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Abstract: Peru is in the race to eliminate poverty, inequality and environmental pollution
according to the Sustainable Development Goals (SDGs) by 2030; however, the country
faces significant challenges in the energy sector, with limited access to electricity and a
heavy dependence on imported wood and fuels. This study explores the Peruvian energy
context, focusing on an integrative model based on policies, emissions, challenges and
opportunities to ensure the availability of resources and a sustainable framework for
development through the evaluation of indicators and impacts within the energy sector.
Our findings show that energy consumption in Peru depends on diesel, natural gas, and
wood. Despite the country's efforts to advance renewable sources of energy and their
potential, their contribution is approximately 5%. In this regard, sustainability policies
towards 2030 have been adopted by promoting various initiatives, such as installing off-
grid photovoltaic panels, BonoGas tickets or energy efficiency measures. However, the
lack of political, economic, social and institutional support for emerging technologies
slows down progress according to the proposed model.
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Resumen: El Perd estd en la carrera por eliminar la pobreza, la desigualdad y la
contaminacion ambiental segun los Objetivos de Desarrollo Sostenible (ODS) al 2030; sin
embargo, el pais se enfrenta a importantes desafios en su sector energético, con un acceso
limitado a la electricidad y una fuerte dependencia de la madera y los combustibles
importados. El presente estudio explora el contexto energético peruano, centrandose en
un modelo integrador basado en las politicas, las emisiones, los desafios y las
oportunidades para garantizar la disponibilidad de recursos y un marco sostenible para
el desarrollo a través de la evaluacién de indicadores y repercusiones dentro del sector
energético. Nuestros hallazgos demuestran que el consumo de energia en el Perti depende
del diésel, el gas natural y la madera. A pesar de los esfuerzos del pais por avanzar en las
fuentes renovables y su potencial, su contribucién es de aproximadamente el 5%. En este
sentido, se han adoptado politicas con miras al 2030 para mejorar la sostenibilidad
mediante el impulso de varias iniciativas como la instalaciéon de paneles fotovoltaicos
fuera de la red, los tickets BonoGas o medidas de eficiencia energética. Sin embargo, el
escaso apoyo politico, econémico, social e institucional a tecnologias emergentes
ralentizan el avance segin el modelo propuesto.

Palabras clave: Energias renovables. Acceso energético. Sostenibilidad. Politicas
energéticas.

1. Introduction

Energy is one of the main tools that people have in their possession to improve their lives
by producing food, security, work, and health (Owusu & Asumadu-Sarkodie, 2016) and
ultimately achieve prosperity and development (Gonzales-Eguino, 2015);
notwithstanding, energy accessibility has not been extensively massive. This is
paramount in rural areas, where access to electricity and clean fuels is more challenging.
Regarding this and many other difficulties worldwide, The United Nations (UN) created
17 Sustainable Development Goals (SDGs) (United Nations, 2015) in 2015, intending to
develop a sustainable and promising world for all human beings by 2030 and beyond
(Sachs et al., 2019). SDG 7 aims at ensuring access to affordable, reliable, and sustainable
energy for humans. It was developed to guarantee universal access to modern energy
services, increase the share of renewable energy (RE), expand international cooperation
to exchange knowledge on clean sources and energy efficiency and improve
infrastructure in developing countries (INEI, 2016; Elavarasan et al., 2021).

The Government has made efforts to improve the energy scenario, such as attracting
private investment by conducting auctions to promote RE (OSINERGMIN, 2017b).
However, fossil fuels remain important within the energy mix. In the transport sector, oil
product imports highlight the need to unlock other fuels, such as biofuels or even
electrification of private fleets. In this line, the country has set its National Determined
Contribution (NDC) to 208.8 MtCOzeq as unconditional target and 179 MtCOzeq if
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financing is available. Although more explicit directions are needed, these commitments
represent the country's endeavour to reduce greenhouse gas (GHG) emissions.

2. Methodology
2.1 Location and characteristics

Peru is located on the coast of the Pacific Ocean, with a surface of 1.280 million km?2 and a
coastal extension of 2,400 km. Peru's economy has grown significantly in the 21st century,
averaging an annual GDP rate of 7.7% from 2000 to 2021. Moreover, in the fourth quarter
of 2023, the economy experienced a 0.4% contraction, attributed to the slowdown in
primary sectors and private investment (BCRP, 2024). Regarding demographics, there
were 33.035 million inhabitants in 2021 (BCRP, 2022), showing an approximately 0.2%
reduction from the previous year. Nonetheless, according to the projection for 2050,
population is expected to reach 40 million (INEI, 2019).

