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Abstract: This research aims to estimate the long-term financial benefits of using smart grids to mitigate and adapt the power sector to 
climate change. In order to do that, twelve scenarios were analyzed applying an energy accounting model (LEAP (Long-range Energy 
Alternatives Planning System)) that was developed using Brazilian historical data from 1970 to 2015. To conduct the analysis, the 
Sathaye and Ravindranath’s three steps methodology was used. The main final results include a long-term cost-benefit analysis that is 
developed for each considered scenario. The initial phase includes the analysis of the projections for the power sector up to 2030. The 
following phase consists on the estimation of costs for operation, maintenance, losses and new electrical projects investments. And 
finally, all scenarios’ results were compared and the benefits of implementing smart grids in the sector were estimated. The attained 
results show that smart grid implementation would contribute to reduce electricity tariffs, the generation costs as well as the costs 
associated with theft and fraud. 
 
Key words: Adaptation to climate change, climate change mitigation, power systems, smart grid, financial analysis, Brazil. 
 

1. Introduction 

Climate change is a world commented topic and its 

impacts are directly connected to the vulnerability to 

which natural and human systems are exposed [1]. 

Globally, the energy sector is a major contributor for 

the climatic change phenomenon, although it is also 

one of the most affected by it, especially the systems 

based on renewable sources. 

In what concerns the electricity sector, smart grids 

are often referred as having potential to reduce GHG 

(Green House Gas) emission in the sector and making 

the grid more reliable, “the new technology is seen as 

an additional instrument available to states to achieve 

targets for promoting competition, increasing the 

safety of electricity systems and combating climate 
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change” [2]. 

Smart grid “can be considered as a modern power 

system able to improve grids efficiency, reliability and 

security; reduce on peak demand; offer environmental 

benefits; locate and repair faults easily; accommodate 

renewable resources” [3]. 

In Brazil, Duarte, D., et al. [4], when creating a 

roadmap to implement smart grids in the country, 

concluded that, in all the analyzed scenarios, the 

financial gains of implementing this technology 

outweigh the costs of doing it. However, the costs of 

implementation were high (between 10.6 and 31.9 

billion of reais—Brazilian currency, depending on the 

scenario) and it is not encouraging in times of 

economic recession. 

Based on that, the co-benefits can change the way 

strategies are evaluated as it makes possible bringing 

together different investment areas into the same one. 

Although, usually referred in discussions, co-benefits 
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are “rarely measured, quantified or monetized, and 

even less frequently do they enter the quantitative 

decision-making frameworks applied to climate 

change” (…) “even though their inclusion may 

substantially influence the outcomes of decision 

processes” [5]. 

2. Material and Methods 

The present research is focused on analyzing the 

mitigation and adaptation potential of smart grit to the 

climatic change influences over the Brazilian energy 

sector. 

Twelve scenarios were created to simulate the sector 

in 2030 result from the combination of: 

 Three climate scenarios—a reference scenario and 

two scenarios with climate impacts based on IPCC 

(International Panel on Climate Change) [6] SRES 

(Special Report on Emission Scenarios) scenarios A2 

and B2; 

 four power grid scenarios—one without smart 

grids and three with different levels of smart grid 

technologies penetration (slow, moderate and fast), 

from Duarte, D., et al. [4]. 

The baseline scenario was developed estimating 

GHG emissions considering a “business as usual” drift: 

current development trends continue, and no actions 

are undertaken to explicitly reduce these emissions.  

The increase in the installed capacity took into 

consideration the projections presented by PNE 

(National Energy Plan) 2030 (a study of integrated 

planning of energy resources carried out by the Energy 

Research Company [7]) and the annual PDE 

(Decennial Energy Expansion Plan)’s projections (the 

decennial energy expansion plan [8]) as well as the real 

implementation practice, i.e., which was really built 

out of what was planned. 

The projections for the power sector in 2030 were 

followed the bottom-up approach with the use of an 

energy accounting model, LEAP—Long-range Energy 

Alternatives Planning System, developed at the 

Stockholm Environment Institute [9]. 

The bottom-up approach was preferred as it provides 

a disaggregated picture of energy demand and supply 

and allows for estimation of potential gains in efficiency 

from specific technologies and/or the potential for 

substitution of less-carbon-intensive technologies [10]. 

This research adopted the characteristic three-step 

structure presented by Sathaye, J. A. and Ravindranath, 

N. H. [10]:  

(1) Evaluation of GHG reduction and carbon 

sequestration options; 

(2) Development of a baseline scenario; 

(3) Development of GHG reduction or mitigation 

scenarios, including an estimation of scenario costs and 

GHG mitigation potential. 

For this research, it was decided to use conservative 

values for smart grid’s benefits, following the 

assumptions adopted by the Working Group on Smart 

Grids [11]. 

Finally, in relation to the non-technical losses, Table 

2 presents the relation between system losses and the 

projected improvements in non-technical losses, after 

implementing smart grids in Brazil. 

3. Results 

The Figs. 1-3 present the projected total losses 

(technical plus non-technical) reduction for each 

scenario when compared to the reference one. 

Fig. 1 presents the total losses reduction divided into 

technical and non-technical. As expected, the smart 

grids help to reduce the losses, technical and 

non-technical. Within each scenarios group, the losses 

decrease (reduction increases) with higher smart grids 

penetration. 

