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ABSTRACT

Today the world is on track for dangerous climabamge, reached to an extreme limit having nearsf foom
for further pollution in the mix of gases that makethe atmosphere. Despite a rise in clean, retdésvanergy supplies in
certain countries, and a partial shift from coaltatural gas in others, global greenhouse gas fioliucontinues to rise
at an increasing pace in the most recent yearsiddatworldwide have to make major changes in enstgpply, soon, if
they are to restrain climate change to no more tRashegrees Celsius. That is a threshold beyondwdgcious harm is
likely to occur to human civilization as well asetimatural world, as concluded by the IPCC and dthecientific

judgements. Geo-engineering will probably also &guired to solve the planet’'s global warming padiatproblem.

To meet its energy needs, every country uses \&agoargy sources available to it, in different pydjpns as
single energy source is not sufficient to satisfihe needs. The energy mix of an individual couig formed up by the
contribution of their available resources. Duriniget last decade, the establishment of proper eneviggs for countries
has gained much importance, and energy drivers Ishenforce long term plans and policies. The suetof energy mix
vary significantly from one country to another,dib$uels dominate the energy mix at the globaéleaccounting for over
80% of the total. Although, every energy source ikadimits, merits & demerits, if they are useddombination with

balance proportion, the gravity of demerits canréduced.

This paper evaluates energy issues the market andties are facing today regarding energy mix,estiiing
and panorama and seeks to improve methodologyablaithat are applicable to optimal energy mix pfanthe future. It
covers the themes driving the future energy mixhauetiogy proposal and estimation of energy supplgeinand by
mathematical model for selection of optimum variantl Key Factors identified, established and asskskrough this
paper for the common implementation. Those havéear énfluence and are closely related to futureviemnmental

policies.

KEYWORDS: Energy Sources, Energy Mix, Key Factors, EROIl, ERG¥enewable and Non-Renewable Energy
Sources, Multi-Criteria Optimization, Energy Supfligains, VIKOR

INTRODUCTION

Energy supply chain is the trajectory of all enetgynsformations from the fuel source or primargrgy sources

to useful energy form delivered to end users. Inegal, every single energy supply chain can beuehgdefined by
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several criteria. These criteria are generallygateed into the three groups: energy, environmetd economic criteria.
Optimal energy supply chain can be chosen by usingji-criteria optimization. Selected optimal engrgupply chain
fulfills an important set of criteria, which arefoleed and adopted for energy supply. The term “gyenix” refers to the
combination of the various primary energy sourcesduto meet energy needs in a given geographiomediincludes

fossil fuels, nuclear energy and renewable enengyces etc.
For Each Region or Country, the Composition of theEnergy Mix Depends on

e The availability of usable resources domesticaltytlee possibility of importing them. A nation’s egg
consumption is likely to come from various sourasdifferent types of energy are more suitablesone uses

than others:

« The extent and type of energy needs to be metifomransport, (i) Domestic energy, (iii) Businessid

Commerce.
» Policy choices determined by historical, economdgial, demographic, environmental and geopolifigetors.

» Some countries are heavily dependent upon a namamge of energy sources; some depend upon
adiversified energy mix. For some countries, they can expluitirt own energy supply mix; others rely on

imports. The likely reliability of supply can deteine the Energy Security of a country.
Energy Mix and Power Generation Mix

The energy mix is the group of different primargergy sources from which secondary energy for diteset -
usually electricity - is produced. Primary energyhe form of fossil fuels is nhowadays still moatlyed directly for motor-
driven vehicles, i.e. transport. Power generatior, ms the percentage of different energy sourdessil fuels, nuclear,
hydro and other renewable energies) used to genetattricity. The generation energy mix varies elydfrom one

country to another due to the influence of varitagtors. For example:

e France’s generation energy mix in 2016 was madefu$p2.5% nuclear power, 30.6% oil, 14.2% natura,ga

3.3% coal and 9.4% renewable energies and waste.

e United States’ generation energy mix in 2016 inekidhatural gas 33.8%, coal 30.4%, nuclear powef949.
renewable 14.9% and others 1.2%. (https://www.eidtgols/fags/fag.php)

» China’s energy mix in 2016 includes coal 65.2%gotthermal 3.3%, gas 3.1%, hydro 19.7%, nuclear\8i6d
4% & solar 1.1%.

* India’s energy mix in 2017 includes coal 58.4%, @iB%, gas 7.6%, hydro 13.5%, nuclear 2.1%, renkwab
18.2%.

ENERGY SOURCES AND ENERGY MIX
Key Factors

Following are the Key Factors which take into cdesation sustainability, energy security, sociad @sonomic
growth, climate change, air quality and social #itgb The strength of the Key Factors application energy system

planning to different countries is contingent oy resources, location, electricity demand aledtscity generation
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industry, technology available, economic situatiml prospects, energy policy and regulation, etc.