2.2  Search strategy and data collection

A thorough search was performed across various databases and sources using a carefully
crafted search string to include diverse literature. This search string included terms such
” “Peru electricity,” “Peruvian energy policy,” “Renewable energy in Peru,”
AND “Peru energy access,” OR “Energy sector in Peru,” OR "Peru energy sustainability,”
and many others. This research used Google Scholar, Scopus, and authoritative sources,
such as the Ministry of Energy and Mining, the Ministry of Environment, the World Bank,
and IEA. Only materials published in English or Spanish from 2000 onward were
considered for the study, except for the definition of WCED and two
oil-related documents.

»n «u »n «u

as “Peru energy,

2.3 Conceptual model

To assess the Peruvian energy scenario, this article has been structured around 3 main
components that guide the energy analysis: energy access, sustainability and policy
implications. This model emerges to respond to the challenges of the Peruvian energy
system, taking a comprehensive approach, clarifying the current understanding and
smoothing the way towards the 2030 goals.

Energy access: This component is analysed through electricity access indicators in urban
and rural areas. It looks for current gaps in energy provision and challenges for ensuring
equitable energy access in Peru.

Energy sustainability: Sustainability in the energy mix is evaluated through four metrics
in different sectors. This component analyses the energy system structure and its impacts
on reducing the country's carbon footprint.
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Policy implications: This component examines the regulatory framework and policies.
Moreover, it looks over the strategies adopted to boost renewable energy adoption and
political barriers hindering effective transition.

3. Setting the scene: energy demand and supply scenario

Peru is the third-largest country in the region (Bergmann et al,, 2021); it ranks 6th in
primary energy consumption, with approximately 335 TWh in 2022 (U.S. Energy
Information Administration, 2023).

Peru's primary energy supply at the end of 2021 was around 1,002 EJ, i.e. it fell 1.76%
compared to 2020. However, it increased 1.56% compared to the beginning of the decade.
Natural gas (NG) production experienced dramatic expansion since Camisea's discovery.
Mineral coal and wood production grew compared to 2020 (19.1% and 10.1%,
respectively). In contrast, wood, bagasse, dung, yareta, wind, and solar energy, all
experienced reductions ranging from 0.5% to 9.8% during the same period. Despite these
reductions, the combined share of bagasse and hydro energy is noteworthy, reaching
approximately 25% in 2021 (Fig. 1).

Figure 1. Primary energy supply in Peru
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Own elaboration.

Historically, energy consumption relied heavily on oil products and wood, with almost
50% of the country's energy coming from diesel, gasoline, and liquefied petroleum gas
(LPG) (MINEM, 2023a). Moreover, 28% of rural houses used wood, especially for cooking,



A COMPREHENSIVE REVIEW OF PERU’S ENERGY SCENARIO: ADVANCING ENERGY ACCESS,
SUSTAINABILITY AND POLICY IMPLICATIONS / A. COLINA-CALVO

in the third quarter of 2022 (INEI, 2023) (Fig. 2). This practice could potentially cause
lung health issues (EsSalud, 2017).

Figure 2. Carbon dioxide emissions by sector
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Figure 3. Energy consumption by sector
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Energy consumption by sector in 2021 (Fig. 3) shows there was a 20.41% increase
compared to 2020. However, due to COVID-19, it remained below the average of the last
decade at 786,612 TJ. Diesel consumption in transportation accounts for more than half
of the total share (53.8%), with road transport as the main consumer of this fuel (almost
98%). NG is strongly used by energy-intensive process industries (53,997 TJ), followed
by electricity, which amounted to 44,710 TJ; both sources accounted for over 59% of the
fuels used in the sector.

Electricity accounted for approximately 60% of the public sector’s total share. Gasoline
experienced a 23-fold increase in fishing compared to 2020, reaching 4,017.8 T]. The
mining sector consumed 23,26.9 T] of NG, representing 36.7% of the total share;
nonetheless, the trend is upward since 2005. Additionally, diesel and electricity
comsumption remained essential, reaching 18.4% and 11.8%, respectively. Electricity has
been the main energy source in the commercial sector by far since 2005, with values
ranging from 10,825 TJ] to 24,258 TJ], and experiencing peak consumption in 2009
(17,069.9 T)). Electricity has been heavily employed by the agriculture sector, exceeding
1,500 TJ since 2010. Alongside diesel and gasoline, they were the main sources of energy
in 2022, accounting for nearly 97% (MINEM, 2024).

