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Introduction. The effective use of small water sources in the RA Syunik region of
the Republic of Armenia is of great importance from the point of view of saving fuel, and
energy resources, and protecting the environment. This incentive will provide an
opportunity to solve numerous regional problems caused by natural disasters,
encroachments, and war situations.

Relevance. The development of hydroelectricity, especially in the Syunik region,
is of vital importance for both Armenia and the region. The settlements of the region
mainly use natural gas, hydropower, and some types of alternative energy, so from the
energy security point of view, the use of small water flows to generate electricity is a
relevant issue’.

The aim of the article is to roadmap the use of small water bodies in the Syunik
region by building hydroelectric power plants (mini-HPPs). The main practical
implication of the study is the fact that the obtained results can be applied in the Syunik
region.

Literature review. The economic development in the scope of sustainability and
environmental protection is shaping the production practices of all the economic sectors.
The ingredient of sustainability is added to every business project and the environmental
aspect of economic activities has gained the same attention as the social and welfare
aspects of the population. Studies show that the real sectors of the economy in RA have
declining environmental efficiency?, which further substantiates the need for new
energy-efficient and sustainable business projects.

Water management is one of the directly linked spheres of the energy sector and
environmental protection, since the use of hidropower in energy production is one of
the main sources in electricity produciton in Armenia. Therefore efficient water
management also assumes energy efficiency. The issue is apparent in both macro meso
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and micro levels since water saving and water waste again are directly linked to energy
efficiency®. Studies explore the two-sided essence of water management efficiency,
where water use management is seen as the energy-saving aspect*.

There are practically no energy/fuel resources in the RA, and water power plants
are considered one of the primary sources of electricity for the RA>. The rivers in
Armenia have special characteristics of mountain rivers: large declines and slopes,
waterfalls and slides, flood-mud temporary rivers and beds, rainwater, snowmelt and
underground feeding, and spring floods. It is particularly noteworthy that the flow
mainly occurs in high-altitude zones® and from the point of view of water resources
management, the construction of HPPs is important’. Several studies are dedicated to
using the power potential of Armenian rivers 8.

Methodology. In the scope of the study, the main hydraulic equations and
energy balance conditions for energy storage and conversion, design, and construction
of hydroelectric power plants were used and implemented.

Analysis:The HPP is planned to be built in the Syunik region, on the left bank of
the Vorotan River, near the Angeghakot reservoir. The head node of the HPP is planned
to be built near the "Mets Aghbyur" spring located at 1810.0 m above sea level on the
Vorotan River. It is a spring-connected structure with a water intake. The total length
of the derivation is 400m, which currently exists and was previously made of steel pipes
with a diameter of 0.40m. The capacity of the derivation is 0.102m?/s.

HPP-standard parameters are:
e installed capacity: N = 63.0 kW;
e static pressure: Hs = 79.0 m;
e calculated pressure: H = 78.1m;
e calculated output: Q = 0.102 m?3/s.
The average annual amount of produced electricity is 550 thousand kWh.

3 Wilson, L., Lichinga, K., Kilindu, A., Masse, A. Water utilities’ improvement: The need for
water and energy management techniques and skills. Water Cycle, 2, 2021, 32-37.
https://doi.org/10.1016/j.watcyc.2021.05.002

4 Zimoch, I., Bartkiewicz, E., Machnik-Slomka, J., Klosok-Bazan, I., Rak, A., Rusek, S. ().
Sustainable Water Supply Systems Management for Energy Efficiency: A Case
Study. Energies, 14(16), 5101. 2021, https://doi.org/10.3390/en14165101

5 Source: www.minenergy.ampage/448, last accessed: 15/10/2024.

6 Concept of "Introduction of water-saving technologies", Appendix No. 1 of the RA
Government's decision No. 39-L of January 17, 2019

7 Volnushkina, K., Bryanskaya, Yu., Hydraulic resistance of pipelines restored using polymer
hoses. Hydraulic engineering. No. 9, 2023
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The Vorotan River has a mixed feeding system, where the maximum discharges
are observed in April-July. The Vorotan River is the largest tributary of the Araks in the
Syunik region. It originates from small lakes and springs on the northeastern slopes of
the Syunik Plateau and the eastern slopes of the Zangezur mountain range. One of the
largest tributaries of the Vorotan River is the Sisian River, which is its right tributary,
flowing into it 107 km from the mouth, its length is 33 km, and the area of the catchment
basin is 395 km?. From the left bank, the river receives water from numerous springs of
the Mukhurturyan, Angeghakot, Shaki, Zor-Zor, and Shinahayr. Thanks to those
springs, the groundwater feeding of the river is quite significant (more than 50%), and
the flow is constant in the low-water season.

