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FOREWORD 

Distributed Energy Resources (DER) have presented disruptive potential in the global 

energy sector. Discussions on how best to utilize the services provided by these resources 

have been on the agenda for planners, operators, regulators, industry, and other agents. 

Therefore, EPE presents this paper with the objective of instigating the discussion about 

the impacts and needed adaptations in energy planning studies to account for adequately 

taking into consideration the insertion of DER.  

It is important to highlight that accessing the 

systemic benefits that DER can add to the 

power system is associated with the design 

of mechanisms capable of economically 

valuing these benefits. The structure of 

economic signals, if efficient, will guide 

individual decisions of agents connected to 

the distribution networks, turned into 

"prosumers", in order to maximize systemic 

benefits without compromising the security 

and reliability of the supply. 

From the perspective of energy planning, the diffusion of DER implies greater uncertainty 

on the energy demand and the future energy mix. In addition, its distributed character 

also requires a stronger integration of transmission and generation planning with the 

distribution networks, demanding several advances in the existing tools and 

methodologies. 

This paper does not intend to exhaust this topic, which far surpasses the issues brought 

up here and involves institutional responsibilities that go beyond EPE’s. The motivation 

lies in the need to establish a vision on some of the most fundamental elements so that 

the DER can be developed in a sustainable and efficient way, without bringing great 

distortions in the operation of the Brazilian electricity market. 

 

 

 

 

 

 

“From the perspective of 

energy planning, the 

diffusion of DER implies 

greater uncertainty on the 

energy demand and the 

future energy mix” 
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1.  INTRODUCTION 

Distributed Energy Resources (DER) are defined as electricity generation and/or storage 

technologies located within the boundaries of the area of a particular distribution utility, 

usually connected to consumer units (behind-the-meter). In addition, this definition has 

often been expanded to include energy efficiency, demand response (DR) and demand 

side management (DSM). In order to identify the implications of the large-scale 

penetration of these technologies in the electric system, we will consider here that the 

DER contemplate: i) distributed generation (DG), ii) energy storage, iii) electric vehicles 

(VE) and recharge infrastructure, vi) energy efficiency and vii) demand side management 

(DSM) (FGV, 2016). In this context, DER allow greater consumer participation in both the 

generation and management of the consumption of their own energy. 

In recent years, there has been an acceleration of the insertion of DER, mainly due to the 

reduction in investment and transaction costs, the greater dissemination of 

telecommunication and control technologies, and the more active role of consumers. 

The recent growth, together with the characteristic of DER, indicates that the diffusion of 

these technologies presents a high disruptive potential, capable of profoundly 

transforming the electric systems that today are predominantly operated with larger 

generators and managed centrally. In fact, the World Energy Council (2017) points out 

that in the period between 2017 and 2025 several countries will go through a transition 

from predominantly centralized power systems to hybrid systems. In this context, the 

transition from a centralized to a more distributed model should change the energy flows 

and significantly increase the complexity of the electrical systems, as shown in Figure 1. 

The transformations in the power sector 

from the mass insertion of DER will demand 

new practices of expansion planning and 

operation of electric grids and power 

generation. However, while DER pose 

challenges, there can be several benefits 

associated with their integration into the 

system. First, considering the proximity 

between generation and consumption, DER 

can provide the reduction of electric losses. 

Additionally, according to MIT (2016, p.290), DER can provide sufficient reliability for 

system operators in extreme situations if they are in optimal locations and are operated 

at the right times. This may even reduce the systemic cost to meet energy demand by 

“The transformations in 

the power sector from 

the mass insertion of DER 

will require new planning 

practices” 
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making it possible not to operate plants that are more expensive and replacing or 

postponing conventional investments in infrastructure.1 

 

Figure 1 – Power systems: present and future 

In addition, "smart" mechanisms of integration and management of these resources are 

in intense development and this should contribute to increase the potential efficiency 

gains obtained from the insertion of more DER. As an example, it is worthwhile to 

mention the "aggregators" of distributed energy resources, which form virtual plants and 

dispatch them in the electricity markets. There is even the possibility that these 

aggregators may use blockchain technology to integrate local information, optimize local 

grids, and provide low-cost energy services with the use of smart contracts (PWC, 2017). 