Resources
*  Mining
* Gas
* Uranium
*  Water

 Renewable (wind, sun, geothermal, waves, etc.)
Availability of Resources
* Reserves
» Situation / Location
* Climate
» Topography
Social
e Demography
* Environmental concerns
* Culture
» Waste production and management capacity
»  Skills & education
»  Power subsidy policy
» Health and safety culture
e Equality
e Production capability
Economic
e Production capacity
* Profile of electricity demand, end-use sectorsgpné and projection)
» Electricity demand allocation (located or distribg)
» Existing energy

* Infrastructure
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e Energy security vulnerability
» Potential investments
* Technology

The process of selecting the right energy mix nexgutaking into account those energy issues, bpdoting
simple, clear and impartial Key Factors, as theikejcators to drive the suitable energy planniogd region or country.
Key factors take into consideration features likstainability, energy security, social and econopigture and growth

capacity, growth capability, climate change, aialiy and social stability.
Renewable and Non-Renewable Energy Sources

Renewable resources are resources that are rdmdniy the environment over relatively short pesiofl time.
This type of resource is much more desirable tobesause often a resource renews so fast that havie regenerated by
the time we have used it up. Solar, Hydro, Geothériidal etc. are some of the examples. In conht@senewable
resources, non-renewable resources are resour@earthnot easily replenished by the environmeaoh s fossil fuels

like coal, oil and gas. We will see the advantagelisadvantages of above.

NON-RENEWABLE ENERGY SOURCES: ADVANTAGES AND DISADV ANTAGES

Advantages of Non-Renewable Energy
¢ High in energy content
e Transportable
e Profitable
e Traditional
e Easytouse
¢ Cost effective
¢ Creating jobs
Disadvantages of Non-Renewable Energy
e Time consuming to extract
e Contribution to climate change, Acid rain etc.
+ Dangerous for nature
¢ Not viable for future generations
e Dirty

It seems that, though non-renewable sources ofjgrieve their advantages, these are far outweiglyettieir
disadvantages. Though they are convenient andnielmergy, for example, non-renewable fossil fuels also very bad

for the environment and dangerous to human health.

| NAAS Rating: 3.10- Articles can be sent to editor @ mpactjournals.us




| Optimal Energy Mix: A Tool for Judicious use of Energy Sourcesto Mitigate the Related Problems 45 |

RENEWABLE ENERGY SOURCES: ADVANTAGES AND DISADVANTA GES

Advantages of Renewable Energy Sources
e Nature friendly
e Sustainable & storable energy
e Low operating cost
¢ Easily integrated into daily life
Disadvantages of Renewable Energy Sources
¢ Expensive to set up — high initial cost
¢ Not suitable for all climates
* Difficult to transport
* Not the most efficient energy sources
¢ Reliant on certain technologies

As non-renewable energy sources start to run odtaa the world faces the threat of substantialatié change it
is imperative that we switch over to using more@uasble, greener sources of energy. Renewablggseurces such as
solar energy, wind energy, wave energy and so emde provide a sustainable and ecologically frigmslution to our

future energy needs.
Energy Returned on Investment (EROI): A Tool to Pralict Best Energy Mix

Modern society was born a hundred and fifty yegswhen coal began providing sufficient energy tkensteel
and steam, lifting ordinary citizens out of poveatyd soon after, we added oil, into the newly-depielg middle class.

The energy obtained from these sources was obgiodismmediate as it took little energy input to géot of energy out.

Energy Returned On Investment
relative to the breakeven value of 1

100 without energy storage
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Figure 1: Energy Returned on Investment

Energy Returned on Investment, or EROI was an earhgept that easily demonstrated the advantagesgelhas

the investment needed, to exploit these new ensogyces. Also referred to as Energy Returned omrrdgnkvested

| I mpact Factor(JCC): 3.6586 - Thisarticle can be downloaded from www.impactjournals.us |




[ 46 M.RKolhe & P. G Khot |

(EROEI), EROI is the ratio of energy returned termgy invested in that energy source, along itsretifie-cycle. When
the number is large, energy from that source ig tmget and cheap. However, when the number idl stina energy from
that source is difficult to get and expensive. Wite® number is one, there is no return on the gniengested, and the
entire investment has been wasted. The break-ausber for fueling our modern society is about 7efgy sources must
exceed the economic threshold of about 7 (Dotte kihe) in order to yield the surplus energy reeglito support a

modern society.

When fossil fuel emerged in early 20th century imeXica, the return on investment was enormous.9B01
1 joule of energy put into oil got 100 joules ofeegy out, an EROI of 100. Similarly, for coal theoaomies of the
industrialized world became super-charged by fdasil, and the standard of living increased prapaoetely. These early
fossil fuel deposits were the most easily recoverafss time went on, they became more difficultéoover, it cost more
energy and effort, and the return was less. Thér@mwental costs also became larger. So in 20Qéul# of energy put

into oil got only 15 joules of energy out, stillargh to bring billions in profits to oil companies.

New technologies have brought the EROI of unconweat sources like tar sands oil and shale gas tinto
profitable range, but they will always be lowernt@nventional sources. Hence their production imesomarginal when

oil prices drop below $60/barrel.

