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About the Author 
 
Sergio Feitoza Costa is a composer, musician, writer, and electrical engineer. Alongside a 

successful career of over 40 years in electrical engineering R&D, has parallel activities with 

music production and fiction books writing. 

At the age of 68, Sergio spent the first part of his career working on setting up research 

centers and high-power electrical test laboratories and helping to write IEC technical 

standards. After that Sergio had a challenging performance in the energy sector 

collaborating in the implementation of large renewable energy programs in Brazil. He has 

also participated on government programs for non-renewable energy.  

In this path, he applied for many years training and consulting work in assessing 

technologies and costs of energy projects. For the past 15 years he has worked helping 

manufacturers to develop substation equipment and has created a unique tool to simulate 

expensive high-power tests. 

Throughout 2021 and 2022, Sergio realized that the interest of the industry is - finally - 

reaching renewable energies with force. Small and large wind and solar power plants have 

become a good business. In 2023 he completed an old draft of a book to leave as a kind of 

legacy to young people who want to help save the Planet. 

Lƴ ǘƘŜ ǊŜŎŜƴǘ ōƻƻƪ άtǊƻƧŜct Save Rio in 10 yearsέ ǘƘŜǊŜ ƛǎ ŀ ŎƘŀǇǘŜǊ showing his vision about 

energy sources and environmental education. The previous fiction book "The Cosmic 

Engineers in the Land of Amazonia" brings some other ideas. 

Lƴ ǘƘŜǎŜ ƭƛƴƪǎ ȅƻǳ Ƴŀȅ ŦƛƴŘ {ŜǊƎƛƻΩǎ free books and articles. 

ω About software Decidix for assessment of energy projects (get a free copy and basic 

training) http://www.cognitor.com.br/c_Feasibily_Analysis.htm 

ω Book άProject {ŀǾŜ wƛƻ ƛƴ мл ȅŜŀǊǎ ά  https://www.cognitor.com.br/saverioENG.pdf 

ω .ƻƻƪ ά¢ƘŜ /ƻǎƳƛŎ 9ƴƎƛƴŜŜǊǎ in the Land of AmazoniaέΥ  

https://www.cognitor.com.br/TheCosmicEngineers.pdf 

ω About software SwitchgearDesign   https://www.cognitor.com.br/trainingENG.pdf 

ω CV and publications    https://www.cognitor.com.br/Curriculum.html 

ω Songs production    https://www.cognitor.com.br/MusicSergioFeitoza.html 

https://www.youtube.com/user/SergioFeitoza/ 

ω An idea of Certificate to save Planet resources via electric power industry 

http://www.cognitor.com.br/demo1certificate.pdf 

ω Other materials in http://www.cognitor.com.br 

http://www.cognitor.com.br/c_Feasibily_Analysis.htm
https://www.cognitor.com.br/saverioENG.pdf
https://www.cognitor.com.br/TheCosmicEngineers.pdf
https://www.cognitor.com.br/trainingENG.pdf
https://www.cognitor.com.br/Curriculum.html
https://www.cognitor.com.br/MusicSergioFeitoza.html
https://www.youtube.com/user/SergioFeitoza/
http://www.cognitor.com.br/demo1certificate.pdf
http://www.cognitor.com.br/
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This book is dedicated to my 
grandson Augusto who 
made me want to live some 
more years on this beautiful 
and challenging Blue 
Planet. I hope that, in the 
schools, Environmental 
Education will be part of his 
learning since childhood 
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1. WHAT IS THIS    άέDw99b I¸5whD9bέ       AND        ά9b9wD¸ ¢w!b{L¢Lhbέ   ? 
 
After the 2022 war provoked by one of the many madmen who succeed to reach positions 
of power, able to exterminate life on Earth, I became convinced that our humanity 
destruction is only a matter of a short time. That Atlantis story I wrote in a previous book is 
happening. However, in 2021, my first grandson arrived and, as I saw him grow up, the 
desire to live here for a few more years came. So, to pass the time, I concluded this book on 
Energy, started years ago. 
 
{ƛƴŎŜ нлнм L ƘŜŀǊ ǘƘŜ ǘŜǊƳǎ άŜƴŜǊƎȅ ǘǊŀƴǎƛǘƛƻƴέ ŀƴŘ άƎǊŜŜƴ ƘȅŘǊƻƎŜƴέΦ L ǿŜƴǘ ǘƻ ōŜǘǘŜǊ 

understand what they mean because two plant builders of small hydropower plants and 

photovoltaic plants asked me for consultancy work to identify the best opportunities to get 

involved in the theme green hydrogen. Our focus was only on identifying where the 

business opportunities for small and medium-sized companies are. These opportunities are 

very different from those of large companies. 

I found an excellent document that allowed me to well situate myself on the subject. Then 

I could identify the best opportunities for their purposes. In this section I will use parts of 

texts and didactic figures of that document. It is entitled ά¢ŜŎƘƴƛŎŀƭ ƴƻǘŜ 9t9Υ .ŀǎŜƭƛƴŜ ǘƻ 

support the Brazilian Hydrogen StrategyέΦ You may find the complete document in the link 
https://www.epe.gov.br/sites-pt/publicacoes-dados-abertos/publicacoes/PublicacoesArquivos/publicacao-

569/NT_Hidroge%CC%82nio_EN_revMAE%20(1).pdf 

THE BEST OPPORTUNITIES FOR SMALL / MEDIUM COMPANIES:    
I would say that they are in the red rectangles of the next figure and are related to 
 (a )  (more efficient) production of green hydrogen using renewable owner installations  
 (b )  development of low-cost efficient hydrolyzers and fuel cells using simulations.  

 

https://www.epe.gov.br/sites-pt/publicacoes-dados-abertos/publicacoes/PublicacoesArquivos/publicacao-569/NT_Hidroge%CC%82nio_EN_revMAE%20(1).pdf
https://www.epe.gov.br/sites-pt/publicacoes-dados-abertos/publicacoes/PublicacoesArquivos/publicacao-569/NT_Hidroge%CC%82nio_EN_revMAE%20(1).pdf
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I am starting to work in new developments of low-cost efficient hydrolyzers and fuel cells 

using simulations.  What are the terms άDǊŜŜƴ IȅŘǊƻƎŜƴέ ŀƴŘ ά9ƴŜǊƎȅ ¢Ǌŀƴǎƛǘƛƻƴέ ?.  

