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This project is focused in the self-generation of energy through renewable sources in Argentina 
considering the user as a consumer-producer of energy.  

The project is composed of 3 different cases, each case has a different functionality and presents 
different needs and restrictions. Its planification and execution is explained. 

Also, each project is located on different geographical locations inside Argentina, that means 
different weather conditions and natural resources, different socioeconomic conditions and 
different budgets available. 

The current situation of the country is taken into consideration, offering ideas that are meant for 
improving the quality of life of the more vulnerable social sector at an affordable economical cost, 
so they can be implemented by social politics and non-governmental organizations. 

It is expected that this project, along with Excel files and reference material, can be used as a base 
for similar projects in the future. 
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1 Introduction 
The Renewable energy market in Argentina has been growing at a high pace since 2015, when new 
governmental policies regarding green energies were established. The country settled goals about 
production and consumption of energy obtained from renewable resources. It is projected that to the 
year 2025, the 20% of the electrical energy in the country has to be generated from renewable 
sources. This is considered an ambitious goal as at 2015 only around 2% was generated from 
renewable sources (and it was mostly from hydroelectric projects). In addition, the country has 
problems with the current transmission lines to distribute energy over its approx. 2.78 million km2 of 
surface and a population around 44 million. 

Over the last 3 years several tenders were executed for projects to generate and transport electricity 
all over the country, with a strong focus on wind and solar energy. In addition, laws that allow 
individuals to generate electricity and sell it to the grid were sanctioned and social politics regarding 
consciousness and sustainable use of energy were implemented. 

At the moment to write this project, the law 27.424 (Ley de generación distribuida) that allows to 
generate energy and sell is not working yet. That means the legal procedures to install your own 
system, the permissions needed, the price per kWh generated and diverse tax benefits are not 
officially confirmed. 

It is possible to find more detailed information about the current renewable energy situation in 
Argentina and its development over the last years at the Folkecenter website.  
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Figure 1 : General view of commercial application case 

2 Case #1 – Commercial Store application 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.1 Case situation in the country 
In Argentina around 98% of the registered companies are micro or small companies (called Micro and Small 
“Pymes”), which generates around 70% of the jobs in the country. 

Micro companies employ maximum 5, 7, 12 or 15 employees, depending on the field they belong. 

Those companies are created in several cases when a person is unemployed and has to find a way to generate 
money for supporting its family, and it is not possible to find a job on the regular job market. Also, it includes 
“family companies” in a wide range of fields, as the members have been involved on that field in the past, 
usually composed by 3 or 4 members as the entire staff of the micro company. 

Over the last 2 years, because of an adequacy of the value of the public services, prices of electricity and gas 
became extremely more expensive in a short period of time. That combined with shutdowns of electricity 
during the summer and an economic recession context created an explosive cocktail that owners of micro and 
small companies had to deal with to survive, and many could not handle it. 
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Table 1: Variation of prices per kWh from Jan 
2016 to Feb 2018 

Shutdowns are very common during the hottest months in Argentina (specially December and January). 
Depending on the geographical location, shutdowns can vary from some hours to 1 or 2 full days, or even 
more in some cases. For micro and small companies, margins of profit are very narrow, and 1 or 2 days 
without be able to run your business can make you lose the entire month. And the situation gets more 
complicated if you have goods that need constant electricity as cooling to not be wasted. 

As the electricity price is getting into a real value, shutdowns are present and renewables energies are 
promoted by politics from the government including new financing options and tax benefits, the possibility to 
install a solar array or a small wind turbine appears as a convenient option. 

One more thing to take into consideration is that it is complicated in the country to think in a long-term 
period. Stats shows that more than the 50% of the micro and small companies dies before the third year of 
existence, and around 70% dies before the eighth year. So, it is recommended to prepare a system that satisfy 
the needs but also has the shortest payback time possible. 

 

 

 

 

 

 

 

 

 

 

 

2.2 Case Analysis 

For this case, a Pharmacy has been selected as an example of implementation. 

The pharmacy is located in Villa Adelina, a town located in the north area of Bs As, 8 km away from the limit 
with the capital city.  

The consumption data, physical dimensions and restrictions are real data provided by the owner. 

The pharmacy has been running since 10 years ago, currently it employs 4 people and it is opened 6 days a 
week. 
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Over the last years the pharmacy has suffered shutdowns for a few hours, 1 or 2 times each month during the 
summer. Also, the cost of the electricity bill has increased more than 3000% over the last 2 years, and it is 
expected to keep increasing. 

It is the owner´s desire to generate its own energy and also have some energy storage to keep the business 
opened without worrying about intermittent shutdowns 

More data about the pharmacy is detailed in the excel file attached to this project. 

 

Figure 2: Location of pharmacy (Google maps) 

3 Initial survey 
After getting in contact with the owner, an initial survey was carried out. Electrical devices and electric bills 
from the entire year were audited. Photos were taken, the entire pharmacy including the roof were measured 
and it was celebrated a meeting with the owner to define the scope of the project, the budget available and 
talk about general things about self-generation of energy. 

After the initial survey, the development of the project started, and the following things were defined: 

3.1 Project description 
Based on the client´s requirements, it will be installed on the pharmacy´s roof an array of solar panels to 
charge a batteries bank located in a room inside the pharmacy and sell the excess of production to the grid. 
The project includes to provide and install all the components needed and its connection to the existent 
electric grid. 
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3.2 Risks and restrictions 
 The pharmacy is located in a commercial area, there is not a backyard, and it is not possible to install a 

wind turbine in the roof, so it is not possible to consider a wind turbine for this project 
 All the other renewable sources are not available or are not convenient for this project, the only 

possible option is solar energy. 
 Only a part of the roof can be used to mount the solar panels, so it is necessary to generate the 

maximum energy possible in the available space. 
 As lighting, computers and most of the electrical devices have to be turned on and working constantly 

during the opening hours it is not possible to reduce the consumption turning off or using less 
electrical devices.  

