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Abstract 
This study aims to apply a methodology to analyze the regulatory obstacles 
for the development of thermal power plants in a country. The study uses 
Brazil as an application case, although mostly of the findings can be useful to 
other countries. It also discusses other policies and actions by the government 
that may contribute to the growth of natural gas-fired power plants. Using 
deductive and comparative research methods, the first part of this method 
focuses on the stage of thermoelectric power generation in Brazil. The subse-
quent sections present the role of the integration of gas and electricity sectors, 
the main obstacles to the expansion of natural-gas power generation, how the 
country has deal with the expansion of natural-gas power generation, as well 
as how other obstacles has been faced. In raising the research question, when 
comparing the research results of selected countries, it should be noticed the 
impact that the experience and lessons elsewhere have had on policies for-
mulation on Brazil. Our conclusions pointed out that adequate policies for 
the natural gas-electricity Brazilian market integration make advisable the 
unification of electricity and natural gas agencies. We recommended devel-
oping a mathematical model to support decision-making on natural gas and 
electricity integration. 
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1. Introduction 

In most countries, except Brazil and China, power generation using natural gas 

How to cite this paper: Galvão, C., Costa, 
H.K. de M., Pereira, E.G., dos Santos, E.M. 
and Ramos, D.S. (2024) Natural Gas Power 
Plants in the System Security Role—The 
Situation and Solutions in Brazil. Energy 
and Power Engineering, 16, 151-178. 
https://doi.org/10.4236/epe.2024.164008 
 
Received: February 24, 2024 
Accepted: April 6, 2024 
Published: April 9, 2024 
 
Copyright © 2024 by author(s) and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/   

  
Open Access

https://www.scirp.org/journal/epe
https://doi.org/10.4236/epe.2024.164008
https://www.scirp.org/
https://doi.org/10.4236/epe.2024.164008
http://creativecommons.org/licenses/by/4.0/


C. Galvão et al. 
 

 

DOI: 10.4236/epe.2024.164008 152 Energy and Power Engineering 
 

primarily addresses the industrial sector [1] [2] [3] [4]. Natural gas accounts for 
approximately 20% of all electricity generated worldwide, resulting in a calcu-
lated consumption of 1.4 trillion m³ of natural gas, moving from the fourth to 
the second position in the ranking of the most used sources for electricity gener-
ation [3] [5] [6] [7]. 

The United States, Russia, and Japan are leading the gas fired electricity gen-
eration field. Collectively, these three countries account for 41% of the electricity 
generated using natural gas as the primary source [3] [5] [8] [9]. The aforemen-
tioned three countries have already overcome their barriers in developing natu-
ral gas power plants to get electricity and other advantages from this source at a 
competitive cost [10] [11]. 

In Brazil, besides some economic advantages that natural gas thermoelectric 
systems bring to society, there are other reasons to promote natural gas power 
plants. For instance, there is a scenario of natural gas supply due to pre-salt ex-
ploration and structure for liquefied natural-gas (LNG) imports [12] [13] [14], 
added to the crisis of hydraulic generation, which is losing representativeness in 
the Brazilian energy matrix, particularly in the face of intermittent renewable 
energies, such as wind and solar energy [6] [12] [15]. 

Thus, thermoelectric power plants (TPP) powered by natural gas are strong 
candidates for complementing the generation of the Brazilian electricity net-
work. The installed power of natural-gas-fired TPPs has increased in Brazil from 
2,000 MW to 14,000 MW in the last two decades [12] [16]. However, it is still 
necessary to increase the representativeness of this power source in the coming 
years, and several regulatory and market barriers must be overcome [12] [17] 
[18]. 

In 2022, Brazil faced its worst hydrological crisis since 1931, particularly con-
sidering the rainfall between September 2020 and March 2021, a period that his-
torically provides high levels of precipitation (called the ‘humid period’), which 
is responsible for filling the reservoirs of the central hydroelectric plants [19] 
[20]. In such scenarios, the available thermal plants are activated, significantly 
increasing the energy price. It is estimated an amount around 2 billion US$ ex-
pended in 2021 for energy generation via thermal plants to preserve reservoir 
levels [21] [22]. Part of the price was because of the high cost of thermal plants, 
which were constructed immediately after a similar crisis faced by Brazil in 2000 
and 2001 [22] [23]. 

Therefore, our main objective is the application of a methodology to improve 
natural gas and electricity integration in the Brazilian market. The methodology 
starts by explaining natural gas’s role and energy integration in the energy tran-
sition context, clarifying how this integration can collaborate with energy secu-
rity supply with sustainability (Section 2). After, we highlighted the importance 
of thermoelectric power plants in hydrothermal systems such as Brazil due to the 
importance of designing feasible solutions (Section 3). 

After, the current situation of natural gas and electricity integration in Brazil 
is explained (Section 4). In sequence, the obstacles that should be overcome to 
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encourage the integration of energy sources not systematically dealt with by the 
government are focused (Section 5). These obstacles will be the main target to be 
solved by the proposed policies. In addition, a short comparison with specific 
countries which possess similar barriers are analyzed (Section 6). Finally, public 
energy policies for the integration of natural gas and electricity are suggested for 
Brazil (Section 7). 

2. The Role of Natural Gas and Electricity Sectors Integration 

In the energy transition context, power system flexibility is a crucial issue that 
needs to be addressed. One question that arises in this context is the role that 
thermoelectric power plants, as natural gas-fired generation, will play in the 
scenario of energy matrix expansion supported by non-dispatchable renewable 
energy sources, as wind and solar [24]. 

Although it can be argued that the financial attractiveness of renewables in 
relation to thermoelectric plants tends to lead to an increase in the share of the 
former to the detriment of the latter [25] [26], as thermal plants are dispatcha-
ble, they will continue to play an essential role in the energy markets, especially 
those with the need to system operational flexibility. In this rationale, in markets 
with both renewables and natural gas, combining these sources in the electrical 
matrix is beneficial in terms of system operation. 

