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ABSTRACT 

This paper presents a new solar-energy application 

implemented at typical power substations in Colombia. In 

particular, the paper addresses the way solar energy is 

used at existing power substations together with the 

corresponding benefits to extending the life-cycle of 

stationary batteries connected to communications-

equipment electrical loads, which are necessary for 

carrying out a control-center-based operation. This project 

illustrates how the implementation of a direct-current-

management monitoring system plays a key role in 

successfully optimizing equipment life-cycle as well as 

maximizing solar-energy generation to feed such load type. 

One of the major challenges of this project results from the 

fact that actual implementation takes place in existing 

substations, where the initial designs completely disregard 

applications of this kind and do not consider the need to 

guarantee continuous compatibility with other criteria in 

terms of availability and security at power substations.   

INTRODUCTION 

In this project, RTUs are used in order to acquire the new 

signals that are required for monitoring direct-current 

systems that supply energy for communication purposes at 

high-power substations in typical distribution systems in 

Colombia; every single newly-available signal is detailed. 

Since parametrization of the signals within a general 

monitoring system   allows a significant improvement in 

battery conservation, there is greater support for the 

initiative of matching asset-management strategies with the 

need to extend battery life-cycles, which represents a 

current challenge in terms of system final layout. This is 

even more challenging if we consider the limited reuse 

capabilities of this type of residues, where the chemical 

processes involved are irreversible.    

DESIGN FUNDAMENTALS, RENEWABLE 

ENERGY SOURCES AND REMOTE 

MONITORING ELEMENTS 

Electrical energy sub-stations allow proper driving of the 

energy flow within a power system, which guarantees 

safety through the use of automatic control-and-protection 

devices. This allows changes in and regulation of voltage 

levels and also permits connecting or disconnecting various 

circuits to the systems [1]. Among the elements that    

constitute the system, namely switches, circuit breakers, 

instrumentation transformers, splitters, lightning 

rods, measurement devices, protection devices and 

control devices, auxiliary services can be found 

[2]. All sub-stations require electrical-energy 

supply to be used for motors, light, or control-

associated tasks; similarly, substations require 

other types of supply services such as gas, water 

and compressed air, with their corresponding 

disposal systems. All these systems coexist within 

any substation [3] and their function is to 

guarantee proper electrical energy supply to cope 

with the various required tasks. These systems are 

recognized by the Federal Energy Regulatory 

Commission (FERC) regarding inter-state 

electricity sales, and also by the American Electric 

Reliability Council (NERC). The latter institution 

calls these services Interconnected Operations 

Services (IOS), since the term adequately reflects 

their natural essence and the nature of the implied 

cost [4]. 

 

Auxiliary Services: Batteries and 

Monitoring 

 

Within these auxiliary services, there are some 

alternating-current services, which deal mainly 

with low-voltage loads only associated to mid-

voltage equipment or mid-voltage electrical 

installations. Additionally, direct current services 

are included, consisting of a charger, a battery 

bank and various distribution boards. There lies a 

safe energy source that stems from cumulative 

batteries (also known as energy banks) and uses an 

alternating-current fed charger exclusively 

designed to fulfill such purpose (permanently 

connected). All safe sources must include one 

alarm, at least; such an alarm must be kept clearly 

visible at the front-end of the piece of equipment, 

and should always indicate whether equipment 

meets proper operation conditions. 

 

In case there is no feeding alternating current for 

the charging equipment to operate, or in case 

damage-associated failure is detected in this sort of 

equipment, cumulative batteries are must 

immediately cope with providing direct current 

energy supply to the protection and control 

systems [3]. The minimum voltage value that must 
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be kept at the end of the battery discharge cycle must 

coincide with the corresponding equipment tolerance.  

 

In order to keep track and control of these conditions, it is 

necessary to have a battery-monitoring system operating on 

a 24-7 basis. This monitoring system must record battery 

performance as a function of time so as to provide sensitive 

information and allow determining battery conditions 

associated to the remaining battery capacity when feeding 

typical loads; thus it is possible to improve battery 

reliability, and also to reduce preventive-maintenance costs. 

This guarantees that the external supply source is always 

ready to support and protect operation. 

 

Additionally, the system must include automatic alarms so 

as to warn about potential battery problems, either to a 

nearby place or to farther locations. All this monitoring 

should make use of adaptive algorithms particularly 

developed to recognize any sort of unusual behavior that 

may arise in any of the cells before damage actually occurs 

[5]. 

 

In this context, the use of tele-control Remote Terminal 

Units (RTU) plays an important role. These units are 

basically data-acquisition, in-field-control devices whose 

main purpose is to serve as interface between local-control 

instrumentation equipment and the supervisor-control data-

acquisition system [6]. The units are able to monitor a 

particular number of inputs/outputs (I/O) that are related to 

certain processes. The units also analyze and maintain real-

time data as well as performing tasks like running user-

programmable control algorithms, communicating with a 

master station, and, in some cases, communicating with 

remote stations. 