The decreasing EROI was obvious and they push telae other, more diverse sources, resulted in the
emergence of hydroelectric, natural gas and nuckRecently, we've added biomass, wind and solaainags a result of
technological advances that brought the EROI aldo\But EROI is still the method to evaluate whetherenergy source
is sufficient to power our society into the futuRecent EROI determinations have become betteatidng the total
life-cycle costs, and eliminating temporary econoiitiictuations and politically motivated influencasd policies that

distort the actual return.

Results from the most recent study by Weibach3pade summarized in the figure 1. EROI was evalu&ied
power plants fueled by wind, photovoltaic soladasahermal, hydroelectric, natural gas, biomass, eoal and nuclear.
Because some sources require buffering, storatmadsfollowing, there are two values for each seusith and without

energy storage or buffering.

For societal needs, the buffered value, or theevalith energy storage, is more representative@B&ROI. Only
in situations where the energy produced is usegctir and the demand can vary with the supplyhésalue without
energy storage. The buffered EROI for each enengyce is — Nuclear 75, Hydro 35, Coal 30, Closedi€yas Turbine
28, Solar Thermal 9, Wind 4, Biomass 4 and Sola2PV

Weilbach uses the least energy intensive storagediogy, pumped hydroelectric energy storage, has t
buffering technology that lowers the EROI the led&sdtteries are about ten times more energy intentsian pumped
hydro storage, so battery storage is not viabldl dor very large-scale applications. Rooftop sddaan exception because

it is used directly at the source and is not sugim®pthe outside society at large.

It is critical to understand these EROI values, mvheking difficult decisions about energy policyaly claim
that renewables alone, or in the majority, can tuel future are not consistent with their EROI. Aita's present EROI

averages about 40. A mix of 50% renewables, 30%ilfard 20% nuclear gives an average EROI of aBbut
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Economies with access to higher EROI energy souheze® greater potential for economic expansion and
diversification. Thus, there was a rush to coablbyeloping countries like China and Indigecause of this, coal is now
the fastest growing energy source in the world. Tkiis why serious environmentalists, and the UniteNations IPCC,
strongly urge the world to adopt some mix of nuclea hydro and renewables as the best mix to can repte fossil

fuels.

It was previously thought a global energy mix bydroentury of a third fossil, a third renewable andhird
nuclear, which has an average EROI of about 36 Tk would cut carbon emissions in half over thespnt mix and is

achievable by 2040 with existing technologies.

If we are to enter a cleaner energy future, andiwoa to lift people out of poverty around the vabrevery
country’s energy mix has to have as high EROI asipte, or it will not be sustainable, or acceptalid humanity as a
whole.

EROI = Quantity of Energy Supplied + Quantity of Energy Used in the Supply Process
(The units are usually given in BTUs, kWhs or otheits available to both, energy supplied and used)

Quantity of Energy Used in the Supply Procestudes: - mining activities from exploration, lting, winning,
extraction, handling, refining, construction, idEton, smelting, operations, maintenance, decasaimning,
transportation, etc.

Quantity of Energy Suppliedcludes: - Electricity, useable heat, power feeful work
Energy Supply and Demand

The method used to achieve optimum integrationeaftihng, cooling, electricity and transport fuel yision with
more efficient energy systems will vary with theign, local growth rate of energy demand, existirftastructure and by
identifying all the co-benefits (high agreement,amevidence). The wide range of energy sourcesanters that provide
energy services need to offémng-term security of supply, be affordable and hag minimal impact on the
environment. However, these three goals often compete. Thersudficient reserves of most types of energy ussss to
last at least several decades at current rateseofvhen using technologies with high energy-conerrsfficient designs.
How best to use these resources, in an environthem@taceptable manner while providing for the needsyrowing

populations and developing economies is a gredlecioge.

» Conventional oil reserves will eventually peakwdl natural gas reserves, but it is uncertain ¢éyawhen and
what will be the nature of the transition to altgime liquid fuels such as coal-to-liquids, gaditppsds, oil shales,

tar sands, heavy oils, and bio-fuels. It is stilcertain how and to what extent these alternatividsreach the

market and what the resultant changes in global @hiiasions will be as a result.

« Conventional natural gas reserves are more aburidagmergy terms than conventional oil, but theg also
distributed less evenly across regions. Unconveati@as resources are also abundant, but futureoeto
development of these resources is uncertain.

» Coal is unevenly distributed, but remains abundaitn be converted to liquids, gases, heat ameepalthough

more intense utilization will demand viable CCShiealogies if GHG emissions from its use are toiivitéd.
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e There is a trend towards using energy carriers initheased efficiency and convenience, particulaviy from
solid fuels to liquid and gaseous fuels and eleityri

» Presently, contribution of Nuclear energy is lowmpared to total primary energy, which could make an
increasing contribution to carbon-free electricitlyd heat in the future. The major barriers aregitemm fuel
resource constraints without recycling; econonsedety; waste management; security; proliferatiord adverse

public opinion.

