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‘Sometimes, I feel as if we went a bit ahead of ourselves’:
Evaluating Ghana’s Wholesale Electricity Market Model

Michael Asiedu 2:*, Linda Baah b, Jacob Owusu Sarfo ¢
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Abstract

Electricity is very crucial to both national and international development. This current study
explored the perceptions of transmission customers regarding the Wholesale Electricity Market
(WEM) model in Ghana. A semi-structured interview data from 5 Transmission Customers were
collected by researchers. In order to increase the chances of the WEM’s successful implementation,
the results identified excess generation capacity as key. On the contrary, in an environment of
insufficient generation and a small market size, a WEM may lead to price hikes, unreliable and
poor quality power supply. On the contrary, in an environment of insufficient generation and a
small market size, a WEM may lead to price hikes, unreliable and poor quality power supply.

Keywords: Wholesale Electricity Market, Innovation, Success, Failure, Ghana.

Introduction

Both practitioners and scholars agree that electricity power is at the crux of industrialization,
as it played an important role in the growth of most developed economies. Empirical evidence has
associated power generation to the level of productivity, employment and government revenue
generation. In this respect, countries with good power generation systems are often earmarked for
higher productivity as a result of industrialization; higher employment rates as well as higher
government revenue generation stemming from taxes and foreign exchange. In connection to this,
both developing and underdeveloped countries have in recent times made attempts to restructure
their power generation systems, which include generation, transmission and distribution of power;
in order to improve their power situations. Therefore, governments have attempted to legislatively
change the market structure of the electricity market across these lines (generation, transmission
and distribution of power), in the order to increase the number of players as well as efficiency, cost,
quality and reliability (Joskow, 2003).

In the wake of the recent power instability in the last decade, the government of Ghana
enacted the Electricity Regulation 2008, which was to see to the establishment of a competitive

* Corresponding author
E-mail addresses: basiedum@gmail.com (M. Asiedu), lindabaah@gmail.com (L. Baah),
sarfojo@yahoo.com (J.O. Sarfo)

4



http://www.ejournal51.com/

European Journal of Renewable Energy, 2016, 1(1)

WEM to facilitate wholesale electricity trading and provision of ancillary service on the National
Interconnection Transmission System (NITS). This action was in reaction to the deteriorating
industrial productivity and the heightening cost of power. This action suggests a business model
innovation in the electricity markets, which will ultimately impact the number of players,
generation of power and the contractual relationship between players in the industries.
Consequently, this business model innovation is also expected to impact the cost, reliability and
quality of power supply. The move to adopt the WEM can be considered as local and regional
innovation in the electricity markets, especially in West Africa and Africa as a whole. Even though
several restructuring activities in the electricity market has led to the privatization of the industry
in most cases (Prabavathi, Gnanadass, 2015), the approach in Ghana considers the operation of a
WEM system, which would comprise both bilateral and spot market operations but not
concurrently.

Other models adopted across the continent are significantly different (Milciuviene, Tikniute,
2009). For example, Eberhard and Mtepa (2003) explain that the South Africa’s restructuring
model is a vertically integrated public utility, which has one dominant generator (ESKOM) directly
supplying to customers. Hence, Ghana’s decision to implement the WEM is an innovation within
the local and regional context that can be emulated in the future should it be well implemented.
With respect to the enactment of the Electricity Regulation 2008 in Ghana, several stakeholders
have raised concerns about the appropriateness and timing of the Wholesale Electricity Market
(WEM) business model innovation. In spite of the successful implementation of the Wholesale
Electricity Market business model in some developed and developing countries; a cursory
examination of the views of some practitioners and stakeholders suggests some skepticism with the
implementation of the WEM model.

It is noteworthy that the adoption of the WEM signifies a significant shift from the monopoly
market structure to a perfect competition. However, factors such as the limited number of power
producers, long period of power plant construction, large size of capital investment, transmission
constraints and transmission losses draws most restructured power market into an imperfect
competitive market system more than a perfect competition market system. Despite these factors,
the restructuring of the electricity market to a single market enhance competition, which ripple on
to affect other factors such as cost and quality of power supply (Prabavathi, Gnanadass, 2015).

Also of note, some recent discussions in extant literature reveal that Electricity Market
transformations are often reactive measures adopted in response to severe economic and
technological changes. As a result, they force countries to adopt a restructuring program as a
contingency plan to their power supply issues, and are therefore undertaken without the right
considerations (Milciuviene, Tikniute, 2009). Hogan (2001) argues that the adequate
operationalization of a restructured electricity market requires a consideration of the power
systems in place, its size, reliability, demand, technical and commercial regulations at play, and the
sensitivity of the public to price changes.

Some studies attribute the success of the implementation of most electricity market
deregulation exercises to the competition that the exercise drives (Prabavathi, Gnanadass, 2015;
Outhred, MacGill, 2006). In this respect, Outhred and MacGill (2006) expansively explains that a
failure to set up a system that would foster competition at the production and distribution stages
would adversely affect the success of the implementation. Thus, they attributed the main purpose
of most deregulation policies with the creation and fostering of competition across all the stages of
production and distribution; which will be by increasing generators (both on the spot market and
bilateral contracts), distributors, wholesalers as well as retailers in the electricity market.

Furthermore, peculiar to the Australian electricity market, Outhred and MacGill (2006)
explain that financial support market systems are necessary for the successful implementation of a
Wholesale electricity market system. This may be a critical success factor necessary for the
implementation of the WEM in some developing economies like Ghana. The purpose of this
research is mainly to provide in-depth understanding of the concept of Wholesale Electricity
Market as well as reveal the factors necessary for the successful implementation of the WEM.
The results of this research may provide some useful information to stakeholders in the industry.
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Methodology

Research Design

A qualitative research design was used to gather information for the study (Creswell, 2013).
Since, this is the first time Ghana is seeking to implement the Wholesale Electricity Market, an
explorative research was appropriate as it unveils a lot of new knowledge about the event. The
study ultimately depends on primary data from the transmissions customers in the WEM market.

Population

The study Population included the 30 Transmission Customers. However, the sample frame
for the study was 27 because three of the transmission customer including Togo and Burkina Faso
are not situated in Ghana. Thus, the study focused primarily on transmission customers directly
connected to the NITS.

Sample size and sampling procedure

To adequately investigate this research project, 27 direct customers including industry,
distribution companies in Ghana were selected. The current study reached saturation after the 5th
transmission customer. Table 1 show a summary of respondent characteristics.

Table 1. Respondent characteristics

Respondents Consumption rate Sector

Transmission customer 1 50MW/mth & 32GGWh/mth. Mining

Transmission customer 2 980,000kWh monthly Manufacturing
Transmission customer 3 880,000kWh monthly Retail distributor
Transmission customer 4 700,000kWh monthly Manufacturing
Transmission customer 5 400, 000kWh monthly Community transmitter

Tools for Data Collection

Data was collected through the use of semi-structured interview guide. The interview guide
had 8 items comprising of 3 segments namely; demographic of the respondents, success factors
and mitigating factors.

Data analysis

Interpretative Phenomenological Analysis was employed to analyses the interview data.
Beginning from the 1st respondent, interviews transcribed and analyzed individually for themes.
The data collection and analysis were done concurrently up to the 5th respondent, at which point,
theoretical data saturation had been attained.

The transcription process included playing the recording as well as writing out the data.
Additionally, the transcribed information was perused several times to identify any inconsistencies
and errors. Preliminary comments were completed, with other related probing comments. This
allowed for the observation of themes, until all five interviews had been duly analyzed (Smith et al.,
2009).

Results

Data analysis resulted in the emergence of two master themes; (i) success factors for the
WEM implementation and (ii) conditions that will facilitate the failure of the WEM.

In an attempt to improve the readability of these verbatim extracts, some slight modifications
were made. In addition, transcripts have been presented using fictitious names like transmission
customer one (1), in an effort to maintain confidentiality. Dotted lines were used at the start or
conclusion of an extract to show that the respondent was either talking prior to or subsequent to
the extract.

Table 2 summarizes the master themes identified in the course of analysis: in this respect,
three superordinate themes were identified under each of the success and mitigating factors master
themes.
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Table 2. Master Themes and related Superordinate Themes

Master Themes Superordinate Themes
Success factors for the WEM Number of players (suppliers) in the market
implementation More Spot offers

Flexibility to switch —Bilateral Contracts

Factors that mitigate the successful Inadequate financial support
!mplementaqon of the WEM Insufficient power generation
implementation
Small market size- size of market
Discussion

Master theme 1: Success Factors for the WEM Implementation

From results, this study identified some factors necessary for the successful implementation
of the WEM. These included; the number of players in the market, more spot offers and flexibility
to switch from one wholesale supplier to another under the bilateral contracts.

Number of Players (Suppliers) in the Market

A market consists of buyers and sellers. The number of generation companies available to
supply power to meet demand was one of the key concerns of respondents. This is particularly true
in these times of rolling blackouts in the country, which is mainly due to insufficient power
generation to meet the demands of both industrial and domestic consumers. Currently buyers
outnumber sellers on the market, and in comparison to the market for any other commodity, there
is shortage of supply. Some respondents in expressing their frustration about the current power
supply situation indicated that their current power supply has been reduced because of the
shortage in power supply.

[...] we have been subject to about 33% reduction in the load. The real benefit of the WEM
in my opinion will kick in when we have more supply than demand. (TC1)

In other words, a successful WEM requires more producers of electricity than consumers.
More generation companies [this refers more to thermal producer in the bilateral markets] will
induce competition (Haas, Auer, 2006), which will in turn result in more efficiency in generators.
In effect, generators will eliminate activities that do not relate directly to their operation in order to
reduce their cost, so as to remain competitive in terms of price. Additionally, the need for increase
in the number of generators as a precondition for effective competition in the WEM is also
emphasized by several scholars (Haas, Auer, 2006; Outhred, MacGill, 2006; Prabavathi,
Gnanadass, 2015)

More Spot Offers

A significant amount of offers on the spot market will generate competition among suppliers
and therefore drive down the price of electricity on the spot market. Respondents indicated their
reluctance to engage in spot market transactions during the implementation of the WEM,
especially if the WEM is operationalized under the current generation portfolio (insufficient
generation to meet demand). As it stands, the insufficient generation in Ghana implies that the
hydro will become the only source of generation on the spot market, and is also going to be traded
at a higher margin. It is in this respect that some scholars have suggested that increasing the
number of offers on the spot market will stir up competition and reduce prices in the long run. To
this, one respondent indicated that for WEM to have a positive impact on the cost of electricity,
there has to more than one spot offer.

[...] we found the Nordic situation to be really exciting. However, theyve got excess
capacity to the extent that I understand (you will have a lot more information) they
started with a lot of bilateral market and relations as opposed to spot. But today it’s even
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flipped where today people are doing more Spot because it’s more competitive than on the
bilateral (TC1).

According to this respondent, this flip to the spot market without any challenges was because
there were several offers on the spot market, making it more competitive. This view is affirmed in
extant literature, as Haas and Auer (2006) asserts the need for competition to influence price and
efficiency in power generation. Additionally, Outhred and MacGill (2006) called for an increase in
competition from the production stage in the spot and bilateral markets, through to the
distribution point, affirms this position.

Flexibility to switch — Bilateral Contracts

One other success factor identified by respondents is the ability to switch from one wholesale
supplier to another, as well as the limited role of regulators in fixing price in order for the forces of
demand and supply to work. Based on the premise of availability of sufficient generation, the
bilateral contract must be structured such that a buyer is not bound by a power supply agreement,
such flexibility will increase competltlon and hence present an opportunity for minimizing cost of
power as much as possible. In this view, a respondent specified that

[...] The issue has to do with flexibility, where you are not bound by a PSPA, bilateral
contract that you can opt out. TC4

Mater theme 2: Factors that Mitigate the Successful Implementation of the WEM
Implementation. In contrast to the success factors mentioned above, the following conditions in
the Electricity Supply Industry in Ghana will contribute to the failure of WEM’s implementation.
These include; insufficient power generation; a small market size and inadequate financial support.
Some respondents acknowledge that a WEM in itself is not a bad idea. However, implementing a
WEM under the current electricity supply environment characterized by the following factors will
result ultimately in the failure of the system.

Inadequate financial support

This comes as a result of the pre-deposit arrangement policy for transactions on the spot
market. In the WEM, transmission customers will be required by generators on the Spot market to
pre-deposit for transactions in an attempt to reduce the risk of suppliers on the Spot market.
In this respect some respondents expressed concern on them having to lock up funds that could
have been used for other investments. One Transmission customer had this to say:

I think immediately I will say no, because I still think our market is not yet matured
enough, because for us its actually money you are locking away. I know that there is a
risk element for the supplier which we can also look at [...]. TC 1

Additionally, most of the respondents also agreed that this policy will adversely affect their
finances and will bring most transmission under a lot of pressure. For example, for transmission
customer 5, aside admitting that the pre-deposit policy was a plausible one, the respondent also
specified that will have some adverse impact on the finances.

[...] T will fully support it, because it guarantees transactions and ensures that they can be
implemented. But in our current situation I think it will put additional pressure [...]. TC 5

This view is affirmed in extant literature. For instance, Outhred and MacGill (2006) explains
the importance of a financial market dedicated to the WEM. To further accentuate this point, the
author also explains that Australia for example has two financial markets supporting their WEM
system.

Insufficient Power Generation
As indicated in the above discussion the success of any market depends mostly on the
availability of the product. Unavailability in generation under a WEM may result in the shortage of
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power supply and thus allowing generators in the market to make their product available at
uncompetitive prices. For example, one respondent notes that the invisible hand of demand and
supply can only help with producing competitive prices if enough power would be generated by
power producers:

When you have enough, where people’s demand is met and they have excess or surplus -
then the factors of supply and demand comes here. And price would be determined on that
basis. Which I have always felt will take us a long time to achieve this because of our
shortfall in energy. TC4

This view is affirmed in extant literature as Haas & Auer, (2006) note that excess generation
and distribution capacity is necessary for the success of WEM; consequently, the opposite is true
for the market.

Small Market Size

This size of Ghana ESI according to some respondents, is not ripe for a WEM. The size of a
market affects the level of competition in a WEM. In this respect, the respondent indicated that the
small size of the market. This was confirmed by the response below;

[...], I think it’s a good step, but I think our market is small... sometimes, I feel as if we
went a bit ahead of ourselves (TC1).

Extant literature has emphasized the size of the market in relation to wholesale consumers
and end-users as a major contributor to success of the WEM. For instance, Haas & Auer (2006)
and William Hogan (2001) explain that a large end-user market is important for the success of a
wholesale market.