The other geological conditions of the location are: average multi-year
cumulative precipitation amount is 419 mm, the average annual wind speed is 1.5-2.5
m/s, and the maximum wind speed is 20 m/s. The vegetation is poor, it is mainly
represented by mountain pastures and grasslands with little forest. The riverbed has
severe bends along its entire length, in some places the bank is swamped due to the flow
of groundwater and small tributaries. The riverbed is filled with gravel-pebble soil and
rubble. The river valley has a V-shaped cut in the design section. The engineering-
geological conditions in the location and the physical-mechanical characteristics of the
underlying soils are favorable for HPP construction.

The electricity generated by the HPP is planned to be supplied to the general
energy system of the RA.

The hydropower unit to be installed in the HPP building has an automatic
regulation and control system. The plant equipment for control, automation, and
monitoring ensures the normal operation of the HPP in automatic mode.

A separate area is planned for all the control panels of the hydropower plant inside the
HPP building. The turbine valve is also located in the building.
Studies of the water regime of the “Mets Aghbur” spring show that the used values of
the water flow resources necessary for the HPP are guaranteed and reliable.

Pressure losses in the pipeline were calculated according to the following formula:

hw=1.1-aAQ’L,

Where:

A is the resistivity of the pipe;

Q is output; L is the length of the pipeline;

1.1 is a factor by which local losses are considered;

a is a correction factor / when the water speed is greater than 1.2 m/s, then a=1/.
The potential flow rate for the use of the HPP and the electricity production by month
in the accounting year has been determined, and the results are presented in Table 1
(when Q=0.102 m3/s).
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Table 1°
The calculation of HPP parameters with three different pipe diameters

Pipe diameter (meter)

0.3 0.4 0.5
Static pressure, m 79.0 79.0 79.0
Calculated pressure, m 75.2 78.1 78.7
Power, kW 61 63 64
Electricity output, million kWh 0.53 0.55 0.56
Capital investments, million 40 42 44
AMD
Internal rate of profit, % 7.18 7.65 7.34
Investment payback period, year 12.2 11.6 12.0

The HPP is located in the territory of the Syunik region. The expediency of choosing
the location of the HPP structures lies in the fact that the location allows for a short
route to be taken for the derivation metal pipeline and effectively uses the hydropower
resources of the existing source calculation site and the available opportunities on the
site, resulting in an optimal arrangement of the water intake, derivation pipeline, HPP
building, transformer substation, and high-voltage power transmission line. To carry out
the work, there are transport roads, settlements, and power lines nearby. The HPP
includes the following main structures: a water intake node, a pressure derivation
pipeline, and The main HPP building.

The head node of the HPP is planned to be built near the "Mets Aghbyur" spring
located at the 1810.0 m mark of the Vorotan River. It is a spring-connected structure
with a water intake. It is planned to build a pressure derivation pipeline (pipe diameter
0.40 m, length 400 m). It starts from the water intake and ends at the turbine valve. The
pipeline is mainly covered with natural soil.

The station node will be located on the left bank of the Vorotan River. The HPP
building is of the above-ground type, where it is planned to install one hydropower unit
with a total capacity of 63.0 kW. The dimensions of the HPP building are determined
according to the dimensions of the unit and the arrangement of their auxiliary
equipment. The cost effeciency forecasting of the HPP is presented in Table 2. Accodring
to the table data the Total investments for the proposed HPP cost 41922979.3 AMD.