Thus, DER have been inducers of profound changes in the power sector around the world. 

In this sense, discussions have been held about the implications of the growing insertion 

of DER and what adaptations are necessary to the energy planning, market models and 

normative-regulatory frameworks currently in place, in order to optimize the systemic 

benefits of this disruption. 

 

                                                           
1 Internationally, the concept of non-wire alternatives, which uses non-traditional Transmission and 

Distribution solutions, such as DER or network management tools, has gained momentum to defer or 

replace the need for specific equipment upgrades, such as T&D lines or transformers by reducing the 

load. 
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Box 1 – Regulatory challenges for the diffusion of DER in Brazil 

From EPE’s perspective, the main challenge for the efficient introduction of DER in Brazil is 
related to the electricity tariff system currently in force in the country. This is because 
volumetric tariffs (based exclusively on kWh consumption, in the case of low voltage 
consumers), without time granularity and without the appropriate locational signals do not 
give economic signals so that the diffusion of the DER is adequately valued and reverted to 
systemic benefits. 

In addition, in the case of micro and mini distributed generation (under 5 MW), the net-
metering scheme, together with the volumetric tariffs, bring imbalances in the 
remuneration of DISCOs. Consumers with DER, by reducing their electricity bill, contributes 
less to variable (energy) and fixed ("wire") parts of the tariff, even though wire costs are not 
reduced. The connected agent continues to demand the infrastructure of the distribution 
and transmission networks, so the fixed costs must be covered by other consumers through 
tariff increases (Eid et al., 2014). Therefore, there is a cross subsidy between consumers of 
the same DISCO. 

In this sense, it is understood that the sustainable use of DER in the Brazilian context 
depends on an arrangement that produces adequate economic signals, aligning the 
interests of the multiple prosumers to obtain systemic benefits, without leading to 
imbalances in the long term. In practical terms, EPE believes that some of the alternatives 
to stimulate the efficient insertion of DER in Brazil are: 

• Hourly or sub-hour electricity prices; 

• Locational signal in the distribution level; 

• Multi-part tariff for consumers. 

The requirements mentioned above are basic elements to guide the decision of the agents. 

Given the preconditions, the regulator, with the support of planning and monitoring 

studies, is responsible for the "calibration" of the signals for appropriate investment 

decision-making by the agents. 

 

2.  IMPACTS IN ENERGY PLANNING 

From the perspective of EPE, the main impact with the adoption of DER is the addition of 

another source of uncertainty in the energy expansion planning process. Part of these 

uncertainties are explained by the dynamism in the evolution of DG and storage prices, 

resulting in challenges to forecast their competitiveness and rate of adoption. However, 

the adoption of these technologies will occur not only because of the direct economic 

gains for the consumer but also because of social and individual preferences that 
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sometimes go beyond classical economic rationality. In other words, socio-cultural and 

behavioral factors are part of the decision-making process and, therefore, make the tools 

to cope with the uncertainties in the DER development more complex. 

In addition, a challenge in the electricity markets in which assets are unbundled is to 

coordinate generation, transmission and distribution planning to meet the safety and 

reliability requirements of the power system at the lowest possible cost. While the 

insertion of DER in the Brazilian electrical system is still relatively small, the focus is on 

the articulation between generation and transmission planning as a way to make possible 

an optimal expansion/transition. However, the possibility of wide and accelerated 

diffusion of DER potentially alters and complicates the planning dynamics of the electrical 

system, giving distribution networks a highly relevant role as well. In this sense, assisting 

in the construction of guidelines for distribution planning in order to ensure optimum 

systemic expansion is another challenge to be faced. 2 

Similarly, the insertion of the DER has spillovers into other areas, such as transportation 

and heat sectors. Projections of fuel demand, for example, are related to the adoption of 

distributed generators and electric vehicles. Therefore, horizontal planning (interaction 

with other sectors) is also a necessity in the context of large DER development. 