Conclusion

Ghana’s electricity in its transition from a partial monopolistic market to a competitive
market, has seen some major milestones. These include; setting up of regulatory agencies,
deregulation, unbundling of the transmission from generation to form an independent
transmission company and the establishment of a Wholesale Electricity Market under the
Legislative instrument LI 1937. This qualitative research sought to determine the impact of the
WEM on Transmission Customers. Five (5) Transmission Customers representing five Bulk
Customers connected to the National Interconnected Transmission System were interviewed.
These transmissions customers are participants in the WEM. In relation to the objectives of the
study, two (2) master themes and their subordinated themes were identified.

The result indicated that the concept of the wholesale market for electricity in Ghana is a
laudable idea. However, the provision of the law, most especially, the elimination of Hydro power
generation from bilateral contracts will present challenges and make the cost of electricity procured
from other sources via the bilateral contracts high. In order to increase the chance of the WEM’s
successful implementation, the current study identified excess generation capacity; more
generation offering on the spot market and the ability to switch from one bilateral contract to
another as the success factors that have to be ensured. Additionally, the current study suggests that
some of the positive impact envisaged from the successful implementation of the WEM includes;
competitive price for power resulting in lower electricity cost to Transmission Customers, reliable
and quality power supply. In other words, a successful impact of the WEM will lead to an
improvement in production, distribution and sale of electricity power. On the contrary, in an
environment of insufficient generation and a small market size, a WEM may lead to price hikes,
unreliable and poor quality power supply.

Recommendations

The results of the study have implication for industry, policy and research. Based on the
results, the study makes the following recommendations.

Several foreign investors have been reluctant to invest in the electricity supply market of
Ghana because of the size of market compared to other neighbors like Nigeria and Cote D’Ivoire.

9
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In this respect, government should endeavor to roll out policies that will facilitate and attract
investment into the industrial sector of Ghana.

Additionally, much effort should be channeled into ensuring availability of excess generation
to meet demand. Additionally, in order to improve and to positively affect cost and generation of
power, government may consider increasing the spot offers by allowing some private generators to
participate in the spot market.

In order to increase chances of the WEM surviving and favorably affecting the participants of
the market, there is a need for the government and other stakeholders to consider providing
adequate financial support for WEM. This may be done by dedicating some financial institutions to
the support of this market or creating a favorable environment for private financial institutions to
consider venturing into sectors.

Even though the current study did not consider assessing the knowledge of the transmission
customers’ knowledge and awareness of the WEM, a cursory observation shows a low level of
awareness. In this regard, future and further studies may consider assessing the awareness and
knowledge level of transmission customers with regard to the WEM; as this may be critical to the
success of WEM. Again, future studies may consider a census approach, where all 30 transmission
customers in the country should be considered using a mixed method to provide a comprehensive
analysis of the implementation of the WEM.
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Modeling of Simple Controller for Solar Tracking System
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Abstract

At the present time, all country of the world is very interested in renewable energy sources
such as solar, wind, geothermal or tidal energy ..., solar energy is one of the most energy resource
used wide spread. This paper presents a solution to make solar energy more viable, this is
increasing the efficiency of the solar panel. The idea is to design a single-axis tracking system,
which changes the position of the solar panel for maximizing the incident radiation on panel. Solar
tracking system includes solar panel, light sensors, controller and one actuator. In this paper, we
present an overview of solar tracking systems, light sensors, introduces the simple controller of the
solar tracking systems using platform Arduino uno, present a control algorithm for this system,
and conduct modeling of this controller using software Proteus. Simulations results conform to the
technical requirements and posed control algorithm. We conducted manufacturing light sensor
and controller. Check results show that this controller effective working and have high accuracy.

Keywords: controller, tracking systems, Arduino, Proteus, light sensor.

1. BBegenue

Hcnonp30BaHue COJTHEYHON HEPTUMH B MHUPOBOU HHEPreTHUYECKON CHCTEME B IIOCJIETHUE
rojipl JUHAMUYHO pasBuBaercs. CerojiHsA cO3JaHbl HE TOJIBKO COJTHEUHBbIE Oartaped, HO W P
MPWIOKEHUW, KOTOPBIE MO3BOJIAIOT YBEJIMYUTH IOJIydeHHs cosHeuHou sHepruw (Redirecting
Light). B sTo#i cTaThe OOBEKT HCCIEAOBAHUS OTHOCHUTCS K CJEAAIIMM CHCTEMaM COJTHEYHBIX
OGaTtapeli, BKJIOYass KOHTPOJUIEPHI. [I71 MOBBIINIEHUS ITPOU3BOAUTEIBHOCTH YCTPONCTBA OBLIO
poBezieH0 MHOTO HuccyenoBanuii (Hro, 2013). MexaHU3MBbI CJIEKEHUS 10 COJIHITY HCIIOJIb30BaHbI
JUIsL TOTO, YTOOBI IIOCTAaBUTH JIUIIEBYID CTOPOHY YCTPOMCTBAa Bcerja K COJHIly H coOparhb
HanboJIbIlIee KOJTNUYeCTBO SHepruu. CucreMa CJIe)KeHHs IO COJIHIYy ObIBaeT omHOoocHOU (Babu,
Koteswarao, 2016; Das et al., 2014; Khan, 2010; Pammar, Santosh, 2014; Zubair et al., 2011) win
nByxocHou (Alexandru, Pozna, 2010; Bajpai, Subhash, 2011; Bingol et al., 2011). /Iy ynpaBieHus
TpebyeTcsi KOHTpOJIIep yIia moBopora. B paborax (Das et al., 2014) uccienoBaHa cucrema, B
KOTOPOH HCIOJIB3yeTcs MUKpotpolieccop ocu P89V51RD2 u L293D 151 ynpaBiieHUA IBUTATEJIEM.
B pabore Apadar Xan ucnosipzoBaH MuUkpokoHTposiep ATMEGAS8 (Khan, 2010). B crarbe
C.3ybatip m3yyasmu NIpUMeHeHWe MHKPOKOHTposuiepa AT89S51 M1 OJHOOCHOU cieAsInen

* Corresponding author
E-mail addresses: cuongngoxuan@gmail.com (Ngo Xuan Cuong),
hongnguyenbsu@gmail.com (Nguyen Thi Hong)

11



http://www.ejournal51.com/

European Journal of Renewable Energy, 2016, 1(1)

CHCTEMBI C IaTYMKOM OCBEIEHHOCTH, ucroab3dyeMbiM LDR (Zubair et al., 2011). B pabore Maruti
Pammar wucnosb3oBancs MHKPOKOHTposiep ARM7 s KOHTpOJIS 3apsAJKd U OpHUEHTalNu
(Pammar, Santosh, 2014). B Tpyzae baby u Koteswarao 6su1 ucniosib3oBas unn AT89C51 u LDR ais
opuentanuu (Babu, Koteswarao, 2016). B my6sukamuu Alexandru C. u C. Pozna uccienoBaHo
MOJIEJINDOBAHNE JBYXOCHBIX CJIEAIINX CHCTEM JUIA IIOBBIIIEHUS IPOU3BOAUTEIHBHOCTU
sHeproycraHoBku (Alexandru, Pozna, 2010). B tpynme bapknau I1. u Kymap C. paspaboraHa u
npe/icTaBjieHa JBYXOCHad cHUCTeMa Ha OCHOBe aatumka cBera LDR m ATMega 32, ucmnosb3ysd
yIIpaBJIeHUE OT JBUTATENS MOCTOSHHOTO ToKa (Bajpai, Subhash, 2011). B pa6orax Bunron Okan
Mpe/ICTaBJIeHa MOJEJIb JBYXOCHOW IIOBODOTHOM CHCTEMBI, HECMOTPSA Ha CJIOXKHBIE U
JIOPOTOCTOSIIIE€ KOMILIEKTYIOIIHE, OblJIa HE3HAYUTEIHHO OBBIIIEHA TPOU3BOAUTETHHOCTE (Bingol
et al., 2011). Pa6ora Jly Hrok Taunr, MunucrepcTBa mpoMblliieHHOCTH BreTHama «ceneioBanue,
pa3paboTKka aBTOMAaTU3UPOBAHHBIX CHUCTEM /UL QJaNTalliy K IIOJIOKEHHUIO COJIHIA, YTOOBI
MOBBICUTH 3(PEKTUBHOCTh pabOThI NPUOOPOB C HCIOJIH30BAHHEM COJHEYHOH SHEPTUN»
paccMaTpuBaeT MO3UIMOHUPOBaHKE OHOU ocu. OGOpy/0BaHNE BKJIIOUAET B Ce0s: 3JIEKTPOHHBIN
KoHTposutep; IIlaroBerii IPUBOJ, ABUTATENIS /LIS ITepeAavYll BpalareJapHoro BuHTa; OnopHas pama
MIAHeJIN COJIHEUHBbIX OaTapedl; OnTHyecKui faTyuk u3 ¢doropesucropoB. Pabora mpoBoamiacs B
XaHoe, 3JIEKTPOHHBIN KOHTPOJIIEP He sBJseTcs: ontuMaibHbIM (Ly Ngoc Thang, 2013). B pabore
Hryen Hsan BoH «AJITOpUTM TIOBBIIIEHUS IPOU3BOJUTEIBHOCTH COJIHEUHBIX BJIEMEHTOB U
MPUWIOKEHUH» OBLI YJIYUIIIEH aJITOPUTM MOBBIIIEHUS 3(PHEKTUBHOCTH COJTHEUHBIX 3JIEMEHTOB U,
JUTs o0ecrieYeHns1 CaMOU BRICOKOH IIPOU3BOIUTEIFHOCTH HYKHA CHCTEMA «HAIPABJIEHHOTO CBETa»
BCer/la BPAIAIOTCA COJTHEYHBIX MMaHeJeld B HAIpaBJIEHWU COJHIA. B 9TOi paboTe HCIIOIB30BaH
KOHTPOJUIEP, KOTOPHIA BKJIIOYAET B ce0s /IBa KOMIIOHEHTAa CXEMbI JTATUNKA CIIEKEHUS U CHCTEMBI
ompesiesIeHUus TOYKU MakcuMmaabHoU MomHocTé (Nguyen Nhan Bon, 2014). B pa6ore Hro Muub
Xoa «Cucrema ANCHETYEPCKOTO U TEXHOJIOTHMUECKOTO YIIPABJIEHUS COJTHEUYHBIMU IAHEAMHUY»,
HCIIOJIb30BaHBI POOOTHI, IBUTAIOIIUECS II0 PEJIbCAM, IS IOBOPOTA COTHEUHBIX ITAHEJIEN K COJIHILY,
4TOOBI 3(PHEKTUBHOCTh MCIOJIH30BAHUS IHEPTUU JOCTHUIJIA MAaKCUMaIbHOTO ypoBHA (Ngo Minh
Hoa). 9Ta cucrema nmMeeT MHOTO NPEHMYIIECTB, HO YPE3BBIYAMHO BBICOKA CTOMMOCTH. B Tpyne
Hunap XoHr Bo «Pa3paboTka W TNPOWU3BOACTBO CHCTEM YIPaBJIeHUs OPUEHTAIIUN COJIHEUHBIX
Oarapeii» HCIIOJIH30BAJIACH JIBYXOCHAs CHCTEMa, BeO-KaMmepa B KayecTBe JATYMKA OCBEIIEHUA,
yIIpaBJIeHUE OCYIIECTBIISTIOCH € TOMOIIBIO IporpaMMHoOro obecrieuenus matlap (Dinh Hong Bo et
al., 2011). Heo6xoauM0 OTMETHTD, UTO cHCTeMA ObLJIA YCJIOKHEHA, POCT IIPOU3BOJIUTEILHOCTA He
3HAUUTEIBHO yBeauuwicsa. Ha OCHOBe NPHBENEHHOTO aHAIN3a, aBTOPHI COCPEAOTOYMIIUCH Ha
IIPOCTOM KOHTPOJIJIEPE /JISI OJTHOOCHO CJIEAINEH COJTHEYHOU CUCTEMBI, OCTaJIbHBIE OCH MOTYT

PeryJupoBaThCs BPYIHYIO.

2, Coaep:xkaHue UCCIETOBAHUA

OcHOBHas IeJb 3TOTO IPOEKTa 3aKJIIYaeTcs B pa3dpaboTKe IMPOCTOTO KOHTPOJUIEpA IS
COJIHEUHBIX CJIEAAIINX CHUCTEM C I€JIbI0 TOBBINIEHUs 3(PPEKTHBHOCTH COJTHEYHBIX OaTapei.
ATOT MPOEKT COCTOUT U3 JIBYX YaCTel: ammapaTHOro U IMporpaMMHOro obecnedeHuss. OCHOBHbIE
KOMITOHEHTBI KOHTpOJUIEpA: JAAaTYUK CBETa, IATYUKHU TOKA W HampshkeHus, Arduino, aucried u
1IeNb YIIPaBJIEHUSA SJIEKTPOJBUTATEIAMU. BI0K-cXxeMa KOHTPoJlepa oKa3aHa Ha puc. 1.

LCD

AT MK . 1ML VIpaBIe I
cEeTa Arduno AMEKTPOIEMTAT ENAMA

AT 4YHE TOKA
H HAIPDAHCHH A

Puc. 1. biok-cxema KOHTpoJLIEpa
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2.1. AmmapaTHbIe cpeacTBa

AnmapaTHble CpeJICTBAa 3TOTO IIPOEKTa BKJIIOYAIOT B cebs cirefyioliee 00Opy/OBaHUE:
COJIHEUYHbIe OaTapeu, JaTYUKU CBETa, [IBUTATEIN IIOCTOSHHOTO TOKA U KOHTPOJIJIEPOB C IIOMOII[BIO
Arduino.

2.1.1. /laTuuk cBera

,Z[aT‘-II/IKI/I CBE€Ta HCCJIeOdOBaHbl U CAEJIaHbI C PAa3JIMYHbBIMH THIIAMU. Ha puc. 2 ImpuBeaeHa
cxXeMa JlJaTYHMKa CBeTa HECKOJbKHX 00pasloB JUIA OJHOOCHBIX COJIHEUHBIX CJAEAAINIHAX CHCTEM
(Mousazadeh et al.,, 2009). B »ToM @IpoeKTe HCIOJIb3YETCS AAaTYHMK CBeTa CO3/JaHHbIE HAa
2 poropesucropax (Light Dependent Resistor LDR) u ydJacTok CTe€HKH OJIOKUPYIOIIETO
COJTHEUYHOTO CBeTa, OH MpejcTaBjeH Ha puc. 2.a. Poropesucrop (LDR) mpezacraBisier coboi
pEe3HUCTOp, 3HAUEHHE KOTOPOTO 3aBHCHT OT MHTEHCHMBHOCTH CBeTa, Majamplnero Ha Hero. K aBym
dboTopesucTopam 00aBisAeTCA BA JOMOJHUTEIBHBIX pe3rcropa 1K, uTo6bl 00pa30BaTh MOCTUKHU
ITOTEHI[HOMETD, BBIXOJHOE HAIpPsKEHUE JJATYUKOB, KOTOPBIH CTAHOBATCA B3aBUCUMBIMH OT
WHTEHCUBHOCTH CBETa, X U3MEPEHUE ITOKAa3aHO B TAOIHUIIE 1. DT PE3yJIbTaThl KBMEPEHBI B Pa3HOE
BpeMsI JTHS.

