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UNESC

AND AICHI-NAGOYA DECLARATION

I. Tyukhov
All-Russian Scientific-Research Institute for Electrification of Agriculture,
Moscow, Russia

Education for Sustainable Development (ESD) is one of the very important priorities of UNESCO.
Agriculture and renewable energy are the main topics of VIESH. UNESCO Chair “Renewable Energy
and Rural Electrification” at VIESH has been actively participated in many aspects ESD actively work-
ing in the World Solar Programme, EURONETRES, cooperating with International Sustainable Energy
Development Centre. The 2014 UNESCO World Conference on Education for Sustainable Development
(ESD) marked the end of the UN Decade of ESD (2005-2014) and saw the launch of the Global Action
Programme (GAP) on ESD. The Aichi-Nagoya Declaration is important contribution to the debate on a
new education agenda for 2015-2030 to support and guide the implementation of the future agenda The
paper presents Aichi-Nagoya Declaration on Education for Sustainable Development. VIESH is starting
new Magister Programmes on Agroengineering and Electrical Engineering (Power plants based on re-
newable energy). It will be more opportunities for young generation to be involved into sustainable de-

UNESCO ACTIVITY IN EDUCATION FOR SUSTAINABLE DEVELOPMENT

velopment.

Keywords: UNESCO, education for Sustainable Development, Aichi-Nagoya Declaration, new

Magister Programmes

Agriculture and renewable energy are the
main topics for the All-Russian Research Institute
for Electrification of Agriculture (VIESH) and for
the UNESCO Chair “Renewable Energy and Rural
Electrification” at VIESH in particularly.

UNESCO Chair has been actively participat-
ed in the (1996-2005), which was started in Harare,
Zimbabwe. Actually this Programme stimulated
creating of the UNESCO Chair in VIESH.

Agreement concerning the creation of the
UNESCO Chair on Renewable Energy and Rural
Electrification at the All-Russian Research Institute
for Electrification of Agriculture was signed by Mr.
Federico Mayor, Director-General, The United Na-
tions Educational, Scientific and Cultural Organiza-
tion (UNESCO), and by Professor D. Strebkov, the
director of the All-Russian Research Institute for
Electrification of Agriculture.

The Chair is a co-founder and constant part-
ner of the UNESCO European Network for Educa-
tion and Training in Renewable Energy Sources
(EURONETRES), sponsored by UNESCO Venice
Office (UNESCO-BRESCE). Academician Dmitry
S. Strebkov, Chair-Holder, has been elected the
Head of EURONETRES’s Work Group on PV-
Solar. The Chair has hosted two international meet-
ings of EURONETRES Work Groups, in 2005 and
2007, where professors of a number of European
universities took par (Fig.1, left).

UNESCO Chair is cooperating with Interna-
tional Sustainable Energy Development Centre un-
der the auspices of UNESCO (ISEDC) taking part
in the international seminars and organizing scien-
tific tours for specialists from developing countries
and countries in transition in the framework of Fel-
lowships Programme (Fig.1, right).
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Fig. 1. EURONETRES meeting in VIESH (left), participants of Fellowships Programme in VIESH (right)

The 2014 UNESCO World Conference on
Education for Sustainable Development (ESD)
marked the end of the UN Decade of ESD (2005-
2014) and saw the launch of the Global Action Pro-
gramme (GAP) on ESD. The final report “Shaping
the Future We Want” of the UN Decade of Educa-
tion for Sustainable Development (2005-2014) is
possible to load from the Internet in Russian, Eng-
lish or other languages [1, 2].

The conference took place from 10-12 No-
vember 2014 in Aichi-Nagoya, Japan. The lack of
Russian participants at this important event should
be compensated by this publication of the Aichi-
Nagoya Declaration.

The Aichi-Nagoya Declaration is important
contribution to the debate on a new education agen-
da for 2015-2030 to support and guide the imple-
mentation of the future agenda.

Aichi-Nagoya Declaration on Education
for Sustainable Development

We, the participants of the UNESCO World
Conference on Education for Sustainable Develop-
ment held in Aichi-Nagoya, Japan, from 10 to 12
November 2014, adopt this Declaration and call for
urgent action to further strengthen and scale up Ed-
ucation for Sustainable Development (ESD), in or-
der to enable current generations to meet their needs
while allowing future generations to meet their
own, with a balanced and integrated approach re-
garding the economic, social and environmental
dimensions of sustainable development. This Dec-
laration recognizes that people are at the center of
sustainable development and builds on the
achievements of the United Nations (UN) Decade
of ESD (2005-2014); the deliberations of the
UNESCO World Conference on ESD in Aichi-

Nagoya; and the Stakeholder Meetings held in
Okayama, Japan, from 4 to 8 November 2014,
namely, UNESCO Associated Schools Project
Network (ASPnet) International ESD events, the
UNESCO ESD Youth Conference, the Global Re-
gional Centres of Expertise Conference, and other
relevant events and consultation processes, includ-
ing regional ministerial meetings. We express our
sincere gratitude to the Government of Japan for
hosting the UNESCO World Conference on ESD.

1. CELEBRATING the significant achieve-
ments made by the UN Decade of ESD (2005-
2014), in particular, in putting ESD higher on na-
tional and international agendas, advancing policy,
improving the conceptual understanding of ESD,
and generating substantive good practice amongst a
wide range of stakeholders,

2. EXPRESSING our appreciation to many
governments, UN entities, non-governmental or-
ganizations, all types of educational institutions and
setups, educators and learners in schools, communi-
ties and workplaces, youth, the scientific communi-
ty, academia and other stakeholders who have ac-
tively committed to and participated in the imple-
mentation of the UN Decade of ESD, and to
UNESCO for the leadership role it has played as
lead agency of the Decade,

3. RECALLING the international commit-
ment to further promoting ESD that was included in
the outcome document of the 2012 UN Conference
on Sustainable Development (Rio+20), The Future
We Want,

4. NOTING that the Global Action Pro-
gramme (GAP) on ESD, endorsed by the 37th ses-
sion of the General Conference of UNESCO as a
follow up to the Decade of ESD and a concrete con-
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tribution to the post-2015 agenda, aims at generat-
ing and scaling up ESD actions in all levels and
areas of education, training and learning,

