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ABSTRACT 12 

 13 

The article presents a cumulative social effects assessment framework -based methodology. The 14 

devised methodology applies a hierarchy of social sustainability indicators and core social components. 15 

The core social components are individual, community and societal impacts and, within these, nine key 16 

social sustainability indicators are assessed. This methodology was tested on a case study covering a 17 

regional energy value chain in the Lahti region in Finland. The evaluation of the nine key indicators, 18 

and the quantification of their impacts along the regional energy production value chain was 19 

demonstrated for the region. The results indicate that locally sourced energy production is a socially 20 

sustainable solution that ensures reliable and affordable energy to local communities. It was noted that 21 

the social benefits of local value chains have great potential for accumulation. The results also indicate 22 

that use of the cumulative social effects assessment framework provides a deeper understanding of a 23 

region’s social sustainability matters and identifies best practices available. It was suggested that the 24 

framework can be used by regional stakeholders as a screening tool. 25 
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1. INTRODUCTION 38 

High demand and growing potential for bioenergy use in the European Union have raised public and 39 

private sector interest and drawn attention to the sustainability of bioenergy. The latest European 40 

Renewable Energy Directive (RED) proposes new sustainability criteria and impact assessment for 41 

bioenergy and bio-liquid production (EU-Lex, EU Directive SWD418, 2016a). It also suggests that the 42 

EU aims to demonstrate global leadership in renewable energy and meet the target of 27% renewables 43 

in final energy consumption by 2030. Since 2009, the EU has provided sustainability criteria by which 44 

biofuel and bio-liquid sustainability can be estimated on the basis of greenhouse gas emission 45 

reduction, land-use impacts, and biodiversity concerns (RED, 2009; EU-Lex, 2010, 2016b). The 46 

compulsory EU sustainability criteria for biofuels have a strong environmental focus, but a number of 47 

voluntary schemes and initiatives have social sustainability as a significant component of their 48 

requirements for sustainable production. One example is the Initiative on Corporate Sustainability 49 

Reporting, which emphasizes the importance of social sustainability assessment. An increasing number 50 

of bioenergy producers are also following the recommendations of the Global Reporting Initiative 51 

(GRI, 2013). Moreover, there is ongoing work on extending corporate social responsibility principles to 52 

the entire supply chain (Quarshie, 2015). 53 

In response to the EU 2030 target to cut greenhouse gas emissions by 40% from 1990 levels, 54 

decentralized energy production and utilization of local resources must increase in all member states. 55 

Moreover, a statutory requirement on breaking away from conventional fossil-fuel based energy 56 

production towards decarbonized energy systems has been suggested (EC 2012, 2014). A shift from 57 

large centralized power stations to small local, greener alternatives is underway in Europe. The key 58 

motives for this are decarbonization and supporting energy safety and security. Decentralized energy 59 

production systems have also proven to be more innovative and show a tendency for enhancing local 60 

economic diversification and resilience. Balancing pure economic aspects of energy production against 61 

improving social wellbeing in the production area is now the main challenge for EU member states 62 

(Goldthau, 2014). 63 

Recent literature shows a broad perspective on the sustainability of bioenergy production systems. 64 

Some studies evaluate overall issues in a general bioenergy sustainability assessment that includes 65 

several dimensions, e.g., technological, political, environmental, economic, and social (Dale, 2013; 66 

Mohr, 2013; Kircher, 2015). Others  analyze the socio-economic output from biomass production 67 

relative to climate change consequences (Rúa, 2016) or focus specifically on social sustainability issues 68 

(Raman, 2015; Botelho, 2016). Aspects of social sustainability for bioenergy production are used as 69 

common criteria and indicators, such as the impact of biomass feedstock cultivation and its influence 70 

on food security, land use, water security, job creation, and rural development, visual aspects of 71 

society, legal compliance, and public recognition (Markeviĉius, 2010; Ribeiro, 2013). 72 

The social sustainability of bioenergy value chains has mostly been examined to date in combination 73 

with the environmental and economic pillars of sustainability, with the results showing different 74 

impacts along the supply chain (Miret, 2015; Ghosh, 2016). However, there are some uncertainties in 75 

social sustainability assessment of supply and value chains, particularly in the area of assessment 76 

approaches (Awudu, 2012; Ahi, 2015). Such uncertainties can be presented by fluctuations of raw 77 

material prices and supply, demand level and season related factors on prices of end product (heat and 78 
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electricity); pre-treatment process uncertainties, current states of economic development.  In order to 79 

achieve optimal performance, the decisions of biofuel supply chain management should incorporate 80 

these uncertainties 81 

A few studies have examined optimization of social impacts of bioenergy supply chains using 82 

quantitative methods such as data envelopment analysis for sustainable supply chain management 83 

(Shabani, 2013; Cambero, 2016 ). 84 

Despite emerging research in the field of social sustainability impacts, few studies have focused on 85 

understanding the interaction between social effects, or how they accumulate within energy production 86 

systems. The production of bioenergy is a complex supply chain, which becomes a value chain when 87 

specific values are added to each stage (Porter, 1985). The bioenergy value chain includes a number of 88 

stages such as feedstock supply, transportation, conversion technologies, and energy distribution. These 89 

stages interact with the social, environmental, and economic environment (Peck, 2011). The diversity 90 

of possible feedstocks and multi-staging of the production process create cumulative effects that may 91 

influence the entire process of production, starting from feedstock procurement upstream and finishing 92 

at the end-user downstream. 93 

Cumulative impact assessment studies, which seek to assess the collective effects of human activities,  94 

have long been used in the field of environmental impacts. In the 1970s, cumulative effects were 95 

defined as “impacts that result from individually minor, but collectively significant, actions taking 96 

place over a period of time.” (Council on Environmental Quality, 1978).  This definition has been used 97 

in environmental studies for years, but increasing recognition of the cumulative nature of social and 98 

economic impacts has led to the development of the cumulative effects assessment and management 99 

(CEAM) framework (Franks et al., 2010a).  100 

With the publication of the EU renewable energy strategy for the period between 2020 and 2030 (EU 101 

Directive SWD (2016) 418 final RED), the social sustainability aspects of energy policy became an 102 

area of increased interest where new research approaches are currently in demand. Within the EU, 103 

Finland is well-known for its long and successful history in renewable energy implementation and 104 

innovations in bioenergy. The Finnish government funds a number of projects and programs to 105 

research and develop all aspects of bioenergy production. The Sustainable Bioenergy Solutions for 106 

Tomorrow (BEST) program was developed as a platform for enhancing existing innovative solutions 107 

and knowledge and finding answers to critical questions raised by stakeholders in bioenergy operation 108 

environment (Rimppi, 2016). The project, which was considered pre-commercial research, involved 109 

collaborations between industry and academia. The program ran from 2013 to 2016 and involved a 110 

number of stakeholder workshops and knowledge exchange events. As sustainable production is the top 111 

priority for the Finnish bioenergy industry, analysis and selection of social sustainability criteria and 112 

indicators that fit bioenergy value chains was one of the program objectives (CLIC, 2016). Within the 113 

program, in collaboration with stakeholders our research team developed a list of “necessary and 114 

sufficient” social sustainability indicators for Finnish bioenergy producers to guide their action toward 115 

sustainable practices. 116 

In our previous research, we noted that social sustainability impacts have the tendency to accumulate 117 

within the region. (Fedorova & Pongrácz, 2015) However impact accumulation vary for indicators for 118 

different energy value chains. 119 
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The objective of the present study was therefore to determine accumulation of decentralized energy 120 

production effects and values in the bioenergy value chain. To meet this objective, we devised a CEAM 121 

framework-based methodology to assess the social sustainability of bioenergy production on regional 122 

level as the starting point. In this paper, we present the key social components, the indicators, and 123 

methods for their assessment and quantification. In addition, we suggest a method for visualizing the 124 

results. Finally, in order to illustrate the methodology we present an assessment of the value chain for 125 

the Lahti-based gasification plant, using locally-sourced secondary material as fuel.  126 

2. Research background 127 

According to the Global Reporting Initiative (GRI), companies and organizations should give 128 

information on both positive and negative aspects of their sustainability performance (GRI, 2013). 129 

Such transparent reports could increase stakeholders' trust in the company and global economy. The 130 