I

! ! LDR
|

vach ngin 4ch ne
DR vach ngan

|
(a) (b) (c)
Puc. 2. CtpykTypa JlaTYHKa CBeTA.

Tao6uuia 1. IHTeHCUBHOCTD CBETa

HNHTEeHCUBHOCTD cBeTa | BhIXomHON’
HanpsbkeHue, B

TeMHBIN 0,6

HeoHoBBIN 1,2

O61ayHbII 1,3

Cpenuuii 3,7

Apruit 4,4

2.1.2. POTO3/IEKTPUUECKHE ITIEMEHTbI

®oTo3/IeKTpUYECKUEe DJIEMEHTHI IIPeJICTaBJIeHbl yCTPOWCTBOM IpeoOpa3oBaHUs CBeTa B
2JIEKTPUYECKYI0 BSHepruto. POTo3IeKTpUUYECKHe 3JIEMEHTHl TaK)Ke HM3BECTHbI KaK COJIHEUHbIE
OGaTapeu, IOTOMY YTO COJIHIIE SBJIIETCA WCTOYHUKOM CBeTa, JIOCTYIHOTO U IIMPOKO
ucnosnab3dyemoro. CosHeuHble OaTapeu H3TOTOBJIEHBI U3 (OTOTAIPBAHMYECKUX 3SJIEMEHTOB, U
CO37Jal0T 3JIEKTPOSHEPTUIO JUIA KOMMEDYECKMX M TPaKJAaHCKUX Iesell. B sToM mpoekte
HCIIOJIb3YIOTCA MOJIMKPUCTAIUINUECKHE COJTHEUHBIE 5JIEMEHTHI, IOKa3aHHbIE HA pUc. 3. ITa baTapes
JlelieBsie, YeM U3 MOHOKPUCTAILIIA, a TAKIKE UMeeT CHIKEHHYI0 3 (GeKTUBHOCTb TpeoOpa3oBaHus.

13




European Journal of Renewable Energy, 2016, 1(1)

Puc. 3. CosnHeuHas 6atapest

2.1.3. Arduino koHTpoOJLIEP

Arduino sBjIfeTcA 3JIEKTPOHHBIM YCTPOMCTBOM C OTKDPBITBIM HCXOAHBIM KOJIOM. Arduino
IPOCT B HCIIOJIB30BAHUH JJI NOJK/IIOUEHHUs K allapaTHBIM U MPOTPAMMHBIM O0ecriedeHUeM.
C Arduino mosip30BaTenn MOTYT H3MEDUTh H3MEHEHUs B OKpY)KAIOIIEH cpefie ¢ ITOMOIIBIO
Pa3INYHBIX AaTYUKOB. B 3TOM npoekte Arduino UNO R3 ucmosib3yercsi B Ka4ecTBe IIEHTPATIHHOTO
KOHTDPOJIJIEPA, IIOCKOJIBKY OH YJOBJIETBOPAET CJEYIOIIUM YCJIOBUAM: MHUKPOKOHTPOJLIED
ATmega32 okos0 14 pyToB (6 dyToB, Bkatouas IIIVIM), 6 ananoroBsix pazbeMoB USB, anasoroBoe
pasperreHue 10 OuT.

2.1.4. /IBUrarej i MIOCTOAHHOTO TOKA U Ilenu ynpasjaeHusa L.298.

Cxema 1298 ympaBieHus JBUTaTejeM COCTOUT U3 JIByX H-MOCTOBBIX CXeM, KOTOpasg MOYKET
IIOMOYb KOHTPOJIMPOBATh CKOPOCTh U HANIPaBJIeHUE BpallleH!s IBUTAaTe IS IOCTOSIHHOTO TOKA.

[ToTpebsieHue BUTaTENsA OT 5B /10 35 BOJIBT MOCTOSTHHOTO TOKA, MAKCUMAaJIbHBIN pacxoz 2A
(makc 70W pgBurarens). PaccemBaemass momiHocTh: 20 Bt (mpu temmnepatype T = 75 °C).
JIJ1s1 maHHOU MOJIe TN MOJKET HCII0Ib30BaThCA OWH KOHTpoJutep L298.

2.2, [IporpamMmMHoOe o0ecnieueHue

[IporpamMHOe obeclieueHrEe MTPOTPAMMUPYETCS € IIOMOINBIO ITPOTPaMMBbl KOMITHJISATOpPA
"Arduino Intergrated Development Environment". McxoHbIlH KOJ CKOMIMJIMPOBAaH U 3arpy:KeH
yepe3 USB-kabenp Ha Arduino UNO. biok-cxema ajroputrMa yYIpaBJIEHHS IIPOrPAMMHOTO
obecrieueHUsl MOKa3aHa Ha pHUC. 4. B cxeMe mepeMeHHBIN t ABJISIETCA ITEPEMEHHBIM 110 BpEMEHU
cytok, u ADCr ADCp — 3HaueHUe HaTIpSIKEHUs, KOTOpOoe IpeJicTaBaeHo Arduino u3 laTunka cBeTa.
ADCyt - 3HaUEHHE HAIPsKEHUS CTaHAAPTa, IIPU KOTOPOM CBETA HE XBaTaslo, TaK Kak ObLIM 00JIaKa.
B KOHEUHOH TOYKe KayKJOT0 HaIpaBJIEHUS HAXOJUTCSA OJWH BBIKJIIOUATEsb, YTOOBI IIPUBOBI HE
IIPEBBIIIATN TPEAEIbHO JOIYCTUMOTO 3HAYEHHU S, U HE TIOBPEXKIAIIH CIIEJISIIITYIO CHCTEMY.
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Bpema, ADC.

EQCTOMHAA
FIHOTIEA

=}

HIMEPEHEI
ADCp ADCT. LV, W

ADCT=ADCset
ADCD=ADCset

ZAMACHBIN
MOEOPOT
1 0
3AMACHAR
ADCT-ADCD=10
1 M

Puc. 4. AsiropuT™ yrpasJieHUA

3. MoageaupoBanue

KonTposuiep ciesimel cucTteMbl co3zad mporpammon mojenaupoBanus PROTEUS 7.7, sTo
O/lHA U3 JIYYIIUX HPOTPAMM MOJEIUPOBAHUA 3JEKTPOHHOTO IPOeKTUpoBaHusA. VHTepdetic
MO/IEJITUPOBAHUS KOHTPOJUIEpA MOKa3aH Ha puc. 5. Axapo momenuposanus — Arduino UNO, sto
CBA3b C 16X2 KUJIKOKPUCTAIMYECKUM JUCIUleeM, A4 U A5 JIByX aHAJOTOBBIX IINH, KOTOpbIE
nozjicoefiluHeHbl K Ienu peasbHOro BpeMeHu (RTC), nudposble muHbl 3 7 8 9 KOHTAaKTOB
MIO/IKJIIOYEHBI K IelIH yIIpaBjieHus ABuraresisa 1298, 2 MMHbI OT JaTYMKa CBeTa Ha /IBe aHAJIOTOBbIE
IIAHBI AO, Al.

ITporpamMa ympaBjieHHsI HamucaHa B mporpaMMHOM obOecrieueHun Arduino IDE.
Ona mpeBpaieHa B CKOMITIJIIPOBAHHBIN 'IIECTHAAIATEPUYHBIN KOA'', KOTOPBIA MBI HCCIIEyEM
(mpoBepsieM). ATOT IIECTHAAIATEPUYHBIN Ko7 3arpykaetcsa B Arduino Ha mporpamme PROTEUS
7.7 Tilepe]i IPOLIECCOM MOJIeJITMPOBAHUS.

B nonosiHeHMe K W3MeEpeHUI0 3HAUeHUs HANPSKEeHUs, TOKA M MOIIHOCTH COJIHEYHBIX
b6atapeii B PROTEUS, MbI Tak:ke HCIIOJIb3yeEM HMUTAIIIOHHYIO MOJIeJb, IIOKAa3aHHYI0 Ha puc. 6.
CxemMa COCTOUT HU3 OJHOTO HCTOUYHUKA, MOAKIIOUeHHOro K LDR 5KBUBaJIeHT OT COJIHEUHBIX
HCTOYHUKOB, Ilellb IIOTEHIIMOMETpPA W3MepseT 3HaueHHe HaNpsKeHUdA, MOJCOeJUHEHHBIX K
aHaJoroBoMy BBoAy A2, maTtuumkm Toka ACS715, IOAKJIOUYEeHHble K BBOAy A3. B 1menu
MIOTEHIIOMETPA MMeEETCs JIOMOJHUTEIHHO 1 CTAaOWIUTPOH HampspkeHUs (auwosn zener 5,1V) s
3aIUTHI OT llepeHanpsKeHNsA, KOTOpoe IPUBOAUT KOHTPOJJIEP B HE TOJHOCTD.
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Puc. 6. lnarpamma MoAeJIMpOBaHNA I[elld U3MePeHNs HAPSKEeHU U TOKa

4. BeInno/IHEHHe aNIIIapaTHOTO o0ecneuyeHusd

B cooTBeTcTBUM € INpPOrpaMMOM MOJEJIMPOBAaHMA, CBETOBOM /JAaTYMK HAXOJUTCA, Kak
IIOKa3aHO HAa PHUC. 7, OCTAJIbHBbIE MOJYJIN COEJUHEHBI JPYr C JIpyroM, 4ToObI chOpPMUPOBATH
KOHTPOJUIED CJIEeNSAINEel CHCTeMbl HA MpakTuke. Puc. 8 KoHTposutep, BKIOYas moayiau: Arduino,
kouTpostep L298, RTC DS1307, cBeToBO# AaTuukK, LCD 16X2, Harpy3Ku U JaTYNKOB TOKA.
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Puc. 7. laTuuk cBeta

MbI UHCHOJIB3yeM SHEPrHI0 HENOCPEICTBEHHO OT COJTHEYHBIX OaTapel, oHa cHab}kaer
CBETOZIMO/THBIE JIAMIIOYKH M U3MEPUT IapaMeTphl, oToOpaskaemble Ha JKK-nucrureii 16x2. Arduino
MIOIKJTIOYEH HEMTOCPE/ICTBEHHO K KOMITBIOTEDY, KOTOPBIA MOXKET CJI€JIaTh CBA3h MEXKAY HUMH.

PesynpraTel u3MepeHudl Arduino UWAEHTHYHBI U3MEPEHUsAM C ToMoIlbilo BOM.
TecTupoBaHue MO/ pa3HBIMU YIJIAMHU OCBEIIEHHUSA U B Pa3HOE BPEMsI, TOKA3bIBAIOT, YTO KOHTPOJIED
JIBUTATEJIsI TIOCTOSHHOTO TOKA SIBJISIIOTCA 3(@GEKTUBHBIM, B COOTBETCTBUH C IIPEJJIOKEHHBIM
aJITOPUTMOM.

Puc. 8. KoHTposuiep ciensiei cucTeMbl

5. 3aKJIIoueHue

Takum oOpasoM, MPOCTON KOHTpoOJUIep Ha IwiaTgopme Arduino ¢ jgaTymkaMu cBeTa IS
OJTHOOCHOU CJIeNISINEN CHUCTeMbl OBLI CMOJIEJTUPOBAaH M HM3TOTOBJIEH, HO He OBLI IPOBEpPEH B
MeXaHH4YecKol cucreMe. KpoMe Toro, ObLI MCIBITAH TaK:Ke KOHTPOJUIEP ISl BHUAUMOCTH TOKA,
HaIPs’KEHUs] ¥ MOIIHOCTH HCITOJIb3YEMBIX COJTHEUHBIX OaTapeil. BHITOIHO OTJIMYAET 3TOT MPOEKT
TO, YTO HCIIOJIb30BaH MIPOCTOH KOHTPOJIED, IPU HECJIOXKHOM MOHTAaKe M HAaCTPOHKHU ITapaMeTPOB.
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YK 004.4 621.317.1
MopesupoBaHU€e MPOCTOrO0 KOHTPOJLJIEPA JJIs CIEAANIEH 3a COTHIIEM CHCTEMBI
Hro Csau Ksionr @ *, Hryen Txu XoHr P

aT'yackuii YHUBepcurert, ['ys, BbetHam
b TTpombITIEHHBIA KOJUTE/K ['y3, haKyJIbTeT TEMIOBOH U XOJIOIVJIbHON TEXHUKU, BheTHAM

AnHOTamuA. B Hacrosimee BpeMs Bce CTpaHbI MHUpPA OYEHb 3aMHTEPECOBAHBI B 0bOJIacTH
BO300HOBJISIEMBIX MCTOYHUKOB HHEPTHU, TAKUX KAK COJTHEYHAs, BEUEPHsAA, TeOTEPMasIbHAS TN
npunrBHasA sHepruu. CosHeuHas SHEPTUs MOJIy4YnsIa HauboJIblilee pacipocTpaHeHne. JTa CTaThs
mpezcrapisieT coboil pelreHune, YTOOBI C/€JIaTh IIOJIyYeHHE COJTHEUHOU SHepPruu 0Oosee
a¢dextuBHBIM. Ve 3akIoyaeTcss B TOM, YTOOBI pa3paboTaTh OHOOCHYIO CJIEAIIYI0 CUCTEMY,
KOTOpas U3MeHseT MOJIOKEHNE COJTHEUHBIX OaTapel /Il MaKCUMHU3alUHU Maaolero U3JIydeHus
Ha naHesib. CosTHeUHAs ciefiAIas cucTeMa BKIIIOUaeT B ce0sI COJTHeUHble OaTapeu, TaTYNKH CBETA,
KOHTPOJUIEP U OJIMH IPUBOJ. B 3TOM cTaThe mpecTaBiieHbl 0030p COTHEUHBIX CIIEAAIINX CUCTEM,
JIATYUKU CBeTa, MTOKA3aH IIPOCTON KOHTPOJUIEP COJTHEYHBIX CHCTEM CJIEXKEHUS C MCIOJIb30BaHUEM
mwiatgopmbl Arduino Uno, mpesicTaBjieH aJIrOpPUTM YIPABJIEHUs I 3TOU CHCTEMBI, a TaK¥Ke
IIPDOBEJIEHO MOJIeJINPOBaHUE STOr0 KOHTpOJIEpAa € IIOMOIIBI0 IIPOIPAaMMHOIO obecrieyeHus
Proteus. Pe3yspTaThl MOZETMPOBAHUSA COOTBETCTBYIOT TEXHUUECKUM TPEOOBAHUIM U aJITOPUTMaM
ynpaByieHus. Mpl TPOBEJM W3TOTOBJIEHUS CBETOBOTO JAaTYMKa U KOHTpOJUIepa. Pe3ysbrarhl
IIPOBEPKU MOKA3bIBAIOT, YTO KOHTPOJLIEP 3 GEKTUBHO PabOTAaET U IMEET BHICOKYIO TOUHOCTD.