3.  HOW TO ADAPT? 

 As mentioned, the insertion of a new active agent in the electricity markets, the 

consumer, ends up bringing less predictability to the energy planning. In this context, as 

the study titled Utility of the Future (MIT, 2016) points out, planning should not be 

focused on exactly predicting the future, 

but on creating the conditions for 

innovations to happen and be integrated 

naturally. That is, to facilitate the 

equalization of market conditions, creating 

a level playing field, so that the technologies 

that are more competitive and that bring 

greater value to the system thrive. 

Therefore, it is increasingly important to 

interpret expansion plans as instruments to 

subsidize the decisions of public policy 

design and sector regulation. 

                                                           
2 Several studies have addressed the need for change in traditional practices to allow the integration of 

different and new planning spheres. MIT (2016) and Bell and Gill (2018) are worthy of note. 

“Planning should facilitate 

the equalization of 

market conditions, 

creating a level playing 

field, so that the 

technologies that are 

more competitive and 

that bring greater value 

to the system thrive.” 
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For this goal, there are several methodological improvements that must be sought by the 

planners, which will be described in the sequence. Figure 2 illustrates the new reality of 

energy planning in a context of DER insertion. 

 

Figure 2 – Energy planning adaptations in the context of DER 

3.1.  ADAPTING MODELS 

Set up new technologies 

The first step is to insert the DER technologies in the planning models. Currently, the most 

common way of inclusion is through exogenous models to generation expansion tools. 

As an example, today EPE makes separately the projections of distributed generation, 

energy efficiency and electric vehicles, and the results in terms of energy are subtracted 

or added to the load projection, which is then set up into the optimization model. An 

alternative is to model the DER endogenously, considering them as candidates to 

minimize the total cost of supply. PacifiCorp (2017) uses this approach to Demand 

Response. Some DR supply curves are inserted in the model with the power “provision” 

and associated costs. In this way, the result indicates in an integrated fashion how to 

expand and operate the system in the cheapest way. 

Exogenous models have the advantage of being easier to implement. However, the 

results are usually limited to indicate adoption trends of a particular technology, which 

do not always reflect the systemic optimum. Endogenous models, on the other hand, may 

indicate opportunities or inefficiencies in certain areas, and the results would guide 

actions that aim for greater efficiency in the expansion of DER. An example of this is 

distributed generation. Ideally, the model should assess in which cases the locational 
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benefits of DG exceed the benefit of scale in centralized plants. The results would be 

useful for the market design, in order to encourage efficient investments that lead to the 

systemic optimum. 

It should be noted that the incorporation of the DER in an endogenous fashion in the 

energy expansion models requires great detailing, with spatial representation, 

externalities valuation, among others, in order to adequately represent DER. Otherwise, 

the result may be skewed. According to the Lawrence Berkeley National Laboratory study 

(Mills et al., 2016), four US utilities endogenously modeled distributed photovoltaic 

generation in their resource planning. Of these four examples, distributed generation was 

never selected by the model as part of the lowest cost solution. However, it should be 

emphasized that the studies incorporated only part of the benefits of DG. Therefore, 

these cases illustrate that the limited methodology impairs the analysis of the best 

solution. The following items in this Discussion Paper list some of the enhancements 

needed to better represent the DER in the models. 

Between the exogenous and endogenous models, there is an intermediate form of 

modeling, through the iteration of two models. An example of this is proposed by Cole et 

al. (2016), which connects NREL's DG (dSolar) and centralized expansion (ReEDS) models. 

As shown in Figure 3, in this study the expansion of DG contributes to an increase of PV 

generation curtailment. This generation “loss” is applied to the distributed generators 

cash flow, reducing the financial viability of the investment, and therefore, reducing the 

DG adoption in the following years. 

 

Figure 3 - Example of iteration between centralized expansion model and distributed generation 
diffusion model (Cole et al., 2016) 

 

Increase time and spatial resolution 

Data collection for energy planning and modeling tools should seek a more granular 

representation of the resources. This is because the aggregate representation of 

resources may not capture the benefits and limitations of DER. An example is presented 
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by NYISO (2017), where two generators are connected on opposite sides of a congested 

line (Figure 4). 

