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Abstract

Optimizing resource use in remote operational fields
is a key strategy for enhancing efficiency and re-
ducing operating costs. This study adopted a de-
scriptive—experimental design with a quantitative
orientation to analyze the energy consumption of
a remote oil transportation camp, utilizing historical
records collected since 2021. The primary objective
was to achieve an energy consumption reduction of
15-30%. Using RETScreen, improvements in energy
systems were simulated, resulting in an initial an-
nual electricity consumption of 271,143 kWh and
associated costs of USD 27,454. With the proposed
photovoltaic system, designed to optimize energy use
through advanced energy management technologies,
annual consumption decreased to 185,878 kWh/year,
substantially reducing dependence on the national in-
terconnected grid and on polluting energy sources. En-
ergy efficiency improved by 14.3% in air-conditioning
systems and by 38.6% in electrical systems such as
pumps, compressors, and lighting, resulting in an
overall average energy savings of 30.9%. In terms of
environmental impact, C'Oy emissions were reduced
from 58.8 tCO5 to 40.7 tCO4, equivalent to the car-
bon sequestration of approximately 1.7 hectares of
forest. The estimated return on investment is 10.7
years. These results demonstrate the technical, eco-
nomic, and environmental feasibility of implementing
energy-efficiency technologies to enhance sustainabil-
ity in remote oilfield operations.

Keywords: remote oil camps, energy management,
energy optimization, RETScreen, photovoltaic sys-
tems, management technologies.

Resumen

Optimizar los recursos en campos remotos es un cri-
terio fundamental para la eficiencia y la reduccién
de costos operativos. El estudio tuvo un enfoque
descriptivo-experimental, con orientaciéon cuantita-
tiva, en el que se analiz6 el consumo energético de
un campamento remoto de transporte de petroleo,
utilizando registros historicos desde 2021. El obje-
tivo principal fue la reduccién del consumo energético
en un rango del 15% al 30%. Mediante el uso de
RETScreen se simularon mejoras en los sistemas en-
ergéticos, obteniéndose como resultado un consumo
eléctrico anual de 271 148 kWh/ano, con gastos aso-
ciados de USD 27 454. Con la propuesta fotovoltaica,
orientada a optimizar el consumo mediante tecnologia
de gestion energética, el consumo se redujo a 185 878
kWh/afio, disminuyendo significativamente la depen-
dencia del Sistema Nacional Interconectado y el uso
de fuentes contaminantes. La eficiencia en sistemas
de climatizacién mejoré en un 14.3%, mientras que
en los sistemas eléctricos —bombas, compresores e
iluminacion— se alcanzé una mejora significativa de
38.6%, con un ahorro promedio de 30.9%. Respecto a
las emisiones, estas se redujeron de 58.8 tC'O4 a 40.7
tC'O4, lo que equivale a la absorcién de 1.7 hectareas
de bosque con un retorno de inversiéon estimado en
10.7 afios. En conclusién, este proyecto resulta viable
desde el punto de vista de la aplicacién de tecnologias
de eficiencia energética, al incorporar mejoras téc-
nicas que consolidan una solucién econémicamente
rentable y ambientalmente sostenible.

Palabras clave: campamentos remotos petroleros,
gestion  energética, optimizacién  energética,
RETScreen, sistemas fotovoltaicos, tecnologias
de gestion.
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1. Introduction

The dynamism of the oil industry exerts a substan-
tial influence on global economic and social develop-
ment. Petroleum resources account for approximately
one-third of the world’s primary energy supply and
contribute around 2.5% to the global GDP [1]. Conse-
quently, crude oil transportation represents a critical
component of the fossil fuel supply chain. Remote op-
erational camps that support this infrastructure face
persistent challenges related to energy efficiency, op-
erational autonomy, and environmental sustainability.
Most of these facilities rely on conventional power gen-
eration systems with high emission factors, which drive
operating costs and significantly increasetheir carbon
footprint.

The development of intelligent energy management
technologies entails the integration of artificial intel-
ligence (AI) and machine learning algorithms into
SCADA and BEMS (Building Energy Management
Systems) platforms [2,3]. These systems enable the
analysis of consumption patterns, the prediction of
load curves, and the real-time optimization of energy
use [4, 5], allowing them to adapt to stochastic dis-
turbances such as demand fluctuations and variability
in renewable energy sources [6]. In parallel, demand
response programs (DRP) incentivize users to modify
their consumption in response to network signals, such
as elevated prices or targeted economicincentives [7,8].

