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Abstract—This document uses the prospective technique Technology roadmaps for the determination
of technologies used in solar photovoltaic water pumping systems (SPWPS) (submersible) in the
department of Guajira, Colombia. The methodology was descriptive qualitative non-experimental. Under
the criterion of the population census, seven professional engineers of the Industrial Center and
alternative energies of the National Apprenticeship Service - SENA Regional Guajira were selected as a
study sample. The data collection was done through the Technology roadmaps technique, with which
suppliers and components for SPWPS were obtained through experts. In the analysis and results, suitable
equipment was found in an SPWPS under the specific conditions of the region under study. The
conclusions indicate that the Technology roadmaps technique provided the ideal tools in technology (solar
panels, controllers, motors and pumps, among other devices), for an SPWPS under the geographic and
climatic conditions of the region of La Guajira, besides qualifying the data as suitable for further
research on the subject.
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I. INTRODUCTION

In Colombia, the department of La Guajira is characterized among many factors by its arid territory, warm
climate and the level of solar radiation (5.5 - 6 kWh / m2) [1]. These conditions make the department in
question a potential site for the use of renewable energies such as solar photovoltaic solar panels [2], which is
useful to meet the basic needs of man who depend on electricity. A special implementation, used in the region,
are solar photovoltaic water pumping systems (SPWPS) [3], which have been specially focused on communities
far from urban centers and with difficult access to public services, such as communities Wayuu located in
rancherias [4] or small groups of houses that hold families of the same kind by maternal line and are scattered in
the geographic landscape close to the water wells [5].

SPWPS are a cost-effective alternative compared to conventional pumping systems, especially in isolated
areas of non-developed countries [6]. Before being implemented, modeling, reliability, feasibility, field
performance, design procedures and control strategies are often analyzed, among other details [7], to ensure a
safe and efficient installation, as well as to identify those components and equipment that fits into the
geographical area where the system will be implemented, in other words, perform the dimensioning [8] [9]
taking into account the availability of technologies in the market.

In the city of Riohacha and its surroundings, the Industrial Center and alternative energies of the National
Apprenticeship Service - SENA Regional Guajira, Colombia, has the Technical Program in Maintenance and
Installation of Photovoltaic Solar Systems, in which apprentices are instructed in the installation and
maintenance of these systems, however, the choice of technologies and equipment used to carry out the projects
is based on the concept and expertise of the instructors, a fact that represents a limit in the performance of the
systems before the possibility of not opting by the relevant equipment for pumping, either by cost, efficiency [10]
or relevance to the characteristics of the region [11], among other factors. Therefore, the present document uses
the prospective technique Technology roadmaps for the determination of technologies used in SPWPS
(submersible) in the department of La Guajira, Colombia.
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Il. METHODOLOGY

The methodology used was of a descriptive type, due to the objective and precise details of the characteristics
of each component in the SPWPS [12]; qualitative, for providing an overview of the range of non-numerical
characteristics in equipment [13]; not experimental, because of not manipulating the data obtained from the
objective elements [14].

A. Population

Among the instructors teachers in the area, seven professional engineers from the Industrial Center and
alternative energies of the National Apprenticeship Service were found - SENA Regional Guajira, Colombia.
Therefore, under the population census criterion, the entire population of teachers was selected as a sample
(Table 1).

TABLE I. Teachers members of the sample

Profession Function Amount of people
Mechanical Engineering | Structure design, panel mounting, hydraulic sizing 3
(pump power, flow to be handled, hydraulic pipe
Electronic Engineering Photovoltaic sizing, photovoltaic matrix, installation 3
Electrical engincer of controllers and sensors, pump wiring.
Total 7

Then, with the help of the previous ones, suppliers of equipment and supplies for SPWPS were selected.
B. Data collection

The collection was carried out using the Technology roadmaps technique, present in the platform and web
tool for prospective studies Softprosp [15], in which the teachers of Table 1 (experts) were consulted, regarding
each technology in the SPWPS and provider thereof.

C. Data collection

The data collected from the technologies were organized under different parameters such as purchase cost,
maintenance and other factors. From the above, by means of consulting the experts, the appropriate equipment
was identified in an SPWPS under specific conditions such as geographical, meteorological and economic
conditions in the region of Riohacha, La Guajira, Colombia.