KirroueBsble cioBa: KOHTPOJUIED, caeasAmiasa cucrema, Arduino, Proteus, qaTunk cBera.

* KoppecmoHAuPYIOUil aBTOP
Astpeca 371eKTPOHHOM MOYTHL: cuongngoxuan@gmail.com (Hro Csu KsIoHT),
hongnguyenbsu@gmail.com (Hryen Txu XoHr)
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Solar Water Heater and Phytotron for Nutritive Microalgae
as an Example of Energy-Saving Technologies

Vladimir N. Petrenko 2"
a Sochi State University, Russian Federation

Abstract

The article discusses the development of hybrid solar water heater and phytotron for
nutritive microalgae chlorella. The effective equipment for proposed installation and operating
conditions of some technological processes were also founded. The author concludes that the main
novelty in the presence of two energy exchangers with different spectra multispectral exchange and
energy exchange fluid is dictated by the biophysics of microalgae.

Keywords: solar water heater, biotron, microalgae, chlorella, phosphorescent liquid,
energy-savings.

1. BBenenue

B HacrosImiee BpemMs NpPaKTUYECKH €IUHCTBEHHBIM HEHUCUYEPIIaeMbIM HCTOYHHKOM
sHeproobOecmeueHuss Ouocdepbl 3eMJIM ABJISIETCS COJTHEUHas SHEPrHsA. [eaInoycTaHOBKaMU
ropsiuero BojiocHaOxkeHWss B COUMHCKOM TOCY/IADCTBEHHOM YHHUBEDCUTETE HAUaIH 3aHHUMATBCS
Oosiee 10 Jet Hazaz (puc 1, 2) (Ilerpenko, Caguios, 2005; Caauios, Ilerperko, 2007; CaauioB u
JIp., 2001; BosikoB, 2012). T'ozibl HayYHBIX UCCIEAOBAHUH, IPOBE/IEHHbIE HA DKCIIEPUMEHTATIHBHON
YCTAaHOBKE, PaCKpbLIA OOJIBIIIHE BO3MOKHOCTH COJTHEYHON SHEPTETHKHU, KOTOpPble HEOOXOIUMO
WUCMOJIb30BaTh IS BO3PaACTAOIIUX IOTpeOHOCTEW uyesoBeka. OHUM W3 HamIpaBJIeHUH
JIuBepCUUKAIINYA COJTHEYHBIX YCTAHOBOK MOKHO CUMTATh HCIIOJIb30BAaHHE WX JIJISI IIPOU3BOJICTBA
KOMIIOHEHTOB IHIIEBOTO pariioHa. 1 pe3eps 1 3TOT0 y TEJTMOIHEPTETUKH CYIIECTBYET.

* Corresponding author
E-mail addresses: petrenco@mail.ru (V.N. Petrenko)
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Puc. 1. DBiox cosiHEUHBIX KOJIJIEKTOpOB Puc. 2. Baku-akKyMyIsATOPBI TOpsdel BoJbl
restmoyctanoBku CI'Y mo yi1. CoBeTckoi, 26-a

Ha ocHOBe aHa/IM3a HKCIIEPUMEHTAIBHBIX JIAHHBIX CHATHIX Ha PabOTAIOIIeH TeJIn0yCTaHOBKE
ropssuero BogocHaOxkeHusn (CKY I'BC) yuebnoro xopmyca CI'Y mo yi. CoBeTckoi, 26a 3a 2005—
2006 ro/1bI OBUIH BBISIBJIEHBI XOPOIIIFE TOKA3aTe TN aCCUMUISAINN COTHEYHON HEPTHH, IOCTPOEHA
AuarpaMMa, HaIJIsHO IIOKa3bIBAIOIIAsA COOTHOIIEHUE DAcIpesiesieHus 10 MecsAlaM TeIJIOBOH
SHEpPTuH, BHIpAab0TAaHHOU T'eJIN0YyCTAHOBKOH U MOJIyUeHHOHN U3 TEIIOCETH.

HioHe 2005
8.00

Wit 2006 700 {573 Hrone 2005

Harpes ot
Mecan IIponseegeHo | Jorpero | OtaaHO Hrtoro Comnrua %

HioHb 2005 4,34 2,43 0,04 6.73 64,46

Hroas 2005 5.74 0.84 0.00 6.58 87.23 Fapens 2006 o Apret 2005

ABprycr2005 5,23 0.67 0.00 5.90 88.72

CeHTs6pB 2005 434 2,43 0.00 6.77 64,09

OKTAGPS 2005 2.46 2.49 0.00 4.95 49.76

Hosa6ps 2005 1,20 3.53 0.11 4.63 25,91

htapr 200

Canralpe 2005
TexaGps 2005 1.56 3.68 0,00 5.25 29,81

—+— MpamzEeneHo

SIHBapb 2006 0.86 3.24 0.00 4.11 21.03 —&— Tprpeto

—— Hroro

Deppans 2006 1,93 3,50 0,00 5,43 35,57

MapT2006 3.33 3.47 0.00 6.80 49,03

Ampens 2006 3,61 287 0.00 6.49 55,71  ‘Perpans 1006 Oxralipe 2005

Mait 2006 5.10 2,79 0.00 7.89 64,59

Htoro 34,62 29.16 0,15 63.63 54.41

Aneape 2006 Hoafipe 2005

JDexatipe 2005

Puc. 3. dxkcnepuMeHTaIbHbIE TaHHBIE PaboThl Puec. 4. /luarpamma cOOTHOIIEHUS! BHIPAOOTKH

CKY TIBC yuebnoro xopmyca CI'Y 1o yjs. ¥ JOorpeBa TeIUIOBOM SHEPTHU IO Mecslam

Coserckas, 26a 3a roj (BHemIHEE KOJIBITO — 00IIee MOTpebIeHre, CHHee
— JIOTPEB, KpacHOe — BhIpabOTKa)

3a TOT TrOJi MOCPEACTBOM JIAHHOW YCTAaHOBKU BBIPAOOTAaHO 34,62 THTraKaJIOpUM TeEIUIa,
MIOKPBITO 0Oosiee 54 % NOTpeOHOCTH BCero 37aHWsA B ropsded Boae (puc. 3, 4). Yactp
HEBOCTPEOOBAaHHOTO TeIIa II0 JIOTOBOPEHHOCTH C PYKOBOJICTBOM TMPEINPUATHSI TOPOJICKOU
TEIUIOCETU TIEPETAHO B OOPATHBIN TPYOOIIPOBOJ JIMHEHHON TEIIOBOM Marucrpaiu. OgHAKO 5TO
TEIUI0O MOKHO OBLIO HMCIOJIB30BaTh /JIsI HarpeBa akBapuyMmMa (HUTOTPOHA II0 BbIPAI[UBAHHIO
MHUIIEBON MUKPOBOZOPOC/IN, HATPUMEDP, XJI0peUTbl. 11 He TOJIbKO CHAOAUTh TEILJIOM, HO W CBETOM.
Ho nouemy numenHO x10pessibl? PaccMOTpUM OCHOBHBIE IPUYUHBL.

MOIITHOCTh TA/IAIONIETO COJIHEYHOTO H3JIydeHus Ha 3eMustio 1 KBT/M2 jmocraroyHa i
pa3BUTHUA U MNPONHUTAaHUA OHMOOOBEKTOB Ha MPOTHKEHUH MIWUIMapza Jier. B pany
(oTocuHTE3UPYIOINX PACTEHUH MHUKPOBOAOPOCIH XJ0pesa (puc. 5, 6) CTOUT Ha IIEPBOM MeCTe B
MUIIEBON nenouke. Vimes sl MUTAaHUA MUHEPAJIbHbBIE COJIU, YTJIEKUC/IBIN a3 U COJTHEUHBIH CBET,
oHa sABJIsAeTCs 6ropabpUKON — YEMITMOHOM TIO MIPOU3BOCTBY BCEX He3aMEHUMbIX aMHHOKHCIIOT, a
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10 yAEeJbHOU BBIpaOOTKe Oejika, aCKOPOMHOBOM KHCJIOTHI, MHOTHX JAPYTUX BaKHBIX ITHIIEBBIX
KOMITOHEHTOB IIPEBOCXOJUT BCE BU/IBI CYIIECTBYIOITUX HA 3eMiie paCTeHI/Iﬁ (BOI‘,Z[aHOB, 2007).

Puc. 5. XJiopesuia B cpezie 0OUTaHUS Puc. 6. KojioHUM XJIOpEJUIBI B CIISTYKeE

C ocBOEeHHEM KYJIbTUBHPOBAHUS IVIAHKTOHHOTO BUIA XJIOPEJLIBI ITOSBUIACH BO3MOYKHOCThH €€
MIPOU3BO/ICTBA B IIPOMBIIIUIEHHOM MacIITabe, UYTO MO3BOJISIET MPOKOPMUTh U 3HEPTOBOOPYKUTH
YyeJyioBeuecTBO 0o0Jiee HKOJIOTUYHBIM, OE30IacHBIM /IS IPOXKUBAIOIIUX Ha IUIAHETE CII0COOOM.
BrutroueHue B MUIIEBYIO LETIOYKY, HAIIPUMED, B ’KUBOTHOBOJICTBE, OJTHOTO M3 IIEPBUYHBIX 3BEHHEB
— CYCIIEH3UH XJIOPEJLIbI, IOMOTaEeT B PEIIeHUH 3TOH Mpo0JIeMBI. A pellleHre TEXHUUECKOU 3a7jaun
— oObenumHeHHE (HOTO-OMOTPOHA — YCTAHOBKH TIO KYJIBTUBHPOBAHUIO  XJIOPEJUIBI  C
TeJIMOYCTAHOBKAMU II0 HArpeBaHUIO BOJABI U BBIPAOOTKE 3JIEKTPOIHEPTHH, MO3BOJISIET CO3/IAaTh
ABTOMATU3HUPOBAHHYI0 HKOJIOTHYECKYIO YCTAHOBKY, IepepabaThIBAIOINIYI0 HEMUIIEBOE CHIPbE B
YHUKAJIbHBIN MUIIEBOU ITPO/IYKT.

2. MarepuaJjibl 1 ME€TOAbI

PaccMOTpUM KOMIIOHEHTBI YCTAaHOBKM IO IIPOU3BOJICTBY XJIODEJUIbI B BHJE UHCTOU
CYCIIEH3UU, UCXO/Isl U3 UMEIOIIHUXCS OOIIEA0CTYITHBIX CBEEHUH 110 ee (PU3UOJIOTHH.

ITpocreiiinas KOHCTPYKIMSA — OTKPBITBIH BOJI0OEM — OAacCelH € yCTPOMCTBAMH HECJIOXKHOU
aBToMaTuku (puc. 7) (aqualover).

Puc. 7. OTKpbITHIN 6accelH A1 BRIPAIIUBAHUS XJIOPEJLIbI
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Xoporn, koraa ecTh CBOOOJHBIE IUIOMIANN, TOAXOASIINH KINMAT i obecriedeHus
ONTUMAaJILHON TeMIepatypsl cycneHs3uu (+30°C) U HeT TpeOOBaHUU K GaKTEPUATBHOU UHCTOTE.
TO ecTh B CeIHCKOXO3SMCTBEHHBIX IEJIAX B HU3KUX IITUPOTaX. B cpeHUX mMupoTax y:ke HeoOX0aum
MIOJTIOTPEB M JIOIOJIHUTEIbHASL WHCOJIAIMA. A €CJId HCIOJIb30BaTh HE CYXyH — YMEPIIBJIEHHYIO
XJIOPEJUTY, TMOTEPSBIIYIO IPH CYIIKE ¥ TEPMOOOPaOOTKE MHOTO ITOJIE3HBIX CBOMCTB, a CYCIIEH3UIO
JKUBOU xitopesutbl (puc. 8), To TpeboBaHUA K OaKTepHaJIbHOU YHUCTOTE CTAHOBITCS OCOOEHHO
»kecTKUMU. ITuTheBask KUBas XJIOpeJUIa JIOJKHA UMETh IPUBJIEKATeJIbHbIE OPTraHOJIENTHYECKHe
CBOWCTBa, HE UMETh IMATOTEHHOW MHUKPO(QJIOPHI U MPOAYKTOB paclaZia OPTaHUKHU B BHJIE 3aIIaX0OB
MeTaHa, HEMPUATHBIX TPUBKYCOB.

Puc. 8. Cycnensus xjiopesibl

ITH YCJIOBHUA AUKTYIOT COOJIIOZIEHHE CTEPWIBHOCTH NMPHU PaboTe ¢ KyJIBTYPOH XJIOPEJLIBI.
Cama xstopeJsuia, 06J1ajiast pa3aMepaMu OT 1 MKM II0CJIE JIEJIEHUsT B3POCIOH KJIETKH, BhIpacTasi 10 8—
O MKM B3pOCJIOH 0COOH, NMpPHU KOHIIEHTpAIuu 0Oojiee 20 MJIH/MJI CTAaHOBHUTCS Oakrtepuodarom
IIIAPOKOTO CIIEKTpa JEeHCTBUs, a IPU KOHIEHTpanuu 0Oosee 50 MJIH/MJI — MOHO(Arom,
YHUUYTOXKAIUM IPAKTUYECKH Bce BU/bI OakTepuil. Ilpu ellé OOJIbIel KOHIIEHTPAIuu — 70
70 MJIH/MJI [ieJIeHHe MPeKpaIaeTcs, XJIopeJijla BlIalaeT B aHAOMO3 U MOKET OCaXKIAAThCs Ha THO
BozoeMa. To e MPOU30UIET U MPHU JIFOO0H KOHIEHTPAIUU, OTCYTCTBUUA OCBEIEHUS B TEYEHHE
HECKOJIBKHX CyTOK. BOCTpe6OBaHHOCTh TAKOM »KUBOU CyCITEH3UM XJIOPEJIIBI OUEBHAHA B OOJIBIIHX
ropojilax C HEJOCTATOYHOH 5KOJIOTHEH, BPEAHBIMU IIPOU3BOJICTBAMH, I7I€ YPOBEHHb 370POBbB,
MMMYHHUTETA TOPOXKAaH HHU30K. 3/1eCh OOBIYHO HET CBOOOIHBIX IUIOIIALEH 1 OpraHU3aluu
3aKPBITHIX TEIUIMYHBIX 0ACCEHHOB BBIPAIMBAHUS MUKPOBOZOPOCTU. IKCIUIYaTHPYIOTCA KPBIIIH
JiomoB it yeranoBku CKY I'BC.

