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Abstract  
Due to the Paris Agreement and efforts of the United Nations 
Framework Convention on Climate Change towards 
stabilising global Greenhouse Gas Concentrations, countries 
are becoming receptive to the need for an energy transition. 
From a holistic sustainability viewpoint, this includes a 
renewable energy mix in power generation sectors. For early 
adopters like Trinidad and Tobago (T&T), it is important that 
analysis be conducted to investigate how renewable energy 
(RE) can be optimally integrated into the current energy mix. 
This paper considers the University of Trinidad and Tobago’s 
Camden Campus, located in Couva as the study site. Though 
the study is specific to this site, the methodology, analysis, 
and conclusions are transferable to other similar sites. This 
study uses the Homer Pro Software to design, simulate, and 
optimize a hybrid PV-Wind energy system (using the least 
cost objective function). Given the electricity rates of the 
country, the “as is” case was the most cost-effective, 
excluding renewable energy penetration and greenhouse gas 
emissions reduction. The base case with a subsidised 
electricity cost of US$ 0.05 per kWh, was found to use 
approximately 884,854 kWh at an annual cost of US$ 44,243 
and associated CO2 emissions of 559,226 kg. At this present 
subsidized cost of electricity, the RE systems were seen to 
be uneconomical, with the subsidised grid price being more 
competitive. At an estimated unsubsidized price of 
US$ 0.12 per kWh applicable to T&T, the optimally designed 
RE system at the campus would still be uneconomical and 
the cost at which such a system makes economic sense was 
US$ 0.15 per kWh (with a 10% RE penetration). Using a 
regional average unsubsidized cost of US$ 0.22 per kWh, the 
RE system became more economical, with a larger RE 
penetration of 36.2% and corresponding CO2 savings of 
222,328 kg per year. 
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1 Introduction 

With the global population projected to 
rise1, energy demand and consumption 
increase may occur2. This, together with 
the collective global initiative to reduce 
greenhouse gas (GHG) emissions 
provides a reason to explore alternative 
forms of energy generation. Trinidad and 
Tobago (T&T), a twin-isle republic, is the 
southernmost island of the Caribbean, 
situated 130 kilometres south of Grenada 
and 11 kilometres southwest of Venezuela, 
spanning an area of 5,128 km2. T&T, with 
a terrain mostly consisting of mountains 
and plains experiences a tropical climate. 
The primary economic source stems from 
the country’s fossil fuel wealth and its 
heavy reliance on this non-renewable 
resources3.  

T&T emits a large amount of GHG per 
capita. As of 2016, the republic occupied 
the third spot with an annual CO2 
emissions figure of 5.39 tonnes per capita4. 
In 2018, T&T’s energy sector contributed 
close to 20,000 Gg CO2e. This accounted 
for 42% of the total CO2e emissions for the 
country5. However, when viewed by total 
GHG emissions on a global scale, the 
country was ranked in the 62nd position6 
contributing less than 1% globally7. Despite 
its lower ranking on an entire GHG scale, 
efforts should still be pursued, evaluated, 
and implemented to reduce its emissions, 
especially due to the country being a 

signatory to multiple related multilateral 
agreements.  

T&T is a party to the Paris Agreement 
and in 2018, under its Nationally 
Determined Contributions confirmed its 
formal commitment to reducing its GHG 
emissions with a target of reducing 
cumulative GHG by 15% from industry, 
power generation, and the transport sector 
by 2030 from a business-as-usual 
baseline8. In addition to the Sustainable 
Development Goals as further guiding 
principles, T&T also has its very own 
Carbon Reduction Strategy and National 
Climate Change Policy and Vision 20306. 
However, despite these commitments, T&T 
has yet to explore renewable energy 
technology (RET) on a large scale. One of 
the main deterrents to this is the subsidized 
rate of electricity.  

Table 1 highlights the cost of electricity 
(COE) in some countries throughout the 
Caribbean. From this, it is seen that T&T is 
privy to comparatively lower electricity 
rates than the rest of the Caribbean, whose 
electricity cost generally falls within a range 
of US$ 0.30-0.40 per kWh3. As an 
economy that is largely based on the 
production of oil and gas commodities due 
to its large natural reserves, traditional 
energy generation takes precedence over 
the creation and expansion of a renewable 
energy (RE) component of the energy 
sector.

 
Table 1. Cost of electricity in various Caribbean countries. 

Country Price of electricity (US$ per kwh) 

Antigua & Barbuda 0.43 
Bahamas 0.26 
Barbados 0.32 
Dominica 0.43 
Jamaica 0.36 

T&T 0.05 

 
Given this, it appears as though T&T 

has little economic incentive to adopt RE, 
especially compared to the low electricity 
rates9 and the forgoing of the opportunity to 
utilize the subsidy funds to expand or 
improve other aspects of the economy. 

T&T’s economy is centred on using a 
finite, non-renewable resource that is 
vulnerable to economic shocks, market 
fluctuations, and resource shortages. This, 

in addition to the country’s high ranking in 
CO2 emissions per capita4 as well as the 
country’s various international and local 
initiatives and agreements, is ample reason 
for RETs to be explored. This can provide 
an opportunity for economic diversification 
and preparation for an energy transition 
while simultaneously engaging in carbon 
footprint reduction (all essential ingredients 
for sustainable development). Both solar 
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photovoltaic and wind technology are 
deemed the most suitable RET for T&T due 
to the abundance of sunshine hours and 
strong wind speeds the isle receives10,11.  

