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Abstract 
In this article, a Colombian field was chosen which is located in Puerto Nare, Antioquia where there is a good location to install Concentrated Solar 
Power (CSP), which consists of concentrating heat through the sun, to generate steam and supply it and also be able to do this without the absence of 
solar irradiation, through this article the LCOE calculation will be evidenced by the System Advisor Model (SAM) simulator taking into account 
different factors, obtaining a value of 0.4kW /$, which tells us which is quite profitable. Therefore, this energy is viable for the implementation in the 
cyclical injection of steam to the Colombian TECA field, where it is desired to predict the calculation of the production rate through an analytical 
model and calculate the heat losses, to know the proper steam temperature for cyclic injection. 
 
Keywords: concentrated solar power; oil field; enhanced oil recovery. 

 
 

Evaluación del uso de la tecnología de concentración solar para la 
generación de vapor y posterior inyección en un campo colombiano: 

una aplicación de recobro mejorado solar 
 

Resumen 
En este artículo se escogió un campo colombiano el cual está ubicado en Puerto Nare, Antioquia donde se tiene una buena ubicación para instalar la 
energía Solar por Concentración (CSP), la cual consiste en concentrar calor mediante el sol, con el fin de generar vapor y suministrarlo e igualmente poder 
hacer esto sin ausencia de irradiación solar, mediante este artículo se evidenciara el cálculo LCOE mediante el simulador System Advisor Model (SAM) 
teniendo en cuenta diferentes factores, obteniendo un valor de 0,4kW/$, el cual nos dice que es bastante rentable. Por lo tanto, esta energía es viable para 
la implementación en la inyección cíclica de vapor al campo colombiano TECA, donde se quiere predecir el cálculo la tasa de producción mediante un 
modelo analítico e igualmente se calculó las pérdidas de calor, con el fin de conocer la temperatura adecuada de vapor para la inyección cíclica. 
 
Palabras clave: energía solar concentrada; campo petrolífero; recuperación mejorada de petróleo. 

 
 
 

1. Introduction 
 
Today, for the exploitation of hydrocarbons a large amount 
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of fossil fuels is needed, where these are scarce every day, so we 
want to find a method by which we can supply them. Currently, 
the possibilities of using clean energy are being generated, where 
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great interest is being shown because, in recent years, they have 
been generating successful results. Through this article, it is 
intended to implement concentrated solar energy (CSP) to supply 
the recovery method by vapor injection to a Colombian field, 
where it will be developed in three parts. 

Initially, based on a previously published article 
"Selection of Fields for the Implementation of Solar EOR as 
an Improved Thermal Recovery Process in Colombia", the 
most suitable Colombian fields for said implementation were 
determined according to various parameters, mainly as their 
location; which are Teca-Cocorna, Nare, Jazmín, Moriche, 
Girasol, Chichimene and Quifa, where analysis of oil 
production was carried out between the years 2015 to 2019, 
it was observed that the TECA field maintains a stable oil 
production; Besides that, it should be noted that it is one of 
the oldest fields and has been implementing cyclical steam 
injection for several years; therefore, the TECA field was 
chosen to implement Concentrating Solar Power (CSP). [1] 

After this, the System Advisor Model (SAM) program was 
chosen, which is a software that has a wide range of solar energy 
technologies for the generation of electricity, the energy of 
Concentrating Solar Power in Parabolic Through - Physical was 
chosen. , because this is one of the most used energies at the 
moment, for this simulation a capital cost of $ 5000, a space of 800 
meters since generally in the fields there is not an extensive space, 
for modules such as SCA collectors, Siemens Sunfield 6 was used 
because of its availability in the market and because it is a universal 
brand, and also in HCE receivers always UVA 2010; Since it was 
sought that the two modules were of the same brand, in such case 
of presenting a guarantee or any inconvenience only one supplier 
is taken into account; Finally, was calculated the total electricity 
production of a system in kilowatt-hours, from hourly 
meteorological data for a specific place, and the physical 
specifications of the power components of the system, obtaining as 
a result of a Levelized Cost of Energy (LCOE) from $ 0.40 / kWh. 