 As energy storage is required, that will increase the cost of the system and the payback time. Even 
though the pharmacy has not economic problems at the moment, it is recommended to take into 
consideration a few options regarding the size of the energy storage system to reduce the payback 
time as much as possible. 

 As the building is rented, it is not possible to modify the structure as walls or roof of the pharmacy to 
get a better isolation and save money in cooling/heating 

 The electrical efficiency of home appliances as the fridge and water heater are already the maximum 
efficiency level available in the Argentinian market (Efficiency A) 
 

3.3  Scope Statement 
It will be installed a 1.92kW solar array and it will be connected to a 6 (six) batteries of 225Ah and 12V, which 
connected on series-parallel will create a 675Ah and 24 V batteries bank. When the batteries bank is fully 
charged, it will be enough to power the electrical devices marked as “Only essentials” for approx. 1.5 working 
days. The solar array will be also connected to the grid to, after charging the batteries bank, sell electricity to 
the grid. 

All the installation and its equipment (inverter, regulator, cables, protections, etc.) has been selected 
according to the consumption shown by the survey, considering a prudential margin for additional loads. In 
case of future expansions or more power needed, the new connection has to be done separated, as this 
connection is prepared only to handle the power descripted to keep the cost of the installation under the 
available budget. 

4 Estimations 

4.1 Energy needed 
During the initial survey, electric consumption was audited (Details in excel file) and a plan in 2D of the 
pharmacy was created. 
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Figure 3: Plan of Pharmacy´s ground floor with measures in 2D 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The pharmacy is opened 6 days a week. Calculations have been made to estimate the kWh needed each day.  

The electrical devices where separated in “All items” and “Only essential” to estimate how much energy is 
needed for the entire pharmacy or just for the essential devices to keep the pharmacy running (the detail of 
the “only essential” items are explained on the excel file) 

 

From Monday to Friday is opened from 8 a.m. to 8.30 p.m. 

 The consumption of all items is approx. 22,97 kWh 
 The consumption of “only essentials” items is approx. 8,63 kWh 
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On Saturdays it is opened from 8 a.m. to 2.30 p.m. 

 The consumption of all items is approx. 15,09 kWh 
 The consumption of “only essentials” items is approx. 5,18 kWh 

 

On Sundays it is closed, but it has consumptions from some devices 

 The consumption of all items is approx. 0,82 kWh 
 The consumption of “only essentials” items is approx. 0,82 kWh (It is the same consumption as “all 

items” as all the items turned on are “only essentials” as well, as the alarm system and the fridge) 
 

The pharmacy has “special days” as guards (24 hours opened straight) usually once per month, for those extra 
hours on service the value taken was half Saturday, as the pharmacy is on service but no opened to the public 
as regular work hours.  

 

Calculation shows that the values per month will be: 

 All items will consume approx. 571,54 kWh per month (this value can vary on summer/winter because 
of the AC, water heater and other devices) 

 “Only essentials” items will consume approx. 216,40 kWh per month 

 

 

Figure 4: Pharmacy´s ground floor on 3D 
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5 Solar panels estimation 
Taking the “only essentials” value as the value of reference from now to the rest of the project, the estimation 
of solar panels was realized. 

For this project were selected solar panels from the brand “Enertik”, as those panels fit with the requirements 
and are made in Argentina, that makes easier to find spares parts and repairment service if needed. 

The solar panel chosen has nominal power of 320W (check the excel file for more details). It was selected due 
to the restriction of space available to mount solar panels and the needed to produce as much energy as 
possible in that space. 

 

 

Figure 5: Plan of the pharmacy´s roof with measures on 2D 

5.1 Position & inclination 
Solar panels have to face north or south depending your location to the equator and the inclination will vary 
depending on how far you are from it. 

In this case the solar panels have to face north, and the inclination angle is around 30 degrees 

5.2 Solar radiation & temperature 
The estimated production of the solar array was calculated according to the weather conditions of the site. 
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Figure 6: Solar radiation per month over Pharmacy´s area 

Figure 7: Example of a batteries bank 

 

 

 

 

 

 

 

5.3 Solar panels needed 
It will be needed as minimum 6 panels of the selected model to produce the energy needed. The energy 
produced will vary over each month due to the changes of seasons, but it will produce approx. 3125 kWh per  
year. 

Remember that this project is connected to the grid and it is not an off-grid system. For off-grid systems the 
calculation to estimate the energy to produce is different (it can be calculated with the excel file). 

6 Energy storage 
For this project, it is needed a batteries bank to storage energy (even when it is not an off-grid system) 
because of the electric shutdowns, so the pharmacy has electricity to keep running.  

The batteries bank can easily duplicate the cost of the PV system, so if it is not strictly necessary is 
recommended to avoid it or reduce it at the minimum size as possible. 
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6.1 Batteries bank estimation 
Before to be able to calculate how many batteries may be necessary, some other things has to be defined: 

 The system tension will be defined according to the electrical devices connected to the system. As 
more power (W) your system needs, higher the tension (V) recommended to decrease the current. 
Consider also that some home appliances as a fridge have a relative low stand-by consumption, but at 
the moment the compressor turns on, the peak power for just a few seconds can be really high.   
If the total power (W) in your system is high you should consider a 24V or 48V tension. For small and 
simple solar PV systems a 12V tension is very common. 

 The Depth of discharge (DoD) of a battery is how much the battery will be discharge during its use. The 
expectancy of life of a battery will vary according to the DoD selected. If your DoD is 20% your 
battery´s life will be longer, but that means only 20% of the capacity will be use, and you will need 
more batteries to get the energy needed and the price of your system will increase a lot. Usually 50% is 
the regular value for off-grid PV systems, but it can vary depending the particular needs of each case. 