Educational bui ldings ut i l ize  
approximately 11% of total energy 
consumed12. A campus with RE is an 
excellent forefront to combine RET into the 
country’s energy mix and move towards its 
RE target.  

The University of Trinidad and 
Tobago’s (UTT) Camden campus is 
situated on Camden Base Road, Couva. It 
is the aviation training institution for The 
University of Trinidad and Tobago. 
Occupying 20 acres of land, it houses the 
largest hangar within the English-speaking 
Caribbean and is an aviation-relevant 
training institute for multiple program 
options within the industry.  

This project aims to create and 
evaluate the benefits of a solar PV and 
wind hybrid renewable energy installation 
on the UTT Camden campus. The 
objectives of the study are: 
a. Conducting and evaluating an 

ASHRAE Level 1 energy audit 
b. Developing a system load profile  
c. Modelling and simulating a renewable 

energy system 
d. Conducting economic and CO2 

feasibility studies 
The paper is divided into the following 

sections: literature review, methodology, 
results, discussion, recommendations and 
conclusion. 

2 Literature Review 

2.1 Energy Audit and Energy Efficiency 

An energy audit is the inspection, 
survey, and analysis of the energy 
consumption within a building to determine 
energy consumption patterns and offer 
insight into more economical and 
environmentally wise improvements that 
can be made13. It is crucial in developing, 
managing, and making appropriate 
sustainable energy decisions. The main 
purposes of an energy audit are to quantify 
energy usage based on its functions and 
outputs, to determine an energy 
consumption baseline, to benchmark 
against standard values, and to identify 

energy reduction and cost-saving 
opportunities14. This allows for improved 
energy performance, minimization of 
environmental impacts, and decreased 
financial output13,15. A level one energy 
audit is the simplest audit that can be 
conducted. It entails a general overview of 
utility bills, operating data, and though not 
necessary, a building walk-through all 
aiming to achieve a preliminary analysis 
and generating low to no-cost measures to 
improve both the energy efficiency and 
performance of the building together with 
reducing its cost16. It should be noted that 
though, level two and three energy audits 
provide greater detail and afford an 
in-depth analysis, once done correctly, a 
level one audit can highlight pressing areas 
of energy wastage, inefficiency, and 
concern allowing for further analysis to be 
taken if necessary. 

The phases of an audit are data 
col lect ion, data analysis , and 
results/findings and recommendations17.  

The findings of an energy audit on an 
airport terminal in Egypt indicated that a 
significant source of energy consumption 
came from HVAC systems and lighting18. 
This study highlighted that this could easily 
be decreased by reducing the difference 
between the interior and exterior 
temperatures of the environment. Another 
major method used in energy consumption 
reduction included modelling and 
simulation of electrical loads together with 
identifying various energy scenarios for 
optimum reduction. Similarly, an energy 
audit of an educational building was done 
and from this, it was concluded that energy 
wastage on the campus is highest during 
its operational stage through insufficient 
insulation, heating and air conditioning, 
improper use of energy installation, and 
poor management strategies19.  

Because energy audits identify 
consumption patterns and opportunities for 
energy savings, it is crucial that an energy 
audit precede system design and 
optimisation to ensure that the system load 
profile is accurately represented. This 
allows for the correct load profile to be built 
for an energy-efficient system. This avoids 
energy wastage and prevents an oversized 
or misrepresented system from being 
made and evaluated.  
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A study20 noted the importance of 
conducting an energy audit prior to system 
design and simulation. The methodology 
included conducting an energy audit which 
revealed the amount of energy to be saved 
and the recommended load to be input into 
the HOMER software to ensure accurate 
system size, net present cost, cost of 
electricity, etc. The audit results were 
compared to the pre-audit figures, which 
identified that the building could save 34% 
of the energy it currently utilizes. Feasibility 
studies for the proposed solar energy 
system showed that the installation would 
reduce energy purchases from the grid and 
present cost-saving opportunities. The 
audit identifies areas where energy-saving 
strategies (improved energy efficiency) can 
be implemented allowing for less energy 
usage and a consequential reduction in 
emissions.  

Energy efficiency is essentially 
lowering the amount of energy needed to 
execute a task or activity, reducing energy 
usage or consumption. There are various 
ways in which energy efficiency can be 
achieved. Though RE is not a form of 
energy efficiency, but rather a clean source 
of energy generation, when paired with 
energy efficiency measures, environmental 
benefits can be seen. A study conducted 
on RETs adduced that solar PV technology 
and/or wind technology, in tandem with 
other techniques, significantly improve 
energy efficiency while utilising sustainable 
forms of energy generation21. The use of 
more efficient lightbulbs and lighting 
systems, self-regulated HVAC systems, 
and smart devices were highlighted as 
some of the easiest ways of implementing 
energy efficient measures in a study 
discussing various renewable energy and 
energy efficiency technologies since air 
conditioning and lighting systems are the 
largest consumers of electricity in most 
commercial buildings12. Further methods 
include additional energy efficiency 
measures, daylighting, benchmarking, and 
using an energy efficiency or usage index.  

Daylighting is the intentional 
management of the admission of direct 
sunlight or natural light into buildings to 
reduce the need for electrical lighting while 
simultaneously achieving energy savings22. 
This can save up to one-third of the total 

energy costs of a building22. This can be 
obtained through the controlled placement 
of windows, skylights, window glazes, or 
through daylight-responsive lighting 
management systems. A case study 
conducted in Saudi Arabia concluded that 
the introduction of daylighting within the 
three-story university’s design afforded 
energy savings of 43.9 MW per year 
through a controlled lighting management 
system23.  Similar to the study previously 
mentioned, another case study indicated 
the use of a sensor-based lighting 
management system that would turn on 
once illuminance fell below a specified lux 
level. It was concluded that over 50% of 
energy savings would be achieved if the 
system was made operational on a full-time 
basis24. 