5. REAFFIRMING ESD as a vital means of
implementation for sustainable development, as
recognized in intergovernmental agreements on
climate change (Article 6 of the UN Framework
Convention on Climate Change and its Doha work
programme), biodiversity (Article 13 of the Con-
vention on Biological Diversity and its work pro-
grammes and related decisions), disaster risk reduc-
tion (Hyogo Framework for Action 2005-2015),
sustainable consumption and production (Sustaina-
ble Lifestyles and Education Programme of the 10-
Year Framework of Programmes on Sustainable
Consumption and Production 2012-2021), and chil-
dren’s rights (Articles 24[2], 28 and 29 of the UN
Convention on the Rights of the Child), among
many others,

6. WELCOMING the growing international
recognition of ESD as an integral and transforma-
tive element of inclusive quality education and life-
long learning and an enabler for sustainable devel-
opment, as demonstrated by the inclusion of ESD as
a target in the Muscat Agreement adopted at the
2014 Global Education For All Meeting and in the
proposal for Sustainable Development Goals
(SDGs) by the Open Working Group of the UN
General Assembly on SDGs,

7. RECOGNISING the establishment of the
UNESCO-Japan Prize on ESD approved by the Ex-
ecutive Board of UNESCO at its 195th session,

We, the participants,

8. EMPHASISE the potential of ESD to em-
power learners to transform themselves and the so-
ciety they live in by developing knowledge, skills,
attitudes, competences and values required for ad-
dressing global citizenship and local contextual
challenges of the present and the future, such as
critical and systemic thinking, analytical problem-
solving, creativity, working collaboratively and
making decisions in the face of uncertainty, and
understanding of the interconnectedness of global
challenges and responsibilities emanating from such
awareness,

9. STRESS that ESD is an opportunity and a
responsibility that should engage both developed
and developing countries in intensifying efforts for
poverty eradication, reduction of inequalities, envi-

ronmental protection and economic growth, with a
view to promoting equitable, more sustainable
economies and societies benefiting all countries,
especially those most vulnerable such as Small Is-
land Developing States and Least Developed Coun-
tries,

10. UNDERSCORE that the implementation
of ESD should fully take into consideration local,
national, regional and global contexts, as well as the
contribution of culture to sustainable development
and the need for respecting peace, non-violence,
cultural diversity, local and traditional knowledge
and indigenous wisdom and practices, and universal
principles such as human rights, gender equality,
democracy, and social justice,

11. APPRECIATE the commitments to ESD
expressed by all concerned stakeholders through
their specific contributions to the GAP Launch
Commitments,

12. COMMIT ourselves to building and
maintaining the momentum of the launching of the
GAP, in its five Priority Action Areas for ESD,
namely policy support, whole-institution approach-
es, educators, youth, and local communities,
through inclusive quality education and lifelong
learning via formal, non-formal and informal set-
tings,

13. CALL UPON all concerned stakehold-
ers, including governments and their affiliated
institutions and networks, civil society organiza-
tions and groups, the private sector, media, the
academic and research community, and education
and training institutions and centers as well as
UN entities, bilateral and multilateral develop-
ment agencies and other types of intergovernmen-
tal organizations at all levels, to: a) set specific
goals, b) develop, support and implement activi-
ties, ¢) create platforms for sharing experiences
(including ICT-based platforms), and d) strength-
en monitoring and evaluation approaches in the
five Priority Action Areas of the GAP in a syner-
gistic manner,

14. URGE all concerned stakeholders, in par-
ticular Ministries of Education and all ministries
involved with ESD, higher education institutions
and the scientific and other knowledge communities
to engage in collaborative and transformative
knowledge production, dissemination and utiliza-
tion, and promotion of innovation across sectoral
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and disciplinary boundaries at the science-policy-
ESD practice interface to enrich decision-making
and capacity building for sustainable development
with emphasis on involving and respecting youth as
key stakeholders,

15. INVITE governments of UNESCO
Member States to make further efforts to:

a) Review the purposes and values that un-
derpin education, assess the extent to which educa-
tion policy and curricula are achieving the goals of
ESD; reinforce the integration of ESD into educa-
tion, training, and sustainable development policies,
with a special attention paid to system-wide and
holistic approaches and multi-stakeholder coopera-
tion and partnerships between actors of the educa-
tion sector, private sector, civil society and those
working in the various areas of sustainable devel-
opment; and ensure the education, training and pro-
fessional development of teachers and other educa-
tors to successfully integrate ESD into teaching and
learning;

b) Allocate and mobilise substantial re-
sources to translate policies into actions, especially
building necessary institutional capacities for both
formal and non-formal education and learning at
national and sub-national levels along the five Pri-
ority Actions Areas of the GAP; and

¢) Reflect and strengthen ESD in the post-
2015 agenda and its follow-up processes, ensuring,
first, that ESD is maintained as a target in the edu-
cation goal and also integrated in SDGs as a cross-
cutting theme; and, second, that the outcomes of the
2014 World Conference on ESD are taken into con-
sideration at the World Education Forum 2015 to be
held in Incheon, Republic of Korea from 19 to
22 May 2015,

16. REQUEST UNESCO’s Director-General
to continue to:

a) Provide global leadership, support policy
synergy, and facilitate communication for ESD, in
cooperation with governments, other UN entities,
development partners, private sector and civil socie-
ty, within the framework of the UNESCO Roadmap
to Implement the GAP;

b) Harness partnerships and mobilize net-
works including the UNESCO ASPnet, UNESCO
Chairs, Centers under the auspices of UNESCO, the
World Network of Biosphere Reserves and World
Heritage Sites, as well as UNESCO Clubs and As-
sociations; and

¢) Advocate the importance of ensuring ade-
quate resources including funding for ESD.

Author believes the readers of the journal
“Research in Agricultural Electric Engineering”
will take more attention to the very important topic
“Education for Sustainable Development”.

VIESH is preparing a new Magister Pro-
grams on Agroengineering and Electrical Engineer-
ing (Power plants based on renewable energy). It
will be more opportunities for young generation to
be involved into sustainable development.
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JEATEJBHOCTH IOHECKO
B OBJIACTU OGPA3OBAHUSA
JIJIS1 YCTOMYHUBOI'O PA3BUTHS
U AUTH-HATOMCKASI JEKJIAPALIUS

HN.N. Twoxos
Bceepoccuiickuii HaydyHO-HMcCIAeA0BATENbCKUI
HHCTHUTYT 3JIeKTPUPUKANNHU CETbCKOT0
xo3siicTea (PI'BHY BUICX), MockBa, Poccust

OOpa3oBaHue B HHTEpecax YCTOHYMBOIO
pazButus (OYP) sBnsercss ogHUM U3 CaMBIX Bax-
HeIx npuoputetoB FOHECKO.

