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ABSTRACT 
 

Photovoltaic (PV) Systems in Brazil are proven to be a great investment in a large variety of 
situations. The main factors that contribute to it are the regulatory agency’s net-metering policy (since 
2012), increasing cost of the electricity, reduction on system’s cost (R$/Wp), government’s credit 
subsidies for legal entities, and other fiscal incentives and competition among the installers. The use of 
batteries in grid-connected systems is not in the radar of those companies; however, they can be 
economically viable in some situations. This article demonstrates where the integration between on-grid 
PV systems and Tesla Power Wall 2 batteries for load shifting can be profitable, through economic 
analyses of Net Present Value (NPV), Net Internal Rate of Return (net IRR), Discounted Payback Period 
(DPBP) and other parameters.  

 
In order to expand the reach of the analyses, several scenarios have been studied and compared, 

for instance, commercial, residential and industrial load profiles, with different numbers of batteries, 
regulatory changes, tariffs, percentage of energy consumed at peak tariffs, comparisons with diesel 
generation at peak periods, battery costs, etc. The outcomes of the study provide arguments to state that, 
in some occasions, the installation of batteries is economically viable, but the circumstances are specific 
and must be analyzed carefully. 

 
 
Index Terms: Battery Energy Storage System (BESS), Brazil, economic viability, photovoltaic systems 
(PV), Tesla Power Wall, Typical Meteorological Year (TMY). 
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Economic Viability of Grid-Connected Photovoltaic Systems with 
Batteries in Brazil 

Tássio Barboza Oliveira (tassiobo@gmail.com) 

Universidad Politécnica de Madrid - Instituto de Energía Solar, Madrid, 28040, España. 
 

Abstract  —  Photovoltaic (PV) Systems in Brazil are proven to 
be a great investment in a large variety of situations. The main 
factors that contribute to it are the regulatory agency’s net-
metering policy (since 2012), increasing cost of the electricity, 
reduction on system’s cost (R$/Wp), government’s credit subsidies 
for legal entities, and other fiscal incentives and competition 
among the installers. The use of batteries in grid-connected 
systems is not in the radar of those companies; however, they can 
be economically viable in some situations. This article 
demonstrates where the integration between on-grid PV systems 
and Tesla Power Wall 2 batteries for load shifting can be 
profitable.  

 
Index Terms — Battery Energy Storage System (BESS), Brazil, 

economic viability, photovoltaic systems (PV), Tesla Power Wall, 
Typical Meteorological Year (TMY). 

I. INTRODUCTION 

The regulatory scenario for grid-connected PV Systems in 
Brazil started to grow in 2012 with a net-metering policy. 
Currently, Brazil has more than 11,000 small (< 75 kW) and 
medium-sized (< 5 MW) PV systems [1]. At the end of 2015, 
this number was 1,100 and, in 2016, jumped to 7,700 [2]. This 
author has worked directly with more than 100 of these PV 
systems and has perceived that an unexplored market niche 
could evolve with the implementation of batteries in on-grid 
systems. The sector’s exponential growth indicates that the 
profitability of the PV technology has already reached an 
important degree of maturity. Urban residential, commercial 
and industrial systems divide 87% of the market [1]. Each 
group of investors have their particular reasons to install the 
solar-powered generation. Most of the commercial and 
residential consumers have very similar energy tariffs. 
Enterprises, though, can take advantage of the economy of 
scale. Prices for January 2017 show that a 30 kWp system 
(typical for commercial systems) are, on average, 22% 
cheaper than 4 kWp ones [3] (usual for residences). 

Batteries are already being used to reduce the electric bills 
in many countries, such as Australia, Germany and in some 
of them, the government has already seen the benefits of the 
enhanced self-consumption and the peak-shaving and is, 
therefore, incentivizing the consumers to install these 
equipments along with their PV generation [4]. For instance, 
the city of Adelaide, Australia, provides to their citizens half 
of the battery costs up to AUD 5,000 [4]. The strategies go 
from peak shaving to load shifting that attempt to reduce costs 
from power and energy demands, respectively. 

Nowadays, PV systems with batteries are almost only used 
in off-grid systems, since the Brazilian net-metering can turn 
the grid into a ‘giant battery’ for the monetary purposes of 
energy trading. The goal of this article is to break this 
paradigm through the economic analyses of batteries 
implementation for many sorts of on-grid systems. 