  

An RTU regularly explores process variables and, by means 

of a communication module, allows information exchange 

with a Master Terminal Unit (MTU) that is located at a 

central control room. To this end, various communication 

means are employed, namely telephone lines, UHF/VHF, 

microwaves, satellites, optical fiber or other media 

somehow connected, through auxiliary ports, to other 

remote units and/or to portable units. The communications 

protocol to be used, which states the message structure as 

well as the error-correction techniques, is property of each 

manufacturer. 

 

The system in charge of supervision, control and data 

acquisition (SCADA) allows visualizing all variables sent 

from the RTU. It is a production-control software 

application that communicates with in-filed devices and 

also controls the process automatically from a computer 

screen. It provides information of the process to various 

users, namely operators, quality-control supervisors, 

maintenance staff, etc. [7]. 

 

Some of the most widely accepted software packages that 

include SCADA are as follows: Aimax by Desin 

Instruments S.A., CUBE by Orsi España S.A., FIX 

by Intellution, Lookout by National Instruments, 

Monitor Pro by Schneider Electric, SCADA 

InTouch by LOGITEK., SYSMAC SCS by 

Omron, Scatt Graph 5000 by ABB, and WinCC by 

Siemens. 

 

Some of these systems can implement the 

following protocols: DNP3, ModBus, IEC 60870-

5-101, 103 and 104 or IEC 61850. For the 

purposes of the present study, it was decided that 

protocol IEC 61850 should be applied since this 

protocol allows protection and control 

functionalities to be modeled at the sub-station fir 

different logical nodes; it also allows grouping for 

different logical devices [8]. This leads to 

considerable savings in terms of time when 

implementing the new protection devices since 

there is no need to assign points to the SCADA 

device points, which represents an advantage over 

other protocols like  DNP. [9] 

 

Renewable Energy Sources: solar energy 

 

The current social and political interest in 

developing renewable energy sources requires 

handling information and communication at a very 

high level so that, through a better knowledge 

about the present situations and also about future 

perspectives, it is possible to begin taking actions 

that promote their proper use. 

 

Renewable energy refers to those energy sources 

that focus on using the sun, wind, water, or bio-

mass (either plants or animals). Unlike 

conventional energy sources, these sources make 

no use of fossil fuels but use unlimitedly 

renewable resources instead. Their environmental 

impact, when compared to that of other sources, is 

extremely low since, apart from not using such 

finite resources, there is very little or no pollution 

left. These sources are sometimes called special or 

alternative, indicating their role within a more 

sustainable energy-social model. Among 

renewable energy sources, the following are 

available: aeolian, geothermal, hydroelectric, tidal, 

solar, bio-mass-based and bio-fuel-based. 

 

The use of renewable energy sources must be 

enhanced since, in the following fifty years, the 

largest amount of oil-based and gas-based energy 

resources will run out, which in turn will raise the 

cost of living worldwide and also will worsen the 

energetic-environmental crisis. Throughout 

history, and particularly up to the mid-19th 
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century, renewable energy sources have covered practically 

the entire set of energy-associated needs of mankind. It was 

only in the last one hundred years that these original energy 

sources have been outperformed, first by using carbon, and 

then, from 1950 onwards, by the use of oil and natural gas 

(in a smaller proportion); nuclear energy accounts for only 

a small part of the global demand and, despite some 

optimistic forecasts, its role will always be marginal [10]. 

 

Solar concentrators use mirrors in order to collect and 

concentrate sunlight, and then produce larger amounts of 

electricity. Basically the process continues by using the 

sunlight captured to heat water or any other fluid and 

produce vapor. Vapor finally will drive a generator that 

produces electricity. The amount of energy that is produced 

by solar collecting systems may vary. The smallest systems 

can generate enough energy for a complete rural 

community. The largest systems may provide electricity for 

a basic energy supply grid throughout a whole region. 

There are three types of solar collectors, namely: 

 

a) The largest solar energy plants use long parabolic 

conduits to collect and reflect sunlight, turning it into 

usable energy. 

 

b) The solar concentrator intended for Stirling motors 

uses a set of mirrors laid out in a dish-like shape. The 

dish rotates following the sun so as to capture and 

concentrate solar energy; the mirrors reflect this 

energy towards a receiver. This type of dish-motor 

system, which offers approximately 30% efficiency, is 

the most efficient of all solar collectors. 

 

c) The solar-energy high tower is placed in between an 

array of sun-follower mirrors that reflect sunlight 

towards a receiver, which stands on top of the tower. 

The mirrors, also called heliostats, are laid out to form 

an irregularly-shaped circle around the tower. A heat-

transferring fluid that lies inside the receiver produces 

vapor in order to feed a generator. In previous energy 

towers, the heat-transferring fluid was vapor itself.  