The environmental impacts in 2021 amounted to 39,849.6 Gg of carbon dioxide (GgCO2),
41.47 Gg of methane (GgCH4) and 1.82 Gg of nitrous oxide (GgN20). Despite the utilisation
of new types of fuels, the transport sector has been the most polluting since 2005; albeit,
in 2020, emissions were affected by COVID-19. Road transport has been the leading
emitter due to the intensive use of diesel (15,349 GgCO:) (MINEM, 2023a). Turbo
produced 610.1 GgCO2 in air transport, while maritime and rail transport totalised
approximately 700 GgCO2, mainly because of fuel oil and diesel dependence. In
agriculture, emissions remained stable until 2020. Nonetheless, in 2021, emissions
doubled compared to 2020, reaching 278.3 GgCO: (Fig. 2). Methane emissions were
predominantly attributed to the residential and commercial (R&C) sector, representing
74.5% of total emissions (32.17 GgCH4). The transport sector contributed to nearly one-
fifth of total emissions, reporting 8.16 GgCHa4 (Fig. 4). Nitrogen emissions are closely
linked to the transport and R&C sectors; however, since 2005, emissions from transport
have been consistently increasing, while those from R&C sectors have shown the opposite
trend, eventually reaching 0.38 ktin 2020 (Fig. 5).
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Figure 4. Methane emissions by sector
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Figure 5. Nitrous oxide emissions by sector
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4. Energy sources
4.1 Non-renewable energy

Crude oil: There is a prolific history of oil in the country dating back to the 19th century
when the first oil well was discovered in 1863 in Talara, and later in the Brea-Parinas field
(OSINERGMIN, 2015; Pérez-Taiman, 2009). The following century saw the emergence of
the International Petroleum Co. Ltd (IPC) and the “Establecimiento Industrial de Petroleo
de Zorritos”, followed by Mobil company's discovery of the Aguas Calientes Field in
the Amazon in 1939 (Aguirre Madrid & Orihuela Romero, 2014). Petroperu,
formerly called “Empresa Petrolera Fiscal”, was created in 1969 following the IPC
nationalisation, and produced approximately 62 thousand barrels (Mbbl) per day
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(Chavez-Rodriguez et al., 2015). In the 1980s, following contract renegotiation by the
military Government, there was a heated debate and campaign to promote oil imports
spearheaded by the MINEM. In this regard, the deficit in oil production and reserve
reduction, along with Petroperu’s lack of technical, economic and administrative
capacities to start exploration activities, emphasised the Peruvian short-sightedness
concerning this strategic source (Pontoni, 1982). Oil production declined due to limited
investments, few field discoveries, negative policy impacts, and low oil prices (Vasquez,
2005; Quijandria, 1993). However, the 1990s saw significant reforms to encourage
investment in the hydrocarbon sector (Chavez-Rodriguez et al, 2015). Despite the
measures taken, oil production has been contracting since 1994, with a moderate
recovery in 2006, 2014 and 2016 (MINEM, 2005; MINEM, 2006; MINEM, 2014; MINEM,
2016a); notwithstanding, the reduction trend persists until 2021 (MINEM, 2023a).

Coal: The first coal mining activities started in 1816 in Cerro de Pasco, with resources
coming from the Rancas region (INGENMET, 2000). In the 20th century, coal mining
began in Cerro de Pasco, led by the Cerro de Pasco Corp. until the 70s. Centromin Peru
S.A. exploited this resource in the next decade until 1993 (Luyo Quiroz, 2011). In the
north, the “La Galgada” and “La Limefia” mines began operations primarily for coal
exports from 1943 to 1956 (Luyo Quiroz, 2011). Reserves reached 1,054 Mt (INGENMET,
2000). Nowadays, reserves amount to 15.7 Mt. Regarding coal production, there was a
26% increase in 2021, compared to 2020, reaching 144,579 tonnes (t). This commodity
is used in thermal power plants, households, industries, and agriculture.

Natural gas: In the 80s, oil production and industry crisis in the country were offset, to a
certain degree, by the discovery of the Camisea Field in Cuzco; nevertheless, due to
political instabilities, the project took many years to become a reality (OSINERGMIN,
2017c). Before Camisea, only 4% of the electricity consumed was produced using NG;
nonetheless, in 2019, its participation increased tenfold (OSINERGMIN, 2021). The NG
deposits are located in Aguaytia (Curimana province, Ucayali), along the coast, and
northern Peru (Piura and Tumbes). In 2004, reserves were estimated at 11.5 trillion cubic
feet (TCF); by 2013, they had increased to 17.9 TCF. As of 2021, the estimated proven
reserves stood at 9,669 TCF, mainly in the southern Amazon area.