In this paper, only a strategy focusing on using batteries to 
prioritize electricity consumption from the grid at off-peak 
periods will be explored. It is important to note, though, that 
a decrease on the contracted power and an efficient back-up 
system can also be direct consequences of the installation of 
a Battery Energy Storage System (BESS), but these 
advantages will not be considered, as the dispatch strategy of 
the batteries was set to maximize the load shifting 
profitability, regardless of the other benefits. Also, this paper 
will not analyze the technical implementation of the PV 
system in detail and will consider that the inverter/charger 
equipment is able to implement the dispatch strategies 
properly. To do so, several commercial simulation programs 
were tested, with the aim of identifying the most adequate one 
that allows PV systems simulations under current Brazilian 
regulatory conditions. 

In order to simulate installations with as much reliability as 
possible, a Typical Meteorological Year (TMY) for Global 
Horizontal Irradiation (GHI) and temperature was created for 
the city of Salvador, which is the location of interest due to 
the author’s professional activities. The battery brand or 
model will not be a sensibility factor. Only the Tesla Power 
Wall 2 (PW2) DC will be analyzed. The reasons are 
explained throughout the paper.  

II. OBJECTIVES 

The main goal of this work is to analyze different economic 
parameters in order to obtain a complete view of the 
economic viability of PV systems with batteries under current 
and other possible regulation conditions. For instance, this 
paper will examine commercial, residential, industrial loads 
and tariffs, with different numbers of batteries, regulatory 
scenarios, percentage of energy consumed at peak tariffs, 
comparison with diesel at peak periods, battery costs, etc.  

In economic analyses, the investors goals are often to have 
a positive Net Present Value (NPV) and an interesting Net 
Internal Rate of Return (net IRR) that will lead to a quick 
Discounted Payback Period (DPBP). These economic 
parameters will be studied and compared (their definitions 
can be found in the annex of the paper), in order to give the 
stakeholders a clear path towards investing or not on batteries 
for their on-grid PV generators. The discount rate, inflation, 
amortization period and other parameters will be individually 
discussed. Also, secondarily, this paper presents the overview 
of the Brazilian regulatory scenario for photovoltaics, 
simplified aspects of a TMY construction, comparisons about 
simulation programs, batteries, load profiles and others. 
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III. TECHNICAL ASPECTS 

A. Typical Meteorological Year 

NASA has been developing TMYs for many different 
places, including South America. One problem is that the 
measurements are from satellites, not pyranometers [5]. The 
National Renewable Energy Laboratory (NREL) has 
published a study to analyze a certain satellite database and 
showed that the correlation (R2) from the pyranometer 
measurements to the satellite’s data can vary between 0.76 
and 0.90 for the Global Horizontal Irradiation (GHI]) [6]. 
Due to this, the simulations studied in this paper where 
implemented by using a TMY from pyranometer hourly data 
since 2001 to 2016, provided by the National Meteorology 
Institute (INMET, acronym in Portuguese) for Salvador, 
Brazil. The extreme temperatures in these 16 years were 19.6 
and 35.1ºC; the extreme horizontal irradiance was 1,235 
W/m2; the daily extreme irradiation was 8.38 kWh/m2 and the 
daily average was 5.28 kWh/m2 (1,924 kWh/m2 for the whole 
year). As the obtaining of a TMY is only a support for the real 
objective and does not have a direct impact on the economic 
viability of the batteries, a very simplified method was used 
for determining it. 

The 8,760 hourly data values for each year were analyzed 
and the suspicious ones (with high difference from other 
days, hours or months’ averages) were removed. Then, the 
months with the irradiations that were closer to the average 
were chosen. The resulting TMY has months from 8 different 
years and 0.17% of missing data for irradiation and 0.27% for 
temperature, that was filled through the PVSyst’s method [7]. 
A comparison between TMYs from satellites and the author’s 
one from pyranometer shows that, although the correlation 
between those values for daily measurements may not be 
high, monthly and yearly productions have good similarities. 
Excluding the NREL’s satellite TMY from 1998 to 2014, all 
yearly equivalent hours from other three sources were inside 
the 100%±0.1% range. The Figure 1 of the Annex provides 
detail. 