 
ENERGY TRANSITION:  

According Wikipedia https://en.wikipedia.org/wiki/Energy_transition  , it is the process 

of downshifting fossil fuels and re-developing whole systems to operate on low carbon 
energy sources More generally, an energy transition is a significant structural change in 
an energy system regarding supply and consumption. The current transition to sustainable 
energy is largely driven by a recognition that global greenhouse-gas emissions must be 
brought to zero. Since fossil fuels are the largest single source of carbon emissions, the 
quantity that can be produced is limited by the Paris Agreement (2015) to keep global 
warming below 1.5 °C. Over 70% of  global greenhouse gas emissions result from the energy 
sector, for transport, heating, and industrial use. Wind power and solar photovoltaic 
systems (PV) have the greatest potential to mitigate climate change. The renewable 
energy transition is also driven by the rapidly increasing competitiveness of both. Another 
motivation is to limit other environmental impact of the energy industry.  
 
It caught my attention that in the excellent Wikipedia text, in none of the titles appear the 
term Environmental Education. The only possibility of a successful transition is to educate 
children not to make the mistakes that we still continue to make. 
 
GREEN HYDROGEN (GH):  

By Wikipedia https://en.wikipedia.org/wiki/Green_hydrogen , is hydrogen generated by 
renewable energy or from low-carbon power. GH has significantly lower carbon emissions 
than grey hydrogen, which is produced by steam reforming of natural gas, which makes up 
the bulk of the hydrogen market. GH produced by the electrolysis of water is less than 0.1% 
of total hydrogen production It may be used to decarbonize sectors which are hard to 
electrify, such as steel and cement production, and thus help to limit climate change. 

 

 

https://en.wikipedia.org/wiki/Energy_transition
https://en.wikipedia.org/wiki/Green_hydrogen
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The high cost of production is the main factor behind the low use of green hydrogen. 
Nonetheless, the hydrogen market is expected to grow, with some forecasts of the cost of 
hydrogen production falling from $6/kg in 2015 to around $2/kg  (like $15/MMBtu) by 2025. 
In 2020, major European companies announced plans to switch their truck fleets to 
hydrogen power. 

Just to give an idea, $2/kg of hydrogen is of the order of magnitude of 
$15/MMBtu.(money divided by energy content)  The current price of natural gas is of the 
order of $4/MMBtu . The key aspect is that if you generate energy with the natural gas you 
will need to reduce emissions and you will be putting more CO2 in the atmosphere. The cost 
ƻŦ ǘƘŜǎŜ ǎƻ ŎŀƭƭŜŘ άŜȄǘŜǊƴŀƭƛǘƛŜǎέ ŀǊŜ ƴƻǘ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ ǇǊƛŎŜ ƻŦ ǘƘŜ energy we pay. This is 
the sense of the needed άŜƴŜǊƎȅ ǘǊŀƴǎƛǘƛƻƴέΦ ¢ŀƪŜ ŀ ƭƻƻƪ ƛƴ ǘƘŜ ƻǊŘŜǊ ƻŦ ƳŀƎƴƛǘǳŘŜ ƻŦ ǘƘŜǎŜ 
externalities of sources of energy. These 2 tables from the artƛŎƭŜ άEnvironmental 
9ȄǘŜǊƴŀƭƛǘƛŜǎΣ aŀǊƪŜǘ 5ƛǎǘƻǊǘƛƻƴǎ ŀƴŘ ǘƘŜ 9ŎƻƴƻƳƛŎǎ ƻŦ wŜƴŜǿŀōƭŜ 9ƴŜǊƎȅ ¢ŜŎƘƴƻƭƻƎƛŜǎέ ƛƴ 
ǘƘŜ ά 9ƴŜǊƎȅ WƻǳǊƴŀƭ нрόоύΥ мнт-156 (2004) is very interesting to understand. The link is 
http://martinot.info/BIT/READINGS/Owen_externalities_EJ_2004.pdf 

 

 

 

http://martinot.info/BIT/READINGS/Owen_externalities_EJ_2004.pdf
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From 2000 to 2010 I was used to apply trainings on energy generation technologies with 

renewable and non-renewable sources, as well as to do feasibility studies for investors. 

Before, learned a lot by participating in the implementation of government programs to 

encourage the use of renewable sources, the biggest of which was PROINFA. This program 

implemented 3000 MW of biomass plants (sugarcane), wind energy and small hydroelectric 

plants up to 30MW. Solar energy did not enter that program because it did not have the 

attractivity of today. I also participated in the studies of the Brazil-Bolivia gas pipeline and 

in a program with the US Department of Energy, for more efficient use of coal. Today I 

strongly believe that the use of coal and oil should be banned.   

In those days I studied a little about the production and use of hydrogen, the fuel with the 

highest energy content. See the heat values table with the amount of energy within 1 kg of 

solid fuel or 1 m3 of a liquid or gaseous fuel. 

All fuels, except pure hydrogen, are composed of a combination of carbon and hydrogen 

atoms. The more carbon the fuel has, the lower the energy content and the more impurities 

are produced in the combustion process, as explained in section 2. The higher the hydrogen 

content, the cleaner the fuel is and the higher its energy content. Also look the methane 

combustion electrochemical reaction to understand that whenever you use a fuel with C 

the CO2 will be there. The PCS and PCI formulas enable to see the impact of C content in 

the fuel. For Hydrogen put H=100 and C=0 . 

 
 

Table 5.1 - Heat values of some fuels (energy contained per unit of mass or volume) 
Fuel Kcal / unit of mass or volume  Fuel Kcal / unit of mass or volume 

Hydrogen 30.000 /kg or 30500/m3  GLP  11750 / kg 

Natural gas 9.000 - 12000/ Nm3  Butane   

Sugarcane bagasse 
50% to 0% humidity 

 
1790 to 4220 kg( /  kg 

 Propane 26395 / Nm3 

 Mineral Coal 4000 - 8000 / kg  Coke Gas 4600 / Nm3 

Vegetable coal 6800 / kg  Blast Furnace Gas 1000 / Nm3 

Kerosene 11090 / kg  Firewood 3300 / kg 

Diesel + Oil 10200 - 10900 / kg  Landfill gas 4500 / Nm3 

Metallurgical coke 6640 / kg  Raw garbage 1600-1900/kg 

Tar 10000 / kg  Rice husks  3200 / kg 
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THE SIMPLEST WAY OF OBTAINING HYDROGEN is through the electrolysis of water. The 

problem is that to do it you need to use a lot of energy. Water electrolysis consists of 

connecting the 2 electrodes to a source of electrical voltage that will cause an electric 

current to circulate through a liquid electrolyte that is between those 2 electrodes. The 

chemical process will cause the release of hydrogen and oxygen gases that you will collect. 