Finally, an analytical model was performed in to predict 
the behavior of the reservoir, the TECA field currently 
implements a cyclical injection of steam. In this case, the 
Boberg & Lantz model was used, since it is one of the most 
used models, for the realization the necessary data to carry it 
out was collected, a two-cycle analysis was decided to see the 
rate of oil production in a two-year projection. 

 
2. Methods 

 
2.1 Simulation in SAM 

 
Through the System Advisor Model (SAM) software, the 

Levelized cost of energy (LCOE) was calculated, using the 
data in Table 1, where the energy Solar Concentrating Solar 
in Parabolic Through - Physical is used. 

The simulation in the SAM software consisted initially in the 
configuration of the location and resource. Latitude, longitude, 
and elevation were entered into the simulator. Due to the location 
of the study field, the sector of Puerto Nare, Nariño, was selected. 

Then, the system design was proposed. It consisted of the 
simulation of the installation of two parabolic troughs. 2 heat 
exchangers and 2 thermal energy storage tanks, occupying about 
800,000 m2. The temperature was maintained between 293°C 
(loop inlet) and 391 (loop outlet). The system is shown in Fig. 1. 

 
Figure 1. Solar field design. 
Source: System Advisor Model software for the authors model.  

 
 
 

 
Figure 2. Solar field design. 
Source: The authors 

 
 
Among the most important design parameters is total 

tracking power of 1000W, a collector spacing of 15m, and a 
current field thermal power output of 3.45861 MW/t. The 
collector orientation was maintained with a stow angle of 170 
deg and a deploy angle of 10 deg. 

Regarding efficiency settings. A ratio of 8 single loop 
configuration (SCA) per receivers (HCE) was maintained. As 
can be seen in Fig. 2. 

For the project, a solar collector of the reference Siemens 
Sunfield 6 was evaluated, which has a reflective aperture area 
of 545 m2, a total structure of 6m, length of collector 
assembly 115m, an average surface-to-focus path length of 
2.15m, and a dimensionless mirror reflectance of 0.93. 

The selected receiver was the Siemens UVAC 2010. The 
same supplier as the collectors was retained to facilitate the 
purchase of spare parts and maintenance throughout the life 
of the project. The receiver consists of parameters such as an 
absorber tube inner diameter of 0.115, a glass envelope inner 
diameter of 0.12, an absorber flow pattern in tube flow, and 
an absorber material type 304L. 

Concerning to power cycle of the system, an estimated 
gross net conversion factor of 0.9, a cycle thermal efficiency 
of 0.356, a cycle thermal power of 311.798HWT, HTF hot 
temperature of 391°C, and HTF cold temperature of 293°C 
were calculated. 

The system connection works with a built-in Rankine 
cycle with parameters such as a boiler operating pressure of 
100 Bar, an ambient temperature at the design of 42°C, a 
condenser pressure ratio of 1.0028, and a cooling system 
part-load level of 8 units. Fig. 3 shows the curve of condenser 
pressure vs ambient temperature of the power cycle of the 
system.  
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Figure 3. Solar field design 
Source: The authors 

 
 
Furthermore, the thermal storage is composed of a tank 

height of 12 m; with operational conditions of cold tank 
heater capacity by 25 MWE, cold tank heater temperature ser 
point at 350°C, and hot tank heater temperature set point 
365°C.  

Moreover, the weekday schedule (Fig. 4) and the 
weekend schedule (Fig. 5) were programmed. Each of the 
numbers and colors corresponds to the turbine output 
fraction. 

