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Abstract1— This study presents an analysis of technical and 
financial viability of hybrid grid/Renewable Energy System 
(RES) configurations for a neighborhood in Miami. Assessment 
criteria comprised reduction in net present cost (NPC), cost of 
energy (COE) and greenhouse gases (GHG). Matlab® Simulink 
and the RES software HOMER were utilized as the assessment 
tool. The modeling is performed based on hourly load data of 
Miami, south east coast of the USA. Grid connection is required 
to provide the energy backup and as well to commercialize the 
system. This research analyses cost efficacy to encourage use of 
renewable energies, specifically, wind and solar. For this purpose, 
an evaluation of the Co2 tax level of cost effectiveness of the 
system is also conducted. Outcomes demonstrate that there is 
remarkable potential of Co2 mitigation along with COE 
reduction and sustainable and resilient energy development from 
employing RES. The results show that there are enough 
prospects for renewable based DG generation in existence of 
appropriate policy allocation for GHG emission penalties and 
Market Price Referent (MPR). There is a considerable quantity 
of literature available on renewable incentives. The focus of the 
experimental studies is mostly on the comparison of the different 
supporting action plans and in their advantage to promote the 
utilization of renewable technologies but not on their cost to 
reduce Co2 emissions. 

Keywords— Cost of Energy; PV Panel; Renewable Energy; 
Wind Turbine; Co2 tax 

I. INTRODUCTION  
Since most of the electrical energies are generated from 

fossil fuels, power generation becomes the leading source of 
greenhouse gases emission. This has led to severe 
environmental problems and concern of global warming. The 
Kyoto Protocol was effective on February 16, 2005 and most 
industrialized countries had to obey and endeavor to reduce 
their overall emissions of greenhouse gases [1]. Furthermore, 
the need of the tourism industry to adopt effective energy 
management strategies for reducing its impact on the 
environment and reduction of greenhouse gas (GHG) 
emissions has been recognized by international organizations 
[2-3]. The tourism locations are under ever increasing pressure 
to be called as ‘green’ and this prospect is often connected with 
local sustainability agendas [4].  

Nema et al [5] talk through sizing of Wind Turbine 
Generator (WTG), SPV arrays and other components for a 

                                                           
1 This material is based on work supported by the National Science 
Foundation under Grant No. 1441223. Any opinions, findings, and 
conclusions or recommendations expressed in this material are those of the 
authors and do not necessarily reflect the views of the National Science 
Foundation. 

SPV-Wind-battery-converter along with generator based power 
supply by simulation in HOMER (A public domain software 
developed by National Renewable Energy Laboratory, US). 
Bajpai et al [6] draw a comparison between various types of 
renewable energy based power system models for powering 
stand-alone systems using HOMER simulation tool. 

Exploitation of certain renewable technologies, such as 
wind turbines and solar panels depends upon the availability of 
renewable resource and as a consequence to augment the DGs 
during low power periods, energy grid connection or storage 
devices are used [7-9]. 

In 2005, DeNA Co. distributed a widespread survey on 
wind deployment in Germany [10]. In addition to other 
findings, it evaluated the cost of Co2 diminution by reason of 
wind energy taking into account the cost of feed-in tariff (FIT). 
It compares the net cost and Co2 emissions of the system in 
2007, 2010 and 2015 amongst two scenarios: At first study it 
was considered that the future wind capacity remains equal to 
2003, and second one with a large wind capacity that is 
matured through the FIT. Consequences rely on the hypotheses 
made for the fuel and carbon prices. With a carbon price in the 
range of €5-10 per ton of Co2, the expected annual Co2 
diminution cost of wind in the years 2007, 2010 goes from a 
minimum of €56.6/tCo2 to a maximum of €168.0/tCo2. All of 
these studies based on forecasts [11-14]. 

An optimization algorithm was proposed in [15] to join in 
two DGs and a micro grid into a Virtual Power Plant, having a 
number of loads, which will be able to produce and sell electric 
energy to load and electrical power market. Other references 
focused on technical issues of the penetration of RES into the 
grid. Because of the amplified usage of RES in power system, 
the fault ride-through operation and control of the DFIG wind 
power system and PV have become a research emphasis [16-
20]. 

 HOMER is a time-step simulator that utilizes hourly load 
and environmental data inputs to assess the technical potential 
of RES via renewable fraction (RF) and economic viability via 
net present cost (NPC). HOMER also predicts the optimized 
RES configuration for a given set of constraints and sensitivity 
variables, based on NPC. Although simulation times can be 
lengthy, depending on the number of variables used (up to 48 h 
on a standard PC for some hydrogen storage configurations), 
its operation is simple and straight forward. 