GRI’s G4 sustainability reporting guidelines (GRI 2015) list 48 social performance indicators under 131 

four sub-categories: Labor practices and decent work, Human rights, Society, and Product 132 

responsibility. The ISO 26000 social responsibility standard also provides guidelines on how 133 

businesses and organizations can operate in a socially responsible manner and offers best practices in 134 

implementing social responsibility (ISO, 2010). With this guidance, organizations can transform good 135 

intentions into good action (Frost, 2011). ISO 2600 addresses seven core subjects directly connected to 136 

social responsibility (ISO 2010):  137 

• Organizational governance 138 

• Human rights 139 

• Labor practices 140 

• The environment 141 

• Fair operating practices 142 

• Consumer issues 143 

• Community involvement and development 144 
 145 

The description of each of these core subjects include an explanation of the contents, the subject, the 146 

scope, and the grounding principles. It also specifies related actions and expectations on organizations.  147 

 148 

The Finnish bioenergy industry is actively involved in the EU initiative of building a sustainable 149 

bioeconomy, with sustainable use of available local resources at its core. Various players and 150 

stakeholders in Finnish society cooperate and participate in different programs and projects related to 151 

sustainability improvement for bioenergy production. The data used in this study were collected during 152 

the BEST program. In order to develop a new method for social sustainability assessment, we used a 153 

participatory approach for problem solving in a real-life situation, involving Finnish bioenergy industry 154 

representatives and stakeholders in our research. A number of workshops and seminars were organized 155 

within the BEST program and the outcomes are published in the academic literature (Rimppi, 2016; 156 

Kasurinen et al., 2017). 157 

 158 

Our main task in the BEST program was to identify the most important social sustainability indicators 159 

that apply to the bioenergy supply chain and how to assess them. In order to provide guidelines to 160 

Finnish bioenergy producers, more than 50 social sustainability indicators suggested by GRI and ISO 161 
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26000 were reviewed. Our findings were presented at a seminar and forwarded to the project’s 162 

industrial stakeholder (Fortum, a Finnish bioenergy production company) for review and comments. A 163 

workshop hosted by Fortum and organized and implemented by Lappeenranta University of 164 

Technology was held in November  2013. The participants included eleven Finnish companies, mostly 165 

from the bioenergy sector, three technology providers, six research institutions, and two consulting 166 

companies from the energy sector. The focus of the workshop was on sustainability indicators of 167 

bioenergy systems and potential methods and tools by which sustainability can be managed in the 168 

bioenergy supply chain. Working in groups, industry representatives and university researchers 169 

discussed sustainability indicators, methods, and assessment tools for five specific stages of the supply 170 

chain (as illustrated in Figure 1). The indicators were then classified and the industry representatives 171 

were asked about decision-making in practical choices in a feedback gathering process in spring 2014. 172 

 173 

During the workshop, the main industry concerns were about social sustainability that emerged number 174 

of impacts on the livelihood of local populations. Occupational health and safety, regional energy 175 

security, social acceptability, and public opinion issues have been the most mentioned in discussions. 176 

Feedback from the industry revealed some other social issues of interest to the Finnish bioenergy 177 

industry. The final outcome of the participatory process was a list of 12 critical social indicators 178 

relevant to operations in the industry. Major driving forces in the industry were identified and horizon-179 

scanning for potentially important developments was performed. Based on the results, potential trends 180 

in bioenergy production in the near future were determined. Decentralization of production was 181 

suggested as an optimal solution in terms of social sustainably (Fedorova & Pongrácz, 2014).   182 

 183 

Furthermore, the social sustainability of two Finnish bioenergy value chains was evaluated using multi-184 

criteria assessment within the BEST program (Fedorova & Pongrácz, 2014). When testing the selected 185 

set of social sustainability criteria, we noted that, when the entire production chain was located in the 186 

same region, the social impacts and effects had a tendency to accumulate locally. In order to determine 187 

the accumulation effect, we performed value-chain analysis of social sustainability issues at each stage 188 

of the regional bioenergy production system.  189 

Figure 1 presents the core stages of a bioenergy production value chain. The top section of the diagram 190 

shows typical actions, supporting activities, and specific factors that occur at each stage of bioenergy 191 

value chains. Actions and activities are divided into several categories depending on the company’s 192 

specialty and the nature of the primary feedstock. Typical actions and supporting activities add value to 193 

the main stage of the bioenergy production chain.  There are also certain factors that may influence the 194 

frequency and degree of impact of social sustainability issues at each stage of the bioenergy value 195 

chain. The bottom part of Figure 1 shows social values arising inside the bioenergy production system. 196 

As can be seen in the diagram, many activities involving social impacts occur upstream of production. 197 

The upstream section usually contains the operations starting from biomass production or procurement 198 

and delivery to the conversion facility. This section of the value chain is the most vulnerable to 199 

negative social impacts, since it involves a number of operations that directly relate to human wellbeing 200 

(Cushion et al., 2010).While communicating with industry representatives within the BEST program, 201 

we discovered that social indicators are interlinked and have the tendency to repeat through the chain of 202 

bioenergy production activities. Such connectivity seems to increase accumulation of values across the 203 

stages. 204 
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 205 

  206 

Figure 1. Value-adding activities and social indicators along the bioenergy value chain (modified from 207 

Fedorova & Pongrácz, 2015b). 208 

Figure 1 also highlights indicators that appear at several stages of the supply chain. Their effects and 209 

values seem to accumulate inside the region in which these activities take place. In order to confirm 210 

this process of social effects accumulation, we need to identify social effects and values that are 211 

cumulative in time. Recent developments in the CEAM framework allowed us to examine the social 212 

dimension of cumulative impacts and to build a social effects accumulation pathway in the regional 213 

bioenergy production system. 214 

 215 

3. CUMULATIVE SOCIAL EFFECTS ASSESSMENT FRAMEWORK   216 

In its original form, CEAM focused on assessment of biophysical as opposed to socio-economic effects 217 

and was used as a tool to evaluate overall ecological sustainability issues. It provided the scope to 218 

consider the sustainability of new project alternatives in terms of possible impacts and long-term trends 219 

affecting the state of valued environmental components (Sutherland, 2016).  Although some elements 220 

of socio-economic impact assessment were included, most available examples and evaluations 221 

emphasize biophysical effects. In other studies, cumulative socio-economic effects are mentioned for 222 

large industries and social impacts assessments are linked to overall sustainability issues (Frank, 2010a; 223 

Esteves et al., 2012). Canadian researchers Mitchell and Parkins (2011) attempted to use social 224 

indicators that are measurable and valued to the social dimension in cumulative effects assessment in 225 

terms of land use planning. They suggest that it is necessary to recognize the valued or most important 226 

components and study the relationship between social values and the environment, since environmental 227 

consequences often lead to socio-economic impacts. 228 

The human factor distinguishes social effects from other kinds of effects, e.g., there may be individual 229 

responses to changes (Ehrlich, 2010). Accumulating social effects in the long-term are often 230 
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determined by public reaction to social impacts. Taken together, these changes can influence the 231 

physical environment in which the social impacts take place, thus affecting the implementation of 232 

future activities in forthcoming projects. In this regard, it has been noted that the social consequences 233 

caused by disparate factors are experienced cumulatively (Joao et al., 2011). 234 

However, while there has been progress in research on the influence of social impacts, rather less 235 

attention has been paid to understanding how they interact, change, and accumulate inside regional 236 

energy production systems. For example, local governments rarely use CEAM or similar methods for 237 

regional social impacts assessment. Cumulative social effect assessments for local production systems 238 

therefore require greater attention from the academic community and from local stakeholders, 239 

especially during new project development. 240 

In this study, we tested a modified CEAM framework as a tool for valuation of positive social impacts 241 

accumulated inside a regional production value chain. We attempted to define social indicators most 242 

closely responsive to each other and the most important social components in the selected region, 243 

where a transition is taking place from a conventional energy supply to a more sustainable bioenergy 244 

supply. We linked the indicators to social components based on their relevance to the selected 245 

production system.  The assessment tool was based on the CEAM framework created by Franks et al. 246 