B mociennvie 40 Jier mocjie OTKPBITHA B 1977 T. B HypeKCKOM BOJOXPAHIJIHIIE XJIOPEJUIBI
IUTAaHKTOHHOTO Bua, HazBaHHOUM Chlorella Vulgaris TU®P N2C-111, pacnpocTpaHeHHe MOJIyYHIN
ABTOMATHU3HUPOBAHHbIE  KOMILIEKCHI, IIO3BOJIAIOIIME  IOJy4aTh JKUBYI0  CYCIIEH3WIO B
MPOMBIIIUIEHHBIX ~ Maciitabax. [IJ1aHKTOHHAas  NPUPOAA  MHUKPOBOJAOPOCTH,  BbI3BAaHHAS
3HAYUTEILHBIM 3JIEKTPOIIOTEHI[NAIOM, YMEHbIIIAeT OCaXKIeHHE KJIETOK Ha CTEHKaxX TPyOOIIPOBO/IOB
U CcOJISIpU3aTOPOB. IIpOYHbIE CTEHKHU KJIETOK ITO3BOJISIIOT BbIIEPKUBATH KABUTAIIHOHHBIE 3 (HEKTHI
B IUPKYJIAITMOHHBIX HACOCAX, KOHI[EHTPAIIUN KUCJIOT, TYOUTEIbHbIE JIJISI OCTAIBHBIX BOZOPOCIIEN U
GaKTepuii, UTO YPE3BBIUAMHO Ba’KHO B IIPOIIECCe TEPBUYHOTO IMOIYYEHHUsI TOCEBHOTO HHOKYJIATA.

3. O0cy:xxnenue

Hmess BO3MOXKHOCTh YCTAHOBKHM KOJUIEKTOPOB Ha IOXKHOUW CTOPOHE JI0Ma, MOXXHO CO3/IaTh
ruOpHU/T COTHEYHOU BOIOHATPEBATETLHON YCTAHOBKHY U YCTPOMCTBA TI0 BHIPAIITUBAHUIO XJIOPEJLITBI.

PaccmoTpuM He0OX0AMMbIE KDUTEPUH TEXHOJIOTUUECKHX ITapaMETPOB aBTOMATH3UPOBAHHOU
cucteMbl. By/leM HCXOAUTh W3 MPEJINOJIOKEHUSA, YTO MPOKAayKa CyCIIEH3WU XJIOPeJUIbl depe3
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CTEKJISSHHBIE TPYObl KOJUIEKTOPOB, YCTAaHOBJIEHHBIX Ha KpHIIIE ZI0Ma, HAC HE YCTPOHT II0 IIPOCTOM
npuuune (puc. 9) (zabitoe).

Puc. 0. YcTaHOBKY Ha KpPbIlIe 3AaHuA AJIA BhIpallluBaHUA XJIOPEJIJIbL

Beimayaer ¢GyHKOUMA ropsvero BOJOCHAOXKEHUs, T.K. HEOOXOAUMOCTb ONTHMU3AINHI
noziep:kanus 30°C He MO3BOJIUT IOJIyYaTh TEIUIOHOCHUTEIb C TeMIepaTypoit 55°C, HEOOXOIUMYTO
JUIA TOpsTYero BojiocHabxkeHus. [Ipu 5TOM Ha KpBIIIe MPUIETCA JOIOJHUTEIFHO YCTAaHABIUBATD
3amuTy oT u30bITouHoro Temwta CosHIa Hamomobue opaHikeped. OJIHAKO MOXKHO IIPEIJIONKUTH
IIPOKAYMBATh Yepe3 IMPO3PAYHbIe KOJUIEKTOPHI TEIUIOHOCUTEINH (00eccosieHHas Boza, aHTU(PU3) ¢
BKJIIOYEHHBIMU YACTHUIAMU (CyCIIeH3UsI) CBETOHAKOIIUTEJISA, OTAAIOIIETO B JATbHENIIIEM CYCIIEH3UHI
XJIOpEJUTHl HEOOXOTUMYIO €l CBETOBYIO SHEPTHUIO.

W30bITOUYHYIO TEIUIOBYID SHEPTHI0 MOXKHO OTOMpaTh € IOMOIINBI0 TEIJIOOOMEHHUKA, a
OCTBIBIIYIO /10 35°C MPOITyCKaTh Yepe3 CBETOOOMEHHUK.

Bvibop napamempos ceemoHakonumeans.

KiteTkn BBIOpAaHHOTO IITaMMa XJIOPEJUIBI COJIEPKAT HE3aMKHYTBHIA IOSICOK XJIOPOILIACTA,
3aHUMAIONIUN IIOJIOBHHY ee pasMepa, cojiepiKallero Xjaopoduwul Ha ocHOBe MarHusa (puc. 3).
XJiopomiactT oOTpajkaeT B 3€JIEHOM BHJAMMOM 4YacTH CIeKTpa — 550 HM. V3 Teopun
pacIpoCTpaHEHUsI PAAMOBOJIH U3BECTHO, UTO MAaKCHMAaJIbHOE IIOTJIOIIEHWE OSHEPrUu
3JIEKTPOMATHUTHBIX KOJIEOAHWH MPOUCXOJUT B 3JIEKTPOIPOBOJAHUKE, PAaBHOM JIJIMHE BOJIHBI U
YETHBIX €€ TrapMOHHK. I(PQPEKTUBHOCTH IOIJVIONMEHUA 00Jiee KOPOTKOBOJIHOBOTO H3JIyYEHUS
YMEHBIIAETCS BCJIEACTBHE OTPAMKEHUS YacTH Mafaomux BoyH. CiieAayer MIpenoIOXKUTh, UTO
B3poOcJible 0cO0U (6—8 MKM) aKTHBHO aCCUMIUIUPYIOT TEILIOBYI0 HH(pPAKPaCHYIO YacTh CIIEKTPa OT
6 MKM u MeHee. [IpsiMoe BO3JeHCTBHE W3JIyYeHHsS C JJIMHOU BOJIHBI Oosiee 9 MKM (pasmepa
B3pOCyIOH 0cobm) OyzeT HeadPeKTUBHO U3-3a NUPPAKIIMOHHBIX U KPaeBbIX ABIeHUN. [loipocTku
3¢ PexkTUBHO NMOIIOMAIT OJMKHUM MH(MPAKPACHBIM CHEKTP OT 2 MKM, KPacHyI 620—750 HM
YacTh BUAUMOTO cBeTa. MoJIo/ible KJIETKH, PAa3MEPOM OKOJIO 1MKM HMEIOT IOJIOCKY XJIOPOILIACTa
pa3MepoM, MO3BOJIAIOIUM aCCUMUINPOBATh CUHUE U (HHOJIETOBbIE YacTU criekTpa (350—480 HM),
O6mkHUE yibTpaduosier. Kpome TOro, MOXXKHO MpEAIOJIOKUTh, UYTO TEMHO-CUHUU CIIEKTP, B
MPUpPOJie 3aIyCKaeT B XJIOpeJUle HOUHOW MeXaHU3M JIeJIeHHs KJIETKU. bojiee BBICOKOUACTOTHOE
U3JIydeHue 1151 HUX He 3 (PEKTUBHO, a TAK)KE BPEJIHO /ISl YCTAHOBKH, T.K. MOKET ITPOBOIIMPOBATH
pa3BUTHE BHPYCOB, HUMEIOIIUX pPa3Mephl, TPOIHbIe O0Jiee BBICOKMM dYacToTaMm. llosTomy B
TeIUIOHOCUTEsIe HeoOXomuMbl ABa docdopecienTa: KpacHblil (red) u cuHedumoeTOBBIN (Cyan).
HX cBeueHre MNpOMYCTHT B CYCIIEH3WIO KBapIIEBOE CTEKJIO IUIACTHHYATOTO, WU TPyOUATOro
cBeTooOMeHHUKA. OHO K€ TPOIYCTUT [JAJTbHUM HH(QPaAKpacHbIE — TEIVIOBOU CIEKTp
TEIIJIOHOCUTEJII KOHTAKTHBIM IIyTeM uUepe3 CTeHKH, OCYIECTBJIAA ONTHMAJIBHBIN IOJIOTPEB BO/BI
CYCIIEH3UH.

24




European Journal of Renewable Energy, 2016, 1(1)

4. Pe3yabTarsl

PaccmoTpuMm 6oJsiee TOAPOOHO KOHCTPYKITHIO IPEJIJIaraeéMOU YCTaHOBKH. [[JIs1 3TOTO B3ATYIO,
Kak TMPOTOTHII, CTaHZAPTHYI) CXe€My COJIHEUHOH KOJUIEKTOPHOM YCTAHOBKH TOPSYErO
BogocHabxkeHuss (CKY I'BC), cocrosimyto u3 cosiHeuHOTo Kosutektopa (CK), TerrooO6MeHHHKA
(TO), HaANOJHEHHOTO TEIJIOHOCUTEJEM — TEIUIONEPEIAl0IIed KUIKOCThI0 U ITUPKYJIAIMOHHOTO
Hacoca (M1), mpeiokeHO A0paboTaTh B YAaCTH BO3MOXKHOCTU IIEPEHOCA B TEIIOHOCHUTEIIE
CBETOHOCHBIX Yactull (puc. 10). BodaMoxxHO mpuMeHUTh (HochOpPEeCIIUPYIONIYIO KUIAKOCTb, JIMOO
cMech (pochopecnupyIINX HEPACTBOPUMBIX KPacUTeJIEH B BHIE MEJIKOIUCIIEPCHOUN CyCIIEH3HUH C
HaKayKOW yJabTpaHOoIETOM B COOCTBEHHBIM CBEUEHHEM B KPACHOW W CHHEH YacTH BUIMMOTO
CBETOBOTO Auarna3zoHa. Tumsl ¢GochopeceHTOB, UX KOHKPETHBIA COCTaB B paMKax JIAHHON paboThI
HaMH He paccMmaTpuBaercs. COTHEUHBIH KOJUIEKTOP HE0OX0IMMO ITIPUMEHUTD IMPO3PAYHOro TUTIA —
IITUPOKOCIIEKTPAJILHOTO IIPOIYCKAHUS COJTHEYHOTO W3JIyYeHHUs,, HaupuMep, IUIACTHKOBOMH
KOHCTPYKIIMY Ha 6a3e mostmkapOoOHaTa, UJIM KBapIeBOTO CTEKJIa.
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Puc. 10. TexHosornyeckas cxema riOpUIHON YCTAHOBKY (YIIPOIIIEHHAs)

OCHOBHOE yCJIOBHE — YCTAHOBKA I10 XOJTy ABMKEHUS TEIIO-CBETOHOCHUTEJIS ITOC/IEI0BATETHHO
o cxeme TO u nocsie Hero cBetoobMenHuka (CO). OT6op Teria mpu 3ToM Oy/IeT OCYIIECTBIIATHCS
nocpesictBoM TO 10 ONTHMAaIbHOU TEMIIEPATYPhI Pa3BUTHA XJIOpesUIbl (30—40°C), YTO JOJLKHO
KOHTPOJIUPOBAThCSI ABTOMATHUKOHM IIOCPEJICTBOM Hacoca M1 peryJupoBaHUEM CKOPOCTH €ro
npokavku. To ecTs:

t:>30 °C=> M1-BkJI;

t.<35 °C => M2-crom;

t.>35 °C=> M2-BKJI.

[Ipy HEBBIMOJHEHUH 3TOTO YCJIOBHSA BO3MOXKEH IIEPETPEB CYCIIEH3WHU, KOATYJIANUA Oeyika
MHKDPOBOZIOPOC/IM U ee Tubesab. YTUIM3aIUs TeIIa OT TEeIJIOOOMEHHUKA JJIsi HarpeBa BOJBI
cucrembl I'BC ocymiecTsisiercs mocpeacTBoM Hacoca (M3) ¢ HakOIUIEHHEM TEIIOBOM SHEPTHU B
Oake-akkymyssaTope BA, B KOTOpBIN cHHU3Y mojaeTcs XomoaHass Boga (XB), ¢ BepxHell yacTu 6aka
otbupaercsa Harperas ropsdas Bojaa (I'B). OnrtumanbHO Temio or BA mcCmosb30BaTh B HOYHOE
BpeMs Ul cTa0WUIN3allui TeMIlepaTypbl OMOTPOHA aBTOMATHUKOM IO/IOrpeBa ¢ 0OpaTHOU CBA3BIO
10 TeMIiepatype cycrieH3uu. OCTHIBIINHI 10 IIPEIJIOKEHHOTO BBIIIIE THANla30HA TeMIIepaTyp CBETO-
TEIVIOHOCUTEJTb TIePEZIaeTCsi B CBETOOOMEHHUK. B HeM Jiydmcras SHEpPTrUsi CBETOHOCHBIX UYACTHI]
TepeIaeTcs CyCIIeH3UH XJIOPEJITbI B KPACHO-CHHEM CBETOBOM /IMAIla30HE.

Koncmpyxyus ceemoodbmeHHuka.

Ha pwuc. 11 mpezncraBien mpybuamuwtili ceemoobmeHHUK (BEPXHSA CHMMETPHUYHAS IT0JIOBUHA)
B BHJIE MaKeTa CTEK/ITHHBIX TPYyD AMAMETPOM HECKOJIBKO CAHTUMETPOB C TAKHM K€ ITPOCBETOM
MeK/ly HHMH, BCTaBJIEHHBIX B IIHPOKYI TpyOy, Hamojobue TpPyOUaTOro TeIio0OMeHHHKA.
OH BBICOKOIIPOYEH, ONTUMAIbHOE MPUMEHEHUE B BBICOTHOM 3/aHUM, I7e nepenas BeicoT CK u
¢uToTpOHa MOKET JOCTUraTh MAECATKOB METPOB, U pa3HUIA [IaBJIEHUH MeXAy TeIo-
CBETOHOCUTEJIEM U CYCIIEH3UEN COCTaBIAET HECKOJIBKO aTMocdep.
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Puc. 11. KoHCTpyKIHUA cBeTOOOMEHHUKA

IThacmunuamptil ¢cBeTOOOMEHHUK (pHC. 12) — MaKeT CTEKJISHHBIX, WA IOJTUKapOOHATHBIX
IUIACTUH, TOJIIMHON HECKOJIBKO MIJLJIUMETPOB, C IIPOCBETAMU MEXKY HUMU IIUPUHON 1—-2 CM, B
KOTOPBIX B HEUETHBIX IIPOCBETAX MPOKAYHUBAETCSA CYCIEH3USA XJIOPEJLIBI, 4 B YETHBIX — CBETOHOCHAS
cycrien3usi. OrpaHuyeHre Ha TPUMEHEHHE IUIACTUHYATOTO CBeTOOOMEHHUKA CBSA3aHO TOJIBKO C €r0
IIPOYHOCTHBIMU XapaKTEPUCTUKAMHU, B CBA3U C BO3MOXKHBIM IIE€PENAIOM JIABJIEHUA 10 aTMOChepbl
B KOHTYPE COJIHEYHOTO KOJUIEKTOPA U (PUTOTPOHA MUKPOBOJOPOCIH B HEBBICOKHX 37JaHUSIX.