 The days of autonomy are established depending on the weather conditions where your system will be 
installed and the needs of the case. For off-grid systems, it is usually 2 to 5 days. Consider that your 
batteries need to storage enough energy to feed your system in case it cannot produce energy because 
there is not enough wind or sun. 

 Series/Parallel/Series-Parallel/ are ways to connect the batteries depending on the tension and current 
needed in your system and the tension and current of the batteries you choose. In case your system 
works on 24V and your batteries are 12V will be necessary to connect batteries in series to sum the 
tension and the current will remain the same. In case your system works on 12V and your batteries are 
12V, but the Ah needed are 400Ah and each battery is only 200Ah then a parallel connection is needed 
to keep the tension at 12V and sum the current (Ah) of both batteries. Series-Parallel connection is 
required when you need to increase both tension and current. 

 

The battery chosen is a model from Enertik (the same costumer for solar panels). It has a capacity of 225Ah 
and 12V tension. 

*At this point it is important to check all the different batteries available in the market to choose the one that 
fits better with your needs. Each battery is expensive, so try to get as closer as you can to the needed value 
with the minor quantity of batteries possible. 

According to the energy needed, the system tension, the depth of discharge selected, and the days of 
autonomy needed. The calculation shows that it is needed 6 (six) batteries of the chosen model in series-
parallel connection. 
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Figure 8: Inverter 

7 Equipment 

7.1 Inverter 

The inverter is what changes DC electricity from the solar panel or from the batteries to AC to feed AC loads or 
sell it to the grid. Small PV systems usually do not use an inverter, as they can work in DC with lightning and 
devices as phone chargers on 12V, but for medium and big PV systems an inverter is needed. 

The inverter is expensive, consumes power and it loss power in the conversion from DC to AC, so if it is not 
needed you should avoid it. 

In this particular case the solar array will first charge the batteries, and when they are fully charged the solar 
array will send energy (DC) to the inverter and it will convert it to AC to sell it to the grid. In case of a 
shutdown the inverter will not send energy to the grid, it will take the energy from the batteries (DC) and 

convert it to AC to feed the electrical devices on the pharmacy.  

 

 

 

 

 

 

 

 

 

 

 

 

7.2 Inverter selection 
To select the inverter, it is necessary to know the total power (W) of all the loads that can be working at the 
same time. On this example the total power is 2160W, we add a safety margin of 25% and that gives us 2700W 

It is also needed to consider the peak power (W) of some devices. Fridges and engines consume a higher 
amount of energy in a very short period of time when they turn on, so check your devices and the peak power 
of your inverter. The output AC tension has to be the one that is used in your country. Keep it in mind if you 
import equipment from other countries. In Argentina it is 220V. 
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Figure 9: Basic regulator 

Another thing to consider is the type of wave an inverter has. A technical explanation about the types of wave 
is out of range of this project, but to help you to decide which type of wave select what you need to know is 
that: 

There are basically 2 different types of waves on the current market: pure syne wave (also called “true”) and 
modified syne wave. 

Pure syne wave is the most recommended but it is also more expensive. 

Modified syne wave is also OK, but some appliances will not perform at 100% and they will need to drain more 
power to perform at maximum capacity.  

The chosen inverter is from the brand “Enertik”, it provides a continuous power of 3000W and a peak power 
of 6000W, the output tension is 220V and the type of wave is OK for the devices connected. 

7.3 Regulator selection 
The regulator is, as its name refers, what regulates the current that comes from the solar array to the other 
components, as batteries or inverters, depending on the system. 

It is important to check that it can handle the current (A) input is received from the solar panels. If the solar 
panels are connected in parallel, then it is necessary to sum the Short-circuit current (Isc) of each solar panel 
and add a safety margin around 20%. Then check the specifications of your regulator to confirm if the value 
that it can receive is higher than the current it will receive. 

One more thing to check if that the regulator can work in the tension (V) you are preparing for your system. 

In this particular case a regulator is not needed, as the selected inverter has the function to regulate the 
energy to charge batteries. 
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Figure 10: Combiner box 

8 Cables & grounding 

8.1 Cables estimation 
All the parts of the system are connected between them through cables of different size and type. The 
thickness and material of the cable will vary depending on its function and the current they need to handle. 

8.2 Combiner box 
If you have an array with several solar panels then a combiner box will be needed. Each solar panel have a 
positive and negative line, which come outside of the panel in a short cable with MC-4 connectors on each 
line. The combiner box will be used to combine all the lines of each panel in only one positive and one 
negative line that will be thicker than the individual lines. 

 

 

 

 

 

 

 

 

 

 

 

In this case two 4mm2 cables (12AWG/4MM2 depending which measure unit is used in your country) come 
outside of each panel, and as these cables are short you may need to create an extension to reach the 
combiner box using a cable of the same thickness and MC-4 connectors to plug your extension to the MC-4 
connectors coming outside of each panel. 

In this case we have 6 solar panels in parallel, which means we will have 6 positive lines and 6 negative lines 
coming inside the combiner box 
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Figure 11: Cables coming out from solar panel 

Figure 12: Solar panels and structure bonded by a bare copper to the ground 

 

 

 

 

 

 

 

 

 

 

Once inside the combiner box, it is recommended that each positive line should be connected to a separated 
circuit breaker to make it safer and easier to disconnect if needed. 

Each circuit breaker has to be calculated taking the short-circuit current of the panel that each line belongs 
and multiply it for 1.25 to get a safety margin. The result will be the value that the circuit breaker needs to 
have as minimum. 

Each negative line is connected to a bus. The positive lines, after they pass through the circuit breakers, are 
connected to another bus. From each bus a thicker wire will come out and it will be the sum of all the input 
lines in only one wire for positive and one for negative.  

8.3 Grounding 
It is important that solar panels, equipment and the structure are grounded. It protects people and equipment 
from electric failures and lightning strikes. 