 Renewable energy sources (with the exception geldrydro) are widely dispersed compared with fossls,
which are concentrated at individual locations asguire distribution. Hence, renewable energy neitbier be

used in a distributed manner or concentrated td theehigher energy demands of cities and indisstrie

* Non-hydro renewable energy-supply technologiegjqdarly solar, wind, geothermal and biomass,angently
small overall contributors to global heat and eleity supply, but are the most rapidly increasi@gsts, as well
as social and environmental barriers, are restgcthis growth. Therefore, increased rates of depént may

need supportive government policies and measures.

» Traditional biomass for domestic heating and coglstill accounts for more than 10% of global enesgpplies,
but could eventually be replaced, mainly by modgiomass and other renewable energy systems asasvély
fossil-based domestic fuels.

Global Energy Demand

In the report World Oil Outlook 2015, OPEC estinsatieat by 2040 global energy demand will increasd 395,
from 268 mboe/d in 2013 to 399 mboe/d. Future dldeanand for energy, according to OPEC is affebiedhany factors,
these are: Technology, Laws, Regulations, Macrammimtrends, Development processes, Global prieepulation size

and Levels of urbanization.

Global energy mix by fuel type, 1970-2040

miboe/d

120

100 — -

e - : Other renewables
! 1 1 L] I I T T T T T
1970 1975 1880 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040

Figure 2: Global Energy Mix by Fuel Type 1970-2040
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World primary energy demand in the Reference Case

Levels Growth Fuel shares
mboe/d % p.a %

2013 2020 2030 2040 2013-40 2013 2020 2030 2040

Qil 84.4 90.1 96.1 100.6 0.7 315 30.2: 279 252
Coal 76.1 84.2 92.4 98.3 1.0 284 283 268 246
Gas 59.2 69.1 877 1115 2.4 221 232 255 279
Nuclear 151 3.9 17.5 23.5 2.2 4.9 4.7 5.1 59
Hydro 6.3 7.4 8.9 10.2 1.8 2.4 2.5 2.6 25
Biemass 26.2 29.1 33.6 38.1 1.4 9.8 9.8 9.8 9.5
Other renewables 2.4 4.3 8.4 17.4 76 0.s 1.4 2.4 4.3

Figure 3: World Primary Energy Demand
Source: OPEC: World Oil Outlook 2015. Retrieved May 24180
Exxon Mobil Estimation

Each year, Exxon Mobil estimates, analyses, updatdsng term views on energy supply and demand.main

outcomes from a recent report from Exxon Mobil atibe future global energy demand are:
¢ Global demand for energy rises by 25 percent 20048-2
* Demand could have more than doubled without efiicjegains
¢ All demand growth comes from developing world, G8hiina plateaus around 2030
¢ Demand in OECD32 falls by 5 percent 2014—-2040.
It, Predicts about Future Global Energy Mix that
e Oil remains the world’s top fuel, but natural gasvgs the most
¢ Oil remains essential to transportation and chesiica
e Gas overtakes coal, driven by need for cleangahlel fuel
* Nuclear, renewables see strong growth; total nifae 20 percent of supply by 2040
* All energy sources needed to meet rising dema240 and beyond.
Some Other Future Energy Trends in this Report fromExxon Mobil are
e  40% of the growth in global energy demand from 22040 is projected to be met by natural gas.
e 1/3 of the world’s energy is expected to be prodidg oil in 2040.
e In 2014, there were about 10 cars per 100 peopl#ina. By 2040, this is expected to rise to al3fut

Until 2040, according to the report the Outlook Eorergy 2016 Version from Exxon Mobil the futuredaticity
generation trends are:

e World shifting to cleaner fuels for electricity gaation, led by gas

¢ Coal's share to shrink while natural gas, nucleand and solar gain
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¢ Coal provides about 30 percent of world’s eledtyiai 2040, vs. 40 percent in 2014
¢ Wind and solar will provide more than 10 percentlettricity by 2040, vs. 4 percent in 2014
e Shift to cleaner fuels driven by tighter CO2 enussi and air quality policies.

British Petroleum Estimation: According to the Repat BP Energy outlook for the Year 2016, until 203%he Annual

Demand Growth for
¢ Oil will be 0.9%
¢ Natural Gas will be 1.8%
e Coal will be 0.5%
¢ Nuclear will be 1.9%
¢ Hydro will be 1.8%
¢ Renewables will be 6.6%.

In the Same Report BP Predicts that the Future Globl Energy Mix is Changing Significantly, the key Clanges Will
be

¢  Qil future share in global future energy mix is @esing

* The combined increase of oil and gas over the Olati® similar to the past 20 years

e Coal share in the global future energy mix will litee slightly

¢ Fossil Fuels will remain the primary source of gyauntil 2035 with a share of 80% of the futuret@lbenergy
mix

¢ Renewables share will increase from 3% today td9%035.