The expansion of wind and solar energy must be accompanied by an increase 
in electrical system flexibility to deal with the greater variability of electricity 
generation through (i) demand response, (ii) storage (batteries, heat storage, 
hydrogen, synthetic methane, or other chemicals), and (iii) gas-fired thermoe-
lectric plants for generation in times of peak consumption [27]. 

As gas-fired thermoelectric power plants are dispatchable, their presence in 
the energy matrix can be used to provide either base energy supply or load peak 
shave, providing both inflexibility and flexibility when operated at base load 
mode, depending on the technology used [28]. In addition, it provides grid-ba- 
lancing services, complementing the integration of intermittent renewable re-
sources into regional electrical grids. Thus, natural gas power plants are used to 
provide the complementary generation required to balance renewables and load, 
including those with load-following or peaking capabilities [29]. 

Moreover, the existing natural gas system infrastructure can be used to store, 
transport, and distribute renewable gaseous fuels by adopting or blending low- 
methane gas, renewable gas, or even hydrogen to be used in industrial processes 
and energy generation [30] [31] [32]. 

In this context, initiatives observed in the PJM Interconnection, LLC (PJM) 
market, the largest wholesale electricity market in the US, among other markets, 
seeks to improve natural gas and electricity market coordination dispatch as a 
means to improve the efficiency between these sectors and the industries in 
which they belong [33]. 

Integrating natural gas and electricity is also a crucial topic within the pre-
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cepts of energy transition, particularly in developing markets aligned with the 
energy justice concept [24]. The integration of the energy and natural gas sec-
tors, known as the coupling sector, promotes the acceleration of the decarboni-
zation of energy systems, beyond energy security and sustainability which could 
provide a clean source in comparison to coal or oil. 

The coupling sector, as shown in general terms in Figure 1, involves different 
interconnected aspects of energy and gas sectors: (i) the electrification of trans-
port, industry, and homes via transmission and distribution networks, (ii) the 
production of hydrogen and methane gases from renewable electricity, (iii) sto-
rage of energy in pumped hydro plants, batteries, and as hydrogen and methane 
gases, (iv) supply of renewable gases to final consumers, and (v) generation of 
electricity from hydrogen through fuel cells and from gas with thermal power 
plants [34]. It can be observed that modern gas turbines can operate using a 
mixture of hydrogen and natural gas. In contrast, hydrogen can be captured and 
transported in gas grids and re-electrified in gas turbines or fuel-cell power 
plants. 

 

 
Figure 1. Illustrative scheme of sector coupling—electricity grid 
and gas transportation network. 

3. Technical Investigation—The Importance of Natural Gas 
Power Plants in a Hydro-Thermal System 

Although natural gas can complement the generation of intermittent renewable 
energy sources, such as wind and solar, this energy source is vital for the security 
of hydraulic-based systems [35]. Brazil is a global reference because it has a pre-
dominantly hydraulic energy matrix [36]. Although its representativeness is de-
creasing, the primary energy source still depends on rain in the country and on 
border countries [37]. 
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Figure 2. Behavior of strategic variables in the supply to the electricity market since 2010. 

 
Hydraulic power generation has several advantages, and it is renewable and 

cost effective. However, it poses a risk to the system that must be managed, that 
is, the risk of a period with a short amount of rainfall, which can result in energy 
rationing [38] [39]. Energy rationing forces consumers to reduce their energy 
consumption; the cost of lack of energy is extremely high and must be avoided 
[40] [41]. 

The hydrological crisis Brazil faced in 2022 affected inflation and the popula-
tion budget, and the damage could have been devastating if the dry season had 
lasted a little longer [42] [43]. The situation could have been predicted and con-
templated in time in sectorial planning. More specifically, an early operation of 
thermoelectric plants ought to have been scheduled to preserve the storage status 
of the most relevant reservoirs to ensure the supply of energy to the Brazilian 
power network [44]. 

Figure 2 demonstrates that since 2012, the inflows from rain in the Brazilian 
system during the rainy season (from December to April) have been systemati-
cally below the historical average. As might be expected consequently, thermoe-
lectric generation is growing on average in this period. The reservoirs levels did 
not recover during annual rainy seasons as it used to be before 2012. Therefore, 
since then, the Brazilian system has finished the rainy season with a lower reser-
voir storage level than that of the previous year. Thermoelectric plants were en-
tirely activated in severe droughts to compensate the lack of hydroelectric gen-
eration, which have occurred more frequently in the last decade. 

The benefits of the natural gas power plants in the Brazilian network mate-
rialize in the form of (i) improvement of the performance indicators of the Bra-
zilian network, (ii) lower energy cost to consumers when compared with other 
thermoelectric options, and (iii) lower CO2 emissions than other fossil fuels. For 
the entire system, the impact occurs in the reduction of total operation cost and 
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in the level of storage of the reservoirs, which directly affects the risk of restric-
tion of supply or risk of rationing. An increase in the offer in the system always 
reduces the average cost of operation and contributes to the recovery of the hy-
droelectric reservoirs [45] [46] [47] [48] [49]. In turn, the benefits and costs of 
direct impact to consumers are perceived through (i) the reduction of dispatch 
costs of thermal plants out of order of merit  that is allocated to the consumer 
through the system service charges, and (ii) the cost of exposure of the genera-
tion scalator factor (GSF) allocated to contracts with hydro plants and the cost of 
contracts with thermal plants (the costs of thermoelectric generation when hy-
dro generation is incapable of satisfying the demand) [50] [51] [52] [53] [54]. 

4. Domestic Investigation—Status of Natural Gas in Brazil 

Brazilian production of natural gas can be understood as the net production of 
natural gas in the Brazilian territory, which corresponds to the gross output, 
subtracting the portions of own consumption (amount consumed in the oil ex-
ploration and production process), re-injection for oil extraction, and burns or 
losses in operation [12] [55]. In Brazil, the net production of natural gas will 
grow significantly in the coming years, primarily owing to the availability of gas 
from pre-salt [12] [56]. 