In this paper a case-study analysis was conducted for a 
neighborhood in Miami, USA which is one of the most 
important tourist locations in the world. In the remaining part 
of the paper, Section II reports formulas needed for modeling 
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the system and calculation methods that are used by the 
software.  Section III describes in detail all input data and their 
implementation in the simulation.  Section IV provides a 
classification and general discussion of the costs and cost 
savings associated with the use of wind and solar energy. 
Section V presents the results and sensitivity analysis. Section 
VI gives conclusions. 

II. MODELLING THE PROPOSED SYSTEM 
HOMER models each individual system configuration by 

performing an hourly time-step simulation of its operation for 
one year duration. The available renewable power is calculated 
and is compared to the required electrical load. Where the RES 
system is assessed as satisfying demand, any excess electricity 
is then spread to other secondary demands. Where demand is 
not assessed as satisfied, an alternative supply, either by diesel 
or grid generation, is sought to fill the deficit. While HOMER’s 
1-h time step is small enough to capture most of the statistical 
variability of the load and fluctuating renewable resources, it 
does not slow computation excessively. 

Following calculations of one-year duration, any 
constraints on the system imposed by the user are then 
assessed; e.g. the fraction of the total electrical demand served 
or the proportion of power generated by renewable sources.  

The three criteria used for the feasibility analysis of the 
RES were comprised net present cost (NPC), cost of energy 
(COE) and Greenhouse Gases (GHG) reduction. The project 
lifespan was taken as 20 years. 

The total net present cost of a system is the present value of 
all the costs that it incurs over its lifetime, minus the present 
value of all the revenue that it earns over its lifetime. Costs 
include capital costs, replacement costs, O&M costs, fuel costs, 
emissions penalties, and the costs of purchasing power from 
the grid. Revenues include salvage value and grid sales 
revenue. HOMER calculates the total net present cost using the 
following equation:  

, (1)
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Where Cann,tot is the total annualized cost ($) (which is the 
sum of the annualized costs of each system component). The 
capital recovery factor (CRF) is given by: 
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Where N is the number of years and ‘i’ is the annual real 

interest rate (%). 

HOMER assumes that all prices escalate at the same rate, 
and applies an ‘annual real interest rate’ rather than a ‘nominal 
interest rate’. All costs are therefore calculated in constant 
dollars. This method allows ‘inflation’ to be factored out of the 
analysis. The overall annual (real) interest rate (‘i’) in the 
simulations was taken to be 6%, which was applied over a 
project lifetime assessed as 20 years. NPC estimation in 
HOMER also takes into account salvage costs, which is the 
value remaining in a component of the power system at the end 
of the project lifetime. HOMER assumes linear depreciation of 
components, meaning that the salvage value of a component is 
directly proportional to its remaining life. It also assumes that 
the salvage value is based on the replacement cost rather than 
the initial capital cost. This is stated mathematically as:  

($) (3)rem
rep
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Where Crep is the replacement cost of the component ($), 
Rrem is the remaining life of the component (t) and Rcomp is the 
lifetime of the component (t). HOMER defines the levelized 
cost of energy (COE) as the average cost per kWh of useful 
electrical energy produced by the system. To calculate the 
COE, HOMER divides the annualized cost of producing 
electricity (the total annualized cost minus the cost of serving 
the thermal load) by the total useful electric energy production. 
The equation for the COE is as follows: 

,
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(4)ann tot

prim AC prim DC grid sales

C
COE

E E E
�

� �
 

Where Eprim,AC is the AC primary load served (kWh/yr), 
Eprim,DC is the DC primary load served [kWh/yr] and Egrid,sales is 

TABLE I.  HISTORY AND FORECAST OF ENERGY CONSUMPTION AND NUMBER OF RURAL & RESIDENTIAL CUSTOMERS [25] 

 a.History of Energy Consumption b. Forecast of Energy Consumption 
Year Population GWh Average  