Over the past 15 years, NG demand has mainly been driven by its use in electricity
production. In 2021, thermal power plants consumed 4,405 x 106 m3 of NG, accounting
for approximately 52% of total consumption. This amount is 3.3 times higher than
consumption by industries, and more than 20 times higher than the combined R&C usage
(Fig. 6). However, due to COVID-19, demand dropped in the last two weeks of March and
April 2020 (OSINERGMIN, 2021). The number of residential NG users reached 2,007,644,
accounting for 20.36% of total households (PCM, 2024). Moreover, 182,770 new homes
have had access to this fuel in the last quarter of 2023 (Table 1). In the transport sector,
20,433 vehicles were converted to NG in 2021, and 55,893 units underwent this
conversion in 2023, 24.1% less than in 2022, when over 73,000 cars were converted
(AAP, 2023).



A COMPREHENSIVE REVIEW OF PERU’S ENERGY SCENARIO: ADVANCING ENERGY ACCESS,
SUSTAINABILITY AND POLICY IMPLICATIONS / A. COLINA-CALVO

Table 1. Households benefited from natural gas installations

Region Company Benefitted Households
Lambayeque Quavii 16,340
La Libertad Quavii 6,447
Ancash Quavii 2,683
Cajamarca Quavii 1,892
Ica Contugas 7,419
Piura Gasnorp 5,718
Lima/Callao Céllida 164,749

Own Elaboration. Based on MINEM (2023a).

Figure 6. Natural gas consumption by sector
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4.2 Renewable energy

Renewable energy resources are all energy forms sustainably produced from renewable
sources, which can be replenished faster than consumed (United Nations, 2024; US.
Department of Energy, 2001). They might be used for electricity generation, space and
water heating, cooling and transportation; and governments worldwide are encouraged
to use and promote them aiming at reducing carbon emissions, achieving reliability and
security of power systems, creating jobs, and reducing costs (U.S. Department of Energy,
2024). In Peru, the non-conventional RE share has grown continually from 3.4% in 2016
to 5.5% in 2022. Despite this growth, the Economic Operation Committee of the National
Interconnected System has projected a similar share by 2026 (COES, 2021). A new policy
objective is to reach 20% in the energy mix by 2030 (Peruvian Government, 2022).
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Hydropower: Peru is traditionally known as a hydroelectricity producer (OSINERGMIN,
2019). According to Mendoza, 86% of hydro resources come from the Atlantic basin
(Mendoza, 2012). In terms of electricity capacity, this source accounted for the largest
installed capacity in the country since 2007. However, there was a steady reduction from
2014 until 2021 (MINEM, 2023a; MINEM, 2022a), with a slight recovery in 2022 (MINEM,
2024).In 2022, hydroelectricity production reached 29,139.17 GWh, of which 99.8% was
produced within the National Interconnected Electricity System (SEIN), and the
remainder being utilised by isolated systems. The largest hydropower plant is Antunez de
Mayolo, with an installed capacity of 798 MW (Table 2), representing 5% of the country's
total capacity and the most significant production in 2022 (MINEM, 2022a).

Table 2. Main hydropower plants at the end of 2022

vty Hydll)';)power [ns!:alled Production
ant Capacity (MW) (GWh)
Electroperi S. A. Antunez de Mayolo 798 5,126
Kallpa Generacién S.A. Cerro del Aguila 525 2,805
Empresa de Generacién Huallaga S.A. Chaglla 456 1,696
Enel Generacion Pera S.A.A. Huinco 258 1,128
Orazul Energy Pert S.A. Canon del Pato 247 1,343
Compaiiia Eléctrica El Platanal S.A. El Platanal 220 1,041
Electroperi S. A Restitucion 210 1,628

Own elaboration. Source: MINEM (2022a).

Pursuant to the applicable domestic law (D.L N° 1002), hydropower plants below 20 MW
are considered non-conventional RE sources; in this regard, they take advantage of river
flows and are also considered “mini hydros” (OSINERGMIN, 2017b). The Carhuaquero IV
(Table 3) was the first project of its kind (OSINERGMIN, 2019). Furthermore, 45 mini
hydropower plants were awarded with a total investment of 963 million US$
(OSINERGMIN, 2017b).
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Table 3. Mini-hydro power plants (2022)