Even with the tremendous economic attractiveness of using gas to be rein-
jected and thus optimize oil extraction in Brazilian pre-salt, there will still be an 
ample natural gas destinated to the Brazilian market [12] [57] [58]. The expecta-
tions of the introduction of a deregulated natural gas market in Brazil have 
aroused greater economic interest from majors consumers. For the companies 
that explores natural gas, this may increase the attractiveness to supply the gas to 
the market causing less natural gas to be reinjected for pre-salt extractions, and 
an even greater availability may be observed, as shown in Figure 3. 

 

 
Figure 3. Brazilian pre-salt natural gas production forecast. (Source: EPE, 2020). 
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The existing gas pipeline structure for offloading natural gas produced off-
shore on Brazilian land, and considering the current routes (routes 1 and 2) and 
routes under construction (only route 3), the capacity to offload the expected 
production of natural gas will be sufficient by 2027, when it is above the 44 
MMm³/day capacity of routes 1, 2, and 3, respectively [12] [59] [60] [61]. To 
expand offshore flow capacity, 11 indicative gas pipeline projects have been 
mapped out by the government, seven of which are based on natural gas vo-
lumes from pre-salt books and four on post-salt books [60] [62]. The planned 
pipelines are approximately 2,100 km in length, and some of these projects pro-
vide different alternatives for the flow of offshore natural gas from the same se-
dimentary basins. Considering the construction of only one alternative pipeline 
for each bay, these projects may add more than 70 MMm³/day of flow capacity 
to the offshore environment in Brazil, with respective gas processing units 
(GPUs) [60] [63]. 

In the case of imported natural gas, there is the possibility of LNG importa-
tion and exportation via terminals [64]. Imports from Bolivia reduced from 30 
MMm³/day to 20 MMm³/day by 2021 [12] [14] [65] [66]. This reduction in vo-
lume imported from Bolivia is supposed to be supplied by imported LNG. Im-
ports via LNG and imports via GASBOL will have their books strongly affected 
by consumers’ demand flexibility (maximum and minimum take), the need for 
firm contracting by suppliers, and negotiated prices. 

Thus, the production of associated natural gas, which can be understood as 
natural gas coming from pre-salt, will increase in the coming years, representing 
67% of the national supply in 2024; however, its share is projected to reduce to 
47% by 2029 [12] [67] [68]. The reason for the reduction in participation is not 
the reduction in total net production, but rather due to the increased representa-
tivity of imported gas in the national supply, primarily through LNG, which has 
been more competitive than the natural gas coming from Bolivia and even from 
pre-salt [69]. 

Independent of the origin, once natural gas is available in Brazil, its use de-
pends on transportation and domestic distribution [70] [71]. To transport gas 
for industrial, commercial, and residential use, whether for energy purposes or 
not, a physical structure and regulatory framework are required, which is still 
under development in Brazil. The use of natural gas is lesser in the next decade 
for these segments [60] [72] [73]. 

The government signals poor grid expansion by 2029. Moreover, little activity 
is observed on the distributors’ side, with the structures regionalized within their 
concession areas, as this is a natural monopoly [12] [71] [74]. 

Petrobras maintained a monopoly of natural gas operations in Brazil, gene-
rating distrust from other agents because Petrobras could benefit from the mo-
nopoly [75] [76] [77] [78]. Thus, aligned with the opening of the gas market, the 
signing of a commitment to practical assignment (TCPA) in 2019 between Pe-
trobras and the Administrative Council for Economic Defense (CADE) was 
another action [78] [79]. 
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In this agreement, Petrobras commits to selling operations and natural gas 
assets to increase competition within the sector [78] [79]. Thus, Petrobras re-
nounced the exclusivity it had to contract the transportation capacity in its pipe-
lines and indicated maximum withdrawal and injection volumes in the trans-
portation pipelines. Another significant milestone was the resumption of the 
public call process, through which the Petroleum National Agency (ANP) would 
contract, at the appropriate time, the transport capacity was waived by Petrobras 
until December 2020 [78]. However, there are still assets to be privatized, and 
such assets must be sold as soon as possible to contribute to the free-market 
competition [80]. 

An additional possibility for natural gas usage is the use of plants that cur-
rently use fuel oil as an input. They can undergo a retrofitting process to work 
with natural gas, contributing to cleaner and cheaper energy security in Brazil 
[12] [81] [82] [83]. Thus, expanding the thermal generator park becomes essen-
tial to ensure the security of the energy system, particularly in times of hydro-
logical crisis, with lower costs and tariff moderation for the consumer. 

5. Barriers to Be Overcome—the Expansion of Natural Gas 
Power Plants in Brazil 

In principle, there are three ways in which natural gas power plants can sell energy 
in the Brazilian market. Specifically, the first alternative is long-term sales through 
auctions that are controlled by the government, selling the energy to distributors 
in the regulated market. The second is bilateral sales in the deregulated market, 
where sellers and buyers can freely negotiate the commercial conditions, which 
can be extended or short-term. Finally, the third option, the plant can operate as a 
merchant, which sells all the energy generated in the spot market, delivering ener-
gy when the spot price is higher than the generation cost [64]. 

Several barriers remain concerning public policy for the expansion of these 
power plants in Brazil, which will be analyzed below. One includes an analysis of 
the Brazilian government’s regulatory agenda to stimulate the development of 
natural gas thermal plants, which began in the Gas-to-Grow program in 2016 
and is being continued by the Natural Gas Market Opening Monitoring Com-
mittee (CMGN). 