In the case of hydrogen, you will collect it to accumulate it, so that you can later use it as 

fuel. The uses that were best known in the past were to power NASA spacecrafts. 

The problem with hydrogen generation is that for every 100% of energy that you inject to 

produce the electrolysis, you get energy, in the hydrogen content of the order of 63% . As 

written in this Wikipedia link , commercial electrolysis requires around 53 kWh of electricity to 

produce one kg of hydrogen, which holds 33.6 kWh of energy.  

https://en.wikipedia.org/wiki/Electrolysis_of_water#:~:text=The%20electrolysis%20of%20water%20in%20st

andard%20conditions%20requires%20a%20theoretical,energy%20of%20formation%20of%20water. 

Do not think that if the energy comes from the sun or the wind it is less expensive. It does 

not bring significant pollution, but the cost is not that different from non-renewable energy. 

Therefore, an obvious opportunity of going inside green H2 business is to develop processes 

and equipment that can take this 60% to a level of, say, 80%. 

https://www.mdpi.com/1996-1073/15/20/7508/pdf  

 

 
 

FUEL CELLS:  When we search texts about electrolysis, ǿŜ ŦǊŜǉǳŜƴǘƭȅ ŦƛƴŘ ǘƘŜ ǘŜǊƳ άŦǳŜƭ 

cellέΦ  These dispositives are like the reverse path of the electrolysers. In the fuel cell the 

inputs are the fuel plus air to obtain electricity as output. You can use direct H2 as fuel but 

usually you take a fuel like natural gas or ethanol and, before, you reform it to get the H2. 

Fuel cells, as in the figure below, offer greater efficiency and less emission than any other 

plant that uses fossil fuel. The emissions from a fuel cell are water vapor and carbon dioxide 

CO2. If the fuel has low or no carbon, you have very small CO2. Fuel cells do not operate 

with combustion. They use hydrogen for the electrochemical reaction that releases 

chemical energy when oxygen and hydrogen atoms combine to form water.  

https://en.wikipedia.org/wiki/Electrolysis_of_water#:~:text=The%20electrolysis%20of%20water%20in%20standard%20conditions%20requires%20a%20theoretical,energy%20of%20formation%20of%20water
https://en.wikipedia.org/wiki/Electrolysis_of_water#:~:text=The%20electrolysis%20of%20water%20in%20standard%20conditions%20requires%20a%20theoretical,energy%20of%20formation%20of%20water
https://www.mdpi.com/1996-1073/15/20/7508/pdf
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The operation of a fuel cell is like that of a battery. Electrodes submerged in an electrolyte 

act as the location where chemical reactions occur that release or absorb electrons. A 

relevant aspect is that they can be installed close to homes and commercial areas. By 

generating electrical energy with high efficiency, without noise and combustion reactions, 

they are more suitable in places with natural gas availability. Another positive aspect is the 

generation at low voltage like 380V. In turbines, voltage is generated at values like 13800V, 

and you need to add power transformers to covert to the low voltage utilization range. 

In the 1960s, they were the source of energy for the Apollo and Gemini space missions. 

NASA initiated a research program by investing significant sums. Alkaline cells have proven 

successful for the American space project. The stationary use for competitive electricity 

generation is running. In this link there is good information. More info in Chapter 2  
https://www.energy.gov/eere/fuelcells/fuel-

cells#:~:text=Fuel%20cells%20work%20like%20batteries,)%E2%80%94sandwiched%20around%20an%20electrolyte. 

Data from year 2000  
(Find updated values in the Web) 

Phosphoric Acid 

(PAFC) 

Carbonate 

(MCFC) 

Solid Oxide 

(SOFC) 

Polymeric 

(PMFC) 

Efficiency (%) 
40-45 50-60 45-60 

 

Temperature (°C) 
60-200 650 800-1000 60-70 

Pressure (atm) 
1-8 1-5 1-5 1-3 

Thermal Reject 

Temperature (° C) 
90-110 325-450 870-950 - 

Max power (kW) 
11000 2000 25 120 

A typical cell produces a potential difference between 0.7 and 1.2 VDC. So, it is necessary 
to build a stack of unit cells, in series and parallel arrangements, to arrive at the usage 
voltages, after conversion to alternating current. 

I learned about this some 20 years ago when I represented, for some 2 years, a fuel cell USA 

manufacturer. I stopped working in the area when I got a big project to install fuel cells in 

Brazil. It would be the first cells on a larger scale in a building of a gas company in São Paulo. 

When everything was well underway, the US manufacturer decided not to come to Brazil 

anymore. They were afraid of the difficulties of legislation, procedures, taxes and preferred 

to continue carrying out his actions in the United States, Europe, and Asia. I understood 

their reasons and soon after I stopped working in power generation projects. 

https://www.energy.gov/eere/fuelcells/fuel-cells#:~:text=Fuel%20cells%20work%20like%20batteries,)%E2%80%94sandwiched%20around%20an%20electrolyte
https://www.energy.gov/eere/fuelcells/fuel-cells#:~:text=Fuel%20cells%20work%20like%20batteries,)%E2%80%94sandwiched%20around%20an%20electrolyte
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Then, I started to support manufacturers of substation equipment, in the development of 

innovations. It worked great and I still do it today. I was successful in developing a rare 

software to simulate expensive lab tests. I do design reviews for manufacturers and 

certifiers around the world. However, I am now examining again H2 energy developments. 

In Chapter 2 we show the technologies, which have existed for decades but are only now 

beginning to be used on a larger scale, as impacts on the environment and climate change 

become obvious. Barriers caused by energy distribution companies are being reduced. Until 

today, many of these companies see small and medium-sized independent power 

producers ŀǎ ŀ άƭƻǎǎ ƻŦ ǊŜǾŜƴǳŜέΦ [ŜƎƛǎƭŀǘƛƻƴ ŎƘŀƴƎŜǎ ƘŀŘ ŀƭǊŜŀŘȅ ƘŀǇǇŜƴŜŘ ŘŜŎŀŘŜǎ ŀƎƻ ƛƴ 

Europe and the United States. Brazil and South America are, once more, delayed.  The 

information in chapter 2 come from Ƴȅ ŦǊŜŜ ōƻƻƪ άtǊƻject Save Rio in 10 yearsέΦ [ƛƴƪ ōŜƭƻǿΦ  

In Chapter 3 we show how to carry out a transparent technical-economic evaluation of 

energy projects using the free software DECIDIX. I developed it while participating in 

government programs. Most investors analyse energy businesses by focusing on the return 

on investment and not on the environmental issues. Investors like any type of return if it is 

within the laws of the country and will not damage their environmental image.  

