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Pedepar

Breimycknas kBanmudukanuonnas padora 94 c. 18pwuc., 41 rpad., 22 tabn., 41 ucrounukon, 3
TIPUIIOKCHUS.

KntoueBble ciioBa: BO300HOBIsIEMBbIE HCTOYHHMKH, AaKKyMYJATOpHBIE OaTaped, COJIHEUHas
AIIEKTPOCTAHLINS, 9KOHOMUA COTTHEYHOU 3IEKTPOCTAHIIUN

OOBEKTOM HCCIICNOBAHMSI SIBIISICTCS COJIHEYHAs AJICKTPOCTaHIMsI, Haxonsmascs B PecmyOmuke
Anraii.

Lens paboThl — pa3paboTka HOBOW MOAETH (OTOAIEKTPUIESCKON COTHEYHON CTAHIIHH.
Merozsl uccaen0BaHus — AaHAIMTUYECKUM, TPOCKTHBIN U U3y4EHUE JTUTEPATYPHL.

[Torick HOBBIX BO30OHOBIISIEMBIX MCTOYHUKOB PHEPIMM — aKTyajbHas 3ajjada JJis HaIIero
BpPEMEHH, TaK KaK HEBO30OHOBIIIEMbIE HICTOUHUKHU C KXIBIM JHEM Bee OoJiee HCUEpITBIBAIOT ceOst U
yepe3 HEKOTOpOoe BpeMs NpekpaTsaT cBo€¢ ¢yHKIMOHHWpOBaHWE. [[pyroil He MeHee BaKHOU
OPUYMHON  ABNSETCS JCLEHTpaiu3alus HUCTOYHMKOB. [l OecnepeOoifHONH paboThl  ceTu
SHEProcHa0XeHHs] HeoOXOIUMO HAIUYUE HECKOJbKUX HEOONBIINX AJIEKTPOCTAHLMNA C MEHBIIeH
DHEprueii, BeIpadaThIBAEMOW BO300OHOBISIEMBIMU HCTOYHHMKaMu. OIHAKO, C JPYrol CTOPOHHI,
COJIHEYHAs SHEPTUs U SHEPrusi BeTpa MMEIOT CYIIECTBEHHBIN HEIOCTaTOK — HECTaOWJIbHBIA MOTOK
SHEPTUH, KOTOPBI BBI3BIBACT HECTAaOWIBbHYIO paboTy Bceil cetu aiekTpocHabxeHus. JlaHHYIO
npo0iieMy MOXKHO pEIIUTh IyTeM HCIOJNb30BaHUs OaTapell WM JpYrux IyTed COXpaHEHUS
SHEPIHH.

OnHako B JaHHOW paboTe HE PACCMATPUBAIOTCS CETH DJICKTPOCHAOXKEHUS, B CBSI3U C UEM
paboTarh HEOOXOIMMO B aBTOHOMHOM pekuMe. Takum 00pazoMm, sKUIIOH JOM HaXOIUTCS B TIOJTHOM
3aBUCUMOCTH OT HEe(TH, M LENbI0 JAHHOW pabOThl SIBIAETCS MaKCUMAJIbHOE CHUXKEHUE STOU
3aBUCUMOCTH. I ONTHMH3MPOBAT KKl KOMIIOHEHT (OTORIEKTPUYECKON CONHEYHON CTaHIMH
JUTSL OJTHOTO KHIIOTO JIoMa, Haxojsierocst B Pecrydnuke Antaii psaoM ¢ cenoM balbIKTyroub.

[lenpro maHHOW pabOTHI SABIISETCS MCCIICOBAaHNE BRIOpaHHOTO MecTa B PecyOonmke AnTait u
pa3paboTka BceX KOMIIOHEHTOB ONTHMH3AIMM MCIIONB30BaHMUS COJHEUHOW sSHepruu. B mepBoit
IJIaBe TPEACTaBIE€HAa TEOpPETUYeCKas 4acTh, PACCMOTPEHbI BUIbI BO30OHOBISEMBIX HCTOYHHKOB
SHEPTUH, ONHCAHBI BCE KOMIIOHEHTHI (DOTORIEKTPUYECKOM CONIHEYHOH cTaHImu. BTopas rimaBa —
IIPAKTUYECKAs] YaCTh, B KOTOPOW ONMCAHBI aBTOHOMHBIE CUCTEMBI, PACCUUTAHO HU3JIy4E€HHUE COJIHIA B
TEUYEHUE BCEX MeECsAleB M BbIOpaH ONTHUMAJIbHBIA YroJl HAKJIOHA COJHEYHBIX NaHeJe. 3aTeMm
paccMOTpeHO NOTpeOJIEHUE SHEpruM BHIOPAaHHBIM JOMOM. BciencTBue NPOBEIECHHBIX PacdyeToB
olpenielieHa ONTHMAalbHAs IUIOMIAJL NaHenel, OaTapeil W Jpyrux KOMIIOHEHTOB. B wutore
IIPOU3BEJICH PacuyeT KOHEYHOM LICHBI.