5.1. The Barriers and Their Treatment from the Brazilian  
Government’s Point of View 

In 2016 the ‘Gas to Grow’ initiative was launched by the Brazilian government. 
The objective was to generate studies and proposals for the correct operation of 
the natural gas market because of the reduction in Petrobras’ participation in 
this market, already anticipating the TCC that would be signed with CADE in 
2019, and with estimates that the natural gas market could triple by 2030 [84]. 
Nine subcommittees were created to address each action front. One is the inte-
gration of the electricity and natural gas sectors (named S8GC) [84]. This sub-
committee generated two reports in 2017 with a complete diagnosis of actions to 
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be evaluated to stimulate the market [84]. 
As for the new gas market (NMG) program, the natural gas market opening 

committee (CMGN) was set up to identify opportunities for regulatory im-
provement from the activities initiated by the S8GC, generating reports in 2019 
and 2020 [78]. 

On the electricity sector side, a working group was established in April 2019 to 
deal with the sector's modernization. Following that, in October of the same 
year, the change integration committee (CIM) was created to create the work 
plan defined by the electricity sector modernization working group, which has 
created interactions with other working groups that also handled natural gas. 

The measures that were diagnosed by the S8GC and disclosed in its two re-
ports in 2017 were classified into three main groups [84]: (i) measures related to 
the correct allocation of costs and risks among agents; (ii) measures related to 
the regulation of the natural gas supply model for thermal plants; and (iii) 
measures related to the improvement of integrated planning between gas and 
energy. 

Table 1 summarizes the status of each of these measures, listed as necessary 
for the development of Natural Gas Power Plants (NGPPs). 

 
Table 1. Summary of the current situation of the measures to be addressed. 

Current situ-
ation 

Quantity of measurements in each situation 

Cost and risk 
allocation 

Natural gas 
supply model 

Improvement of integrated 
planning between gas and 

electricity 
Pending 2 0 2 
Solved 2 4 1 
Being 

handled 
0 1 1 

Overcome 0 2 0 
Our of scope 0 0 2 

Source: MME, 2019a. 
 
In summary, the current situation of these measures is that five still have 

pending issues that need to be treated and will remain under the CMGN discus-
sion and follow-up. Some have already been solved; however, two were consi-
dered outside the S8GC’s scope, so they were concluded. They had similar 
treatments to those that have been solved without forwarding or even recom-
mending this theme to another workgroup. Therefore, the need for the govern-
ment to deal with such measures is emphasized, even if it is through other 
working groups. Two measures were forwarded to the respective regulatory 
agencies: ANP and Electricity National Agency (ANEEL). Four measures were 
considered surpassed, not requiring treatment, and two other recommendations 
were made for other NMG working groups (articulation between the natural gas 
grid manager and National System Operator—ONS, and establishment of short- 
term auctions for natural gas). 
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Figure 4. Classification for the measures to be treated. (Source: MME, 2019a). 

 
Before arriving at the current situation in 2019, when the CMGN took over 

the activities that until then were being performed by the S8GC, a classification 
of the measures was carried out. It considers the impact of a given measure on 
the market and its level of complexity for implementation, as shown in Figure 4. 
In this graph, the further up and to the left, the greater the efficiency and effec-
tiveness of the measure. 

When analyzing Figure 4, it can be verified that the measures for the alloca-
tion of costs and risks present, in general, a relatively low complexity compared 
to the other two groups. However, on the other hand, they present low or me-
dium impacts for the market. The measures related to the natural gas supply 
model and improvement of the integrated gas-energy planning present com-
plexities that range from low to very high, and the impacts of the agents are me-
dium/high. It is worth mentioning that the measures related to the supply model 
have a slightly more relevant impact on agents. 

Accordingly, the S8GC classified each measure into five priority groups, or-
dering the themes to be treated [84]. 

5.2. Other Barriers to the Expansion of Natural Gas Thermal Plants 

Regulation complexity 
According to the Brazilian Federal Constitution (FC), natural gas distribution 

is under the regulatory responsibility of each state government. The federal gov-
ernment regulates other activities, such as production, commercialization, and 
transportation. Brazil has 26 states in total; therefore, it is complex for natu-
ral-gas-related companies to implement action in each state, primarily because it 
involves understanding and addressing 26 different regulations to consider and 
expand the use of this energy source when it is advantageous. 

Furthermore, the business environment has become more complex, consider-
ing that each state has power in its regulation. In theory, a policy should be fixed 
to benefit the country itself; however, each state should have a weapon to fight 
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for its benefit. When state and federal government targets are not the same, 
there is a strong possibility of conflict and delays in the schedule. One way to 
solve this problem is to change the FC, which is a complex task that demands a 
strong federal executive influence under the Congress. In this regard, a political 
agreement that concentrates regulatory measures in federal level could benefit 
natural gas industry by promoting a rules standardization. 

Moreover, there are tax issues and fiscal wars between the states. In October 
2020, the Federal Supreme Court (STF) judged Petrobras’ actions regarding col-
lecting Tax on the Movement of Goods and Service (ICMS) imported from Boli-
via. The dispute was whether the ICMS would be paid in the state of entry of 
natural gas (MS) or in the state of consumption (SP, SC, and RS). This resulted 
in a tax war between the states and left the industry more bureaucratic, slower, 
with more significant risks, and consequently higher costs [85]. 

Regardless of this isolated event, other examples are available in Brazil, where 
the tax war results in situations contrary to the public interest. For example, the 
winning TPP of the isolated auction of Rondônia, held in 2019, transports gas 
from AM to RO by truck because there are tax gains related to ICMS. Except for 
the gain generated by the ICMS, the best economic decision with less use of re-
sources would be the transportation of the already converted electrical energy 
instead of gas. 

Therefore, harmony in tax legislation is necessary to enable the rational use of 
natural gas by economic agents, instead of a tax war in which resources are used 
contrary to public interest. Because of those examples, such as issues related to 
FC and to tax legislation, one may say that changes in legal framework could 
bring benefits to promote natural gas industry development in Brazil. 