D. Research procedure

For the collection and subsequent analysis of data, a scheme was designed with steps that would make the
research a systematic and orderly process (Figure 1).
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Fig. 1: scheme outlined

The proposed steps were:
1. Determination of environmental conditions

2. Technology roadmaps technique application to collect information of equipment present in an SPWPS
by consulting teachers and suppliers

3. Data ordering and equipment selection for an SPWPS
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I11.RESULTS
A. 1. Determination of environmental conditions

The present study was carried out in the region of Riohacha, La Guajira, Colombia, which is characterized by

its arid territory, high temperatures and solar radiation, as shown in Figure 2 [16].
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Fig. 2: Atlas of solar radiation, IDEAM

B. 2. Technology roadmaps technique application to collect information of equipment present in an SPWPS by

consulting teachers and suppliers

By means of consulting the experts, through the Technology roadmaps technique present in the Softprosp
web platform (Figure 3), together with the help of the single line diagram designed in the Franklin Electric
application (Figure 4), it was determined that the fundamental components in the system (of a critical nature and

greater importance). Were:

Encuesta - Responda todas las preguntas

&Cuales dispositivos tecnologicos son los mas utilizados en un SPWPS? Separe por comas.

Listo

Fig. 3: Survey, Softprosp platform
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Fig. 4: Single line diagram, SPWPS
a. Motor

a2. Water Pump
b. Controller
c. Solar panels
d. Flow switch
e. Water level sensors (Upper / lower)

f. AC electric generators

Then, with the help of the Softprosp search engine, equipment suppliers were searched (Figure 5), from
which those that showed the most benefits were selected based on criteria over time: technology, supply time,

prices, product quality. The selected providers are shown in Table 2.
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Fig. 5: Searching interface
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TABLE II. Equipment suppliers for SPWPS

Technology

Supplier A | A2 | B|C | D|E F

1 X X X

2 X X X

3 X X X

4 X X

5

6

7

8 X

9

With the above, for each selected provider, the characteristics of each of the main technologies in the SPWPS
could be determined (Table 3 to Table 9).

TABLE III. Motor offer

Supp. Name Specifications $ (USD) Warranty
47 MCIP 100 0.5/7.5HP Requested for quotation,
1 submersible 30°=35°C no(tl visible to t%e ublic’ DK/NA/REF
motor 370/5500W P
Motor Franklin Pmax: 0.75 HP Requested for quotation,
2 Electric -15°=60°C 5500W | not visible to the public DK/NA/REF
TABLE IV. Water pump offer
Supp. Name Specifications $ (USD) Warranty
) Head (H): Max. 660 m
Submersible 0.5/335 HP 0°~60°C Requested for
1 Pumps - QF ’ 3a quotation, not visible | DK/NA/REF
. Max flow: 440m’/hr .
Series to the public
Max 7333 LPM
Bomba solar NPT GPM: 25
1.5HP-200-300
25SDSP-1.5HP 400/2000W Requested for
2 GPM. 25 quotation, not visible | DK/NA/REF
: to the public
Bzosn;t]’;;}‘flgrog? 200/325V-3.0HP P
- 750/3500W
Solar submersible
3 Solar water pump 750W-220V-50Hz pump system 2 years
$1000-10000
Max Flow (M3/H) 5=7
Max Head (m) Requested for
4 Cerifi?j 210 gﬁm 30=180m quotation, not visible | DK/NA/REF
& P Outlet (IN):1.25" fo the public
270W
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TABLE V. Controller offer

Supp. Name Specifications $ (USD) Warranty
. 0.37/3700W .
Single Phase - Requested for quotation,
! SCU200 0.5/5HP not visible to the public | D/ NVA/REF
220V-50HZ
CONTROL BOX, 230V-60Hz- Included in SubDrive
2 STANDARD SHP SolarPAK DI/NA/REF
Solar controller 10°=50°C Solar submersible pump
3 system (PLC) 1500W-220V system $1000-10000 DR/NA/REF
4 MptPt controller 110/220V Requgslted for quotation, DK/NA/REF
or pump not visible to the public
TABLE VI. Solar panels offer
Supp. Name Specifications $ (USD) Warranty
Solar panel Efic Max: 16.05% ) )
2 (SubDrive -60°=85° C Pmax: 260W Incéi‘ligg,fsgg%‘ve No
SolarPAK) Vmp: 30.2V Voc: 37.4V
Mono solar panel Pmax: 340W Er?llarsszzrrrrllegsligz)eo
P Vmp: 37.9V Voc: 46.76 pummp }1/0000
3 Sol Y bl 10 years
Pmax: 300W olar submersible