(2010a) for social impacts assessment in the Australian mining industry. They developed a concept and 247 

guidelines on how to identify and assess cumulative impacts arising from compounding activities of a 248 

single operation or multiple mining and processing operations, as well as the interaction of past mining 249 

activities with current and future events even if they are not related to mining (Franks et al., 2010b). 250 

They demonstrated the importance of studying the degrees of interaction between the industry and local 251 

communities on which production has direct impacts and concluded that the social impacts caused by 252 

industrial activities are experienced cumulatively (Franks et al., 2010a).  253 

However, CEAM has not been used previously for assessment of social impacts in energy production 254 

systems in the context of transitioning EU energy policy. For that reason, in this study we concentrated 255 

on development of a framework that will help evaluate cumulative social effects created by the energy 256 

production system on regional level. Thus we modified the original CEAM framework using outcomes 257 

and empirical insights obtained during the BEST program, in order to improve its utility and 258 

applicability for exploring social impact accumulation along a locally sourced bioenergy production 259 

chain. The Lahti region in Finland was selected as a test area receiving environment for social effects 260 

accumulation. The bioenergy value chain evaluated, with its stages and activities, was as outlined in 261 

Figure 1. Each stage consists of multiple activities that have activity-related social sustainability 262 

indicators.  Figure 2 presents the general framework that can be used for cumulative effects assessment 263 

along any energy production system. 264 
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 265 

Figure 2. Modified cumulative social effects assessment framework for bioenergy production systems  266 

(based on the cumulative effects assessment and management (CEAM) framework of Franks et al., 2010a). 267 

Impacts result directly from actions (Franks et al, 2010a). In our case, the impacts come from the value 268 

chain stages indicated on the left side of Figure 2. The value chain activities are illustrated as a list of 269 

actions, which manifest within the region as activity-specific impacts. Here, we concentrated on social 270 

sustainability indicators, which occur and accumulate on three core levels: individual, regional, and 271 

societal. We called these ‘core social components’. Since the value chain consists of a number of 272 

consecutive activities, cumulative effects come from aggregation or interactions of different sources 273 

(Franks et al., 2010 a). 274 

It is easier to understand the cumulative nature of social effects if they are viewed as identified social 275 

activities and values they produce. Social effects need to be studied using a practical approach, in order 276 

to address profound issues of community and regional wellbeing. To perform the cumulative social 277 

effects assessment, we used the three-step method presented in Figure 3.  278 

 279 

Figure 3.   The three steps in the cumulative social effect assessment framework for bioenergy 280 

production systems. 281 
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First, specific value chain activities and social components were identified. Second, activity-related 282 

social sustainability indicators which are applicable to the study area and whose effects may 283 

accumulate in the region were defined. Third, energy production from locally sourced materials and 284 

conventional energy sources were compared as regards the ability to avoid undesirable cumulative 285 

effects.   286 

 287 

4. Social components and indicators for regional value chains 288 

Social indicators and components can be defined as series of values of variables that accumulate over 289 

time. They show long-term trends and periodic deviations in the rate of change. Like other 290 

sustainability indicators, social indicators are integrated sets of practical information that can be 291 

reported on a corporate level.  292 

The establishment of a new bioenergy enterprise using locally sourced fuel will have a number of 293 

social effects on a region. Social sustainability impacts as outputs from local bioenergy value chain 294 

activities may potentially have direct, indirect, and cumulative impacts on the local population and the 295 

environment. The cumulative impacts may have the largest effect on the social sustainability of the 296 

local value chain. Over time, accumulation of small, or even insignificant, impacts occurring repeatedly 297 

might result in significant impacts that positively or negatively affect social sustainability in the area 298 

(Rutz, 2014).  299 

In communication and cooperation with the Finnish bioenergy industry and other stakeholders within 300 

the BEST program, we created a shortlist of social indicators along the bioenergy value chain that were 301 

considered essential for cumulative effects assessment. Consistency of the indicators and criteria within 302 

the framework of a particular value chain is very important for the validity and reliability of 303 

sustainability assessments for small-scale bioenergy production solutions. There is a need for 304 

consistency to create a balance between sustainability measures at each stage of production. The scope 305 

of measurements should be similar between indicators within the selected value chain. This makes it 306 

easier to compare the stages on the basis of their sustainability and adaptability to current and future 307 

social criteria changes. Impacts are considered on three levels: individual level, community level, and 308 

society level, giving three core social components (Individual wellbeing and social capital, 309 

Microeconomics and community wellbeing, Social acceptance and societal impacts; see Figure 2). 310 

According to their characteristics, indicators produced accumulating effects and values (see Figure 1) 311 

are distributed among the three core social components. These nine social indicators are defined as 312 

critical for long-term individual, regional, and societal wellbeing. Figure 4 presents the three core 313 

social components and nine associated social indicators that are relevant for the bioenergy industry and 314 

whose effects and values accumulate regionally. 315 
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 316 

Figure 4. Core social components and indicators relevant for the bioenergy industry that accumulate 317 

regionally. 318 

 319 

In the next section, we present each indicator separately and discuss how each can be assessed using 320 

the new framework.  All indicators on our list are suggested for evaluation and reporting by GRI and 321 

are used by Finnish bioenergy companies that participated in the BEST program in their annual 322 

sustainability reports. Quantification criteria for all indicators are presented in Table 1. 323 

 324 

4.1 Individual wellbeing and social capital 325 

Wellbeing is directly connected to individuals’ prosperity, education, health, and safety. These 326 

characteristics are a major concern to individuals since they affect their family daily and can potentially 327 

affect future generations. Social capital, often called human capital, appears to improve wellbeing when 328 

evaluated by higher average values of an individual’s life satisfaction (Dinda, 2008). Measurement of 329 

social capital and understanding social functioning show how improvements and new developments 330 

can contribute positive outcomes for individual wellbeing. Therefore, this category is at the core level 331 

of the value chain. Within this, three indicators are critical: training, occupational health and safety, and 332 

health hazards from emissions. These indicators have the ability to produced values to accumulate on 333 

the individual level. 334 

 335 

   4.1.1 Training  336 

Training in the bioenergy production industry focuses on developing technical and behavioral skills to 337 

perform the job successfully and safely. It should involve employees at all levels and include technical 338 

courses in safety, quality, and productivity. Small-scale solutions may involve training and education 339 

programs in a more efficient way, since the programs can be designed to be focused and applicable to 340 

concrete outcomes. Effects from training accumulate in knowledge generation, which can be used and 341 

compared in a company’s annual statistic reports years ahead.  342 
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This indicator shows how much organizations invest in their employees and contributes to motivation 343 

at personal and organizational levels (GRI, G4 2015). The training and education indicator is calculated 344 

using the GRI LA10 approach. It involves reporting the average number of hours of training per year 345 

per employee by specific employee category, using the following formula: Total number of hours per 346 

employee category divided by total number of employees per employee category. 347 

 348 

Data on training averages can be found in companies’ annual reports. In this study, we evaluated 349 

annual reports of several Finnish bioenergy production companies and found e.g., that the average 350 

training hours is 22 in Fortum (Fortum, 2016) and 26 in Stora Enso (Stora Enso, 2016). Based on the 351 

findings, we defined the average number of training hours per year per employee as 24 hours.  352 

 353 

   4.1.2 Occupational health and safety 354 

This indicator shows whether any of the processes result in any risks to occupational health and safety 355 
(OHS). Different potential hazards were identified in the bioenergy value chain, including biological, 356 
chemical, and physical hazards. The level of potential negative impacts on health varies depending on 357 
the feedstock type, specific technology, and the size of the operations. Accumulation of negative health 358 
and safety impacts can potentially lead to production process disruptions. It is necessary to monitor and 359 
mitigate OHS issues on the scale of local production. All energy production companies are required to 360 
report accident frequency, seriousness of accidents, and the percentage of sickness and accident 361 
absence on an annual basis. According to the GRI Indicator Protocol Set G4- LA4, LA5, LA6 and LA7 362 
(GRI, G4 2015), any production company (including all the companies involved in the bioenergy 363 
production system) should report the following data on an annual basis: 364 

• Percentage of total workforce represented in formal joint management–worker health and 365 
safety committees that help monitor and advise occupational health and safety programs. 366 

• Type of injury and rates of injury, occupational diseases, lost days and absenteeism, and total 367 
number of work-related fatalities, by region and by gender. 368 

