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Abstract

The CEDI (Distribution Center) is a 24/7 storage and cross-docking facility consisting of a
warehouse for dry products and another for refrigerated products. The CEDI has a projected
average electrical energy consumption of 426,891 kWh/month, of which 110,643 kWh/month will be
supplied by photovoltaic solar energy and the rest will be supplied by the self-generation system. To
technically and economically evaluate the implementation of a natural gas self-generation system
to reduce electric energy costs and improve the reliability of a food distribution center in the city
of Barranquilla. Methods: In order to achieve the proposed objective, an energy characterization
and an energy and economic evaluation of 3 different energy scenarios are carried out. According
to the current and projected scenarios, the coverage of sources, and the availability of technology
in the market, the project is technically feasible and through the evaluated alternatives, the ease,
simplicity and availability of energy generation from microturbines and the greater efficiency,
catalog of suppliers, and low initial cost of generation from internal combustion engines stand out. It
can be affirmed that the advantages offered by the microturbine configuration are better suited to
the commercial nature and current operating conditions of the CEDI.
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Resumen

El1 CEDI (Centro de Distribucién) es una instalacién de almacenamiento y cross-docking 24 horas
al dia, 7 dias a la semana, que consta de un almacén para productos secos y otro para productos
refrigerados. E1 CEDI tiene un consumo medio de energia eléctrica previsto de 426.891 kWh/
mes, de los cuales 110.643 kWh/mes serdn suministrados por energia solar fotovoltaica y el resto
por el sistema de autogeneraciéon. Evaluar técnica y econémicamente la implementacion de un
sistema de autogeneracion a gas natural para reducir los costos de energia eléctrica y mejorar la
confiabilidad de un centro de distribucién de alimentos en la ciudad de Barranquilla. Métodos: Para
lograr el objetivo propuesto se realiza una caracterizaciéon energética y una evaluacién energética
y econémica de 3 escenarios energéticos diferentes. De acuerdo con los escenarios actuales
y proyectados, la cobertura de las fuentes y la disponibilidad de la tecnologia en el mercado, el
proyecto es técnicamente viable y a través de las alternativas evaluadas, se destaca la facilidad,
sencillez y disponibilidad de la generacién de energia a partir de microturbinas y la mayor eficiencia,
catalogo de proveedores y bajo costo inicial de la generacién a partir de motores de combustién
interna. Se puede afirmar que las ventajas que ofrece la configuracién de microturbinas se
adaptan mejor a la naturaleza comercial y a las condiciones actuales de funcionamiento del CEDI.

Palabras clave: Autogeneracion, Evaluacién energética, Evaluaciéon econémica, CEDI.

Introduction

Due to the inadequate management of energy
sources in the industry, which represent
economic losses and environmental impact,
different alternatives for the rational
management of energy have been proposed
[1]. The development of new technologies has
been considered one of the main alternatives
and techniques for increasing energy
efficiency, since they allow the modernization
of machines and production system
configurations that have a better overall
efficiency [2], thus reducing the impacts of
the industry on the environment and the
growth in the productivity of companies by
applying strategies to control and monitor
their processes [3]

With the continuous progress and
technological, industrial and social growth,
the energy demand has increased, more
specifically the consumption of electrical
energy, which has motivated the development
of different renewable energy sources such
as wind and solar energy, among others [4],
[5]. These types of power generation sources
provide environmental and economic

benefits, however, at the industrial level,
generation sources with higher reliability
in production capacity are preferred [6].
Therefore, power generation from fossil
fuels is preferred in many industrial sectors
[7], often wusing turbines and internal
combustion motors (ICMs) as the primary
source of energy.

The energy demand affects the selection of
one or another prime mover option, since
it generates a continuous change in the
generator load. In case the energy demand
1s constant and a feasible economic study
is developed, a gas turbine can be chosen
[7]. However, an engine is a better choice
whether operating with diesel or natural gas
as fuel, since its high robustness allows it to
better adapt to varying load conditions [8].