 

 
Figure 4. Dispatch control – Weekday Schedule. 
Source: The authors 

 
 

 
Figure 5. Dispatch control – Weekend Schedule 
Source: The authors 

Finally, the financial and operational parameters were 
configured. A system capacity of 99,900 kW, a capital cost 
of 5000 USD/kW, and a fixed operating cost (annual) of 66 
US/kW were sized. For the calculation of the LCOE 
(Levelized Cost of energy), 25-year financing was assumed 
with a rate of 2.5% per year and a nominal internal rate of 
return of 13% per year. 

 
2.2.  Cyclical vapor injection 

 
The application of cyclical vapor injection is in the group 

of thermal oil extraction processes. These processes are 
subdivided into those that involve the injection of hot fluid 
into the reservoir (hot water injection, continuous steam 
injection, and cyclical steam injection) and others that 
generate heat directly in the reservoir (in situ combustion) 
[2]. In addition to being a fluid injection process, the cyclic 
steam injection process is also known as a reservoir treatment 
through thermal stimulation, which consists of heating only 
the reservoir area that is close to the producing wells, 
reducing the resistance to the flow of oil by means of heat 
transfer between the vapor injected and the rock together with 
the fluids present in the reservoir. [3]. The cyclical steam 
injection process has been related to hydraulic fracturing, 
only that instead of increasing the flow capacity of the 
reservoir, its focus is directed to reducing oil viscosity. [4]. 

For vapor injection, it must be taken into account that not 
all the heat that is injected will be the same that reaches the 
tank; This is due to the heat losses that occur during the 
process, which are classified into surface heat losses, heat 
losses in the formation and heat losses in the well. In the 
following Fig. 6, these losses can be seen; It is very important 
to take these losses into account, otherwise, the heat transfer 
efficiency will not be adequate and there may be a waste of 
the well to produce since it does not have a good 
displacement. 

 

 
Figure 6. Vapor Zone and Heat Losses are assumed in the model of Boberg 
and Lantz.  
Source: The authors  
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The Boberg & Lantz model is one of the models used 
for cyclical steam injection, it was decided to do it for this 
model due to its assumptions, which are: 
• Start using the Marx & Langenheim model (to 

estimate the radius of the hot zone. 
• It considers the distribution of temperatures in the 

reservoir in time after the injection of vapor, which is 
represented as a step function, that is, it considers a 
gradual drop in temperature. 

• The sand is invaded uniformly and radially by the 
injection of vapor. 

• If several producing grains of sands are stimulated in 
a well, the sands will be invaded by vapor at the same 
radial distance, that is, the advanced front of vapor in 
the two grains of sands moves the same distance. 

• The pressure drop in the reservoir is negligible. 
• A gas-oil interface is assumed, with no transition zone 

between these two. 
• It assumes that before stimulation, the reservoir must 

have sufficient energy. 
• To produce oil at the initial reservoir temperature, 

using some of the primary energy supports, simply 
put, the reservoir had to initially produce cold. [6] 

A flow diagram was proposed to perform the cyclical 
steam injection as can be seen in Fig. 7 and with their 
respective equations in Table 3. In the Table 2 was exposed 
the convention of the flow chart in the Fig. 7.  

The data collection of the characteristics of the TECA 
Field was carried out as can be seen in Table 3, since these 
were necessary to carry out the analytical model of cyclic 
steam injection. 

Having the aforementioned, we proceed to the 
realization of the analytical model. The procedure for the 
vapor cycle was initially carried out with the estimation of 
the initial steam temperature taking into account an average 
as shown in Eq. (1), then the heat is removed from the 
formation by the oil and gas produced with Eq. (2) was 
calculated taking into account the previously calculated 
initial vapor temperature, then with Eq. (3) the vapor 
pressure was calculated, the enthalpies of the water were 
calculated taking into account the reservoir temperature 
and the estimated vapor temperature, with Eq. (4) and (5) 
respectively; then with Eq. (6) the latent heat of 
vaporization was calculated. Taking the results of the 
enthalpies of the water previously, the sensible and latent 
heat removed from the formation by the water and the 
vapor produced with the Eq. (7). 

 
Table 2.  
Flow chart conventions 

 
 Input data 

 
 Decision 

 
 Process 

Source: The Authors. 
 