 369 
Sustainability reports presented by Finnish companies show many aspects and data on OHS. For the 370 
framework, we selected only operational safety, defined as number of lost-time accidents among 371 
employees per one million hours worked on the sites of Finnish operations. For example, Fortum report 372 
nine accidents per year and Stora Enso five per year (Fortum, 2016; Stora Enso, 2016). We compared 373 
the number of incidents to these data. 374 
 375 

     4.1.3 Health hazards from emissions 376 

The health hazards from emissions indicator shows the health impact on the public.  As in the OHS 377 

indicator, the degree of negative impacts on health depends on the feedstock type, specific technology, 378 

and length of production chain. Emissions monitoring is performed by environmental agencies and data 379 

on specific trends in power plant emissions are available in annual reports. Long-term exposure to 380 

emissions causes negative consequences, due to cumulative impacts. 381 

To quantify this indicator, we used the human toxicity factor evaluated in the life cycle assessment 382 

(LCA) approach. Data on human toxicity from coal-based energy and waste-based energy were taken 383 

from the eco-invent life cycle inventory database integrated in SimaPro LCA software which is using 384 

the ReCiPe midpoint method. (Hauschild, Huijbregts 2015)  385 
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4.2 Community well-being 386 

At the community level, economic factors affect the social dimension of sustainability in many ways. 387 

However, community wellbeing elements impact on social sustainability, since they occur on the level 388 

of one particular community or region and have a tendency to accumulate over the years. Communities 389 

are involved in locally sourced energy production in many ways (Doci, 2016). The communities in 390 

which bioenergy production enterprises operate have a very diverse composition and involve a wide 391 

range of stakeholders. Households, employees, business partners, government regulators, and local 392 

businesses are all part of the local community. Several indicators deal with the impacts and outputs of 393 

how the new production enterprises affect the local communities in which they operate, of which 394 

employment, regional economic development, and direct economic impacts are the three most 395 

important. 396 

4.2.1 Employment 397 

Bioenergy production systems present an opportunity for job creation, since they consist of many 398 

activities such as collection, transportation, storage, conversion, and distribution (Sooriyaarachchi, 399 

2015). Bioenergy production represents a very promising mechanism for improving social 400 

sustainability on the level of small-scale solutions. The greatest opportunity comes from the fact that 401 

the feedstock are supplied locally, with the potential for domestic processing with continuity over 402 

several years. The length and the amount of associated activities in the local value chain play an 403 

important role in impact accumulation.  The complexity of production chains significantly influences 404 

the rate of employment. Quantification of the employment indicator is defined by GRI Indicator 405 

Protocol Set 2011 LA2: “Total number and rate of new employee hires and employee turnover by age 406 

group, gender, and region” (GRI, 2011).  In our assessment, we considered the percentage of new 407 

employees in relation to the total number of employees for two main companies involved in the 408 

bioenergy value chain. 409 

 4.2.2 Regional economic development 410 

The impact of regional economic development also identified by GRI as indirect economic impacts, 411 

can be based on evaluating the way money flows through the regional value chain. Domestic energy 412 

value chains are less affected by the global economy, so the money circulates within the region and can 413 

be used for improvement of local infrastructure, creating new business, and boosting the wellbeing of 414 

local communities. The standards used for regional development evaluation speaks in favor of 415 

bioenergy production project utilizing local resources. 416 

This indicator can be quantified by looking at the percentage of local actors involved in the supply 417 

chain. The more located in the same region, the better. In this way, money can circulate locally and 418 

benefit the region. Reporting for this indicator is based on G4-EC8 standards (GRI, G4 2015).   419 

  4.2.3 Direct economic impacts 420 

This indicator can be evaluated via assessment of overall extended regional improvements, i.e., the 421 

amount of infrastructural investments and services supported by the new production system. Reporting 422 

on Direct economic impacts can be performed using GRI Indicator Protocol Set G4-EC7 (GRI, G4 423 

2015).  The following aspects can be included: 424 
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• Report the extent of development of significant infrastructure investments and services 425 
supported. 426 

• Report the current or expected impacts on communities and local economies. Report positive 427 
and negative impacts where relevant. 428 

• Report whether these investments and services are commercial, in-kind, or pro bono 429 

engagement 430 

If the amount of direct investment is publicly announced through media channels prior to project 431 

implementation for new energy production facilities, this improves the region’s reputation. To quantify 432 

direct economic impacts, we compared the investment to the company’s annual turnover. 433 

 434 

4.3  Social acceptance and societal impacts 435 

The third core social component, social acceptance and societal impacts, is at the societal level of the 436 
bioenergy value chain and it reveals values that are neither related to environmental nor economic 437 
factors. It may include values that are challenging to measure, such as cultural values, consumer 438 
perception, or public opinion (Upham, 2015). No production system would function successfully if the 439 
local public did not accept it. On the other hand, social acceptance relates to local resource usage and 440 
distribution, so we considered energy diversity to have a significant social impact in the study region. 441 
The three indicators we selected for this category (energy security, public opinion, local community 442 
engagement) are intended to reflect social acceptance and at the same time show the societal impacts of 443 
resource availability.     444 

 445 

 4.3.1 Energy security 446 

The International Energy Agency (IEA) defines energy security as “the uninterrupted availability of 447 

energy sources at an affordable price” (IEA, 2017).  In order to assure energy security, mankind has to 448 

look for new energy resources. Development of renewable and carbon-neutral energy sources may 449 

provide such an opportunity and meet the increasing demand for energy. Energy security can be 450 

supported by the diversity of energy sources available and is represented by the range of bioenergy 451 

production that may come from local use. Furthermore, bioenergy production systems fit within a 452 

diverse group of other anthropogenic and natural production systems, which can be based upon waste 453 

and byproduct streams (forest and agricultural residues, municipal solid waste (MSW)). Finally, the 454 

energy facility can offer a variety of products and services, such as electricity, heat, transportation fuel, 455 

and co-products for other industry branches, such as chemicals, nutrients, construction materials, etc. 456 

Utilizing locally sourced fuel improves energy security. Use of local fuel will have multiple impacts on 457 

a regional level, such as employment benefits of sourcing, pre-treatment and will add up in the long 458 

run. 459 

This indicator can be quantified in several ways. One is to look at energy use composition in the 460 

particular region. For example, depending on the geographical area, some regions may heavily rely on 461 

the energy produced from wood-based sources and others on energy from agricultural residues sources. 462 

Another way is to show percentage of domestic/locally sourced fuel.  Based on data that can be 463 

obtained from national and regional reports, the percentage of locally sourced fuel is calculated using a 464 

scale of 100%, where the closer to 100%, the better (Lahti Energia, 2016). 465 

 466 
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 467 

   4.3.2 Public opinion 468 

Production and use of bioenergy in any region often depends on the political, social, and economic 469 

climate. Within this climate, public opinion plays an important role. Often even the best technology 470 

will not live up to its potential if the public does not embrace it. General public opinion toward the 471 

subject and the norms established within a social setting play an important role in acceptance of 472 

bioenergy production projects. The public opinion effects and values can accumulate over generations.  473 

Public opinion can be measured using various survey instruments to gather data on public perceptions 474 

on upcoming and existing bioenergy production projects. Using this indicator along with marketing 475 

communications allows the social acceptability of bioenergy to be determined. Depending on the level 476 

of regional development, public opinion surveys often show that news on bioenergy production attracts 477 

attention and that consumer attitudes to bioenergy production are generally positive. 478 

Another method to evaluate public opinion is to search local media and read reactions to company 479 

press releases. This shows the scale of positive and negative tendencies in public acceptance for a 480 

particular bioenergy production plant or process. 481 

The Finnish Energy Agency (Energiateollisuus) conducts annual surveys on acceptance of all types of 482 

energy by the Finnish public (Energiateollisuus, 2016). The closer the acceptance to 100%, the better.  483 

   4.3.3 Local community engagement 484 

The indicator of local community involvement can be considered the strongest differentiator or 485 

instrument between companies competing on the local market. Companies that provide to the 486 

community only the formally set program may eventually become outsiders on the local market. 487 

Customized programs tailored to the specific needs of the community will have a competitive edge. 488 

