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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&&parallel activities with
music production andiction books writing.

At the age of 68, Sergio spent the first part of his career working on setting up research
centers and higipower 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
alsoparticipatedon government programs for nerenewable energy.

In this path, he appliedfor many years training and consulting work @ssessing
technologies and costs of energy projects. For the past 15 years he has worked helping
manufacturergo develop substation equipment and haseateda unique tool to simulate
expensivehigh-powertests.

Throughout 2021 and 2022, Sergio realized that the interest of the industrfinally -
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 bde&ue as a kind of
legacy to young people who want to help save the Planet.
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energy sources and environmental education. The previfiaon book "The Cosmic
Engneers in theLandof Amazonia™” brings some other ideas.
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w About software Decidix for assessment of energy projects (get a free copy and basic
training) http://www.cognitor.com.br/c_Feasibily Analysis.htm

) BookéProject{ | @S wA 2 htps:/mww.coditomtBm.bi/saverioENG.adf
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Ihttps://www.cognitor.com.br/TheCosmicEngineersipd

W About software SwitchgearDesighttps://www.cognitor.com.br/trainingENG.p{f

() CV and publicationshttps://www.cognitor.com.br/Curriculum.htrh

w Songgroduction https://www.cognitor.com.br/MusicSergioFeitoza.html

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

W Anidea ofCertificate to save Planet resources via electric power industry
http://www.cognitor.com.br/demoZcertificate.pdf

w Other materials imttp://www.cognitor.com.br
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This book is dedicated to Iir
grandson Augusto whe
made me want to livesome
more years on this beautift
and challenging Blue
Planet | hope that in the
schools, Environmental
Educationwill be part of his
learning since childhood
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After the 2022 war provoked by one of the many madmen who succeed to reach positions
of power, able to exterminate life on Earth, | became convinced that our humanity
destruction is only a matter of a short time. That Atlantis story | wrote in a previous book is
happening. However, in 2021, my first grandson arrived and, as | saw him grow up, the
desire to live heredr a few more years came. So, to pass the time, | concluded this book on
Energy started years ago.

{AYyOS Hnum L KSINI GKS GSNXYa aSySNHe& GNIyaal
understand what they meabecausetwo plant builders of small hydrapver 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 meditsized companies areh@&se opportunities are

very different from thoseof largecompanies.

| found an excellent document that allowed mewell situate myself on the subjecihen
| couldidentify the bestopportunitiesfor their purposesin this section will useparts of
texts anddidactic figures of that documentt is entitedd ¢ SOKY A OF f y 2GS 9t 9Y

support the Brazilian Hydrogen Stratégyou may find the completdocumentin the link
httgs://www.epe.gov.br/sitespt/publicacoesdadosabertos/puincacoes/PuincacoesArquivos/publicata

569/NT_Hidroge%CC%82nio EN revMAE%ZOil).pdf

THE BEST OPPORTUNITIES FOR SMALL / MEDIUM COMPANIES:

| would say thathey arein the red rectangles dhe nextfigureand arerelated to

(a) (more efficient) production of green hydrogen using renewahiaer installations
(b) development ofow-costefficient hydrolyzersand fuel cellsising simulations.

From EPE Baseline to support the Brazilian Hydrogen Strategy

3 Technological routes and processes of
hydrogen production

Hydrogen can be produced from wvarious raw materials and technological routes, as
well as from direct extraction from natural occurrences (geological). Figure 4 shows
a simplified scheme of the technological routes, from hydrogen production to its

final use.
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Figure 4 - Technological routes for hydrogen production
Source: Eloborated bosed on CGEE (2010)
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| am starting to work in new developments of lmwst efficient hydrolyzers and fuel cells
using simulations. What arethetermisDNBE Sy | @ RN23ISy ¢ ¥R a9y SNH:¢

ENERGY TRANSITION:

AccordingWikipedia https://en.wikipedia.org/wiki/Energy _transitidn, it is the process

of downshifting fossil fueland redeveloping whole systems to operate tmw carbon
energy sourcedMore generally, an energy transition is a significant structural change in
anenergy systemegardingsupply and consumption. The current transitionstastainable
energyis largely driven by a recognition that glolgaeéenhousegas emissionsiug be
brought to zero. Sinctossil fuelsare the largest single source of carbon emissions, the
guantity that can be produced is limited by tRaris Agreemen2015 to keep global
warming below 1.5C. Over 70% dajlobal greenhouse gas emissions refwltn the energy
sector, for transport, heating, and industrial us&ind powerand solaphotovoltaic
systemqPV) have the greatest potential toitigateclimate changeTherenewable
energytransition is also driven by the rapidly increasowgnpetitiveressof both. Another
motivation is to limit otherenvironmental impact of the energy industry

It caught my attention that in the excellent Wikipedia text, in none of the tilppearthe
term Environmental Education. The only possibilityaafuccessfukransition is to educate
children not to make the mistakes that we still continue to make.

GREN HYDROGHEBSH)

By Wikipediahttps://en.wikipedia.org/wiki/Green hydrode , is hydrogen generated by
renewable energy or from lowarbon power GHhas significantly lower carbon emissions
than grey hydrogen, which is produced by steam reforming of natural gas, which makes up
the bulk of the hg@rogen marketGHproduced 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.

Part of EPE document Table 1 - Color scale for hydrogen classification

Color Classification Description
- Brown Hydrogen Produced by gasification of coal (coal), without CCUS

I:| Gray Hydrogen Produced by steam reform of natural gas, without CCUS

. Blue Hydrogen Produced by steam reform of natural gas (possibly also
from other fossil fuels), with CCUS

Produced by electrolysis of water with energy from

renewable sources (particularly wind and solar energy).

|:| White Hydrogen Produced by natural hydrogen extraction or geological.

|:| Turquoise Hydrogen Produced by thermal cracking of methane, without
generating CO>

. Moss Hydrogen Produced by catalytic reforms, gasification of plastics at
end-of-life to syngas, anaerobic biodigestion of biomass
or biofuels, with or without CCUS



https://en.wikipedia.org/wiki/Energy_transition
https://en.wikipedia.org/wiki/Green_hydrogen

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 frori6/kg in 2015 to around $2/kg(like $15/MMBtu) by 2@5.