pump system $1000-
10000

Poly solarpanel | =y, 36 3V Voc: 44.8

Requested for

Poly-Crystalline Pmax: 290=320W . .
4 Solar Module Vimp: 35.9 Voc: 4.5 quotation, not YlSlble to | 10 years
the public
TABLE VII. Flow switch offer
Supp. | Name Specifications $ (USD) Warranty
°C-bar-psi
20-18 - 261 . .
2 F21 25-15.75-228 Indudsedl ‘?Pi“IED“VG DK/NA/REF
30-13.5-196 o
35-11.25-163
TABLE VIII. Water level sensors (Upper / lower) offer
Supp. Name Specifications $ (USD) Warranty
. Solar submersible pump
3 Water level switch DK/NA/REF system $1000-10000 2 years
Sensor Horizontal -10~85 °C
8 de Nivel de Agua — TOW-110V-0.5A $6.7 DK/NA/REF
Flotador Interruptor
S ¢ -30=125 °C
9 oy oo At 10W- $22 DK/NA/REF
110V/220V-0.5A
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TABLE IX. AC electric generators offer

Supp. Name Specifications $ (USD) Warranty
. . 2500W-110/220V
5 Gasoline electric generator 3100W-110/220V $396 $656 DK/NA/REF
. Requested for
Electric generator 2600W- .
YAMAHA EF2600FW | 120VAC/12vDc | duowtionnot | DK/NA/REF
6 visible to the public
Requested for
Power plant YAMAHA 1 5500w-120240v | quotation, not | DK/NA/REF
EF7200DE .. .
visible to the public
(62800 Bauker Gasoline | 454y 119y $450 DK/NA/REF
7 electric generator
Ducson Gasoline electric 3700W-120V $960 DK/NA/REF
generator

C. 3. Data ordering and equipment selection for an SPWPS

Once the SPWPS elements offered by the suppliers were identified, those devices of ideal character for the
system were selected. The above resulted in the results obtained in Table 10.

TABLE X. Items selected for the SPWPS

Element Supplier Name Characteristics
. . Pmax: 0.75 HP
Motor 2 Motor Franklin Electric _15°=60°C 5500W
Water pum ’ Bomba solar NPT GPM: 25
pump 25SDSP-3.0HP 200/325V-3.0HP 750/3500W
CONTROL BOX,
Controller 2 STANDARD 230V-60Hz-5HP

Efic Max: 16.05%
Solar panel (SubDrive o ovan ’

Solar panels 2 -60°=85° C Pmax: 260W
SolarPAK) Vmp: 30.2V Voc: 37.4V
°C-bar-psi 20 - 18 - 261
Flow switch 2 F21 25-15.75-22830-13.5-196
35-11.25-163
Water level sensors 9 Sensor para tanque -30=125 °C
(Upper / lower) Float switch 10W-110V/220V-0.5A
Electric generator 5 Gasoline electric 2500W-110/220V
generator 3100W-110/220V

For systems such as SPWPS, activities such as generating component installation models [16], how to select
the technologies of these systems, are important factors because they influence the overall performance of
photovoltaic systems [17]. In a similar way to the present investigation, in [18], an exhaustive review of the
literature of solar pumping technology was carried out, from which it was obtained among the conclusions that
the factors that affect performance techniques and improvement of efficiency, the use of highly efficient
photovoltaic modules, including bifacial modules and the degradation of the photovoltaic generator are areas of
research to reduce cost, improve performance and improve the service life of the pumping system, conclusions
which adjust and complement the objective of the present investigation.

IV.CONCLUSION
Based on the results obtained, it is concluded that

- Technology roadmaps technique was effective in identifying suppliers and equipment with greater
suitability to operate in an SPWPS under the conditions that the Riohacha region has, La Guajira.

- The data revealed in the present investigation can be useful for future sizing of SPWPS, an activity which is
of great benefit because it allows to avoid energy leaks, prolong the useful life of the equipment and increase
system performance, among other advantages.
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