Benchmarking is a tool for 
improvement obtained through comparison 
with other organizations of a similar nature 
that are deemed to have the best standards 
within the industry25. Its purpose is not 
solely for evaluation or ranking against 
other organizations, but rather, to learn and 
adopt practices to improve the performance 
of one’s current establishment. This is done 
by taking a building’s energy use intensity 
(EUI), also known as energy use index, and 
comparing it against buildings of the same 
type to determine how efficiently the 
building uses energy and identifies areas 
for improvement26. A EUI reflects the rate 
of energy use in building energy use 
analysis. It is calculated by dividing the 
amount of energy consumed in British 
thermal units by the building’s gross area in 
square feet27. The values for external 
comparison can be found in databases 
such as the Commercial Buildings Energy 
Consumption Survey (CBECS) or from 
similar organizations with published 
information. For internal comparison, the 
benchmark values from previous years can 
be looked at in relation to the current year 
being analysed to determine whether or not 
the energy patterns and consumptions of 
the organization are deteriorating. The 
findings of a study in which energy usage 
was benchmarked across schools in the 
United States showed that characteristics 
such as occupant density, operating hours, 
and number of equipment can result in 
buildings of the same type having varying 



Journal of Smart Science and Technology, 2023,3(2) 

 

87 

 

EUIs28. According to the U.S. National 
Energy Use Intensity, educational buildings 
categorized as universities/colleges occupy a 

EUI of 84.3 kBtu ft−2 29. It should be noted 
that EUI values vary based on climate due 
to differences in cooling and heating 
demands.  

2.2 Hybrid Renewable Energy System 
(HRES) and System Simulation 

HRES comprises various types of 
energy generation/sources in a single 
combined system. This is more beneficial 
than a system relying on one lone energy 
source. A case study analysing a PV-wind 
hybrid system concluded that photovoltaic 
and wind hybrid energy systems are a 
more economically viable alternative to 
fulfil energy demands30. This result from 
one energy source being able to cover for 
the other during a period of reduced energy 
output. Combining RETs allows for a 
feasible project and increases the overall 
energy output. Similarly, in another case 
study, it was adduced that such a hybrid 
system is reliable and has excellent 
potential for electricity production based on 
the geographical area30.  

HRES are complex. Through the use 
of simulation software to design, analyse 
and optimize, these systems can be 
appropriately planned, sized and avoid 
unnecessary expenses. There are a 
number of technologies and software 
options available today to aid in the 
simulation of a RE system, each with its 
benefits and disadvantages based on the 
specific purpose for which it is being used.  

2.3 Homer Pro 

Homer (hybrid optimization model for 
electric renewable energy) is the 
predominantly used software for renewable 
energy system simulation. Its main goal is 
to optimise and analyse HRES which can 
be grid-connected or standalone. It allows 
for adding wind power, solar power, battery 
storage, generators, biomass, and other 
sources31. Homer performs economic, 
sensitivity, and optimization analysis. 

  

2.4 RETScreen 

RETScreen is an Excel-based 
software used to assess renewable energy 
modelling and analysis. It comprises eight 
technologies: wind, photovoltaic, small 
hydro, and solar air heating. This 
technology allows users to determine 
potential power efficacy, clean power, and 
combined production projects31.  

2.5 iHOGA 

iHOGA (Improved Hybrid Optimization 
by Genetic Algorithms) is a computer 
program that simulates and optimizes 
power systems supported by renewable 
energy sources. Due to thorough analysis 
strategies, a main and secondary algorithm 
is considered for all systems, resulting in a 
slightly long analysis period.   

2.6 System Advisor Model 

The System Advisor Model (SAM) is a 
free techno-economic computer model 
that facilitates renewable energy 
decision-making. SAM contains models for 
photovoltaic and battery storage, solar 
water heating, wind, biomass, and 
traditional power sources among others. 
SAM does not create models for hybrid 
model systems; instead, two or more 
systems would have to be modelled 
separately and then combined to create an 
overall output32.   

HOMER software was the preferred 
application for energy simulation design. Its 
ability to recognize system dynamics, 
cost-benefit analysis, and sensitivity and 
optimization analysis were viewed with 
high importance33. This, in addition to its 
ability to quantify GHG emissions 
associated with each system, determines 
system cost at various stages (initial 
capital, operational, and maintenance), run 
sensitivity analysis to assess the effect of 
particular on system cost, and rank system 
based on Net Present Cost (NPC)34 are all 
advantages to utilizing the software. It is for 
these reasons that HOMER was used for 
this study.  

T&T is predominantly focused on fossil 
fuel use and has yet to adopt RE as a 
feasible option for electricity generation. As 
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a signatory to multiple environmental 
agreements and as the importance of 
limiting greenhouse gases increases 
globally, RE poses a means of fulfilling 
these environmental obligations while 
simultaneously reducing the country’s 
carbon footprint. By conducting an energy 
audit of the UTT Camden Campus, 
simulating and analysing a solar PV-wind 
hybrid RE system for comparison against 
the current grid-only system the campus 
currently uses, insight can be offered into 
the benefits of such structures allowing for 
alternate use across the country. 