9 The table was composed by the author.
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Cost efficiency forecasting (AMD)

Table 210

Total output, kWh 552 670,5
Own needs (2%) and transportation loss (2%)
530 563,7

Gross income (kWh *tariff) thousand. AMD

11 174 201,9
Operating salary
Operating costs, routine repairs, and breakdowns 2 883 140,2
Net income 8291 061,6
Administrative salary 2 039 752,6
Administrative expenses 720 000,0
Fees and other mandatory fees 180 000,0
Amortization allocations (30 years, on full capital) 1397 432.6
Water transportation costs -
Other expenses 1200 000,0
Profit before taxes 2 753 876,4
Profit tax 550 775,3
Net profit 2203101,1
Total investments 41922 979,3

An electric bridge crane with a lifting capacity of 1.0 t will be installed in the
HPP building. The foundations of hydropower unit are made of reinforced concrete. The
walls of the machine building are made of stone masonry, and the roof is made of
prefabricated reinforced concrete slabs.

The hydropower unit consists of a turbine: brand - A-100-H-80, power - 70 kW,
0.88, rpm - 600 rpm; generator, power - 100 kW, 0.92, rpm - 600 rpm, output voltage -
400 V. The water used by the HPP is discharged back into the river.

A temporary power supply for the construction is planned to be carried out from
the nearest substation in the village of Angeghakot. Technical water supply is carried out
at the expense of river water. A substation of 0.4/10kV is planned near the HPP building,
which is connected to the existing 10 kV power transmission line. The calculated output
of the HPP is taken from the water intake being built on the "Mets Aghbyur" spring
located at a height of 1810.0 m, from where the pressure pipeline begins and after the
HPP building it is returned to the Vorotan River, without any change in quality and
quantity. There is no need to cut down trees during construction since there are no trees
and bushes in the area of the HPP structures. There is also no fauna here since it is located
close to the road and settlements. The annual operating costs of electricity generation

10 The table was composed by the author.
167



consist of depreciation allowances (adopted linearly at the rate of 3.3% of the estimated
cost), repair costs, staff salaries, administrative costs, and costs for the acquisition of
materials (Table 3).

Table 3"
Energy performance indicators of the proposed HPP
1 | Capacity (kWh) 63

2 | Designed output (m3/s) Q 0,102
3 | Static pressure (m) 79,0

4 | Designed pressure h 78,1

5 | Average multi-year electricity production (million kWh) 0,55

6 | Amount of electricity sold, (million kWh) 0,53

7 | Capital investments in the HPP (excluding VAT), thousand

drams 41923,0

8 | thousand AMD / kW 419,23
9 | AMD/kW Hour 79,02

The proposed measure holds not only high economic results but also
environmental preservation value. In comparison with the construction of HPP and
using the waterfall resources, the same amount of electricity would cause different types
of pollution for the environment. The Table 4 provides the volumes of harmful
substances emitted into the environment, when operating a thermal power plant with
different fuels, to generate 0.55 million kWh of electrical energy.

Table 412
The volumes of harmful substances emitted into the environment by a thermal power
plant, tons
Hard coal Brown coal Fuel oil Natural gas
SO2 2.7 3.5 3.4 0.001
Solid particles 0.64 1.22 0.32 -
NO: 9.5 1.6 1.1 0.86
Fluorine 0.02 0.05 0.001 -
compounds

Scientific novelty. The economic feasibility of building an HPP in the area of
Vorotan River (at a height point of 1810.0 meters) was provided. The proposed measure

11 The table was composed by the author.

12 The calculations were made by the author according to the data retrieved from "U.S.
Environmental Protection Agency (EPA). 2020 National Emissions Inventory Report.
Detailed analysis of air pollutant emissions from various sources, including power plants.

Last accessed November 11, 2024. Available at: EPA Air Emissions Inventories.
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will provide 550 thousand kWh of energy annually and save 121 tons of organic fuel,
thus solving numerous environmental issues.

Conclusions. The main research findings of the article are the following:

1. The economic feasibility of building a hydroelectric power plant (HPP) near
the "Mets Aghbyur" spring (located at 1810.0 m above sea level of the Vorotan River)
was provided. Calculations prove that 121 tons of organic fuel annually can be
economized thus also solving environmental issues.