Cenbckoe XO3SHUCTBO W BO30OHOBISIEMBIC
UCTOYHUKUA SHEPTUU — MPUOPUTCTHBIC TEMBI HC-
cnenoanuii B BUDCX. Kageapa HOHECKO
"Bo3oOHoBisieMass dHEprust M 3JIeKTpUPUKALHN
cenbckoro xo3diicrea”" B BUDCX akTuBHO yyact-
ByeT BO MHorux acmnekrax OYP, npuHumana ak-
THBHOE ydacTHe B paboTe B paMkax BcemupHO#
Comnneunoit nporpammel, EURONETRES, a Tak-
KE COTpyAHHUYAET ¢ MEXIyHapOIHBIM LEHTPOM
YCTONYMBOTO SHEPTE€THUECKOTO Pa3BUTHS.

Bceemupnas koudepennns FOHECKO mo 06-
pa3oBaHWIO B HMHTEPECAX YCTOWYMBOIO PAa3BUTHS
2014 rona 3aBepmmna ecaruinerne OOH mo OYP
(2005-2014 rr.) u 3anmyctuia nporpammy I 106ais-
HbIX nerictBui mo OYP.

Aiitu-Haroiickas Jleknapaiusi BHOCUT Bax-
HBIA BKJIAJ B J1e0AThl IO HOBOW MOBECTKE JHS IS
0o0pa3oBaHHs U MOMICPKKH OyAyIIel MOBECTKH Ha
2015 - 2030 romel. B crathe mpencTaBiieH TEKCT

Aitu-Haroiickoil nekmapanuu 1o  00pa30BaHUIO
JUTSL yCTOMYHUBOTO Pa3BUTHA.

BUDCX 3anmMaercsi TOATOTOBKOW HOBOWM
MarvcTepCcKoi MPOrpaMMBbl IO arpOMEKEHEPUH U
JNIEKTPOTEXHUKE (PHEPreTHYeCKre YCTAaHOBKH Ha
OCHOBE BO300OHOBIISIEMBIX HMCTOYHHUKOB JHEPIHH).
OT10 macT OoJbIIe BO3MOXHOCTEH MOJIOIOMY TIOKO-
JICHWIO y4YacTBOBaTb B YCTOWYMBOM pa3BUTHU
HaIlero oomecTna.

KaoueBsie cioBa: FOHECKO, o6pa3sosa-
HUE B WHTEpecax YCTOMYMBOTO pa3BUTHs, AWNTH-
Harost nexnapanuu, HOBbIM Maructp nporpaMMsl.
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D. Strebkov

NON-POLLUTING ENERGY SOURCES AND TECHNOLOGIES

D. Strebkov
All-Russian Scientific-Research Institute for Electrification of Agriculture,
Moscow, Russia

Current situation in the field of fuel and energy is characterized by unstable prices for fossil fuels
and ever growing technogenic pressure on environment. These factors determine main political, econom-
ical, legislative and technological trends. In scientific and technological sphere this stimulates the search
for new possibilities in biofuels production, notably, the use of bioresources that do not cause considera-
ble disbalance in the structure of agricultural production traditionally oriented at meeting demand for
food products. In recent years, due to considerable increase of biomass use for energy purposes, serious
problems emerge related to deforestation and transfer of considerable part of agricultural products from
food and forage industries to energy area. Intensive wood procurement for biodiesel production leads to
failure of ecosystems.

In biomass production rate algae many times exceed the most productive land plants and, more
over, produce more useful products per unit area. Biofuels made of algae oil are termed third generation
biofuels. It can be concluded, that at the present stage of the world economic and technological develop-
ment there are great opportunities of microalgae use as alternative vegetable raw materials for biodiesel
production.

Innovative approach to the reduction of costs for motor and stove fuel is the production of compo-
site multicomponent fuel with diesel oil content 80% for motor fuel and 64% for in stove fuel. Plasma
technologies for solid domestic waste processing into electric energy and the technologies for liquid or-
ganic waste processing based on supercritical water oxidation of organic substances into liquids for
thermal and power plants with 1 MW capacity are under development.

The results of comparison of parameters of a classical electric power supply system with an elec-
tric power supply system using single-wire wave-guide lines with high frequency, proposed by N. Tesla
100 years ago show, that in such characteristics as current density and line losses, energy transmission
distance, transmission capacity, the possibility of cable and wireless power transmission the Tesla elec-
trical systems exceed the classical energy supply systems. In future electrified mobile robots with external
power wireless power supply will make it possible to organize agricultural production on the principles
of «Industrial Factories on Fields» with full automation of technological processes.

The energy model of the future world based on direct solar energy conversion and transcontinen-
tal terawatt power transmission with the use of resonant wave-guide N. Tesla technology is proposed.
The advanced Russian technologies for solar energy include chlorine-free technologies for solar-grade
silicon production, the technologies for silicon high voltage solar modules with 20% efficiency at 60-fold
concentration of solar radiation, the technologies for assembling solar modules with 40-50 years’ service
life, the technologies of concentrator solar modules and non-carbon fuel.

Keywords: Biofuels, food security, fast pyrolysis, microwave assisted combustion, plasma pro-
cessing, non-carbon fuel, low carbon fuel, Tesla technigue. Solar power system.

Introduction

Energy consumption per head of population
in Russia is half that of the USA and Canada, even
though Russia is the coldest country in the world.
Maximum load on the energy system occurs in the
winter season, and fuel consumption for heat and
electricity supply to residential and industrial build-
ings accounts for nearly 65% of total fuel and ener-
gy consumption. To reduce high-energy tariffs in
the Russian Federation (RF), it is necessary to in-
crease the fuel utilization factor through energy
generation at highly effective cogeneration plants,
to decrease fuel cost and to develop biofuel and
low-carbon energy production with the use of re-
newable energy sources [1-3]. Research and devel-

opment in renewable energy has been stimulated by
the well-known requirement of funding energy
sources alternative to fossil fuels, to prevent in-
creasing atmospheric CO,. For meeting the above
need non-polluting energy sources should be found,
which do not have health risks, are economically
competitive when compared to oil sources that are
easily discovered and exploited, and are naturally
abundant. Many alternative energy sources have
already been explored and tested, even on an indus-
trial scale, including biomass, fuel materials of veg-
etable or agricultural nature used for heating, elect-
ric generation and transport purposes. The aim of
the paper is to introduce methods for production,
transmission and use of energy in an economic,
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convenient, reliable and repetitive manner, without
producing hazardous waste materials.