3 Methodology 

3.1 Energy Audit 

Data was requested, received, and 
utilized to analyse. A data list was compiled 

based on the necessary requirements of 
the study and sent to the relevant heads of 
the university for approval. Once approved, 
the requested documents were sent for 
research and analysis. Data gathered 
included electricity bills from previous years 
(2018, 2019, and 2020), building 
blueprints, electrical equipment sizes, and 
their demand. Combining these with a 
simple walk-through, an ASRAE Level 1 
energy audit was conducted and analysis 
of the electrical load of the campus 
followed. A EUI value was calculated 
based on the energy consumed over the 
campus area. The Energy Usage formula 
is presented in Table 2 and the calculations 
with the formula and conversions are 
outlined in Table 3. 

 

 

Table 2. Formula and conversions for EUI. 

EUI formula Conversions Campus area (ft2) 

2

Energy consumed (kBtu)

Area (ft )
 

1 kWh = 3.412 kBtu 
1 m2 = 10.764 ft2 

46,365.61 

 

Table 3. EUI values. 

Year kWh kBtu kBtu ft−2 

2018 487,400 1,663,008.8 35.87 
2019 544,300 1,857,151.6 40.06 
2020 494,000 1,685,528.0 36.35 

 

 

3.2 Load Profiles 

A synthetic load builder was used to 
produce input values into the Homer 
software. The load builder was an 
Excel-based platform that calculated the 
peak annual demand and kWh per day for 
the weekdays and weekends of all months. 
Inputs required for the load builder were 
inputs from electrical bills: monthly energy 
usage and monthly peak demand and user 
assumptions-ratio (that is, the presupposition 
of energy usage and relative electricity 
demand throughout the day including peak 
demand and hours). of weekends to 
weekdays and typical day shape. The 
specific day shape for a commercial 
building was obtained from the synthetic 
load builder options from Homer. The 

outputs were the calculated load builder 
load profile values which were then 
exported into the software.  

Annual load profiles were constructed 
using the monthly electrical consumption 
values from the electrical bills provided and 
presented in a graphical form. Similarly, the 
total yearly consumption was also 
calculated and presented on a graph. Since 
2019 was deemed the most energy intense 
year, the load profile per month was also 
generated and presented to show variation 
in monthly consumption. 

3.3 System Simulation  

The excel values from the synthetic 
load builder were imported into the 
software and used as the inputs for the 
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load. The systems were created using 
generic components to produce results that 
were not attached to a specific brand, 
manufacturer, or price. Instead, general 
built-in prices from the software were 
presented as an average of what such a 
system would cost. Components included 
a grid, generic flat plate PV, generic 1 kW 
wind turbine, auto-sized diesel generator, 
generic 1 kWh lead acid battery, and a 
system convertor. 

The base case was created by 
modelling the grid only system of the 
campus since this is the business-as-usual 
scenario. Two other scenarios were 
simulated by adding and removing 
components to the base case: a grid-tied 
system in which RE and the grid were used 
as energy sources and a stand-alone RE 
system in which only RE sources were 
utilized. The Homer software was used to 
calculate the optimised system (using a 
least NPC objective function) for each 
scenario. As such, RE fractions were 
exogenously found from the models.  
Sensitivity analysis was also conducted to 
see the effect that parameters such as cost 
of electricity and diesel price could have on 
the modelled results. The overall chosen 
system that was deemed most feasible for 
the campus was chosen based on 
considering both cost and CO2 emission 
reduction.  

From the results, data analysis and 
recommendations occurred.  

3.4 HOMER Inputs  

Particular inputs were needed for the 
software to simulate as accurate scenario 
as possible. This included site-specific 
weather data which was taken within the 
software and various electricity costs. The 
subsidized, unsubsidized and regional 
average of the COE, as well as diesel 
prices, were taken as available in the 
literature, while another unsubsidized 
calculation was done for both natural gas 
and diesel based on the recent prices since 
the unsubsidized values stated in the 
literature would not have reflected the 
current rise in fossil fuels. This was 
calculated by finding the percentage of the 
commodity which constituted the 
commodity itself from the full price at the 

particular time in which that value was used 
within the literature. This figure was then 
applied to a past six-month average.  

This was done to ensure that the 
unsubsidized rate reflected the recent 
change in prices, which undoubtedly, 
affects the unsubsidized cost and with it the 
results of each scenario under that specific 
COE.  
a. Weather data: solar and wind data site 

specific to the location of the university 
according to the NASA database 
available within the software. 

b. Electricity cost: subsidized cost of 
US$ 0.05 per kWh, unsubsidized cost 
based on literature of US$ 0.12 per 
kWh3, calculated unsubsidized cost 
(based on recent prices35) of US$ 0.22 
per kWh and regional average of 
US$ 0.35 per kWh3.  

c. Fuel cost: subsidized cost of US $ 
0.575 per L, unsubsidized cost based 
on the literature of US$ 0.729 per L34, 
calculated unsubsidized cost (based 
on recent prices) of US$ 1.08 per L and 
global average of US$ 1.39 per L36. 

d. Sellback rates: US$ half the price of 
COE. 

4 Results 

4.1 Energy Usage Index 

Table 3 showcases the EUI for the 
years 2018, 2019, and 2020. Based on the 
values calculated and the comparison to 
the U.S. National EUI, it is seen that all the 
values calculated fall more than 50% below 
the benchmark, indicating low energy 
usage and high energy efficiency. 
However, it must be noted that this value 
does not take into consideration the climate 
and temperature effects that the Caribbean 
region faces. Since the U.S. experiences 
an overall temperate climate compared to 
the tropical conditions of T&T, the demand 
for cooling and heating, which constitute a 
high percentage of energy consumption 
varies. 

