/characterization results (CR) of sub-categories associated with cane workers, sugar factory workers, and ethanol factory workers 505 

Stakeholders 
Social 

categories 
Sub-categories Indicators Measurement 

Inventory/Characterized results  

Cane 

plantation 

Sugar 

factory 

Ethanol 

factory 

Cane workers, 

 

Sugar factory 

workers and  
 

Ethanol factory 

workers 

S1 Decent 

livelihood 

S1.1 Quality of 

life 

S1.1.1 Right to 

quality of life 

Percentage of workers with time for rest at least one hour a day 
24% 100% 100% 

S1.1.2 Fair wage Percentage of workers who get a paid wage from the growers for 

working on land preparation, cultivation and maintenance stage equal 
to or more than the initial wage rate (minimum wage and benefits 

required by law) 

67% 63% 48% 

S1.2 Capacity 

development 

S1.2.1 Capacity 

development 

Percentage of workers who have the opportunities for capacity 

development to increase their skill and knowledge via work training 
programs 

85% 96% 93% 

S1.3  Fair access 

to safety 
equipment 

S1.3.1  Fair access 

to safety equipment 

Percent of workers who can access to the equipment or protective gear 

100% 96% 100% 

S2 Labor 

rights 

S2.1 Employment 

relations 

S2.1.1 Employment 

relations 

Percentage of workers who have written agreements with their 

employers that meet at least national and international labor treaties 

including social security 
60% 100% 100% 

S2.2 Child labor S2.2.1 Child labor Percentage of workers employed  who are not below 13 years of age, 
on hard work which is likely to be harmful to their health or 

development and to prejudice their attendance at school or other 

appropriate training programs 

90% 100% 100% 

S2.3 Forced labor S2.3.1 Forced labor 
on living place 

limitation 

Percentage of workers who have the freedom of  movement, such as 
free from curfews or lock-ins 95% 90% 100% 

 S2.3.2 Forced labor 
on overtime 

voluntary 

Percentage of workers who are not forced to work overtime 
83% 96% 93% 

S2.4 Freedom of 
association and 

Right to 

bargaining 

S2.4.1 Freedom of 
association and 

Right to bargaining 

Percentage of workers who have a freedom to negotiate as individuals 
or as groups or through a union or representatives of their choosing to 

negotiate the terms of their employment 
6% 80% 80% 

S3 Equity S3.1 Non-

discrimination 

S3.1.1 Non-

discrimination 

Percentage of workers who have been paid equal wage/salary which 

is at least the initial wage rate (minimum wage required by law), 

regardless of gender or work. 

82% 100% 100% 

S3.2 Gender 
equality 

S3.2.1 Gender 
equality 

Percentage of workers who are not discriminated against as women in 
hiring, remuneration, training, and advancement, access to resources 

or firing 

73% 50% 50% 

S4.1.1 Safety and 

health training 

Percentage of workers who have been provided training in health and 

safety by the employers 
38% 96% 98% 
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 506 

S4 Human 
health and 

Safety 

S4.1 Workplace 
Safety and Health 

Provisions 

S4.1.2 Safety of 
workplace and 

facilities 

Percentage of workers who have been provided clean water 
95% 96% 95% 

S4.1.3 Health 

coverage and access 
to medical care 

Percentage of workers who have been provided a first aid kit when the 

emergency event occurs 53% 100% 97% 
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Table 6 Adjusted performance results (PRadj) of different sub-categories related to cane growers 507 

  
Cane growers 

PRact AFi.s PRadj 

S1 Land tenure/access and displacement 

 S1.1 Land rights 1.0 0.67 0.67 

S2 Access to knowledge, facility and natural resources 

 
S2.1 Access to knowledge, facility and natural 
resources 

1.0 0.67 0.67 

S3 Employment, wages and labor conditions 

 S3.1 Child labor 1.0 0.67 0.67 
 S3.2 Forced labor 1.0 0.67 0.67 

 S3.3 Safety of workplace 0.80 0.44 0.36 

 S3.4 Fair wage 0.20 0.22 0.04 

S4 Equity     

 S4.1 Non-discrimination 1 0.67 0.67 

 S4.2 Gender equality 0.8 0.67 0.53 

S5 Human health and safety 

 S5.1 Workplace safety and health provisions 0.67 0.44 0.3 

     

 508 

Table 7 Adjusted performance results (PRadj) of different sub-categories related to cane workers, sugar factory 509 
workers, and ethanol factory workers 510 

  

Cane workers 
Sugar factory 

workers 

Ethanol factory 

workers 

PRact AFi.s PRadj PRact AFi.s PRadj PRact 
AFi. 