B.  Batteries 

Tesla brand is well known worldwide, including in Brazil. 
This fact can overcome one huge barrier between the installer 
and the buyer; the trustworthiness of an expensive and novel 
equipment. Besides, the relative price of the Tesla PW2 DC 
in euros per kWh (in Europe) is 507, whereas, according to 
Lazard [8], the range for Lithium Ion (Li-ion) batteries is 
from 871 to 1,557 €/kWh; the warranty grants 70 or 80% of 
the initial capacity after 10 years of use with unlimited cycles 
for self-consumption or backup, or 37.8 MWh of aggregate 
throughout (2,800 full cycles) for any other application [9]. 
In this article, the battery will, sometimes, be used directly 
for battery-grid trades; thus, the total aggregate throughout 
will limit the battery life (this approach was also made by 
NREL in [10]). As a comparison, LG Chem’s Li-ion batteries 
have a warranty of 300 full cycles per year in 10 years, but 
only guarantees the retention of 60% of its original capacity 
[11]. For Victron’s model, the number of equivalent full 
cycles is only 2,500 [12]. 

                                                
1 The conversion rate used in the paper is 1€ = R$3.45. 

Tesla’s Gigafactory, “with a planned annual battery 
production capacity of 35 GWh” by 2020 and the 
“expectation to drive down the per kilowatt hour (kWh) cost 
of our battery pack by more than 30%” [13] is also a reason 
for the choice of this brand. Actually, according to Lazard [8], 
the Li-ion battery prices for the residential sector will drop, 
on average, 38% in the next 5 years (this discount will be 
considered for battery replacements, in the simulations). The 
lead-acid technology is, on average, 3x heavier and has 5x 
more volume than Li-ion one [14, 15] for the same available 
energy; the Levelized Cost of Storage (LCOS, in €/MWh), 
which is LCOE (Levelized Cost of Energy) for a storage 
system, in other words, “the total lifetime cost of the 
investment divided by the cumulated energy provided by the 
system” [16], is the main reason not to choose them, since it 
is 15% to 50% higher than for Li-ion one [8]. For example, a 
fair comparison with Tesla PW 2 can be done with a 
maintenance-free lead-acid battery (OPzV). The best 
Victron’s battery in this category is the Long-Life Gel, which 
has only 1,350 equivalent full cycles [17]. This leads to a high 
LCOS, whereas, for Tesla PW2 (considering that there is no 
maintenance cost [18]), the value is €0.48/kWh (or 
R$1.68/kWh1, including charging costs for off-peak Green 
commercial rates and based on economic data presented in 
the item IV, and considering the 37.8 MWh output is used 
evenly during the 10-year period of warranty. In other words, 
if the client earns or stops paying more than this amount per 
kWh, the installation of these batteries should be profitable. 
Table 1 shows a simple comparison that already suggests the 
impossibility for residential sector to have a positive NPV 
through the installation of the Tesla PW2. For this to happen, 
the equipment cost should be reduced from €11,857 to 
€7,400 (€550/kWh, 38% reduction). 

Rate	Structure	 LCOS	(kWh)	 Peak	price	(kWh)	

Residential	(White)	 R$	1.887	 R$	1.403	
Commercial	(Green)	 R$	1.682	 R$	2.358	

Industrial	(Green)	 R$	1.612	 R$	1.950	
Table 1- LCOS and peak prices per kWh comparisons. 

Other important characteristics of the Tesla PW2 are: 
maximum continuous power of 5 kW, depth of discharge 
(DoD) up to 100% (95% used in the project), roundtrip DC 
energy losses of 8.2%. 

C. Load profiles and Rate Structures 

Commercial, industrial and residential load profiles were 
needed for the simulations. Instead of typical or real ones, the 
national average values for each group of consumers were 
used, since peak shaving is not important for the results 
(peaks can, then, be ignored). The exception is the industrial 
case, in which an average from a real industry was used, 
because the Brazilian typical load for this group was not 
provided by the sources [2, 19]. Ultimately, from the load 
profiles, only the proportion between the energy consumption 
at peak and off-peak periods is important for the economic 
viability analyses, regarding the Brazilian net-metering 
system. The standard cases for each group of consumers are 
detailed in Table 2. The values are based on the average PV 
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power of each group [1]. The commercial load on the 
weekends was considered constant and very low (< 1 kW). 
The industrial and residential ones are not different on this 
period. 

Base	case	 Industrial	 Commercial	 Residential	

Rate	Structure	 Green	 Green	 White	

Load	curve	 ONS	[19]		 ANEEL	[2]	 ANEEL	[2]	
Monthly	consumption	

(kWh)2	 20,500	 4,500	 800	

%	of	consumption	at	
peak	period	 15%	 10%	 17%	

Compensat.	for	Injection	 Net-metering	

PV	Market	Share	(MWp)	 21%	 37%	 29%	

DC	peak	power	(kWp)3	 150	 33	 5	
Inverter	power	(kVA)	 120	 25	 5	

Table 2 – Specifications: PV systems and loads used in the 
simulations. 