4.2 Energy Load Profiles 

The typical daily load profile over a 
24-hour time period is seen in Figure 1. The 
shape of the graph was determined by 
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utilizing the average values from the 
commercial load profile within the Homer 
software and each figure assigned values 
between 1 and 6, relative to one another.  

This illustrates how energy consumption 
varies throughout the hours of the day and 
is consistent with a university that has both 
full-time and part-time students. 

 

Figure 1. Relative comparison of daily energy use intensities. 

 

The energy usage for the three years, 
as seen in Figure 2, was obtained from the 
electricity bills of the campus. This 
illustrates the fluctuation of energy 
consumption over the years and highlights 
peaks and dips within certain months of the 
year, typical with peak and off-peak 
activities at the University over a calendar 
year. 

The total energy consumption for each 
year was determined by calculating and 

adding the monthly energy usage for all the 
months of each respective year and is 
illustrated in Figure 3. From this, it can be 
seen that 2019 utilized considerably more 
energy than the other years. This result is 
consistent with expectations as the campus 
was not fully utilised in 2018, and for most 
of 2020, online learning was adopted (due 
to the COVID-19 pandemic). As such, the 
consumption values for 2019 were used in 
further analysis. 

 

 

Figure 2. Comparison of annual energy usage per month for three recent years. 
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Figure 3. Comparison of energy consumption per year for three recent years. 

 

 

Figure 4 shows the energy 
consumption per month for the year 2019. 
This year presented the highest energy 
consumption (as stated above). From this, 
the variation among the months of the year 
is seen. The flow of the graph is expected. 
For parts of January and December, the 
university is closed due to vacation. As 
such, the energy consumption of these 
months would be lower. Similarly, June, 
July, and August present with less 
consumption than other months. This is a 
result of summer classes which see less 
student attendance and occur at fewer 
frequencies than regular classes. 

4.3 Renewable Energy System 
Simulation 

Figure 5 illustrates the daily, seasonal, 
and yearly load profiles generated by 
Homer software. This was generated with 
10% day-to-day and 20%-time step 
random variability to afford variation within 
the system. The seasonal profile portrays 
variation in energy use among the months, 
as does the yearly profile, though for the 
majority of the year, most consumption is 
seen within the 8th and 18th hours of the 
day. 

 

 

Figure 4. Energy consumption per month for 2019. 
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Figure 5. Energy load profile for 2019 generated by Homer software. 

 

 

4.4 Grid Only System 

The first scenario simulated was the 
base case or “as is”. This system relies on 
the grid only as seen in Figure 6. Table 4 
shows the results for this base case which 
shows the operating cost per year as 
US$ 44,243 under the subsidized cost of 
electricity, that is, US$ 0.05 per kWh. This 
system produces 559,226 kg of CO2 a year 
(at the generation power stations which are 
natural gas driven).  

Various price sensitivities were 
applied on this base case to see how the 
costs of the system would differ with 
changes to the cost of electricity. The base 
case was compared to the following: 
a. the unsubsidized value of electricity as 

available in the literature3, that is, 
US$ 0.12 per kWh 

b. the calculated unsubsidized value 
based on current fossil fuel prices35, 
that is, US$ 0.22 per kWh and  

c. the regional average, which is 
US$ 0.35 per kWh3. 

 

 

Figure 6. Schematic for grid connected system. 
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Table 4. Results for grid connected system. 

Architecture Cost System Grid 

Grid  
(kW) 

NPC 
($) 

COE 
($) 

Operating 
cost  

($ per year) 

Elec. 
produced 

CO2  

(kg per year) 
Energy purchased 

(kWh) 

999,999 571,947 0.05 44,243 884,852 559,226 884,852 

 

 
4.5 Grid-tied System 

The second scenario modelled was a 
grid-tied system which included the grid as 
seen above, with the addition of renewable 
energy components. Figure 7 illustrates the 

system configuration with PV, wind turbine, 
and converter components. For this 
section, the systems were analysed in two 
categories: no sellback granted and 
sellback granted with net metering.   

 

Figure 7. Schematic for grid-tied renewable energy system. 

 

4.5 No Sellback Granted 

Table 5 shows a comparison of the top 
optimized simulation results in each 
respective power price excluding sellback 
for all grid-tied systems. The prices seen in 
the table were used to illustrate the effect 
of rising electricity prices on the current 
system that T&T faces (subsidised cost of 
US$ 0.05 per kWh). At this current price, 
the operating cost is US$ 44,234 per year 
as discussed under the grid-only section. 
The unsubsidized cost found in the 
literature (US$ 0.12 per kWh) was used to 
showcase what the costs associated with 
such a system would be for T&T if the 
government were to remove the electricity 
subsidy that the country is currently privy to.  
Under the unsubsidized cost of electricity 
found in the literature (US$ 0.12 per kWh), 
the operating costs of the system move to 
US$ 106,182 per year. A second 

unsubsidized cost was calculated 
(US$ 0.22 per kWh) and used for the same 
purposes as the first unsubsidized cost. 
However, this cost represented a more 
accurate price as the prior was outdated 
and the calculated cost reflected current 
rises in natural gas figures. The regional 
average was included for comparison 
purposes as this value accounts for the 
cost that T&T’s regional counterparts 
experience. At the calculated present 
unsubsidized cost of US$ 0.22 per kWh 
(since the published value was outdated to 
2012), and the regional average (US$ 0.35) 
the operating costs move to US$ 194,667 
per year and US$ 309,698 per year, 
respectively. This is expected as with a 
higher cost of electricity, the price of 
running such a system would increase. 
However, the first two price scenarios, that 
is, the base case (US$ 0.05 per kWh) and 
the unsubsidized cost of electricity found in 
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the literature (US$ 0.12 per kWh), showed 
0% RE fractions, as the lower cost of 
electricity under these scenarios rendered 
the cost of RE uncompetitive. At these 
lower costs of electricity, RE was not yet 
feasible, as seen in the other two price 
scenarios.  