Gas is among the fuels that have been most
successful in replacing typically used fuels
such as gasoline and diesel worldwide,
given the possibility of being extracted from
large fossil reserves [9]. Thus, generating
engines operating on natural gas have
been considered an attractive alternative to
current diesel engine technology in heavy-
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duty applications due to the price of the fuel, less expensive treatment devices and an
increase in the gas distribution network worldwide [10].

Materials and Methods

CEDI has an estimated average electricity consumption projection of 426,891 kWh/month
[11]. Additionally, CEDI has a photovoltaic solar energy generation system, which will supply
an average of approximately 110,643 kWh/month, which must be discounted from the total
consumption to obtain energy that must be self-generated with gas, as shown in Figure 1
and Figure 2.
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Figure 1. Energy demand and solar generation of the dry goods warehouse.
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Figure 2. Energy demand and solar generation of refrigerated products warehouse.
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Current Energy Conditions

Table I shows the information on energy consumption, pricing and energy costs of the
facility's consumers.

Table I. Current Energy Conditions CEDI

Item Unit Value
Energy Consumption Dry Loads kWh/month 102.406
Energy Consumption Fruit Loads kWh/month 324.485
Total Energy Consumption CEDI kWh/month 426.891
Electricity Price COP/kWh 420
Electric Energy Costs COP/month 179.294.013
Estimated Natural Gas Consumption m*/month 2.400
Natural Gas Rate COP/m’? 1.300
Natural Gas Costs COP/month 3.120.000

Figure 3 shows the estimated average daily power demand profiles for the CEDI load groups.
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Figure 3. Average CEDI demand profile by type of loads.

Projected Energy Conditions

Table II shows the projected energy balance for CEDI after the solar photovoltaic system
comes into operation. Also, Figure 4 illustrates the balance according to the sources of
electricity supply for CEDI consumers.
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Table II. Projected energy conditions CEDI.

Item Unit Value
Energy Consumption Dry Loads kWh/month 102.406
Energy Consumption Fruit Loads kWh/month 324.485
Total Energy Consumption CEDI kWh/month 426.891
Grid Energy Supply kWh/month 316.247
SPV Energy Supply kWh/month 110.643
Grid Power Tariff COP/kWh 420
SPV Electricity Tariff COP/kWh 265
Electric Power Costs COP/kWh 144.301
Estimated Natural Gas Consumption m?/month 2.400
Natural Gas Rate COP/m? 1.300
Natural Gas Costs COP/month 3.120.000
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Figure 4. Energy demand and total solar generation.

Results and Analysis

The following is a comparison of the
technical aspects required for the proper
operation of the technologies under study.
Table III shows the basic parameters for the
selection of equipment that meets the energy
demand of the CEDI facilities. In the present
operating conditions, the advantages of
combustion engines with respect to those of
microturbines are offered, presenting sales
of specific gas consumption between both
technologies, with the combustion engine
presenting lower specific consumption of
primary fuel for electricity generation.
Other aspects evaluated in this research
are related to the footprint, detailing each
one of the affectations that are presented
by the implementation of the technologies,
presenting disadvantages the combustion

engine due to the high levels of noise and the
requirementofalargeareafortheinstallation
of the complementary components for its
operation. The other technical disadvantage
of the combustion engine is the civil works
that have to be carried out to obtain a land

and area suitable for this generation system
[12].
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Tabla III. Technical comparison between selection parameters for combustion engines and microturbines.

PARAMETERES COMBUSTION ENGINES MICROTURBINES
Fuel Natural gas Natural gas
‘Working pressure 75-80 psi 75-80 psi
Specific gas 0.40 m3/kWh 0.45 m3/kWh
consumption
Working mode Dual (standalone - grid connected) | Dual (standalone - grid connected)
Start-up time Fast start-up Fast start-up
Footprint Large area for equipment room and | Small ~ area  required  for

maintenance required

installation

Noise level

High noise levels, soundproof
booth required

Low noise level (65db) no
soundproofing required

Civil works

4000 psi concrete inertia block
must be built. A soundproof
machine room must be constructed.
Site preparation must have been
graded, leveled, and compacted to
95% minimum Modified Proctor.