Currently, approximately 45%-50% of the to-
tal fuel and energy resources are used in boiler
houses and other heating systems generating only
heat. There are over 200 000 boiler houses in Rus-
sia, of which 73 000 are municipal. In boiler houses
servicing heating networks, 47% of thermal energy
is generated. In cities with populations of 100 000-
500 000, the majority of consumers are provided
with heat by boiler houses. Even in Moscow, 30%
of thermal energy is generated by boiler houses.
Energy transport potential is not completely utilized
in boilers. In order to improve the existing situation
it is necessary to upgrade and re-equip these boiler
houses to the level of mini heat power plants where
both thermal and electric power will be generated
(cogeneration).

One objective in the development of electric
power generation is increasing the share of distrib-
uted power generation so the energy production
cost is reduced due to lower costs for energy
transport from deposits to power plants and for
electric power transfer from power plants
to customers.

Biomass energy resources

In Russia, over 100 Mt of biomass available
for energy purposes is produced per year. The ener-
gy equivalent of this amount of raw materials is
more than 40 Mt of reference fuel (300 000 GWh).
Only 10% of this renewable biomass resource is
involved in recycling processes. One of the largest
producers of waste is agriculture. According to sta-
tistics, in 2010 in Russia agriculture and forestry
sectors produced almost 68 Mt of waste. Of the to-
tal amount of waste used or neutralized, 18.8 Mt
accounted for at least 28% of the waste volume.

Effective and reliable sources of raw materials
for bioenergy will come from the forestry sector.
Russia’s forest land and forests represent 69% of the
country. The wood reserves are about 82 billion cu-
bic meters, more than a quarter of world reserves.
Over 500 million cubic meters of wood is harvested
annually and this figure continues to grow [2-4].

Role of agriculture in the biofuel market

In 2013, the author was appointed as a mem-
ber of the Oversight Group to review the report of
the High Level Panel of Experts on Biofuels and
Food Security. This report, under the guidance and
oversight of the High Level Panel of Experts Steer-
ing Committee, analyses the issues of food security
related to the development of biofuel world mar-

kets. Prospects for biofuels use remain a subject of
debate around the world. Research and develop-
ment in this area continues to find innovative ap-
proaches that may deliver not only solutions but
also reveal new, unanticipated problems. However,
there is no doubt that these problems are of vital
importance for large areas of the globe [5].

At the same time, it has to be noticed that
safety and sustainability of life are not only limited
by food and potable water supply. The environmen-
tal issues are also of prime importance and the sub-
stitution of fossil fuels by biofuels is believed to be
one of the most effective approaches to reduce the
anthropogenic impact on the nature.

The use of fluid and solid biofuels around the
world grows at 10% or more per year. Most inten-
sively the biofuel market has been developing in the
EU and is expected to exceed 10% by the year 2020
in the transport sector of Europe. So it is evident
that the problem has to be solved in a way that ac-
commodates multiple factors, including social, eco-
nomic, environmental and technological aspects.

Our vision for the possible solutions for bio-
fuel production and utilization is based on the re-
cent trends in power and transport industries. These
trends are decentralized power generation and in-
creasing growth in electric traction. Therefore, the
share of fuel for internal combustion engines de-
rived from biomass, and the consequent demand for
energy crops such as rapeseed and maize, will con-
tinue to decrease.

The role of burner biofuels for decentralized
power generation will grow significantly. This trend
has to be viewed as an advantageous one in many
aspects.

Firstly, the existing burner biofuel prepara-
tion technology is relatively simple and does not
require expensive biomass components extracted
from plants traditionally used for food. Biomass
pretreatment cycles are also substantially simpler in
the case of biofuels designed for external combus-
tion processes. For these purposes, various kinds of
organic waste can be used that are commonly pro-
duced in huge amounts and constitute a great prob-
lem for their environmentally safe and economical-
ly expedient utilization.

Extensive biomass resources produced in
rural areas have a powerful potential for local
cogeneration sector development and independent
heat and power supply, based on mini-
cogeneration plants operating on composite burn-
er biofuels, in areas with practically no access to
the grid or where the grid power quality and/or
reliability are poor.
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Composite biofuels are principally prepared
on the basis of hydrous organic components of var-
ious plants. It is well known, that up to 20% of wa-
ter contained in any fuel in the form of microfine
emulsions acts as catalyst during combustion, mak-
ing the process essentially more intensive and effi-
cient. Thus, only 10% of water in uniform grade of
heavy fuel oil results in a reduction in carbon soot
of 80%-90%, NOx by 50% and SOy by 30% [6].

Main obstacles to biofuel production

The main obstacle to developing biofuel pro-
duction in Russia is a misguided state excise policy,
such that the cost of the new fuel will be higher
than petroleum. Biofuel production in Russia is
subject to the same taxes as vodka. Support for bio-
fuels should be by the abolition of high excise taxes
on motor spirit. Unless these taxes are removed, the
production of biofuels will never be profitable.

Land availability, population density and per
capita income may provide preliminary orientation
to the desirability of biofuel policies and the type of
policy that would be most appropriate. Innovative
technology can identify tradeoffs of different sys-
tems of production and their positive and negative
impacts on food security. The biofuel industry has a
huge potential for revival of the rural economy and

at the same time will contribute to energy inde-
pendence and reduced greenhouse gas emissions.

In recent years, the development of the indus-
try has slowed, as the production of biofuels from
agricultural products has caused a global rise in
food prices. It has been shown, that biofuels threat-
en food security through price increases. Changes
in the structure of land investments have resulted in
displacement of traditional communities, the re-
placement power supply and deepening food inse-
curity.

Sorghum energy plantation in Russia and
economic parameters of biofuel manufacture are
presented in Fig. 1 and Table 1.

Non-food crops competing for biofuel pro-
duction should be evaluated in terms of their direct
and indirect impact on food security as competing
with food raw materials for the land, water, labor,
capital and other investments. Numerous case stud-
ies on biofuels show the importance of the transi-
tion to a more comprehensive strategic approach to
bioenergy. In countries with large hinterland bio-
mass mobilization for different types of bio-energy
may be the most effective strategy for the develop-
ment of electricity and alternative energy, water
management and the creation of local energy
systems.