Under the estimated unsubsidized 
cost of electricity of US$ 0.22 (which was 

prorated based on present day natural gas 
prices), the RE components are utilised at 
36.2% RE penetration. Figure 8 illustrates 
the direct correlation between the cost of 
electricity and the percentage of RE in the 
system. As shown in Figure 8, there is a 
considerable amount of RE, that being, a 
10% RE fraction is feasible at 
approximately US$ 0.15 per kWh.  

 
Table 5. Results for the top scenario in each power price for grid-tied renewable energy system. 

Top scenarios 

Power price ($) 0.05 0.12 0.22 0.35 

Architecture: 
PV (kW) 

- - 240 361 

Wind turbine - - - 32 
Cost: 
NPC ($) 571,947 1.37 M 2.35 M 3.15 M 
COE ($) 0.050 0.120 0.200 0.247 
Operating cost ($) 44,243 106,182 131,464 150,944 
Initial capital ($) 0.00 0.00 650,225 1.2M 
System: 
Renewable fraction (%)  0.00 0.00 36.2 59.2 
Electricity produced (kWh per year)  884,852 884,852 932,593 1,034,154 
CO2 (kg per year) 559,226 559,226 336,898 254,036 

 
 

 

Figure 8. Line graph showing RE penetration of system under varying costs of electricity. 

 
4.6 Sellback Granted with Net Metering  

Table 6 showcases the top scenarios 
of each power price with half-priced 
sellback rates. Similar to the case of no 
sellback, the RE feasibility is shown at the 

price of US$ 0.22 per kWh. At this point, the 
RE consists of approximately 53% and 
rises to about 95% under the regional 
average cost scenario. However, under this 
sellback scenario, more than half of the 
system’s energy comes from RE sources 
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(compared to the 36.2% under no 
sellback). This significantly improves the 
electricity produced while simultaneously 
decreasing CO2 emissions.  

The cost margin at which RE becomes 
practical differs from the scenario above. 

Though not shown in the table, under the 
half-priced sellback rate, 10% RE becomes 
feasible at a lower cost of US$ 0.14 per kWh.  
This is due to the third cost scenario 
presenting a higher RE configuration under 
the sellback conditions.  

 
Table 6. Results for the top scenario in each power price with half-priced sellback rates for grid-tied 
renewable energy system. 

Top scenarios 

Power price 0.05 0.12 0.22 0.35 
Sellback price 0.025 0.06 0.11 0.175 

Architecture: 
PV (kW) - - 377 2,425 
Wind turbine - - - 36 

Cost: 
NPC (US$) 571,947 1.37 M 2.28 M 2.00 M 
COE (US$) 0.050 0.120 0.179 0.0425 
Operating cost (US$) 44,243 106,182 96,994 -375,604 
Initial capital (US$) 0.00 0.00 1.02M 6.85M 

System: 
Renewable Fraction (%) 0.00 0.00 52.9 95.1 
Electricity Produced (kWh per year) 884,852 884,852 1,016,643 3,851,062 
CO2 (kg per year) 559,226 559,226 292,642 111,832 

 
 
4.7 Renewable Energy Stand-Alone 

System 

The third model evaluated consisted of 
all the components of the second model 
with the addition of a generator in 
replacement of the grid to afford a 

stand-alone system, as can be seen in 
Figure 9. This was done for the purpose of 
being extensive and to analyse what 100% 
RE would look like for the university when 
compared to unsubsidized and subsidized 
costs.  

 

 

Figure 9. Schematic for stand-alone renewable energy system. 
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With this being a standalone system, 
all scenarios contain a fraction of RE, as 
can be seen in Table 7. There is a direct 
correlation between diesel price and the 
RE fraction of the system. As the diesel 
price increases, it becomes more feasible 
to incorporate RE, and thus the RE 
percentages increase as well, as does the 
NPC of the system.  There is also an 

inverse relation between the RE fraction 
and the CO2 emissions. As the RE 
increases, the CO2 emission decrease. 
Unlike the other scenarios above, the first 
scenario in this case, that is, the subsidized 
diesel value of US$ 0.575 per L, sees 
extensive RE composition and CO2 
emissions.  

 

Table 7. Results for the top scenario under the subsidized, unsubsidized (as available in the literature), 
unsubsidized (as calculated in this paper), and the regional average cost of diesel for the standalone 
renewable energy system. 