To bring good results, public policies must take this into consideration. The exceptions are 

businesses with a high positive environmental impact for big companies that have problems 

with their environmental image and need to generate positive environmental actions to 

improve the image. These companies should be targeted as they are the best prepared and 

the catalysts for major changes, by necessity. 

To create a costs reference check this tableΣ ŎƻǇƛŜŘ ŦǊƻƳ ǘƘŜ 9t9 ŘƻŎǳƳŜƴǘ άά{ǘǳŘƛŜǎ ƻŦ ǘƘŜ 
2031 Ten-Year Energy Expansion Plan - Cost Parameters February нлннέ . In this table 1USD 
= R$ 4,90    
Portuguese: https://www.epe.gov.br/sites-pt/publicacoes-dados-abertos/publicacoes/PublicacoesArquivos/publicacao-

607/topico-591/Caderno%20de%20Par%C3%A2metros%20de%20Custos%20-%20PDE2031.pdf 

English: https://www.epe.gov.br/sites-en/publicacoes-dados-abertos/publicacoes/Paginas/PDE-2031---English-Version.aspx 

 

 
 

  

https://www.epe.gov.br/sites-pt/publicacoes-dados-abertos/publicacoes/PublicacoesArquivos/publicacao-607/topico-591/Caderno%20de%20Par%C3%A2metros%20de%20Custos%20-%20PDE2031.pdf
https://www.epe.gov.br/sites-pt/publicacoes-dados-abertos/publicacoes/PublicacoesArquivos/publicacao-607/topico-591/Caderno%20de%20Par%C3%A2metros%20de%20Custos%20-%20PDE2031.pdf
https://www.epe.gov.br/sites-en/publicacoes-dados-abertos/publicacoes/Paginas/PDE-2031---English-Version.aspx
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2. TECHNOLOGIES   FOR   ENERGY   GENERATION 
 

¢Ƙƛǎ ǘŜȄǘ ƛǎ ŜȄǘǊŀŎǘŜŘ ŦǊƻƳ ǘƘŜ ŎƘŀǇǘŜǊ άTHE CITY OF 
9b±Lwhba9b¢![ 95¦/!¢Lhb !b5 9b9wD¸ {h¦w/9{έ 
of the book whose link is 

 https://www.cognitor.com.br/saverioENG.pdf.  
The concept there presented emphasize that the only 
possibility of giving support to renewable energies is 
the mass Education on the use of nature and human 
resources with the least possible impact on the planet's 
environment. The idea is to teach children and citizens, 
from a young age, to have a broader view of humanity's 
relations with the environment in which we are 
inserted. This includes the use of the energy sources 
necessary to move all activities. This type of approach is 
not possible within the environment of a slum (favela). 
There the priority is near to just survive on the difficult 
conditions of health and safety. However, with 
Education we can advance 
 

 

 
TECHNOLOGIES + ENVIRONMENTAL EDUCATION = SUCCESS IN THE ENERGY TRANSITION 
First, we shall remember that all the necessary technologies we are now putting emphasis 
have existed for decades. They were considered unfeasible just because world regulatory 
agencies do not include "environmental and social costs" in the energy tariff paid by 
taxpayers. We do not need new technologies at all. We just need to increase the efficiency 
of the existing one. Much more than this, these technologies shall be shared with non-
developed countries. The technological homework was done in the 60s to 80s.  
 
In the aspect of ά9ƴǾƛǊƻƴƳŜƴǘŀƭ 9ŘǳŎŀǘƛƻƴέ we need to provide, in schools and in the daily 
life, a revolutionary change in the standards of Education. The objective would be to create, 
in the children, a vision of the future focused on the survival of the Planet and in a 
ƘŀǊƳƻƴƛƻǳǎ ǊŜƭŀǘƛƻƴǎƘƛǇ ǿƛǘƘ ƛǘΣ ƭƛƪŜ ǘƘŀǘ ƻŦ ǇŀǊǘ ƻŦ ǘƘŜ ƛƴŘƛƎŜƴƻǳǎ ǇŜƻǇƭŜΦ ¢Ƙƛǎ ƳŜŀƴ άǳǎŜ 
the resourcŜǎ ƴŜŎŜǎǎŀǊȅ ǘƻ ƭƛǾŜ ƛƴ ǘƘŜ ǎƘƻǊǘ ǘƛƳŜέ ŀƴŘ ƴƻǘ άŀŎŎǳƳǳƭŀǘŜ ǊŜǎƻǳǊŎŜǎ ǘƻ 
generate wealth and use it in the futureέ. Today the focus of Education is on achieving 
personal and economic success. We need a broader view. 
 
Regarding ά9ƴŜǊƎȅ {ƻǳǊŎŜǎέ we are finally demonstrating that renewable sources can 
supply all the world's needs. During the transition period, the most efficient techniques 
available shall be used, even including cleanest non-renewable fuel like natural gas. Among 
non-renewables, natural gas is the alternative with the least environmental impact, 
especially when using more efficient technologies such as cogeneration using fuel cells. The 
transport system in cities ǿƛƭƭ ōŜŎƻƳŜ άŜƭŜŎǘǊƛŎ Ҍ ǊŜƴŜǿŀōƭŜǎέ ōǳǘ ǘƘŜǊŜ ƛǎ ŀ ƭƻƴƎ ǿŀȅ ǘƻ 
ŀǊǊƛǾŜ ǘƘŜǊŜΦ {ƻΣ ǿƘƛƭŜ ǘƘƛƴƎǎ ŀǊŜ ŎƘŀƴƎƛƴƎ ƭŜǘΩǎ ŎŀǳǎŜ ǘƘŜ ƭŜŀǎǘ ǇƻǎǎƛōƭŜ ƛƳǇŀŎǘǎΦ .ȅ ǘƘŜ ǿŀȅΣ 
do you remember the Brazilian successful program ProAlcohol? Possibly the Green 

https://www.cognitor.com.br/saverioENG.pdf
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Hydrogen plus biomass is a good possibility in countries like Brazil. The technological 
knowledge acquired in Brazil, for alcohol production, is unique in the World. 
 