Fig. 1. Sorghum plantations in the Rostov area of a selection by the member of Russian Academy of Agricultural
Sciences B.N. Malinovsky (on the right) yields 130 t/ha, producing 15 t/ha biofuel
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Table 1

Economic parameters of biofuel manufacture from Sorghum and wheat

Yield of dry biomass
Manufacture of biofuel

Sale price of biofuel

Wheat cultivation
Average yield
Sale price

Expenses for Sorghum cultivation

The production cost of biofuel

Annual volume of sales per 1 ha:

Annual volume of sales per 1 ha:

100 USD/ha
30 t/ha

15.0 t/ha
250 USD/t
500 USD/t
500 USD/t;
15.0 ha=
7500USD/ha

2 t/ha
300 USD/t
600 USD/ha

Biofuel from algae

One of the most promising biofuel-dedicated
crops is microalgae (Fig. 2) [7-8]. The idea of pro-
ducing biofuel from algae dates back to the 1970s
when the world experienced a number of the oil
shocks. The advantages of algae as a raw material
for biofuel production are their enormously high
productivity compared with terrestrial crops and
the possibility to preserve arable lands for food
production and other agricultural crops. Algae can
be effectively cultivated in natural or artificial
ponds on marginal lands, shallow lagoons and in
water cooling systems of thermal power stations
(TPS). In the latter case, it is technically easy to
make use of rejected heat for optimizing algae
productivity and to employ algae’s explicit photo

Cotton

Covbean

Sunflower

Thousands liters per hectare

synthetic properties for utilization of CO, contained
in TPS flue gases.

Algae cultivation in closed photobioreactors
is an option that makes it possible to obtain phyto-
mass of specific chemical composition for en-
hancement of biofuel chematological properties. So
far, biofuel dedicated algae cultivation on a com-
mercial scale has not been reported because the re-
search in this field has remained focused entirely on
biodiesel as the only option. The problem is that the
cost of biodiesel produced from algae grown in
ponds would amount to 240-332 USD per barrel
(Lawrence Berkeley National Laboratory, 2010)
while the current price of crude oil does not exceed
100 USD per barrel. This was the major reason that
the US Department of Energy closed its algae

Fig. 2. Comparative data on raw oil production per ha of area allocated for crop cultivation
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Fig. 3. Industrial cultivation of microalgae
in open ponds [8]

research program in 1996. A decade passed before
it was started again, but algae derived biodiesel has
not yet found commercial application [8].

Our research has demonstrated the possibility
of overcoming the algae fuels production cost barri-
er within the concept of composite biofuels de-
scribed above. As a hydrous component of compo-
site burner biofuel, microalgae suspension is an
ideal organic material featuring very high grade
natural dispersiveness (down to 1 um for planktonic
strains derived from Chlorella vulgaris, the most
common species in natural ponds in temperate cli-
mates). Microalgae suspension can be blended easi-
ly into heavy grade fuel oil using cavitation tech-
nology without any pretreatment insuring ultrafine
and stable biofuel [7, 8].

There is a great opportunity for microalgae to
be used as alternative raw materials for biodiesel
production. Further progress depends on finding
fast-growing and resistant microalgae strains with
high oil content and algology development using
the complete range of biotechnological, genome
and biochemical methods, and on improvement of
cultivation process using benefits of open methods
of growing large amounts of biomass and photo
bioreactor cultivation of strains with specified tech-
nological properties. This is possible through a
combination of open and photo bioreactor cultiva-
tion (Fig. 3, 4) [7, 8].

A new trend is to use algae to remove CO,
from the exhaust gas from TPS and other industries.
The exhaust gases contain a high percentage of CO,
(up to 20%). Typical thermal power generation us-
ing coal emits up to 13% CO,. Thus, the thermal
power plants are a major source of CO, air pollu-
tion. Exhaust emission of CO, and use of alterna-
tive energy will lead to stabilization of atmospheric
CO, and prevent global warming. Microalgae ab-
sorb CO, during growth, so that they can be used to
remove CO, from the exhaust gas of thermal power
plants and other industries.

Fig. 4. Cultivation of microalgae
in photo bioreactors [8]

Currently microalgae is mostly grown on a
commercial scale in artificial shallow ponds of up
to thousands of square meters. Problems of cultiva-
tion of microalgae in ponds led to the development
of new technology for growing, based on the use of
photobioreactors for algae for the optimal function-
ing of the cultivation (or biofuel from microalgae).

Photobioreactors for growing algae can oc-
cupy 10%-20% of the land used in open ponds for
the production of the same amount of algae. To use
photobioreactors commercially, they need to have
the most efficient use of solar energy, and the nec-
essary conditions of cultivation to maintain the pu-
rity of the microalgae cultures.

Plasma processing of solid organic waste

The Russian scientists have developed eco-
logically-clean innovation technologies for pro-
cessing solid organic waste of cities and agricultural
enterprises into electrical energy and heat at plants
with 100 t/day capacity with cogeneration of 1 MW
of electric and thermal power [1, 9]. Waste is pro-
cessed at high capacity in sealed reactors and not
combusted as in plants from other countries. The
application of such technologies will make it possi-
ble to considerably improve ecological sustainabil-
ity and reduce energy intensiveness of the process-
es. The total volume of waste dumped at landfills in
RF cities amounts to 95 000 Mt and is annually in-
creased by 3500 Mt. The total area of solid waste
landfills in the RF is 2 500 km?.

Advances in the RF provide gas reciprocating
units with 1.3 MW electric and heat capacity as co-
generation power plants, using plasma technologies,
to achieve rapid pyrolysis with a capacity of 100 t
of solid organic waste per day and internal electri-
city consumption of 300 kW for gas fuel produc-
tion from cogeneration power plants operation.
These internal energy consuming cogeneration
power plants will generate 1 MW of electric capacity
into energy and process 36 000 tons of solid organic
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Fig. 5. Equipment for testing fast pyrolysis at VIESH

waste per year. The RF is considering distributed
cogeneration that does not require construction of
main power transmission lines, as well as fuel ex-
traction and transportation. In estimating payback
periods of the energy projects being considered, it is
necessary to take into consideration the economic
effect from elimination of landfills, land re-
cultivation and environmental improvement of cit-
ies and rural settlements.

Other solid organic waste resources include
forestry and agricultural residues, and in woodless
areas — energy plantations of fast-growing trees on
land not suitable for agricultural production, for ex-
ample, in areas around the nuclear power stations in
Chernobyl and Fukushima, and deserts, marshy and
saline lands.