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 gasfithe
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 atmospitezeost

2F (KSasS a2 OFttftSR GaSEGSNYI t dnérdySapayThiNgsS y2ia
the sense othe neededd SY SNH& GNI YyaAAGA2Yyéd ¢ 1S | 221

externalities of sources of energy. These 2 tables from theAa@ EBviromental
OEGSNY Lt AGASET al NI SO 5Aa02NIA2ya YR (KS 9
GKS & 9y SNH& -NBB @204l very iptéresting to wnderstarithe link is
http://martinot.info/BIT/READINGS/Owen_externalities EJ 200#.pd

Environmental Externalities / 141 Tﬂble 3 Extel'llﬂl Costs fﬂ]' Elecu'ifity Prﬂd“cﬁun i.n ﬂle EU
Table 1. Cast of Traditonal and Renewable Encrgy Technolog {range: euro¢/kWh)
urrent EI( ren - . ™
‘Energy Techmalegy Carrent cust ‘Expected fature costs Coal& Peat 0Oi Gas  Nuclear  Biomass Hydre PV ‘Wind
Source (euroc/kWh) . beyond ”2.:& (.OIJntry I 3 -l!
(euroc/kWh)
Coal Grid supply (generation enly) 35 costs Aul"a 1,3 2,3 u l
Belgium 4-15 1-2 0.5
Cas Combined cycle (generation orly) 24 Germany 6 8 12 0.2 3 0.6 0.05
Deliversd | - Off sk . Denmark 47 23 1 0.1
- Rl ehvication a0 Spain -8 12 35 0.z
rood Pk _ Finland 24 25 1
Nucheas 16 35
Solar o of | 1218 ) France 710 811 24 0.3 1 1
= Greece 58 35 1 0-0.8 1 0.25
5080 _s Ireland 6-8 34
3050 5 Italy 36 23 0.3
w40 -4 Netherlands 3 12 0.7 0.5
Norway 1-2 0.2 0.2 0-0.25
Geothermal 210 18
0.5-5.0 0.55.0 Portugal 47 12 1-2 0.03
e &io s Sweden 24 0.3 0-0.7
Marine :“:ﬂ'::;ﬂ“ propesed River [ 12 B United 47 35 1-2 0.25 | 0.15
il streaen i b Kingdom
Biomass 515 [0 EU range 215 25 M1 14 0.2-0.7 05 01 06 0025
15 15
Biofurks ) 39(1.5-22) 24 (1.52.2)
Hydro : Large scale w ifn Source: Adapted from European Commission (2003)
Source: Adapted from ICCEPT (2002).  Units are euro-cents per kWh.

Baseline to support the Brazilian Hydrogen Strate
From EPE document PP veroe &y
Part of the table
7.17 10,58
C Ethanol reforming 250 soo [
Photo-electrolysis 10,36
Solar thermalysis 7,98 || &4
'::EECUDWSi‘S with Renewables (Wind and 3,0 7.5 :::;
Wind electrolysis 5,89 | 6,03
Solar PV electrolysis 578 23,27
Solar thermal electrolysis 5,1 10,49



http://martinot.info/BIT/READINGS/Owen_externalities_EJ_2004.pdf

From 2000 to 2010wWas used to applyrainings on energy generation technologies with
renewable and nomenewable sourcesas well ado do feasibility studies for investors
Before,learned a lot byparticipating in the implementation of government programs to
encourage the use of renewable sources, the biggest of which was PROMNS$Arogram
implemented3000 MW of biomass plants (sugarcane), wind energy and small hydroelectric
plants up to 30MW. Q8ar energy did not enter that program because it did not have the
attractivity of today. | also participated in the studies of the Br&xlivia gas pipeline and

in a programwith the US Department of Energipr more dficient use ofcoal Today |
strongly believe that the use of coal and oil should be banned.

In those days $tudieda little about the production and use of hydrogen, the fuel with the
highest energy contenSee the heat valuesble withthe amount of energy within 1 kg of
solid fuel or 1 m3 of a liquid or gaseduel.

All fuds, except pure hydrogergre 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 thduel is and the higher its energy contenAlso lookthe methane
combustionelectrochemical reactiomo 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

Fuels

Solid: coal, wood, sugar cane bagasse,
rice husks..

Methane Combustion

CH,+ 2(0“3;»12) = CO, + 2H,0 +7,52N, + Heat

Liquid: diesel and heavier oils, biodiesel Air

Gas: natural gas, biogas, methane,...
Balanced (CO, + H,0);

* All of them are composed by ||-| ' With air excess (CO, + H,O + 0,)

carbon and hydrogen . H- C;’H' With low air (CO, + H,0 +CQ)

*The simplest is methane CH, . \ I'_I The real fuel has "impurities” and there is also formation of
CO, SOx, NO,

Table 5.1- Heat values of some fuels (energy comeaid per unit of mass or volume)

Fuel Kcal / unit of mass or volume Fuel Kcal / unit of mass or volume
Hydrogen 30.000 /kgor 30500/m3 GLP 11750/ kg
Natural gas 9.000- 12000/ Nn¥ Butane

Sugarcane bagasse Propane 26395/ N}
50%to 0%humidity | 1790to 4220 kg( kg

Mineral Coal 4000- 8000 / kg Coke Gas 4600 / Nn#
Vegetable coal 6800 / kg Blast Furnace Gal 1000/ Nn?
Kerosene 11090/ kg Firewood 3300 / kg
Diesek Qil 10200- 10900 / kg Landfill gas 4500 / Nn#
Metallurgical coke | 6640 / kg Raw garbage 1600-1900/kg
Tar 10000 / kg Rice husks 3200/ kg




THESIMPLESWAY OF OBTAINING HYDROGHNrough the electrolysis of water. The
problem is that to do ityou need to use dot 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 releasépdrogen 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 weer@ower NASA spacecrait

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

produce the electrolysis, you get energy the hydrogen content of the order of366. As
written in this Wikipedia link , commercial electrolysis requires around 53 kWh of electricity to
produce one kg of hydrogen, which holds 33.6 kwWh of energy.

https://en.wikipedia.org/wiki/Electrolysis of water#:~:text=The%20electrolysis%200f%20water%20in%20st
andard%20conditions%20requires%20a%20theoretical,enerqgy%200f%20formation%200f%20water