Tperpst TiaBa TpencTaBiIsIET COOOM JKOHOMHYECKYIO 4YacTh. B Hell paccmorpeHa
PKOHOMHYECKAsl OLlCHKAa MHBECTHMIIMM M OCHOBHBIE IIOKa3aTeNd, TaKuWe KaK UUCTBIN
JUCKOHTHPOBAHHBIA  JOXOJ, BHYTPEHHSA CTaBKa JOXOJHOCTH, IIE€PHOJ OKYIAeMOCTH H
JUCKOHTUPOBAHHBIM  IEPUOJ  OKYyImaeMocTH. B cienyromui  IaBe  ONUCAaH — aHAIN3
YYBCTBUTEIBHOCTH, KOTOPBIA IIOMOTAET JIydlle IIOHATH 3aBUCUMOCTH CTOMMOCTH IIPOEKTa OT
BXOJSLIMX IIEPEMEHHBIX. AHaJIM3 YYBCTBUTEJIBHOCTH IIOKA3bIBAET pPEArMpOBaHUE CTOMMOCTHU
IIPOEKTa HA U3MEHEHUE BXOASIINX IEPEMEHHBIX.

Ilocmengnsss 4wacTh -  cOLMAlbHAs OTBETCTBEHHOCTb, B KOTOPOW OIHMCBHIBACTCS, Kak
BO300HOBJISIEMbIE HCTOYHMKH SHEPrMM BIMAIOT HAa MTPUPOAY M KHU3Hb JIOACH. 3aTeM UAeT
3aKJII0YCHHE, B KOTOPOM OIMCaHbl OCHOBHBIEC PE3YJIbTaThl JAHHOU PaOOTHI.



Abstract

The thesis reflect suggest optimal stand- alonestfon which would be
situated in the Altai Republic. PV- station wouldoguce energy for one family
house. It is necessary to design PV- station fesdedepend on diesel. Batteries are
used for better use energy from PV- station. Proge&/GIS was used for calculation
optimal angle and average irradiance in chosen aiteathesis also suggest optimal
operating mode of equipment and describe whichpageint can work together.

The next aim of the thesis is the creation of aomnemical model and

investment evaluation. This chapter determines vhaariant is better.

Key words: renewable energy, PV- station, batteries, investravaluation.



Abbreviations
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1 Introduction

It is necessary to find another energy sources tian-renewable sources,
because non- renewable sources are finishing aed afwhile they will be gone.
Another important reason is decentralization ofreses. There would not be only a
few electrical power stations with a high poweislgood for network, if there would
be also a lot of small power station with smallewpr, like renewable sources.
But on the other hand solar energy and wind enkayg a big disadvantage, unstable
power, what causes to unstable network. We caregolwith batteries, or another
way to save energy.

But there isn’t electrical network in my case réifiere it is necessary to work
in the regime stand- alone. Therefore the housddnvoel dependent for a diesel and
therefore it would be good to reduce this depenelehoptimized each component
for PV- station system for the house, which will §ieuated in the Altai Republic
close by town Balyktuyul. | decided to explore sqlanels as a key renewable power
source for a couple of reasons. Firstly, theretismly moving parts, thus the
maintenance is easier. Secondly, it is scalables the highest power is restricted
only by the area and the lowest limit is tens oftsvarlhirdly, it shows the owner’s
attitude about sustainable energy sources.

This thesis”™ goal is to explore selected locatiorthe Altai Republic and
design each component for optimal use power from $&tion. | am using batteries
for optimal use solar power. First chapter callsotietical part and | am going to
introduce renewable energy sources, after this ¢jammg to describe each component
of PV- system. | am introducing also with seleckecation and weather condition.
The main chapter is practical part, where | descstand- alone system, and where
| will calculate irradiance during all months anavill choose optimal angle of solar
panels. The next part is about house consumptiod.thanks to those calculations |
will design optimal area of solar panels and begseand another component. Then |

will be able to calculate total price.
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The next main chapter is economic part, where &xplaining economic
evaluation of investment efficiency and basic c@tseAfter this | am calculating
NPV, IRR, payback period and discount payback pefiavill examine two variants
of PV- station. The next part is sensitivity an&ysvhich is for better understanding
of dependency of project value on different inpalues. Sensitivity analysis shows
the character of project value, when the valuepfiis are changed.

The last part is social responsibility, where esatibe how renewable sources
affect on nature and life. After this chapter isxcasion, where I'm writing about

results.

2 Theoretical part

2.1 Renewable energy sources

When peple started to generate electricity they used momwable sources.
In the beginning coal and wood was used. Thennailural gas and uranium were
used. But those sources are not for all the tineeare drawing it fast. And it will be
gone. It is a reason, why is necessary to findrgibssibilities.