2.1 - NON-RENEWABLES:   IT IS TIME TO STOP (except high efficiency use of natural gas) 
 
Since the end of the Second World War in 1945, mankind has been using fuels such as oil, 
coal and, later, natural gas. These are called non-renewable fuels and have been formed 
over millions of years, due to the decomposition of soil, materials, etc. and were kept 
underground until they started to be extracted and used.  
 
The non-renewable fuels are formed by the combination, in different proportions, of carbon 
(C) and hydrogen (H) molecules. For example, unpleasant-smelling methane near swamps 
and landfills has the formula CH4. The molecule has 1 carbon atom plus 4 hydrogen atoms. 
The higher the proportion of carbon, the dirtier the fuel is, from an environmental point of 
view. The higher the hydrogen content, the cleaner it is. The dispute between countries to 
control the use of energy blocks has become the driving force of global economies. If a 
country has a lot of coal or oil will possibly use it. The argument is that it is more important 
not to be hungry today than to survive in the long term. It would only be a good argument 
if there were no alternatives. But the alternatives exist and are not difficult to achieve. 
 
It is a question of time that the use of non-renewable fuels such as coal and oil will no longer 
be allowed, even in small quantities. The only exception would be natural gas, for up to 
some 20 to 25 years only, and in energy efficiency applications greater than 90% (we will 
explain what this is later).  This is near the IEA ς International Energy Agency proposal made 
on a publication on May 19, 2021. 
 
The villains of the planet, from the CO2 point of view, are the fossil fuels: mineral coal, oil 

products and natural gas (this is the least impactful). Large-scale electricity generation can 

be done also from renewable sources, like hydroelectric plants, and thermal generation 

plants with fuels as diverse as coal, sugar cane bagasse, rice husks, among many others. 

As said, non-renewable fuels are formed by combining carbon and hydrogen molecules. The 

higher is the proportional content of carbon, the dirtier it is from an environmental point of 

view and the cheaper is the fuel. Each 1 kg of fuel has a certain amount of energy in it. The 

higher the proportion of hydrogen, the cleaner and the greater is the energy content. The 

higher the proportion of carbon, the lower the energy content and more pollution is 

generated. Also, more filters are needed, in the generation plant, to maintain the pollution 

emissions below the regulations level. 

The burning reaction of these fuels results in the formation of CO2, water vapor and 

impurities. There are several negative effects like the excess of CO2 in the atmosphere 

(Greenhouse Effect and others). I will not write here about the impacts of non-renewable 

fuels or about countries with higher emissions. In my old trainings I was used to explain the 

details. Nowadays the reader can simply do an easy search the Web. 

In the prehistory, with the discovery of fire, the main and abundant fuel was the wood of 
the trees. At that time, this was not important because the populations were minimal. With 
the evolution it was realized that fuels such as coal were in easy reach close to the ground. 
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Since they had a higher energy content, it was easier to deal with it than with wood. In the 
beginning, this was also not a problem because the amounts burned were small.  

Since the industrial revolution, with the growth of Earth population, the burning of fuels 
such as coal and oil products has increased on a large scale. And then we came to problems 
like the Greenhouse Effect. In 2016, on a trip to apply an engineering training in a large 
country in Asia, many people were already wearing masks on the streets to protect 
themselves from pollution, downtown large cities. I remember that I could no longer see 
ǘƘŜ ōƭǳŜ ǎƪȅ ŎƭŜŀǊƭȅΦ hƴ ŀ άŎƭŜŀƴέ Řŀȅ ƛǘ ǿŀǎ ŀ ōƭǳƛǎƘ ƎǊŜȅ ŀǘƳƻǎǇƘŜǊŜΦ Lǘ ǿŀǎ ƻōǾƛƻǳǎƭȅ ƴƻǘ 
healthy for the lungs. 

Over the years, the search for fuels with a higher hydrogen content has increased. Pure 
hydrogen fuel has a much higher energy content, producing much less pollution. Old 
concerns about avoiding explosions and to do storage have been overcome. 

At an even higher stage of energy content, we have nuclear energy. Although the 
technologies have been well mastered for a long time, the great danger is linked to issues 
of terrorism, misuse, and poor disposal of waste. Humanity still does not have enough 
preparation and Education to be able to use it in a big scale. In a less unequal world this will 
be possible. The current war started by Wladimir Putin is a demonstration of this. 

 
2.2 RENEWABLE ENERGY SOURCES 

These sources are characterized by the possibility of future reuse. Renovation can occur 

naturally, as in the water accumulated in dams of hydroelectric plants. This water, after 

passing through the turbines, flows to the rivers and seas, being evaporated and causing 

the formation of clouds and rains that fill the dam again. Other most known natural 

renewable sources are the sun, that activates thermal solar systems and photovoltaic cells 

and make grow the sources of biomass, such as sugar cane, in addition to the wind that 

drives wind generators. 

The four technologies, for generation in a larger scale are hydroelectric (mainly medium and 

small sizes with less environmental and social impact), solar energy (photovoltaic and solar 

thermal), wind energy (wind force) and energy from burning of biomass such as sugar cane 

bagasse. There are other, smaller-scale sources for local exploitation, in specific situations, 

such as harnessing the energy of sea waves, tides, geothermal energy in areas close to 

volcanoes and hydrokinetic energy. 

To begin, a concept to understand is that a plant that generates electricity powered by 

biomass, such as those that exist in sugar and alcohol plants, is not much different from a 

plant powered by coal, in terms of pollutant emissions and CO2. The big difference is that 

while the sugar cane is in the fields, growing, it is absorbing CO2 from the atmosphere. After 

burning it will emit CO2. The balance between what it absorbed when growing and what it 

emitted at the time of burning is approximately zero. Therefore, from the point of view of 

the Greenhouse Effect, it is close to being neutral.  

However, this benefit is not rewarded in the prices of electricity. In a power plant powered 

ōȅ ŎƻŀƭΣ ƻƛƭ ǇǊƻŘǳŎǘǎ ƻǊ ŜǾŜƴ ƴŀǘǳǊŀƭ ƎŀǎΣ ǘƘŜǊŜ ƛǎ ƴƻ ά/hн ŀōǎƻǊǇǘƛƻƴέ ǇŜǊƛod before the 



14 

14  

fuel is burned. Fuels were underground before, not in the atmosphere absorbing CO2. 

Imagine, then, the harms of illegally deforesting large areas in the Amazon.  