Do not hink that if the energy comes from the sun or the wind it is less expensidee#
not bring significant pollutiorut the cost is not that different from nerenewable energy.
Therefore, an obvious opportunitf going inside green H2 busines$o develop processes
and equipment that can take this 60% to a level of, say,.80%

https://www.mdpi.com/19961073/15/20/7508/pdf

Hydrogen
—

o

Anode
—

Alkaline =i
electrolytic

solution

ede 3, 030+
H, 0, +4e

N Catfiode ~ CREDTS:
\ Article: Overview of the Hydrogen Production by Plasma-
\ Driven Solution Electrolysis

by Sergi Bespalko 1,* and Jerzy Mizeraczyk

) i

-
o

Hydroxyl anion

Figure 2. Scheme of the simplest alkaline electrolytic cell llustrating production of Hy and 0

FUEL CELLSVhen wesearch textsaboutelectrolysisg S FNBIjdzSy if & FAYR
cele @hese dispositives alike thereverse path of the electrolysers. In the fuel daki

inputs arethe fuel plus air to obtain electricity as outpufou can use directHasfuel but

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

Fuel cel, as in the figure belovgffer 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 G0l cells d not operate

with combustion. They use hydrogen for the electrochemical reaction that releases
chemical energy when oxygen and hydrogen atoms combine to form water.

[e=N


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

Fuel Cell - Célula a Combustivel
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The operation of a fuel cell is like that of a battery. Electrodes submergedealeetnolyte

act as the location where chemical reactions occur that release or absorb elec&ons.
relevant aspect is that they can be installed close to homes @mmercial areasBy
generating electrical energy with high efficiency, without noise andlagstion reactions,
they are more suitable in places with natural gas availability. Another posispectis the
generationat low voltagelike 380VIn turbines voltage is generated at values lik8800V,
and you need to add power transformers to coveer 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 jed. The stationary use for competitive electricity

generationis running.In this link there is good informationMore info in Chapter 2
https://www.energy.gov/eere/fuelcells/fuel
cells#:~:text:Fuel%20ceIIs%20w0rk%20Iike%ZObatteries,)%E2%80%94sandwiched%20around%20an%léOeIectront

Data from year 2000| Phosphoric Acid| Carbonate Solid Oxide | Polymeric

(Find updated values in the Web (PAFC) (MCFC) (SOFC) (PMFC)
Efficiency(%) 40-45 50-60 4560
Temperatureg(°C) 60-200 650 800-1000 60-70
Pressure (atm) 1-8 1-5 1-5 1-3
Thermal Reject 90-110 325450 870950 -
Temperature (° C)
Max power(kW) 11000 2000 25 120

A typical cell produces a potential difference between 0.7 and 1.2 $D(tis necessary
to build a stack of unit cells, in series and parallel arrangeméatasrive at the usage
voltages, after conversion to alternating current.

I learned about this some 20 years ago when | represeritgdome 2 years fuel celUSA
manufecturer. | stopped working in the area when | got a big project to install fuel cells in
Brazil.lt would be the first cells on a larger scale in a buildihg gas company in Sao Paulo.
When everything was well underway, ttéSmanufacturer decided not taome to Brazil
anymore.They wereaafraid of the difficulties of legislation, procedures, taxes and preferred
to continue carrying out his actions in the United Statesrope,and Asial understood
their reasons and soon after | stopped workingpower 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,| started to supporimanufactures of substation equipment, in thdevelopment of
innovations. It worked great and | still do it today. | was successful in develaparg
software to simulate expensive lab tests. | do design reviews for manufacturers and
certifiers around the worldHowever, | am now examiniragain HZnergydevelopments.

In Chapter 2wve 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 companiessee small and mediursized independentpower

producers- & | aGf2aa 2F NBOSydzSé¢od [SAAatlGArAzy OKI
Europe and the United States. Brazil and South Amerniea once more, delayedThe

information in chapter 2 come froif @ T NB S jentBavé Ricirt IBgearsP [ Ayl o06Sf 2

In Chapter 3 we show how to carry out transparenttechnicaleconomic evaluation of
energy projects using the free software DECIDIX. | developed it pdutecipating in
government programsMostinvestors analyse energy businesses by focusing on the return
on investment and not on the environmental issutvestors like any type of return if it is
within the laws ofthe countryand will not damage theienvironmental image.

To bring good results,ublic policies must tak#his into considerationThe exceptionare
businesses with a high positive environmental imgacbigcompanies that have problems
with their environmental image and need to generaiesitive environmental actions to
improvethe image. Tlese companieshould be targeted as they are the best prepared and
the catalysts for major changellynecessity.

Tocreate a costseferencecheckthistablez  O2 LJA SR FTNR Y di{KBdzRx & R2 B d7
2031 TerYear Energy Expansion Pl&@ostParameters Februamy n H.inghis table 1USD

= R$ 4,90

Portuguese: https://www.epe.gov.br/sitespt/publicacoesdadosabertos/publicacoes/PublicacoesArguivos/publicatao

607/topico591/Caderno%20de%20Par%C3%A2metros%20de%20Cust2OPOE2031. lid
’ Englishhttps://iwww.epe.gov.br/sitesen/publicacoesdadosabertos/publicacoes/Paginas/PEPB31:--EnglishVersion.aspx ‘

PDE 2031 | Quadro comparativo: PDE 2031 versus PDE 2030 epe

CAPEX Referéncia, sem JOC [RS/xW] O&M [RS/xW/ano]
Tipo de Oferta
PDE 2030 PDE 2031 Vanagdo [%] PDE 2031 POE 2030 Variacho (%]

Armazenamento ~ Baterias 7.350 6.200 15,6 70 60 14,3

Carviio Nadional
Edlica Offshore
Edlica Onshore

Solar Fotovoltaica

GNL - Ciclo Combinado

Gés Natural

Gas Nadional ~ Cxlo Combinado
Nuclear

PCH

u Ea‘xgllolt E Aenbio utilizada no PDE 2030: RS 4,

10
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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

P oA s o _ Project
¢CKA& GSEG Aa SEGNITEE ERY © [ lUNElE

O9bxtLwhba9be¢! [ 95} /1" ¢Lhb
of the book whose link is
https://www.cognitor.com.br/saverioENG.pdf

The concept thre presented emphasize that the on
possibility of giving support to renewable energies
the massEducationon the use of natuwr and human
resources with the least possible impact on the plan
environment. The idea is to teadhildren andcitizens ,
from a young age, to have a broader view of humani £ , Svdhiie
relations with the environment in which we ar i
inserted. This includes the use of the energy sout
necessary to move all activitieghis type of approach i
not possible within the environment ofslum (fivelg.
There thepriority is near to jussurvive on the difficult
conditions of health and afety. However, with
Education we can advance

TECHNOLOGIES + ENVIRONMENTAL EDUCATION = SUCCESS IN THE ENERGY TRANSITIC
First, we shall remember that all the necessary technologies we are now putting emphasis

have existed for decades. They we@nsidered 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 oneMuch nore than this, these technologies shall be shaveth non-

developed countries. The technological homework was done if6@s¢o 80s.