The concept of local community engagement requires managers to use value-oriented and compliance-489 

oriented perspectives.  490 

Community engagement can have different forms and can be quantified based on data obtained from 491 

local survey evaluations and direct communication with plant managers. For example, the number of 492 

visitors and participants, the number of sites where community engagement activities have been carried 493 

out, and the regularity of meetings can show the level of community engagement dialog. The amount of 494 

money invested in education and training initiatives and in promotional campaigns defines the 495 

company's degree of involvement and its potential to accumulate knowledge that can be used for years 496 

ahead to be defined.   497 

Local companies organize programs of public dialog and inform the general public through their 498 

website and the local media. The numbers of people involved can vary at different stages of the supply 499 

chain. For regional chains, the most accurate statistics can be collected upstream, where smaller 500 

biomass supply companies are present. In our case, the evaluation was qualitative. If the company had 501 

good visibility and information on its website, we considered it had a low-positive impact. If there was 502 

an outreach program involving direct engagement with the public, we considered it had a high-positive 503 

impact.   504 
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   505 

4.4. Summary of quantification criteria  506 

The quantification criteria for the selected indicators and sources of data that can be used for 507 

quantification are summarized in Table 1. 508 

 Table 1. Quantification criteria for the social sustainability indicators in the individual, community, 509 

and societal categories 510 

 Selected indicators Quantification 
criteria 

Reference data Scaling 

IN
D

IV
ID

U
A

L
 I

N
D

IC
A

T
O

R
S

 

Training Hours of training per 
employee per year  

Related to average 
training hours of 
leading companies in 
the same sector 

50-74%: Low-positive 
75-100+%: High-positive 
 

Occupational health 
and safety 

Lost-time accidents 
among own 
employees per one 
million hours worked  

Related to average data 
for leading companies 
in the same sector  

≤125%: High-positive 
126-150%: Low-positive 
151-200%: Low-negative 
≥200%: High-negative 

Health hazards from 
emissions 

Human Toxicity 
Level indicator in 
life-cycle assessment 

Human Toxicity Level 
provided by Eco-
Invent database 

0-0.2: Low-negative 
≥0.2: High-negative 

C
O

M
M

U
N

IT
Y

 I
N

D
IC

A
T

O
R

S
 Employment Number of new jobs 

created  
Percentage in 
correlation  to the total 
number of employees 
at the company 

<10%: Low-positive 
>10%: High-positive 

Regional economic 
development 

Number of regional 
actors involved in 
production supply 
chain 

Percentage of local 
actors in the value 
chain 
 

50-74%: Low-positive 
75-100%: High-positive 

Direct economic 
impacts 

Total amount of 
direct investment 

Scale of investment, 
e.g., in relation to 
turnover 

0-50%: Low-positive 
≥50%: High-positive 

S
O

C
IE

T
A

L
 I

N
D

IC
A

T
O

R
S

 

Energy security Percentage of 
domestic/locally 
sourced fuel  

Calculated as 
percentage of energy 
demand in the region 

50-74%: Low-positive 
75-100%: High-positive 

Public opinion Percentage of public 
approval 

Survey of attitudes in 
Finland to different 
energy sources  

0-24: High-negative 
25-50: Low-negative 
50-74%: Low-positive 
75-100%: High-positive 

Local community 
engagement 

Type and volume of 
engagement 

On-line engagement 
methods (webpages, 
information tailored to 
the general public), 
direct engagement 
programs (visitors’ 
center, information 
delivered to users) 

On-line and social media 
presence: Low-positive 
Direct engagement and 
online/social media 
presence: High-positive 

 511 
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5 CASE STUDY 512 

The cumulative social effect assessment methodology developed was 513 

applied to the test case of energy generation based on gasification of 514 

solid recovered fuel (SRF) in the Lahti region of southern Finland 515 

(Figure 4). It has a population of around 100,000 inhabitants and is 516 

famous for its progressive waste management system, with less than 517 

10% of MSW going to landfill. Starting from the 1960s, the region 518 

has launched a number of innovative waste-to-energy projects, 519 

including a ST1 bioethanol production plant, gas from landfill, and 520 

the Labio biogas and compost plant, which is Finland’s largest 521 

biogas production facility. Within the academic community, the 522 

region is known for its expertise in research and development on 523 

water, soil, and waste to energy. 524 

 525 

 526 

Figure 5. Lahti region 527 

5.1 Lahti gasification plant value chain 528 

In 2012, a new gasification pilot plant, Kymijärvi II, began operating in the region. It was the first 529 

gasification power plant in the world to generate electricity and district heat from MSW. The biomass 530 

source for the plant is SRF, an energy-containing organic waste. At the power plant, SRF is gasified, 531 

the gas is purified, and the resulting syngas is combusted in an ordinary natural gas boiler, producing 532 

heat and power. This new development has brought environmental benefits to local communities and 533 

also many opportunities for regional development, new entrepreneurship, and new jobs.  534 

Every year, 250,000 tons of SRF are used in the Kymijärvi II power plant, which is equivalent to 535 

170,000 tons of coal in a conventional coal-fired power plant. The previous facility, Kymijärvi I, used 536 

mainly forest industry residues and about 170,000 of imported Siberian coal, which was delivered from 537 

Loviisa harbor. Kymijärvi II uses only local fuel resources. In recognition of this impressive 538 

achievement, the Kymijärvi II plant received Finland’s Climate Act of the Year Award in 2012 539 

(Valmet, 2014b). 540 

The plant produces 300 GWh of electricity, and 600 GWh of district heat (DH) per year, where the DH 541 

cover the needs of 30,000 detached one-family houses. Electricity production meets the demand of 542 

75,000 apartments. All DH produced at Kymijärvi II goes to the DH network, which covers 90% of 543 

Lahti city and is partly used by the neighboring Hollola region. The electricity produced is fed directly 544 

to the national grid (Sipilä, 2016). 545 

Construction of Kymijärvi II commenced in November 2009 and it was handed over to the company 546 

Lahti Energia in June 2012. During this period, the project involved 1,041,000 working hours. A total 547 

of 2,259 people completed safety training, of which 294 were foreign citizens from 16 different 548 

nationalities  549 
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About 1,000 new jobs were created in the process of the main plant development and supporting 550 

activites and businesses during the construction of the gasification plant (Savelainen, 2013). In the 551 

same period, 31 near-miss reports were logged and there were 12 accidents resulting in sick-leave days. 552 

There were no reports of serious accidents (Lahti Energia, 2012). 553 

Kymijärvi II power plant immediately became an important part of innovative technologies for 554 

utilizing waste in the Lahti region. The rate of SRF utilization in the region is now over 90%, up from 555 

11% in 1994. Lahti has the highest rate of waste recovery in Finland and plans to eliminate landfilling 556 

of waste by 2050. The entire value chain of the region's waste management involves about 300 557 

companies in sorting, collecting, organizing logistics and optimization, composting, reusing, recycling, 558 

incinerating, final disposal, and other supporting activities. 559 

The SRF waste-to-energy value chain consist of five stages: energy waste procurement, delivery to the 560 

conversion facilities, conversion, distribution, and end users. The structure of the SRF value chain with 561 

main supporting activities is presented in the upper part of Figure 6.  562 

 563 

 564 

Figure 6.  Lahti value chain activities, involved indicators and accumulating impacts at each stage. 565 

 566 

The key characteristic of the SRF value chain is the feedstock, which distinguishes it from conventional 567 

bioenergy production systems. Collection is performed at a large number of locations and separation 568 

and processing are required, followed by transportation to the conversion facilities, where some short-569 

term storage is needed (Rentizelas, 2013). For SRF energy production systems, these stages occur in 570 

shorter time frames than for other types of energy biomass. It should also be noted that only the organic 571 

fraction of MSW is used as an SRF source. The raw sources for SRF are mainly collected from 572 

industry, retail, construction sites, and local households. SRF mainly consists of waste plastic and 573 

wood and paper products unsuitable for material recycling. About 20-40% of SRF is derived from 574 
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fossil fuels (plastics),  the remainder is biomass-based and considered a renewable source (IEA 575 

Bioenergy, 2013). The SRF value chain is not sensitive to natural factors. The SRF feedstock is 576 

available all year round and is not affected by seasonal variations (Lakovou, 2010). 577 