Diesel Fuel Price (US$ per L) 0.575 0.729 1.08 1.39 

Architecture: 
PV (kW) 385 409 481 501 
Wind turbine 43 74 91 125 

Generator (kW) 440 

1kWh LA 1,043 1,102 1,439 1,305 

Cost: 
NPC (US$) 

4.09M 4.28M 4.65M 4.88M 

COE (US$) 0.357 0.374 0.406 0.427 
Operating cost (US$) 169,495 161,216 158,394 157,174 

Initial capital (US$) 1.89 M 2.19 M 2.60 M 2.85 M 
System: 

Renewable Fraction (%) 59.9 68.4 77.0 85.7 
CO2 (kg per year) 255,745 199,984 141,886 98,085 

 

5 Discussion 

5.1 Energy Audit and Load Profiles 

The level 1 energy audit of the UTT 
Camden campus was done and 
conclusions were drawn. From this, the 
annual EUI values were calculated and 
analysed. The analysis showed that EUI 
has increased by approximately 11% from 

its 2018 value of 35.87 kBtu ft−2 by a little 

over 4 kBtu ft−2 in 2019. This can indicate 
lower energy efficiency and may be an area 
that facilities management can focus on. 
Though the value for 2020 decreased to 
about 2018 levels, it was expected that the 
figure for that year would be lower due to 
the onset of the COVID-19 pandemic and 
the government regulations which saw the 
closure of educational facilities. It was 
presumed that since the campus 
experienced significantly less occupation, 
hours of operation and activity, its energy 
consumption values would be considerably 
lower. This again indicates that if social 
conditions were normal and the pandemic 

restrictions did not occur, the energy 
consumption of the campus could have 
increased as it did from 2018 to 2019. 
However, it should be noted that the 
increase from 2018 to 2019 could have 
occurred due to a number of factors 
including more registered students, an 
increase in classes, or class durations 
among others. Since the nature of this 
study is preliminary, these considerations 
were not considered for the calculations.  

A typical daily load profile was 
constructed from the excel load builder 
spreadsheet and its shape was manipulated 
with relative figures to estimate how 
consumption varies throughout the day. 
Due to a lack of hourly data on the 
consumption patterns of the campus, the 
generic commercial profile that Homer 
software provides was used to form the 
general shape of the typical daily load. 
Within the hours of 9:00 am and 5:00 pm, 
the campus experiences its maximum 
amount of energy consumption for the day. 
This is expected as during the day the 
campus would encounter high occupancy 
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from staff, students, and visitors. At these 
times multiple appliances such as air 
conditioners, lighting, computers, and other 
equipment will be performing at the same 
time. During the very late hours of the night 
and early hours of the morning the campus 
utilizes the least amount of energy as this 
is when occupancy is at its lowest and 
appliances and equipment are not being 
used in high volumes.  

Three load profiles were generated 
using a created excel load builder 
spreadsheet for the years 2018, 2019, and 
2020. The year 2019 presented with the 
highest electrical consumption of 
approximately 544,300 kWh corresponding 
to the highest EUI) among the three years 
and was chosen as the input year to act as 
the baseline scenario to be simulated and 
built upon. The year with the highest 
consumption was used to ensure that a 
system that can meet the maximum 
demand (based on the historical data 
available) was simulated. Though 2019 
was chosen as the input for the 
simulations, general trends were able to be 
seen from the annual load of the years 
2018 and 2019. 2020 is viewed as an 
anomaly and not the most accurate 
representation of campus consumption 
due to the Covid-19 pandemic. The first 
(January) and last month (December) are 
the months in which the least amount of 
electricity is consumed. This may be 
because during these months the campus 
experiences less staff and students due to 
exams and campus closure as a result of a 
vacation/holiday period. From around 
March the consumption gradually rises 
until it reaches its peak consumption in 
May. Looking at the load profile for 2019 by 
month confirms that May was the peak 
month of that year. Following close, in 
terms of electrical usage, it was October, 
November, and April respectively.  

5.2 Simulated Systems 

A base case was simulated as the 
grid-connected electricity source that the 
campus currently uses. The simulation 
calculated the operating cost at 
US$ 44,243, with 559,226 kg of CO2 per 
year being emitted from the 884,852-kWh 
electricity produced. Variations among this 

scenario based on the cost of electricity 
was assessed. The unsubsidized price of 
electricity based on literature pushes 
operation costs to more than double what 
is paid at the subsidised price. Since the 
unsubsidized COE would have been based 
on natural gas prices of previous years, a 
more recent estimation was calculated to 
demonstrate what the unsubsidized price 
would be in current times due to the change 
in natural gas prices. This was done by 
using a six-month average of natural gas 
prices in the first half of 2022. As a result of 
the estimated unsubsidized cost, the 
operating cost quadrupled that of the base 
case. This is further exacerbated by the 
regional average, resulting in operating 
costs being more than five times higher 
than the base case. If T&T were to face 
either the unsubsidized prices or the prices 
that some of their regional counterparts 
pay, the country would be forced to practice 
and adopt energy efficiency measures and 
conservation methods to limit energy 
usage to avoid high electricity prices. 

A PV, wind turbine, and grid-connected 
system were considered. This was viewed 
under two scenarios. Systems with no 
sellback were first analysed. Under the 
current COE and the unsubsidized cost 
based on literature, the preferred system 
by the software was that of the grid only. At 
the calculated unsubsidized COE of 
US$ 0.22 per kWh, the system presented 
with 36.2% RE, and it was deduced that at 
US$ 0.15 per kWh, RE started to become 
feasible with a relatively significant 
contribution of 10% penetration to the 
system configuration. This is the price at 
which RE penetration would become cost 
effective. At the COE margin of 
US$ 0.35 per kWh there is 59.2% RE. Due 
to the low electricity rates in the first two 
cost sensitivities (both lower than US$ 0.1 
per kWh), RE was shown to not be 
economically viable. The costs and 
benefits of a hybrid grid connected system 
do not create an advantageous system for 
the campus nor provide long-term perks 
under such low COEs. However, if the 
COEs were to increase and the country 
was faced with the latter cost sensitivities, 
the integration of a renewable energy 
system for the campus would make more 
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sense. It is at this point that the gain of such 
a system would be seen.  