In the aspectoft 9 Y @A NB Yy Y Sy (iwe hee®t&RpupWitein AcRopls and ithe daily

life, a revolutionary change 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
KFNXY2yA2dza NBfFGA2yaKAL ¢gAGK AdGT €A1S OGKFG
the resour6da ySOSaalNE G2 fAQ0S Ay GKS &aK2NI GAY
generate wealth and use it in thieiture€. Today the focus of Educatiamon achieving

personal and economic success. We need a broader. view

Regardingd 9 Y SNH & we 2adzNiddl§y dedonstrating that renewable sources can

supply all the world's needPuring the transition periodthe most efficient techniques
availableshdl beused evenincludingcleanest norrenewable fuelike natural gas. wong
non-renewables, natural gasis the alternative with the least environmental impact,
especially when using more efficient technologies such as cogeneration using fuel cells. The
transport system inciteg At f 06S02YS aSft SOGNAO b NBYySgl of
I NNA @S GKSNB® {23 gKAES GKAy3a NB OKIFIy3aay3
do you remember the Brazilian successful program ProAlcoRoissiblythe Green

11
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Hydrogenplus biomasdss a good possibility in countries likBrazil. The technological
knowledge acquired in Brazil, for alcohol production, is unique in the World.

2.1- NONRENEWABLEST ISTIME TO STQexcept high efficiency use natural gas)

Since the end of the Second World War in 1945, mankindbbasusingfuels such as oil,
coal and, later, natural gas. These are called-reorewable fuelsand have been formed
over millions of years, due to the decomposition of soil, matsriatc. and were kept
underground until they started to be extracted and used.

The nonrenewable fuels are formed by the combination, in different proportions, of carbon
(C) and hydrogen (H) molecules. For example, unpleasasating methane neaswam(s

and landfillshas 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 dispuigdsn countries to
control the use of energy blocks has become the driving force of global econdimges.
country has a lot of coal or ailill possibly use ifThe argument is that it is more important

not to be hungry today than to survive in the lotegm. It would only be a good argument

if there were no alternativeBut the alternatives exist and are not difficult to achieve

It is a question of time thatte use of norrenewable 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 to25 years onlyandin energy efficiency applications greater than 90% (we will
explain whathis is later). This is near the IERternational Energy Agency proposal made
on apublicationon May 19, 2021.

The villainof the planet from the CO2 point of vievare the fossil fuels: mineral coal, oll
products and natural gas (this is theast impactful). Largscale electricity generation can
be donealsofrom renewable sourcedike hydroelectric plants, and thermal generation
plants with fuels as diverse as coal, sugar cane bagasse, rice husks, among many others.

As said, norenewablefuelsare formed by combining carbon and hydrogen molecules. The
higheristhe proportional contentof carbon, the dirtier it is from an environmental point of
view and the cheapesthe fuel. Each 1 kg of fuel has a certain amount of energy in it. The
higher the proportion of hydrogen, the cleaner and the greasghe energy content. The
higher the proportion of carbon, the lower the energy content and more pollution is
generated Also,more filters are neededn the generation plantto maintain the pllution
emissions below the regulations level.

The burning reactiorof these fuelsresults in the formation of CO2, water vapor and
impurities. There are severategative effectdike the excessof CO2 in the atmosphere
(Greenhouse Effect anathers).l will not write here about the impacts of nerenewable
fuelsor about countries with higher emissions. In my old trainings | was used to explain the
details. Nowadays the reader can simply do an easy search the Web.

In the prehistory, withthe 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.

12
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Sincethey had a higher energy content, it was easier to deal withan with wood. In the
beginning, this was also not a problem because the amounts burned were small.

Since theindustrial revolution with the growth ofEarth population the burning of fued

such as coal and oil products has increased on a large scale. And thema&groblems

like the Greenhouse Effedn 2016, @ a tripto apply an engineering training inlarge
country in Asia, many people were already wearing masks on the streefgatect
themselves from pollutiongdowntown large citiesl remember that lcould no longer see
GKS o0fdzS ai1e OfSIFNIeéd hy | aOfStyé¢ RFE& Al
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 aonddo storagehave been overcome.

At an even Igher 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. Humasity does not have enough
preparationand Educatiorto be able to use it in a bgrale In a less unequal world this will

be possibleThe current war started by Wladimir Putin is a demonstration of this.

2.2 RENEWABLE ENERGY SOURCES

These sources areharacterized byhe possibility offuture 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 cloud and rains that fill the dam again. Other most known natural
renewable sources are the suhat activates thermal solar systemasid photovoltaic cells

and make growthe sources of biomass, such as sugar cane, in addition to the wind that
drives wind gengators.

The four technologiedor generation in a largescale are hydroelectric (mainly medium and
small sizes with less environmental and social impact), solar energy (photovoltaic and solar
thermal), wind energy (wind force) armshergy fromburningof biomass such as sugar cane
bagasse. There are other, smaltgrale 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 legedife 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. Téfere, from the point of view of

the Greenhouse Effect, it is close to being neutral.

However, this benefits not rewarded irthe prices of electricityln a power plant powered

08 O2Ffx 2Af LINRPRdzOGA 2NJ S@Sy yddbaoltie I a
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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 largecale generation, transmission and distribution ofotleity is
that the big power plants for @wver generationusuallytakes place far from wheréhe
energy will beconsumed Sofor the energy to reach consumption points, long transmission
lines are required. The aim is to interconnect the electrical systethe best possible way
so that, if a region has logenerationcapacity, for example in times of empty reservoirs,
another region can producelectricity and share other parts of the country electric system.

As the requirements for obtaining environmhlicenses will increase each year and need

to increase much more, the trend the last 35 yearsaround the world is for developing
smaller generation sources distributed and located as close as possible to the points of
consumption.