There are many practically infinite sources. W# tteem renewable energy
sources. In this group is Sun, whose energy weusaneverywhere on the world.
On deserts, mountains or on a small island. Watkich is in rivers, flowing down
from mountains to oceans. The wind, the Moon’s ggner geothermal power. We
have many choices. But we have problem with renéwamergy and it is

economically effective

2.1.1Wind’'s energy

The potential of the wind power is very differentthe world. It depends on
a lot of conditions. As we can see in the figumamns regions have better conditions
then another and it’s a reaswhy many wind turbines have been built for exampl

in northern Germany, in Denmark or on desert in USA
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Picture 1- Global potential for wind- generatecctieity [1]

The potential of wind power as a global sourceslettricity is assessed by
using winds derived through assimilation of datanfra variety of meteorological
sources. The analysis indicates that a networkanfl-based 2.5-megawatt (MW)
turbines restricted to nosrested, ice-free, nonurban areas operating atttbes dis
20% of their rated capacity could supply >40 tinsesrent worldwide consumption
of electricity, >5 times total global use of enem\all forms. Resources in the United
States, specifically in the central plain statemjld accommodate as much as 16

times total current demand for electricity in theitdd States. [1]

2.1.2Hydropower

Hydropower capable of meeting base load elecgtricBquirements, but it
capable of meeting peak’s requirements too. Thexehmee types of hydropower
station:

 Pumped storage- water is pumped to a higher reseamd if we need

peak’s energy water ould be released. It's very important station,
because it is one of the few economically viabléoms of electricity
storage.

* Run of river- the flow of a river generates elatityi.

» Reservoir- electricity is generated through theasé of stored water
17
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Picture 2- World potential and current hydropoweoguction[2]

2.1.3Sun’s energy

,,Solar energy, is present at any point in the earth’s surface. The amount of

energy sent by the sun to the Earth is enormous. This, power of solar radiation,

covering the area of 10km’, on a summer cloudless day makes 7...9 million

kilowatt.

Radiation energy passing through the atmosphere, gets scattered and

absorbed. Reaching the earth’s surface, solar radiation is partially reflected. Non-

reflected portion of radiation is absorbed and transformed into heat. Heated

surface, in turn, becomes a source of natural radiation directed to the atmosphere.

Atmosphere, heated by thermal exchange with the earth’s surface, is also a source

of radiation directed toward the surface and into space.”” /3/
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Picture 3- Atmospheric reduction of sunlight [4]

2.2 Analysist of system
Stand- alone PV System

Diesel

Generator
PV Panel <
Power
——— Conditioning and - Load
Control
A
Battery

Picture 4- Stand- alone PV system [3]

2.2.1Solar panel technologies

Photovoltaic panels are composed of solar cellschvare semiconductors
devices. Cells anvert sun’s light energy to electric energy. Sataells use for
transformation the photoelectric effect, in whiclectrons are emitted from the
material due to absorption of the photons. Solds censistof two desk, where the
first desk is P-type, where predominate placedeghq which can accept the free
electrons. The send desk is N-type, which is negative charged bexdhere are
predominated negative electrons. Between thesesdsgidace called P-N junction,
where holes and electrons make pairs. Sunlighhés dlectromagnetic radiation,
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which is consisted from oscillating photons. If flno has enough energy,
semiconductors absorb ¢gbn. During the absorption photons emit electramsnf

semiconductor and make hole- electron pair. Thestezl electrons are removed by
electrodes like DC.

Sunlight

Solar Panel

Antireflection coating a
Transparent adhesive
Cover glass 7 7 Current
\/.f (s
—

p=n junction

p-type semiconductor
G = olociron @ Current

Picture 5- Solar Cell [5]

Typical produce of silicon solar cells is aboli\0, If we want higher voltage
we have to ennect in series to form alar module. A panel consists of several
models. A collection of solar panels is called salaay.

PV Cell PV Module PV Panel PV Array

V000 .-" .-":' '."',".:':.; ._-‘::-;-‘
4;, T

-----

vvvvvvvv

N [ ? J77 47
V7724 ﬁ'ﬁﬁ

Picture 6- Terminology regarding solar panels [3]
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A lot of solar panels which are produced are frsiicon semiconductor
material.
There are three basic types:
e Thin-film modules
» Polycrystalline modules
* Monocrystalline modules
Differences between those materials are in effmyeof energy conversion,
material, price and engineering processes.
Voltage and current characteristics vary on d#ferinsolation levels. In the
next figure it can be seen dependence currentodatiisn.

Ambient Temp. [300 k]
5 p——

T -.G=1000 W/m?
451} -
4 G=800 W/m?
35¢ ]
- 3 G=600 W/m?
< -
25
= - 2
3 2 G=400 W/m "
15 \
1 L G=200 W/m? Y
\
0.5 \
0 , :
0 5 10 15 20

BP280 Voltaae [VI]

Figure 1- Typical current/ voltage characteristigrees for different insolation
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Figure 2- Effects of temperature on silicon solali€[3]

In the figure of effect of temperature on siliceslar cells it can be seen that
current/ voltage characteristic is depended on &atpre. If solar cells work in

lower temperature then they have better efficiency.

% A

100%

S0%4--f--------

w/m-

I

500 1000
solar radiation

Figure 3- Efficiency dependence of photoconversiosolar radiation [6]

The figure 3 shows that in the range of the scdaliation intensity change

from 800 to 1000W/m photoconversion efficiency varies only slightly.
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Consequently, power of the photovoltaic modulus arcloudy day is reduced
compared to the solar one just because of the I@okr energy incident on the
receiving surface of photoconverter. Usually, wlesmall cloud covers, solar panel
can produce up to 80% of its maximum capacity.Mercast conditions, this value is
reduced to 30 %46]

2.2.1.1 Shadow effect

»Solar panels consist of many series-parallel eotad cells should take into
account shadow effect that occurs in case of paréael blackening. If a cell in a
series circuit of completely obscured, it is coteeérfrom power source to customer.
Series circuit of illuminated cells makes currdoiM, heating shaded cell by power
losses, caused by its internal resistance.