Lack of information for decision making 
In 2021, a law passed that was aimed at the privatization of the Brazilian elec-

tricity government company Eletrobras. This law enacted that 8 GW of ther-
moelectric power plants should be created in locations where natural gas is un-
available. This legislation should be evaluated in order to gain some insights 
[86]. 

The creation of power plants in locations where natural gas is unavailable 
aims to use these plants as anchor businesses to develop a natural gas network. If 
natural gas is not available in Brazil nationwide, and the best option is its direct 
use, determining the construction of these power plants will not contribute to 
the advantages already discussed but also lead to the expansion of the gas net-
work in Brazil. 

On the other hand, although it is advantageous to Brazil, only its impact on 
electricity can be evaluated. In this case, a cost increase in electricity of 52 billion 
is expected due to operational costs by 2031 and an additional 18 billion in in-
vestments [87]. However, there is no expectation of benefits from the natural gas 
side. The evaluations for these decisions should consider the energy cost to the 
consumer, not only on one side. There is no public information about the bene-
fits to consumers looking at the gas side, and it is expected that even the private 
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side has such information. 
Furthermore, a very important decision for Brazil’s energy policy was intro-

duced in the legislation that the focus was another, with a high impact on the 
market but different. There were no previous evaluations or studies on this con-
sideration in the legislation, and it appeared as a surprise when the expected Ele-
trobras privatization law was released. A difficult decision should be made more 
cautiously in its treatment and be evaluated appropriately [86]. 

Brazil has a strong reputation for modelling the electricity sector due to the 
operation and optimization of its hydrothermal system, which is not commonly 
found in other countries, forcing Brazil to develop its own electricity deci-
sion-making models. These models are also available in the market, enabling all 
players to prepare projections for their decision-making. Moreover, it guides de-
cisions in the expansion and operation of the electric sector, despite the expected 
human fine-tuning. The point is that, in the case of natural gas, there has not 
been a similar evaluation. This evaluation should be performed collectively once 
the final product to the consumer is provided as energy, and this should be the 
central concern, despite electricity or gas. 

Cost competitiveness with other sources 
In the last decade, renewable energy sources have become cheaper than con-

ventional energy sources, including natural gas [88]. It has caused several com-
panies to announce that they would only buy energy from renewable producers, 
as is the case for companies participating in the Renewable Energy Buyers Al-
liance (REBA). The great motivator for this strategic change is its lower cost 
compared to other energy sources. However, companies also use green market-
ing, reinforcing their commitment to society and the environment and main-
taining the ESG conduct criteria. Thus, in addition to exploiting the low costs of 
renewable energy, companies are using marketing actions to reinforce their po-
sitions in the market. 

In Brazil, there is also an aggravating factor: the discount on the use of the 
distribution system granted to solar, wind, small hydroelectric, and biomass 
thermal plants. As a means of fostering renewable energy in Brazil, since they are 
less competitive and strategic for the country, the government created a benefit 
in which it grants the buyer of the energy a discount on the tariff for the use of 
the distribution system. The discount can vary from 50 to 100% tariffs [89] [90]. 
Renewable energy was less competitive when this incentive policy was defined, 
requiring this subsidy to be competitive in the market and leveraging energy 
sources that were considered strategic by the government [91]. Currently, it is 
possible to verify that the renewable plants that receive this incentive are com-
petitive in the market and no longer need to be subsidized. This subsidy made 
the natural gas thermoelectric plants even less competitive vis-à-vis renewable 
sources. 

In March 2021, Law No. 14.120 was published, establishing a schedule for 
these discounts to be discontinued, with a two-year transition period; only SHP’s 
will have a five-year transition period [92]. With the extinction of this incentive 
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for renewable sources, natural gas generation has become increasingly competi-
tive. In the case of energy auctions held by the government, the amount pur-
chased is divided into quotas for each primary energy source. Thus, the govern-
ment could control the mix contracted in the auction. However, in the case of 
the free market, the energy generated by gas is, in fact, less attractive to the con-
sumer and still lacks a green marketing appeal [91]. 

Part of the value of the TPP to society is, in moments of high energy demand, 
to attend to the consumption in situations where the other sources will not have 
the capability to increase the security of the system. Thus, the competitiveness of 
natural gas plants is harmed because, when selling only energy, the cost of 
R$/MWh is considerably higher. However, as soon as it starts to sell firm energy 
certifiers and capacity in a separate way, a given TPP can increase its revenue 
and billing by making it available in times of market shortage (times of high 
consumption). In any case, the new model is being prepared by the government 
and great care is required so that natural gas-fired plants can be rewarded for the 
value they offer to the electricity sector [93]. 

Electricity is a fundamental good to society and government, and the govern-
ment must guarantee its supply. The bottleneck for energy production can be 
energy amount, for example, in markets with a predominance of hydraulic gen-
eration. The other possibility is a bottleneck of production capacity, having 
thermoelectric markets as a prominent example. The ballast is the warranty that 
the necessary energy will always be available to society so that both bottlenecks 
will not disturb the availability. Historically, Brazil's ballast was energy amount, 
but with intermittent renewable energy, the capacity ballast overpasses the ener-
gy amount requirements depending on the moment. 

There is another issue related to the generator’s rate of use in the transmission 
system. According to Brazilian legislation, certain plants from renewable sources 
have tariff discounts for distribution system use [89]. Renewable energy enter-
prises, primarily wind and solar, use this technology, which makes them more 
competitive. However, this benefit is about to be discontinued, similar to the 
discount granted to consumers who purchase this energy [92]. 

The different responsibilities of renewable and thermal gas sources within an 
energy system are worth highlighting. While renewable sources seek to generate 
energy sustainably, intermittently, and currently at low cost, one of the roles of 
thermal plants is to ensure service at peak times, thereby increasing the reliabili-
ty and security of the system. To stimulate the competition of thermal plants for 
cheap energy, a law was published in December 2020 that enables natural gas 
thermal plants to participate in auctions, with 100% inflexibility, making them 
more competitive in terms of R$/MWh and with their generation entirely at the 
base of the system, which enables thermal plants to generate at the base, to re-
lieve the demand on the reservoirs of hydroelectric plants [94]. 

