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Question 1.2. The use of sustainability indexes, less or more complex, are common in the 

scenario analysis of generation expansion for different countries. Compacting different metrics 

related to different compartments (i.e., technical, economic, social, environmental) into single 

aggregated scores made of multi dimensions is very complex and needs a transparent approach.  

The ExternE approach transforms all impacts into monetary values to allow summing up, 

weighing ad comparing solutions according to a common base. What is the experience from 

the audience in the development of sustainability indexes? Can other examples be brought 

from the audience? Sustainability indexes and external costs have also been addressed in 

numerous CIGRE projects and published as TB650 Sustainability development performance 

indicators for electric power generation (2016) and TB616 Externalities of Overhead High 

Voltage Power Lines (2015). What is the experience from the audience in the application 

of approaches like those referred to, in the process of planning of system expansion?  

 

The synthesis or aggregation of indicators is one of the main steps in the construction of an 

index. Aggregation allows a more comprehensive view of the evaluated processes, as well as 

the comparison of similar processes. For this, it is necessary to normalize the indicators, i.e., to 

transform their different units of measurement into a homogeneous scale, which implies the 

parameterisation of the indicator values. This may prove challenging, due to the difficulty in 

establishing the maximum and minimum values for each indicator. In our experience, values 

available in the legislation and in the literature are the most commonly used parameters.     

 

For example, for indicators quantified by means of a scale from 1 to 5 (in which 1 is the least 

sustainable source and 5 the most sustainable), their values were normalized to between 0 and 

1, considering 1 as equal to 0 (zero) and 5 as equal to 1 (one). The intermediate values have 

been proportionally distributed within this range. With regard to the numerical values of the 

indicators obtained by secondary sources, normalization was performed using the interpolation 

technique and standard indicators. 

 

We have worked with indicator systems in some R&D Programmes for the Brazilian power 

sector. Besides those mentioned in Question 1.1, two more have produced indicator systems 

and indexes associated to the concept of Sustainability, particularly the second one that created 

the Sustainable Regional Insertion Index (SRII):  

a) A methodology for the evaluation, monitoring and control of efficacy and effectiveness 

of environmental programmes and actions resulting from environmental licensing of 

hydroelectric generation projects (Cemig GT0598 Research and Development Project); 

and  

b) Development of a tool to monitor and evaluate the economic, social and environmental 

sustainability of municipalities in impact areas of hydroelectric dams" (Cemig 475 

Research and Development Project).  

 

 

 

 

 

 

 



 

 

The study that proposes the SIGS also evaluates the costs of socio-environmental externalities 

of generation power projects. Based on various references (PEARCE, 1992; FURTADO, 1996; 

ExternE, 1998; ExternE, 2005; CASES, 2008; SANTOS, 2008; ATSE, 2009; EPE, 2010; 

ECOFYS, 2014) the study proposes the socio-environmental costs of renewable and non-

renewable sources to be considered in the planning of the Brazilian power system. Tables 1 and 

2 present these costs. 

 

Table 1 - Proposed values of social and environmental costs of renewable technologies 

Renewable Sources 

Proposed values 

Amounts converted to US$/MWh and updated for July 
2019 

Hydroelectric with Reservoir 6 a 13 

Small Hydroelectric (até 30 MW) 1 a 3 

Run-of-the-river Hydroelectric 4 a 13 

Solar Photovoltaic 11 

Heliothermal Concentrated 3 a 4 

Wind Offshore 2 a 3 

Wind Onshore 2 a 3 

Biomass 20 a 27 

Geothermal 12 

Source: Diversa Consultoria et al. (2019) 

 

Table 2 - Proposed values of social and environmental costs of non-renewable 

technologies 

Non-Renewable Sources 

Proposed values 

Amounts converted to US$/MWh and updated for July 
2019 

Combined Cycle Coal 55 

Coal 53 a 77 

Diesel 52 a 69 

Fuel Oil 62 a 92 



 

 

Natural Gas 23 a 29 

Combined Cycle  
Natural Gas 

26 a 33 

Lignite 110 a 113 

Nuclear 12 a 31 

Source: Diversa Consultoria et al. (2019) 

 

It should be highlighted that the expansion generation model used the SIGS, but the socio-

environmental costs could also have been used. 
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