 

Figure 3 - Example of the locational value of a distributed generator (NYISO, 2017) 
 

Due to the restrictions, the power injection of generator 1 would increase the overload 

on the transmission line. On the other hand, the power injection of generator 2 would 

relieve the congested line. If the generators are aggregated into the model, a unique 

treatment would be given to the two generators. In this way, it is important that the 

models work with higher spatial resolution to capture the benefit of near-load generation 

(deferral of investments in transmission and reduction of losses, for instance). The same 

holds true for temporal granularity. It is known that photovoltaic distributed generation, 

for example, has the capacity to reduce the peak demand of the system in the daytime 

period, marked by the great consumption of air conditioners. In this case, if there is no 

hourly representation of the consumption and generation profile, there is no correct 

valuation of the solar source. 

The open source platform Switch 2.0 represents DER similar to the one shown in Figure 

4. The model creates virtual distribution nodes where loads are placed. These nodes are 

connected to the traditional central nodes via a distribution pathway that incurs 

distribution losses.  Thus, DER have a different value for the model, affecting the energy 

balance at the distribution node, potentially reducing losses from the distribution 

network and investments in distribution capacity. 

Valuing ancillary services and externalities 

The higher resolution of the models is a step in the direction of better capturing the value 

of the DER regarding their energy and capacity provided to the system. However, there 

are ancillary services that can also be delivered in a distributed manner and that need to 

be properly priced and incorporated into the models. In addition, some environmental 

and social externalities can also be included. 
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The work by NREL (2014) discusses some methods to analyze the costs and benefits of 

distributed photovoltaic generation, including environmental aspects and ancillary 

services. As an example of application, despite some limitations, it is worthwhile to 

mention the case of the state of Minnesota that uses a methodology to calculate the 

Value of Solar, including the ancillary services and environmental benefits of photovoltaic 

generation.  

It should be noted that the value of a resource in the system varies over time and 

accordingly to its penetration levels (IEA, 2016; Mills and Wiser, 2012). Therefore, this 

factor should be part of the long-term analyses. 

 

Figure 4 - Example of assessment of the value of distributed photovoltaic generation (Minnesota 
Department of Commerce, 2014) 

 

Regarding storage systems, the Valuing the Resilience Provided by Solar and Battery 

Energy Storage Systems (NREL, 2018) proposes a reliability assessment and shows how it 

can change both the feasibility and the design of a distributed generator with storage. 

Regarding demand response, we highlight the study by Heffner (2009), which compiled 

the approach of different studies to assess the benefits of demand response. 
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Behavioral models 

According to Rogers's Theory of The Diffusion 

of Innovations (2003), the process of adopting 

a consumer innovation is a social process, not 

an exact one. As mentioned earlier, decisions 

are not always based on classical economic 

rationality. In fact, the irrational behavior of 

individuals has been gaining more importance 

in studies. Indeed, the Nobel prize in economic 

sciences of 2017 was assigned to Richard 

Thaler for his contributions to the Behavioral 

Economy. In the field of energy, therefore, 

these factors must also be taken into account. 

In fact, several international studies have 

indicated that a small change in information 

that an individual has access to in the decision-

making process can help individuals align 

intention and action. Some of these studies demonstrate the behavioral effects in the 

residential energy consumption (Sudarshan, 2017) and in the individual consumer choice 

for renewable sources (Momsen and Stoerk, 2014). Understanding what drives 

consumers to adopt innovations, how they respond to incentives, what sociocultural 

barriers prevent them from making more efficient decisions for the system are examples 

of studies that must be further developed in order to improve the models used. 

It is worthwhile to mention that EPE has, since 2014, used a behavioral model to project 

the diffusion of micro and mini generation. This model is classified as a Bass model, 

assuming that the adoption of the technology follows an "S" curve, and it has been 

continuously adapted by EPE from the work of Konzen (2014). Analogously, this model 

can be used to project the adoption of other DER. As an example, a similar methodology 

was used by Groeneweg (2016) to forecast the electric vehicle adoption in Germany. A 

more complex behavioral model known as Agent-Based Model is also an alternative used 

in some studies. Dam (2016) used this kind of model to project the adoption of behind-

the-meter batteries by household consumers.  

Vertical integration (G, T, D & DER) 

The introduction of DER has impacts on distribution, transmission and generation levels. 