Financing the power plants 
Investments in the construction of thermal gas plants are significant, and for 

the most relevant plants, it is difficult to finance them with their resources be-
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cause of the high investment level. Generally, agents resort to financial institu-
tions to obtain financing. For this financing to be released, the institutions ana-
lyze the request. However, it is essential to present PPA’s (Power Purchase 
Agreements), which also consider the credit rating of the buyer. 

In the case of the regulated market, it is possible to qualify a plant for auction 
without the financing being granted so that the winner (s) of the auction, in 
possession of their PPA’s with the participating distributors, obtain loans 
(usually granted because of the seriousness of the project) from financial institu-
tions. These plants have already been granted by ANEEL, including environ-
mental approval, and have buyers - in this case, the energy distributors - with 
robust financial health and government protection not to fail (“too big to fail”) 
since electricity is a common good. Thus, there are no significant difficulties in 
obtaining financing for plants participating in auctions [95]. 

The difficulty for financing the project arises when power plants want to offer 
energy entirely in the deregulated market, as it is discussed as follows, consider-
ing a power plant that offers 100% of its generation in the free market. The in-
vestment return period is high, at approximately 20 to 30 years [96]. Generally, 
PPA’s would be necessary for financial institutions to grant such loans, as in the 
case of the regulated market. However, in the free market, it is seldom for a 
consumer to buy energy for periods longer than five years; therefore, the plant 
would not be able to prove to the financial sector that it would have the income 
to pay the loan in the future [97]. Even if consumers would make 20 to 30-year 
energy purchase contracts, a small portion would have financial strength similar 
to that of energy distributors, making it more difficult to access credit. Addition-
ally, these large consumers opted for renewable energies, which have a more 
competitive price, and still reinforce green marketing within the industry. 

Another benefit resulting from capacity auctions and, subsequently, from the 
separation of capacity and firm energy certifiers, in order to make feasible a sep-
arate trading, that the government is now preparing, are the new rules that make 
this financing feasible [91]. Conceptually, the change planned by the govern-
ment in the separation of capacity and firm energy certifiers, changing the form 
of energy contracting in Brazil, is that all consumers will pay for the new in-
stalled capacity (called ballast in Brazil), whether regulated or deregulated, 
through auctions [84]. The expectation is that, with the sale of the ballast, the 
entrepreneur can readily obtain the necessary financing, regardless of whether 
the energy will be sold in the free or regulated market. According to the most 
recent schedule, the separation of ballast and energy should be implemented as 
of 2022; however, it depends on the congress’s approval [91]. 

However, to anticipate some of the benefits of the separation of capacity and 
energy as products to be traded, capacity auctions were also established in the 
same law that extinguished the incentive to renewable sources through discounts 
in the distribution system [92]. Accordingly, thermal plants will be able to sell 
their capacity in these auctions, and later, they will be able to sell energy in the 
regulated or deregulated market. A regulatory framework to make sizeable 
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thermal power plant financing feasible is now readily available. All that is re-
quired is for agents to know how to take advantage of this regulatory structure. 

6. Lessons from Other Countries 

Several measures have been taken to make natural gas thermal plants feasible, 
enabling this market to develop in the short and medium term. Simultaneously, 
the country lacks a structure to deliver gas directly to the consumer because this 
gas usage is more efficient for possible applications. It is possible to determine 
that all measures consider the current situation. However, there are no measures 
to ensure a continuous improvement in the integration of electricity and natural 
gas. 

Although the schedule for oil exploration in the pre-salt has been known for a 
few years, little has been done to use natural gas in Brazil directly by consumers, 
which would be much more efficient. Companies were forced to construct ther-
mal plants to convert gas and sell energy in a gas-to-wire format, and the popu-
lation need to pay the inefficiency bill. It is unreasonable that the consumer 
could interfere negatively with the regulator’s behavior and that, under no cir-
cumstances, the regulatory structure becomes negligent with the national energy 
policy. 

Nigeria has faced regulatory challenges in expanding the natural gas market 
since 1979 through the Associated Gas Re-Injection Act (AGRA). However, the 
regulation was not sufficient to motivate agents, and the government made sev-
eral adjustments in subsequent years to achieve the set target [98]. The chal-
lenges faced ranged from a lack of a market to attract investments (related to the 
lack of structure) to penalties that were considered payable by the agents and did 
not inhibit such activities [98]. 

The lack of regulation for the proper use of gas, even if it was to be sold as 
LNG, costs Nigeria approximately $2.5 billion per annum in opportunity cost, as 
well as causing several health problems to the population [99]. Similarly, sup-
pose Brazil does not have an adequate regulatory structure for the use of natural 
gas. In this case, it will also be subject to significant losses, including economic 
losses of magnitude for the country, considering the scenario of an energy defi-
cit. 

It is known that public policy is not an exact science, and similar to Nigeria, 
Brazil may still face difficulties in defining policies related to the regulation of 
natural gas. In the case of Nigeria, despite the gas supply, no regulation allowed 
its use, which significantly penalized the country in financial and environmental 
aspects [98] [99] [100] [101] [102]. To avoid a similar situation in Brazil, the 
regulations created must be sufficient to motivate various agents to promote the 
use of natural gas and create penalties that inhibit behaviors harmful to the 
market. 

The process of trial and error in defining an efficient public policy can be 
long, which increases the urgency of a rapid government initiative; however, if 
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designed consistently, it may achieve the desired objective, as Nigeria has done. 
Given domestic demand and reserves, much of its production is allocated to 
other markets via LNG. However, there were few international regulatory refer-
ences when they began to face these challenges. The advantage of Brazil is that it 
can already reference many other cases of success and failure in other countries, 
shortening the process. 