 

 

 
 

Figure 7. Flow chart for cyclic Vapor injection 
Source: The Authors. 
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Table 3.  
Implemented equations of the analytical models.  

N° Variable Equation 

1 

Vapor 
estimated initial 
temperature 
Tavg(i) 

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇(𝑖𝑖) =
𝑇𝑇𝑇𝑇 + 𝑇𝑇𝑇𝑇

2
 

2 

Heat removed 
from formation by 
produced oil and 
gas (Ho, g), Btu / 
BN 

𝐻𝐻𝐻𝐻, 𝑇𝑇 =  (5.615ρ𝐻𝐻𝑐𝑐𝐻𝐻   
+ 𝑅𝑅𝑇𝑇𝑐𝑐𝑇𝑇)
∗ (𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 − 𝑇𝑇𝑇𝑇) 

3 
Vapor 

saturation pressure 
(Ps), psia 

𝑃𝑃𝑇𝑇 =
𝑇𝑇𝑇𝑇

115,2

1⁄0.225 

 

4 
Enthalpy of 

water in Tavg 
(Hw), BTU / lb 

𝐻𝐻w = Cw∗( 𝑇𝑇avg – 32) 

5 
Enthalpy of 

water in Tr (Hr), 
Btu / lb. 

 
𝐻𝐻r = Cw∗( 𝑇𝑇r – 32) 

 

6 
Latent Heat of 

Vaporization (Lv), 
Btu / lb 

Lv = 1318 ∗ 𝑃𝑃s −0.08774 

7 

Sensible and 
latent heat 
removed from 
formation by water 
and vapor 
produced (Hw, g), 
Btu / BN 

𝐻𝐻𝑤𝑤,s = 5.615∗𝜌𝜌𝑤𝑤( 𝑅𝑅𝑤𝑤 
(𝐻𝐻𝑤𝑤−𝐻𝐻𝑅𝑅)+𝑅𝑅𝑆𝑆𝐿𝐿𝑇𝑇) 

8 
Heat injection 

rate at time t (Qi), 
Btu /h 

𝑄𝑄𝑖𝑖 =  (350/24)𝐼𝐼𝑇𝑇𝐼𝐼 { 𝐶𝐶𝑤𝑤 (𝑇𝑇𝑇𝑇 –  𝑇𝑇𝑇𝑇)  
+  𝑋𝑋𝑇𝑇𝐼𝐼 𝐿𝐿𝑇𝑇 } 

9 Timelessness 
(tD) 𝐼𝐼𝑡𝑡 =

4 ∗ 𝐾𝐾ℎ𝑜𝑜𝑜𝑜 ∗ 𝑀𝑀𝑜𝑜𝑜𝑜 ∗ 𝐼𝐼
𝑀𝑀𝑠𝑠

2 ∗ ℎ𝑡𝑡2
 

10 Dimensionless 
factor (F1) 

𝐹𝐹1 =
tD

1 + 0.85 ∗ √𝐼𝐼𝑡𝑡 
 

 

11 Vapor area 
(As), ft2 

 

𝐴𝐴𝑇𝑇 =
𝑄𝑄𝑖𝑖 ∗ 𝐾𝐾ℎ𝑜𝑜𝑜𝑜 ∗ 𝐹𝐹1 ∗ ℎ𝐼𝐼

4 ∗ 𝐾𝐾ℎ𝑜𝑜𝑜𝑜 ∗ 𝑀𝑀𝑠𝑠 ∗ (𝑇𝑇𝑇𝑇 − 𝑇𝑇𝑇𝑇)
 

12 
Radius heated 

by vapor injection, 
(rh) ft 

𝑇𝑇ℎ = �
𝐴𝐴𝑇𝑇
π

 

13 Constant a y b 
 

𝑙𝑙𝑙𝑙µ = 𝑙𝑙𝑙𝑙𝑇𝑇 +
𝑏𝑏
𝑇𝑇°

 