2. We can produce 550 thousand kWh of electricity annually can be produced
thanks to the implementation of the proposed measure. The payback period of the
proposed investments is 11.6 years.
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ZPYCNELEMARESPUUSE QULAUSUTUL 2LULUINCNRESNPUVLENT 22
UsnruhLkh UUL0rT

NUMNPY3UL USEOUL
nU1r43uL UUuNhg

Zunlwnninwghp

Junbjhpwkutpgbnhl nbunipuitbph pbwnnnipjut, spowlju vhowduyph
wwhywinipyut, Eubkpgbnhl widunwignipjut wbkuwlbnhg Jupbnp
wpwtwlynipinit nith 22-h Untuhph dwpgnud thopp opunpniptinh wpynibwugbn
ogqnnugnpénidp: Uju htwpwynpnipmpitt junw  jnwskint  vnwpwswopowtiughe
puquuphy hauighputp wudwwynpdus wnwpbpuyht wntwnutph,
nunudgnipintutitiph, yuunkpuquulwbh hpwyhdwlutph hbwn:

Zhnpotubpgbnhuwih qupgqugnidp hwnjuwbtu 22 Uptihph dwpgnid
JEuuwjut Jupunp tpwbwlinipmit nith wwpwswopowth hwdwp:Uwpgh
puwuuypbpnid hhdtwlwunid oquugnnpdynid k phwlut
quiqp,hhnpntutpghwt u wjjplnputipuyhl tutpghuyh npng
wmbuwljubp:Eubpgbnhl wtduubgnipjut  wnmbkuwlbnhg thnpp 9opwhnuptph
ogunugnpénudp  EEyupwtubpghw uwnwbwnt hwdwp wpphwlwub ppunhp b
hwdwpynud:

Znypjwsh  bwwwnwl b pugwhwjnbt] 22 Umiuhph dwpgnud  thnpp
opwnpmiubph  oqguuwugnpédwtt  wuhpwdbonmpmitp  hhgponk Ejunpuluyut
Junnigbint  dhgngny: Uju  hwdbdwwnb] obpduyhtt  HEjunpujuywuubpnid
wpununpyus EEjunpwuktubpghwh htiwn:

ZEnwgnuumpjut dudwbwl] ogunugnpdyt) k. hhnpuyihjugh hhdtwlu
hwjwuwpnidubpp, hyybu twb ZE9-tph twpwgddwt b jurnigdwt hhdbwlw
opkupubpn:

Ghunwljwb tnpoypn: Zhdtwynpyby b, np Npnunwb ginh 1810.0 U thoh Unwin
quniynn «ULS wnpmip» wnpmiph dnn ZEY jupmigbint nhwypnid tnwupkljut
Jupnn £ wpunwungpyby 550 hmqup §9wnd Ejunpulut Eutipghw b nbhnbuyt) 121
untiw  opquiuljul  Junkjhp  (msknd  phuwywhywiwlut  puquuph]
Jutinhplibp:

Ghpwndw htwpwnpmipiniip: Ukpluwjugdus gnpstwljub wnwownp-
Ynipymip Ywpnn b Yhpunedlk] 22 Umbhph  dwpgnid  wbnbuwgbu b
phwywhywunpbu hhdtwynpdws hhnpkk Ejunpuluywth jurnigdut hwdwnp:

Pwiiwh puntp: ZhnpobiEjnpuljuyub, bEjunputiutpghw, ghwn, hwoquyht
dupniud, hunnnjuljuowp, wwwnygwp, hhypnuinippht, hqnpmipni, Juntihp,
Juyhwnw) tkpppnud, nntitw:
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SKOHOMMUYECKUE XAPAKTEPUCTUKU PA3BUTUA TMIPOSHEPTETUKMU B
CIOHUKCKOM OBJIACTU PA

ITATINKSAH CTEIIAH
ITATIMKAH MAHYK

Annoramus

JddexTHBHOE MUCIIONB30BAHME MAaJTBIX BOZHBIX HCTOYHUKOB B CIOHWKCKOI
o6mactu PA Ba)XHO ¢ TOYKM 3peHUs dKOHOMUU TOILUIMBHO-JHEPTETUYECKUX PECYPCOB,
3aIUTHI OKPY’KaIOIeil Cpe/ibl, SHEPreTUYecKoi 6e30IacHOCTH. DTO JACT BO3MOXKXHOCTb
pelInTh MHOTHE peruoHajbHbIe NPOOIeMSBI, BbI3BAHHBIE CTUXUWHBIMU OeICTBUIMH,
BTOPXXEHUAMU ¥ BOEHHBIMU CUTYAI[USIMHU.