s 

PRadj 

S1 Decent livelihood 
 S1.1 Quality of life 0.60 0.44 0.27 0.90 0.44 0.40 0.80 1.00 0.80 

 S1.2 Capacity 

development 
1.00 0.44 0.44 1.00 0.67 0.67 1.00 1.00 1.00 

 S1.3 Fair access to 

safety equipment 
1.00 0.67 0.67 1.00 1.00 1.00 1.00 1.00 1.00 

S2 Labor rights 

 S2.1 Employment 

relations 
0.60 0.67 0.40 1.00 1.00 1.00 1.00 1.00 1.00 

 S2.2 Child labor 1.00 0.44 0.44 1.00 1.00 1.00 1.00 1.00 1.00 

 S2.3 Forced labor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

 S2.4 Freedom of 

association and right to 
bargaining 

0.2 0.67 0.13 0.80 1.00 0.80 0.80 1.00 0.80 

S3 Equity 

 S3.1 Non-
discrimination 

1.0 0.67 0.67 1.00 0.67 0.67 1.00 1.00 1.00 

 S3.2 Gender equality 0.80 0.67 0.53 0.60 1.00 0.60 0.60 1.00 0.60 

S4 Human health and Safety 

 S4.1 Workplace safety 
and health provisions 

0.67 0.67 0.44 1.00 1.00 1.00 1.00 1.00 1.00 

 511 

Table 8 The adjusted performance score and data quality score (indicated in parenthesis) related to stakeholders at 512 
sub-category level; (a) cane growers, (b) cane workers, sugar factory workers and ethanol workers 513 

(a) Cane growers 514 

Sub-categories Cane growers 

S1.1 Land rights (3) 4 

S2.1 Access to knowledge, facility and natural resources (3) 4 

S3.1 Child labor (3) 4 

S3.2 Forced labor (3) 4 

S3.3 Safety of workplace (3) 2 

 4 

4 

4 

4 

2 

1 
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S3.4 Fair wage (3) 1 

S4.1 Non-discrimination (3)  

S4.2 Gender equality (3)  

S5.1 Workplace safety and health provisions (3) 3 

(b) Cane workers, Sugar factory workers and ethanol factory workers 515 

Sub-categories 
Cane 

workers 

Sugar 

factory 

workers 

Ethanol 

factory 

workers 

S1.1 Quality of life (3, 3, 3) 2 2 4 

S1.2 Capacity development (3, 3, 3) 3 4 5 

S1.3 Fair access to means of production (3, 3, 3) 4 5 5 

S2.1 Employment relations (2, 3, 2) 2 5 5 

S2.2 Child labor (3, 2, 2) 3 5 5 

S2.3 Forced labor (3, 3, 3)    

S2.4 Freedom of association and Right to bargaining  

       (3, 2, 2) 

   

S3.1 Non-discrimination (3, 2, 3) 4 4 5 

S3.2 Gender equality (3, 2, 3) 3 3 3 

S4.1 Workplace safety and health provisions (3, 3, 3) 3 5 5 

 516 

Table 9 Aggregated score of stakeholders at social category level; (a) cane growers, (b) cane workers, sugar factory 517 
workers and ethanol workers at social category level 518 

(a) Cane growers 519 

Social categories Cane growers 

S1 Land tenure/access and displacement 4 

S2 Access to knowledge, facility and natural resources 4 

S3 Employment, wages and labor conditions 3 

S4 Equity 4 

S5 Human health and safety 2 

(b) Cane workers, Sugar factory workers and Ethanol factory workers 520 

Social categories 

Cane 

workers 

Sugar 

factory 

workers 

Ethanol factory 

workers 

S1 Decent livelihood 3 4 5 

S2 Labor rights 3 5 5 

S3 Equity 4 4 4 

S4 Human health and safety 3 5 5 

 521 

3.4 Discussion on the result of developed method for SLCIA 522 

This study is very different from other studies which used the impact pathway (Parent et al. 2010; Feschet et al. 523 

2012; Weidema 2006). It is difficult to see from those studies how the different indicators link with each other along 524 
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the impact pathway. This study on the other hand illustrates the cause-effect relationship towards the social issues 525 

associated with stakeholders as described in Section 3.3.1.  The advantage of using the cause and effect chain is that 526 

the specific indicators can be identified based on the social issues at the site. However, using a scale-based assessment 527 

may lead to subjectivity in the results and can cause a higher uncertainty (Carmo et al. 2017a). Some social impacts 528 

including human health and safety, employment and salary can be assessed through the impact pathways-based impact 529 

assessment method to receive more reliable social impact (Fontes 2014; Weldegiogis and Franks 2014; Kruse et al. 530 