No.of 
Customers 

Average 
Consumption 

kWh/Customer 

Year Population GWh Average  
No.of 

Customers 

Average 
Consumption 

kWh/Customer 
2004 8,247,442 52,502 3,744,915 14,020 2014 9,111,384 55,739 4,141,538 13,458 
2005 8,469,602 54,348 3,828,374 14,196 2015 9,302,665 57,047 4,228,484 13,491 
2006 8,620,855 54,570 3,906,267 13,970 2016 9,437,042 58,097 4,289,564 13,544 
2007 8,729,806 55,138 3,981,451 13,849 2017 9,571,922 58,693 4,350,874 13,490 
2008 8,771, 694 53,229 3,992,257 13,333 2018 9,705,104 59,404 4,411,411 13,466 
2009 8,732,591 53,950 3,984,490 13,540 2019 9,835,541 60,036 4,470,700 13,429 
2010 8,762,399 56,343 4,004,366 14,070 2020 9,961,263 60,791 4,527,847 13,426 
2011 8,860,158 54,642 4,026,760 13,570 2021 10,079,425 61,219 4,581,557 13,362 
2012 8,948,850 53,434 4,052,174 13,187 2022 10,198,087 61,929 4,635,494 13,360 
2013 9,025,275 53,930 4,097,172 13,163 2023 10,318,293 62,870 4,690,133 13,405 
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the total grid sales [kWh/yr]. The capacity shortage fraction 
(CSF) is the fraction of the total load plus operating reserve 
that the system fails to supply (i.e. allowable blackout). A CSF 
of 0% of hourly load was chosen for all grid-connected 
simulations, as the grid can be considered as infinite capacity 
storage (blackouts are still possible, but for a very small 
percentage of the time). Simulations examining a renewable 
energy-only configuration had a 2% CSF. 

The operating reserve constraint (commonly called 
‘spinning reserve’) is the additional reserve capacity required 
for a system to account for sudden increases in the electric load 
or sudden decreases in the renewable power output. It was set 
at 10% as recommended by Cotrell and Pratt [23]. Higher 
reserves were specified when using the renewable output. The 
higher reserve is required due to the inherent variability in the 
RES output, and was set at 50% for PV and 50% for WECS. 

 

 

Fig. 1. Annual Electric Demand of a Neighborhood in Miami 

 

 

Fig. 2. Hourly Solar Irradiation 

 

Fig. 3. Hourly wind speed data 

III. DATA INPUTS 
The load data was gathered through FPL2’s End-Use Load. 

FPL supplies electric service in most of the territory along the 
east coast of Florida (except the Jacksonville area and five 
other municipalities which have municipal electric systems), 
the agricultural area round southern and eastern Lake 
Okeechobee, the lower west coast area, and portions of central 
and north central Florida. Energy consumption from 2004 to 
2013 and forecast of rural electrical load demand in the FPL 
service territory is illustrated in Table I. It is predicted that 
from 2014 to 2023 an increase of 13.2% in average number of 
customers and 12.7% in total consumption will be occurred. In 
addition the average annual electricity consumption for a 
Florida residential FPL customer was 13,163 kWh in 2013. As 
a result, load data were scaled to an average of 3.606 MWh 
per day to meet a neighborhood of 100 houses energy needs. 
Annual electric demand is shown in Fig. 1. The annual energy 
consumption in the neighborhood is 1,316,196 kWh/yr. 

The coordinates of Miami were used in HOMER, 25˚78 N 
latitude and 80˚22 W longitude, to obtain monthly solar 
radiation values for Miami from NASA. Monthly average 
values of solar data are shown in Fig. 2. The solar annual 
average is 5.05 kW/m2/d. Clearness index is a dimensionless 
number between 0 and 1, defined as the surface radiation 
divided by the extraterrestrial radiation. 

The clearness index has a high value under clear, sunny 
conditions, and a low value under cloudy conditions. The 
average clearness index is 0.558. 

In this study, wind speed data were taken out from NREL. 
These values are of 40 m height and that’s why it was 
considered that anemometer height in HOMER simulations is 
40 m. The average wind speed for each month was entered 
and then Homer makes a wind profile by using Weibull K 
factor (a measure of the distribution of wind speed over a 
year) of 2 and autocorrelation factor (randomness in wind 
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speed from hour-to-hour) of 0.85. The monthly averages wind 
speed is shown in Fig. 3.  
 

IV. DESCRIPTION OF THE SYSTEM 
The main components of the system are GE 1.5 sl wind 

turbine, electric grid, converter, and the loads. The capital cost, 
cost of operation, maintenance, and other costs contribute to 
the total cost of the system. In this paper, two different DG 
technologies have been considered. 