Thus, there is a reduction of electrical powep&p off from the panel. To
minimize the negative impact of the shadow effattsolar panel capacity, series
circuit of photoelectric module is split by bypabsdes for a few short sections.

Consequently, power generated by the unit inceeasdower temperatures.
However, maximum power at various temperaturesesponds to different voltages.
To remove this shortcoming photovoltaic power plimbuld by fitted with a voltage

regulator.”[6]

— b * - 4 | cccccccaa.
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[/ ]
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Figure 4- Bypass diodes connection circuit
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2.2.1.2 Monocrystalline silicon solar cells
Monocrystalline silicon has used for decades larstells, mostly it’s made by
using Czochralsky process, where ingot up to 2 metéength are grown from a
seed crystal.
Advantages:
* Monocrystalline solar panels have the highest iefficy rates since they are
made out of the highest-grade silicon. The efficyerates of monocrystalline
solar panels are typically 15-20%.
* Monocrystalline silicon solar produce up to foundis the amount of electricity
as thin-film solar panels.
* Monocrystalline solar panels live the longest. Mosinufacturers put 25-years
warranty.
* Usually they are better than polycrystalline sop@mels during low-light
conditions.
Disadvantages:
* Monocrystalline solar panels are the most expensive
» |If the solar panel is partially covered with shadie, or snow, the entire circuit

can break down [7]

Picture 7- Monocrystalline silicon solar cells
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2.2.1.3 Polycrystalline silicon solar cells

It's made by using another process than Czochrpiskess. Raw silicon is
melted and poured into a square mold, which isembaind cut into perfectly square
wafers. The efficiency is typically 13- 16%.

Advantages:

» The process for production is simpler and cost.l@$& amount of waste
silicon is less.

Disadvantages:

» Lower efficiency than monocrystalline solar pané&hgpically 13- 16%.
» Lower space-efficiency. If we need the same eleaitpower as we would with

a solar panel made of monocrystalline silicon waulianeed cover a larger
surface. [14]

Picture 8- Polycrystalline silicon solar cells [7]
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2.2.1.4 Thin-Film Solar Cells (TFSC)

Depositing one or several thin layers of photaioltnaterial into a substrate is
the basic gist of how thin- film solar cells aremagactured. It also call thin- film
photovoltaic cells (TFPV). The different types dfint film solar cells can be
categorized by which photovoltaic material is déj@alsonto the substrate:

* Amorphous silicon (a-Si)
e Cedmium telluride (CdTe)
* Copper indium gallium selenide (CIS/CIGS)
» Organic photovoltaic cells (OPC)
Advantages
» Mass-production is simple and cheap.
* Their look. Their homogenous appearance is integesbdr architects.
» Shading and high temperatures have less impact
* When we have much space it could be good choice(example-
deserts)

Disadvantages

* Monocrystalline solar panels produce up to fouresnthe amount of
electricity as thin-film solar panels for the saamount of space.

e Usually thin- film solar panel has shorter warrarBgcause thin- film
solar panel tend to degrade faster than polyctystal and
monocrystalline solar panel

* If we have lesser low space it means that costVeEuipment would
be higher. [7]
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Picture 9- Thin-film solar cells

2.2.2Battery charging
We need storage the energy for demand during I®etar irradiation and
nighttime. Several types of batteries are availahleh as the lead acid, nickel-
cadmium, lithium, sodium sulfur etc. For exampladeacid battery is typically used
to guarantee several hours to a few days of erstaggige. Acid battery is used in the
widespread application. [3]
Factors are considered in the selection of batdar PV applications.
* Low charging/ discharging current
» Long duration charge and discharge
» Low self-discharge
* Low cost
* Long life time
* Less maintenance requirement
» High energy storage efficiency
* Varying and irregular charge/discharge

» Deep discharge (70-80% depth of discharge)
[3]
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Manu

facturers of battery specify the nominal numisecomplete charge and

discharge cycles as a function of the depth ofhdigge. It can be seen in the next

figure.
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Figure 5- Nominal number of battery cycles vs degttlischargd3]

2.2.2.1 Types of batteries

We know a lot of types of batteries and main prgpfr us during choosing is

depth of discharge. LiFePO4 has the best valuepthdof discharge and you can see

another types of batteries and compare values.
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2.2.2.1.1 lithium-sulphur battery

TYPICALCYCLELIFEIN ASTATIONARY APPLICATION

4500
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Number of Cycles
§ § § 8
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Figure 6- Depth of discharge of lithium- sulphurtieay [8]
2.2.2.1.2 Nickel-Iron battery
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Figure 7- Depth of discharge nickel- iron batte8} [
Figure 7 shows depth of discharge nickel- iroridrgt

2.2.2.1.3 LiFeP0O4

The lithium iron phosphate (LiFePO4) is a typeeadhargeable battery, which
was researched in 1996. It has the greatest nuchiaege/ discharge cycles. That is a
reason why this technology is mainly adopted inliappons requiring long life.