 

At the heart of this latter type of systems lies a photovoltaic 

cell, like the one that was used in the present study, which 

consists of two semiconductor chips with the necessary 

chemical substances to create an electric field. When 

sunlight touches the surface of the photovoltaic cell, the 

electric field pushes electrons to move in a particular 

direction; thus an electric current occurs. [11] 

 

MONITORING OF THE SOLAR-ENERGY 

DIRECT-CURRENT SYSTEM AT COLOMBIAN 

SUB-STATIONS 

Design and Implementation  

 

This initiative started through an exploration 

process where the most recent technology was 

surveyed. Once the main difficulties were 

identified, the process continued to focus on 

improving security and also on coupling the new 

energy sources altogether supported by a 

monitoring system. Similarly, some previous 

experiences were analyzed in conjunction with 

GTECH SOLUTIONS (in Colombia) in terms of 

operation results and pilot projects, Fig 1. 

 

 
 
Figure 1. Solution’s General Diagram 

 

Subsequently, a general solution proposal was put 

forward. For each rack, a solar panel was included, 

together with its corresponding set of chargers, 

battery banks, rectifier, board, loads per rack and 

remote terminal units. The batteries were placed at 

a room that is part of the main building at the sub-

station. This room was chosen to be as close as 

possible to the boards so as to reduce cable length 

to its minimum, therefore avoiding the risk of 

over-voltage failure due to inductive or capacitive 

coupling Fig. 2 and 3. 

 

 
Figure 2. Network Management 

 

During this project, RTUs were used in order to 

incorporate the new signals that are required for 

monitoring direct current systems that supply 

energy for communication purposes at high-power 

substations in typical distribution systems in 

Colombia; every single newly-available signal was 

detailed. Since parametrization of the signals 

within a general monitoring system   allows a 

significant improvement in battery conservation, 

there was greater support for the initiative of 

matching asset-management strategies with the 
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need to extend battery life-cycle, which represents a current 

challenge in terms of system final layout. This was even 

more challenging if we consider the limited reuse 

capabilities of this type of residues, where the chemical 

processes involved are irreversible. 

 

 
 

Figure 3. Rack a) Layout and b) Design 

 

Within the general design, when incorporating renewable 

solar energy, there was a net power insertion of 3 kW per 

solar energy substation. Such amount of power was enough 

to feed the electrical loads associated to communication 

equipment. However, this required a thorough revision of 

various systems, including additional-protection validation 

that is necessary to achieve maximum availability of the 

direct current system. This system for its part fed 

communication-associated loads that are essential for the 

remote operation of high power substations, which 

normally operate under unmanned schemes, Fig. 4.  

 

 
 

Figure 4. Pilot Project – Design General Diagram 

 

Protocol IEC 61850 was used for alarm transfer to the 

SCADA system. Additionally, a set threshold that allows 

setting an optimal operation point was incorporated in order 

to guarantee maximum battery lifecycle. Batteries were also 

provided with automatic remote-maintenance routines and 

there was an increase in the use of renewable energy 

associated to this type of consumption, which is usually low 

and requires a continuous-supply renewable-energy source 

of some sort, Fig. 5.    

 

 
 

Figure 5. Actual Project Implementation 

 

Prevention-associated benefits  

 

In Colombia, in recent years, a considerable 

amount of fires have occurred at electrical sub-

stations due to failure in auxiliary-service systems. 

The main cause of these fires is that tele-

controlled, locally-unmanned substations represent 

a risk and threaten the safety of nearby inhabitants; 

some examples of such situations are the incidents 

at substations in small towns and cities like Pitalito 

[12], La Calera [13] and Bogotá D.C. [14]. 

 

After extending the implementation of this type of 

practice (as in the present paper), preventive 

maintenance costs are expected to fall; also 

expected to fall are the risks associated to 

auxiliary-service failure in energy supply systems 

at electrical sub-stations in Colombia in the 

midterm. 

 

Future work 

 

Future work is intended to explore the possibility 

of incorporating wind energy into the system, and 

so make the necessary adjustments to the design. 

The need for such an exploratory endeavor arises 

since, although solar energy has been successfully 

incorporated into this new type of direct current 

systems (whose purpose is to feed the loads 

associated to communications equipment at power 

substations), the physical space required for 

current implementations (20 square meters) is only 

available in rural areas. In order to implement such 

a technology in urban areas, it is necessary to use 

other types of energy sources that are more 

suitable for limited-space areas but still provide 

mature development to cope with the intended 

purposes. 
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CONCLUSIONS 

Implementation of renewable energy sources into electrical 

substations and distribution systems is still in its 

incorporation stage in Colombia. However, it is clear that 

such implementations will allow reducing the risks 

associated to system failure, which has led to various 

incidents in the last decade in Colombia. The adoption of 

this technology also permits exploring new services in 

terms of engineering, which in turn will make the 

infrastructure of electrical-sector companies more easily 

accepted by the inhabitants of nearby residential areas. 

  

Similarly, through coordinated efforts,  renewable energy 

sources might be incorporated into emergency services and 

therefore serve as back-up for enhanced (more robust) core 

systems by applying international standards like IEC 61850 

(in this particular case) in order to feed critical loads, 

always favoring the most robust and most stable energy 

source. 
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