2008). Therefore, the scale-based method can be improved by combining with impact pathways-based method; this is 531 

one of the limitations of this study that needs further development. 532 

The characterized results of this study are obtained based on measurements of social performance and expert 533 

judgment compared against compliance with norms. There is a similar approach studied by Manik et al. (2013) where 534 

characterization was performed by combining the result of weighting the expert judgment and gauging stakeholder 535 

perspective. One pivotal difference between this study and Manik et al. (2013) is that this study rates the stakeholder 536 

perspective according to the level of satisfaction of social issues instead of measuring the gaps between expected and 537 

perceived value of each social indicator. 538 

In summary, this developed framework and method are likely to be systematically comprehensive with respect to 539 

the social impact of a production system.  Table 10 presents how the proposed framework and methodology can 540 

address the weaknesses in the methodology used by the previous studies.  The cause-effect analysis can be applied for 541 

distinguishing the specific social issues in this study. The appropriate indicators, sub-categories and social categories 542 

can be used as the information for communicating with the stakeholders. This study selected experts from two sectors 543 

including the government sector and the private sector. Moreover, the stakeholder satisfaction on social issues has 544 

also been accounted in order to minimize the biased judgment given by the experts. The results of the social 545 

performance level of different sub-categories and social categories can facilitate the decision-making on social 546 

development policy. However, this needs to be improved for some indicators by combining scale-based and impact 547 

pathways-based method. Moreover, the approaches to weighing the importance of social aspects and satisfaction 548 

according to stakeholders or experts need to be improved to make this more objective. In addition, the uncertainty of 549 

the subcategory indicators aggregated into stakeholder groups needs to be accounted. This is because the aggregation 550 

implies a loss of detailed information making it difficult to see the impacts on the each of the social categories. Thus, 551 

the uncertainty related to the scoring choice and the weighting factors are likely to be identified by using uncertainty 552 
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model choice and Monte Carlo simulation (Carmo et al. 2017a). Moreover, the improved characterization model 553 

should be adopted in order to obtain the result validation. As this study focused on the social issues related to the 554 

production of sugarcane, sugar, and ethanol, therefore the perception of the customers and consumers regarding 555 

consumption aspects is not used to make the assessment. However, the use stage of a product is essential to be assessed. 556 

 557 

Table 10 Comparison of the characteristics of the methodology from previous studies with the proposed framework 558 

and method 559 

Focus on 

developing 

framework 

Characteristics of 

existing S-LCA 

methodology 

Methodological 

Weaknesses 

Needs for 

Improvement 

Outcomes from 

proposed 

framework/method 

Selecting of 

indicators 
 Apply risk 

management 

techniques in multi-

criteria indicator 

model (Dreyer et al. 

2010) 

 

 Direct indicators 

cannot explain the 

complexities 

associated with social 

issues 

 Incorporating the 

causal 

relationships and 

aggregating the 

indicators with a 

scoring system 

 The cause and effect 

chain can be used to 

identify the specific 

social issues at the site 

 

 Appropriate indicators, 

sub-categories and 

social categories will 

be used as the 

information for 

communicating with 

the stakeholders 

 Semi-quantitative 

indicators used for 

the assessment 

(Aparcana and 

Salhofer 2013a; 

Foolmaun and 

Ramjeeawon 2013) 

 The social impacts are 

assumed to be only 

qualitative. This needs 

further research 

Scaling of 

inventory data 
 Scoring the 

managerial effort on 

child labour, freedom 

of association, labour 

dignity, etc. (Dreyer 

et al. 2010; Traverso 

et al. 2012) 

 Some subjective 

experiences occur 

from the scoring 

process based on the 

investigator’s 

personal judgment 

and a manager’s 

personal responses to 

the questions 

 

 Developing an 

appropriate 

weighting scheme 

considering the 

relative 

importance of 

social aspects, and 

aggregating the 

characterization 

result into impact 

categories, 

stakeholder 

categories, or even 

in a single score 

 Important of social 

aspects is well 

established in the 

framework to number 

the important levels of 

relevant social issues 

 

 Stakeholder 

satisfaction on social 

issues included in the 

framework to 

minimize the biased 

judgment given by the 

experts. 

 Using the multi-level 

scales (Ciroth and 

Franze 2011; 

Foolmaun and 

Ramjeeawon 2013; 

Sanchez Ramirez et 

al. 2014) 

 

 The experts would 

introduce biased 

judgment of the 

importance for every 

impact category 

 Weighting the social 

expectations and 

perceptions of social 

issues by using a 

seven-point Likert 

scale (Manik et al. 