In the fast pyrolysis method, a substantially
higher decomposition rate and energy saving is ob-
tained owing to rapid (10" ‘C/s) heating of organic
compounds (thermal shock). Under thermal shock
conditions molecules of the processed materials have
no time for energy exchange. That is why nearly all
input energy is spent on their chemical decomposition.
The specific heat of combustion for the liquid phase
intended as the base fuel component for internal com-
bustion engines was estimated as 23.027 + 2.093
MJ/g. An experimental demonstration model of the
plant has been designed and manufactured. This tech-
nique has an important social objective: providing
consumers with local reliable power supply insuring
independence and ecological safety [9, 10].

A pilot production plant has been designed
and manufactured for decomposition of any type of
solid combustible feedstock (e.g. coal, peat, bio-
mass and vegetable wastes) into mainly gaseous
and liquid fractions (Fig. 5). An efficient decompo-
sition method has been developed and the block
diagram of the industrial plant for manufacturing of
liquid internal combustion engine fuel components
has been described. Fast pyrolysis related techno-
logical solutions have patents pending at VIESH,
Russia.

Plasma processing of liquid organic wastes

Key sources of environmental pollution that
can also be used as renewable fuel resources for
cogeneration power plants include liquid sewage
effluents of cities and settlements, liquid effluents
from pig farms, liquid waste from sugar refineries
and distilling plants.

To process liquid organic waste with 80-
95% water content into electric energy, pyrolysis
technologies are not suitable because of high-
energy costs of the process of preliminary drying
liquid organic waste. Russian scientists have de-
veloped new technologies for liquid organic
waste processing based on supercritical water
oxidation of organic substances into liquids. For a
cogeneration power plant with 1 MW capacity,
processing of 150 t of liquid organic waste per
day is required because of lower organic content
in liquid organic waste in comparison with solid
organic waste. For cities, this allows a reduction
in areas occupied by waste treatment facilities
and to eliminate sewage disposal into the sea, as
in Sochi, Gelendzhik, Malaga, Barcelona (Spain),
in towns on the sea in Australia and other coun-
tries.

Large-scale pig farms keeping several sedi-
ment ponds for dung effluents, will be able to pro-
vide electricity and heat, not only for their own
needs, but also for villages and rural areas situated
nearby [1, 9].

Microwave assisted combustion

In the Laboratory of Biofuel Technologies
of VIESH, experiments are conducted on micro-
wave-assisted combustion of composite biofuels
comprising 50%, or even more, of liquid and/or
solid organic components of various natures, us-
ing flame cups of unique design. Composite
burner biofuel typically contains 20-50% of hy-
drous organics (e.g. plant biomass and cattle
dung) blended in a heavy, low grade, oil deriva-
tive such as fuel oil using energy efficient tech-
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nological methods that employ hydrodynamic and This approach makes it possible to imple-
ultrasonic cavitation processes to obtain a stable ment the environmental advantages of biofuels at
microfine multi-component emulsions/suspension substantially lower production cost without the
(Fig. 6, 7). need for additional large areas arable land [1, 9].

Plasma conversion of liquid organic wastes

Fig. 6. Electric plasma generator Fig. 7. Burning of liquid organic wastes

Low-carbon multicomponent fuel

Another approach to the reduction of costs
for motor and stove fuel is the production of com-
posite multicomponent fuel. Hydrocarbon fuel con-
tent (diesel fuel or mazut) amounts to 80% of mul-
ticomponent diesel fuel. The working model of
equipment for multicomponent fuel production with
2 t/h capacity is installed at the biofuel laboratory at
VIESH (Fig. 8) [1, 9]. Comparison of characteris-
tics of diesel, mazut and multicomponent motor
fuel in Tables 2 and 3 are presented.

The use of multicomponent fuel in tractors,
ships, automobiles, locomotives and stationary die-

sel engines leads to a reduction of harmful emis- E— =
sions into the atmosphere by 30-40%. In stove mul- Fig. 8. Equipment for multicomponent fuel
ticomponent fuel carbon fuel content is 50-60% production with 2 t/h capacity at the Bioenergy
which halves heating costs. Department of VIESH
Table 2
Comparison of the characteristics of diesel, and multicomponent motor fuel
Ne Fuel characteristics Summer diesel fuel Multicomponent motor fuel
with 80% diesel content

1. | Lowest combustion, kj/kg 42 776 44 327

2. | Mass fraction of sulfur, % 0.13 0.038

3. | Kinematic coefficient of viscosity, cSt at 20 °C 4.8 3.9

4. | Flash temperature in a closed cup, °C 75 73

5. | Cetanel number 50 61 (standart Euro-4)

6. | Industrial purity class 12 over 17

7. | Fuel storage time, years - 1
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Table 3
Comparison of characteristics of mazut and multicomponent motor fuel
Ne Fuel characteristics High-sulphur mazut Multicomponent fuel
with 80% mazut content
1. | Lowest combustion, Kj/kg 41 816 44101
2. | Mass fraction of sulfur, % 1.71 0.87
3. | Kinematic coefficient of viscosity, cSt at 20 °C 7.3 59
4. | Flash temperature in a closed cup, °C 93 97
5. | Fuel storage time, years - 1
Non-carbon silicon fuel and do not generate greenhouse gases. In combus-
for energy generation tion in air, silicon as a fuel is twice as effective as
By analogy with hydrocarbon energy, this coal and is almost equal to natural gas. If associat-
trend can be termed silicon energetics. Let us con- ed with nitrogen in oxygen-free energetics, silicon
sider four known methods of using silicon for ener- as fuel is twice as effective as coal. Nitrogen con-
gy generation [11]. tent in the atmosphere greatly exceeds all other
1. Silicon combustion in air: gases. Thermal energy of high-temperature physi-
cal-chemical reactions in heterogeneous media of
Si+ O, = Si0,. D high-modulus silicate solutions, for example sodi-
um silicate exceeds the calorific value of hydrogen
2. Silicon catalytic combustion in water: fuel with the same mass by a thousand times. Elec-
trochemical current source with molten electrolyte
Si + 2H,0 = SiO, + 2H.. 2 with nonstoichiometric composition on the basis
of sodium silicate with megawatt capacity has cal-
2H, + O, = 2H,0. 3 culated price of electricity of 80 Euro/MWh.
Another promising non-carbon fuel is nano-
3. Silicon catalytic combustion in nitrogen: metric particle nickel powder producing huge
amounts of thermal energy as the result of cold fu-
Si+ 2N, = SiNg. 4) sion with hydrogen [12]:
4. Physicochemical reactions in molten sodi- Alternative non-carbon source of thermal energy
um silicate: Temperature 150-500 °C
Pressure 2-10°-20-10° Pa
sNay, SiO(2r+S):> Na* + SinOn. (5) J( J(
Comparison of calorific efficiency of silicon One gram of nanometric
and hydrocarbons is given in Table 4. particle nickel powder + Hydrogen =
Initial and final products of silicon energetics = Coopper + 517 t of oil equivallents
are not radioactive, do not pollute the environment
Table 4
Comparison of calorific efficiency of silicon and hydrocarbons
Reaction number Fuel Calorific efficiency
1 Silicon 858.294 kJ/mol
2 Silicon 858.294 kJ/mol
2+3 Silicon 1.144 MJ/mol
4 Silicon 753.624 kJ/mol
- Methane 879.228 kJ/mol
- Coal 393.5592 kJ/mol
3 Hydrogen 285.95844 kJ/mol
5 Sodium silicate 35.587 GJ/mol
- Heavy oil 35.587 MJ/mol
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Biofuels for transport industries

A vision of the possible solution in the sphere
of biofuels production and utilization is based on
the recent trends in power and transport industries.