Major advantages of LiFePO4 are:
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* Cycle life: from two thousand to several thousarith(t)
» Safe technology (no thermal runaway)
* Environment (very low toxicity- use of iron, graphiand phosphate)
» Calendar life
» Operational temperature range: up to 70°C
* Very low internal resistance. Stability or evenldexover the cycles.
» Constant power throughout the discharge range.
» Ease of recycling
[9]

Lithium Iron Phosphate - Expected Cycle life vs DoD and C-Rate
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Figure 8- Depth of discharge of LiFePo4 [10]

The previous figure shows the estimated numbeydgs for LiFePo4
according to the discharge power and DOD figurée fEst conditions are those of a
laboratory (constant temperature of 25 ° C, constiaarging power and discharge).

We can see in the figure that if depth of dischasdge00%, number of cycles would
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be 2000. If depth of discharge is 80%, number ofesywould be 3000. If depth of
discharge is 55%, number of cycles would be 8000.

2.2.3Inverter
We need in electrical network AC voltage becaudetaf appliances need
230V, 50Hz. But electricity, which is produced frasnlar panel, is DC. Inverter
transforms power from DC to AC. Mostly stand- alemeerters operate at 12, 24, 48,
96, 120 or 240V DC.
Inverter should have those features
» Sinusoidal output voltage
» High efficiency at light loads
» Less harmonic generation. Electronic appliancefddo& damage.
» Photovoltaic inverter must be able to withstandrimagling for short term.
(For example: starting currents from refrigerator)
» Adequate protection arrangement for short cirayigr/under — voltage etc.
» Surge capacity

[3]

2.2.4Diesel generator

The diesel generator is the most widely used agdbo the isolated system and
definitely one of the most effective. A modern dlegenerator, well designed for the
intended load, is a very effective, reliable andtreely easy in maintenance device.
The desirable load for generator is 25-80% of namitdigher load decreases
lifetime of diesel generator; lower load provokes thigher fuel consumption and

carbonization effect due to the gases in the cglis@df generator.

2.3 Conditions in Altai republic and Balyktuyul

The Altai Republic is situated in the middle ofdRian on south, on the board
with Mongolia, China and Kazakhstan. The area efrépublic is 92 600kfrand has

206 000 inhabitants. There are mountainous cousty all those information are
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causes why there are a lots of place, which coulkbrinect with electrical network
and it’s necessary use station stand- alone.
The Altai Republic has a temperate continentahate with hot summers, but

summers are short. And the republic has long altiwimters, which are frosty.
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: \"J‘ "«
o, o7

Picture 10- Map of Russia [11]

| have chosen place, which is situated on theeshof lake. The lake is not far
from Balyktuyul. Exactly position is: Location: 58'15" North, 88°14'39" East,

Elevation: 1654 m a.s.l.,
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Picture 11- Map of the Altai Republic [11]

Table 1- Average daily number of sunshine hour$ [12

Month |January |February |March April May June
Sunshine

[hours] 5,4 6,1 7,8 9,7 11,2 12,9
Month  |July August |SeptembegOctober |[Novembe|December
Sunshine

[hours] 12,8 11,1 9,7 7 5,2 5,2

Table 2- Average monthly number of sunshine hdlf |

Month |January |February |March April May June
Sunshine

[hours] 167,4 183 241,8 291 347,2 387
Month  |July August |SeptembdOctober |Novembe|December
Sunshine

[hours] 396,8 344,1 291 217 156 161,2
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4 Economy

After explaining the core technical algorithmswould like to complete the
methodology explanation with an economical modwdtdllation of solar panels may
make environmental sense straight on, becauseothermmeeded to produce panel is

‘repaid’ by the panel’s generation in the matteyedrs.

In this chapter | firstly calculated variant witltodiesel- generator because |
needed to compare how much money | would save, wheould use PV- station
with batteries. And from this variant | determinpdce of kWh. Usually | would
compare energy from electric network, but it is possible in my case, because

network is very far and | can’t connect with netkvor

4.1 Economic evaluation of investment efficiency

4.1.1Cash flow

Cash flow is the net amount of cash and cash-atgnts moving into and out
of the business. Positive cash flow indicates thatompany's liquid assets are
increasing, enabling it to settle debts, reinvgstmits business, returning money to
shareholders, paying expenses and providing a bw@éminst future financial
challenges. Negative cash flow indicates that a paonw's liquid assets are
decreasing. Net cash flow is distinguished frominedme, which includes accounts
receivable and other items for which payment hasactually been received. Cash
flow is used to assess the quality of a compamgsme, that is, how liquid it is,

which can indicate whether the company is positicioeremain solvent. [31]
Cash flow is calculated as:
CFi = —I —IRi —MCi + Si [RUB]
Equation 1- Cash flow CFi
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Where i is current year, | symbolizes the initiavestment, IRi is inverter
renewal, MCi are maintenance costs, Si represeateynsaved using solar panels.

Cumulative cash flow is a sum of capital flow franproject:
CCFi = YCFiiy = 0[RUB]

Equation 2- Cumulative cash flow CCFi

Where i is current year. CCFi is used in somehureconomic indicators like
PP (Payback Period).