@z Centralized & distributed generation 1994

‘ Centralized X Distributed
and basic network

generation

Transmission network
. Cities , farms. 1984

Heavier ~Smaller

industry  industry 380/220/127 V

345KV 138KV

Long distance 500, 345 e 230 KV
generation
(centralized)

A

138KV 3

¢ ez -n)

Medium size of new plants
(USA) MW/plant

(13566 plants 50 KW to 1300 MW)
Source dunsky@helioscentre.org - Montreal - Canada

Power transformers System e 1945

(transmission) 128KV Power transfomérs

(distribution) 1944

TURBINESO MOVE POWER GENERATORS

Acommonway 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 gper wind (wind). Coupled to the turbine is an electric power
generator that needs tdbe rotated to produce electricity. The turbine produces the
movement that makes the shaft (rotor) rotate to produce electricity in the generator's
stator.

Rotating magnetic field (what induces is in the rotor)

Winding where voltage is induced (stator)
2 poles 4 poles

Electric power generator

« Current enters a winding and
mechanical energy is injected to
make another winding turn.

« Rotating field induces voltage in
the other winding

Inducing magnetic field (fixed)

Winding where tension is induced
(turning by mechanical energy)

INNOVATIONS: To produce them you need to know the concepts. They are in the old things and not in the WhatsApp
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WIND ENERGY (Eolic)

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

I O2dzy i NBE GKI G LINPRdzOS I aYSRAdzY gusyaly ( KNP dz
mapped and wind generators are installthere. They can range from small unit generators

to wind farms withhundredsof large generatorsFewyears ago, going from Copenhagen

to Hamburg by train | made an interesting crossifighe seawhere the train entersa big

shipin one piece. When | vgaarriving on the side near Hamburg, | saw a wind farm where

| imagine that there werenuch more than 1 thousandf large windgenerators. Impressive

to see the wind farnandthe train inside the ship.

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

https://globalwindatlas.info/en/download/mapsountry-and-region

PHOTOVOLTA SOLAR ENERGY

Photovoltaic solar energy has grown tremendously in recent years. There is a very complete
text on Wikipedia, at this linkttps:/en.wikipedia.org/wiki/Photovoltaids

This type of energy is obtained from the direct conversion of sunlight into electricity. The
photovoltaic cell is made of a semiconductor material. The sdren it hits a solaplate,
generates a smaklectric potential difference on that plate. By joining several plates
electrically inseries angarallel, a certain voltage in direct current is obtained. This voltage
can be converted intginusoidakurrent using an inverteiVe can have it from small plates
that generate millivolts to large installations that gener#tteusands of Megawatts.

Anexampleof largeplantin India can generate 2245 MW and spread over an aretb00
hectares (4.5 km2). The five largest plants here at this link.

https://www.solarinsure.com/largessolarpower-plants
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Nowadays, you can have small electric power plants in buildings veuepdus energy can
be exchanged with electric power utilitieBhe legislation improved a lot all over the World.

| | Legislation that looks for environment
and the benefit of society. The consumer
generates more than own use and sell
surplus to the power utility . All the ceiling
area is used.

—

Legislacdo olha o beneficio da sociedade e
meio ambiente. O consumidor gerar mais
que seu consumo proprio e vende
excedente para a concessionaria. Toda
@ | dreado teto é usada.

Legislation that first meets the
interest of the power utility and do not
pay for the surplus.

The consumer only generate the
sufficient to own use (lost opportunity)

Legislacdo que primeiro atende a
interesse da concessiondria de energia e
ndo pagar pelo excedente.

From the book : (o} confumidor s6 gera o s.uﬁciente para
"Project Save R|O in 10 years" uso proprio ( outra oportunidade perdida)

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 concentratorsThere is a good explanation in this link
https://en.wikipedia.org/wiki/Solar _enerdy

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. Therhot water is taken

into the house. With creativity, several solutioaie 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, fingt concentrated solar rays
heat a receiver and then, this heat (350 ¢ £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 ahdlzA f RAy 34 oFyn ¢ /0@

smrz”&mumsosm
H5soalKl padarfan
Focal Pane) @ Induction Genera!

‘~—a\\ PU Carer Suppor
Qudagod | )
S P | | SOFeow
Blecric and

Aquecedor solar de baixo custo (referéncia Sociedade do Sol Eng. Augustin T. Woelz
http:/www.sociedadedosol.org.brl)

AdvancoNonguard 25W, diSting stem.

16


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

17

SUN ENERGY COMBINED WITH WIND ENERGY.

Forlargesscale generatiowe canfind solar wind farms in which, from the sun's energy, a large
amount of air is heated and then passed through wind turbines. Therether ways likeghe ones

with a very large towein which he sun refleatd frommirrors 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 areasafnlight in a small region. The concentrated heat is then used as a
heat source for a conventional power plarfithere are parabolic gutters, linear reflectoand a
Stirling engine. In all these systems, a working fluid is heated by concentrated samiégtst then

used for power generation in a conventional manrEne largest solar thermal plant in the world,
which uses solar energy concentration systems, is the lvanpah Plant, in the Mojave Desert,
California, 40 miles from the city of Las Veddwe complex has a capacity to produce 392 MW.

SOLAR + WIND TOWER (like 200 MW)

* Glass collector works as an oven and heats air at
the bottom.

Diam. 130 m

N
L
R

+ Hot air goes to the center and creates a flow of 35 somrRotton
to50km/h(13.8m/s).

* 32 wind turbines at the base of the tower

R

Diam. 4800 m

Collector: diam. 4,8 km - glass/polycarbonate/plastic film
Turbine: 32 units X 6.25 MW
Land: 5,6 km x 5,6 km

HYDROELECTRIC POWER PLANT (SMALL AND MEDIUM SIZES)

Power plants of up to 30 MW are called small hydroelectric power plantsiarggnera)
do not need to form water reservoirs with dams.\Wadays creating dams that flood larger
areas is an impact and it will be increasingly difficult to obtain environmental licenses

0,1a1,0 KW

o
Transmission
Transmissdo
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BIOMASS POWER PLANTS

A biomassfired power plant is not much different from a cefled 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 biomdssmil

CO2. The balance between what it has absorbed and what it has emitted is approximately
zero. So, from the point of view of tH@reenhouseEffect it is close to being neutrdirom

the point of view of energy conversion, a biomass product, for exayapbar candagasse,
isburned in a boiler where it heats water that turns into steg@hthat will maketo move

the steam turbine.