14 Hot Viscosity 
(μh), cP 

µℎ = 𝑇𝑇 ∗ 𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎𝑜𝑜  

15 Cold 
Viscosity (μc), cP 

µ𝑐𝑐 = 𝑇𝑇 ∗ 𝑇𝑇𝑟𝑟𝑜𝑜 

16 
Cold oil 

production rate 
(qoc), BBL / D 

𝑞𝑞𝑜𝑜𝑐𝑐
=

2 ∗ π ∗ 1,127 ∗ ℎ𝐼𝐼 ∗ 𝑘𝑘 ∗ (𝑃𝑃𝑃𝑃 − 𝑃𝑃𝑤𝑤)

µ𝑜𝑜𝑐𝑐𝑙𝑙𝑙𝑙
𝑇𝑇𝑃𝑃
𝑇𝑇𝑤𝑤

 

17 
Hot oil 

production rate 
(qoh), BBL / D 

 
𝑞𝑞𝑜𝑜ℎ
=

2 ∗ π ∗ 1,127 ∗ ℎ𝐼𝐼 ∗ 𝑘𝑘 ∗ (𝑃𝑃𝑃𝑃 − 𝑃𝑃𝑤𝑤)

µ𝑜𝑜𝑐𝑐𝑙𝑙𝑙𝑙
𝑇𝑇𝑃𝑃
𝑇𝑇𝑤𝑤 + µ𝑜𝑜ℎ𝑙𝑙𝑙𝑙

𝑇𝑇ℎ
𝑇𝑇𝑤𝑤

 

18 

Increased 
thickness of 
formation 

(h-), ft 
ℎ− =

ℎ𝑡𝑡 ∗ 𝐼𝐼𝐷𝐷
𝐹𝐹1

 

19 Variable (x) 𝑥𝑥 = log (
4 ∗ 𝐾𝐾ℎ𝑜𝑜𝑜𝑜
𝑀𝑀𝑜𝑜𝑜𝑜

∗
𝐼𝐼
𝑇𝑇ℎ2

) 

20 Variable (y) 𝑦𝑦 = log (
4 ∗ 𝐾𝐾ℎ𝑜𝑜𝑜𝑜
𝑀𝑀𝑜𝑜𝑜𝑜

∗
𝐼𝐼

ℎ−  2) 

21 

Term (Vr) is a 
unit solution of the 
heat equation in 
the radial direction 

𝑇𝑇𝑟𝑟_ = 0,180304 − 0,41269𝑥𝑥
+ 0,18217𝑥𝑥2
+ 0,149516𝑥𝑥3
+ 0,024183𝑥𝑥4 

22 

Term (Vz) is a 
unit solution of the 
heat equation in 
the vertical 
direction 

𝑇𝑇𝑧𝑧_ = 0,474884 − 0,56832𝑦𝑦
+ 0,239719𝑦𝑦2
+ 0,035737𝑦𝑦3 

23 

Rate of heat 
removed by 
produced fluids 
(Hf), BTU / D 

𝐻𝐻𝑓𝑓 =  𝑞𝑞𝐻𝐻ℎ 𝐻𝐻𝐻𝐻,𝑇𝑇 +  𝐻𝐻𝑤𝑤, 𝑇𝑇 

24 

Energy 
removed by 
produced fluids 
(δ), dimensionless 

δ

=
1
2
∗

𝐻𝐻𝑓𝑓 ∗ (𝐼𝐼)
π ∗ (𝑇𝑇ℎ2 ∗ ℎ− ∗ 𝑀𝑀𝑠𝑠 ∗ (𝑇𝑇𝑇𝑇 − 𝑇𝑇𝑇𝑇)

 

25 
Calculated 

vapor temperature 
(Tcal), ° F 

𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎 = 𝑇𝑇𝑇𝑇 + (𝑇𝑇𝑇𝑇 − 𝑇𝑇𝑇𝑇){𝑇𝑇𝑟𝑟𝑇𝑇𝑧𝑧(1− δ)
− δ} 