The main concept of large-scale generation, transmission and distribution of electricity is 

that the big power plants for power generation usually takes place far from where the 

energy will be consumed. So, for the energy to reach consumption points, long transmission 

lines are required. The aim is to interconnect the electrical system in the best possible way 

so that, if a region has low generation capacity, for example in times of empty reservoirs, 

another region can produce electricity and share other parts of the country electric system. 

As the requirements for obtaining environmental licenses will increase each year and need 

to increase much more, the trend in the last 35 years, around the world, is for developing 

smaller generation sources distributed and located as close as possible to the points of 

consumption.  

 
 

TURBINES TO MOVE POWER GENERATORS 

A common way of electricity generation is using turbines. A turbine is a device with a series 

of blades that are moved by the action of water (hydraulic), hot compressed gases from the 

burning of a fuel (steam or gas) or wind (wind). Coupled to the turbine is an electric power 

generator that needs to be rotated to produce electricity. The turbine produces the 

movement that makes the shaft (rotor) rotate to produce electricity in the generator's 

stator. 
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WIND ENERGY (Eolic) 

The force of the winds produces the movement that drives the generator. The locations of 

ŀ ŎƻǳƴǘǊȅ ǘƘŀǘ ǇǊƻŘǳŎŜ ŀ άƳŜŘƛǳƳ ǿƛƴŘ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ȅŜŀǊέ ƻŦ ƎǊŜŀǘŜǊ ǾŀƭǳŜ ŀǊŜ usually 

mapped and wind generators are installed there. They can range from small unit generators 

to wind farms with hundreds of large generators. Few years ago, going from Copenhagen 

to Hamburg by train I made an interesting crossing of the sea where the train enters a big 

ship in one piece. When I was arriving on the side near Hamburg, I saw a wind farm where 

I imagine that there were much more than 1 thousand of large wind generators. Impressive 

to see the wind farm and the train inside the ship. 

In this link there is a good example of a global wind atlas. Congratulations to the authors. 

https://globalwindatlas.info/en/download/maps-country-and-region 

 

 
 

PHOTOVOLTAIC SOLAR ENERGY 

Photovoltaic solar energy has grown tremendously in recent years. There is a very complete 

text on Wikipedia, at this link https://en.wikipedia.org/wiki/Photovoltaics 

This type of energy is obtained from the direct conversion of sunlight into electricity. The 

photovoltaic cell is made of a semiconductor material. The sun, when it hits a solar plate, 

generates a small electric potential difference on that plate. By joining several plates 

electrically in series and parallel, a certain voltage in direct current is obtained. This voltage 

can be converted into sinusoidal current using an inverter. We can have it from small plates 

that generate millivolts to large installations that generate thousands of Megawatts. 

An example of large plant in India can generate 2245 MW and spread over an area of 4500 

hectares (4.5 km2). The five largest plants are here at this link. 

https://www.solarinsure.com/largest-solar-power-plants 

https://globalwindatlas.info/en/download/maps-country-and-region
https://en.wikipedia.org/wiki/Photovoltaics
https://www.solarinsure.com/largest-solar-power-plants
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Nowadays, you can have small electric power plants in buildings where surplus energy can 

be exchanged with electric power utilities. The legislation improved a lot all over the World. 

 
 

SOLAR THERMAL ENERGY 

The Earth receives, on the surface, the order of 1000 W / m2 of solar energy. We can have 
different types of solar concentrators. There is a good explanation in this link 

https://en.wikipedia.org/wiki/Solar_energy 

The technique consists in converting the sun's energy into heat using different technologies. 
The simplest would be to place a pipe with water inside a box that has a glass lid. The sun 
heats the air inside the box, and it heats the water in the pipe. Then the hot water is taken 
into the house. With creativity, several solutions are possible to obtain.  

 There are larger plants with the objective of producing electricity, instead of hot water to 
take a bath. One example is hypothermic plants. In them, first, the concentrated solar rays 
heat a receiver and then, this heat (350 ° C - 1 000 ° C) is used to start the conventional 
process of generating electric energy through the movement of a turbine. In solar heating, 
sunlight is used to heat water in homes and ōǳƛƭŘƛƴƎǎ όҒул ϲ /ύΦ 

 

 

https://en.wikipedia.org/wiki/Solar_energy
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SUN ENERGY COMBINED WITH WIND ENERGY.  

For large-scale generation we can find solar wind farms in which, from the sun's energy, a large 

amount of air is heated and then passed through wind turbines. There are other ways like the ones 

with a very large tower in which the sun reflected from mirrors concentrate heat at one point in the 

tower to heat a fluid. Solar energy concentration systems can use lenses or mirrors and tracking 

systems to focus a large area of sunlight in a small region. The concentrated heat is then used as a 

heat source for a conventional power plant. There are parabolic gutters, linear reflectors and a 

Stirling engine. In all these systems, a working fluid is heated by concentrated sunlight and is then 

used for power generation in a conventional manner. The largest solar thermal plant in the world, 

which uses solar energy concentration systems, is the Ivanpah Plant, in the Mojave Desert, 

California, 40 miles from the city of Las Vegas. The complex has a capacity to produce 392 MW. 

 

 

HYDROELECTRIC POWER PLANT (SMALL AND MEDIUM SIZES) 

Power plants of up to 30 MW are called small hydroelectric power plants and, in general, 
do not need to form water reservoirs with dams. Nowadays creating dams that flood larger 
areas is an impact and it will be increasingly difficult to obtain environmental licenses. 
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BIOMASS POWER PLANTS 

 

A biomass-fired power plant is not much different from a coal-fired plant in terms of 
pollutant and CO2 emissions. The big difference is that while the sugar cane is growing in 
the fields it is absorbing CO2 from the atmosphere. When burned, the biomass will emit 
CO2. The balance between what it has absorbed and what it has emitted is approximately 
zero. So, from the point of view of the Greenhouse Effect it is close to being neutral. From 
the point of view of energy conversion, a biomass product, for example, sugar cane bagasse, 
is burned in a boiler where it heats water that turns into steam jet that will make to move 
the steam turbine. 
 
 The energy efficiencies of these processes are generally low and around 35% at most. 
However, the bagasse, rice husks and other residues need to be disposed of to avoid having 
to place them in very big landfills where they would decompose and generate gases such as 
methane. So, this is a possible way out.  
 

 
 

NUCLEAR POWER PLANTS 

 

A nuclear plant works like a conventional thermal plant. The difference is that the 
conventional one burns a fuel such as coal, bagasse, natural gas, etc. to produce the heat 
that will heat water and turn it into very hot steam jets that will drive a turbine. In a nuclear 
power plant, instead, a special reaction occurs, from uranium, inside a reactor, which will 
produce a much greater amount of heat. 
 