['7aBHOE OCTOMHCTBO IMOAOOHBIX CBETOOOMEHHUKOB — HE3HAUHUTEIbHOE JKPAHHPOBAHUE
CyCIIeH3UEeH CBETOBOTO IOTOKA, UTO SABJISAETCA OOJIBIIION TPO6IeMOi B MACCUBHBIX YaHAX OOBIYHBIX
(GuTOTPOHOB, T/Ie M3-32 HKPAHUPOBKH CBETA aKTUBHOCTH (POTOCHMHTE3a PE3KO YOBIBAET MO Mepe
yAaaJIeHHuA OT CBETUJIbHHKA.

5. 3aKJIIoueHue

OcHOBHAsiT HOBH3HA YCTAHOBKH — B HAJIUYUU [ABYX 95HEPrOOOMEHHHMKOB C Pa3HbIMHU
cuekTpamMmu oOMeHa U  MYJIbTUCIEKTPAJIbHOM HHEPrOOOMEHHOH JKUAKOCTH, JIUKTyeMbIe
6uodusukoil MukpoBogopociu (bormanoB, 2007; biovet-service; hlorella; Liang et al., 2009).
OnTuMasibHble pa3Mephl YCTAaHOBKHU, €€ MPOU3BOIUTEIPHOCTh 3aBUCUT OT ILIOIIAJIe CBOOOTHOM
COJIIPU30BAHHOU MMOBEPXHOCTU 3/1aHUs, Kodddunuenta 3ateHeHHOCTH OaTtapen CK BBICOTHBIMU
COCEIHUMU 3IaHUAMU.
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I'e1noycraHOBKa ropsuero BOAOCHAO:KeHNA U (PUTOTPOH NUIEBON MUKPOBOAOPOCTIHN
— MpUMep NPUMEHEHHUs YJHeprocoeperaoux TEXHOJIOTHIHI

Bnagumup Huxkosaesuu [letpenko - ”
2 COUMHCKHH rocy/IapCTBEHHBIN YHUBEpCUTET, Poccuiickas ®eneparius

AHHOTamuA. B cratbe 3aTPOHYTHI aCIEKThI CO3JAAaHUsS TUOPHUIHOU TeIUOYCTAHOBKU
ropsiuero  BogocHaO:keHuss (CKY TI'BC) w ¢wuroTpoHa 1O BBIPANMBAHUIO ITHIIEBOU
MHKDPOBOJIOPOC/IA  XJIOPEJUTBI ¢ OOOCHOBAaHHWEM IIpeZJjlaraeMbIX KOMIIOHEHTOB YCTAHOBKU U
PE’KMMOB HEKOTOPBIX TEXHOJIOTUUECKHUX IIPOIECCOB. B 3ak/foueHWH aBTOpP OTMEYaeT, YTO
OcHOBHasi HOBM3HAa YCTAaHOBKH — B HAJUYHMHU JBYX DHEPrOOOMEHHHKOB C Pa3HBIMHU CIEKTPAMU
oOMeHa ¥ MYJIbTUCIIEKTPAJIbHOU 2HEPrOOOMEHHON JKHIKOCTH, JHKTyeMble OHO(PU3UKON
MHKPOBOZIOPOCJTH.

KiaioueBble cjoBa: CoJTHEYHAs KOJUIEKTOPHAs YCTaHOBKA, OMOTPOH, MHKPOBOJIOPOCIb,
xJ10pesuia, pocdopecupyoIas JKUIK0CTh, SHEProcoepekeHue.
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Use of Bioenergy for Sustainable Development of Region on Example
of the Udmurt Republic

Maria A. Vyguzova 2-, Anastasiia G. Kudriashova P
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Abstract

The article describes the development of use and prospects of bioenergy as one of the drivers
of sustainable development as the country as a whole, as well as a separate region. The purpose of
research — the possibility of introducing a closed bioenergy developed complex farming Udmurt
Republic. For this purpose we developed energy-efficient complex with two bioenergy plants,
counted the technological cycle of biogas installation. The amount of heat generated will amount to
465 kW/hour. According to studies it can be concluded about the need to develop renewable
sources of energy, especially bioenergy, to move Russia from the fifth to the sixth innovative waves
and sustainable development of regional economy.

Keywords: renewable energy, bioenergy, sustainable development, innovative waves,
biogas technology.

Beeagenue

3eseHas SKOHOMHKA — 3TO 3KOHOMHKA, KOTOpas IOBBIIIAET 06JIarOCOCTOSIHHE JIIOAEH U
obecrieyrBaeT COIUAIBHYIO CIPaBEAJIUBOCTh, IMPH 3TOM CYIIECTBEHHO CHUKAeT PUCKH IS
OKpYXKamIlel cpeabl W ee paspylleHus. PasBuUTHe 3eJeHOW SKOHOMHKH 00yCJIOBJIEHO
aKTyaJIbHOCTBIO 00CYK1aeMO¥i ITpo0IeMaTUKH U Pa3pabOTKOM CTpaTEruy yCTOMYHUBOTO PA3BUTHS B
YCIOBHSX SKOHOMUYECKOH WHTETPAIH. Bormpocsr SKOJIOTHH, OTBETCTBEHHOTIO
MIPUPOJIONIOJIBL30BaHNs, BHEJPEHUS TEXHOJOTHYECKHMX WHHOBAIlMA HM IIepexojia Ha HOBBIE
MCTOYHUKHU DHEPTUHU, IIPOJOBOJILCTBEHHASA 0€30IMacHOCTh JOJIKHBI CTaTh OCHOBHBIMH BOITPOCAMH
YCTOWYHBOTO Pa3BUTHsI PETHOHOB.

HNHTepec K WHBECTUIIUSIM B 3€JIEHYI0 SKOHOMHUKY, B YaCTHOCTU B BO30OHOBJIsIEMbIE
HUCTOYHUKU 3Hepruu (B1J), He ciyyaeH.

B MupoBOH 3/1€KTpO3HEpPreTHKE B 2011 I. ObUI MPEOOJIEH BAXKHBIU CTPYKTYPHBIU PyOex:
r;106aIbHbIE MHBECTUIINHY B yIeKTpOocTaHInu Ha BUD mocturiu 237 muipa. aosut. CIHIA (uckmtouas
kpynHble I'DC), poct Ha 34 % 1O CpaBHEHUIO C 2010 T., U BIEPBbIE MMPEBHICUIN WHBECTUIIUH B
reHepaIuio Ha TPAJUITMOHHOM HCKOIIaeMOM TOIUIMBe — 223 Mup. Aosut. CIITA.

* Corresponding author
E-mail addresses: mass@mail.ru (M.A. Vyguzova), offpost@bk.ru (A.G. Kudriashova)
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I'nmobanbpable mHBecTuIMU B B nocturim 279 muipa. goswt. CIIA B 2011 . — IpUPOCT Ha
23 % 10 CpPaBHEHMIO C 2010 T., 3TO HOBBIA HCTOPUYECKUU peKop/. IdTa nudpa moutua B 7 pas
IpeBbIlIaeT WHBecTUIMU B B B 2004 1. — 40 muipa. mosut. CIIA (Sonnenschein, Mundaca,
2016).

Kuraii 3aHmMaeT ImepBoe MeCTO IO OOIMM HWHBecTHIHAM B BUI c¢ 2008 r. B 2011 1.
nHBectunyu B BM3 B Kurtae nmocrurim 54,7 mupa. gosut. CIHIA (rogoBo# mpupoct HaA 17 %).
B 2012 1. poct nmpomomkmwicsa (Iwioc 22 %), 6bUI0 UHBECTHPOBaHO 66,6 mupa. mosut. CIIA — B
OCHOBHOM B COJTHEUHYIO SHepreTuKy (63 % ot ob11ero).

B passutuu BU3D M0:KHO TIpOC/IEAUTD CIeAYIOIIHUe TEHAEeHIUHU:

« Pe3koe yBesuueHre UHBeCTUIUN B B3O mpousonuio B 2005 T. B pe3yJbTaTe BO3AEHCTBUA
«He(TAHOTO III0Ka» BTOPOH MOJIOBUHBI 2004 T.

« BeicTpopacrymmas o B9 Ha MUpPOBBIX SHEPreTHYECKUX PhIHKaX (M B 3HeprobayiaHce
cTpaH) cTaBUT B3 BbIIIIEe TPUBBIYHOTO CTATYCA OTAEIbHBIX PHIHOYHBIX HUIII.

 Bricokne KanuTasbHbIE U3ZEPKKU Ha oObekTax BUI mosroe BpeMs CIIyKUJIHM TJIaBHBIM
OapbepoM I OBICTPOTO BHEIPEHUS M OCBOEHUS PBHIHKOB. HO B ITOCT-KPU3UCHBIA IT€PHO/T
U30BITOYHOE TIPEAJIOKEHNE, CHIDKEHUE W3/AEPIKEK IIPOU3BOJCTBA U POCT YCTAaHOBJIEHHOU
MomtHocTy BUD npuBOAUT K PE3KOMY CHUKEHUIO KalTUTAJI0EMKOCTH.

o Tons HUOKP u o6mux uHBecTuiuax B BMD cocraBisieTr 4—5 % U MMeeT TEHIEHIIUI0 K
CHIKEHHIO 10 Mepe YBEJTMUEeHHUs MacITaboB BHEJPEHUS U POCTa YCTAHOBJIEHHON MOIIHOCTH.

» CexTop BHD serko mpeoiosesl 00IesKOHOMHUYECKUH KPU3KUC 2008 T., CHHKEeHUEe Ha 2 %
WHBECTHIINH B 2009 T. ¥ BO3BPATHJICA Ha TPAEKTOPHIO OBICTPOTO pocTa ¢ 2010 T.

B nocT-KpU3UCHBIN ITepUO/I IPOUCXOUT reorpaduyuecKuil CIBUT B UHBeCTULNAX B BUD —
Pa3BUBAIOIIHECA CTPAHBI IPUOIMIKAIOTCS 110 aOCOJIFOTHOMY YPOBHIO MHBeCTUITUN B BUD K rpytime
Pa3BUTHIX CTPAH.

O6beM TeXHUUYECKH JOCTYITHBIX PECYPCOB BO30OHOBJISIEMBIX HCTOUYHHUKOB DJHEPTHU B
Poccuiickoii ®eneparuu cocTtaBisieT He MeHee 24 MJIPA. TOHH YCJIOBHOTO TOIUIMBA. Jlojis
BJIEKTPOIHEPTUHU, BhIpabaThIBaeEMOU B Poccuu ¢ UCIIOIb30BAHUEM BO30OHOBJISIEMBIX UCTOYHUKOB,
B 2013 T'OZy COCTaBMJIa OKOJIO 1 % 6e3 yuera ['AC, a ¢ yueToM HOC/IEAHUX — CBBIIIE 17 %. Y/1eJIbHBINA
BeC IIPOM3BOJICTBA TEIUIOBOM SHEPrUU, MOJIydeHHOU Ha 0aze BIUD, 61 0KOO0 3 %, MU OKOJIO
2000 MJuH. I'kas1. B mociiegamne roasl naBecruniuu B B9 B PO onenuBarorcss B 200 MJIH. JIOJLI.
CIIIA B roz mpu rojloBOM IPUPOCTe YCTaHOBJEHHOU MomHocTH BMD mopsaka 100 MBT, uto B
10 pa3 HUKe 3asBJIEHHOTO YPOBHsA. DTO HE IO3BOJIUT YBEJUUYHUTDH OO0 TeHEPAlMU «3€JIEHOU»
SHEPTUU B TEKyIlleM sHeprobanaHce 7o 2,5 % B IaHax K 2020 roay (Buosuepreruka Poccun,
2012).

B umcie OpPHOPUTETHBIX TEXHOJOTUH B JHeprobasiance: OWOSHEpPreTHMKa, COJTHEUHAs
reHepanus (Ipesk/ie BCero coJTHEUHbIe OaTapeu), BETpOBas TeHepalsi, CUCTEMbI yJIaBJIUBAHUA U
XpaHeHHs yryiekucsioro raza (YXY), ycraHaBJIuBaeMble Ha TEIVIOBBIX CTAHIUSX, «YMHbBIE CETH» U
CBsI3aHHbIE C HHUMH CXE€Mbl Yy4YacTHUs TOTpeOuTesel B PETYJMPOBAHUU SHEPTOCHCTEM,
9HeprocOepekeHre, pas3JIUYHblE TEXHOJIOTUH aKKyMYJHUDPOBAHHS DHEPTUH, B PAAY KOTOPBIX
BO/IOPO/IHAsI BHEPTETUKA U TOIIMBHbBIE 3JI€MEHTHI.

Ecnu mocmoTtpers Ha rpaduueckoe u3o0OpaskeHre TEOPHUH JUIMHHBIX BOJIH KoHpaTheBa, TO
MOJKHO YBHJIETb, YTO TEPEX0J], K KaKAOMY CJIEAyIIeMy TexHosiorndeckomy ykiaamy (TY)
IIPOUCXOJIUT TOCIe KaKOTO-JTH00 KPU3UCHOTO SIBJIEHHS B MHUPOBOU skoHoMUKe. ITocie Bemukoit
JIETIpeCCH Mbl TEPelNUId K 4-My TEeXHOJOTHYEeCKOMY YKJIaZy, KOTODPBIH XapaKTepu30BaJICs
pasButHeM HedTEXHMHUH U aBTOMOOWecTpoeHus. Ilepexos K 5-My TeXHOJOTHUYECKOMY YKJIaay
COCTOSIJICSI TIOCJIe 1-TO U 2-TO HeTAHBIX KPU3HUCOB B 1974—1980 IT. B 3TOM TEXHOJIOTUYECKOM
VKJIaJle TPOUCXOAUT BCIUIeCK WHGOPMAIUOHHBIX W KOMMYHHKAIIUOHHBIX TEXHOJIOTHH.
DUHAHCOBBIA KPU3UC 2007—2009 IT. J0JIKEH ObLT BHIBECTH HAC Ha 6-0U TEXHOJIOTUYECKUH YKJIa
C Ppa3BUTHEM BO300OHOBJISIEMBIX ¢ aJbTEPHATUBHBIX HWCTOYHUKOB OHEPTUH, TEXHOJIOTUH
OKpY>KaIollel cpejibl, HaHO- ¥ OMOTEXHOJIOTHH U 310poBhecOepexenusa (Mathews, 2012).