No vibrations, so it does not
require large concrete surfaces to
support it, nor spill traps or
anchors for vibration issues (only
anchoring by seismic standard for
static equipment).

In general, of each of the aspects evaluated for the correct operation of the equipment
analyzed, microturbines present the greatest advantages in terms of construction and start-
up with respect to generation engines, meeting 8 of the basic requirements necessary for
each of the technologies studied [13].

Another of the basic aspects for the selection of the technologies available to cover the energy
needs of the CEDI is the efficiency of the equipment. In the comparison shown in Table IV,
although the overall efficiency of the two systems is relatively low, combustion engines offer
4% more electrical efficiency than microturbines. On the other hand, the combustion engine
offers a better performance of power supply in operation, allowing to maintain a constant
power supply, which, in the case of power supply in operation by the microturbine, although
it meets the load is penalized the overall energy efficiency. However, although the operation
of combustion engines is reliable, they are affected by the effect of lubrication and cooling, a
condition that is not present in microturbines because they have only one moving part and
do not require lubrication due to the fact that they have pneumatic bearings.

Tabla IV. Technical comparison between efficiency parameters of motors and microturbines.

PARAMETER COMBUSTION ENGINE MICROTURBINES

Electrical efficiency 37% 33%

Net heat rate 11.7 MIkWm-hr (8290 BTU/hp-|10.9  MI/kWm-hr (10300
hr). BTU/hp-hr).

Partial loads Good efficiency and behavior in the | Units can operate in load
stable operation of partial loads. following  with  efficiency

penalty.

Reliability Reliable operation, although lower | Reliable operation 1 single
than turbines, as they are affected | moving part and no lubrication
by the effect of lubrication and|required due to pneumatic
cooling. bearings.

Availability By having only one equipment|n-1= availability of 2 modules x

producing all the energy, there|200 kWh
:youldgsg)/e longer unavailability 2tl= 3 modules x 200 kKWh
HRE e availability greater than 98%.
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In this aspect, evaluated in combustion
engines, it represents greater advantages
with respect to microturbines, since it offers
better technical aspects and availability
of supply in the operation, covering the
demands required for the operation of the
CEDI plant.

Maintenance is one of the most important
aspects to evaluate among the technologies
under study, since it directly affects the
availability of the equipment in its operation
and therefore in the energy supply of the
CEDI. Due to the specialization of the

to keep the equipment under constant
supervision to meet the energy production
goals, directly impacting the physical
and operating conditions of each system.
Therefore, evaluating the most important
aspects (Table V) to carry out a compliance
of the maintenance plan of the systems, the
combustion engine presents a disadvantage
with respect to the microturbines, because in
its main components the engine can present
high wear in the operating parts and has
high probability of presenting failures for
lubrication and cooling of the system, which
directly affects the overall efficiency and

technologies under study, it is necessary availability of the system.

Table V. Technical comparison between maintenance parameters of engines and microturbines

PARAMETERS
Service and support

COMBUSTION ENGINES
24/7 monitoring and diagnostics
There is wear of parts and it is affected by
lubrication, refrigeration as it has many
moving parts. This parameter is important
considering that refrigeration is one of the
most widely used thermodynamic
processes in the world at industrial,
residential and commercial levels [14]

MICROTURBINE
24/7 monitoring and diagnostics

There is no wear and tear of parts,
because every 40000h the main
component is changed, that is to say that
in the course of time the turbine delivers
at the same time.

Main components
and spare parts

Modular equipment, when you do
maintenance to a module the others
continue to operate. C600 (3x200 kWh).
9-year maintenance plan that includes
all consumables and spare parts for
preventive and corrective maintenance.
Possibility of training customer's
personnel to perform their own
overhaul, 6h/year per module.

Maintenance plan by type according to
the customer's need including overhaul,
requiring more maintenance hours per
year and being only 1 engine affects
availability.