The energy efficiencies of these processes are generally low and around 35% at most.
However, the bagasse, rice huskslarther residues need to be disposed of to avoid having

to place them invery biglandfills where they would decompose and generate gases such as
methane. So, this i@possible way out.

Steam Turbine Fuel (methane)  Aijr Gas Turbine
Fuel like Hot source ~1200° C I s ————pls ~.
coal or biomass iitbine Electricity CH, + ,/:\21(02 +3,76N,) = CO, + 2H,0 +7,52N, + Heat

Steam | | Generator

[ | / Combustion
e, / |/ | / .
Uk.p / / ¥ chamber

Turbine

|
4

B

plant (boller)

‘energy supply
(Nel)

! i " 2000 Condensing
Boiler Cold source” ~380° C tower

In the case above the fuel is biogas. Could be natural gas

NUCLEAR POWER PLANTS

A nuclear plant works like aonventional 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 turbimea 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 helmmore careful when dealing with the
reactor, to avoid leaks such as those that have already happenedme countries. The
processes for disposing uranium waste are difficult to deal with.

Who causes the environmental problems we cause, wiittiple technologies is not still able
to a widespread use of such concentrated forms of engvpybe in the future.

18
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Nuclear

nuclear reactor electricity generation plant cooling tower

TIDAL ENERGY AND WAVE ENERGY

It is a technologywtill 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.
Thedifference of levelgaused 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

-

Tidal ( marés)

(ondas)l

THE CONCEPT OF COGENERATION OF ENERGY (ELECTRICITY + HEAT)

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

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

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

40 to 60% of the energy contained in the fuel. With cogeneration, we increase +tedled

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
19
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summer). Efficiencies are highly dependent on the relationship betweectreiy and

useful heat produced. Inthe g0l f f SR a¢ 2 LIIAYy 3¢ 0O O0f Sasx LJ2gSNJI
and thermal energy that would be discarded is recovered and used for a useful purpose. In
G.2002YAy3¢ 0Oe0ft Saz (KS 2NBREDINITopphg' d@l& akad NBJ
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 generatechemical reactions, heat recovery from

ovens and process heaters.

Thermoelectric X cogeneration X combined cycle.

Chimney =12,9 % de 5100 KW = 658 KW

(CBEeneration (cogeragéo) <Ih?‘rmoeledric gas tur?_iféj)

Steam + hot water
=51,4% + 3,3 % = 2790 KW

\

51,4% + 3,3 % + 13,9% = 3448 KW

) Generator

Electricity =25,5% de
5100 KW = 1300 KW

Air tocompressor  ~oq 4 irine

7,4%
losses

Fuel- 100% of energy = 5100 KW

. 255%+514%+33%=803% N _25,5 /0_ _
Gerador de vapor por Agua Make up
recuperagdo de calor
Chaminé de
=l e
gﬂj“;n}mﬁ
D L '\ i
Gases de exausti
e Iy
Geroder Tping
Filtro de ar Turbina a gés a vapor €

: s
Combined cycle

FUEL CELLS

As written in section 1,ukel cells offer greater efficiency and less emission than any other
plant that uses fossfuel. 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 ad 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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Fuel Cell 250 /300 kW

DFC300
Length (m) 82
Width(m) 3,2
Height (m) 3,34
Base area (m?) 26.2
FUEL FUElL cELL POWER CONDITIONING
— PREPARATION MODULE
—

DESULFURIZER
AFTERFILTER
coLp aas FUEL CELL
DESULFURIZER AR BLOWER MODULE

v
PRECONVERTER RecvoLE Hian PORITY oc
AFTERFILTER BLOWERS  water sverim /cuorrer
PRECONVERTER PLCRACK +  VED DRIVES
PANEL  GISTRIBUTION & CONTROLS

Hybrid plants

Compressed air is heated with the waste heat of the fuel cell and then used as the cell oxidizer.

Direct Fuel Cell
From Fuel Cell17 MW

From gas turbine 3.4 MW

Efficiency: ~ 75%

\
r

Water

Fuel
v [ Cathode | . =

DIRECT FUEL CELL
Santa Clara, CA

mlant

IMPACTS OF ENERGY GEBNEMN OVER THE LIFE CYCLE

All activities in the scalledfuel &8 A ¥S 0O& Of S¢
environmental impact. These stages and impacts are exempldrgubssiblenealth effects

of contaminants.

O2yadzyS SySNBE@

COGNITOR.
Impact Life Cycle stage
Fuel -2 - c ——
or 5 S & 52 Effect on Land Quality and Productivity (QT),
=] T T e s =R ©
effect 8 |2 |EE| £ | 2¢ 5 Land Use (US)
= c s = = 2 @ Q
% © € 5 @ Rz @ R _ Qi i ;
i £ 8 é 8_ as > a QT1- Soil degradation by eros!on
#Vehicle's emissions QT 2-Topography Alteration
*Particulates (TSP) X QT 3- Degradation of the profile
rPolycyclic (POM) X
*S0, NOy X QT4-Soil contamination by acid deposition
+Volatile organic QT5-Soil contamination by solid waste
compounds H,S
kCO co, X QT6- Soil contamination for fuel spills
*NH, US7-Change in current usage
rHCI H,SO,
WPb Hg X X US8-Loss of land resource
+Dioxins US9-Use incompatible with neighborhoods
rOzone
rRd, BE, AS
rPCB's QA29
tMicroclimate
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TLV is the limit value that standards indicate as below which there are no effects. In gene
plants are projected for emissions orders of magnitude below these values.

Contaminants

Effects

Aménia (NH3) TLV: 25 ppr
(17x103ng/m3)

Irritation of mucous membranes, eyes, and skin. Medium to mode
exposure can result in headaches, burns in the throat, nausea, and von
Severe respiratory damage can result.

Particulates

Different effects on the lungs

POM Carcinogens

SO2 TLV: 21g/m3 Bronchoconstriction, altered smell, chronic bronchitis, pharyngitis.

(5x103ng/m3)

NOX mo2 TLV: 3 ppn Headaches, weaknesspnjunctivitis, skin irritation, breathing difficultie

(6x103ng/m3) asthmatic breathing, bronchitis

VOC Includes acetic acid and methane.