All the non-current carrying parts of a system as metallic structure, solar panels frames, metallic junction 
boxes, etc. had to be bonded and connected to a buried ground rod. Bare copper wire is usually used to bond 
all the parts. 
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9 Structures 

9.1 Solar panels structure 
Solar panels have to be mounted in a structure, that will vary depending on where it is necessary to place it to 
get the most solar radiation possible.  

In this case solar panels have to be mounted on a flat roof but with the restriction that they cannot use space 
on the floor of the roof, so they have to be elevated. 

 

Figure 13: Anodized aluminum structure 
The most common way to install solar panels includes rails made of anodized aluminum with channels to 
insert clips to fix the solar panels to it. Rails have mounting brackets to fix them to the structure as for 
example a roof. Aluminum is the typical material used due to its durability and low weight. 

Plans of the building have been checked to confirm that the building can resist the weight of the panels and 
the structure. 
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Figure 14: Solar panels mounted on pharmacy´s roof  

 

9.2 Rack for batteries 
For this case a steel shelf was included to optimize space in the room where batteries will be installed. If 
possible, try to avoid leaving batteries outside, they are easy to steal. 

10 Budget 

10.1  Cost of the installation 
After all the equipment and the tasks needed have been identified it is moment to prepare the budget. 

It is important to make the calculations about what is needed as accurate as possible to prepare the system 
according to that, so the budget will be use efficiently. 

It is possible that the first budget you present to the client will be out of range, so be sure to explain in a 
simple but clear way that if the amount of money to expend is less, the days of autonomy, the power 
generated, or another feature will be also less. 

The excel file has a sheet filled with some typical items to consider in a typical installation. But keep in mind 
that as the laws and weather conditions of every country vary, and the needs for each case are different, not 
all the items to consider are included in the excel file. 

10.2  Payback time 
The total cost of the installation will define how much time it will take to pay for itself. The price per kWh sold 
to the grid is different in every country, also, in some countries you get tax benefits for generating energy 
through renewable sources, that means the system will pay for itself faster. 

Be sure to make all the calculations before you show the budget to the client. 
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Figure 15: General view countryside house 

11 Case #2 – Countryside house application 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

11.1 Case situation in the country 
Agriculture is one of the pillars of the Argentinian economy, being one of the most important exporters of soy, 
wheat and corn. Also, agriculture and livestock play a fundamental role in the internal market and regional 
economies. 

Despite the ups and downs of the economy, landowners have in most of the cases economic stability due to 
its solid economic situation, even when it is possible to end the year with losses, it won’t change its economic 
status. 

Those people have the necessary budget and physical space to install a wind turbine, a solar PV system or any 
other green energy system to generate its own energy and sell the excess. 

 

11.2 Case analysis 
For this case, the house of a businessman and his family located on the outside of the city San Carlos de 
Bariloche, province of Rio Negro (Argentina) has been taken as example for the implementation. 



 

24 

Figure 16: Location of the house (Google maps) 

The family is composed by 4 kids and 2 adults. The owner of the house is a businessman with investments on 
agriculture and livestock in the country, as other investments in real estate and construction industry. 

The consumption data used as example is real data. The dimension of the house and its green space available 
are estimated but based on a real case. 

The house is connected to the electric grid and the energy supply has no problems. The owner supports the 
idea of generating its own energy and has the necessary budget to develop his own system.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

12 Initial survey 
After getting in contact with the owner, an initial survey was carried out. Electrical devices and electric bills 
from the entire year were audited. Photos were taken, the house and its surroundings were measured, and it 
was celebrated a meeting with the owner to define the scope of the project, the budget available and talk 
about general things about self-generation of energy. 

After the initial survey, the development of the project started, and the following things were defined: 

12.1 Project description 
Based on the client´s requirements, it will be installed on the garden: a wind turbine and an array of solar 
panels. The system will be connected to the grid to sell the excess of production, energy storage is not 
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required. The project includes to provide and install all the components needed, all the civil works and its 
connection to the grid. 

12.2 Risks and restrictions 
 A personal request from the client was that the house´s structure cannot be affected, so the solar array 

has to be on the garden and not over the roof. 
 Another personal request from the client was to avoid the use of biomass, even when raw material is 

available. 
 The strong winds have to be taken into account at the moment to select the wind turbine. 

12.3 Scope statement 
It will be installed a 10-kW wind turbine and a 3kW solar array. The project includes also the installation of 
towers for the wind turbines, the structure to mount solar panels, its required equipment to work and its 
connection to the grid. 

13 Estimations 

13.1 Energy needed 
During the initial survey, electric consumption was audited (Details in excel file) and a plan in 2D of the house 
was created. 

During working days, the entire family leaves the house around 7 a.m. Kids are in the school until 1 p.m., the 
mother picks them up and take them home. The father does not come home until 6 p.m.  

During weekends the entire family can be at home at the same time and even receive visitors as friends or 
family. 

The survey showed that there is an excessive and deficient use of AC. Also, it was recommended to combine 
the water heater (Gas) with a solar thermal collector to reduce the consume during the summer when solar 
radiation has high values. 

 For this case the value taken as a reference is the “All items” value (Details on the excel file) 

From Monday to Friday: 

 The consumption of all items is approx. 23,90 kWh 

On Saturdays: 

 The consumption of all items is approx. 30,16 kWh 

On Sundays: 

 The consumption of all items is approx. 30,16 kWh 
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Figure 17: Plan of the house with measures in 2D 

Figure 18: Wind turbine selected 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

14 Wind turbine estimation 
For this project, a 10-kW wind turbine has been selected. The chosen model is a TWP 40-10kW from the brand 
“Thy” (Denmark). This model fits with the requirements of energy production and has been designed to 
handle the strong wind and weather conditions from the north of Denmark, where the weather conditions are 
very similar to the location of this project. 
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14.1 Before the installation 
Before you decide to install a wind turbine, several factors have to be checked first: 

Permissions: It is the first step. Check if a permission from local authorities is required to install it. 