Following these principles, Energy Management
Systems (EnMS), aligned with the International Or-
ganization for Standardization ISO 50001 standard,
constitute an effective strategy for enhancing corpo-
rate energy efficiency and improving operational per-
formance [9,10]. These systems rely on the implemen-
tation of progressive energy policies, clearly defined
objectives, and targeted actions aimed at optimizing
energy performance [11].

The sustained growth in global energy consump-
tion, along with the environmental impacts associated
with conventional energy sources, has generated in-
creasing international interest in more efficient energy
management strategies. In this context, RETScreen
Expert, developed by Natural Resources Canada, of-
fers a powerful platform for assessing the technical
and economic feasibility of energy projects. It enables
the modeling of electrical and thermal systems and
the calculation of key performance indicators such as
energy savings, emission reductions, and economic re-
turns. Collectively, these capabilities provide a solid
foundation for data-driven decision-making to support
an effective energy transition [12].

Among the renewable energy solutions that can
be managed through the RET Screen platform, pho-
tovoltaic solar technology stands out for its ability
to convert direct solar radiation into electricity using
silicon-based panels. This technology is distinguished

by its versatility, low maintenance requirements, and
long service life (25-30 years). It produces no green-
house gas (GHG) emissions during operation, and
its successful implementation depends on prior assess-
ments of solar irradiance, panel tilt, and overall system
efficiency [13,14].

In the lighting sector, LED luminaires powered by
renewable energy sources represent an efficient and sus-
tainable alternative, as they offer extended service life,
lower emissions, and improved energy performance [15].
Although the initial investment cost is relatively high,
a thorough techno-economic analysis can justify the ex-
penditure by evaluating factors such as lighting quality,
illuminance level (lux), and visual comfort [16].

Air conditioning systems account for a substantial
share of energy consumption in buildings, and their
optimization requires enhancing the coefficient of per-
formance (COP) [17]. These systems contribute more
than 34% of total energy demand and approximately
37% of COy emissions [18], underscoring the need for
decarbonization through reduced reliance on fossil fuels
and hydrofluorocarbons (HFCs) [19].

The International Organization for Standardization
ISO 50001:2018 standard, specifically Clause 6, estab-
lishes a framework for the implementation and con-
tinuous improvement of Energy Management Systems
(EnMS), enabling reductions in energy consumption,
operating costs, and greenhouse gas emissions, as well
as the optimization of overall energy performance [20].
In this context, oilfield camps depend primarily on
diesel and natural gas: the former entails high costs
and considerable environmental impact, whereas the
latter, although cleaner, is constrained by logistical
challenges. This energy profile reflects the broader bal-
ance observed in building energy systems. Figure 1
illustrates the fundamental processes common to both
air-conditioning systems and lighting installations.

Process | Process heat losses
L !

Rejected heat or
conversion losses

Building
space

Envelope and
ventilation losses.
or gains

Heating (Efficiency) and
Cooling System (COP)

Energy

Heat gains

Heat losses

4

Figure 1. Energy balance for building systems
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Energy use, encompassing both fuels and electric-
ity, depends on the primary energy source and the
performance of the heating and cooling system, which
is typically quantified through the coefficient of per-
formance (COP). A considerable share of this energy
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is ultimately dissipated as waste heat.

Thermal energy is transferred indoors, where it
interacts with factors such as solar radiation, artificial
lighting, and the operation of electrical equipment,
resulting in internal heat gains. Conversely, thermal
losses occur through the building envelope and venti-
lation, thereby increasing overall energy demand.

Industrial processes also contribute heat to the in-
door environment; however, a portion of this energy is
lost to the exterior, thereby reducing overall system
efficiency. Similarly, heat losses through the roof and
ventilation increase the building’s thermal load and,
consequently, its energy consumption.

In this context, optimizing energy consumption
through advanced energy management technologies
constitutes a key strategy for mitigating the envi-
ronmental impacts associated with the use of non-
renewable energy sources, particularly in remote op-
erational camps [21]. This study examines the imple-
mentation of the RETScreen platform as a tool for
enhancing energy efficiency and integrating renewable
energy systems.