Ho mapagokc pasButus B Poccum ajibTepHATUBHOW U BO300HOBJIAEMON SHEPTETUKH KaK
OJHOTO U3 KOMIIOHEHTOB IIIECTOTO U CEAbMOr0 TEXHOJIOTUUECKUX YKJIAZIOB COCTOUT B TOM, YTO OHA
JIOJKHA Pa3BUBAThCA B TAHZEME C TPAAUIIMOHHON SHEPreTUKOU (KOMMOHEHT yeTBepToro TY) m3-
3a CHJIbHOU (PUHAHCOBOM 3aBUCHMOCTH OT yTJIEBOIOPOTHOTO TOILIUBA.
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YeroliunBoe pa3BUTHE CTPAaHbBI M pErHoHA BO3MOXKHO IIPU Pa3BUTHUU  CJIEYIOIIUX
IIPUOPUTETHBIX HAIPAaBJIEHUH: palMOHAJIbHAsA MOJENb TNOTpebJieHUss U IMPOU3BOJICTBA;
«03eJIeHeHUEe» MPEANPUATHN U PIHKOB; yCTONUNBasg NHPPACTPYKTYpa U «3eJIeHas» HAJIOroBas U
Oro/keTHas pedOopMbl; MHBECTUPOBAHUE B IPUPOAHBIM KalWTaJ M IIOKA3aTeNd SKOJIOTHYECKOH
5} HEKTUBHOCTH.

[IpomblllsIeHHBIE OTXO/BI HapaBHE C BBIOpOCAMU IMAPHUKOBBIX Ta30B IPEACTABIIAIOT
pPETbHYIO YyTPO3y 3KOJIOTHUYECKOU OeszomacHOCTH Ouocdepbl. KomdyecTBO OTXO/IOB TOZ OT Toza
pacrer. ITosToMy cefiuac BO BCeM MHUpe BO3pacTaeT HHTepec K MporpaMMaM YCTOHYHUBOTO
pasButusi  (Sustainable Development), yuuThIBaloIuM 35Koyioruueckre (AKTOPBI  IIPU
OpraHu3aliy IPOU3BOJICTBEHHON JesATelbHOCTH. OHU IPeAyCMATPUBAIOT Y OBJIETBOPEHUE
oTpebHOCTEN YeI0BeUeCTBA IIPU COXPAHEHUH OKPYKaIoIel cpeapl. biaromaps ToMmy, 4ToO MHOTHE
KOMIIAaHUU YK€ Peau3yloT HO0J00HBbIE MPOTpPaMMBbl, CEro/HSA IepepadaThIBaeTcs OKOJIO 25 %
MIPOMBINIJIEHHBIX OTXO/IOB. Pa3BuTme OHWOSHEPreTHYECKOro KJlacTepa IIOMOXKET Ha IIyTH K
JIOCTIKEHUIO OCHOBHBIX ITOKA3aTesIel yCTOMYUBOTO PA3BUTHA.

[TepcrieKTUBBI Pa3BUTHA OMOIHEPTETHKH KaK OTPAC/IH IepepaboTKH OTXO0/I0B KOJIOCCAIHHBI.
K 6rosHEpreTHYecKUM TEXHOJIOTHSAM OTHOCATCA TaKHe MPOIECCH, KaK: OMOra3oBble TEXHOJIOTUH;
IIPOM3BOJICTBO 3TAHOJIA; IMOJyYeHHUEe OMOJU3eIbHBIX TOIUINB, KUPHBIX KHUCJIOT, PACTUTEJIbHBIX
YIJIEBOJIOPO/IOB; IIPOU3BOCTBO OMOBOIOPO/IA, ITOJIyUeHHE TEIJIOBOU SHEPTUH.

ITo oreHKaM CIIEIIUAINCTOB, 00bEM OPraHUYECKUX OTXO/0B B Poccuu cocraBiseT 500 MITH.
TOHH B TOJ], 3arachl Topda KaK UCTOYHUKA SHEPTHH COCTABJIAIOT 175 MIWLIUAPJOB TOHH, IIPHU 5TOM
06BeM BO300HOBIIIEMOTO TOpdA COCTABIIAET 350 MJIH TOHH B TOJI.

Ecim ke paccMarpuBarh pa3BuUTHE IEPEPAOOTKH OPTaHMYECKHX OTXOJZ0OB B PETHOHAX, B
YAaCTHOCTH B YIMyPTCKOH PecmyOsinke, TO 3TO ABJIAETCA OFHON M3 aKTYaJIbHBIX 337]a4, CTOSIIIX
Tepes; CeJIbCKUM X03AHUCTBOM. JKMBOTHOBO/ICTBO U NITUIIEBOACTBO YIMYPTHHU JA€T B TOJT 150 MJIH.
TOHH OTXO/IOB, PaCTEHHEBOJICTBO — 100 MJIH. TOHH. JTO BeleT K HAKOIUIEHWIO OTXOJOB H
3arpsA3HEHUI0 OKPY’KAIOIIEN CPE/IbI.

OcHOBHas /10719 MOTEeHI[MaIa OMOMAacChl, TPUTOTHOU JIJIsI TIOJTydeHUs1 Ororasa, MPUXOIUTCS
Ha HaBo3 (0 80 %). IloTeHIIMaI TPOU3BO/CTBA GMOTa3a C UCIOJIb30BAHUEM OTXOZ0B CKOTOBO/ICTBA
Ha TEPPUTOPUU YIMYyPTCKOH PecrmyGyiku mpezictaBieH B Taburle 1.

Ta6smna 1. IToreHnran Mpou3Bo/ICTBa 61orasa ¢ UCI0JIb30BaHUEM OTX0/I0B CKOTOBO/ICTBA Ha
TeppUTOpuU YAMypTcKou PecrryOnku

O6beM Ouorasa, Oo6mas
" OO1zee Buomacca, Oomasa
CTOYHUK ITOJIyYa€MOTO BBIpabOTKa
MIOTOJIOBbE, | KT/CyTKM Ha | Oumomacca,
ouorasa TBIC. TOTOB o 1/c U3 1 KT ouorasa, ThIC.
) a yT O6momacchl, M3 M3/CyT
KPC 384,6 55 21153 0,05 846,12
CBuHbBHU 306,2 12 3674.,4 0,06 220,46
OBIIbI, KO3BI 69,3 6 415,8 0,06 24,95
IITumna 161,5 0,17 27,5 0,07 1,92

AHanm3 TabguIBl 1 TOKA3bIBAET, YTO OCHOBHBIM CHIDbEM [UJIsI BHIpAOOTKM Oworasa B
pecItyOJinKe sIBJIsIeTCS CBUHOW M KOPOBHME HaBo3. IIpwueM, MoTeHIMasl BRIPAOOTKHM OWorasza W3
otxo710B KPC B 4 pa3a mpeBbIIIaeT MOTEHITHAJ BBIXO/IA Ta3a U3 OTXO/I0B CBHHOBO/ICTBA. HecmoTps
Ha TO, YTO Ha TEPPUTOPHUH YJMYPTUH Pa3BUTO NHTHUIIEBOJICTBO, BBIXOJ rasa M3 3TOH OTpAC/IH
BO3MOJKEH, HO CYIIIECTBEHHO HIKE, YEM U3 OCTAJIbHBIX OTPACIIEH.

[TonyueHne Grorasa Mpu UCIOJIB30BAaHUU OTXOJIOB — BTO TOJIBKO MEPBBIN IIAr B CO3TaHUM
OMO2HEPTeTUYECKON ITPOMBIIIJIEHHOCTH, 4 €€ BO3MOKHOCTH, KaK ITOKa3bIBAIOT COBPEMEHHbBIE
3apy0e)kHble pa3paboTKy, Oe3TrpaHUYHbI. YKa3aHHOE HAIlpaBJIEHHWE UMeEET HECKOJIbKO PaKypCOB.
Kuncimy BakHeHIINX 3a7ad OTHOCHUTCH CO3/IJaHHE TEXHOJOTUYECKUX JIMHUH, paboTamoIuxX B
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WHTEHCUBHOM peXUMe JJI1 Pa3HOOOPA3HOTO IO XUMUYECKOMY COCTaBY CBHIPbS M KJIMMATHYECKUX
30H peruoHa. B ¢BsA3u ¢ 3TUM IIpHMeHseMble B MUPOBOI IIPaKTUKe OHOra30Bble YCTAHOBKU NMEIOT
pasHOOOpa3Hble KOHCTPYKIIUU U TeXHOJIOTHUecKHe mapameTpbl. OfHaKo, IPOBEJEHHBIN aHAIN3
[I03BOJIJI  O0O3HAYUTh CYIIECTBYIOIIME TIpoOJeMbl B STOM oOTpacim U paspaborarh
9HeprosHeKTUBHYIO TEXHOJIOTUIO YTUIU3AIUH OTXOIOB.

ITocranoBka 3agauu

B cBA3M ¢ aKTyaJbHOCTHIO Pa3BUTHUS 3€JI€HOU (HU3KOYTJIEPOAHON) SKOHOMUKH HE TOJIBKO B
HaIlleM peruoHe, HO W BO Bcedl Poccum, OCHOBHOUM 3a/aueldl JAaHHOTO HCCAEAOBAHUS SBJISETCS
paspaboTka 5Hepro3(p@EKTUBHON TEXHOJIOTUU YTUJIN3AIUU OTXOJIOB C ONMHUCAHWEM IPUHITAIIA
pabOThI M pacyeT TEXHOJIOTHYECKUX ITapaMeTPOB, BXOAIIETO B KOMILIEKC 000PYI0BAHUSI.

HeJII) HcoiaeaoBsaHnuAa
B coorBercTBUH C saaaqeﬁ Hucciieg0BaHuA, Hamel oeJIbI0  ABJIAETCA CO3JaHHe
6I/IOBHepI‘6TI/I‘-IeCKOI‘O KOMILJIEKCA 3aMKHYTOI'O THIIA.

MeToapbl uccjieJ0BaHUA

Jlnsl pelieHus MOCTABJIEHHOM L€ U 3a7ja4, HaMU ObLI pa3paboTaH OMOHEPreTHYeCKUi
9KOJIOTUYECKH YUCTHINA SHEProdhGEeKTUBHBIN KOMIUIEKC 3aMKHYTOTO THIa (pHC. 1).

PaszpaboTaHHBIN KOMIUIEKC BKJIIOUaeT B cebs 2 OHOZHEPreTHYEeCKHe YCTaHOBKU:
TPEXCTaAUIHBIA METAHTEHK W MUPOJU3HAS YCTAHOBKA. YCTAaHOBKA JJI1 BEPMHUKOMIIOCTHPOBAHUSA
CIy’KUT JJI TIpollecca /JOpabOTKM IjlaMa IIocjie OMOTra3oBOM YCTAHOBKU, a TaKXKe JIA
repepabOTKH OPTaHUYECKUX OTXOJIOB M3 TEIUIMYHOTO KOMIUIEKCA C IOMOIIBI0 TEXHOJOTHYHBIX
JIO’K/IEeBbIX yepBel. Ha BBIXO7le M3 YCTAHOBKH MBI ITOJIy4aeM OHMOTYMYC, KOTOPBIM HCIOJIb3yeTCs B
KauyecTBe MHTpeMeHTa IIPYU IPUTOTOBJIEHUHN IOYBOCMeCe! /i TeIVIMYHOTO KOMILIEKCA, a TaKXKe
6uomaccy uepBeif, KOTOpas MOKET MCIIOJIb30BaThCs KaK BHYTPU KOMIUIeKca (Hampumep, AJs
oborareHrss KoOpMa KUBOTHBIX OEJTKOBBIMU BEIIECTBAMU), TAaK U PEAIN30BBIBATHCA OITOBBIM H
PO3HUYHBIM IoKymaresissm (Boirysosa, 2013).

PaccmoTpuM ABMKEHNE IOTOKOB OTXO0/IOB, SHEPTHUH U CHIPhs B pa3pab0TaHHOM KOMILIEKCE.

C >XHBOTHOBOAUECKON ¢depMbl OTXOABI (HABO3, IOJICTHJIKA, OCTAaTKH KOPMOB H T.J.)
MIOCTYNAIOT B TPEXCTaAUUHYI0 OHOra3oBYI0 YCTAHOBKY, IZleé IPOUCXOJUT IIPOIlecC METaHOBOTO
cOpaKUBaHUsA OTXOZOB C IMOJy4YeHHEM Ouorasa u mnwiama. Illiam mocsie GHMOra3oBOW YCTaHOBKU
OTIIPABJIsIETCS] B BEPMUPEAKTOP /IS IIOJyYeHHs OpPraHUYecKoro yaoOpeHus — Ouorymyca,
KOTOpPBIH Oy/ieT B JaJIbHEUIIIEM HCIIOJIb30BAThCS JIJISI IIPUTOTOBJIEHUS TTIOYBOCMECEN B TEITUUHOM
xossaicree (Kyapsimosa, Beiryzosa, 2014).

OpraHuueckrie OTXObI IepepadaThIBAIOIINX ITPOU3BOACTB (MOJIOKOIEpepabaThIBAIOIIIE U
MsicorepepabaThIBAIONINE 3aBOJIBI) OYEHb YACTO IIOMAJIAI0T B HCTOYHHKH BOJOCHAOXKEHHA, B
YaCTHOCTHU PEKH, TeEM CaMbIM 3arpA3HAA ux. [Ipu pa3iokeHun 3TUX 0TX0/I0B 00pa3yioTcs BpegHbIe
BEIlleCTBA, OTPHUIIATEIPHO BJIUSIONIME HAa 37I0POBbE YeJOBEKA U OKPYXKAIoIIyl cpexy. B cymme
KaIUTAIHHBIX 3aTPAT HAa CTPOUTEIHCTBO ITepepabaThIBAIOIIETO TPEATPUATHS 3HAUYUTEIHHYIO J0JTIO
COCTaBJISIIOT 3aTpaThl HA KaHAJIM3ANWOHHBIE OUYHCTHBIE COOPYKEHHSA, B CBA3H C OTUM
SKOHOMHUYECKH BBITOJHO KAaK MOXKHO OOJIbIIIE OTXOJI0OB YTHUJIU3MPOBATh BHYTPH IPENIPUITHUS.
B pazpaboTaHHOM KOMILIEKCE OTXOZbI MOJIOKOIIEpepabOTKH (CHIBOPOTKA M OCTAaTKH MOJIOYHBIX
MIPOIYKTOB M3 aIlllapaTOB IMPHU UX OTIOPOKHEHUHU, OTIOJIOCKH C TEXHOJIOTHUUECKOTO 0O0PYAOBAHM)
uayT B OMOraszoByl ycTaHOBKYy. CymMMapHOe KOJIMYECTBO OIIOJIOCKOB, 00pasyloIuxcs Ha
MOJIOKOIIepepabaThIBAIOIEM 3aBO/IE, 3aBUCUT IJIABHBIM 00pa3oM OT €ro MOIIHOCTH U
accopTuMeHTa MpoayKnuu. CorsiacHO TeOPETHYECKUM pacueTaM, OIOJIOCKU COCTaBJIAIOT IMOPSAIKA
10 % ot oO0beMa nepepabaTbiBaeMON IPOIYKIINH.