26 Remaining 
heat 

𝑅𝑅𝑃𝑃𝑅𝑅𝑇𝑇𝑖𝑖𝑙𝑙𝑖𝑖𝑙𝑙𝑇𝑇 ℎ𝑃𝑃𝑇𝑇𝐼𝐼 =  π ∗ 𝑇𝑇ℎ2 ∗ 𝑀𝑀𝑇𝑇 ∗ ℎ
∗ (𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 − 𝑇𝑇𝑇𝑇) 

Source: [5-9] 
 
 

Table 3.  
General Characteristics 

Vapor quality (Xst) 65 % 
Vapor injection rate (Ist) 2592 BW/D 
Injection time (t) 5 Days 
Production Period 365 Days 
Well radius (rw) 0,92 ft 
Drain radius (re) 492 ft 
Reservoir temperature (Tr) 104 °F 
Vapor Temperature (Ts) 662 °F 
Time step 10 Days 
Number of Cycles 1 - 
Water - Oil Ratio (Rw) 4,7 BN/BN 
Gas-Oil Ratio (Rg) 50 PCN/BN 
Oil Volumetric Factor (Bo) 1,034 BY/BN 
°API 12,5 - 
Permeability (k) 1,03 D 
Thermal conductivity (Khob) 1,2 Btu/ h*ft*°F 
Heat capacity of the rock (Ms) 33 Btu/ft3*°F 
Heat capacity of adjacent 

formation (Mob) 
42 Btu/ft3*°F 

Reservoir thickness(ht) 100 ft 
Viscosity (1) 4216 cP 
Temperature (1) 104 °F 
Viscosity (2) 32,65 cP 
Temperature (2) 250 °F 
Bottom pressure in the well (Pw) 32 lpca 
Pressure at outer limit (Pe) 400 lpca 
Specific heat of gas (Cg) 0,01 Btu/PCN/*°F 
Specific heat of oil (Co) 0,5 Btu/lb*°F 
Specific heat of water (Cw) 1 Btu/lb*°F 
Oil density (ρo) 61,1 lbs/ft3 
Water density(ρw) 62,4 lbs/ft3 

Source: [10 - 14]  
 
 
With the latent heat of vaporization previously calculated, 

the heat injection rate is calculated for each time until the 
established projection, where it is calculated with Eq. (8). 
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Then we proceed to the calculation to the dimensionless time, 
the dimensionless factor, the vapor area, and the radius 
heated by vapor injection, where the Eqs. (9), (10), (11), and 
(12) respectively. To calculate the rate of hot and cold oil, 
Eqs. (16) and (17) are used respectively. First, the constants 
a and b will be calculated through Eq. (13) where, having two 
viscosity values and two different temperatures, we can 
obtain the results by means of a system of equations. Second 
to determine the cold and hot viscosity using Eq. (15) and 
(14) respectively the constants calculated above will be used, 
finally, having these values, the rate of production of hot and 
cold oil is obtained. 

Finally, to calculate the vapor temperature of Eq. (25), 
initially, the Energy removed by produced fluids will be 
needed, which is calculated with Eq. (24), but for this, it is 
necessary to have the Increased thickness of formation that is 
calculated with Eq. (18) and the rate of heat removed by 
produced fluids which is calculated with Eq. (23). Then the 
variables x and y are calculated with the Eq. (19) and (20), 
respectively; these variables are used to calculate the terms 
are the unit solution of the heat equation in the radial 
direction and the vertical direction with the Eq. (21) and (22). 
This procedure must be carried out as many times as 
necessary until the difference between the calculated 
temperature and the previous estimate is equal to zero. When 
this is achieved, it is because the principle of the model has 
already been fulfilled. 