A transport system without engine and chem-
ical battery is under development.

Resonant single-conductor electric power
transmission systems (Fig. 9, 10) [13] would offer
global opportunities for developing non-contact
high-frequency electric transport. The well-known
non-contact method for transmitting electric power
to a vehicle through an air-core transformer (using
the electromagnetic induction method and conven-
tional single-phase power transmission lines) has
basic limitations on the transmitted power level, the
transmission efficiency and the line length; there-
fore, it is not currently used.

i 0,1—100 Hz
~S0 Hz ~50 Hz
t ]
1 2 3 4 5

Fig. 9. Resonant system for electric power
transmission:
1 — converter; 2, 4 — resonant high-frequency Tesla
transformers; 3 — single-conductor high-voltage line
connecting the transformers; 5 — inverter

Experimental models of non-contact electric
vehicle and tractor in Fig. 11 and 12 are presented.

It is possible to imagine that in the future
large, green cities, full of flowers, without exhaust
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Fig. 11. Non-contact high frequency
electric vehicle

Fig. 12. A model of an electric tractor,
using non-contact trolley
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gases and smog. A cable transmission line will be
laid in this city under each driving lane along main
roads, and each vehicle has an electric motor and a
non-contact trolley in addition to the combustion
engine. The traffic along major highways between
cities can be organized in the same way, including
possible use of automated vehicles controlled by
robots and computers.

The use of an electric non-contact drive in
the agricultural industry opens the prospects for
substantial fuel saving and developing robots con-
trolled by computers with satellite navigation, in-
tended for tillage, cultivation and harvesting agri-
cultural products. In this case the agricultural plants
will be transformed into field factories organized
according to the principles of automated industrial
enterprises. Thus, three present-day electrification
problems can be solved: energy saving, reducing
harmful gas emission and automation of agricultur-
al production process.

Agriculture for the Arctic zone

The most efficient way of solving the prob-
lem of Russia's food security is based on techniques
aimed at the setting-up of fractal innovative bio-
technological cluster platforms, intended for the
accomplishment of different-scale projects for the
production of organo-functional food and formation
of a network of different scale automated produc-
tion complexes. The technological and economic
advantages of the new approach to the solution of
the problem of food safety in Russia, primarily the
problems of food supply to the regions of Siberia,
the Far East and the Arctic zone, have been consid-
ered. Advanced biotechnologies leading to acceler-
ated growing of agricultural plants with the use of
synergoponics, new technological equipment for
industrial production of organo-functional food, as
well as innovative methods of quality control and
safety of produced goods on the basis of biotesting,
have been developed and implemented [14].

Fuel-free energy generation

Each technological mode and corresponding
energy source is characterized by the phases of de-
velopment, in turn flourishing and then declining.
The Twentieth Century was the period of maximum
development and use of hydrocarbon energy, which
by the end of the Twenty-first Century may be re-
placed by fuel-free power generation on the basis of
renewable energy sources. The decline in the devel-
opment of hydrocarbon energy will stem not from
depletion of hydrocarbons reserves but from the
development of new energy technologies and emer-

gence of new energy transporters allowing reduced
costs of energy resources, raised energy use effi-
ciency and diminished negative impacts on envi-
ronment [11].

Currently the fuel energy generating industry
provides 87.1% of the energy consumed worldwide.
Local and foreign experts estimate that by the end
of this century over 80% of the global energy con-
sumption will be provided by non-fuel energy tech-
nologies: hydrological, biological, solar, wind and
geothermal energy plants alongside hydrogen ener-
gy. The advanced Russian technologies for solar
energy, include chlorine-free technologies for solar-
grade silicon production, the technologies for sili-
con solar modules with 20% efficiency at 60-fold
concentration of solar radiation, the technologies of
assembling solar modules with 40-50 years’ service
life and the technologies for concentrator solar
modules [1, 11].

The energy model of the future world offered
by VIESH in 2004 is based on round-the-clock elec-
tric power generation by solar power plants and on
energy systems and networks on the basis of Nikola
Tesla technologies [11, 13]. In Russia, new energy
technologies have been developed allowing the crea-
tion of a global solar energy system within the
framework of an international project involving en-
ergy companies concerned, the International Energy
Foundation, IRENA, UNESCO, the UN and other
national and international organizations and financial
institutions. The development of solar energetics sili-
con will make it possible to reduce the negative im-
pact of hydrocarbon energy on climate, environment
and human health, as well as to reduce greenhouse
gases emission down to a safe level.

Such a global solar energy system would
need to generate electrical power of 20 000 TWh
per year which would be equivalent to current glob-
al energy consumption. The global solar energy
system (Fig. 13) comprises three solar power plants
(SPP) installed in deserts of Australia, Africa and
Latin America and connected to one another and to
national energy systems of all the countries all over
the world with waveguide resonant lines for electric
power transmission on the basis of Nikola Tesla
technologies.

Parameters of each solar power plant [11]:

size 200x200 km?;
electric capacity 25TW,
efficiency 25%:;
servicelife 50 years.

Computer simulation of the global power
system parameters with due account taken of mete-
orological data on solar radiation for the whole
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Fig. 13. Mega project global solar power system

Fig. 14. Experimental model of a non-tracking solar concentrator module with 800 W peak capacity.
The photoreceiver area is reduced by a factor of three in comparison
with solar power plants without concentrators

Fig. 15. High voltage PV module
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Fig. 16. Solar power plant with 1 150 W capacity and with 40-50 years of service life

observation period at proposed SPP location con-
firmed uniform year-round electricity production
irrespective of season, equivalent to the amount of
global consumption [11].