2013; Aparcana and 

Salhofer 2013a) 
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Focus on 

developing 

framework 

Characteristics of 

existing S-LCA 

methodology 

Methodological 

Weaknesses 

Needs for 

Improvement 

Outcomes from 

proposed 

framework/method 

Characterization  Using a norm-based 

PRPs assessment 

determined through 

expert judgment 

(Ciroth and Franze 

2011; Quantis et al. 

2012; Fontes 2014) 

 Some impact categories 

cannot be determined 

through expert 

judgment  

 Providing the basis 

for the use of PRPs 

in Type I 

assessment 

methods and a 

consistent 

characterization for 

impact categories 

and subcategories 

 The social 

performance level of 

different sub-

categories and social 

categories can 

facilitate the decision-

making on social 

development policy 

Weighting 

methods 
 Manik et al. (2013) 

focus on a range of 

third-party 

stakeholders (from 

academia, activist 

organizations, NGOs, 

and governmental 

agencies) 

 

 The results of the social 

assessment may be 

different depending on 

the set of stakeholders 

selected. 

 Covering all 

dimensions of 

social aspects 

collected from 

different experts 

and stakeholders 

 Encompass 

comprehensively the 

issues of concern 

related to stakeholder 

groups by establishing 

the weighting 

approach for the 

expert judgment and 

stakeholder 

satisfaction  Hosseinijou et al. 

(2014) focus on 20 

experts, mostly from 

the technical and 

business fields 

 560 

 561 

3.5 Discussion on the results of applying to the case study  562 

The application to the case study is conducted to provide a basis for discussion and consider the meaningful 563 

interpretation of the results for using the developed method. The results of adjusted performance score at sub-category 564 

level (Table 8a,b) are used to interpret the main social issues related to stakeholders. The low level of a score 1 or 2 565 

reflects the strong need for improvement. Based on the results, the social issues of safety of the workplace, fair wage, 566 

and workplace safety and health provisions related to the cane growers require improvement provided by the 567 

government and private sector (sugar factory) with respect to a knowledge and skills training program. Moreover, the 568 

issues of quality of life, employment relations and freedom of association and right to bargaining related to the cane 569 

workers need to be urgently improved. As the quality of life consists of the right of quality of life and fair wage, the 570 

farm owner should at least provide the rest time of one hour a day and give at least the legal minimum wage to cane 571 

workers in order to achieve compliance with the National law and Bonsucro Standard. Nevertheless, the social issue 572 

of employment relations related to the cane workers should be a written agreement required by national and 573 

international labor laws for workers. This can also raise awareness of the cane workers about their right to freedom of 574 
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association and right to bargaining of their employment. The sugar and ethanol factory workers seem not to have many 575 

issues except the quality of life related to sugar factory workers. 576 

The low level of a performance adjusted score is obtained from either low performance actual score or low 577 

adjustment factor. The latter seems to have hardly affected the result of the impact sub-categories and social categories. 578 

On the other hand, the sub-categories of quality of life, employment relations, child labor, and gender equality, related 579 

to cane workers are affected more substantially. The sub-category of quality of life related to sugar factory workers 580 

received a large effect from the weighting of the importance of social aspects and satisfaction. The developed social 581 

impact assessment method can give an accurate and reliable impact result since the characterized/inventory results 582 

can be improved by using the weighting factor of the importance of social aspects and satisfaction. However, the 583 

weighting score of the importance of social aspects and satisfaction are accounted as a traditional weighting score 584 

approach (linear scale score) (Carmo et al. 2017b). The process for translating the qualitative performance of indicators 585 

into a quantitative assessment may not cover the complexity of the social indicators. The customized score which 586 

develops specific value functions for each social indicator is more realistic than the linear score. Carmo and colleagues 587 

(2017b) claimed that this can better capture the complexity of the social indicators, subcategories and categories based 588 

on expert judgment. 589 

The results of the actual and adjusted performance scores of the same sub-category or performance indicator can 590 

be compared to manifest and interpret the magnitude of difference. However, it is not important how much the scores 591 

are varied among the sub-categories or performance indicators; rather it is important to see which result is better or 592 

worse than another. For instance, the sub-category related to employment relations which is about binding work 593 

contract between employer and employee is different for the cane workers and sugar factory workers. The actual 594 

performance result related to employment relations on which the farm owners have written agreements with their cane 595 

workers at least meets the national labor standard, showing its value to be 0.6. Although this was relevant to the actual 596 

and adjusted performance result of the sugar factory workers, the cane workers did not feel satisfied as legally binding 597 

contracts did not meet the labor laws with respect to safety, inadequate living and working conditions offered by the 598 

employers. 599 

3 Conclusions 600 

The study aims to develop social impact assessment framework and method which can apply to all the sectors. 601 