From the energy expansion point of view, it is possible to see, if the insertion of the DER 

is optimized, the postponement of transmission and distribution network investments, 

as well as generation capacity. From the operational point of view, the DER may provide 

ancillary services, such as secondary reserve, for example, to the system operator. If the 

interaction does not occur, in some situations, wholesale market signals may conflict 

“Understanding what 

drives consumers to 

adopt innovations, how 

they respond to 

incentives, what 

sociocultural barriers 

prevent them from 

making more efficient 

decisions for the system 

are examples of studies 

that must be further 

developed” 
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directly with the signals of the operator/planner of the distribution networks. Therefore, 

there is an interaction between all levels of the electrical system with the insertion of 

DER. In this sense, the models should strive to integrate generation, transmission, 

distribution and DER.  

Horizontal integration 

New transport technologies such as electric and hydrogen vehicles, and cogeneration 

solutions have the potential to be better integrated with the power system for a more 

efficient overall result. The insertion of electric mobility, for example, can allow the 

batteries to be used for energy arbitrage, smoothing the load curve. The MIT (2016) 

presents an integrated analysis of the effects of the deployment of distributed generation 

and electric vehicles in grid losses and generators remuneration. 

In addition, the increase in electric mobility reduces fuel consumption projections, the 

need for refining facilities, reduces the production of biomass for electric generation, 

among other spillovers. Looking at these synergies depends on the integration of 

different sectors in the energy expansion models in order to seek the best overall 

solution. Cepel's MATRIZ is an example of an optimization model that integrates different 

energy chains. 

Larger volume of data 

The improvement of the previous items will require collecting and processing a larger 

volume of data regarding consumption, generators, tariffs, transmission and storage 

infrastructure status, among others, with higher resolution and more immediate access. 

This is the concept of Big Data applied to the power sector and energy planning. The 

installation of smart meters is one of the paramount conditions to make possible the 

greater digitalization of the sector and the data collection. In addition, the advancement 

of the Internet of Things (IoT) should help this process by increasing the connectivity of 

home appliances, vehicles and buildings. 

As an example of application, in addition to the aid in the construction of models with 

greater horizontal and vertical interaction, the use of geospatial data (from smartphones, 

for instance), could help in the prediction of the load curve, as discussed by Castro and 

Tommaso (2018). Another potential application would be to collect data to help estimate 

the cost of electricity deficit, which is an input for the energy expansion models. 
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Box 2 – Access to more data versus privacy 

Greater access to data from consumers and power producers is one of the conditions for 
improving system planning and operation. In this context, there are growing concerns about 
issues such as invasion of privacy and information security. For example, the load curve of 
a certain consumer, together with the data provided by their appliances, can make it 
possible to discover the habits of the family or whether there is someone at home. 

This type of concern has grown and gone to court, as it did in France in early 2018. The 
French data protection authority (CNIL) announced that it had issued a formal notice to 
Direct Energie (one of the country's electricity utilities) because it was collecting data from 
smart meters without the proper consent of the consumers (this data was not needed for 
calculating electricity bills). 

Therefore, this is another issue to be debated and taken into account to improve the power 

sector model and to adapt the planning and operating procedures of the system.3 

 

3.2. ADAPTING ANALYSES 

Scenarios and sensibility analysis 

As mentioned, planning should not try to predict what exactly will happen in the future. 

In this sense, the construction of scenarios and sensitivity analyses gain importance, 

according to DeCarolis et al. (2017). In the case of the scenarios, some storylines about 

the future are constructed with different premises consistent with the stories. The 

analysis can present a more qualitative description or define the parameters for the 

scenario to be run in the expansion models. In any case, the analysis of scenarios must 

always be associated with a narrative. 

Sensitivity analyses generally consist of identifying parameters that have a great impact 

on the model results and varying them in the simulation to know the effects of this 

variable. The inclusion of sensitivity analyses in EPE’s PDE 2026 (Ten-Year Energy 

Expansion Plan) illustrates EPE's interest in further developing this type of analysis in its 

plans. 