This research focuses on maximizing energy-use

efficiency in oilfield camps through a comprehensive
assessment of current consumption patterns, feasibil-
ity analysis using RETScreen, and the formulation of
renewable energy solutions and short-term operational
measures designed to enhance performance and reduce
overall energy demand.

2. Materials and Methods

This study employs a descriptive-experimental design
with a quantitative approach. Historical records of
energy consumption for the 2021-2022 period were
analyzed, encompassing 24 measurements collected at
a crude oil transportation facility. The analysis com-
pares a baseline scenario with an optimized case to
assess the impact of energy efficiency measures.

The RETScreen Expert platform is employed to
simulate operating conditions, model subsystems, and
evaluate the feasibility of different energy efficiency
measures. The analysis focuses on lighting, general ser-
vices, and air-conditioning systems. Figure 2 illustrates
the energy flow and the supply sources considered in
the study.

Electromechanical

Reception Control Systems

2

—o{ Discharge ’

o
1 Diesel 1

Figure 2. Schematic representation of electrical energy flow in the camp areas

The energy is supplied by the National Intercon-
nected System (SNI), which feeds the fire protection
systems, compressors, dining hall, offices, and camp
lighting. The entire process is regulated by an elec-
tromechanical control system equipped with valves.
As a backup, diesel generators are connected to the
same network to provide power in the event of failures,
ensuring operational continuity.

The energy performance assessment is structured
around three methodological axes:

¢ Collection and analysis of operational data.

o Identification of improvement opportunities and
strategic planning.

o Implementation and monitoring of results.

For the initial stage of model configuration, data on
the camp’s average energy consumption were entered,
with particular emphasis on cooking, air conditioning,
lighting, fluid compression systems, and energy-related
costs. Additionally, the site’s geographical characteris-
tics, including latitude, longitude, climate zone, and
terrain attributes, were incorporated into the analysis
usingthe following georeferenced data:

o N 0° 58 22.268", O 79° 40’ 51.536"
o 0.9728521511737187, —79.68098222443405

To strengthen the proposal for incorporating renew-
able energy systems, environmental variables, includ-
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ing air temperature, relative humidity, precipitation,
atmospheric pressure, and soil temperature, were in-
corporated into the model. These parameters were
integrated into the analysis to assess the thermal and

energy performance of both conventional and renew-
able systems under the site’s specific environmental
conditions, as shown in Figure 3.

Heating design temperature 19.6

Cooling design temperature 29,0

Soil temperature amplitude 9.7
Month mflenre  ASRAS S Aol MY e o, SN

‘C % mm kKWhim?/d kPa mis °’C ‘Cd “C-d
January 249 83.7% 191,89 424 999 34 257 0 462
February 250 859% 231,28 443 999 28 256 0 420
March 251 86,5% 224 44 5,00 998 25 257 0 468
April 252 86,9% 24420 4,80 998 28 258 0 456
May 250 86.1% 146,63 422 999 35 258 0 465
June 246 84.6% 66,60 3 999 38 255 0 438
July 245 81,5% 36,27 387 100,0 40 256 0 450
August 248 77.9% 26,97 4,06 100,0 42 26,1 0 459
September 249 76,4% 42,30 421 100,0 44 264 0 447
October 250 76,2% 4495 398 100,0 45 264 0 465
November 249 75.9% 4230 381 299 44 263 0 447
December 249 78.9% 88,04 407 999 41 26,1 0 462
Annual 249 81,7% 1.385,87 420 999 37 259 0 5438

Figure 3. Monthly meteorological parameters for the proposed geolocation in 2025, based on data from NASA.

Through georeferencing, a graph of meteorologi-
cal data representing monthly solar radiation and air
temperature over a one-year period was generated, as
shown in Figure 4.
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Figure 4. Comparison of monthly solar radiation and air
temperature in 2025, based on data from NASA.

Additionally, electrical consumption data for the
2021-2022 period were collected. The analysis per-
formed in RETScreen implemented demand manage-
ment, energy storage, and optimization strategies in
accordance with the modules structured within the
software, aiming to reduce energy losses and improve
cost efficiency. As a baseline reference, Figure 5 illus-
trates the comparison of monthly energy consumption
(kWh) between2021 and 2022.

In 2021, total energy consumption reached 271,148
kWh (51.86%), whereas in 2022 it decreased to 251,622
kWh (48.04%). This reduction is attributed to social
mobilizations that temporarily limited the operation
of the camps.