Until 2017, the only permitted rate structure for low 
voltage clients (< 1kV) is the conventional one. It is not time-
based, and, consequently, there is no reason to use a battery 
for load shifting. However, since 2018, ANEEL (Brazilian 
Electricity Regulatory Agency, acronym in Portuguese) has 
stablished that these consumers could migrate to the White 
Rate [20] which has three different periods, based on the time 
of the day. The intermediate rate goes from 17h to 18h and 
from 21h to 22h, the peak one goes from 18h to 21h and the 
off-peak rate fills the other periods [21]. 

The Green Tariff is only valid for consumers that receive 
energy through medium voltage (more than 1kV and less than 
69 kV) [21]. It is very strategic for battery systems, since its 
ratio between off-peak to peak energy prices can reach more 
than 6 (R$0.35/kWh to R$2.33/kWh, respectively, see Table 
5 of the annex) and, by the ANEEL’s rules, 100 kWh injected 
off-peak is worth around 65 kWh at peak rates (for 
compensation purposes), so, with batteries, these 35 kWh will 
not be lost, since the energy can be directly injected in the 
peak period. However, if the system has extra PV power (see 
column B of Table 3 and column P of Table 4), this additional 
capacity can be used to intentionally do this trade, since the 
‘loss’ of 35 kWh from the transfer, although not welcome, 
can be financially compensated. That is: 100 kWh off-peak is 
worth R$ 35.00 (100 kWh*R$0.35/kWh), whereas 65 kWh 
at peak is worth R$ 151.45 (65 kWh*R$2.33/kWh). 

D. Equipments 

The inverters chosen for the simulations were from the 
Fronius family, because they have 55% of the market share 
in Brazil (for small and medium generations) [3]. 
Furthermore, they have a good warranty, high efficiency, 
reliability, and hybrid models that support batteries for on-
grid systems (Fronius Hybrid). 

Canadian Solar panels were preferred, also because they 
are the most widely used in Brazil, with a market share of 
74% [3], and they have a good warranty and reliability. The 

                                                
2 Based on the ideal consumptions for each generation (to take more 

advantage of the net-metering rules). The load curves were weighted in order 
to achieve their respective monthly consumptions. See the Figure 2 of the 
annex for more detail. 

warranty’s maximum allowed yearly yield losses is 0.77%. 
This was the value used in the simulations; the 25-year period 
of the warranty determined the project’s total life time for 
economic purposes. All the panels were simulated facing the 
equator and with a 15º inclination (the latitude in Salvador is 
12º). The average simulated Performance Ratio (PR) was 
0.86, that means approximately 1,660 kWh/kWp at the 
inverter output. 

It is important to note that the number of batteries needed 
is directly related to the daily energy consumed at peak 
periods. For example, since the daily average consumption of 
the commercial load is approximately 22 kWh, at least 2 13.5 
kWh-PW2 batteries are needed. 

E. Software 

For this project, the following programs were tested: 
PVsyst 6.43, Homer Legacy 2.68, Homer Pro 3.8.7, SMA 
Sunny Design Web and SAM 2017.1.17. The Homer Pro was 
chosen and the main reasons were:  

• PVsyst, one of the most used programs in the PV sector, 
does not support batteries connected to the grid;  

• Homer Legacy 2.68, which used to be the traditional one 
for optimization purposes, does not provide data from 
multiple years and is out-of-date since 2009;  

• SMA Sunny Design Web, from the greatest company in 
the PV inverters sector, does not provide different 
dispatch strategies for batteries rather than “enhanced 
auto-consumption”, neither provides hourly output data;  

• SAM 2017.1.17, from the prestigious NREL group, 
does not allow injection from the battery to the grid.  

Finally, Homer Pro 3.8.7 provides all the possibilities listed 
in this paragraph and also offers sensitivity analyses for many 
parameters, allows power limitation of to/from the, gives the 
user options to simulate the energy injection from the battery 
to the grid and vice-versa and permits the exportation of the 
hourly data of many parameters, such as imported and 
exported power, from/to the grid. This is very important, 
since none of the programs were able to simulate the 
Brazilian net metering system. Another test was made, with a 
comparison of the 2015’s yield from a real installation and 
the programs’ predictions. For the residential case, Homer 
proved to be a qualified choice, with an average difference of 
4.5% from the real values (the real meteorological year of 
2015 was used as an input). The biggest difference came from 
PVsyst: 14,5%. For a comparison with real industrial case, 
SAM was only 1.3% far from the measured yield, whereas 
Homer showed a dissimilarity of only 3.6%. The comparisons 
are shown in Figure 3 and Figure 4 of the annex. For a 
complete software comparison, consult Table 6 of the annex. 