Based on the above chart, the oil and gas propoitiche future global energy mix until 2035-2040l Wwe
between 53-58%, which guarantees the businesfafuglobal oil and gas companies but in a busieesgonment with

restricted rules about environmental footprint.
World Energy Resources and Challenges for Energy Bducers

The world's energy mix is changing and fast. A neceeport from the World Energy Council found that
renewable sources of power now represent arounge8ent of the world's total capacity and 23 percdriotal global
electricity production. However, Fossil fuels reméey to powering the planet, and as concerns dimate change and
energy security mount, the question of what oungfa energy mix will look like in 2050 is becomiivtcreasingly

pressing.
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World Energy Resources
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Figure 1: Eleciricity generation from renewabies in 2015 and 2050, In 2050, nuclear power still accounts for negligible 0.3% of
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100% renewables bring GHG emissions in the electricity sector down to zero, drastically reduce total
losses in power generation and create 36 million jobs by 2050

Figure 5: World Energy Resources & Energy Generatia from Renewable in 2015 & 2050

Gunnar Luderer, from the Potsdam Institute for @lienimpact Research (PIK), told CNBC said "If therd is
serious about tackling climate change, the woddsrgy mix in 2050 will have to look fundamentadlifferent from the
one we have today. Limiting global warming to wedllow 2°C, as agreed by the international commuatitihe climate
summit in Paris last year, requires close to caffbea electricity supply and a drastic reductionfadsil fuel use in the
industry, transportation and buildings sectors,afd®g all of the above in mind, solar looks seh&we a very big role to

play in the world's energy mix. In 2014, the Intgional Energy Agency stated that the sun coulthbeplanet's biggest
source of electricity by 2050.

Solar is at the heart of this revolution. Innovatihigh-tech and inexpensive, solar is a disrupfivee whose
growth has been highly unsettling to entrenchedggnproducers. It's sure that solar will power eaonomy in the future,
but a question is when and how quickly. Other reat@des are also pushing hard for a bigger slichefenergy pie. Wind
energy is one such source. According to Wind Eurtipe offshore wind industry in Europe saw 14 biilieuros ($15.67
billion) in new investments in the coming year.\@li Joy, spokesperson for Wind Europe, told "With great leaps that
wind energy has made in cost reduction in receatsyghere is no reason why it should not be timecpiece of energy
systems around the world, particularly Europe. €&st onshore wind are expected to fall by 41 patrbg 2040 as larger
turbines with higher energy capture make the ecic®even more attractive. Offshore wind is alsadigpmoving down

the cost curve." He went on to add that wind enevgg able to meet 12 percent of Europe's elegtragtmand, with
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WindEurope seeing that figure rising to 28 peradgrdemand by 2030, provided the right policy demisi were made. For
the PIK's Gunnar Lederer, "the resource potentiakblar and wind is vast." Potential of renewabfergy sources: All

renewable sources provide 3078 times all currentiallenergy needs.
Global Energy Mix Changing and the Strategic Challege for Energy Producers

Advances in technology and environmental policyar®ng the factors influencing demand growth arapity
what may be a very different energy mix in the fatuOur Energy view to 2035, led by Paul McConpélbur Global

Trends team, distills the work of our team of astyworking across energy commaodities. Five mamibs leap out.

First, China has been the mainstay for two decades oe mod will still be the world’s biggest consumer of
energy in the foreseeable future. India’s emerdéagl role in global energy demand growth. But Clireconomy is
pivoting away from industrialization towards seesdc Environmental policy, focusing on clean aiparticular, will also
slow the rate of energy demand growth. India veike over the mantle, becoming the biggest growtfinenin the 2020s.
An economic focus on manufacturing will spur demgnowth at 3% CAGRdompound annual growth raté through
2035. Energy security is India’s concern, as anoirtgy of oil and gas; a planned rapid build-ousofar and wind capacity

provides just part of the answer.

Second ‘Lift off for zero carbon energy. Energy systerase being transformed by the rapid progress of
technology and by regulation. Globally, carbon msiey and energy intensity have already peakedvatidrend down
through 2035. But the revolution, with the Parisrdgment a signal moment, has only just begun arttbonaemissions
continue to rise over the period. Developing ecoeshdependence on coal is one of the factors. @hiha is already
showing how swiftly change can come as energy @iterhigh emissions developing economy matureseOthigh

growth economies will follow the same path, in time

Third , transportation goes electric. It's not going tappen quickly, but it will certainly happen. We mite
believers in peak oil demand, at least not yet dominates the transportation sector and will gl so in 2035. Electric
vehicles have come a long way in the last yeamar, in aspiration at least. The oil industry is ib@ing to grasp the
nettle, the Majors investing in renewables to buoifdionality for future proofing. The fundamentalen’t there yet for a
decarbonized transport sector. But air qualityiatites in China and other emerging markets, arel dbdacious

entrepreneurial zeal of the tech sector, pointgougtion some time down the line.

Fourth, the power sector’s influence on the changing codity mix. Gas demand will grow by 41% over the
next two decades, overtaking coal as the second enosumed energy source by 2030. The rise of gasuenption is a
global phenomenon; as increasingly is renewablag;hnware set to triple their share of energy suppl¥3% from 2015 to
2035. Coal will remain vital to global energy supphrough the period, but incremental demand groistisolated to
India, South Korea and SE Asia, as environmentityand competition from other fuels eat into theditional OECD

(Organization for Economic Co-operation and Develept) coal heartlands.