Restrictions: Laws are different in every country. Be sure to check if there are limits about the height, or how 
far/close to the house it has to be, how much can it produce as maximum per month/year, how far away has 
to be from the street, other turbines, neighbor buildings, etc.  

Starting wind speed: Is the minimum speed the wind turbines needs to produce energy. It will vary depending 
on the size of your wind turbine. The chosen model needs 3-4 m/s wind speed minimum. Check the wind 
speed on your location. 

Average Wind speed: This project is located in an area where wind is constant, and its speed is on average 
over the year up to 5 m/s (More details at excel file). 

Estimated production: Every wind turbine has an estimated production depending on the wind speed it 
receives. Check the specification of your model. 

 

Figure 19: Tower for wind turbine 
Foundation and tower require calculations to define what is needed depending on the weight and external 
factors as the weather that the structure have to deal with. Usually the company that provides the wind 
turbine will provide the equipment needed, civil works and everything to deliver the installation as a “Turnkey 
project”, but if you plan to do the foundations or any other part of the project by yourself then be sure to 
contact an expert. 
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14.2 Estimated production 
To calculate how much energy your wind turbine will produce is necessary to know the wind speed at your 
location and the power curve of your selected wind turbine model. 

The wind speed is not constant and even when there is an average of the wind speed on every location, it will 
vary from one year to another. Try to get as much information as you can about the location over the years to 
estimate a more accurate value. 

For this project, data from the last 4 years have been analyzed. The data shows that on average per year the 
wind speed is 5,34 m/s, being December the faster month with 7 m/s and May the slowest with 4,15 m/s. 

According to the power curve of our selected model, at 5 m/s it will produce 18,000 kWh per year, so as 
minimum our generation per year will be up to 18,000 kWh. 

Consider that it is not lineal the increase of the speed with the increase of generation of energy. Our model at 
5 m/s will produce around 18,000 kWh per year, but at 7 m/s it will be around 35,000 kWh (almost the double 
of energy) Based on the data available we can be optimist and estimate a generation around 25,000 kWh per 
year. 

To estimate the production of energy of a wind turbine several factors as the general landscape, wind 
direction, buildings near the wind turbine, trees, the terrain and everything that can produce a turbulence 
have to be consider. The excel file has a really basic calculation system to estimate the production but it gives 
a roughly estimation with an important margin of error. Be sure to get as much data as possible to try to make 
it more accurate. 

15 Solar panels estimation 
For this particular case, with the installation of the wind turbine would be enough to satisfy the personal 
consumption and also sell the excess to the grid, but as a personal desire of the owner solar panels will be 
installed anyway. 

For this project were selected solar panels from the brand “Enertik”, as it fit with the requirements and are 
made in Argentina, that makes easier to find spares parts and service of repairment if needed. 

The solar panel chosen has nominal power of 250W. 

15.1 Position & inclination 
Solar panels have to face north or south depending your location to the equator and the inclination will vary 
depending on how far you are from it. 

In this case the solar panels have to face north, and the inclination angle is around 35 degrees 

15.2 Solar radiation & temperature 
The estimated production of the solar array was calculated according to the weather conditions of the site. 
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Figure 20: Solar radiation per month over house´s area. 

 

 

 

 

 

 

 

 

 

 

 

 

 

15.3 Solar panels needed 
It will be installed 12 solar panels of the selected model (More details on excel file). The energy produced will 
vary over each month due to the changes of seasons, but it will produce approx. 4085 kWh per year. 

Remember that this project is connected to the grid and it is not an off-grid system. For off-grid systems the 
calculation to estimate the energy to produce is different (it can be calculated with the excel file). 

One more thing to keep in mind is that solar panels perform better at low temperatures with high radiation 
solar values, this place is a good example of that rule.  

16 Energy storage 
For this project, energy storage is not required as the house is connected to the electric grid and has no 
problems with energy supply. The wind turbine and solar panels will be connected directly to the grid to sell 
energy. 
Remember that energy storage is expensive, so it should only be included if it is strictly necessary. 

Check the case #1 Commercial application if you need an example of how to estimate and what to consider. 
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Figure 21: Inverter 

17 Equipment 

17.1 Inverter  

The inverter is what changes DC electricity from the solar panel or from the batteries to AC to feed AC loads or 
sell it to the grid. Small PV systems usually do not use an inverter, as they can work in DC with lightning and 
devices as phone chargers on 12V, but for medium and big PV systems an inverter is needed. 

The inverter is expensive, consumes power and it loss power in the conversion from DC to AC, so if it is not 
needed you should avoid it. 

  

 

 

 

 

 

 

 

 

 

 

 

 

17.2 Inverter selection  
To select the inverter, it is necessary to know the total power (W) of all the loads that can be working at the 
same time. 

It is also needed to consider the peak power (W) of some devices. Fridges and engines consume a higher 
amount of energy in a very short period of time when they turn on, so check your devices and the peak power 
of your inverter. The output AC tension has to be the one that is used in your country. Keep it in mind if you 
import equipment from other countries. In Argentina it is 220V. 

Another thing to consider is the type of wave an inverter has. A technical explanation about the types of wave 
is out of range of this project, but to help you to decide which type of wave select what you need to know is 
that: 



 

31 Figure 22: Basic regulator 

There are basically 2 different types of waves on the current market: pure syne wave (also called “true”) and 
modified syne wave. 

Pure syne wave is the most recommended but it is also more expensive. 

Modified syne wave is also OK, but some appliances will not perform at 100% and they will need to drain more 
power to perform at maximum capacity. 

The chosen inverter is from the brand “Sunny boy”, it provides a continuous power of 3000W and a peak 
power of 6000W but in this case that data is not relevant as it does not need to supply energy to devices, it 
has to receive the energy from the panels, convert it to AC and send it to the grid. In cases like this one is 
important to check the voltage and current coming from the panels to be sure the inverter can handle it. The 
solar array connected is on series, the solar panels provide around 444V, this inverter can handle a maximum 
of 500V so it is OK with what we need. 