A. Wind Turbine 
The capital cost of the wind turbine is generally ranges 

between $900 and $1000 per kW. The replacement cost is 
about 15%–20% of the original cost and the O&M cost is 
about 2% of the original cost [4] [22]. A 1.5 MW General 
Electric wind turbine was modeled in HOMER, meanwhile, 
doubly fed induction Generator model of a 1.5-MW wind 
turbine connected to a 25 kV feeder by Matlab® Simulink was 
used to simulate the technical practicability of the system. 

B. Photovoltaic panel 
The price of the PV panel is highly dependent on several 

factors which include the vendor, size of the panel, technology 
and the trademark. In this study, SunPower modules (SPR-
305) are used for 500kW (5*100kW) PV array. Each module 
of this array has an open-circuit voltage of 64.2V and short 
circuit current of 5.96A.  
 

$945 as the capital cost of the PV [22] and $95/kW as the 
O&M cost were used as PV inputs in HOMER model. 
Detailed model of Matlab® Simulink grid connected 
SunPower SPR-305-WHT-PV array was used for applying 
assessment of the system.  

C. Electric Grid 

The system is grid connected and therefore a part of the 
load is considered to be supplied by the grid. The cost of 
buying power from the grid is selected to be $0.070 /kW and 
sellback rate was selected 0.129 $/kWh based on [4]. It was 
also assumed that emission factors of Co2, So2 and Nox are 
632 g/KWh, 2.74 g/KWh and 1.34 g/KWh respectively. In 
addition, four levels of Co2 taxes ($0, $20, $40 and $60 per ton 
of Co2 emission) are also considered for GHG emissions of the 
grid [23].  

D. Converter  

Note The PV panels supply DC power which needs to be 
connected to an AC load or grid. The cost of a power 
conversion system (PCS) is about $100 per kW. 

The cost summary of the system is represented in Table II. 
The HOMER simulation results show that the addition of GE 
1.5sl wind turbines is technically viable and economically 
profitable.  However as urban land space is limited in Miami, 
only one wind turbines and 500Kw of PV panels are 

considered. Optimized converter size of this configuration was 
calculated as 300kw.  

V. SIMULATION RESULTS 
The Matlab® Simulink and HOMER model of the 

investigated systems is given in Fig. 4.  For the HOMER 
simulation, two different cases are considered which are as 
listed below: 

� Wind Turbine System 

� Hybrid Wind Turbine and PV System 

Variation of net present values and levelised cost of energy 
(COE) of different cases with carbon taxes is presented in 
Table III. Increasing carbon taxes from $0 to $60 per ton of 
Co2 in both Wind turbine and hybrid wind turbine and PV 
systems decreases the COE from $0.015 to $ - 0.016 and from 
$0.039 to $ - 0.014 per kWh respectively. 

TABLE II.  COST SUMMARY OF THE SYSTEM 

Component Capital ($) O&M ($) Total ($) 

PV 472,917 549,601 1,022,517 

GE 1.5sl 1,500,000 344,098 1,844,098 

Grid 0 -2,480,628 -2,480,628 

Converter 50,000 57,350 107,350 

System 2,022,917 -2,198,447 -175,530 

 

TABLE III.  VARIATION OF NPC AND COE BY CO2 TAX FOR TWO 
SCENARIOS 

Co2 
Tax 

NPC ($) COE ($/kWh) 
WT WT+PV WT WT+PV 

60 -201,397 49,620 -0.016 -0.014 

40 -70,605 47,427 -0.006 0.004 

20   60,187 268,940 0.005 0.021 

0   190,978 488,193 0.015 0.039 

  

TABLE IV.  GHG EMISSIONS 

Pollutant Emissions (Kg/yr) 
(WT) 

Emissions (Kg/yr) 
(WT + PV) 

Carbon Dioxide -630,433 -1,075,281 

Sulfur Dioxide -2,733 -4,662 

Nitrogen Oxides -1,337 -2,280 
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Fig. 4. Simulated Model in Matlab® Simulink and HOMER 

Though carbon tax helps, primarily, in mitigating Co2 
emissions, there are also secondary environmental benefits in 
terms of So2 and Nox emissions reductions (see Table IV). 
So2 and Nox emissions fall because the carbon tax leads to an 
overall reduction in thermal-based electricity generation. So2 
and Nox emissions decrease at the same rate as Co2 does at 
higher tax rates. 

Since the system sells more power to the grid than it buys 
from the grid over the year, the net grid purchases will be 
negative and so will the grid-related emissions of each 
pollutant. 