IV. ECONOMIC ASPECTS 

A. Brazilian Net-Metering System 

In Brazil, the net-metering system started in 2012, with the 
Resolution 482, by ANEEL. Basically: 

3 Based on the average power of each consumer and a AC/DC ratio of ≈ 
1.2. 
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• The user is charged only for the difference between the 
monthly consumed and injected energies (if positive); 

• There is a minimum energy charge for the low-voltage 
clients (30, 50 or 100 kWh); 

• The medium and high-voltage clients continue paying 
for their power demand (R$/kW); 

• The energy generated at one place can be compensated 
at another one from the same client; 

• For users with contracts based on time-dependent 
tariffs, the energy consumed in determined period must 
be injected (from the PV or battery) in the same one (for 
instance, peak and off-peak periods). 

However, regarding the last bullet, if needed, the energy 
could be transferred from one period to the other, but its 
value, in kWh, changes according to the periods’ energy 
tariffs proportions (the total price is the sum of the energy 
price with the distribution system usage one). As already 
mentioned, 100 kWh at the off-peak period is worth around 
65 kWh at peak. 

None of the listed software programs were capable of 
simulating the Brazilian regulatory rules. For instance, 
Homer Pro converted to money the remaining energy credits 
from one full-year or one month (configurable), whereas, in 
Brazil, this amount of energy must be transferred to the 
following period and can be used for 60 months. After that, 
the user loses these credits. For this reason, the Homer’s 
multi-year data was exported to Excel, where a specific 
algorithm was created in order to simulate all the Brazilian 
peculiarities and the outcomes are going to be presented in 
the Results Section. 

 

B. Macroeconomic data 

In order to obtain a realistic economic viability of the 
project, macroeconomic data had to be investigated carefully. 
First, the annual inflation was o averaged from the last 13 
years (the limit of the ANEEL’s database [22]) and the result 
is 6.0%. The opportunity cost, which is the benefit someone 
could have received by not investing in something else (in 
this case, in the PV project) will be made equivalent to the 
Selic tax, which is the one used by the government to pay 
investors for their landed money, minus the 15% income tax. 
This is one of the safest investments in Brazil. The 13-year-
averaged value is 11.4% [23]. Another important parameter 
is the interest rate from the banks. The northeast region of 
Brazil (Salvador included) has subsidized rates for 
investments on the photovoltaic sector. This special financing 
is called FNE Sol. The usual rate is 7.27% for the non-rural 
sector, for small and medium enterprises [24]. Although the 
limit of the investment from the bank is 100%, 90% will be 
adopted in this paper, for a non-optimistic scenario. The most 
important parameter, though, is the electrical energy 
inflation. For the same 13-year average, the results are: 4.6% 
for the residential sector, 5.1% for the commercial, and 8.2% 
for the industrial [25]. If these rates continued to evolve in the 
same way, in 5 years, energy costs for the industrial sector 
would overcome the commercial ones, which is not 
reasonable. Then, a simple average of 5.7% will be used for 
the simulations with the three sectors.  

Besides, diesel price was analyzed after electricity 
generation from this source was compared to the battery 
scenarios. The average inflation was 8.7% for a similar period 
[26]. 

C. Equipment costs 

The Tesla Power Wall 2 DC costs, for Europe, according 
to the manufacturer’s website, is €6.880 [18]. The Brazilian 
tax structure adds, for the importing of the material, together 
with the other PV components (panels, inverters and 
structure), 30.8% [27] to the initial cost; the shipping, storing 
and other minor costs adds an additional 2.4% to this equation 
[28]. In order to pay taxes and generate a reasonable profit, 
30% over the initial costs plus taxes will be added to simulate 
the probable market price of the Tesla PW2 in Brazil (already 
installed and working properly). The obtained value is 
€11,880, or approximately R$40,000. 

The other equipments costs were calculated based on the 
average installation costs for photovoltaic systems in Brazil 
(researched at more than 350 enterprises [3]). For the 
residential system (5 kWp), the cost is R$7.00/Wp 
(€2.02/Wp), for the commercial system (33 kWp), 
R$6.00/Wp (€1.74/Wp), for the industrial one (150 kWp), 
R$5.60/Wp (€1.62/Wp). The inverters costs were 
approximately 15% of the system’s total and were based on 
the data provided by the Brazilian PV import and installation 
company called Enersol Brasil. 