PasButne ruzposHepreTuky, ocobeHHo B CIOHMKCKOi obmactu PA, umeer
KU3HEHHO BOXHOe 3HaUeHue i1 PeTrHoHa. B HaceleHHBIX IyHKTaX PeruoHa B OCHOBHOM
WICIIOJIB3YIOTCS IIPUPOJHBIHN Ta3, THMAPOSHEPTUA U HEKOTOphle BHUBI aJbTepPHATUBHOM
sHepreTuku. C TOYKM 3peHHSA DHEPreTHYeCKOil 6e30IIaCHOCTH HCIIOJIB30BAaHUE MAJbIX
IIOTOKOB BOZBI I ITOJTyYeHUS DJIeKTPOIHEPTUH CIUTAETCH aKTyaIbHOM ITPOGIeMOH.

Ilens cTaThy BHISBUTH HEOOXOAMMOCTh MCIIOJb30BAHMSA MAaJbIX BOASHBIX
ckBakuH B CIoHUKCKOM Map3e PA npu cTpouTeibcTBe rumpoaIeKTPOCTAaHIINY, CPABHUTD
ee C DJIeKTPOdHEeprueil, Mpou3BOSYMON Ha TEIJIO3IEKTPOCTAHIIUIX.

B xoze ncciemoBaHuil GBLIN UCIIOIB30BAHBI OCHOBHbIE yPaBHEHUA TH/IPABINKH,
a TaK)Ke OCHOBHBIE 3aKOHBI IIPOEKTHPOBAHUS U CTPOUTEIBCTBA TUAPOIIEKTPOCTAHITUI.

Hayunas HoBu3Ha. O60CHOBAHO, YTO €CJIM IIOCTPOUTH TUPOIIEKTPOCTAHIIHIO Y
ncroynuka «Mern arGiop» B paitone ormerku 1810,0 M pexu Boporan, MBI cMOXxeM
npousBoguTh 550 ThIC. KBTY 2/1eKTpOosHEPrun 1 5KOHOMUTH 121 TOHHY OpraHMYecKOro
TOILINBA, & TAKXKE PELINTHh MHOTHE DKOJIOTUIECKUe TPOOIEMBL. .

ITpumerumocTs. Pexomenpamusa MoxxeT OBITP IPUMEHEHA B PAa3HBIX PeTMOHAX
PA, ocoberno B CIOHMKCKOI 06/IaCTH.

KimioueBsle cnoBa. I'DC, asmexkTpuyecTBo, peka, [gaBjleHHe, TPyOOIPOBOL,
IIJIOTHHA, TUAPOTYPOUHA, MOIIHOCTH, TOILIMBO, KaIIBJIOXKEHUA, TOHHA.
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The effective use of small water sources in the RA Syunik region of the Republic
of Armenia is of great importance from the point of view of saving fuel, and energy

resources, and protecting the environment. This incentive will provide an opportunity
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to solve numerous regional problems caused by natural disasters, encroachments, and
war situations.

The development of hydroelectricity, especially in the Syunik region, is of vital
importance for the region. The settlements of the region mainly use natural gas,
hydropower, and some types of alternative energy, so from the energy security point of
view, the use of small water flows to generate electricity is a relevant issue.

The aim of the article is to roadmap the use of small water bodies in the Syunik
region by building hydroelectric power plants (mini-HPPs). The main practical
implication of the study is the fact that the obtained results can be applied in the Syunik
region.

In the scope of the study, the main hydraulic equations and energy balance
conditions for energy storage and conversion, design, and construction of hydroelectric
power plants were used and implemented.

Scientific novelty. The economic feasibility of building an HPP in the area of the
Vorotan River (at a height point of 1810.0 meters) was provided. The proposed measure
will provide 550 thousand kWh of energy annually and save 121 tons of organic fuel,
thus solving numerous environmental issues.

The presented practical proposal can be applied in the Syunik region of the
Republic of Armenia for the construction of an economically and environmentally sound
hydroelectric power plant.

Keywords. Hydroelectric power plant, electricity, river, pressure, pipeline, dam,
hydro turbine, capacity, fuel, capital investment, ton.
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