Monthly Electrical Energy Consumption - 2021 vs 2022

2021
- 2022
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Figure 5. Comparison of the camp’s total energy con-
sumption between 2021 and 2022

Regarding fossil fuel consumption, records are avail-
able only for January—April 2021 and January—March
2022, as shown in Figure 6. These datasets enabled
the analysis of the thermal impact associated with
autonomous electricity generation, as well as its cor-
relation with the efficiency of the evaluated energy
system.

Monthly Consumption by Year
Year »
—e— 2021
—— 2022 /

Monthly Consumption (GAL)
N w A v @ N
5 8 & 8 38 3
N
N
N
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S

0

January February March April

Period

Figure 6. Comparison of fuel consumption during the
2021-2022 period.
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Fuel consumption reflects fluctuations in the oil
market, which influence costs during the analyzed pe-
riod and constitute a key parameter for estimating the

expenditures associated with fuel use.

Table 1 presents the unit fuel prices and their vari-
ation over time.

Table 1. Fuel consumption and cost under the baseline scenario

Monthly consumption

Unit fuel cost Average unit cost

Year  Period (GAL) combustible (USD) (USD/GAL)
January 19 1.58 12
February 0 1.75 0

2021 March 15 1.94 8
April 72 2.18 33
January 0 247 0
February 25 2.86 9

2022 March 6 3.39 2
April 0 3.91 0

The reduction in SNI consumption was offset by
fossil fuel generation. The camp’s electrical data were
entered into the software to establish the baseline
scenario, considering generator systems, pumps, com-
pressors, lighting, air-conditioning units, and other
auxiliary equipment.

The energy demand (ED) was calculated as power
x hours/day x days/year, adjusted for system effi-

ciency, as expressed in Equation (1).

DE(kWh/year) = Power(kW)-hours/day-hours/year
(1)
The energy recording began with the loads associ-
ated with the camp’s pumping system, as detailed in

Table 2.

Table 2. Recorded data and energy performance analysis of the pumping systems in the camp

Engine Pump Energy
demand
Power Nominal Operating Fluid Operating RETSCREEN
consumption efficiency efficiency load hours
(kW) (%) (%) (HP) (h/ano)  (KWh/afo)
Evacuation pump 4.23 89.9 88.9 3.5 13 55
Diesel transfer pump 2.39 85.3 84.4 1.8 1 2.4
Recirculation pump
for cleaning 1 0.96 79 78.2 0.69 26 25
Hydrocarbon . . )
separation pump 1.32 84 83.1 1 6 8
Recirculation pump
for cleaning 2 1.81 84 83.1 1.4 208 377
Oxygenation pump 1.20 84.4 83.5 0.92 728 875
Storage pumps 0.62 82.2 81.3 0.23 728 449
TOTAL 1792

The annual energy consumption was 1,792 kWh,
calculated based on operating hours and pump power.
Historical records reported a value of 1,790.89 kWh,
thereby confirming the reliability of the established
energy baseline.

In the RETScreen simulation, an air system with a
screw compressor was modeled and configured as com-
pressed air equipment within the software, as detailed
in Table 3.

Table 3. Recorded data for electrical equipment

Fluid Compressor Equipment

Parameter Value
Compressor capacity, [ft*/min] 20
System pressure, [PSIG] 165
Friction losses, [%] 10
Motor capacity, kW] 74
Effective air demand, [ft3/min]  10.5
Operating time, [h/year] 1196
Total electrical demand 5315
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After recording the fluid compressor data, the elec-
tric generator was incorporated into the integrated
energy system, whose technical characteristics are de-
tailed in Table 4.

Table 4. Recorded data for power generation equipment

Power Generator Equipment

Parameter Value

Fuel Diesel

Generated electrical energy, [kWh/year] 1370
Power, [kKW] 110

Annual fuel consumption, [gal/year] 106.18

After recording the compressor, additional elec-
trical loads were incorporated, including the water

heating, refrigeration, kitchen, and computer systems,
to complete the comprehensive modeling of electrical
demand. This process was systematized by considering
the connected load (kW), annual operating hours, and
total system demand (kWh), in accordance with the
guidelines of the RETScreen Expert electrical end-use
module, see table 5.

The lighting system modeling was conducted by
entering data according to the camp’s functional areas,
following the same procedure applied to the general
electrical loads. Because these components have a sig-
nificant energy impact on overall energy consumption
and exhibit substantial variability, they were parame-
terized in detail in RETScreen. Table 6 presents the
total electrical demand associated with this category.