As in all bioenergy production systems, the SRF value chain also involves a number of social 578 

sustainability issues such as public health and safety, regional economic development, employment, 579 

training, cooperation, public acceptance, and many others. The lower part of Figure 6 presents main 580 

indicators and accumulated social sustainability impacts evaluated at each stage. 581 

Any waste-to-energy facility will generate emission of pollutants. However, all state-of-the-art SRF 582 
gasification facilities are certified to meet the most stringent emissions standards (IEA Bioenergy, 583 
2013). The advantage of SRF is that the main pollution sources have been removed during the pre-584 
treatment process. The European Commission gave a mandate to the European Committee for 585 
Standardization to adopt a European standard for SRF (CEN/TC 343), so it can be traded as fuel in the 586 
energy market to replace fossil fuels. IEA Bioenergy (2013) concluded that the use of SRF for energy 587 
generation reduces all sorts of gaseous pollutants. At the beginning of the SRF value chain, local 588 
communities may experience increased traffic, unpleasant odors, increased level of dust and other 589 
particles in the air, and landscape change. On the other hand, in the Lahti region, waste management 590 
services and road infrastructure are among the best in Finland. Therefore, air pollution issues relating to 591 
transport of SRF to the Kymijärvi II power plant do not create inconveniences in excess to local 592 
communities. Previous research has shown that longer transportation distances lead to higher 593 
accumulation of emissions from bioenergy production supply chains (d’Amore, 2016). Since within 594 
Lahti the transportation distance of fuel from source to conversion facility is very short (9,2 km), it 595 
causes low environmental disadvantage. In contrast, conventional energy sources such as biomass, 596 
peat, or coal are delivered from different regions or other countries. The Lahti value chain is an 597 
example of ideal infrastructure where the conversion plant and other processing facilities are located 598 
near feedstock providers. Apart from lower environmental impacts, shorter value chains bring 599 
additional benefits to the region, such as lower transportation costs and reduced capital costs for 600 
infrastructure. 601 

The upstream of Lahti value chain is filled with additional actions and activities developed in order to 602 

avoid negative social impacts on local communities. During our research, we communicated directly 603 

with Päijät-Häme Waste Management Ltd and were informed that it has a legal obligation to give local 604 

residents guidance and advice on waste sorting and waste management (H. Bergman, pers. comm. 605 

2016). The company reaches approximately 9000 people on a yearly basis through face-to-face 606 

communications, open public events, and distribution of waste sorting instructions to households (PHJ, 607 

2015).    608 

The SRF biomass collection, processing, and production chain provides positive socio-economic 609 

impacts. Improved energy supply to local communities has a positive impact on the socio-economics of 610 

the community, reducing its dependence on more expensive or imported energy sources. Another social 611 

benefit comes in form of employment opportunities and creation of educational/training programs at 612 

the conversion site. Along the SRF value chain, the employment and education opportunities differ 613 

from stage to stage and involve many levels, such as unskilled and semi-skilled work, skilled work, and 614 

managers at all levels. This is also positive for the region by providing diverse job opportunities. In 615 

comparison, the highest employment opportunities in the upstream of value chain for coal-fired power 616 

plants lie outside the region or even the country. 617 
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Opening the Kymijärvi II facility increased the maintenance staff by three and created ten additional 618 

jobs that are performed in five shifts during the week (S.Salonen, pers. comm. 2016). These thirteen 619 

jobs were created directly at stage three of the SRF energy production value chain. As the SRF 620 

gasification plant was an addition to the existing power plant, there was no need for new senior 621 

manager positions at the facility. 622 

Results  623 

In this chapter, we describe how the cumulative social effects assessment framework can be used to 624 

illustrate accumulation of positive social impacts within a region. We evaluated the scale of impact on 625 

the core social components (individual, community, societal). The specific indicators in our case were 626 

selected in a participatory process together with the Finnish bioenergy industry and stakeholders, but 627 

the indicators used can be adjusted to the needs of other regions or industry sectors. In general, training 628 

processes and practices that improve and protect human health and safety act on the individual level. In 629 

particular, training in safety and in integrating new technologies directly increases human capital. 630 

Employment and direct and indirect economic impacts contribute to the wellbeing of the region. Public 631 

outreach programs and surveys of public opinions increase the involvement of society in the energy 632 

transition process and contribute to social acceptance. Surveys of public acceptance of energy in 633 

Finland indicate growing concern about climate change and the use of imported fossil fuels, and a 634 

preference for domestic energy sources (Energiateollisuus 2016). Use of local renewable fuels will both 635 

address the concerns of climate change and self-sufficiency and, ultimately, enhance energy security. 636 

Since the selected indicators can be quantified using publicly available data, the cumulative social 637 

effects assessment framework offers method to illustrate to regional stakeholders the scale of positive 638 

social impacts and visualize the accumulated effect.  639 

Figure 7 illustrates the cumulative social effects assessment framework, with the parameters and factors 640 

that result in accumulated social sustainability effects of locally sourced bioenergy production. The 641 

chosen framework of indicators covers a wide range of regional cumulative social effects along the 642 

entire value chain.  643 

 644 

 645 
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Figure 7. Parameters and factors in the cumulative social effects assessment framework that result in 646 

accumulated social sustainability effects of locally sourced bioenergy production. 647 

 648 

When the framework was applied to the case study of Kymijärvi II, the results demonstrated the 649 

interaction and aggregation of social impacts along the value chain and accumulation of social effects 650 

within the receiving environment. The main interaction happens at the social effect level of core social 651 

components.  652 

The nature of social effects accumulation for energy production systems may depend on the timeframes 653 

in which they occur. The longer production stays within the region, the higher the accumulation. 654 

However, both positive and negative social effects may accumulate, so we examined two energy source 655 

provisions and defined the levels of social effects accumulation they had on the Lahti region. 656 

In order to demonstrate the degree of social effects accumulation of the Kymijärvi II gasification plant, 657 

we constructed a model where accumulated social effects of SRF-based energy production were 658 

contrast  with avoided impacts from coal-fired energy production. As mentioned earlier, Kymijärvi II 659 

uses 250,000 tons of SRF, which replaces 170,000 tons of imported coal. 660 

Figure 8 shows the overall data analysis. The units in the top row regarding the new investment use 661 

publicly available data and values obtained from annual reports by Finnish companies, national 662 

agencies, local media publications, and communications with Lahti plant managers.  663 

 664 

 665 
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 666 

 667 

Figure 8.  Accumulated social effects of SRF-based energy production and avoided impacts from coal-668 

fired energy production along the value chain. 669 

The bottom row illustrates the avoided impacts due to phasing out coal, based on estimates, as well as 670 

reported public approval levels obtained from nationwide surveys. Furthermore, the diagram contrasts 671 

the accumulated positive effects versus avoided negative impacts on the regional level. The dark green 672 

dots indicate the highest level of positive effect (min. 75% of reference data), the light green dots show 673 

medium- or low-positive accumulation, and the white dots show zero effects. We assessed 674 

accumulation at all three levels of the value chain (upstream, midstream, downstream). The same 675 

approach was used for illustrating avoided impacts in the bottom part of the diagram, where black dots 676 

show the highest level of negative effects accumulation. Since the previous production system created a 677 

number of effects outside the Lahti region, we use black-crossed dot to show that it did not have any 678 

effects in the region. We also use light green dots to demonstrate accumulation of low-positive effects 679 

and light grey to demonstrate accumulation of low-negative effects. 680 

This visual representation of the comparative analysis clearly shows that locally sourced SRF-based 681 

energy production results in a wider scope of impacts within the region. Additionally, the SRF-based 682 

value chain is much more efficient and socially sustainable than the coal-based system. Moreover, 683 

social effects seem to remain local and accumulate inside the production system. The greatest 684 

cumulative effects are concentrated upstream of the Lahti value chain. 685 

The new production facility has brought sizeable improvements to the region and significant positive 686 

impacts. However, the positive cumulative effects are greatest on the individual and societal levels. 687 

Upstream, phasing out did not create sizeable disruption, but there was a significant share of avoided 688 

social (and environmental) impacts inside and outside the country. 689 

The absence of imported coal also removed the externalization of social and environmental problems 690 

associated with energy generation upstream in the value chain. Most social indicators showed zero    691 

impacts on the regional level, since the upstream activities for SRF energy production occur in the 692 

region. This can be considered one of the most significant positive impacts of the SRF value chain.  693 