As the COE increases and the 
addition of renewable energy components 
increase, it is expected that the NPC of the 
system would also increase which the 
results indicate. Nonetheless, if the cost is 
examined in more detail, conclusions can 
be drawn. When the COE moves from US$ 
0.05 per kWh to US$ 0.12 per kWh the 
NPC rises to almost US$ 800,000. This is 
due to the increase in the electricity cost 
solely. When moving from US$ 0.12 per 
kWh to US$ 0.22 per kWh the cost increase 
is approximately US$ 980,000 which 
accounts for the increase in COE and the 
addition of renewable energy components. 
This is expanding even more when moving 
again to US$ 0.35 per kWh which includes 
the COE rise and 59.2% renewable energy, 
for approximately US$ 800,000 more than 
the previous system. When moving from 
the first cost scenario to the second, the 
cost increase is slightly less than when 
moving to the third scenario and exactly the 
same when moving from the third to the 
fourth despite the difference between the 
first two scenarios only being COE. The 
latter scenarios include RE system 
components and face a higher COE, so it 
is expected that the cost increase would be 
considerable. However, it stands comparable 
to the systems without RE configuration. 
This explains how under certain cost 
conditions renewable energy-integrated 
systems become increasingly economically 
favorable under certain cost conditions.  

When looking at CO2 emissions 
avoided, the two scenarios with the lower 
costs, do not experience any reduction in 
CO2 emitted due to them consisting of no 
renewable energy. With renewable energy 
coming into play, the other two systems 
see an avoidance of 222,328 kg per year 
and 305,190 kg per year of CO2 
respectively. It must be noted however that 
implementation of a carbon tax system 
where the government determines a price 
that emitters must pay for each ton of 
greenhouse gas emissions, they emit will 
result in the CO2 reductions translating into 
cost savings.  

The same system as above was 
explored but with sellback allowed under 
net metering. Since sellback rates vary 

from country to country and depend on 
specific regulations, the sellback rates, for 
the purpose of this study, were taken as 
half of the relative purchase price. With 
sell-back options being considered, the 
systems still follow the trend of the system 
above without sellback granted. However, 
RE becomes viable at a lower grid price of 
US$ 0.14 per kWh with a 10% RE fraction 
(compared with US$ 0.15 per kWh before 
without sellback).  

The first two systems solely utilise the 
grid and, thus, do not offer any CO2 
savings. With an estimated US$ 910,000 
increase in NPC from the system at the 
unsubsidized cost based on literature, the 
third costing option presents with more 
than half of the system being renewable 
energy which reduces more than half of the 
CO2 emissions from the first two options at 
266,584 kg per year of CO2. The fourth 
costing scenario under the regional 
average puts forward a system with 95.1% 
RE with an NPC that is less costly than the 
system with 59%. However, it should be 
noted that the initial capital required for 
such is quite significant at US$ 6.85 M. As 
expected, this system reduces CO2 by 
444,394 kg per year.  

The final system examined was a 
completely stand-alone renewable energy 
system. This consisted of the solar PV and 
wind hybrid system with a diesel generator. 
Four cost sensitivities were conducted on 
this model to gather a comprehensive view 
of diesel prices and their effect on the 
expense of the system. These were: the 
current subsidized diesel price within T&T, 
the unsubsidized cost based on literature, 
the calculated unsubsidized cost based on 
the diesel prices within the first half of 2022, 
and the regional average. A direct 
correlation between diesel price and the 
renewable energy fraction of the system is 
seen. As the diesel price increases, the 
more feasible it becomes to incorporate 
RE, and thus the RE percentages increase 
as does the NPC of the system. This is 
again similar to the systems above where 
the RE feasibility became more apparent 
and NPC increased as the COE rose. 
Under the current unsubsidized price, the 
model consists of more than half RE at 
59.9%. This gradually increases until under 
the regional average it reaches a RE 
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fraction of 85.7%. The NPC and the initial 
cost of the models also gradually increase 
but do not show a massive jump between 
one system to the next.  

6 Conclusion 

The implementation of a RE hybrid 
system for the Camden Campus can serve 
as a template facilitating further RE 
throughout the country promoting green 
energy and sustainability. The energy audit 
conducted proposed a comprehensive 
energy management plan offering energy 
savings and long-term financial benefits. 
The results showed that using the 
subsidized cost of electricity, approximately 
884,854 kWh of electricity is consumed 
annually from the grid resulting in an 
annual operating cost of US$ 44,243 and 
associated CO2 emissions of 559,226 kg. 
Using an unsubsidized cost of electricity of 
US$ 0.12 per kWh, an optimally designed 
RE system would still not be economical. 
The cost at which a RE system becomes 
feasible was found to be US$ 0.15 per kWh 
(with a 10% RE penetration). Using the 
latest natural gas prices and a present-day 
unsubsidized cost of US$ 0.22 per kWh, 
the RE system was more feasible with a 
larger RE penetration of 36.2% and 
corresponding CO2 savings of 222,328 kg 
per year. Implementing a sellback rate of 
50% purchase rates, the lowest cost for 
economical RE penetration was lowered to 
US$ 0.14 per kWh. When a sellback 
scenario was analysed using a regional 
average price of US $0.35 per kWh, the RE 
penetration was improved to 95.1% with 
CO2 savings of 444,394 kg annually.   
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