 
 

 
Fig. 5. Average Electric Power Production for Wind Turbine System 

 
Fig. 6. Average Electric Power Production for Hybrid Wind Turbine and PV 

System 

Monthly average electric productions of each component 
for both scenarios are shown in Fig. 5 and 6 respectively. It is 
seen that around 82% of total annual load is supplied by Wind 
turbines for the first scenario and about 25% by PV panels and 
66% by Wind Turbines for the second scenario.  
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Fig. 7. Comparison of power generated by wind turbine in A) 
Matlab® Simulink and B) HOMER 

 
Furthermore, a comparison between Matlab® Simulink 

model and HOMER model active power output results of the 
wind turbine is performed and the result is illustrated in Fig. 7. 
The wind turbine power output is shown for 16th to 22nd of 
March as 20th of the March had the highest wind speed during 
the year. There are differences between these two simulations 
because in the Simulink model the inertia constant and friction 
factor of turbine and generator was considered, but as it can be 
seen both models are technically viable. Also other 
measurements of wind turbine system like Bus B2 voltage, 
active and reactive power, DC bus voltage of AC/DC/AC 
converter and wind speed pattern are shown in Fig. 8. As the 
wind turbine operates in a voltage regulation mode the voltage 
at grid terminals is kept constant by a voltage regulator. The 
output of the voltage regulator is the reference d-axis current 
that must be injected into the rotor by the rotor side converter 
[24]. Generally speaking voltage at bus B2 is regulated by 
generation or absorption of reactive power at the grid 
connection point. Moreover, DC link voltage is regulated by 
the grid side converter. There are a lot of details in the control 
of the Doubly Fed Induction Generator Wind Turbine and also 
in Maximum Power Point Tracker of PV system which are 
beyond the scope of this paper.  

 

107



In another comparison difference of active power 
generated bythe PV panelss on July 11, which has the most 
irradiance during the year, in different models is presented in 
Fig. 9. For the reason that a Maximum Power Point Tracking 
system is used by the PV model in Matlab® Simulink, but it 
was not used in HOMER model and also the effect of slope of 
panels and clearness index are not considered by Simulink, the 
generated active power which is simulated by HOMER is 
about 30% less than the active power in Simulink.  

Though average of wind speed is low in Miami, 
Simulation results reveals that implementing a grid-connected 
WT or WT+PV would be cost-effective even without 
considering Co2 taxes (comparing to 0.070$/KWh for grid 
electricity price). Moreover, by imposing Co2 tax, cost of 
energy is negative when the Co2 tax is increased. Negative 
numbers in table 2 can be interpreted as not only costumers do 
not pay for electricity but also they can make money by 
implementing RES. 

Considering mitigation of environmental pollutant gases 
(TAVLE IV), NPC and COE (TABLE III) and the need of the 
tourism industry to be called green, RES could be starting to 
establish apace and more researches should be done to develop 
the utilization of renewable energies to 20 percent by 2020. 
These goals are reachable by doing the strongly advised 
proposal: 

 

� Reducing GHG emission and using the Clean 
Development Mechanism (CDM) credits. 

� Economic and environmental benefits. 

� Developing travel industry 
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Fig. 9. Comparison of power generated by Photovoltaic Panels in     
A) Matlab® Simulink and B) HOMER 
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Fig. 8. Bus B2 voltage, active and reactive power, DC bus voltage of AC/DC/AC converter and wind speed pattern 
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VI. CONCLUSION 

This paper presents an analysis of carbon tax, as strategy 
option, for    encouraging   use of renewable based DGs   and 
evaluate the cost effectiveness of the system in terms of GHG 
mitigation potentials. Different scenarios include different 
types of RES and different penetration levels of the distributed 
generation. An economic study for the NPC with both WT and 
PV+WT was also conducted which shows that, through 
imposing appropriate taxes on Co2 and setting remunerative 
“buy back” prices by the government, there are remarkable 
potentials of Co2 mitigation along with COE reduction. 
Similarly, technical analysis was accompanied by both 
HOMER and Matlab® Simulink to show that the proposed 
Renewable energy system can be used in the real world. 

In summary, there are enough prospects for renewable 
based DG generation in existence of appropriate policy 
allocation for GHG emission penalties and 
Market Price Referent (MPR), as well as technical measures, in 
order them to be competitive with the grid and therefore keep 
away from environmental emissions from the centralized grid. 
It is suggested that further studies be performed on offshore 
wind turbines in combination with subsea transmission power 
supplies.  
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