Table 5. Recorded data for electrical equipment in the kitchen area

. Operating Electrical Utilization
Quantity hours (h/year) load (W) cycle (%)
Water heater 1 1 8736 5000 100
Water heater 2 1 8736 3000 100
Refrigerator 3 8736 1000 100
Stove 1 2184 10 000 100
UPS room 1 8736 2880 100
Total electricity demand (kWh) 143 096

Table 6. Electrical energy demand of the camp’s luminaires, as provided by RETScreen

Operating hours

Electrical load Operating cycle

Quantity h/year (W) (%)

Industrial area 22 4368 350 100
Generator technical shelter 8 182 400 100
Security post 2 8736 40 100

DDV modular unit 2 3640 40 100
Operational monitoring room 2 4368 40 100
Automation room 6 8736 40 100
Control area restroom 1 3.64 58 100
Control storage 1 3.64 18 100
Operational modular unit 2 3640 40 100
Mechanical maintenance point 8 182 5 100
Electrical maintenance point 3 182 305 100
Seramin technical module 7 1820 18 100
Gym 2 1092 40 100

Tool station 3 364 5 100

Rooms 1 1820 305 100

Logistics warehouse 1 182 18 100
Camp common room 7 1820 40 100
Dining room 1 1820 40 100
Kitchen 1 6552 250 100
Restrooms 4 364 18 100

Total electricity demand (kWh/year)

41151
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For the registration of air conditioning systems,
an average coefficient of performance (COP) of 3 was
considered, corresponding to the three air condition-
ing units. These systems were subsequently integrated
into the RETScreen platform, assuming a total cooling
thermal load of 93,500 BTU/h, a utilization cycle of
100%, and 8,736 annual operating hours. The analysis
determined an annual energy demand of 79,795 kWh,
corresponding to the expected consumption of the air
conditioning subsystem.

3. Results and Discussion

Table 7 summarizes the energy balance, indicating a
total fuel consumption of 113 gal/year (equivalent to

4,557 kWh/year) and a total energy consumption of
271,148 kWh/year. The associated annual costs are
USD 339 for diesel and USD 27,115 for electricity, as-
suming an average diesel price of USD 3/gal and an
electricity rate of USD 0.10/kWh.

In this case, it was determined that reducing energy
consumption in the oil transportation camp requires
the implementation of a photovoltaic system designed
to achieve savings of 15-30% of the camp’s total en-
ergy demand. Accordingly, a fixed system was selected,
consisting of 50 panels with an individual capacity
of 600 W, yielding an approximate total power of 30
kW after accounting for panel and inverter losses. The
remaining characteristics are presented in Table 8.

Table 7. Annual fuel and electricity consumption and associated costs in the baseline and proposed cases

Energy type

Baseline case

Proposed case

Fuel Fuel Fuel Fuel Fuel Fuel
type price (USD) consumption cost (USD) consumption cost
Diesel 3 113 gal 339 113 gal USD 339
Electricity 0.10 271 148 kWh 27 115 185 878 kWh $ 18 588
Total 27,454 $ 18 927

Table 8. Components and key indicators of the photovoltaic system analyzed in RETScreen

Solar tracking mode
Tilt angle
Azimuth

Panel type
Manufacturer
Model
Rated capacity
Number of units
Total capacity
Nominal operating cell temperature
Efficiency
Solar collector area
Miscellaneous losses
Inverter efficiency
Inverter losses

Fixed
15°
180
Mono - Si
Jinico Solar
Mono Si - JKM600N-78HL4-600W
600W per panel
50
30 kW
45° C
21,46%
140 m?
10%
97% (as recommended by the software)

1%

The premise established in this analysis is that, to
maintain a constant consumption of the energy gener-
ated by the photovoltaic system, the tilt angle must be
set at 15°. Regarding the azimuth orientation, it should
be aligned according to the corresponding hemisphere.
In this case, since Esmeraldas (Ecuador) is located in
the Northern Hemisphere, the optimal orientation is
toward the south, corresponding to an azimuth angle
of 180°.

The premise also establishes that the initial, oper-
ating, and maintenance costs, along with the camp’s
energy savings, are summarized in Table 9.