4.1.2Discount Rate

The discount rate refers to the interest rate usedscounted cash flow (DCF)
analysis to determine the present value of futash dlows. The discount rate in DCF
analysis takes into account not just the time vatienoney, but also the risk or
uncertainty of future cash flows; the greater theautainty of future cash flows, the
higher the discount rate. [31]

It is more valuable to receive 1000 EUR today tthennext year. The reason is
you can use the money to bring you a benefit, méish an interest. Discount rate
addresses this issue of differences in value ofeypam time. As a basic benchmark
of a discount rate, | used 10-year bonds of EMUheanues. The interest rates are not
the same throughout those countries. For exampbeala yields interest rate of
0.5% and Greece has 11.43%. Most of the otherssthtevever, have their rates
between 1% and 3%. [32] Therefore, | will take 28adasis. The next question is: ,,
Is the risk the same with invest money into Europdends and invest into
photovoltaic power plant?”” Government bonds aspeeted as a save investment.
Sure, countries can go bankrupt, how happened emfgimes in past decades, but
we can say, that government bonds are save iDesanother side, there are many
risks with photovoltaic power plan. For exampledrters may not have lifetime as

expected, panels may degrade faster, than we expageather may be unfavorable
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for years. Therefore | used a discount rate of b&mn doing a sensitivity analysis in
one of the following chapters.

4.1.3Discounted cash flow

A discounted cash flow (DCF) is a valuation methaskd to estimate the
attractiveness of an investment opportunity. Disted cash flow analysis uses
future free cash flow projections and discountsrthte arrive at a present value
estimate, which is used to evaluate the poterdrahnivestment. If the value arrived at
through discounted cash flow analysis is highemtithe current cost of the
investment, the opportunity may be a good one. [31]

DCFi = —=L_ [RUB]
A +r)hi

Equation 3- Discounted cash flow DCFi

Where r represents discount rate andi€€&ashflow in year i.

DCFi would be always smaller than non- discoun@#d, if discount rate is

greater than 0%.

CDCFi =
y

DCFi [RUB]

i
=0

Equation 4- Cumulative discounted cashflow

4.1.4Payback period
Payback period (PP) is the time in which the ahittash outflow of an
investment is expected to be recovered from thdn saows generated by the

investment. It is one of the simplest investmemtragsal techniques.

PP = number of years untill CFi became positive [RUB]

i
=0

y

Equation 5- Payback period
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Payback method advantages and disadvantages:

PP is useful from a risk analysis perspective.adage is quick picture of the
amount of time that the initial investment will bée risk. In this method is the best
choice invest, which has payback method lowesterids to be more useful in
industries where investments become obsolete waickly, and where a full return
of the initial investment is therefore a seriouswa@n. This method has those
disadvantages:

» Asset life spanif an asset’s useful life expires immediatelyeaft pays back
the initial investment, then there is no opportyund generate additional cash
flows. The payback method does not incorporate assumption regarding
asset life span.

» Additional cash flowsThe concept does not consider the presence of ar
additional cash flows that may arise from an investt in the periods after full
payback has been achieved.

« Cash flow complexity The formula is too simplistic to account for the
multitude of cash flows that actually arise withcapital investment. For
example, cash investments may be required at dest@ges, such as cash
outlays for periodic upgrades. Also, cash outflaway change significantly
over time, varying with customer demand and thewarhof competition.

* Time value of moneyhe method does not take into account the tinheevaef
money, where cash generated in later periods i& Wess than cash earned in
the current period. A variation on the payback gufiormula, known as the
discounted payback formula, eliminates this con@srincorporating the time
value of money into the calculation.

[33]

4.1.5Net Present Value (NPV)

NPV includes the value of money in time. Net pr¢salue indicates, what is
the net benefit, when carrying on with the progicturrent terms. In comparison to

payback period.
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T Ct
=1 (1+m)nt

NPV =Y

— Co [RUB]

Equation 6- Net present value

Where Ct means net cash inflow during the peridd tepresents total initial
investment costs, r is discount rate and t reptesemmber of time periods.

A positive net present value indicates that tloggated earnings generated by a
project or investment (in present dollars) exce#us anticipated costs (also in
present dollars). Generally, an investment withositpre net present value will be a
profitable one and one with a negative net pregaluie will result in a net loss. This
concept is the basis for the NPV rule, which degathat the only investments that
should be made are those with positive net presduoes. [31]

| calculated NPV for 20 years. It was difficult determine lifetime of system
but | have chosen this value because | design 096 &nd it is mean that lifetime of
batteries would be around 20 years. Solar panal&omork for a long time, but
batteries represent the most part of price, thetdiave chosen lifetime of system 20

years.

4.1.6Internal Rate of Return (IRR)

Internal rate of return (IRR) is a metric useatapital budgeting measuring the
profitability of potential investments. Internalteéaof return is a discount rate that
makes the net present value (NPV) of all cash flbaus a particular project equal to
zero. IRR calculations rely on the same formul&lBY does. [31]

T CFt
t=1 1 4+IRR)"t

NPV =Y =0 [RUB]

Equation 7- Internal rate of return [%]

To calculate internal rate of return using therfola, one would set net present

value equal to zero and solve for the discountmandich is here the internal rate of
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return. IRR cannot be calculated analytically. Westninstead be calculated either
through trial-and-error or using software progrardnte calculate internal rate of
return.