Maintenance

In order to evaluate the operating and performance yields of the technologies under
evaluation for self-generation of energy, we obtain the CAPEX and OPEX analysis. The
CAPEX allows us to evaluate the return on the initial investment for the purchase of the
technology and installation, comparing the money used in the acquisition and installation
of the equipment with respect to the generation of energy [15-17]. On the other hand, OPEX
is the evaluation of the performance of energy generation with respect to operational and
maintenance expenses [18]-[19], allowing us to analyze the investment in maintenance and
improvement of the company's equipment and assets, with respect to energy generation as
can be seen in Table VI for our case study. These indicators allow us to identify with respect
to initial investment and operating and maintenance costs that the internal combustion
engine is the best choice for CEDI's current needs.
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Table VI. Technical comparison between cost and capital expenditure parameters of engines and microturbines

PARAMETERS COMBUSTION ENGINES MICROTURBINE
CAPEX (Equipment) 3 7.1
CAPEX (Installation) 4 1.2

OPEX (Gas) 200.2 237.2
OPEX (Maintenance) 43.4 40

Technological upgrades also lead to improvements in the reduction of materials obtained
from process combustion. Figure 5 shows the behavior of the energy supply, comparing
the installed network with the proposals of the technologies evaluated in this research,
observing the contribution that the production of each of the systems will make with respect
to the base energy necessary to cover the plant's energy demand. This allows us to analyze
that the microturbine offered by Flex Energy is the solution that provides the best energy
supply and availability compared to the other systems.
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Figure 5. Energy supply by current grid and proposed new technologies.

In order to evaluate the environmental
impacts of each of the combinations of the
proposed systems, it is necessary to evaluate
the consumption of the primary energy
necessary to start up each of the equipment.
Emissions for each type of energy are
calculated by means of an "emission factor",
the value of which depends on each country
and energy source. In Colombia, the factor
for electric energy is 0.11 TonCO2/MWh
[20]. This analysis allows the calculation

of a factor that determines the number of
hectares of tree planting required to absorb
the emissions generated by the processes
that require the burning of fossil fuels for
energy generation. For this analysis, the
results obtained are presented as shown in
Figure 6, where the emissions generated by
the current installed network are analyzed
and compared with the three technologies
under study in this research.
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The scenario that includes the combustion engine as a technology to cover the energy
requirements of the plant, is the solution with the lowest emissions to the atmosphere,
contributing significantly to the reduction of pollutants in the atmosphere, which in the long
term will contribute to achieving the objectives proposed by international agreements for

the mitigation of global warming.
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Figure 6. Carbon footprint from primary energy consumption emissions.

Conclusions

The results of the study show that, according
to the current and projected consumption
scenarios, the coverage of sources, and the
availability of technologies in the market,
the project is technically feasible. From the
economic point of view, according to the
tariff scenario and the investor's profile,
there are some conditions that may favor the
development of a self-generation project for
CEDI.

These factors include: 1) a better gas tariff;
2) the electrical efficiency of the equipment
during operation; 3) optimization of the
required investments; and 4) the labor costs
of on-site personnel for the operation of the
equipment. Adjusting any of these factors
positively impacts the project's economic

indicators.

It 1s important to bear in mind that, in order
to guarantee a reliable operation of a self-
generation system, it is necessary to ensure
the support of internal personnel trained
in the technologies implemented, as well
as optimum response times by the supplier/
manufacturer when dealing with system
failures, and to have an inventory of parts.

The indicators for the alternatives in the
third scenario were more attractive than
those for the second scenario, due to the
considerable reduction in energy generated
by the natural gas system. Having
permanent idle capacity or underutilization
of equipment has a negative impact on the
evaluation indicators.
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In relation to the alternatives evaluated,
and in accordance with the operating
conditions and resources available to CEDI,
the following comparative advantages stand
out for each of them microturbines (MTG):
less space required for assembly, easier
installation/removal, less on-site operating
personnel required, greater simplicity in
maintenance routines, higher operational
availability, no oil or coolant required for
operation, modulated system that allows
total or partial operation of the capacity
according to demand, and greater self-
generation potential. In addition, related
to internal combustion engines (ICE), was
identified the greater electrical efficiency,
lower natural gas consumption costs, lower
initial investment, and greater supply
of technology suppliers. Therefore, it is
considered that the advantages offered
by microturbines are best suited to the
commercial nature and current operating

conditions of the CEDI.
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