Fig. 2 shows the monetization of the actual losses 

and projected values for 2030 for all scenarios. 

For a matter of comparison, Fig. 2 presents the 

current cost for electricity losses (current account), 

presented by ANEEL (National Electric Energy 

Agency).  

Again, within each group of scenarios, the costs 

decrease as the penetration of smart grids increase. 
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Fig. 3 presents how much could be saved by 

implementing smart grids, comparing the expected 

losses from each smart grid scenario with its own 

reference scenario. 

As expected, as faster the implementation, higher 

would be the total amount of money saved by electricity 

distributions companies by using smart grids. 

Furthermore, in what concerns the financial analysis, 

Fig. 4 compares the costs of each reference scenario 

and costs for adding new installed capacity to attend 

the projected demand for electricity in 2030, to the 

same climate scenario with smart grids. 

Finally, Fig. 5 shows the operation and maintenance 

costs for each scenario in 2030 according to the already 

presented installed capacity, generation mix and 

demand to be attended and expected losses. 
 

Table 1  Scenarios used in the study. 

Economic, social and technological Smart grids implementation Year Acronyms 

Current account None 2015 CA 

Without climate change 

Reference 2030 REF 

Slow 2030 SG_S 

Moderate 2030 SG_M 

Fast 2030 SG_F 

A2 climate change scenario 

Reference 2030 REF_A2 

Slow 2030 A2_SG_S 

Moderate 2030 A2_SG_M 

Fast 2030 A2_SG_F 

B2 climate change scenario 

Reference 2030 REF_B2 

Slow 2030 B2_SG_S 

Moderate 2030 B2_SG_M 

Fast 2030 B2_SG_F 
 

Table 2  Projections for non-technical losses reduction. 

Current losses Losses after smart grid Number of distributors 

Until 3.5% Stay the same 33 

3.5%; 5% 3.5% 03 

5%; 6% 4.5% 04 

6%; 8% 5.5% 08 

8%; 10% 7% 03 

10%; 15% 9% 02 

Bigger than 15% 10% 07 

For the 63 Brazilian distribution companies. Source: Working Group on Smart Grids [11] 
 

 
Fig. 1  Technical and non-technical losses reduction. 
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Fig. 2  Monetary costs related to electricity losses using smart grids. 
 

 
Fig. 3  Total financial saved by using smart grids. 
 

 
Fig. 4  Projected reduction in needed installed capacity after 2030. 
 

The operation and maintenance costs for the REF 

(Reference Scenario without Smart Grids) scenario 

group are the highest ones, the B2_SG_F scenario has 

the lowest one, while the A2 group stays in the middle. 

The Table 3 presents the results of an analysis 

considering a scenario with 100% smart grids’ 

penetration and 48 of the distribution companies in 

Brazil. 

Considering a 100% smart grids’ penetration in the 

Brazilian power sector, it is expected to reduce 22.6% 

of the non-technical losses (considering the base year 

of 2015), which would have made possible a saving of 

9% of the financial value spent because of those losses. 

From the 63 distribution companies referred in 

Table 2, only 48 provided data for the study referred in 

Table 3. 
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Fig. 5  Projected OM costs in 2030. 
 

Table 3  Projections for non-technical losses reduction considered 100% penetration in these 48 distribution companies 
market. 

Actual losses 
Losses after 
smart grid 

Number of 
distributors 

Actual losses 
(thousands of R$)1, 2

Losses after smart grid 
(thousands of R$)1, 2 

Actual losses 
(TWh) 1 

Losses after 
smart grid 
(TWh) 1 

Until 3.5% Stay the same 30 1,118,050 1,118,050 4.916 4.916 

3.5%; 5% 3.5% 5 172,501 154,264 1.653 1.448 

5%; 6% 4.5% 2 89,847 71,586 0.670 0.565 

6%; 8% 5.5% 2 59,429 44,579 1.407 1.061 

8%; 10% 7% 0 - - - - 

10%; 15% 9% 3 93,276 69,990 2.560 1.951 

Bigger than 15% 10% 6 194,546 113,061 7.843 4.801 

Total 48 1,727,649 1,571,531 19.049 14.741 

Difference  -9.04%  -22.62%  

Total safe   156.118  4.308  

1: Base year 2015. 
2: Sum of the individual losses of each company in this group. 
 

4. Conclusions 

The best mitigation and adaptation results came 

from the B2 group of scenarios, which represented not 

only the changes in climate but also the changes in 

society (awareness about environmental issues, use of 

equipment that is more efficient, sustainable growth, 

global solutions …). 

Smart grid would also help to reduce electricity 

tariffs by increasing the ability of the grid to take the 

most of Brazilian natural characteristics that gives the 

country great winds, insolation and water, preparing 

the grid to work with intermittent sources. 

Another efficiency factor came from the losses 

reducing potential. Smart grids can offer about 20% 

reduction in total losses in some of the analyzed 

scenarios. 

Finally, smart grids also proved itself as able to 

reduce the operational and maintenance costs and the 

investments in new power plants after 2030. In the 

scenario without climate change the investment in new 

power plants could be almost 40% less with smart grids 

when comparing to the investment needed without it, 

and in the best scenario, B2, this investment with smart 

grids, could be 60% less than would be in the B2 
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scenario without smart grids. 
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