V. RESULTS 

The Microsoft Excel’s outputs from the Homer Pro 
simulated data were compared in Tables 3 and 4. They were 
done considering the base cases described in Table 2. 
Currently, there is a high probability that installation 
companies will propose the solution in the column A (cA), 
with a PV power just sufficient to fulfill the annual energy 
needs supposing no losses in the credit transfer from off-peak 
to peak periods (which is almost 35%). This can be 
compensated by adding more PV power to the system (in this 
case, 10%, see cB); then, the net IRR goes from 7.6% to 9.1% 
and the DPBT decreases from 8 to 7 years. This resulted in 
the best option for a consumer who aims to install PV in 
Brazil, under the described circumstances. The cC shows the 
results for, in comparison with the cA, the installation of 2 
PW2. In this scenario, there is no need for the extra 3 kWp 
from the cB, because the energy produced off-peak will be 
directly consumed or injected at peak periods (no transferring 
losses to be compensated). The analyses show that the 
investment is 80 kR$ higher than the base case (due to the 
batteries) and the NPV is increased by only 27 kR$, which 
does not seem very attractive, as the DPBT goes from 8 to 12 
years and net IRR from 7.6% to 5.8%. In 5 years, if the cost 
of the batteries really goes down by 38%, the NPV will be 
230 kR$, with a DPBT of 8 years, which is good, but still not 
sufficient to beat the “Extra PV” option of the cB (a 44% 
discount would be required for the parity). If only one PW2 
is installed (cD) the NPV is decreased by 12 kR$ in respect 
to the cC, but the DPBT goes from 12 to 9 years (same as the 
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cA, but with a higher NPV). The net IRR falls half-way 
between the two other possibilities (6.6%).  

Currently, many clients rely on diesel generation for the 
peak periods, making a comparison between it and the on-
grid batteries (cE) mandatory. In the simulations, the hourly 
power peak is 16 kW, and the instantaneous one will be 
considered to be 30 kW (the contracted power with the utility 
company). Then, a 40 kW diesel generator will be mostly idle 
and this leads to a very low efficiency rate, as is usual in these 
systems. The first consequence of using diesel is that the 
energy price will be very high. Besides, the initial investment 
and the maintenance costs also play important roles in the 
LCOE from this source. In comparison, the investment on a 
diesel generator with acoustic insulation (to fairly compete 
with the batteries) and smooth grid-diesel transferring system 
was coincidently equals the price of one Tesla PW2 (40 kR$) 
[29]. A diesel cost of R$3.09/L [26] and a consumption of 
0.364 L/kWh (calculated by Homer Pro) leads to a total of 
R$1.24/ kWh (also accounting for R$0.12/kWh due to 
maintenance). The results are not so promising; the NPV is 
the lowest from the cA to cM comparisons. With a fictional 
zero-cost maintenance and a very efficient generation (4 kWh 
per liter, or R$0.77/kWh), the NPV would be 180 kR$ (net 
IRR of 6.8% and DPBT of 9 years), still worse than installing 
1 PW2 in every economic aspect. However, if the capacity 
factor of the diesel generation is very high, the initial 
investment becomes less important in the equations and it 
could have better economic results performing closer to the 
battery option. Although the outcomes from diesel should be 
studied more in depth, it is not included in the basic scope of 
this article. There is evidence that this kind of generation at 
peak periods may not exist for too long in the Brazilian 
market. Also, the diesel inflation is considerably higher than 
the electricity’s: 8.7% compared to 5.7%. 

For the improbable scenario in which 
battery costs do not fall (cF), the net IRR 
decreases from 5.8% (cC) to 5.2%. The cG 
and cH come from possible changes in the 
regulatory scenarios. The cG assumes that the 
batteries are not allowed to inject energy to 
the grid. The cH assumes also, in addition to 
not injecting into the grid, that it cannot 
charge the battery. In some countries, these 
two possibilities are prohibited and it inspired 
this investigation. It can be seen that the net 
IRR decreases from 5.8% (cC) to 4.9% (no 
injection from the battery to the grid) and 

4.6% (also no charging from the grid). Both DPBTs were 
increased by 2 years (12 to 14 years). 

Another important point regards consumption at peak 
periods. For the base case, the number is 10.3% (peak 
energy/total energy). It can be seen from cK to cN that this 
factor must be analyzed with caution, since, for instance, a 
company with 0% of load on peak must not install any 
batteries (cN, net IRR = 0.4%), but it should consider 
installing PV, since (see cM), net IRR = 4.9%, although it is 
less than a half from the one for the example with 20% of the 
load at peak, which is the highest one among all the 
comparisons, since the very-expensive energy rates on peak 
periods will be, in part, compensated (see cI, net IRR = 10%). 
For this client, another option is the installation of 4 PW2 
(twice as much, since the energy at peak was doubled, see 
cJ). 