Table 9. Installation and operation—maintenance costs
and annual energy savings of the photovoltaic system

Cost per kW Total cost
(USD/kW-year) (USD)
Initial cost 1176 35 294
Operation and
maintenance cost 10.29 309
Energy saved 36 103 kWh

It should be noted that the components were se-
lected based on the initial premise of reducing energy
dependence on both the National Interconnected Sys-
tem (SNI) and conventional generation sources, such
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as diesel generators, by 15-30%. Consequently, all pa-
rameters were automatically calculated by RETScreen,
which provided recommendations regarding suppliers,
models, capacity, efficiency, and losses, as well as eco-
nomic indicators such as the panel cost per kilowattand
the annual operation and maintenance cost.

3.1. Energy Consumption Optimization Mea-
sures

Focusing on the energy savings within the camp’s
energy system, a direct relationship was established
between the input data and the incorporation of the
photovoltaic system as a key element. Through this

integration, the primary objective of the study was
achieved, reducing overall energy consumption by
15-30% through the application of optimization prin-
ciples. These results are summarizedin Table 10.

Table 11 indicates that, in the baseline case, 113 gal-
lons of diesel (USD 339) and 271,148 kWh/year of elec-
tricity (USD 27,454) were consumed. In the proposed
case, diesel consumption remains unchanged, while
electricity consumption decreases to 185,878 kWh /year
(USD 18,588), yielding energy savings of 85,270 kWh
(31%) as a result of the photovoltaic system imple-
mentation. The distribution of savings by subsystem
(heating, cooling, and electricity) is detailed in Table
11.

Table 10. Electricity and fuel savings in the camp

Fuel Baseline case Proposed case Savings
Energy Price of Fuel Fuel Fuel Fuel Fuel Amount
type fuel consumption cost consumption cost saved saved

(USD) (USD) (USD) (USD)
Diesel 3 113 gal 339 113 gal 339 0 gal 0
Electricity 0.10 271 148 kWh 27 115 185 878 kWh 18 588 85 270 kWh 8527
Total 27 454 18 927 8527

Table 11. Energy and percentage savings for each subsys-
tem

Heating Cooling Electricity  Total

(kWh) (kW) (kWh) (kWh)
Baseline case 4557 79 795 191 353 275 705
Proposed case 4557 68 396 117 482 190 435
Energy 0 11 399 73 871 85 270
saved kWh 399 kW kWh kWh
Percentage 0% 14.3% 38.6% 30.9%
saved (%)

With the incorporation of the photovoltaic system,
the cooling subsystem achieves 14.3% energy savings,
while the electrical subsystem (pumps, compressors,
and lighting) achieves 38.6%, resulting in an overall av-
erage reduction of 30.9%. By eliminating dependence
on the SNT and diesel generators, the economic benefit
is substantial, with an estimated return on investment
of 10.7 years. Figure 7 compares the results forboth
cases.

1.65%
Process heat

4557 kWh

Mechanical equipment

1792 kWh

28.95%

Refrigeration Fuel consumption - Electrical equipment
.

189.562 kWh

baseline case

79.795 kWh

Figure 7. Baseline energy consumption by fuel type for
the different equipment categories

Electrical equipment, such as generators, accounts
for the largest share of fuel consumption in the camp
facilities, followed by refrigeration and air-conditioning
systems. Mechanical equipment represents a smaller
fraction, while process heat corresponds to thermal
losses associated with combustion. The proposed case
is illustratedin Figure 8.

15%
Process heat

4557 kWh

Mechanical equipment
1792 kWh

3591

Refrigeration
.

68.396 kWh

Fuel consumption -

Electrical equipment
117.482 kWh

baseline case

Figure 8. Proposed energy consumption by fuel type for
the different equipment categories

Table 12. Energy consumption in the proposed case, as
modeled in RETScreen

Proposed case energy consumption

Type of Energy Percentage
equipment consumption kWh value
Electrical equipment 146 479 kWh 64.7%
Refrigeration 68 396 kWh 30.2%
Mechanical equipment 7106 kWh 3.1%
Process heat 4557 kWh 2%
Photovoltaic
electricity 36 103 KWh -
generation
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A significant reduction in energy consumption is
evident with the proposed implementation of the pho-
tovoltaic system, contributing to an annual decrease
of 36,103 kWh, as summarizedin Table 12.