Installed Electricity
Capacity Production

Hydropower Plant Auction N°
(Mw) (GWh)
Carhuac Third 20.0 118.5
Purmacana First 1.8 2.7
Yanapampa First 4.2 244
Quanda - 29 10.1
Zana Third 13.2 86.5
Canchayllo Second 5.0 26.3
Huasahuasi [ First 9.9 41.1
Huasahuasi I1 First 10.0 43.6
Runatullo 11 Third 20.0 789
Runatullo 11 Second 20.0 96.2
Santa Cruz | First 6.6 289
Santa Cruz I First 6.5 32.6
Rucuy Fourth 20.0 119.5
Renovandes Second 209 158.3
Potrero Third 19.9 92.8
Las Pizarras First 20.0 98.6
Herl Fourth 0.7 2.7
8 de Agosto Second 19.0 106.0
El Carmen Second 8.4 41.6
Angel | First 20.8 88.7
Angel 11 First 20.8 97.5
Angel 111 First 20.8 97.3
La Joya First 10.4 56.5
Nuevo [mperial First 4.0 26.8
Huanchor - 20.0 149.3
Yarucaya Third 19.2 130.6
Roncador First 3.8 15.8
Cana Brava First 5.2 36.0
Carhuaquero [V First 9.7 793
Manta [ Second 20.8 70.5
Chancay First 20.0 144.7
Poechos | - 16.4 87.1
Poechos 11 First 10.2 52.0
Carpapata III - 12.8 75.8
TOTAL 443.9 2417.2

Own elaboration. Source: MINEM (2022a).

Solar: The solar resources from the IRENA'’s tool have shown that the daily irradiation is
near 250 W/m? along the southern coast of Arequipa, Moquegua, and Tacna (IRENA,
2014). This is correlated with the Peruvian Solar Atlas, which depicts favourable
conditions for solar power generation near 16° to 18° S; moreover, it includes the
northern coast (between 3° to 8° S) and most parts of the mountains above 2,500 metres
above sea level (SENAHMI, 2003). At the end of 2023, the country constructed ten solar
power plants with a total capacity of 287 MW. Seven solar power plants were granted in
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the RE auction processes (Table 4 left). The remaining plants were private initiatives
(Amantani: 0.01 MW; Purts: 0.01 MW; and Yarucaya: 1.2 MW).

Table 4. Solar power plants awarded (left) and projected solar power plant
construction (right)

Installed Auction A Investment
Solar Plant Capacity (MW) Process Solar Plant Location (MM US$) Progress
Panamericana 20 First Clemesi Moquegua 95.30 90.90%
. ; Cont -
Majes 20 First N Arequipa 210.20 0%
Reparticion 20 First Conti
ontinua .
Tacna 20 First Chachani Arequipa 74.35 0%
Moquegua 16 Second Continua .
: Pichu Pichu Arequipa 46.10 0%
Intipampa 44.54 Fourth
Milagros Loreto 16.90 0%
Rubi 144.48 Fourth
Illa Arequipa 313.80 0%
Solimana Arequipa 176.42 0%
Martin Solar Arequipa 168.40 16%

Own elaboration.

Figure 7. Solar power plant production in 2022
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Solar production amounted to 820.7 GWh in 2022 (Fig. 7), i.e. it grew 3.88% and 13.9%,
as compared to 2021 and 2020, respectively (MINEM, 2022a). At the end of 2023, many
solar projects were under construction (Table 4 right). Clemesi was supposed to have a
capacity of 114.93 MW, but its commercial operation, initially planned for October 31,
2023, has not been completed.

Wind: Mendoza found that 22,000 MW could be used out of the available 77,000 MW
(Mendoza, 2012). This potential is located near the coast due to the strong influence of
the Pacific anticyclone and the Andes Mountains (Mendoza, 2012). According to the Wind

12
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Atlas (MINEM, 2016b), Piura, Lambayeque, La Libertad, Ancash, Ica, and Arequipa present
a higher average speed (6-12 m/s). In the highlands, a 6-9 m/s speed was identified
(OSINERGMIN, 2019). In 2023, seven wind energy projects were awarded in public
auctions, and one project was awarded directly, totalling 668 MW of installed capacity in
2023 (Table 5).

Figure 8. Wind power plant production in 2022
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In terms of electricity generation, Wayra led in wind power production in 2022,
representing 34.4% of the total electricity generated (Fig. 8). Many wind projects are
projected to be built in the coming years; for instance, Wayra Extension will have an
installed capacity of 177 MW by deploying 30 turbines each with 5.9 MW of nominal
power (PCM, 2024).