Although the number of new jobs is not very high, these jobs are all inside the region. There was no 694 

evidence of outsourcing for any activities that happen upstream in the value chain. All training 695 

programs are also provided only on the regional level. 696 

Occupational health and safety indicators for the SRF value chain show insignificant levels of negative 697 

impacts, staying within the standards for the industry (Valmet, 2014). On the contrary, coal-based 698 

energy production is considered to have substantial negative effects upstream and midstream on 699 

individual and community levels, carrying negative burdens of health impact (Coelho, 2011; Jain, 700 
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2016). The risk of accidents when coal is used is very high at the conversion stage for regional value 701 

chains (Hirschberg, 2016). 702 

Any energy production system may have hidden flows and carry a negative health hazard from 703 

emissions effects. The main issue is the degree of those effects. The SFR-based production system has 704 

lower levels of emissions from waste pre-treatment and the gasification process. Annual carbon dioxide 705 

emissions from Kymijärvi I and II operating together are now about 230,000 tonnes, which is 56% of 706 

the coal-based Kymijärvi I emissions of 410,000 tonnes (Lahti Energia, 2012). As well, human toxicity 707 

levels from waste incineration energy are half that of coal-based energy (ReCiPe 2008).  In addition, 708 

the high number of negative environmental impacts in the mining process and coal-based energy 709 

production, leading to higher accumulation of harmful emissions and particulates with direct impacts 710 

on human health, are avoided (Hendryx, 2015). 711 

Since all activities upstream in the value chain occur in the Lahti region, they add many social and 712 

monetary benefits, direct economic impacts, and regional economic development impacts. Money 713 

circulates inside the value chain region and improves the wellbeing of local communities and regional 714 

infrastructure 715 

The energy mix in the region has changed since Kymijärvi II was opened in 2012. The percentage of 716 

domestic energy production has increased by almost 30%, while the volume of coal-based energy has 717 

decreased by about 20%. This has reduced costs and improved public acceptance. 718 

The high number of accidents and negative health impacts of coal-based energy production reported 719 

around the world in recent years have strongly influenced public opinion. Even though coal was 720 

imported from outside the region in our case study, local people still did not approve of coal as a 721 

primary source for energy production. In fact, only about 10% of the Finnish population currently 722 

approve of coal-fired energy production and 89% support domestically sourced energy production 723 

(Energiateollisuus ry, 2016). Table 2 summarizes the collected data for the Lahti value chain.  724 

Table 2. Summary of indicators and related data for the Lahti value chain  725 

Selected indicators Lahti value chain data 

Training 19 hours per year  (Finnish Bioenergy production  average = 24). 4 days per year waste 

treatment facilities 

Occupational health 

and safety 

7 cases per year (Finnish bioenergy production average = 7) 

Health hazards from 

emissions 

Coal-based:  0,242292055 kg 1,4-DB eq 

Waste incineration-based:  0,138645022 kg 1,4-DB eq 

Employment Several new jobs for Kujala Waste Treatment Center, compared with previous 35.5 person 

years, ~10% 

For Lahti Energia, 13 new jobs compared with previous 207, ~6% 

Regional economic 

development 

100% inside the region 

Direct economic 

impacts 

160 million EUR direct investment, compared with 175 M€ turnover (in 2016) 

 

Energy security Domestic fuel 45.5% of total regional energy supply 

Public opinion 89% approve bioenergy use in Finland 

Local community Kujala engaged directly with 9000 users 
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engagement Lahti Energia has informative pages and videos on new processes 

Both have moderate following on Facebook and Lahti is on Twitter 

 726 

By visualizing the cumulative social effects assessment framework in a way presented in Figure 8, we 727 

were also able to identify ways to improve the social sustainability of the region. The diagram shows 728 

that the highest accumulation happens in regional economic development, due to the fact that the fuel is 729 

sourced regionally and the generated energy improves energy security locally. This is also achieved by 730 

using energy sources with high public acceptance. Local community engagement is strongest upstream, 731 

but positive in all stages, thus leading to positive accumulation. Recommendations are to keep the 732 

public involved mid-stream too, emphasize the local energy resource notion of municipal waste and 733 

thus sustain householders’ engagement in waste separation practices. New employment and training 734 

occur at the two facilities and also contribute to accumulated local benefits. 735 

This study showed that cumulative social effects are an outcome from continuous impacts of a new 736 

development when added to existing factors. In our case study, the Lahti value chain served as a 737 

combined platform for new social effects. In order to see the overall picture of cumulative effects, we 738 

had to limit the number of social components and indicators studied, choosing those generally 739 

recognized as most important for energy production value chains, in particular in Finland.  The model 740 

in Figure 8 showed that the new production system has higher positive social effects for the region than 741 

the former coal-based system. The new facilities eliminate a number of negative effects, add new 742 

positive effects, and improve existing positive social factors.  743 

 744 

Discussion    745 

The cumulative social effects assessment framework emphasizes the role of positive value creation and 746 

accumulation of social values inside a region. Recognition of important social issues, while building a 747 

regional energy supply strategy, encourages stakeholders to see existing opportunities to maximize and 748 

accumulate social benefits, and adjust the agenda for new developments in a way that will positively 749 

affect both the community and bioenergy production companies. With large investments, complex 750 

assessments are necessary to support decision-making. To account for environmental impacts 751 

throughout the product’s life-cycle from raw material extraction through production, consumption to 752 

disposal, the standardized methodology of life-cycle assessment (LCA) is applied (ISO 14040 753 

standard). In order to include also the social dimensions of sustainability into the LCA framework, 754 

social life-cycle assessment (S-LCA) has emerged. For S-LCA, generic and site-specific data are 755 

required on the foreground and background processes of the technology throughout its life cycle. S-756 

LCA is a systemic assessment of social impacts, in order to help improve social and socio-economic 757 

conditions of production and consumption (UNEP/SETAP 2009). However, in an investment at 758 

regional level production affecting mainly local communities, we recommend using social effects 759 

screening to assess and validate the level of cumulative impacts within the region. 760 

The example of Lahti regional energy supply chain revealed that social sustainability impacts have the 761 

tendency to accumulate within the region. However, the timeframe of impact accumulation vary for 762 

indicators at different levels. Individual indicators describe impacts on the persons directly affected. 763 
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For example, the benefits of Training for occupational health and safety on the individual level are 764 

immediate. On the regional level, the numbers of individuals trained add up. However, in the long 765 

term, having a wider, safety-conscious population base could also have a cascade impact. Social 766 

components on the Community level, such as Direct economic impacts, accumulate on a longer 767 

timeframe. The impacts of regional investment in combination with additional economic activity 768 

generated by this investment can have a cascade effect, even for a one-time investment. On the Societal 769 

level, local community engagement to maintain a favorable Public opinion requires continuous 770 

commitment in order to achieve the expected output. It may take years or even decades to change 771 

public attitudes to accept new developments. However, once values are accumulated, the impacts may 772 

even be transferred to the next generation.   773 

As with any assessment methodology, there are uncertainties. In our case, the biggest uncertainty is 774 

regarding choices – the relevance of indicators selected, the reliability of their quantification and 775 

evaluation. In case of indicators, we recommend selecting them in a stakeholder process as described in 776 

section 2. In terms of quantification and evaluation, our choice has been to rely on, as far as possible, 777 

on publicly available data (such as scale of investments, number of new jobs, training hours, accident 778 

rates, etc.).  779 

Our modified framework is applicable to small regional value chains outside Finland. The success of 780 

the assessment depends on the nature of existing social conditions in the region and on potential future 781 

activities and investments. It is suggested that a user-friendly assessment tool involving regional 782 

stakeholders can bring long-term benefits to local communities 783 

Conclusions 784 

This paper presented an assessment of cumulative social effects and values along the bioenergy value 785 

chain for regional sourced production. The study contributes to a better understanding of the social 786 

sustainability dimension of bioenergy industry. The social sustainability of locally sourced bioenergy 787 

production was analyzed here on the regional level by applying a cumulative social effects assessment 788 

framework. Using specific social indicators to relate the framework to the local community gave a 789 

better understanding of regional social needs, uncovered social issues at each stage of the bioenergy 790 

production system, and revealed the levels of cumulative effects and values in the Lahti region.  791 