The USA is an excellent reference. The first legal act to regulate the natural gas 
market was passed in 1938, when the Natural Gas Act started regulating inter-
state gas sales. In 1978, the Natural Gas Policy Act (NGPA) initiated the deregu-
lation of the gas market, which occurred slowly, with free access to natural gas 
distribution services only guaranteed in 1992 through FERC Order 636 - a 
change that was essential to create competition in the market [103]. 

Throughout the deregulation process, the Californian natural gas market ex-
perienced four incidents that shook it severely, making it more robust to future 
unplanned events [103]. Several lessons were learned during this period, and the 
following are those that can be applied to Brazil regarding the regulation of nat-
ural gas for thermoelectric plants [103]: (i) no political interest should influence 
decisions in a way that violates market principles; (ii) no regulation should 
pressurize a category of agents, particularly in financial aspects, as the market 
may not function properly; and (iii) there should be the possibility of trade op-
tions with the spot market in the short and long term, enabling participants to 
manage their risks. 

Brazil needs to work on natural gas-related policies in a planned and antic-
ipated way to avoid emergency decisions, as shown by the history of thermal 
plant construction in the 2000 s, which ended up paying for the cost of energy 
policy inefficiency [104]. Furthermore, despite the Brazilian culture of procras-
tination with its obligations, making an energy policy based on emergency deci-
sions is inefficient for the country. With the hydrological crisis that Brazil is fac-
ing, and the eminence of energy policy decisions made without due planning, 
there is a risk of creating more problems for the future, in addition to not solv-
ing the present ones. 

Brazil, due to its hydrothermal system, presents a constant risk, although con-
trolled, of energy deficit, and a severe dry period is sufficient for start a new 
energy crisis. With the creation of thermal plants at the base in a planned ap-
proach and considering the realities of each agent group, contributions can be 
made to the energy security of Brazil and prevent the country facing an energy 
deficit, which was considered a value of R$ 7.643,82/MWh in 2022 [105], facing 
energy values from new gas thermal plants that vary from R$100 - 200/MWh 
(the exchange rate is around 5 R$/US$). If Brazil does not successfully improve 
these policies, in an extreme case of a hydrological crisis, it could be in a situa-
tion similar to Ghana, facing an economic depression for this reason [106]. 

In the case of Ghana, there was a power deficit due to the lack of a regulatory 
framework for power generation from natural gas, and gas was available, con-
trary to all principles of logic [106]. One of the reasons for the delay was the IOC 
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lobbies defending their interests (the root cause was also found in the US) and 
the lack of structure for natural gas operations, which did not attract investors. 

Thus, to define public policies that do not necessarily have to be energetic, the 
government must listen to private agents’ interests, limitations, and objectives. 
Decision-making must be focused on the public interest and cannot, under any 
circumstances, deteriorate due to private interests. Suppose that private interests 
capture public policies; in this case, Brazil may face a situation similar to that of 
Ghana, with the definition of its regulatory policy for natural gas delayed due to 
conflicts between public and private interests. 

Similar to Ghana, Brazil is also a developing country, with public authorities 
being more susceptible to capture, and extreme care is needed to avoid it. The 
risk of capture is intensified in this case, considering that the IOC is strongly 
impacted by the decisions taken and influences in favor of its interests - behavior 
already predicted by agency theory [107]. In addition, the IOC has a long and 
extensive history of working with governments, particularly in underdeveloped 
and developing countries. In summary, the government needs to be close to the 
agents to understand the technical and operational challenges without diverting 
the focus and defending public interests. 

As a consequence of the capture of public policy by private interests, there is 
also a possibility that the policy to be established will privilege private interests 
over public ones. This would be the worst result from a possible capture because 
it would not only delay the process of creating an efficient public policy; howev-
er, it would also consolidate itself as regulatory cancer through a policy that 
would privilege some agents, taking years or decades to be reviewed, and may be 
corrected. 

It is necessary to make the gas business environment more straightforward 
and reliable, based on the entire picture. Once each state regulates the distribu-
tion activity, the 26 regulators are more susceptible to capture. With federal reg-
ulations, capture would be more challenging. Additionally, having only one reg-
ulation for natural gas in a country would attract more companies to the market. 
Companies with their core business related to gas supply would be attracted, as 
would companies that are energy consumers and can choose between electricity 
and gas. Several consumers are scared of the natural gas market because of regu-
lation complexity. 

Moreover, having only one regulator for the entire natural gas chain will 
harmonize regulation with the players and eliminate this risk to the market. The 
risk of a regulatory conflict highlights companies that are able to promote the 
use of natural gas. 

Another advantage of changing natural gas regulation for federal competence 
is that the knowledge to improve and keep improving the regulation will be 
more prominent. Once the activity is split into states, each state’s knowledge of 
improving the regulation is created independently with its budget for this pur-
pose. A higher budget and more cases are expected to build more robust know-
ledge of this regulation in the case of a central regulator. Even when considering 
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the necessity of changing the federal constitution for this change, it should be 
done immediately. 

The federal regulation of petroleum products in Brazil is ANP. Owing to its 
background, ANP has no experience with distribution regulation. On the other 
hand, ANEEL has a strong distribution regulation experience, as it has been ex-
ecuting this activity for more than two decades. Moreover, ANEEL has regulated 
the deregulated electricity market for the same period, and it is essential to re-
member the natural gas direction for the deregulated market. There are always 
necessary improvements in ANEEL regulations; however, they work well in the 
electricity market. The important aspect is the continuous improvement of reg-
ulation or adaptation to new circumstances. 

Furthermore, we note that the actual product and good to the population is 
energy, whether it is electricity or gas. As natural gas transportation and distri-
bution networks get territory in Brazil, the proximity between both worlds will 
become closer. For example, the availability of gas home equipment may in-
crease, giving consumers more power to choose between gas and electricity. This 
means that more and each energy source will impact the others. 