Table 5. Wind power plants in Peru

TPt i . _ Installed capacity | Electricity production | Investment | Auction
plant ocation
(MW) Part. % (MWh) Part. (MM USS$) N°
Marcona Ica 32.1 4.8% 167,581 9.3% 44 First
Cupisnique La Libertad 80.0 12.0% 366,056 20.3% 242 First
Talara Piura 30.0 4.5% l 138,947 7.7% 101 First
Tres Hermanas Ica 97.2 14.5% 508,763 28.2% 180 Second
Wayra | Ica 132.3 19.8% 619,855 34.4% - Fourth
Huambos Cajamarca 18.4 2.8% 237 0.0% - Fourth
Duna Cajamarca 18.4 2.8% 64 0.0% - Fourth
Punta Lomitas Ica 260.0 38.9% 100 0.0% 300
TOTAL 668.4 | 100.0% 1,801,603 | 100.0% 867.20

Own Elaboration. Source: MINEM (2022a), Osinergmin (2019).
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Biomass (bagasse and biogas): The capabilities required to install biomass and biogas
power plants with an installed capacity of 177 MW and 5,151 MW, respectively, are shown
by Mendoza (Mendoza, 2012). These resources mainly come from sugar cane in Ancash,
Arequipa, La Libertad, Lambayeque, and Lima provinces (Dammert Lira et al., 2019). As
of December 2022, Peru has built eight biomass power plants: Paramonga, Huaycoloro,
La Gringa V, Dofa Catalina, and Callao, located in Lima, Maple Etanol and Cana Brava in
Piura, and San Jacinto, in Ancash. The largest are Maple Etanol and Paramonga, which
have a 37.5 MW and 23 MW capacity, respectively. Paramonga, Maple Etanol, San Jacinto
and Cana Brava power plants utilise bagasse from sugar (OSINERGMIN, 2019; MINEM,
2022a); the rest use primarily biogas. Electricity production in 2022 ranged from 14.7
MWh to 99 MWh, totalling 355.1 MWh (Fig. 9).

Figure 9. Biomass monthly production in 2022
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Geothermal energy: In 2012, the Master Plan for the Development of Geothermal Energy
in Peru (MINEM, 2012) was published by West Japan Engineering Consultants to promote
and accelerate exploitation programmes and to confirm resources (2900 MW)
(OSINERGMIN, 2019). Sixty-one geothermal fields were estimated, more than half of
which are located in the south. The Japan International Cooperation Agency (JICA), in
cooperation with MINEM, discovered that the Southern Volcanic region and the centre of
the country are the most promising areas for these activities. Currently, the Cabanaconde
geothermal power plant is in the first stage; the project will be located in Arequipa with
an installed capacity of 100 MW, and the construction will take place in 2026 by the
Energy Development CORP (Global Energy Monitor, 2024). Figures 10 and 11 showcase
Peru's RER potential and projects (Obs: Hydros are not depicted).
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Figure 10. RER potential in the country
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5. Energy access and policies

In 1992, the Ley de Concesiones Eléctricas enacted by Decree N° 25844 marked an
important milestone in developing and improving the electricity sector, within the
framework of the liberalisation of energy markets and the changing economic
environment. In 2010, the Supreme Decree N° 064-2010-EM approved the long-term
National Energy Policy to 2040. And two years later, Law 29852 was enacted, aiming at
strengthening energy security within the country. Thus, it created the Hydrocarbon
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Energy Security System and the Energy Social Inclusion Fund (Gobierno del Peru, 2012).
This fund allows the implementation of the Massive Programme of PV Systems,
benefitting rural homes, schools and health centres with 208,145 installed systems in 24
regions and massification of NG via the Residential BonoGas ticket (MINEM, 2020;
OSINERGMIN, 2016). On January 13, 2024, the Government transferred 491 million soles
to MINEM to finance programmes exclusively promoting new NG installations (El
Peruano, 2024). The transport of NG via an integrated system (“SIT Gas”) in Arequipa,
Moquegua and Tacna is a project to secure and maintain the system'’s reliability for SEIN
users; however, its primary feature is less investor attraction.

Universal Access to Energy and the Law to Ensure the Efficient Development of Electric
Generation (Law N° 28832) were a significant step forward. They aimed to increase the
electrification rate in the 2010s, promote financing for electric infrastructure, and ensure
access to energy for all (Salvador, 2010). This plan has been updated for 2023-2027 to
promote the use of NG in the least developed areas, ensuring social inclusion, reducing oil
consumption and promoting electricity or other non-conventional fuels to reduce imports
(El Peruano, 2023). From 2017 to 2022, the household electrification rate has
significantly increased across various regions. The most notable improvement in
electrification rates was reported in Loreto, with an 11.4% growth, while Piura
experienced a fall of 1.1% during the same period (Fig 12 and Fig 13) (Presidencia del
Consejo de Ministros, 2023).