The cO, cP and cQ from Table 4 shows similar 
comparisons, but for industrial clients. Basically, the 
differences from the commercial simulations are: the 
system’s cost per Wp is 7% lower [3], the load is different 
(15% at peak periods) and the energy costs are 17% lower (in 
Salvador [30]). The best option in terms of DPBT is, again, 
to install sufficient PV to compensate the 35% loss in 
transferring credits from off-peak to peak periods (cP). By 
doing this, the net IRR goes from 6.4% to 7.8%. Installing 
batteries leads to the worst DPBT (13 years), but it is 109 kR$ 
better than the one at cO. 

The last four columns (cR to cU) compare different options 
for the residential sector. Until December 2017, the 
conventional tariff is the only one allowed (see cU, net IRR 
is 9.2% and DPBT is 7 years). If a costumer with the Brazilian 
average load for residences decides to change its tariff to the 
White one (cR), the DPBT is increased by 2 years and the net 
IRR goes from 9.2% to 7.0%; if 1 PW2 is installed (cT), 
things get worse: the NPV goes almost negative. The best 

 
Table 4 - Economic viability results for commercial clients under the Green Tariff 

 

 
Table 3 - Economic viability results for industrial clients under the Green Tariff and 

residential ones under the White and the Conventional Tariffs. 
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solution, regarding DPBT, is to maintain the conventional 
tariff. For the highest NPV (only 6 kR$ higher than the one 
at cU), the client should change its tariff to the time-based 
one and install more PV to compensate the losses from 
transferring energy from off-peak to peak periods (see cS). 
Some screenshots of the simulations for residential, industrial 
and commercial cases with batteries are provided in the annex 
section, for closer analysis. 

It is important to point out that the Tesla Battery, as any 
other equipment, will probably work longer than the 10 years 
provided in the warranty terms. This additional capacity 
would improve the economic viability; nevertheless, it was 
not considered on the calculations. The same happens to the 
panels; their warranty ends up in the 25th year. The Tesla 
Company still does not offer warranty in Brazil, and the 
European one was considered to be valid in the analyses. 

VI. CONCLUSION 

 By comparing net IRRs, the installation of Tesla PW2 
batteries along with PV systems for load shifting is generally 
not favorable. However, economic aspects can be 
considerably improved by exclusively adding more PV 
power to systems without batteries, in order to compensate 
for the consumption of not only the off-peak energy, but also 
the peak one. This solution does not require BESS or special 
dispatch control. If the batteries were 44% cheaper (expected 
for after 2022), the aforementioned recommendation of not 
installing them could be changed (at least for commercial 
customers). If the peak load is low (<10%), batteries are not 
likely to be a good option under any circumstance. 

Nonetheless, a client without sufficient space for the extra 
PV (very common for commercial and industrial sectors) 
should prefer the battery solution (once a warranty is 
available in the country and the battery inverters are 
optimized for the Brazilian system), even when comparing it 
to the diesel generation with the fictitious maintenance-free-
and-high-efficient system. 
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ANNEX 

Definitions from INVESTOPEDIA (http://www.investopedia.com/): 
 

• Net Present Value (NPV) is the difference between the present value of cash inflows and the 
present value of cash outflows; 

• Internal rate of return (IRR) is a metric used in capital budgeting measuring the profitability of 
potential investments. Internal rate of return is a discount rate that makes the net present value 
(NPV) of all cash flows from a particular project equal to zero; 

• The net internal rate of return (Net IRR) is a measure of a portfolio or fund's performance that 
is equal to the internal rate of return (IRR) after management fees and carried interest have been 
accounted for. 

• Weighted average cost of capital (WACC) is a calculation of a firm's cost of capital in which 
each category of capital is proportionately weighted; 

• The discounted payback period (DPBP) is a capital budgeting procedure used to determine the 
profitability of a project. A discounted payback period gives the number of years it takes to break 
even from undertaking the initial expenditure, by discounting future cash flows and recognizing 
the time value of money; 

• The profitability index is an index that attempts to identify the relationship between the costs and 
benefits of a proposed project through the use of a ratio calculated as: (Present value of future cash 
flows)/(Investment). 