In conclusion, to change the distribution regulation to federal competence, it 
should be merged with the current ANEEL to create the Energy Agency in Bra-
zil. The natural gas side would also relish ANEEL’s current knowledge of regu-
lating distribution activities and deregulated markets. Therefore, merging with 
the current ANP should be evaluated. No area of ANP can be merged, or some 
areas or all areas of ANP can be merged into the new energy agency to be 
created. 

In parallel with the creation of the energy agency, a mathematical model 
should be developed immediately to support the government’s decision to ex-
pand the natural gas network or construct thermal power plants to convert gas 
into electricity [13] [108] [109] [110]. As discussed, the best option is the direct 
use of natural gas; however, it can primarily reach the consumer as electricity 
because of its distribution networks. Although the current situation brings us to 
constructing power plants, it is necessary to consider the best option for the 
country. There is no technical or in-depth evaluation of what is better for a 
country. 

7. Policy Implications 

Natural gas presents several advantages. It is a clean, low-cost source that can 
contribute significantly to Brazil’s energy security. Energy security is related to 
the complementation of intermittent renewable energy generation and collabo-
ration in controllable low-cost generation in times of a hydrological crisis. 

Brazil’s prevailing natural gas transportation network is still deplorable and 
has a limited consumer reach. The projected growth of the network for the dec-
ade contributes little to the spread of this commodity. Therefore, for Brazil to 
exploit the advantages of natural gas and incorporate it into its energy matrix, it 
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must be converted into electrical energy. 
In Brazil, natural gas power plants have a short history of only 20 years; how-

ever, their installed capacity is expected to increase over the next decade. Several 
regulatory barriers need to be addressed. In 2016, the Brazilian government has 
begun working in a structured manner to achieve these goals. Many measures 
have already been taken; however, there are still measures to be considered by 
the government. Some of these measures are in higher decision level than the 
current measures are being threated. It implicates that decision makers with 
more power, as ministers, should be involved. However, in addition to the gains 
obtained with the already implemented measures, there are lessons learned in 
the treatment of each of these measures, which can make future treatments more 
efficient. 

In this way, by analyzing the actions taken so far, one concludes that the 
measures to be selected for development by the government should focus on is-
sues related to the supply of natural gas to thermal plants and the improvement 
of integration between the electric and natural gas sectors. Although these 
measures are more complex and laborious, they bring better results to the mar-
ket and consequently to society. 

Several actions have contributed to the expansion of natural gas thermal 
plants in Brazil and will continue to bring progress in this sense. However, out-
standing success will depend on a continuous policy that anticipates social prob-
lems, so that it can substitute hydraulic generation with a more competitive 
source, contributing to Brazil's energy cost competitiveness during hydrological 
crisis. 

Furthermore, the Brazilian Federal Constitution (FC) does not allow centra-
lized regulation, and the progress and quality of natural gas market regulation 
become limited and confusing for the players. For this reason, FC must be 
changed to centralize all natural gas chain regulations in the federal sphere by 
targeting a continuous improvement regulation to circumvent the barriers. It 
will allow that natural gas distribution activity will be regulated and centralized 
in the country, bringing a more reliable and precise business atmosphere. 
Moreover, tax legislation should be changed to avoid conflicts that could create 
legal insecurity. 

Additionally, electricity and natural gas regulations have much relation. Nat-
ural gas and electricity's purpose is the same for society, especially for the final 
consumer. Once the purpose of the society is the same, changing only the way to 
attend to the same necessity, the regulation should be merged. Natural gas regu-
lations nationwide should be merged with the current ANEEL to create an ener-
gy agency in Brazil. It is possible to consider the total merge of ANP and 
ANEEL, but at least the natural gas downstream business should be in the same 
agency as electricity. If ANP and ANEEL do not merge totally, their interaction 
should increase for the integration of big projects. 

Brazil has an excellent methodology to evaluate electricity generation expan-
sion, focusing on the equilibrium of the best energy source, location, cost and 
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availability to expand electricity generation. It also considers the optimum way 
to expand the electricity transmission system. Although, when it is necessary to 
decide on a natural gas direct use or to transform it into electricity to be supplied 
to society, there is no scientific data available for the decision making. A ma-
thematical model is required to combine the electricity domain and natural gas 
for correct decision making for distribution network expansion, electricity gen-
eration expansion, and energy adequacy at the lowest cost. It will contribute 
even to evaluating how a NGPP can develop the natural gas availability for a 
particular region. Although it can represent a higher cost in the short term, it 
can present a lower cost to society in the long term. 

Finally, the most crucial aspect is the mindset that electricity and gas do the 
same good for consumers and energy. The entire energy problem should be ad-
dressed instead of only considering electricity or gas. Market players have indi-
vidual targets based on their economic situation and can strongly influence the 
government’s decisions, which typically have less information than the market. 
The government must take the power of decision making into its hands by un-
derstanding the real impact of its choices on the people of Brazil. 

8. Conclusions 

This paper reaches its original targets and contributes to society, science and 
Brazilian policy. Society because it brings supply stability at the lowest cost to the 
consumers. For the science, due to a qualitative methodology that can be applied 
to other country facing the challenges of natural gas and electricity integration. 
Finally, our recommendations for policymakers and regulators may be followed 
to integrate natural gas and electricity to surpass those bottlenecks analyzed. 

As a limitation, the Brazilian market suggestions cannot be directly applied to 
other countries. Overcoming the natural gas and electricity integration depends 
on each country's economic background, culture, energy picture and other spe-
cific facts. Only the methodology described itself can be applied to any country. 
The solutions suggested for Brazil can be used, at most, as a reference for a simi-
lar situation in a country with a similar background. Even in this case, other 
countries with similar characteristics should also be considered as a reference. 
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