 The problem with nuclear energy is that we, as humanity, are not yet mature enough to 
use it on a larger scale. It is necessary to be much more careful when dealing with the 
reactor, to avoid leaks such as those that have already happened in some countries. The 
processes for disposing uranium waste are difficult to deal with.  
 
Who causes the environmental problems we cause, with simple technologies is not still able 
to a widespread use of such concentrated forms of energy. Maybe in the future. 
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TIDAL ENERGY AND WAVE ENERGY 

It is a technology still little used because it is more complex to control than other forms of 
lower cost. However, if you search the Web will find several experimental projects running. 
The difference of levels caused by the rising tides or the movement of the waves, is used to 
circulate water by hydraulic turbines. 

Figure 5.18 - Generation with Tides and Waves 

 
 

THE CONCEPT OF COGENERATION OF ENERGY (ELECTRICITY + HEAT) 

It is called cogeneration, the simultaneous production of driving force, to generate electrical 

energy or movement, and useful thermal energy in the same process of using fuel. The idea 

is to use heat that would be released into the atmosphere to reach higher efficiencies than 

40 to 60% of the energy contained in the fuel. With cogeneration, we increase the so-called 

energy efficiency and reduce emissions to the environment. You can prioritize heat or 

electricity depending on the moment (e.g., generating heat in winter and electricity in 
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summer). Efficiencies are highly dependent on the relationship between electricity and 

useful heat produced. In the so-ŎŀƭƭŜŘ ά¢ƻǇǇƛƴƎέ ŎȅŎƭŜǎΣ ǇƻǿŜǊ ƎŜƴŜǊŀǘƛƻƴ ƛǎ ǇŜǊŦƻǊƳŜŘ ŦƛǊǎǘ 

and thermal energy that would be discarded is recovered and used for a useful purpose. In 

ά.ƻǘǘƻƳƛƴƎέ ŎȅŎƭŜǎΣ ǘƘŜ ƻǊŘŜǊ ƻŦ ǳǎŜ ƛǎ ǊŜǾŜǊǎŜŘΦ 9ȄŀƳǇƭŜǎ ƻf use of "Topping" cycles are 

cycles with steam turbines without condensation (paper and cellulose) combined cycles and 

heat recovery cycles with gas turbines (industries that use gas). Examples of "Bottoming" 

are the recovery of excess energy generated in chemical reactions, heat recovery from 

ovens and process heaters. 

Thermoelectric X cogeneration X combined cycle. 

 
 

 

FUEL CELLS 

 

As written in section 1, fuel cells offer greater efficiency and less emission than any other 

plant that uses fossil fuel. The emissions from a fuel cell are water vapor and carbon dioxide 

CO2. Fuel cells, unlike the other systems analysed above, do not operate with combustion. 

They use hydrogen for the electrochemical reaction that releases chemical energy when 

oxygen and hydrogen atoms combine to form water. The operation of a fuel cell is like that 

of a battery. Electrodes submerged in an electrolyte act as the location where chemical 

reactions occur that release or absorb electrons. 
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IMPACTS OF ENERGY GENERATION OVER THE LIFE CYCLE 

 

All activities in the so-called fuel άƭƛŦŜ ŎȅŎƭŜέ ŎƻƴǎǳƳŜ ŜƴŜǊƎȅ ŀƴŘ ŎŀǳǎŜ ǎƻƳŜ ǘȅǇŜ ƻŦ 
environmental impact. These stages and impacts are exemplified for possible health effects 
of contaminants. 
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SOME EXAMPLES OF POSSIBLE EFFECTS OF CONTAMINANTS 

 

TLV is the limit value that standards indicate as below which there are no effects. In general, the 

plants are projected for emissions orders of magnitude below these values. 

Contaminants Effects 
Amônia (NH3) TLV: 25 ppm    

(17x103 mg/m3 ) 

Irritation of mucous membranes, eyes, and skin. Medium to moderate 

exposure can result in headaches, burns in the throat, nausea, and vomiting. 

Severe respiratory damage can result. 

Particulates Different effects on the lungs 

POM Carcinogens 

SO2        TLV: 2 mg/m3 

(5x103 mg/m3 ) 

Bronchoconstriction, altered smell, chronic bronchitis, pharyngitis. 

 

NOX      (NO2)       TLV: 3 ppm     

(6x103 mg/m3 ) 

Headaches, weakness, conjunctivitis, skin irritation, breathing difficulties, 

asthmatic breathing, bronchitis 

VOC Includes acetic acid and methane. 

H2S       TLV: 10 ppm 

(14x103 mg/m3 ) 

At concentrations above 1000 ppm in one breath it paralyzes the respiratory 

tract 

CO       TLV: 50 ppm 

(57x103 mg/m3 ) 

Adheres to haemoglobin in red blood cells, decreasing oxygenation capacity. 

Acts as an asphyxiator. Headaches, nausea, cardiovascular, neurological, 

perinatal problems 

HCl At 35 ppm it causes throat irritation even at low exposures. Above 100 ppm 

can cause pulmonary edema. 

H2SO4 

   TLV: 1x103 mg/m3 

Irritation of the skin, eyes, and mucous membranes dermatitis, burning of the 

skin and many others 

Pb             TLV: 1.5 mg/m3 Affects the central nervous system, peripheral nerves, kidneys, and many 

other serious effects 

Hg             TLV: 50 mg/m3 Inflammation in the mouth, diarrhea, difficulty breathing, fever muscle 

control difficulties 

Dioxins They are among the most toxic chemicals known. Usually associated with 

t/.Ωǎ ŀƴŘ Ŏŀƴ ōŜ ŎǊŜŀǘŜŘ ƛƴ ŀƴȅ ƛƴŎƛƴŜǊŀǘƛƻƴ ǇǊƻŎŜǎǎ ǿƘŜǊŜ ƘȅŘǊƻŎŀǊōƻƴǎ ŀǊŜ 

burned. 

O3              TLV: 0.1 ppm Irritation of the eyes and mucous membranes of the nose and throat. Severe 

for asthma and lung problems 

Radon Carcinogen 

Be   TLV: (2 mg/m3 ) Potential carcinogen.  

As     TLV: (200  mg/m3 ) Carcinogen. 

PCB Carcinogens that act by inhalation, skin contact and ingestion. A series of 

serious effects. They were widely used in transformers and electrical 

capacitors. 