3.2. Associated Costs

Regarding the costs associated with implementing the
photovoltaic system, an increase in the initial invest-
ment is observed; however, a significant reduction in
fuel expenses is achieved, representing a clear economic
benefit. Although the return on investment occurs in
the long term, the project offers advantages in the op-
timization of sustainable and environmentally friendly
energy systems, as detailedin Table 13.

Table 13. Expenses considered for implementation of the
photovoltaic system

Costs associated with implementation

Incremental initial costs [USD] 35 294
Fuel cost savings [USD] 8527
Incremental operation and 309
maintenance savings [USD]
Payback period (years) 10.7

The initial investment is relatively high, and the
operation and maintenance costs present a negative
value, indicating that they should be considered part
of the expenses associated with the operation of the
photovoltaic system.

3.3. Environmental Analysis

In the environmental impact analysis, parameters such
as greenhouse gas (GHG) emission factors were con-
sidered, using a value of 0.213 tCO2/MWh as defined
by the program for Ecuador. As shown in Figure 9,
GHG emissions correspond to a gross annual reduction
of approximately 18.1 tCOs, equivalent to the carbon
sequestration capacity of about11.7 hectares of forest.

GHG emissions.
Baseline case €0, 588

Proposed case €O, 407
Gross annual reduction in GHG emissions €O, 181 30,8%
§i
£ >
K .
= -
Legend 18,1 tCO,

Gross annua reduction in GHG emissions (DERN) (30,8%) Hectares o

Figure 9. Gross annual reduction in GHG emissions

In the baseline case, emissions totaled 58.8 tC'Os,
while in the proposed case they were reduced to 40.7
tCOs.

In addition to the analysis of the photovoltaic sys-
tem implementation, several immediately applicable

measures are proposed. These alternatives are sug-
gested because the system’s implementation cost may
represent a limitation if a comprehensive preliminary
assessment is not conducted. Accordingly, optimiza-
tion options were identified and evaluated using the
RETScreen platform.

3.4. Energy Management Measures in the Oil-
field Camp

Kitchen Area

A baseline scenario and an improvement proposal were
developed for the water heating system (8,000 L/day),
based on historical records indicating that an elec-
tric generator served as the energy source for heat
production.

A 5 °C reduction in temperature was proposed for
the hot water system, lowering the setpoint from 45.5
°C to 40.5 °C. From a thermodynamic perspective,
this decrease implies that less energy is required to
reach the target temperature. The decision to limit
the reduction to 5 °C, rather than 10 °C, is based
on maintaining a balance between energy efficiency
and user thermal comfort. In practical terms, a 5 °C
decrease ensures that the energy required for water
heating remains directly proportional to the tempera-
ture difference, without compromising user comfort or
system performance.

Based on actual energy consumption data, the esti-
mated annual savings are approximately 17,000 kWh,
representing a 24.3% improvement in thermal perfor-
mance. In the baseline case, consumption was 70,180
kWh/year, whereas in the proposed scenario, under
the suggested operating conditions, it decreased to
53,147 kWh/year. This reduction results from both
the temperature adjustment and the optimization of
the usage cycle.

As a complementary measure, a 25% reduction in
the utilization cycle is proposed, which would decrease
the overall thermal demand and, in turn, lower the
frequency of preventive and corrective maintenance.

For future research, a heat recovery analysis could
be conducted on extraction systems through the im-
plementation of extractor hoods designed to preheat
water or supply secondary thermal processes within
the camp.

Camp Lighting Fixtures

To optimize the lighting systems across the different
areas of the camp, the replacement of obsolete technolo-
gies, such as fluorescent lamps with electronic ballasts,
with LED luminaires is proposed. In this analysis, to-
tal system losses of 25% were considered for both the
baseline and the proposed cases.

From a technical perspective, a 50% reduction in
electrical demand was observed, decreasing from 41,151
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kWh/year to 20,855 kWh/year, thereby improving the
energy efficiency of the lighting systems. This improve-
ment is attributed to the higher efficacy of the lumi-
naires: while conventional lights with electronic ballasts
operate at 70 Im/W, LED luminaires reach 85.5 Im/W,
allowing the same illuminance levels (500 lux) to be
maintained with a lower connected load.