Generally speaking, the higher a project's interate of return, the more
desirable it is to undertake the project. Internate of return is uniform for
investments of varying types and, as such, inteatal of return can be used to rank
multiple prospective projects a firm is considering a relatively even basis.
Assuming the costs of investment are equal amoag/dinious projects, the project
with the highest IRR would probably be consideresiliest and undertaken firfi7]

4.2 Evaluation of project

For evaluation of my project is necessary to dated cost, if | would use only

diesel- generator. And then | compare my variath wariant without PV-station.

4.2.1Variant without PV- station

This variant is without PV-station and there Wi only diesel- generator. Also
there will not be batteries. This variant is fomgmarison and determine profitability
of project with PV- station and with batteries. @ity | have seen only diesel-
generator on houses in the Altai Republic, but #fa@sant is not ecologic and it is
consuming a lot of diesel.

My diesel generator has consumption 1.4l/h for@BBO0 | assume work of
diesel generator 20hours per one day, but consamji not 3000W all the time.
Average consumption of kWh and this value is O\&k [23]

It is very hard to predict prices for longer tiperiod. The fuel price depends
on many factors as political or economical situatiodetermined the price of diesel
from average price of diesel from last 2 years ptassport. | determined price of
one liter 38RUB. Prediction a price is very difficibecause nobody knows, what
will happen in the future. For prediction of prideshecked website yandex.ru and |
found prices in the past. Prices have been unstaideafter consultation with my

supervisor | assume increasing of this price by &#%ry year. The next important
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value is inflation, | calculated average inflatiwam last 15 years and it is 11.48%. |
am keeping this value for next 20 years. [34]

Then | calculated how much | would pay for diek®l a year. | multiplied
price of a liter [RUB/I], average consumption ohgeator [I/lkWh] and consumption
[kWh/year]. This value is changing, because inaahssels price. The next costs are
maintenance costs. | have included: oil changteré) work, cleaning. It is necessary
do it two times in a year in this variant. | havesen this value 8000RUB in the first
year and then this value will increase, due taaiidh. | chose maintenance cost after
consultation with firmy, Namir™”.[35] After those calculations | was able to caltella
average price of kWh in this system. | summed cadstliesel [RUB/year] and
maintenance cost [RUB/year] and divided consumpfidith/year]. This value is
changing too, due to inflation and increasing cos$tdiesel. Average price of kWh is
35.2RUB/kWHh in the first year.

Cash flow
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Figure 11- Cash flow in variant without PV-station

The previous figure shows cash flow in variant,evéhis used only diesel-
generator. In the first year is include invest soahd | predict change a diesel-
generator after ten years. | assume to buy the sisel- generator like in the first

year and its price increase in accord with inflatio
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4.2.2Compare variant without PV- station and with PV- station
(34m?)
| have designed PV- station, which has 34Bnergy from this PV- system
with batteries cover consumption during 9 monthst bhave to remember for
efficiency drop. | have chosen this value 2% pex gear. [36] It means, | will need
more energy from diesel generator every year.dutaled how much energy | will

need from diesel- generator from consumption of tnnwhich wouldn’t be covered

by energy from PV-station.

5500 energy from diesel generator [kWh]

2000 -/

1500 /

1000

[kWh]
=—o==cnergy [kWh/year]

500

O T T T T T T T T T T T T T T T T T T 1
2017 2019 2021 2023 2025 2027 2029 2031 2033 2035
year

Figure 12- How much energy | need from diesel getoer

The previous figure illustratesow much energy | will need from diesel
generator every year. Increase of energy is beceffiseency is falling every year,
but not for more than 50%, what somebody couldktifiom the previous figure. It is
because we don’t use all energy during some manthewerything is calculated in
appendix. | included to calculations, PV- statiol wot work during one week in
summer. Reason could be for example bad weathemelns | include energy

(average consumption during summer per one weelen&rgy, which | will need
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from diesel- generator. | did not include investerof diesel- generator, because |
would buy it also if | would not use PV- station.

Another cost is maintenance cost, which | calegdaum maintenance costs of
diesel generator and maintenance costs of systemondulted about maintenance
costs of diesel generator with firnNamir”™ and they recommend me that | will do
changing oil and filters once in a year duringtften years and then two times. | also
save money for no replacement diesel- generatorgchwis necessary in variant
without PV- station, but | will use diesel- generahot so much like in variant
without PV- station. | will use diesel- generatoronm during years, because
efficiency of system is falling and | will need neoenergy from diesel- generator.
Maintenance costs of system | determined 0.35% fpsioe of solar panels. |
determined maintenance costs after consultation imifj. Rostislav Krejcar, Ph.D.,
who was my supervisor in the Czech Republic in CTThlso calculated how many
energy | will save from diesel generator and thedug equals different between
consumption of house and how much energy | will fugss diesel- generator. | did
not include for calculation profitability price afiesel- generator, protection PL7-
B20/1 Eaton, because | would need to buy it alsthéncase, when | would choose

variant without PV- station
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CFt and DCFt
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Figure 13- CFt and DCFt

| can see in the previous figure CF and DCF dummtiyvidual years. CF rises
because price of diesel increase, but vice verga saergy from diesel- generator is
falling. | put CFt and DCFt from first year (notreeyear, where is invest), because
CF in zero year is lower than -2 500 000RUB andriggwould not be well-arranged.