H2S TLV: 10 ppm At concentrations above 1000 ppm in one breath it paralyzes the respir

(14x103mg/m3) tract

CO TLV: 50 ppm Adheres to haemoglobin in red blood cells, decreasing oxygenation caf

(57x103nmg/m3) Acts as an asphyxiator. Headaches, nausea, cardiovascular, neurol
perinatal problems

HCI At 35 ppm it causes throat irritation even at lowposures. Above 100 ppl
can cause pulmonary edema.

H2S04 Irritation of the skin, eyes, and mucous membranes dermatitis, burning ¢

TLV: 1x1089/m3 skin and many others

Pb TLV: v§/m3 Affects the central nervous systerperipheral nerves, kidneys, and ma
other serious effects

Hg TLV: B6/m3 Inflammation in the mouth, diarrhea, difficulty breathing, fever mus
control difficulties

Dioxins They are among the most toxic chemicals known. Uswaalbpciated with
t/.Qa yR Oy 06S ONBIFIGSR Ay lye
burned.

03 TLV: 0.1 ppm Irritation of the eyes and mucous membranes of the nose and throat. S¢
for asthma and lung problems

Radon Carcinogen

Be TLV: (By/m3)

Potential carcinogen.

As TLV: (200g/m3)

Carcinogen.

PCB

Carcinogens that act by inhalation, skin contact and ingestion. A ser
serious effects. They were widely used in transformers and elec
capacitors.

Fluor TLV: (2508g/m3)

Contaminant associated with the combustion of municipal waste.
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3. HOW TO DOHE TECHNICAECONOMICAL ASSESSMENT OF ENERGY PROJECTS

3.1.HOW SHOULD BE BUT POSSIBLY WILL NEVER BE

The production of any form of energy hagast. Tlis includeghe 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 anghot included in the priceghe socalled environmental
and sociakxternalities

According to Wikipediaan 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. Externaditees
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 electricitR 2 y 20 Sy (1 SNJ {i€S 262 TWWASO ASHyES
tariffs. This is the crucial problem. If you have a lower cost fuettikéyou 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 beteus fewer filters because it has a lower carbon

content. Coal cost is lower, but you spend more on filters. When calculating tbelleal

cost of energy, basis for the tariffs, all this goes into the accadawever, nany of the

effects of pollutants oof the CO2 that is released into the atmosphenm@ not in the price

of the electricity.They have a big impadh the planetbut are not considereéh the prices.

This is what igilling the Planet.

Items of financial flow analysis When there is a Bid fo purchase electricity to
of a government project supply a public need, ~ The winner will be the
[ Tnterests & Debt Principal | | ENERGy NOT SUPPLIED | | |bidder that offers the lowest value of the cost C
(R‘MMEQEWU'LT:CW"“ | [ FINES due to Electric Energy Blackouts |
[ LOSS OF IMAGE & votes | ‘C = + C1 +C 5 = C3 ‘
Depreciation | (for thase who care shout this)
TAXES | ENVIRONMENTAL COSTS C1 conventional cost: amount to be paid to the winner $ / MWh to

(the main barrier in countries like Brazil)

( externalities, loosing markets which compensate for the construction and operation costs of the plant
| do not buy from whom use bad +
practices “ for climate change” , )

Operation and maintenance costs ] VALUE of new JOBsS creation | C2 cost of environmental externalities: value fixed by the

regulatory agency - as a function of technology and fuel emissions

FUELS expenses |

Revenues with "By Products” |

(3 social benefit: value fixed by the regulatory agency according
to the number of direct and indirect jobs generated

[
| Property taxes & insurances
|

T &D & Connection Costs, Use of Public
Goods

I will explain a little how these thingsork, from an economic point of viewsingthe
example of electrical energyf we wanted to do,at leastin public energy tenders, a
complete reference way of calculatingthe energy cost we should consider all the
parameters C1 + C2 + CBjesented in this figure

However, he economic analysis of energy projects is, in most cases, treated in a simplified
way and without the vision of the planet's survival. Tthemation of prices is done based
on the initial expenses to arrive at thewer plant ready for use. Investments and operating
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and maintenance expenses are considered to take place odiefr dp@riGdéof the order of
20to 30 yearsThis is what composes the parcel C1 in the figure.

3.2.A TECHNICAL ECONOMYCAL ANALYSIS OREAHEWORLD 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 toettdaily 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 alternativesaiid include the entire life cye 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, thecomparisonsof costs of different projectare madeby 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 haahatics 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 bthe investment are important factorsespecially 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 corruptibmese are characteristics
common to coutries with a low average level of education.

| developedthe software Decidixto be able tocompare alternatives of projectsf the
electric sector. After, | extended the possibilities to analyze any type of project. Myifocus
on professionals from electrical power utilities, energy companies, equipment
manufacturers, research centers, investors, and others.

The sequence fause can be understood from the slidesollow, that | wasised to present
in the trainings.

To download a free copy of the software please follow this link
\http://www.cognitor.com.br/ c_Feasibin_AnaIysis.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 chémg@umbers and save.

SLIDE AMETHODOLOGY for the TECHNAERSIONOMIC ANALYSIS of the FEASIBILITY OF
ENERGY PROJECTS (using the software Decidix)

24


http://www.cognitor.com.br/c_Feasibily_Analysis.htm
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SLIDE 2 Some old (2005) values @fnimum Revenue Requiremebt$/MWh. These are values
easy to update using searches in the Web. For example checkosiks reference in theEPE
R20dzyYSy i a&a{ ( dzRA&ar Efefy HxpgasionHPdabruaty2g?2  (link
showed before in this book)

Minimum Revenue Requirement in 2005 - U$/MWh

Pulve | Alterna Gas Combine | Micro Fuel SUN WIND

rized tive turbine d Turbine Celll
Coal Motor Cycle
MW 200 0.008a | 2550,0 | 250a 0,03a 0003a | 0001a | 57550
2400 10,0 400 0,2 2,0 0,1
Efﬁcj/ency 3242 | 38245 | 21242 | 46,72 | 22230 | 40a>60 NA NA
o 35 60
Installation | 900 a 300 a 650 3 350 a 500 5 1500** a 1000 a 1100 1
cost 1539 900 900 566 1000 4000 5000 1400
(US/KW)
O&M |5281 | 5a15 3as 2a3,7 | 3a10 5a1o | 8alZano | 20a30/ano
(US/MWh)