17.3 Regulator selection  
The regulator is, as its name refers, what regulates the current that comes from the solar array to the other 
components, as batteries or inverters, depending on the system. 

It is important to check that it can handle the current (A) input is received from the solar panels. If the solar 
panels are connected in parallel, then it is necessary to sum the Short-circuit current (Isc) of each solar panel 
and add a safety margin around 20%. Then check the specifications of your regulator to confirm if the value 
that it can receive is higher than what actually it will receive. 

One more thing to check if that the regulator can work in the tension (V) you are preparing for your system. 

In this case a regulator is not needed. The solar array send the energy directly to the inverter to convert it to 
AC and send it to the grid. 
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Figure 23: Combiner Box 

 

18  Cables & grounding 

18.1 Cables estimation 
All the parts of the system are connected between them through cables of different size and type. The 
thickness and material of the cable will vary depending on its function and the current they need to handle. 

18.2 Combiner box 
If you have an array with several solar panels connected in parallel, then a combiner box will be needed. Each 
solar panel have a positive and negative line, which come outside of the panel in a short cable with MC-4 
connectors on each line. The combiner box will be used to combine all the lines of each panel in only one 
positive and one negative line that will be thicker than the individual lines. 

 

 

 

 

 

 

 

 

 

 

 

 

 

In this case two 4mm2 cables (12AWG/4MM2 depending which measure unit is used in your country) come 
outside of each panel, and as these cables are short you may need to create an extension to reach the 
combiner box using a cable of the same thickness and MC-4 connectors to plug your extension to the MC-4 
connectors coming outside of each panel. 

In this case we have 12 solar panels in series, which means we will have 1 positive line and 1 negative line. But 
in this case a combiner box is not necessary, the lines will be connected to the inverter to transform it to AC 
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Figure 24: Cables coming out from solar panel 

Figure 25: Solar panels and structure bonded by a bare copper to the ground 

and send it directly to the grid, anyway a junction box could be a good idea to include a circuit breaker, just to 
make it safer (See case #1 to get more information about combiner boxes) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

18.3 Grounding 
It is important that the solar panels, equipment and the structure are grounded. It protects people and 
equipment from electric failures and lightning strikes. 

All the non-current-carrying parts of a system as metallic structure, solar panels frames, metallic junction 
boxes, etc. had to be bonded and connected to a buried ground rod. Bare copper wire is usually used to bond 
all the parts. 
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19 Structures 

19.1 Solar panels structure 
Solar panels have to be mounted in a structure, that will vary depending on where it is necessary to place it to 
get the most solar radiation possible. In this case solar panels will be mounted on the ground. 

 

Figure 26: Anodized aluminum structure. 

The most common way to install solar panels includes rails made of anodized aluminum with channels to 
insert clips to fix the solar panels to it. Rails have mounting brackets to fix them to the structure as for 
example a roof. Aluminum is the typical material used due to its durability and low weight. 

 

Figure 27: Solar panels mounted on the ground 
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20 Cost of the installation 
After all the equipment and the tasks needed have been identified it is moment to prepare the budget. 

It is important to make the calculations about what is needed as accurate as possible to prepare the system 
according to that, so the budget will be use efficiently. 

It is possible that the first budget you present to the client will be out of range, so be sure to explain in a 
simple but clear way that if the amount of money to expend is less, the days of autonomy, the power 
generated, or another feature will be also less. 

The excel file has a sheet filled with some typical items to consider in a typical installation. But keep it mind 
that as the laws and weather conditions of every country vary, and the needs for each case are different, not 
all the items to consider are included in the excel file. 

20.1  Payback time 
The total cost of the installation will define how much time it will take to pay for itself. The price per kWh sold 
to the grid is different in every country, also, in some countries you get tax benefits for generating energy 
through renewable sources, that means the system will pay for itself faster. 

Be sure to make all the calculations before you show the budget to the client. 

 



 

36 

21 Case #3 – Social assistance application 

 

Figure 28: Poor house in Argentina 

 

21.1 Case situation in the country 
At September 2018, the level of poverty in Argentina is around 28% of the population, that means around 12 
million of people. The higher levels of poverty are shown in the metropolitan area of Buenos Aires (Called 
“Gran Buenos Aires”) around 32%, and in the northwest region of the country around 30%.  

48% of the kids are living in poverty conditions and a third part need to assist to community kitchens to get 
the meal of the day.  People living on the street raised up to 2 million. 

Politics of social assistance are present, but they are insufficient. The country is facing a moment of economic 
stagnation, inflation and unemployment that makes the social situation even more complicated. 

The people who lives in shanty towns are exposed to high levels of contamination. Also, lack of public services 
as gas, electricity or potable water deteriorates the quality of life and causes diseases.  

Similar situations happen in most of the countries in the region. 

It is needed stronger social politics to tackle the problem and improve the quality of life of the population.  
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21.2 Case analysis 
For this case, has been taken as example the conditions of life of aborigine families in the north of the country 
in rural areas and a typical family living in a shanty town (known as “Villas”) in the capital city. 

The purpose of this project is to propose ideas using renewables energies and an efficient use of the available 
resources to use them as a complement for social assistance projects, offering solutions in a cost that is 
affordable for the social assistance budget. 

Even though both situations analyzed on this project are families living in the poverty, each situation takes 
place in a different context, so ideas that may work on one case would not work in the other. 

22 Situational context 

 

Figure 29: Aborigine community (Wichis) in the north of Argentina 
 

Aborigine communities are present in most of the provinces in the Argentinian territory. Those communities 
have suffered over decades social and political abandonment. 

In most of the cases aborigine communities live in rural areas, where they have to face to live without basic 
services, malnutrition problems, and impossibility to entry in the regular working market. Also, other problems 
as difficulties to access to basic educational services and child labor are also present. 