CFt and DCFt is lower in tenth year, because Irassureplacement new inverter.
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Cumulated CFt and cumulated DCFt
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Figure 14- Cumulated CFt and cumulated DCFt

Table 3- Results of variant with 34m2

NPV [RUB] 242 681
IRR [%] 6.10%

PP [years] 11.49

DPP [years] 16.52

As we can see in the previous figure, CF and D@Hawer in tenth year than
other years, because | assume change invertertafteyears. | determine discount
rate 5%. NPV equals cumulated DCF in last year,tuh@42 681RUB. The next
important value is IRR, which describes discourée,ravhen NPV would be zero.
IRR is 6.1% in our project, it means if discourteravould be lesser than 6.1% NPV
would be positive and vice versa if discount ratuld be higher, NPV would be
negative. We can read payback period in previogsrd. This point is where
cumulate CFt crosses 0. Payback period is 11.46 yeighout include discount. But
better factor is discount payback period. This galve can find, where cumulate
DCFt crosses 0. Discount payback period is 16.52sye
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4.2.3Compare variant without PV- station and with PV- station

(27m?2)

Power from this PV- station, which has area 2amd power is 3.1kWp. |
chose this area, because energy from this PVostabvers consumption during six
months in the first year. | assume efficiency fl2% per one year, like the previous
variant. The next change is replacement new diggglerator over ten years together
with new inverter. | calculated prices in the funsing inflation, which | kept
11.48%. This value is average for last fifteen gedB4] | replacement diesel-
generator, because it will work often that in poes variant and | decided like this
after consultation with firm ,, Namir”". [60] Engrdrom PV- station will covered no
month after ten years, thanks to falling efficiendy means, | will use diesel-

generator on all months, but not all the time afrse.

Energy from PV- station
1 000 000
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800 000 / ~” /\,.—-o\\
600 000 7
\ —0
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=8 Energy from PV- station

Figure 15- Energy from PV-station

Figure 32 shows yearly energy production of PV-istain first year. | can see,
peak is in May and the lowest production is in Deloer. Unfortunately consumption
is the highest in December too. Then it was necgssanpare daily production and

daily consumption.
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comparison required energy and produced energy
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Figure 16- Comparison required energy and produeedrgy

The previous figure shows comparison requiredggnand produced energy.
Required energy is higher than produced duringr&rths. Otherwise required
energy is lower than produced energy during anaixemonths. Produced energy is
falling every year and after ten years is lowenthequired energy on all months.
Therefore diesel- generator will be used in all thenbut of course not for all the

time.
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Figure 17- How much energy | need from diesel gatoer

| calculated how much energy | will need from ntent which their
consumption is not covered from PV- station. Anotteculations are the same like
in variant with 34

CFt and DCFt
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Figure 18- CFt and DCFt
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Cumulated CFt and cumulated DCFt
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The previous figure shows cumulated CFt and curedl®CFt with variant
area 27 of solar panels. We can drop CF in tenth yeds, litecause | replacement

new inverter and diesel- generator. Reason, whyisCot constant, is increasing

Figure 19- Cumulated CFt and cumulated DCFt

price of diesel and falling efficiency of system.

| determine discount rate 5% like in the previgagant and then | will able to
compare it. NPV equals cumulated DCF in the lastryavhat is -306 520RUB.
Another important value is IRR, which describexdisit rate, when NPV would be
zero. IRR is 3.38% in our project, it means if diset rate would be lesser than
3.38% NPV would be positive and vice versa if digtt rate would be higher, NPV
would me negative. We can read payback periodarptlevious figure. This point is
where cumulate CFt crosses 0. Payback period i8218ears without include

discount. But better factor is discount paybackiquerThis value we can’t find,

Table 4- Results of variant with 27m2

NPV [RUB] -306 520

IRR [%] 3.38%
PP [years] 13.82
DPP [years]
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because cumulate DCFt does not cross 0. It woolssdd after 20 years, but | assume

20 years life time.

4.3 Sensitivity analysis
| did sensitivity analysis for better understandiof dependency of project

value on different input values. Analysis shows tharacter of project value, when
the value of inputs are changed.
The first analysis shows dependency on value estadint. It has been

calculated for values from 0 to 10 percent. Restilanalysis is shown in the next

figure:
Discount rate analysis
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Figure 20- Results of discount rate analysis

By changing the discount rate the NPV value vaieédrsely.NPV value is the
highest with the lowest discount rate. Value otdimt rate, when NPV is 0, equals
IRR. Discount payback period finishes in the sanoenent, where NPV starts to be
negative.

Price of fuel for diesel- generator is very immit for results in my case,
because it is not possible connect to networks ary hard to predict prices for

longer time period. The fuel price depends on nfantors as political or economical
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situation. Correlation between evolution of fuacprand NPV value was counted in

range from -10% to +10%.

Fuel price analysis
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Figure 21- Fuel price analysis results

The figure 38 shows strong dependence betweenpfied and NPV value.
Fuel price is very important input value for result

The next sensitivity analysis is about inflation.

Inflation analysis
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Figure 22- Inflation analysis
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The previous figure show sensitivity analysis, wirdlation is changing. We
can see, if inflation would be 16%, NPV of variarith 37nf would be 0, it means

discount payback period would be around 20 yeaP3/ Nf variant with 20rhwould
be negative in each case.

5 Social responsibility
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Conclusion
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6 Sources
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