Fifth, shifting regional supply dynamics: It is expectbédt US to be energy independent by 2021 and a nea
Saudi Arabia-scale exporter (oil and gas combigd2035. The EU in contrast becomes increasindigimeon imports.
Climate change policy and other regulation are darmg demand in Europe, but indigenous oil and gasluction

continues to decline long-term. Asia Pacific supgyset for rapid growth, driven by gas and to sség extent coal;
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whereas oil is in decline. Most of these themesaalg just emerging, and the energy mix in 2035 may be vastly
different to what it is today. But there is, prethgnthe sense of an incipient paradigm shift iy consumption with

decarburization at the centre - the global energywill look very different by 2050.

Adjusting for what the world may look like more th20 years from now is perhaps the biggest strategi

challenge ahead for energy producers.
Optimal Energy Mix from Renewable Energy sources

Determination of optimal energy mix comes down ébedimination of the percentage share of each coemaf
renewable energy supply in defined boundary ofatb®erved problem. To meet its energy needs, eaatitrgp region or
defined area uses the energy available to it,fieréint proportions. This is what we call the eryengix. Depending on the
definition of the criteria matrix for optimizatiotthis matrix will define the possibility of apphgnthis method on different
energy supply chains and regions. For a total rankif renewable energy chains for production of fureenergy and
selection of optimum variant, the multi-criteriatiogization and VIKOR method can be applied. (VIKORethod is
a multi-criteria decision making or multi-criterigecision analysis method.) In VIKOR approach, thepromise ranking
is performed by comparing the measure of closetoett®e ideal alternative. This is the main reasdwy this methodology
is very good for application in the determinatidnttee optimal sustainable energy mix. The meas@irdaseness to the
ideal alternative is directly in correlation witlengent of shares in the modelled renewable eneigyThis approach for
determination of optimal energy mix have been auphnd tested on several real supply bio energnslva CHP plant,

pellet plant and wood heating boiler.

It is necessary that other countries which havegneeserves and resources (potentialities), thegdrio pay
attention to rational use of energy and the selaatif future energy sources in order to provideptimal energy mix. It
can significantly affect to that with selectingeffive technologies and disposable fuel. The chg#lds to ensure optimal
energy mix while minimizing unwanted impacts on #evironment, ensure energy security, and necessitysing

renewable energy, or sources that reduce oveedinflouse gas emissions.
Review of Research According to Optimization of Engy Mix

Methodologies to optimize the energy mix can beddig into two groups: methodologies appropriatehi®
economic objectives and methodology directed taebbno-operational objectives. As can be founithénoptimization of
RES in systems, which are observed with the tedp®rational point of view, the methodologies tyficaised the
following variables as the optimization criteriaeserve / backup capacity, import and export depecs, primary energy
consumption and fuel saving, the share of renewab&rgy, carbon dioxide emissions (CO2) and thesxelectricity

production.

Economic optimization utilizes: societal costs ostebenefit data, utility costs, the impact of exape rates, the
levelized cost of energy or, levelizes the unittieity costs, the total resources spent by corsgrenergy companies

and government bodies, as well as marginal costs.

The idea of creating optimal mix obtained from emmit approach corresponds to the situations in evliee
economic "effects" of RES minimize or where supptydemand strategy, claims that the integratioreaéwable energy

economically was viable. Economic optimized miXiofited business and economic needs, reflect tevwiof the private
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sector that wants to maximize its profit.

Heide et al investigated that which is a seasoptihmal mix of RES (wind and solar energy). In deatahesis
Vaskovi uses the compromise ranking method, also knovan\d& OR method. Method VIKOR introduces multi-crite

index ranking is based on individual measure "prowi", "ideal" solution, some of the analyzed atiatives.

Evaluation Criteria of Biomass Chain, Approach to ptimal Variant of Energy Production and Mathematical

Model for Selection of Optimum Variant

Biomass is organic material that comes from plamtd animals, and it is a renewable source of endtgg
necessary to properly select the set of criterichwvkvould have given a better assessment of thgevethain of biomass

energy. The following criteria which must be define
* Energy efficiency of observed chain, criteria fuoetnoted asf;
* Energy efficiency of chain, criteria function notasl §;;
* The coefficient of energy quality for different jiects at energy chaing;f

e Specific investment cost per totally installed pow€all machines and plants in the energy challk\\E criteria

function, f;

¢ Production cost of energy chain per 1 kWh of thedo heating value of produced biofuels or enerdgi\\,

criteria function, §j;

¢ CO, emission in the total chain due to the fossil Juebnsumption for 1 kWh of the lower heating vatfe

produced bio-fuel or energy, kg/kWh, criteria fuoat f.
* Availability of usable resources on its territorydspossibility for its use in defined perceny, f