In the next three years, the ambitious National Plan for Rural Electrification (PNER) aims
to provide access to electricity to more than 500,000 rural households based on REs
(MINEM, 2023b). In August 2022, 20 rural electrification projects were completed with
an investment of 102.2 million soles, benefitting 9,500 homes in 11 regions, mainly in the
Andean region (MINEM, 2022b).

Figure 12. Electricity access per region 2017-2019

2017 2018 2019

Source: Presidencia del Consejo de Ministros (2023). Own elaboration.
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Figure 13. Electricity access per region 2020-2022

2020 2021 2022

Source: Presidencia del Consejo de Ministros (2023). Own elaboration.

6. Sustainability: challenges, metrics and importance

Peru's efforts to increase energy access are crucial for a sustainable energy system in
Peru. Such progress involves achieving a balance between different dimensions, e.g.
energy security, environmental protection, economic viability, and social equity (Kabeyi
& Olanrewaju, 2020). Energy security in Peru is closely tied to the diversification of energy
sources, reducing dependence on fossil fuels, and enhancing the resilience of energy
infrastructure (OSINERGMIN, 2017a). Environmental protection involves reducing or
minimising the ecological impacts of energy production and consumption. While helping
to reduce carbon emission, hydropower reliance raises concerns about its environmental
footprint, particularly in altering river ecosystems (Villena et al, 2021). Economic
viability ensures affordable costs to consumers, while maintaining economic growth of
the energy system. In the Peruvian context, this depends on the investment in RE, efficient
allocation of resources and the ability to adapt to foreign energy price fluctuations (SINIA,
2010). Finally, social equity refers to everyone accessing affordable and reliable energy.
However, in Peru, remote areas struggle with limited access to modern energy services,
exacerbating regional inequalities (Gestion, 2024).

When evaluating the sustainability of the Peruvian energy mix, the Energy Intensity
metric plays a crucial role. This metric, which measures the energy consumed per unit of
GDP, clearly determines how efficiently energy is used when performing economic
activities. This value has remained almost constant for Peru since 2006, below 5 T]/MM
US$ (MINEM, 2023a). Carbon Intensity covers the environmental aspect and measures
the CO2 emissions produced per unit of energy consumed. For the Peruvian energy mix,
this indicator ranges from 52.8 tCO2/T] to 66.06 tCO2/T], with recent slowdowns (MINEM,
2023a). Per Capita Energy Consumption refers to the energy consumed per person within
a country. This indicator has reached 27.82 T], showing an upward trends since 2006
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(MINEM, 2023a). Lastly, the Energy Efficiency indicator measures how efficient is energy
consumption in various sectors to reduce energy demand and minimise environmental
impacts. Due to weak policies and regulations, Peru ranks last in South America for energy
efficiency, scoring 31 out of 100 points (World Bank, 2019).

A sustainable energy mix is essential for Peru to meet its energy needs while reducing
negative impacts. Furthermore, it will reduce vulnerability to external conditions and
enhance energy security. To achieve this, Peru must pursue a comprehensive strategy that
includes accelerating the integration of renewables, improving energy efficiency,
strengthening policy, and ensuring social inclusion.

7. Results and interpretation

The energy demand in Peru has grown approximately 5% annually, reaching 335 TWh in
2022.On the other hand, the energy supply continues to be dominated by fossil fuels such
as diesel and natural gas. Despite the initial impulse of renewables, they only represent
5.5% of all energy sources in 2022. The growth in demand highlights the need to ensure
reliable access to energy. Dependency on fossil fuels not only reduces the ability to
promote access to energy but also reduces fair access to clean energy, especially in rural
areas, thus affecting the sustainability of the Peruvian energy system. According to the
model, this dependency increases the country’s vulnerability to external prices and
challenges the fulfilment of international commitments.

Regarding energy sources, natural gas is the most used fuel, especially for electricity
generation, representing 52% of the total demand share. However, non-conventional
renewable energy sources are limited. Using natural gas has increased electricity access;
nonetheless, the reduced renewable energy penetration affects the socioeconomic
development in rural areas. The model also exposes the need to invest in these clean
sources, and the inability to do so generates obstacles to a sustainable and diversified
energy mix. Carbon emissions from transportation reached 15,349 Gg in 2021,
highlighting its position as the most polluting sector.