Fuel Coala | Diese| | Natural Natural Natural Natural Sun Wind

U$ 0,93 aU$50/ Gas Gas Gas Gas

IMBTU e MBTU e Us 2,3 Us 2,3 Us$ 3,3 Us33

fc=0,85 c=0,85 /MBTU e /MBTU e /MBTU e IMBTU e
1c=0,85 1c=0,85 fc=0,85 fc=0,85

Fc=0,25 Fc=0,35

USiMwh | 585 | 64,0 | 416 | 343 | 52,5 |120,0| 4000 | 70,0

12,9%

SLIDE & Understanding revenues and expenses to compose the financial flux

G . 221 tAFSE 27
G [AFTHOrkYER 6SNI
Examples of ime period to
calculate indicators: Return Ta
Net Present Value, Breakev¢
Point.
‘ e A I I e O I I e 1 3 to 4 years on anndependent
a5 Tane =2 S BE B ER EE B power producer

! R 6 4 40 8 years for an autoproducer
1 12 to 20 years for a governmel
company

Year by year Revenues and Expenses

= —a -

M Accumulated
! balance

25
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SLIDE ¢ Financial mathematics Flux of expenses and revenues along book life

400 | | | | —@- Investment (-)
200
0 / - . /. . B~ Expense (-)
-200 1 / /
-400 / / ®- Revenue (+)
-600 /
-800
year =i Balance
-1000 T : :
: (constr.) 2 s 5
_:_In;:::::.)( L 400 | 400 | 100 | -100 —- Accumulated balance
e o) 450 | 450 | 450 | 450
= Balance -1000 350 350 350 350
—O—rcoumiaes A000 | -850 | 300 | 80 | 400 | Financial mathematics
SLIDB ¢ Net Present Value
400 = = = /iE
Net Present Value 200 ] I1TF
200 - / - - /- : |
-400 / ~
of the balance pslll VA4
for a discount tax 800 Vel vear
(cost of the money) of 00T T = |« s
0, B— Investiment. (-) -1000
10 % per year Erpenes ) T T T
" Revenue (+ 450 450 450 450
1000 350 350 350 350
_ + + + +
(1 +0.1)! (1+0,1)2 (1+0,1)3 (1+0,1)* (1+0,1)°
=-909 + 289 + 263 + 239 + 218
=+ 100
Site: www.cognitor.com.br
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Slide 6¢ Internal Return Tax

Internal Return Tax 400 /l i i E
200
. 0
Is the value of Y which 200 | // //
makes the net present 00 |/
value calculated below o]
equal to zero 1000 1 year
B— Investiment. (-) (‘:_:321;')
Expense (-) -100 -100 -100 -100
[} Revenue (+ 450 450 450 450
ey B e B R
balance
1000 350 350 350 350
_ + + I +
(1+y) (1+y)? (1+y) (1 +y)* (1+y)P
Y = 015 = 15%
Site: www.cognitor.com.br

Slide 7¢ Cost of Money and Discount Tax

COST OF THE MONEY AND DISCOUNT TAX

Source Share Annual cost Share
) 0 X
( /0) ( /0) Anual cost
(%)
Debt 70 12 8,4
(interests)
Equity 30 15 4,5
(return
expected for
Oowh money)
Cost of the - --
money 1 2’9

Site: www.cognitor.com.br
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Slide 8- Pay Back

28

= hvestiment. (- ) 500 -

& A
&~ Expense(-)
. / /

® Revene (+ /
—+— Balance 500 /I

=& Accumulated year
balance -1000
T
(constr.) 2 5 4 °

-1000
-100 -100 -100 -100
450 450 450 450

-1000 350 350 350 350

-1000 -650 -300 50 400

Pay Back is the year in which the ACCUMULATED
BALANCE reaches, by the first time, the value ZERO

In the case above is ~4 years

Site: www.cognitor.com.br

Slide 9¢ Revenue Requirement

Revenue Requirement: levelized value of the “sales
price” for which the “Internal Return Tax” is equal to the “
Average weighted Cost of Money”

= Fu=l

3 Heat

1 Extem
Perdadelmagem
Residual
ENF

~ Total-B

= Total

& RRateX-p
o RRapas
m RRaposi-B
= TermpoRet
= TempoRet_B
A RRateX

g 10 12 14 16 138 20
$funidade(vert.) nos Anos (horiz.)

Book Life of the project
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Slide 10¢ Revenue RequirememtExample Transmission Line

Revenue Requirement: :
Example for a transmission line public grant (30 years)

Public auction

Request  Autorization o _
Grant Energization End of grant period

| I | ;
PO 7

2 years 30 years

Revenue = 50 millions
per year
in the first 15 years

Revenue = 25 million
per year ’
From year 16 to 30

Site: www.cognitor.com.br

Slide 11- Equivalent time for Revenue Requirement (example)

Equivalent time for Revenue Requirement (example)

Revenue requirement 87.2 U$ / MWh during 6 years
produce the same Present Value that
49.5 U$ / MWh during 20 years

Site: www.cognitor.com.br
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Slide 12¢ Year by year flux of revenues and expenses

Year by year flux of revenues & expenses

[
| Coceis| i ] S (S () (o]

Resutads |

Sales of the product or service (+)
Operational expenses (-)
Taxes over the sales (-)

Operational Revenue ( =)

Hwein] | & ma: a» > v-=-a 53 Iw us
Taxes over the Operational Revenue (-)

Net Operational Revenue ( =)
Other expenses (-)

Balance of the year ( =)
Accumulated balance (=)

Site: www.cognitor.com.br

Slide 13¢ Typical Expenses of The Flux

Typical Expenses
Always included

Interests and and main debt Sometimes included
— _— ENERGY NOT SUPPLIED
Depreciation and similar

(in + out)
FINES BY NON AVAILABILITY

Taxes

Insurance and property taxes

Rarely included

Operation and maintenance

Expenses with fuels Environmental Externalities
Value of Employmnt Generation

Transmission and distribution transport
and connection costs + Use od Public
Good

30
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Slide 14¢ Typical Revenues

Typical Revenues

Electric energy sales

Heat or cooling sales (cogeneration)

Sub-products sales

Slide 15¢ Installation and screens
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