OTX0/1bI MAICHOTO ITPOU3BO/ICTBA (IIIKYPOCHIPbE, POTOKOIIBITHOE ChIpbe) IepepabaThIBAIOTCA B
MUPOJIN3HOU ycTaHoBKe. IloTepu npu o6Baske Ty cocTaBisaoT 10 30 % y KPC.

[Muponu3Heii ra3 u OuWoraz TMOCTYIAIOT B KOTEHEPAIIMOHHYI0 YCTAaHOBKY, TI7Ie
BbIpabaThIBaeTCsA 3IEKTpUYecKas U TeIUIOBAsI SHEPTHU, KOTOPAs B JATbHENIIIEM UCIIOJIb3YeTCs /IS
TEXHOJIOTUYECKUX HYKJ| BCET0 KOMILJIEKCa.

32




European Journal of Renewable Energy, 2016, 1(1)

Sxeprux
Ixeprux

- N -
L= !

Brorazozan
VCTAaHOEKA

OTxoms

Orxoma

Yeramomra gz

EePIGKONIIOCTHPOBARIA

Sweprice

EE————

<

% g
o
; E
B (o]
Korexepapmoxas HrmoTroromRcKax g "
&
YCTaHOE¥A depma E g Brorymyc
’E o Teromam
& g
E g
2 g
i @
3
SHepria ©
Torozax
TPORYHIGLT
3azox o nepepaboTye
TIROMYFILHE Tyrr peameargot

Orxomsr

IxpomeHent raz

Puc. 1. CtpykTypHas cxema 3Heproagp@eKTUBHOIO KOMILJIEKCa

OTX0oAbl TEIUIMYHOTO XO3SHCTBA MPEACTABJISAIOT COOOM pACTHTENIbHBIE OCTAaTKU IIPU
BBIPAIIUBAHUU OBOIIeN, 3arpsA3HEHHble 3eMJiel, OTXOAbl TPYHTA, OTXOJbl CTEKJIA, PE3UHBI OT
MIOJIMBOYHBIX IIIJIAHTOB W T.I. HeopraHW4YecKyl0 dYacTb OTXOJOB (CTEKJIO0, pe3rHa) BO3MOKHO
YTUJIU3UPOBATh B MUPOJIU3HON ycTaHOBKe. OpraHnyeckas 4acTh OTX0/I0B BEDMUKOMIIOCTUPYETCH.
CorsacHo HopmaM TeXHOJIOTUUECKOTO TMPOEKTUPOBAHUSA TEIUIUI] M TEIIMYHBIX KOMOMHATOB IS
BoIpamuBanusa oBomell u paccagbl (OHTII-CX.10-85), mpUMEpPHBIN BBIXOJA PaCTUTEIbHBIX
OCTaTKOB C 1 Ta TEIUIHI]: OTypIla — MapTeHOKApPIUYeCKNuX THOpuIoB — 60—70 T/Tra; TOMaTa — 90—
100 T/ra, IpU MPOJJIEHHON WU NEPEXOMHOU KyJIbType — 120—130 T/ra W MPU HCIIOJIb30BAHUU
HInajepsl — 170—200 T/ra.

[Ipumep: cenbckoxo3siicTBeHHAsA ¢epma Ha 600 rosioB AoitHoro craga KPC. I'ogoBoit BeIXOA
MOJIOKA COCTaBJIsAET 2377 m, Msca — 81,8 m, HaBo3a — 2956 m.

BpIX0/1 OITOJIOCKOB C TEXHOJIOTHYECKOTO 000PYZI0BaHUSA MOJIOKOIIEpepabaThIBAIOIIEro 3aBO/a
COCTaBJISAET 700 JI/CyT.

[ToTepu MsACHOTO ITPOU3BOCTBA MIPU OOBAJIKE TYIII COCTABJIAIOT 24,6 T/TO/I.

OTXO/bl TEIUIMYHOTO XO3SMCTBA (IIPU BBIPAIIUBAHUM OTYPEYHO-TOMATHOU ITPOJYKITHH)
COCTaBSIT OPUEHTUPOBOYHO 160 T. VIcX0/1 U3 TEOPETHYECKUX U MPAKTUUECKUX IAHHBIX 110 BBIXOJTY
IPOAYKIIMK TIOCJIE TIPOIeCcCa BEPMUKOMIIOCTHPOBAHUSA, KOJIMYECTBO OHMOTyMyca COCTaBHUT
MIPUMEPHO 104 M.

IIpoBeneHHBIE pAacUeThI MO3BOJIAIOT OLIEHUTh TapaMETPhI OMOpeakTopa, HeOOXOUMOTO IS
1epepabOTKU YKa3aHHOTO KOJIMYECTBA OTXOZ0B. Hizke IpUBEIEeHBbI XapaKTEPUCTUKUA OHOTra30BOU
YCTAaHOBKH U PEKUM ee PabOTHI.

[Tone3Hble XapaKTEPUCTUKU YCTAHOBKHU:

Cpenuutii 001U 00BEM CHIPBA: 30 T/CYT

OO0t 00BeM 1osrygaeMoro 6uorasa: 1800 m3/cyT
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OKBUBAJIEHT BO3MOKHOH BhIpAOaThIBAEMOM 2JIEKTpUUECKON SHEPTHH, /10 180 kBT/4ac

JlomioTHUTEIbHO BhIpabaThiBaeMas TEIUIOBAsI DHEPTHUH, /10 210 KBt/gac

KosruecTBO BhIpabaThIBaEMOI TOJBKO TEIUIOBOM HHEPTUH, 70 465 KBT/4yac. To mpumepHO
SKBUBAJIEHTHO OTOILJIEHUIO 4650 KB. M. IIpU TeMIlepaType Ha yiure -35C

TexHUYeCcKUe XapaKTePUCTUKU YCTAaHOBKU:

Juametp 6uopeakTopa: 4.5 M

KoucTpykiusa 6nopeaktopa MOAy/IbHASA, UIMHA MOAYJIA: 12 M

[Tosie3HbIN 06EM OHOPEAKTOPA: 504 M3

KosrmaecTBo Moysielt (MOKeT HapaluBaThCSA WJINM YMEHBIIIATCS): 3 IIIT.

Pexxum O6porkeHusA: NcuxpopuIbHO-Me30(hUIBHO-TEPMOQMUIHHBIN

TexHOMIOTUYECKUH ITpoIlecc OPOXKeHNUs: HETPEPHIBHBIHN

Bpewms 6poskeHUA: OT 12 10 18 CYyTOK

BraskHOCTB 3arpy:kaemoro cyberpara: 10 95 %

W36bITOYHOE aBiienne ouorasa: 2 kIla (200 MM. BOJI. CT.)

Temmnepartypa 6pokeHus B ncuxpoduiabHoi ceknun: ot 8°C 1o 25°C

Temneparypa 6pokeHus: B Me3opuiabHOU ceknuu: oT 25°C 10 40°C

Temneparypa 6poxkeHust B TepModuabHOU cekuuu: oT 45°C 1o 57°C

KosraecTBo »KUAKUX yI0OpEHUI HA BBIXOJE: 39 T/CYT

[lepuos nepeMemuBaHusA: 4 pa3a B CyTKU 110 10 MUHYT

Takum o6pa30M, MBI BUJAWM, YTO HCIIOJIb3OBaHHE 6I/IOSHepI‘eTI/I‘IeCKI/IX YCTaHOBOK B C€JIbCKOM
XO3SIMCTBE IIOMOJKET HE€ TOJIBKO YTHIIN3UPOBaTh pPA3JIMYHbIE BHJAbI OTXOJOB, HO M IIOJIy4YaTb
QHEPIrHu10, KOTOpad MOXKET HCIIOJIb30BaTbCA IJIA obecIieueHrs] TEXHOJIOTHYECKUX IIpOIECCOB U
peasin30BbIBATbCA HOTp€6I/IT€JI${M.

3akJIouYeHue

TpaguuuoHHBIN (PUHAHCOBHI aHAJIN3 OCHOBAaH HA pacueTe JNCKOHTHPOBAHHOTO Kell-(ioy.
Ho takoro posa aHanu3 He cIocOOEH aZieKBATHO YYeCTb Oy/IyIlvie PHUCKHU, CBSI3aHHBIE C IIEHAMU Ha
TorinBo. OH Takke IIOJIHOCTBIO WTHOPDUpPYeT 3aTpaThl HAa OXpaHy OKpYMKaloled cpenpl u
3/IpaBOOXpaHEeHUe, CBA3AHHbIE C SMUCCUAMU Ha 3JIEKTPOCTAHIIUAX CXKUTAIOIINX NCKOTIaeMOe TOILIUBO.

Ecim MBI paccMOTpUM 3aTpaTbl HAa MOJHBIA TeXHUYECKUN LHUKJ, TO HEKOTOpbIe
BO300OHOBJIsIEMbIE FHCTOYHHUKH YK€ cedyac MOTryT KOHKYpHPOBaTb C TPaJAUIMOHHBIMU
SHEpPreTUYeCKUMH pecypcaMu. HecMOTpsi Ha 3TO, MOTEHIIHA 3THX (UHAHCOBO KU3HECIIOCOOHBIX
TexHosioruil BUO He peasmsyeTcsi MOJHOCTHIO M3-3a PA3JIMYHBIX 0apbhepOB PBIHKA, TAKUX KakK
rOCyZJapCTBEHHOE CyOCHAMPOBAHUE TPAAUIIMOHHBIX TOIUIUB. [0 HEKOTOPHIM JAHHBIM €KETOHOE
rocyzapcTBeHHoe (uHaHCHpoBaHWe B Poccru ra30BOM MPOMBIIIZIEHHOCTH COCTABJIAET 25 MJIPJ.
nost. CIIIA, a snekTposHepreTUku — 15 MIIpA. o, CIIIA.

BpIxo/ioM U3 CJI0KUBIIEUCA CUTyalluHd BIIOJIHE MOXKET CTaTh PEeruoHaJIbHOE pPa3BUTHE
aJIbTEDHATUBHOM 5HepreTuku. Tak, HampuMmep, BHeJpeHHe pa3pabOTaHHOU TEXHOJIOTHH B
Yamyptckoii PecriyOiivike MOMOKeT CO34aTh OJIATONPUATHYI0 SKOHOMUYECKYI0 OOCTAaHOBKY JIJIs
YCTONYHBOTO Pa3BUTHS PETHOHA U IOBBIIIEHUS €r0 KOHKYPEHTHOCIIOCOOHOCTH.

Kpome Toro, coruaspHass 5(P@eKTHBHOCT, BO300HOBJISAEMOU 3SHEPTeTUKU BBIPAXKAETCHA
HJINYUEM IPAMBIX U KOCBEHHBIX PAa0OUMX MeCT C BBICOKOHM CTENEeHbI0 YCTOMUYMBOCTH, T.K. 3TA
OTpacyib MeHee BCero IMo/BeprKeHa KPUBUCHBIM BaUAHUAM. OrcyrcrBue smuccun CO. U Apyrux
BPEZIHBIX BBIOPOCOB YJIydIllaeT YCJIOBUS IPOKUBAHUA HacCeJeHUsA. YCTAaHOBKH HeOOJIBIION
MOIITHOCTH CYIIECTBEHHO BJIMSIIOT Ha KOMMOPTHOCTH MPOKUBAHUSA JIIOJENH He MOAKIIOUEHHBIX K
ceTsIM OOIIero MoJIb30BaHMUS.
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HNcnoabp30BaHuEe OMOIHEPTETUKH JIJIsI yCTOMYNBOIO Pa3BUTHA PETHOHA HA IpUMepe
YaMypTCKOH peciryo/ImKu

Mapusa AratoabeBHA Briry30Ba @ *, AHacTtacusa 'ennagpeBHa Kyapsmosa b

a YIMyPTCKUU rocyZlapCTBEHHBIN YHUBepcHUTeT, VxkeBck, Poccuiickas @egepanus
b KaMCKU# MHCTUTYT T'YMaHUTAaPHBIX M HHXKEHEPHBIX TEXHOJIOTHH, VKeBCk, Poccuiickas
®epnepanus

AnHOTamuA. B cratbe paccMOTpeHBI BOIPOCHI PA3BUTHS HUCIIOJIb30BAHUA U MEPCIEKTHUBBI
OMOHEPTETHKH KaK OJHOTO W3 JIpPAHBEPOB YCTOMYMBOTO Pa3BUTHA KaK CTPAHbI B II€JIOM, TaK U
OT/IeJIbHOTO peruoHa. llesp wuccieloBaHUA — BO3MOKHOCTH BHEAPEHUs Pa3pabOTaHHOTO
3aMKHYTOTO OMOSHEPTreTUYECKOTO0 KOMILIEKCA B CEJIbCKOE XO3SHUCTBO YAMYPTCKOHM PecmyOsmkwu.
Ina poctmkeHwss 1end  Obwl  pa3paboraH  5Heproad¢eKTUBHBIH KOMIUIEKC C JIBYMsS
O6MO3HEPreTUUEeCKUMHU YCTAHOBKAMU, MTOCUUTAH TEXHOJIOTUYECKUN ITUKJI OMOra30BOM yCTAaHOBKU.
KonmuecTBOo BbIpabaThIBaeMOU TEIJIOBOM SHEPTUM COCTaBUT 70 465 kBt/uac. Ilo mpoBeeHHBIM
HCCIEZIOBAHUSAM MOKHO CJleJIaTh BBIBOJL O HEOOXOJMMOCTH Pa3BUTHUA BO30OHOBJIEMBIX
HCTOYHUKOB SHEPTUU, B YACTHOCTH OMOHEPTETUKH, /A IMepexoza Poccuu U3 mATOro B IIECTOU
TEXHOJIOTHYECKUH YKJIQ/l U YCTOUUUBOTO Pa3BUTUA 9KOHOMUKU PETHOHOB.

KiioueBble cj10oBa: BO300OHOBJIsIEMble UCTOYHUKU HHEPruy, OMOHEPTeTHKA, YCTOUUYNBOE
pa3BUTHE, TEXHOJIOTHYECKHE YKJIAJ[bl, 0MOTa30Bble TEXHOJIOTHH.
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