The cumulative social effects assessment framework developed in this study is user-friendly and can be 792 

implemented using publicly available data. The case study supported that the framework can be used to 793 

assess social effects and value and the accumulation of such. It can also be used with local 794 

stakeholders, such as regional authorities, local government agencies, the private sector, and the civil 795 

society, as a screening tool before a large-scale assessment is conducted.  796 

Our main finding was that, at regional level, the social effects of bioenergy production tend to 797 

accumulate from stage to stage. Locally sourced energy production system has close connections to the 798 

regional community and economy. Money circulates and jobs in energy production and distribution are 799 

created within the region. This has positive impacts inside the receiving environment and accumulating 800 

social impacts in the long-term.   801 
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Energy generation with locally sourced raw materials replacing imported coal also supports the EU’s 802 

goal to move away from fossil fuels toward a decarbonized energy system. Decentralized energy 803 

systems can also enhance social benefits and accumulate positive socio-economic impacts on the 804 

regional level. This is not the case with global value chains. Thus we suggest that new regional energy 805 

production systems be installed on the basis of availability of local resources and existing 806 

infrastructure, bringing new technological and knowledge-based developments and involving local 807 

labor. To achieve the 2030 climate targets, environmental considerations dominate alongside economic 808 

aspects in energy investments in EU member states. Our intention was to emphasize the importance of 809 

social impacts too. 810 

Although the literature reflects interest in social sustainability assessment, there is room for 811 

improvement of clearly defined elements in the cumulative social effects framework for locally sourced 812 

production systems. Our findings indicate that it is essential to track social issues starting from the first 813 

stage of the value chain and that simply evaluating production facilities or individual social indicators 814 

is not sufficient.  815 

This research was conducted within an industry-academia collaboration framework and addresses 816 

stakeholder needs. The BEST pre-commercial bioenergy research program involved a number of 817 

bioenergy industry representatives keen on improving their sustainability practices and sought to 818 

determine the social sustainability aspects of bioenergy production and develop new assessment 819 

methodologies based on industry needs. The present study showed that locally sourced energy 820 

production has wider social sustainability implications beyond the value chain. The new methodology 821 

presented can be used as a screening tool for stakeholders, e.g., local authorities, the private sector, and 822 

civil society, in order to contribute to the ongoing debate on essential social elements and practical 823 

issues that need to be addressed within impact assessment context and valuation.  824 
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4.3.1 Energy Security

4.3.2 Public Opinion

4.3.3 Local community engagement



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Collecting Solid 

Recovered fuel (non 

recyclable) from local 

households 

Waste management

• Disseminating Consumer Awareness 

materials about features and 

benefits of the product 

• Product Marketing and Promotion 

efforts

• Safety and post treatment of waste 

storage facilities

• Transportation to 

treatment center 

• Separation at treatment 

center

• Transportation methods 

and management

• Managing sales channels 

and distribution 

• Transportation to waste 

treatment 

• Waste treatment storage

ENERGY 
WASTE 

Procurement

Feedstock 

Logistics

Energy 
Conversion

Lahti 

Plant

Solid waste 

(ashes and 

sand)

Electricity

Direct distribution (pipes)Heat

Direct distribution (network)

Storage Transportation

Bioenergy 
Distribution

End 

User

Heat for residential and 

industrial needs

Electricity for residential 

and industrial needs

Waste treatment or 

disposal facilities

Collected by  

Päijät-

Hämeen

Jätehuolto

Kujala 

Waste

Treatment 

Centre

MURRE

Station

Plant 

LAB

Conversion process 

(Gasification)

• Laboratory testing of each 

load

• Conversion process 

operations

• Co-products processing and 

storage

� Employment 

� Occupational HS

� Health Hazard from 

Emissions 

� Regional economic 

development 

� Local community 

engagement

� Employment

� Occupational HS

� Health Hazard from 

Emission

� Direct Economic 

Impacts

� Employment 

� Occupational HS

� Health Hazard from 

Emissions

� Training 

� Employment

� Health Hazard from 

Emissions

� Energy security

� Public opinion 

� Regional economic 

development

Value Chain Upstream

� Employment

� Occupational HS

� Health Hazard from 

Emissions 

� Training 

� Direct Economic Impacts

Value Chain Midstream Value Chain Downstream
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Cumulative 

Impacts

Social sustainability 

indicators

Value Chain 

Activities

Feedstock 
Production

(Spatial and temporal)

Aggregation along 

the Value Chain 

� Training

� Occupational health

and safety

� Health Hazard from 

Emissions

� Employment

� Regional economic

development

� Direct Economic

Impacts

� Energy security

� Public opinion

� Local community

engagement

Individual 

well-being

Community 

well-being

Societal 

Impacts

• Collection

• Processing 

• Transportation

• Storage

• Pre-treatment

• Energy 

conversion

• Co-product 

processes

• Purification

• Waste 

treatment

• Transmission

• Sales

• Marketing

• Promotion

• Safety

Receiving environment

Biofuel supply 

Chain 

Core social 

components
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Employment Training OHS

Health 

Hazard from 

Emissions 

Direct 

Economic 

Impacts

Local 

community 

engagement

Energy 

Security

Public 

Opinion

Regional 

economic 

development

ACCUMULATED 

SOCIAL EFFECTS

based 

production

AVOIDED IMPACTS

based energy 

production data

M DUP UPM DUPM DUP M DUP M DUP M DUP M DUPM DUP

Upstream value 

chain created 

several jobs at 

Kujala Waste 

Treatment 

Centre. Kymijärvi

II conversion 

facility added 13 

employees

19 h/ emplo-

yee / year 

(Lahti Energia, 

2014)

4 days/ emplo-

yee in 2012 the 

waste centre

(PHJ, 2016)

Low levels of 

injuries and 

occupational 

diseases (On 

average 7 cases 

per year in 

conversion facilities  

Mid-stream)

Upstream stage 

of value chain 

about 9000 

people from the 

community 

involved  in 

dialogue on a 

yearly basis

The Kymijärvi

II investment 

was about  

160 million 

EUR (Lahti 

Energia, 

2012) – incl. 

supply chain

Use of 

domestic fuels  

increased from  

15.8% in 2011 

to 45.5% in 

2014 (Lahti 

Energia, 2011 

and 2014)

Bioenergy  

production 

has 89% 

approval  

(Energia-

teollisuus, 

2016)

Local 

employment. 

Money circulate 

locally inside 

the region 

throughout 

entire value 

chain

Low level of 

emissions from 

waste 

transportation 

and the waste-

to-energy 

process

No direct 

impacts in the 

region, minor 

impact along 

the value 

chain

Reduced coal 

market leads to 

fewer jobs and 

reduced need for 

training, but 

impacts happen 

outside of the 

region

High levels of 

injuries, negative 

health impacts 

and mortality 

rates upstream 

and mid-stream of 

coal production 

avoided

No effects 

detected in 

value chain 

since the coal 

used in Finland 

is imported

Fewer imports 

in coal are 

required – the 

region is 

saving money 

and reduced 

transportation 

costs

Coal-fired 

energy 

production 

has 10% 

approval 

(Energia-

teollisuus, 

2016)

The usage of 

imported coal 

reduced from 

63.8% in 2011 

to 43.6% in 

2014 (Lahti 

Energia, 2011 

and 2014)

Imported energy 

source. 

Employment 

outsourcing. 

Money 

circulation and 

accumulation 

outside of region

High impacts 

from the mining 

process, harmful 

emissions and 

particulates 

from 

incineration
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High positive impact

Average or Low positive impact

No Impact

Average or Low negative Impacts

High negative Impacts

UP

M

D

Value Chain Upstream

Value Chain Midstream

Value Chain Downstream

No impact for the Lahti region
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Highlights 

• Locally sourced energy has close connection to the community and its economy 

• Bioenergy production social effects accumulate along regional production value 

chains 

• Cumulative social effect assessment framework was applied  

• Individual, community and societal impacts were evaluated 

• Selection of indicators, their quantification and visualization was developed  

 