The energy chains modelling should be based on kadgu It practically means that it is necessanydo a
mathematical modelling of every energy chain eldamas an independent entity which will for itselfepent a
mathematical model as an elementary part of theggrehain. The mentioned criteria are different ddferently defined

initial conditions of a problem.
Mathematical Model for Selection of Optimum Variant and Percent of Energy Supply

The VIKOR method was developed for multi-criterigtimization of complex systems. It determines the
compromise ranking list and the compromise solutibteined with the initial (given) weights. This tined focuses on
ranking and selecting from a set of alternativeshi@ presence of conflicting criteria. It introdacthe multi-criteria
ranking index based on the particular measure los&mess” to the “ideal” solution. Here, VIKOR apization method is
applied as a proposal of an adequate method fosahdion of multi-criteria optimization related the selection of
optimal energy chain of production. The VIKOR meatheequires the values of all the criteria functidos all the
alternatives in the form of a matrix to be famili@ecause of that, at the beginning of the optitromaprocess we set a
general form of the problem (evaluation matrix)eThatrix of criterion functions for all variants thfe production of fuels
or energy is of 7xn dimensions, (7 criteria andtaraatives of energy production), obtained frortaktion for different

cases of energy chains composition:
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a, a- a. a,
f1 _f11 f, f13 fln_
f: f: 1 f:: f:i flﬂ
f; f31 f;: fsa an
F= f4 f-_11 f-_1: f-13 f-—*m
fﬁ f51 fﬁ: f'a f‘n
fus ft’>1 fﬁ: f|53 ffm
f? _f_"-1 f_"-: f?a f."-n N (1)
Where:

{a1, &, &,...&}, ] = n, are a finite set of possible alternatifesthe n energy chains of productiom, {f, fs, s, fs,
fe, 7}, 1 = 7, are a finite set of criterion functionsrffive defined and adopted criteria on the baswlich the chains of
energy production from biomass are analysed, {f,...., &} are the set of all the criterion functions valueamatrix F.

An ideal solution is determined on the basis ofdtiterion functions values from the equation:

=

f =extf,..1=1,2, .. 7.
) (2)

The operator ext denotes a maximum if the functiaescribes a benefit or profit, and a minimum ddscribes
damages or costs or others variables which areesitéo optimize (minimization or maximization eribn functions).
This is the best way to define an ideal solutiondpergy production from different energy chainsdzhon biomass. The
criterion functions within the matrix F are commpmiot expressed in the same units of measurementtlie belonging
criterion space is heterogeneous). For that redeguerform the use of multi-criteria optimizatiahall it is necessary to
convert all the criterion functions to dimensioslégnctions whose values will be in the interval ID It process is called
the normalization of dimensional units in area afitircriteria mathematics. Firstly, the best valwéscriterion functions
are determined. In our case, those are the maxiwaloes of four criterion functions (energy and eyeefficiency, the
coefficient of energy quality for different prodacat energy chains and availability of usable reszs) and minimum
values of the other three criterion functions (miiziation of: CQ emission per 1 kWh produced energy, production cos
per 1 kWh produced energy and specific investmest per an installed kilowatt in the productioniohaThen we have

mathematically:

maxf, (f,)=f,, maxf,(f,)=f,, maxf(f,)="f,,

. . o . omaxf(f) =1,
min f,(f,) =f,, minf(f,) =f, minff ) =f,

(3)

In the same way, the worst values of the critefiorctions can be determined, which are obtainethbysame

criterion functions:

minf,(f,) =f,, minf,(f,) =f, minff(f)=Ff; .
. B ~ min f7(f7j):f7. 4
max f,(f,)=f,;, maxf(f)="f;, maxf )= f. )

Then all the elements of the matrix f are convertethe value domain [0, 1]. That is achieved by thllowing
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formula:

f —-f
d. =——2, and a matrix is formed, in the forld =| d. |, fori=1...7 and j=1, n. (5)
i £ —f- ij

Considering the differenc@i —fi_in the expression for;dt is necessary for all the elements of matrixoCbe

the values in the interval [0, 1]. The value otemibn functions is obtained by maximization or miization of criterion
functions. The criterion weights for our problentated to ranking variants of energy chains, for defined main six
criteria are mutually equal. The reason for thatdsy simple, because we strive for the minimal:,@®ission amounts,
production cost and specific investment cost palltoinstalled power in the energy chain. Also,tie same time, our
aims are maximization of energy efficiency and ggeefficiency, quality of energy forms and availdhi of usable
resources. All criteria functions have equal weightl importance. Due to that, it will be valid thilag¢ criterion weights

are:

1
Wl:W2:W3:W4:W5:W6:W.:7.

(6)

After that, the values of the elements of matri§emd R are calculated. Considering the equality of thitdon

weights, they are obtained as:

R A A A O A 15
Sa.n= WjDiZ:l:dij ‘7%% _[7%@‘ ’_7Di2:1: g ’_7% f _7D,Z:1: "pl}

_ _|d, max d, max d; max d ma
Rj=1...n‘WiDnia){qJ{ 17 ,27 ,’7 s j[

()