Fluor   TLV: (2500  mg/m3 ) Contaminant associated with the combustion of municipal waste. 
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3. HOW TO DO THE TECHNICAL ς ECONOMICAL ASSESSMENT OF ENERGY PROJECTS  

 

3.1. HOW SHOULD BE BUT POSSIBLY WILL NEVER BE 
 

The production of any form of energy has a cost. This includes the cost of investing in the 
power plant, the cost of operating it later, the cost of filtering the pollution to fit into 
pollutant emission legislation and (not included in the prices) the so-called environmental 
and social externalities.  
 
According to Wikipedia, an externality or external cost is an indirect cost or benefit to an 
uninvolved third party that arises as an effect of another party's activity. Externalities are 
considered as unpriced goods involved in either consumer or producer market transactions. 
Air pollution from motor vehicles is one example. The cost of air pollution to society is not 
paid by either the producers or users of motorized transport to the rest of society.  
 
Externalities, for example for electricity, Řƻ ƴƻǘ ŜƴǘŜǊ ǘƘŜ άƻŦŦƛŎƛŀƭ ŀŎŎƻǳƴǘέ ƻŦ ǘƘŜ ŜƴŜǊƎȅ 
tariffs. This is the crucial problem. If you have a lower cost fuel like coal, you will spend a lot 
of money to build powerful filters to meet emissions legislation. The fuel natural gas is more 
expensive per unit of energy than coal but needs fewer filters because it has a lower carbon 
content. Coal cost is lower, but you spend more on filters. When calculating the so-called 
cost of energy, basis for the tariffs, all this goes into the account. However, many of the 
effects of pollutants or of the CO2 that is released into the atmosphere are not in the price 
of the electricity. They have a big impact in the planet but are not considered in the prices. 
This is what is killing the Planet. 
 

 
 

 
I will explain a little how these things work, from an economic point of view, using the 
example of electrical energy. If we wanted to do, at least in public energy tenders, a 
complete reference way of calculating the energy cost we should consider all the 
parameters (C1 + C2 + C3) presented in this figure.  
 
However, the economic analysis of energy projects is, in most cases, treated in a simplified 
way and without the vision of the planet's survival. The formation of prices is done based 
on the initial expenses to arrive at the power plant ready for use. Investments and operating 
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and maintenance expenses are considered to take place over a άƭƛŦŜέ period of the order of 
20 to 30 years. This is what composes the parcel C1 in the figure. 
 
 

3.2. A TECHNICAL ECONOMYCAL ANALYSIS OF THE REAL WORLD USING MY 
SOFTWARE DECIDIX 

 
Assessing energy projects from the economic and technical points of view, is a discipline 

little sought by engineers and other  technical professionals of the energy and electrical 

sectors. They tend to be closer to the daily subjects of its basic technical formation. 

Economic analysis of small and medium size power projects is often dealt under a simplified 

comparison based on the initial expenses. 

A detailed analysis of alternatives should include  the entire life cycle of the project, 

operating and maintenance costs after the initial investment. Depending on the interested 

parties, the analysis may go also to the social costs and environmental costs.  

Generally, the comparisons of costs of different projects are made by using indicators like 

the Internal Tax of Return, Net Present Value, Payback time and Minimum Revenue 

Requirement.  

We calculate the indicators using the available technical and economic (input) data. It is 

needed having basic knowledge of financial mathematics and the technical aspects having 

major influence in the indicators. These ones may include costs of fuels and investments, 

availability,  rates of failures, duration of repairs, cost of unavailability, fees, etc. Taxes and 

desired rate of return of the investment are important factors, especially in countries like 

Brazil where taxes are among the highest in the world and the use of this money has 

historically been poorly done and feeds systematic corruption. These are characteristics 

common to countries with a low average level of education. 

I developed the software Decidix to be able to compare alternatives of projects of the 

electric sector. After, I extended the possibilities to analyze any type of project. My focus is  

on professionals from electrical power utilities, energy companies, equipment 

manufacturers, research centers, investors, and others.  

The sequence for use can be understood from the slides to follow, that I was used to present 

in the trainings.  

To download a  free copy of the software please  follow this link 

http://www.cognitor.com.br/ c_Feasibily_Analysis.htm   . If you need a brief training on 

the concepts, write to me. The screens entry data values may not be up to date, but this is 

easy to update for people dealing with current projects. Just change the numbers and save. 

 

SLIDE 1 - METHODOLOGY for the TECHNICAL - ECONOMIC ANALYSIS of the FEASIBILITY OF 

ENERGY PROJECTS (using the software Decidix) 

http://www.cognitor.com.br/c_Feasibily_Analysis.htm
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SLIDE 2 ς Some old (2005) values of Minimum Revenue Requirement U$/MWh.  These are values 

easy to update using searches in the Web. For example check the costs reference in the EPE 
ŘƻŎǳƳŜƴǘ άά{ǘǳŘƛŜǎ ƻŦ ǘƘŜ нлом ¢Ŝƴ-Year Energy Expansion Plan ς February 202  (link 
showed before in this book)    
 

 
 
 
 
SLIDE 3 ς Understanding revenues and expenses to compose the financial flux 
 

 

¶ ά .ƻƻƪ ƭƛŦŜέ ƻŦ ŀ ǇǊƻƧŜŎǘ 

¶ ά [ƛŦŜǘƛƳŜέ ƻŦ ŀ ǇƻǿŜǊ Ǉƭŀƴǘ 

¶ Examples of time period to 
calculate indicators: Return Tax, 
Net Present Value, Breakeven 
Point. 

¶ 3 to 4 years on an independent 
power producer 

¶ 4 to 8 years for an auto ς producer 

¶ 12 to 20 years for a government 
company 
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SLIDE 4 ς Financial mathematics ς Flux of expenses and revenues along book life 
 

 
 

SLIDE 5 ς Net Present Value 
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Slide 6 ς Internal Return Tax 

 
 

Slide 7 ς Cost of Money and Discount Tax 
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Slide 8 - Pay Back 

 
 

Slide 9 ς Revenue Requirement 
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Slide 10 ς Revenue Requirement ς Example Transmission Line 

 
 

Slide 11 - Equivalent time for Revenue Requirement (example)  
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Slide 12 ς Year by year flux of revenues and expenses 

 
 

Slide 13 ς Typical Expenses of The Flux 
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Slide 14 ς Typical Revenues 

 
 

Slide 15 ς Installation and screens  

 
 