The calculations for the cycles following the first are 
carried out similarly, with the difference that the residual heat 
in the reservoir during the preceding cycle must be taken into 
account. The remaining energy in the oil sand can be 
calculated by Eq. (26). An approximate way of taking this 
energy into account is by adding it to the heat injected during 
the following cycle, assuming that the reservoir is at the 
original temperature Tr. This, however, assumes that the 
supra and underlying layers are at the original reservoir 
temperature. As a consequence, the calculated heat losses 
will be greater than the true heat losses. [5] 

For this case, a second cycle and a third were performed 
with the same parameters considering previously, in addition 
to its remaining heat. 

 
3. Results and discussion 
 
After performing the simulation in the SAM software, a 

Levelized Cost of Energy (LCOE) of 0.40Cents/kWh could 
be established, which means that generating 1-kilowatt hour 
of energy has a value of approximately 1/3 of a dollar. 
Ratifying an appropriate energy production cost for the 
project. Other results of vital importance correspond to the 
annual water use of 248 cubic meters a power cycle gross 
electrical output of 175.722 kWh-e. 

As can be seen in Figs. 8 and 9, in the months of February 
and March there were dips in the system's energy dispatch 
curve. This is attributed to the rainy season that occurs in the 
region during these months. On the other hand, in the other 
months evaluated there is an increase in the load curve due to 
the thermal and climatic characteristics of certain days. 
October 7 and December 13 stand out. These irradiation 
peaks are used for energy storage in the system. 

 
Figure 8. 1st operating mode CSP system per month.  
Source: The authors 

 
 

 
Figure 9. 1st operating mode CSP system per month. Heat Map  
Source: The authors 

 
 

 
Figure 10. CSP operating time-of-use value per month 
Source: The authors 
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Figure 11. CSP operating time-of-use value per month. Heat Map 
Source: The authors 

 
 

 
Figure 12. Field collector cosine efficiency per month.  
Source: The authors 

 
 

 
Figure 13. Field collector cosine efficiency per month.  
Source: The authors 

 
 
As for the CSP operating time-of-use value, it can be seen 

that in June, July, August, and September there is a decrease 
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Figure 14. Hot oil production rate vs time in cycle 1-2 
Source: The Authors. 

 
 

of 3 units concerning the other months due to the injection 
procedures and soaking time of the project. 

On the other hand, the variation of the parameter at the 
end of the first 6 days of the month is due to the heat 
requirement necessary for the steam injection process of the 
field. (As seen in the Figs. 10 and 11) 

Also, in Figs. 12 and. 13, the field collector cosine 
efficiency can be observed, where it is clearly shown that in 
the month of February there is a reduction in efficiency that 
is due to the scheduling of predictive maintenance of the 
system. 

On the other hand, for this work, it was decided to 
perform 3 cycles with an injection time of 5 days all three, in 
a projection of three years, with the previously mentioned 
methodology, and the following Fig. 14 was obtained as a 
result. 

To carry out the cycles, the remaining heat from the 
previous cycle was taken into account, as the Boberg & Lantz 
model does, assuming that the reservoir is at the original 
reservoir temperature; It can be seen in Fig. 14 that the 
general behavior of each cycle is that its production rate 
increases for a short time and then falls rapidly, in the first 
cycle it increases for five and a half months, the second cycle 
approximately 3 months and in the third cycle in a month and 
a half; if it wanted to carry out more cycles, its time would be 
much shorter and in the same way their production rate would 
be lower. Additionally, it is observed that when it already 
declines, it returns to its original production rate, this 
behavior is typical of this model since it is due to the decrease 
in temperature and the increase in viscosity. 

 
4. Conclusions 

 
According to what has been simulated in this article, it 

can be concluded that solar collectors are an ecological and 
efficient proposal for the generation of steam for later 
injection into an oil reservoir. 

More than three cycles are not recommended since the 
performance of more cycles is not favorable because its 
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production will not increase in large proportions and will 
only last for a short time. 

The Boberg and Lantz analytical model is suitable for 
estimating the performance of a vapor injection cycle for 
single sand, although this model can be considered for 
multiple sands. 
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