In this way, the problem is reduced from a multi-citeria space to a two-criterion problem The values of

minimal and maximal element are determined frommiagrices sand R.
S =minS, S= maxS, R= minR ,R= maxf (8)
i [ T j

The decision strategy weight will be takenias= 0, 6. this is valid for the criterion number m=7. For etltase

and number criterion m, we have:

05 m<4
v=<0.6, 5b<mg 1C (9)
0.7, m=10

On the basis of that, it is possible to calculatevalue of the matrix; gpursuant to the formula:

S-S
qj =y Si_g)+(l—U)

R -R

R-R’ 4o

A certain value of gecorresponds to every chain, in the following matri
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CH CH CH CH O =minQ 1)
Q=[a: &: 9g: g] P

The optimum variant of production is defined by thamimal value. The ranking of alternatives is fexdnfrom
the lowest value ofjdo the highest value of,dhat is from the best to the worst variant. Im case, the alternatives are the

mentioned energy chains for fuels and energy prtimhuc
Possible Proposal for Calculation of Optimal Sharetn the Components of Energy Supply

After calculating values in matrix Qj, we can cd#ta the optimal percent of shares for all comptsen

mentioned energy supply chains according with feite formula:

1-0.
P =n(—q')- (12)

>(1-q)

=

Where is(l— qj) measure of closeness to the ideal alternative efggnchain and j is the number of energy

supply chains. This value is directly related te thistribution of the optimal percentage of thergpgroduction in overall

observed energy supply mix.

Acceptable Advantage and Stability of the Selectedariant of Optimal Energy Chain on the Basis of theVIKOR
Method

This step is after the selection of optimal vatiaalues of ranks in matrix;@nd calculation, percent of shares of
different components of energy chains in the ensigyply mix. If the cases are analyzed in whichvhieies of criterion
weights are different and some criteria are givgmesater importance in relation to the others,stadility of the obtained
solution should be checked on the basis of the \RK@ethod. The alternative (a’) is suggested as@poomise solution,

which is the highest ranked value on the Q measnadrix). Then, two conditions have to be met:

Acceptable Advantage
Q(@") - Q(@’k bQ (13)
Where: a" is the second-position alternative enréimk list (Q);
DQ = 1/ (m-1) is advantage threshold; (14)
Where: m is the number of alternatives (energyrd)ai

Acceptable Stability

The alternative a’ should also be ranked as theibeés and/or R rank (matrix). In that case, thiaithon has been

selected correctly.

Method VIKOR is one of multi-criteria optimizatiomethods with which ranks different variants of ceptuial
solutions from the best to the worst. The ranksigone according to the closeness of the obseraie@s/ g calculate the

ideal point defined in accordance with the givenapaeters of the problem. These are the values &amatrix Q. The
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highest ranked value is the one which is closegeto, i.e. ideally coincides with a predetermipeiht, while the worst is
the one corresponding to the value 1 accordingp@¢onbrmalization process conducted adopted crit€h& closeness is
ideal defined point that can be used for the issfueow the ranking of alternatives but also to deftheir character to
participate in a defined set of observed variaftecept that method VIKOR can rank the various chaih energy
production, also can be calculated and percenthgee sof participation observed variants of energgpdy. This is
accomplished with the help of the calculated vahliethe rank of the matrix Qj. Practically, it meathat the percentage
share of the individual components of the energypbBuwith its defined value of the ideal distancenfi the point (1-g
and opposite to the sum of the individual valuedistance from the ideal point for all variatiorfstioe energy production
analyzedx (1-g). So that, any given state of the optimizationiecia of the energy chains from €orresponds to one
optimum redistribution of their participation inetiproduction of energy defined with the valugofthe matrix according
to a previously proposed concept. It was intendeapen towards the direction of defining the optiergergy mix with the

application of criteria optimization.
CONCLUSIONS

The appropriate energy mix and energy strategydseha region/country need to be planned long-t&n 40
years span at least. The plans should not be ad@ated and neighboring regions/countries shdwdde to be
considered or even contributing. It is possibleatthieve a sustainable and satisfactory energy rgenda for a
region/country, provided that impartial factorsdameir correlation, effects and implications betwehem have been
identified and assessed by experts and capabldepéspentists, engineers, humanists, sociologestsnomists, etc.),
leaders and decision makers together, addressatfigtie targets. More strength is needed to putglbbal energy system
in a more sustainable path. Fossil fuels keep ptpg key role in the global energy mix; technolagyprovements for
emission mitigation and efficient integration ofnesvable sources are increasingly possible scenanothe way to
enhance sustainability. Energy-efficiency policeas play a key role managing demand, thus redugiagsure on the
supply side without detriment of growth. Consumehéwior, technology developments and challengeliract financing
have slowed energy efficiency in realizing its foditential. Water and electricity are highly int@moected, being both two
of the most important energy vectors. Water comgBacould affect the reliability of operation awmbility of projects,
imposing in some regions additional costs. Thertutof electricity could be in the home, with indluals generating

enough power to satisfy their own needs, althoaghd located electricity generation centers wiill s necessary.
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