 

                                                           
3 Further information on this case: https://smartgridawareness.org/2018/04/01/no-legal-basis-for-smart-

meter-data-collection/  

https://smartgridawareness.org/2018/04/01/no-legal-basis-for-smart-meter-data-collection/
https://smartgridawareness.org/2018/04/01/no-legal-basis-for-smart-meter-data-collection/
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Impact assessment 

Allied to the construction of different scenarios is the Impact Assessment, or Cost-Benefit 

Analysis. In order to subsidize the definitions of policies and regulation of the sector, it is 

important to verify the impact of the decisions in several areas. As an example, in 2014 

EPE published a study with the evaluation of the costs and benefits of the insertion of 

distributed photovoltaic generation, under two scenarios. The table below illustrates the 

quantified impacts on the document. 

Table 1 - Example of assessed impacts with the insertion of distributed PV 

STAKEHOLDERS IMPACT TYPE 

UTILITIES Impact on Cash Flow Economic 

CONSUMERS Electricity bill savings Economic 

ESCOs Revenue increase Economic 

MANUFACTURERS 

AND IMPORTERS 

Revenue increase 
Economic 

STATE 

Impact on cash flow from tax 

collection on electricity bills 
Economic 

Increase in tax collection from 

the sale of equipment and 

services 

Economic 

FINANCIAL 

INSTITUTIONS 

Revenue increase from 

financing 
Economic 

SOCIECITY Generation of jobs Socioeconomic 

GENERAL Energy procurement savings Economic 

GENERAL Reduction of Technical Losses Technical/Economic 

GENERAL Reduction of GHG emissions Environmental 

Source: EPE (2014)   

 

Decision making under risk and uncertainty 

In cases where the planner needs to make a determining decision, the approach of 

decision making under risk or uncertainty may be useful. For example, in the case of bulk 

generation and transmission expansion, if the planner assumes a scenario of low DER 

development will materialize and a "high" scenario materializes, there will have been 

overinvestment in the bulk power system. On the other hand, if it is assumed that there 

will be high penetration of DER, and in practice if a "low" development scenario is 

realized, the reliability of the system may be compromised or the costs of supply can be 

increased. 

Methodologically, when scenarios have definite consequences and probabilities, the 

planner's decisions can be based on decision making under risk practices. In this field, the 
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criterion of Maximum Expected Value (EVM) is widely used. On the other hand, decision 

making under uncertainty is useful in cases where variables are known, but the 

probabilities to determine the consequence of an action are unknown or cannot be 

determined with any degree of certainty. Criteria such as maximin, maximax, minimax 

(minimum regret) and Laplace (highest average) are some examples that can be used in 

decision making under uncertainty. 

4.  CONCLUSIONS 

Accelerated technological advances and their applications to the electric sector, together 

with the advent of "prosumers", open up new possibilities for optimizing the use of power 

grids with the participation of distributed energy resources. On the other hand, this new 

phenomenon also presents enormous challenges for the energy planning to assure the 

efficiency and reliability of energy supply. 

Changes in the characteristics of the Brazilian bulk power system may result in loss of its 

flexibility. On the other hand, the insertion of DER at appropriate sites, operated at the 

right times, is able to provide flexibility to the system, in addition to contributing to the 

reduction of losses and the better use of the existing grids. 

The power sector model must be improved to give economic signals to the values that 

the distributed resources bring to the system in order to align the individual decisions 

with the global optimum. However, decisions of individuals are not always economically 

rational. Sociocultural and environmental factors influence their actions. In this context, 

energy planning studies must factor in greater uncertainty. 

Improvements to tools and models are needed to adapt to the new reality. First, of 

primary necessity is the development of tools that allow greater spatiotemporal 

granularity of generation and consumption. Secondly, planners should develop 

improvements in diffusion models of DER. The implementation of behavioral models 

assists this type of projection. In addition, it is necessary to seek greater horizontal and 

vertical interaction in expansion models, which will allow the analysis of the synergies 

between the electricity, transport and gas sectors, for example, and will facilitate the 

optimization of the expansion considering the distribution grid. Finally, the improvement 

of the models should be carried out together with methods of scenario analysis, decision-

making under uncertainty, and cost-benefit analysis to better guide policy and regulatory 

decisions. 

When it comes to DER, this is the direction EPE plans to focus its 

efforts in order to support policy-making. 
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