Four steps were taken to achieve the performance score of different social categories, sub-categories and indicators 602 
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related to stakeholders group and sectors including; 1) providing the social categories, sub-categories, and indicators, 603 

2) measuring the inventory/characterization results of indicators, 3) determining the stakeholder perspective of the 604 

importance of social aspects, quality and data and satisfaction of sub-categories, and 4) aggregation of results.  605 

The establishment of cause-effect relationship in the very beginning step in the framework can help to define the 606 

specific social issues to address the appropriate sub-categories and performance indicators and can play an important 607 

role which can be allowed to change for other sectors. Moreover, there are some advantages of cause-effect 608 

relationship which can link to the weighting of the importance of concerns and satisfaction related to the social issues. 609 

As the cause-effect chain derives from the stakeholder and expert perspective which contributes to the performance 610 

score of sub-categories, this can reflect on the numbers behind the performance score. As an added complexity, some 611 

social causes may contribute to more than a single effect of social issues. The cause-effect relationship can help not 612 

only defining the set of specific social issues to meet the appropriate sub-categories and performance indicators but 613 

also facilitate the data collection. The specific social issues should be relevant to the social categories, sub-categories 614 

and performance indicator. Moreover, the cause-effect chain can explicitly show the relationship between social 615 

categories and sub-categories. 616 

 The establishment of the weighting score of the importance of social aspects (I) and satisfaction (S) can, therefore, 617 

assist in the trade-off of social issues to be given more accurate and reliable impact results. The perception of 618 

importance of social aspects and satisfaction can be a basis of the subjective result to a specific performance indicator. 619 

Although the score rating of importance of social aspects and satisfaction may introduce a biased judgment, the 620 

inclusion of expert opinion and stakeholder perspective can better reflect the potential impact of product system than 621 

using the international standard alone as a norm. Nevertheless, the physical/personal inspection of sugarcane farms, 622 

sugar and ethanol factories may also be useful for considering the ground reality of context and situation of some 623 

social issues. This can provide the score rating a more solid background and thus a more reliable value for the decision-624 

making process. Additionally, a satisfaction survey of stakeholders should be performed as it illustrates the stakeholder 625 

perspectives at the specific timeframe and context regarding the social issues. Matching the results of the perspective-626 

based score rating with the results of social impact assessment will support the importance of the social aspects. 627 

 In the case study, five relevant impact categories of cane growers were identified including; 1) land tenure; 628 

2) employment, wages, and labor conditions; 3) access to knowledge and facilities; 4) equity; and 5) health and safety. 629 

On the other hand, the four relevant impact categories of cane workers, sugar factory workers, and ethanol factory 630 
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workers were; 1) decent livelihood; 2) labor rights; 3) equity; and 4) human health and safety. As a result,  the social 631 

issues of safety of the workplace, fair wage, and workplace safety and health provisions related to the cane growers 632 

represent the crucial points where improvement needs to be made by the government (agricultural extension office) 633 

and private sector (sugar factory).  Moreover, the issues of quality of life, employment relations and freedom of 634 

association and right to bargaining related to the cane workers require improvement urgently.  635 

The situation is, however, contrasted with regard to the sugar and ethanol factory workers. Although the quality 636 

of life related to the sugar factory workers seems to be an issue, this is likely to be biased based on their perceived 637 

satisfaction. However, this can bring awareness of the socioeconomic risks and the improvement of the satisfaction 638 

requiring deeper analysis. 639 

The limitation of the study is that the method for assessing social impact can only be applied for foreground data 640 

involved with stakeholders. Nonetheless, the method might not be suitable for using the background data due to 641 

changing stakeholder perceptions and expectations depending on the different timeframes and locations. As the study 642 

looked at the social issues related to the production of sugarcane, sugar and ethanol, the perception of the customers 643 

and consumers regarding consumption aspects is not used in the assessment. Moreover, the multi-question or 644 

triangulation technique to verify the collected data needs to be considered to confirm the same understanding between 645 

the interviewer and interviewee and to enable a more reliable assessment. The data quality of social issues associated 646 

with sugar factory workers and ethanol factory workers including child labor, freedom of association and right to 647 

bargaining, non-discrimination, and gender equality, should be improved to give more reliability. On the other hand, 648 

the data quality related to cane workers including employment relations and the safety of the workplace, operations, 649 

and facilities, may not reflect reality accurately; these should be also improved in the future. 650 
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