It is important to note that lighting systems must
be adapted to an appropriate optical design, consider-
ing both directional and light dispersion characteristics.
LED luminaires, which emit light directionally, mini-
mize dispersion losses and help maintain the required
illuminance level (500 lux) with fewer fixtures and
a lower installed load. In contrast, fluorescent lamps
with ballasts emit light omnidirectionally, requiring a
greater number of fixtures. Consequently, LED tech-
nology reduces unit power demand from 150 W to 75
W per lamp, decreasing the total connected load from
4,688 W (T8 fluorescents) to 2,344 W (LEDs).

For future research, it is recommended to conduct
a more comprehensive analysis of lighting efficiency
in critical areas, incorporating illuminance levels eval-
uated through specialized software such as DIALux.
Furthermore, a comparative assessment between con-
ventional LED luminaires and those equipped with
presence sensors or automatic dimming is suggested
to determine their additional energy-saving potential.

Air Conditioning Systems

The air conditioning system, composed of three units
with a total capacity of 93,500 BTU/h, offers a signifi-
cant opportunity to enhance efficiency by increasing
the coefficient of performance (COP) from 3.0 to 3.5.
From a thermodynamic standpoint, the COP expresses
the ratio of useful cooling energy delivered to the en-
ergy consumed; thus, increasing the COP reduces over-
all energy consumption while maintaining the same
cooling capacity.

With a COP of 3.5, the energy demand of the air
conditioning system decreases from 79,795 kWh/year
to 68,396 kWh /year, representing a 14.28% reduction.
This behavior aligns with the inverse proportional re-
lationship between energy consumption and the COP.

To achieve this COP value, the following strategies
are proposed:

e Periodic preventive and corrective maintenance,
including coil cleaning, verification of high and
low pressures, and leak detection when applica-
ble.

e Improvements in the airtightness of air-
conditioned areas to reduce the thermal load
and, consequently, the system’s operational de-
mand.

¢ Implementation of smart controls, such as pro-
grammable thermostats and occupancy sensors,
to optimize operating cycles.

o Integration of renewable energy technologies
(e.g., aerothermal systems or solar thermal sup-
port for domestic hot water) to reduce compres-
sor workload when applicable.

A 30 kWp photovoltaic system comprising 50 pan-
els of 600 Wp each is proposed, achieving an estimated
30% reduction in displaceable electrical consumption.
The system can be expanded through additional mod-
ules or complemented by replacing lighting fixtures
with LED luminaires in critical areas. In addition,
regular maintenance of the air conditioning system
or replacement with inverter-type units using R410
refrigerant is recommended.

In the future, improving the distribution of the
photovoltaic load by prioritizing critical equipment
and incorporating protective devices (e.g., remotely
controlled load switches and, when feasible, energy
storage systems) will enhance overall system resilience.

For future research, it is recommended to evaluate
the operating cycles of air conditioning and extraction
systems by establishing real operating parameters, such
as periods of peak thermal load and opportunities to
reduce operation without compromising comfort, and
to assess the compatibility of inverter-based equipment
with low-GWP (Global Warming Potential) refriger-
ants.

4. Conclusions

The central focus of this study was to evaluate the
technical, economic, and environmental impacts of the
implemented measures. Accordingly, the primary ob-
jective was to achieve a reduction of between 15% and
30% in energy consumption in a remote oilfield camp.

This analysis was conducted using the RETScreen
platform, through which improvements were proposed
for the air conditioning, lighting, and general service
systems. Based on historical records, the initial elec-
tricity consumption was 271,148 kWh/year, with an
associated cost of USD 27,454. In the proposed sce-
nario, which incorporates a photovoltaic system to op-
timize energy use, consumption decreased to 185,878
kWh /year, representing a 31% reduction and annual
cost savings of USD 8,527.

The photovoltaic generation system, with an in-
stalled capacity of 30 kWp (not 30 kWh/year), reduced
dependence on the National Interconnected System
(SNI) and on polluting energy sources.

Regarding energy efficiency distribution, the air
conditioning systems achieved a 14.28% improvement,
while the electrical systems, including pumps and light-
ing, registered the highest reduction, at 38.6%. The
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overall assessment indicates an average saving of 30.9%
across the entire system.

From an environmental perspective, CO5 emissions

decreased from 58.8 tC'Os to 40.7 tC'O4, equivalent
to the carbon sequestration capacity of approximately

1.7

hectares of forest. The estimated return on invest-

ment of 10.7 years reinforces the proposal’s technical,
economic, and environmental viability as a sustainable
and replicable solution.
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