House are constructed with any material available as wood, straw, adobe (bricks made of mud and straw) and 
everything that can be used as shown in the house in the figure #27. 
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Table 2: Percentage of lack of access to public services on Villas 

 

 

Figure 30: Shanty town “Villa 31” in the Capital City 
Shanty towns are called “Villas” or “Barrios de emergencia” in Argentina. Those towns are present in most of 
the cities in the country, especially in the metropolitan area of Buenos Aires where are the most. 

Villas are the result of many social problems in Argentina and the explanation of this phenomenon is out of 
range of this project. 

As seen in the figure #28, housing problem is a huge problem. Houses are made of regular bricks and usually 
are constructed by the owners one in top of each other. In most of the cases there is a lack of basic services. 
There is no connection to the national gas grid, so LPG cylinders are used for cooking. There are not sanitation 
sewer systems, houses have minimum or any thermal isolation. Electricity may be present in some cases. 
Access to the national water grid is also missing in several cases. 
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23 Housing problems alternatives 
As stated before, the ideas listed on this project are meant to be used as a complement for social assistance 
projects; if these ideas are implemented without the multidisciplinary work needed it is possible that they 
result insufficient. 

 

 

 

 

Figure 31: Urbanization project of Villa 31 (started in 2018) 
 

Many countries with housing problems had implemented different politics to tackle this problem. Considering 
that the available budget is not big and the people that needs help is a lot, creativity plays an important role to 
find solutions that solve the problem and are also economically affordable. The modern technologies have to 
be used to employ the natural resources available in an efficient way and also avoid contamination. 
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Figure 33: A small town created by shipping container houses 

 

Figure 32: Example of a shipping container house 

 

Shipping container houses may be an alternative to provide a simple but decent home. A used shipping 
container will be recycled to build a house, that otherwise would have been wasted. Different systems to 
generate energy and use the natural resources available can be combined to provide the basic services 
needed. Ideas about it will be developed in the next pages. 
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Figure 34: Solar cooking system 

24 Cooking system alternatives 
For those cases where gas or electricity are not available, or it is intended to avoid it, and especially to avoid 
open fires inside a house for cooking, the Nordisk Folkecenter in Denmark developed cooking systems that is 
powered by simple installations of wind or solar energy, depending the available resource where the system is 
installed. 

24.1 Solar cooking system alternative 
If there is sun radiation, then this system can be used. It is composed by 3 simple parts: A solar panel, a sun 
generator and an electric stove. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The solar panel receives solar radiation and generate energy (DC), it sends the energy to the sun generator 
that converts the DC energy to AC and then is possible to plug the electric stove to make it work. There is not 
more equipment involved and energy storage is not necessary. Of course, electricity has to be consumed 
when generated. 
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Figure 35: “Rice cooker” used to cook lamb 

The electric stove used is commonly called “Rice cooker”, but it can be used to cook a variety of foods. One 
thing that is necessary is that, no matter what brand is, it has to be sealed like the model used. It makes that 
the stove is able to keep the heat and the food keeps cooking when there are fluctuations in the energy supply 
caused by, for example, a cloud blocking the solar radiation. The cooking time will vary depending on the solar 
radiation and the type and quantity of food you are cooking. 

 

 

 

 

 

 

 

 

Folkecenter staff ran several tests to measure the cooking time of different foods. Detailed information about 
the solar cooking system can be check at the Folkecenter website.  

24.2 Wind cooking system alternative 
If there is good wind resource in your location, then this system can be used. The system is composed by a 
400W wind turbine, a transformer, a controller and an electric stove. 

The wind turbine is mounted in a 12 meters pole and is connected inside the house to a transformer that 
converts the 12V to 220V. The transformer is connected to a controller that has dump loads, so in case the 
wind turbine produces more power than 250W then it sends the excess to the dump loads. 

A detailed report about its construction, tests and general data is available at Nordisk Folkecenter website. 
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Figure 36: Wind cooking system equipment 

Figure 37: Wind turbine for the cooking system 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As the same for the solar cooking system, the stove as to be sealed to keep the heat during the fluctuations of 
wind. 
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25 Food refrigeration alternatives 
For those situations where there is not electricity to connect a fridge, an alternative has to be developed to 
storage food, so it does not waste.  

 

25.1 Storage without electricity 
One option is a very old technique that consist in digging a hole in the ground to storage the food inside it. 
Inside the hole the temperature is way below the temperature in the surface. This idea is just complemented 
with basic masonry works. 

 

Figure 38: “Fridge” in the floor, it does not need electricity 
 

In this example, the “Fridge” made on the Nordisk Folkecenter is a square 1,20 mts on each side and 60 cm 
deep. Foundations were made, and 4 barrels were put inside.    

Doors to close the “fridge” are made of wood, with a basic isolation material inside. During Danish summer 
(temperature around 25 degrees Celsius) the temperature at the bottom of the fridge was around 8 degrees 
Celsius. 
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Figure 39: Inside the “Fridge” there is 4 barrels (60cm deep each) 
 

25.2 Storing food efficiently 
Even though if there is access to the electric grid is available or if the energy is generated through solar or 
wind energy, it is necessary to find ways to use the energy efficiently. 

Fridges are plugged in 24 hours, the time they are turned on and its consumption depends on several factors. 

In order to save energy keeping the temperature inside the fridge as cold as necessary, the Solar Zentrum in 
Germany has a regular fridge that has been modified to reduce the losses of temperature when the door is 
opened 

With this basic but effective modification, is possible to reduce the consumption of the fridge. Keep in mind 
that it is always cheaper save energy than generate it. 
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Figure 40: Fridge at the Solar Zentrum, Germany 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

26 Water supply alternatives 
Connection to the water national grid is missing in most of the example cases given at the beginning of this 
project. According to the stats, one person consumes on average 3.8 m3 (3800 liters) of water per month. 
With efficient habits and a responsible consume that number should decrease. Some ideas about how to get 
water depending on the context of application are given in the next pages. 
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Figure 41: Rainwater system collector 

26.1 Rainwater collector system 
These types of collector are the most basic and worldwide extended systems to collect water. It may vary, but 
the base of the components used will remain the same no matter where it is installed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As seen in the figure #38, this system uses the surface of a roof to catch water and send it through gutters, 
that are made typically of iron galvanized or PVC, to a barrel that storage the collected water. 