Graphs and tables: 
  

 

Figure 1- Daily horizontal irradiation for each month (Gdm(0) x 12 months) for different TMYs. The ones from NREL and 
INPE were built with data from satellites and the author’s TMY, from pyranometers. Irradiation vs. Month (Gdm [kWh] x 

[t]), with a linear model to describe the functions. 

 
Figure 2- Normalized loads used for the simulations. Normalized load vs. Hour ([%] x [t]), with a linear model to describe 

the functions. 
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Tariff Period 
Demand 

Rate 
(R$/kW) 

Energy Rate 
(R$/kWh)4 

White Peak 
- 

R$ 1.37 
Residential or 
commercial 

Intermediate R$ 0.87 
Off-peak R$ 0.54 

Green Peak R$ 28.14 R$ 2.33 
Commercial Off-peak R$ 0.35 

Green Peak 
R$ 23.27 

R$ 1.93 
Industrial Off-peak R$ 0.29 

Table 5 – Energy prices in Salvador [30], Brazil (2017, 37% of taxes included [31]). 
 

  
Figure 3- Monthly yield comparison between different simulations programs and real measurements for a residential 

installation in Salvador, Brazil. Irradiation vs. Month ([kWh] x [t]), with a linear model to describe the functions. 

 

 
Figure 4 - Monthly yield comparison between different simulations programs and real measurements for an industrial 

installation (monitoring started in May/2016) in Salvador, Brazil. Irradiation vs. Month ([kWh] x [t]), with a linear model to 
describe the functions. 

  

                                                
4 To all the prices, R$0.02/kWh were added, to simulate the prices for periods with ANEEL’s Yellow Flag, used to compensate 

generation costs from natural gas. There are 4 tariff flags: Green, Yellow, Red 1 and Red 2 [47]. 
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Software and 
Requirements 

PVSyst 
6.43 

Homer 
Legacy 2.68 

Homer Pro 
3.8 

SMA Sunny 
Design Web 

SAM 
2017.1.17 

Simulation of connected 
installations with batteries N Y Y Y Y 

Energy and power hourly 
output data Y Y Y N Y 

TMY (hourly) input from 
external file Y Y Y Y Y 

A load (hourly) input from 
external file (real load 

data) 
Y Y Y Y Y 

Different battery dispatch 
options (ex. enhanced auto 
consumption and others) 

N Y Y N Y 

Peak-shaving possibility N Y Y N Y 
Option between lead-acid 
and lithium-ion batteries N N Y Y Y 

Net-metering possibility 
(or similar) Y Y Y N Y 

Automatic equipment 
replacement costs N Y Y N Y 

Economic summary Y Y Y Y Y 
Economic profound 

analyses Y Y Y N Y 

Different energy rates 
input based on the period Y Y Y Y Y 

Different demand rates 
input based on the period N Y Y N Y 

Multi-year data plot or 
export Y N Y N Y 

Power to the grid from the 
batteries possibility N Y Y N N 

Power to the batteries 
from the grid possibility N Y Y N Y 

Specific batteries parameters 
input and visualizing N Y N N Y 

Grid minimum charge rate 
(in $ or kWh) N N N N Y 

Exported power limitation Y Y Y Y N 

Sensitivity analyses N Y Y N N 
Table 6 – Comparison among important simulation programs for PV systems. The requirements in bold are mandatory for 

the simulations in this paper (Y stands for yes and N for no). 
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Figure 5 – Screenshot of the plots generated by Homer Pro, regarding the Column C of Table 3 (commercial system with 

batteries). The legends are shown in the right column of the figure. The grid purchases would have been equal the AC 
Primary Load, if the system did not have PV or batteries. It can be seen that the grid purchases have been lowered 

significantly.  

 

 
Figure 6 – Screenshot of the plots generated by Homer Pro, regarding the Column P of Table 4 (industrial system with 
batteries). The legends are shown in the right column of the figure. The grid purchases would have been equal the AC 

Primary Load, if the system did not have PV or batteries. It can be seen that the grid purchases have been lowered 
significantly. 
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Figure 7 – Screenshot of the plots generated by Homer Pro, regarding the Column T of Table 4 (residential system with 
batteries). The legends are shown in the right column of the figure. The grid purchases would have been equal the AC 

Primary Load, if the system did not have PV or batteries. It can be seen that the grid purchases have been lowered 
significantly. The grid sales in the first day is higher because, by default, the battery starts the simulations fully charged. The 
Homer’s optimization algorithm notices that using the battery is not economically viable in this system and, then, maintains 

it idle since the second day of operation. 

 