Moreover, wood in rural areas continues to be the main source of energy, exposing
communities to health problems and increasing carbon emissions. The significant
emissions in transport, driven by the intensive use of diesel, underscore the urgency to
implement more clean solutions. Based on the conceptual model, fossil fuel dependence
not only affects energy system sustainability but also compromises emission reduction
goals. The permanent use of wood for cooking in rural communities shows the unfairness
in access to clean sources, reinforcing the need for policies promoting clean
energy sources.

Regarding policy implications, despite efforts to promote natural gas and renewable
sources, the current strategies have not been enough to properly diversify the energy mix.
Policies must be analysed to promote clean energy and enhance energy efficiency. The
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model suggests that integrating more ambitious policies and adequate regulatory
frameworks is essential to advance into a more sustainable energy system. Furthermore,
special attention is required to reduce energy access gaps in rural areas, thus ensuring
that all citizens benefit from the energy transition promoted by the Government.

8. Strategies towards 2030

In 2020, the Government updated its NDCs with the global objective of contributing to
climate ambition by 2030. In the energy sector, it was proposed, among others, to increase
RE’s share in the national energy mix by 6.8%. Despite being close to this value, more
significant incentives are required in addition to updating the legal framework. For
instance, RE production is only recognised during the network's peak hour between 17-
23 hr; ablock time agreement is suggested for supply reliability. To encourage the growth
of renewables, the legal framework shall be updated to incorporate distributed
generation and boost the development of this sector. The gradual implementation of 990
systems in 12 cities has been planned to reduce 0.4 MtCO2eq by 2030. Moreover,
complementing this with storage systems could promote renewables locally.

Regarding energy efficiency labelling, the Government has increased the target number
of labelled equipment from 1 million to more than 7 million. Similarly, improvements are
proposed in other sectors, such as technological changes in HVAC systems and lighting.
For example, the Homologation Plan 2022 established nine technical specification sheets
for LED panels (El Peruano, 2022). Fostering a culture of saving energy is crucial to
reducing energy consumption.

In transport, 14 measures have been proposed, and the most outstanding one was the
promotion of light NG vehicles, clean fuels, and electric vehicles. The latter foresees the
incorporation of electric buses and light vehicles (EV fleet) that shall reach 5% of the total
vehicle fleet, which would represent a reduction of 0.2 MtCOzeq. At this point, using
Chancay Port to assemble electric vehicles would boost this aspect significantly. However,
incentives and charging infrastructure are still pending issues that must be updated.
Other programmes, such as Scrap and Vehicle Renewal, seek to remove 5% of cargo trucks
older than 20 years annually. Improved scrap monitoring could determine the current
state of the units. Two mitigation strategies have been identified in the industrial sector,
specifically in the construction sector, which is the subsector with highest emissions
(MINAM, 2023) due to the use of clinker. Regarding household emissions, clean cooking
aims to reduce 1.9 MtCO2eq by 2030, which will be achieved by deploying improved solar
and LPG-based cookstoves. The use of solar cookers (Toonen, 2009) in rural areas could
minimise wood reliance, increasing the number of families (155,023 homes) that already
have improved their quality of life with the “Half a Million Improved Stoves Campaign for
a smoke-free Peru” (PCM et al., 2009).
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9. Conclusions

The study examined the energy scenario in Peru, focusing on the energy demand and
supply, sustainability, and policies that govern the sector. The outcomes reveal that the
country is still highly dependent on fossil fuels despite increasing renewable energy
demand and natural gas utilisation. This situation challenges the sustainability of the
energy system in a context where renewable energy sources represent a modest portion
of the energy mix. Dependency on fossil fuels exposes the unequal access to clean energy,
especially in rural communities, and leads to increased greenhouse gas emissions,
compromising the NDCs of the country. Transport emissions are alarming, underscoring
the need to adopt clean technologies and promote more non-conventional energy sources.

This study's conceptual model focuses on three components: energy access, sustainability
and energy policies, bringing a valuable framework to interpret the results. In addition, it
highlights the need for more ambitious policies that incentivise renewables and improve
energy efficiency. Moreover, it provides a valuable framework for analysing and
understanding the current challenges regarding the evolution of energy systems. The
results recall political will to enhance energy access policies and promote investment in
clean sources regardless of fossil fuels. The outcomes provide direct benefits in achieving
climate goals and improving public health. Nonetheless, some limitations surround the
analysis, such as the availability of data retrieved until 2022, suggesting more research is
required on new policies implemented and emerging technologies -such as hydrogen- in
the energy mix. Finally, the country faces a critical moment in its energy transition. As the
government seeks to diversify its energy mix and to meet its climate commitments by
2030 measures, policies and strategies must focus on reducing dependence on fossil fuels
and fostering equitable access to sustainable energy sources for all Peruvians.
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