It is very important the use of filters in different stages of the system. Usually the first filter is a coarse mesh 
(grill) to avoid big debris. The water will flow through the gutters and before it gets into the barrel, a first-
flushing device is needed. This device avoids the first spell of rain to get into the barrel, as it has pollutants 
from the air and catchment surface. After that, the water has to pass through another filter which takes the 
remaining pollution and then it gets into the barrel. 

If it is not possible to buy a filter, there are several ways to made one as for example sand, gravel and 
charcoal, but remember that if this water if for human consumption has to be as much clean as possible. It is 
also needed to clean this system periodically. 

26.2 Water pumping system 
If there is a groundwater reservoir or some other water source close to your location, then a water pumping 
system is a very convenient option.  
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Figure 42: Water pumping system (Taken from Bornay) 
 

It can be more sophisticated, but this system is composed only by 3 parts: A wind turbine, a water pump and 
an interface that takes care of the wind turbine and manages the energy production.  

The system is simple, but it may vary depending the m3 of water needed, how deep or far is the water 
reservoir and the wind speed. 

26.3 Recycling water system 
Another option is to recycle the water to use it and re-use it again and therefore reduces the consumption 
from the grid or water reservoir. 

Sewage treatment plants purify the wasted water to be able to consume it. Its size may vary depending on its 
capacity, and its cost can be expensive. 
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Figure 43: Sewage treatment plant in the Solar Zentrum (Germany) 
 

The basic concept of the system is that a first tank receives the wasted water and dissolve the biologically 
degradable coarse and non-dissolving components are separated. A pump pumps the water without coarse 
material to another tank where organic matters in the water are degraded and the water gets treated by 
microfiltration membranes. 

27 Heating water system alternatives 
It is possible to supply heat water to a house or a community without using electricity or gas and also avoid 
the use of charcoal, wood or any other element. 
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Figure 44: Solar thermal collector (Evacuated tube design) 

 

27.1 Solar thermal collector 
For a house the most convenient option may be a solar thermal collector. There are different models, the 
most popular (and also most expensive) is the solar thermal collector that use tubes as seen in the figure #41.  

The tubes capture the sunlight and transform it to heat that is used to heat water. This model has a highly 
efficient rate and it is getting more common among the regular users. 

 

 

 

 

 

 

 

 

 

 

 

 

27.2 Solar thermal panels  
For providing a community heat water, a solar thermal panels installation can be a good option. The principle 
is the same, it converts the sunlight into heat to be used to heat water. 

These panels can be mounted to create farms and produce the energy needed. The total power will be related 
to how many panels are mounted and solar radiation received. 

Also, the cost of maintenance and operation for this type of farms is very low, so it makes it attractive 
economically. 
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Figure 46: LED Tubes 

 

Figure 45: Solar thermal panels farm in Snedsted (Denmark) 

 

28 Lighting alternatives 
The most convenient option to produce lightning nowadays is LED technology. Even though it is expensive, it is 
getting cheaper year after year. Just one LED diode is not enough so a combination of diodes is needed. 
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Figure 48: A typical skylight installation 

28.1 LED Focused alternative 
The Nordisk Folkecenter developed some ideas about how to use LED diodes focused over a specific work 
area. This system can work on DC and 12V. It provides the lumens needed when focused at the proper height 
and position. This system needs very few equipment to work so its cost is really cheap.  

 

Figure 47: Room in the Nordisk Folkecenter illuminated only with a few LED diodes. Windows are covered to 
test the efficiency without natural or artificial light interfering. 

 

28.2 Natural light alternatives 
There are several ways to use the natural light instead using artificial lightning or at least reduce its 
consumption. One of the most used ways is to mount a skylight in the roof 
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Figure 49: Solar “Lamp” made of a plastic bottle with water and bleach 

 

Of course, the skylight has its own cost and you need a proper roof to install it. Several economic alternatives 
have been created to be used as a skylight. The function is the same, they let the natural light pass through 
and also have to be properly installed and sealed to not let any outside element go inside. 

A very efficient idea is the one developed by students from the Massachusetts Institute of Technology that 
employs a recycled plastic bottle filled with water and bleach. This “Lamp” has to be mounted on the roof and 
be sealed. 

It is also convenient if possible to paint inside walls white, as darker colors absorb more light. Remember to 
keep windows clean and curtains opened during sun light hours. 
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29 Conclusions 

29.1 Case #1 
This case involved legal restrictions, physical limitations and a restricted budget. It was proved that with a 
reduction of the electrical consumption, an efficient use of the generated energy and the development of a 
project economically affordable is possible to find a solution to the stated problem. Unstable economic 
situation of the country makes difficult to estimate how much time it will really take to pay for itself, but even 
considering that, the balance of the results obtained is positive. 

29.2 Case #2   
This case presented few restrictions, the budget was not an issue and wind and solar resources were good. 

Energy storage was not necessary, and the system was directly connected to the grid to sell the excess of 
energy. The relation cost-benefit of this project is high, and the payback time will be short. 

29.3 Case #3  
This case has to be analyzed taken into account the socioeconomic situation of the country. NGOs will be only 
able to develop a project for solutions in a small scale, and even when it can improve the quality of life of a 
person or a family, it may result insufficient considering all the shortcomings those people suffer every day 
and how many they are. if those projects do not receive the political and economic support needed then 
would not be possible to implement them in a large scale. 
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