Modern solar energy is mainly based on pla-
nar low-voltage silicon solar modules without con-
centrators with 15% efficiency and overall produc-
tion of modules generating 30 GW/year with the rate
of production of silicon for solar panels of around
200 kt/year. Silicon content in the Earth core exceeds
the content of all other elements with the exception
of oxygen, which is why it is silicon, that will remain
the basic material for solar energy in future. SPP
with 2.5 TW capacity at 100 concentration would
require 300 kt of silicon, which is comparable to cur-
rent volume of silicon production for electronics and
photovoltaics. A stationary PV concentrator module
installed at a VIESH test site in Fig. 14 is shown.

SPP with cylindrical concentrators and a pho-
toreceiver on the basis of a high voltage solar mod-
ule (HVSM) with 20% efficiency and 50-60 con-
centration is under development. The area of photo-
receivers with HVSM with concentrators will be
reduced 50-60 times. High voltage solar module has
operating voltage 1000 V and the size 0.7 m-0.07 m
(20 000 V/m?) (Fig. 15).

A solar power plant consisting of solar mod-
ules without concentrators with an estimated 40-50
years’ service life (VIESH technology patent) and
capable of generating 1150 W peak capacity in-
stalled at the VIESH testing site in Fig. 16 is shown.

Conclusions

1. The current situation in the field of fuel
and energy is characterized by unstable prices for
fossil fuels and ever growing technogenic pressure
on environment. These factors determine the main

political, economic, legislative and technological
trends. In the scientific and technological sphere
this stimulates the search for new possibilities for
biofuels production, notably, the use of biore-
sources that do not unbalance the structure of agri-
cultural production traditionally oriented towards
meeting the demand for food products. In recent
years, due to the considerable increase in the use of
biomass for energy purposes, serious problems have
emerged related to deforestation and transfer of
considerable parts of agricultural products from the
food and forage industries to the energy production
area. Also the intensive wood procurement for bio-
diesel production leads to failure of ecosystems.

2. The rate of biomass generated by algae ex-
ceeds many times the most productive land plants
and, moreover, algae produce more useful products
per unit area. Biofuels made of algae oil are termed
third generation biofuels. The problem of using al-
gae oil for energy purposes has two principal as-
pects determining the scale of use and applications:
the search for species of oil-containing algae most
suitable for cultivation, and development of optimal
cultivation technology. In recent years the idea of a
two-phase technology for microalgae cultivation for
biodiesel production, combining closed (photo bio-
reactor) and open (basins and ponds) methods of
cultivation has been developed. In this case closed
photo bioreactors can be effectively and economi-
cally used for production of high-quality inoculum -
cell suspension used as feedstock for cell culture
cultivation with further introduction to nursery
ponds for open cultivation. It can be concluded, that
at the present stage of the world economic and
technological development there are great opportu-
nities for microalgae use as alternative vegetable
raw materials for biodiesel production.
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3. An innovative approach to the reduction of
costs for motor and stove fuel is the production of
composite multicomponent fuel with diesel oil con-
tent 80% for motor fuel and 64% for in stove fuel.
Plasma technologies for solid domestic waste pro-
cessing into electric energy and the technologies for
liquid organic waste processing based on supercriti-
cal water oxidation of organic substances into lig-
uids for thermal and power plants with 1 MW ca-
pacity are under development.

4. Comparison of parameters of a classical
electric power supply system with an electric power
supply system using single-wire wave-guide lines
with high frequency, proposed by N. Tesla 100
years ago show, that in such characteristics as cur-
rent density and line losses, energy transmission
distance, transmission capacity, the possibility of
cable and wireless power transmission the Tesla
electrical systems exceeds the classical energy sup-
ply systems. In future electrified mobile robots with
external wireless power supply will make it possi-
ble to organize agricultural production on the prin-
ciples of «Industrial Factories on Fields» with full
automation of technological processes.

5. The energy model of the future world based
on direct solar energy conversion and transcontinental
terawatt power transmission with the use of resonant
wave-guide technology, development by N. Tesla, is
proposed. The advanced Russian technologies for so-
lar energy include chlorine-free technologies for solar-
grade silicon production, technologies for silicon high
voltage solar modules with 20% efficiency at 60-fold
concentration of solar radiation, technologies for as-
sembling solar modules with 40-50 years’ service life,
and concentrator solar modules and non-carbon fuel
technologies.
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IKOJOI'MYECKHN YUCTBIE UCTOYHHUKHA
SHEPI'MM U TEXHOJIOT'UN

I.C. CtpedkoB
Bceepoccuiickuii HAy4HO-HCC/IeA0BaTeIbCKUIA
HHCTHUTYT JIEKTPUPUKALUM CeJIbCKOI0 X0351ii-

crea (PI'BHY BUICX), MockBa, Poccusi

Tekymas curyanus B 0OOJIACTH TOILIMBA U
SHEPTeTHKH XapaKTepU3yeTcs HEeCTaOMIbHOCTHIO
LIEH HAa MCKOIA€MOE TOIUIMBO M IOCTOSHHO PacTy-
i€l TEXHOT€HHOM Harpy3kod Ha OKpPYXAIOLIyHO
cpemy. Ot (paKTOPHI OMPENEISIOT OCHOBHBIE TTOIH-
TUYECKHE, IKOHOMHYECKHE, 3aKOHOJATENIbHbIE U
TEXHOJIOTMYECKHE  TEHACHUMH. B HayuHo-
TEXHOJIOTHYECKON c(epe 3TO CTUMYNIHPYET MOHUCK
HOBBIX BO3MOKHOCTEH ISl TIPOU3BOJICTBA OHMOTOII-
JUBa, B YAaCTHOCTH, HCIOJIB30BaHHE OHOPECYPCOB,
KOTOPBIC HE BHOCST CYIICCTBEHHBIM JMCOAJIAaHC B
CTPYKTYpPY MPOMU3BOJICTBA CEJIbCKOXO3IMCTBEHHON
MPOIYKIUK, TPATUIIMOHHO OPHUCHTHPOBAHHON Ha
YAOBIETBOPEHHE CIIPOCca Ha MPOAYKTH MUTaHUsI. B
MOCJICTHHE TOMBI B CBA3H CO 3HAUUTEIHHBIM YBEIIH-
YCHHEM HCIIOJIb30BaHMsl OMOMACChI JIJIsl HEPreTH-
YeCKUX IeJIed BO3HUKAIOT CEPhE3HBIC MPOOIIEMBI,
CBsI3aHHBIC C BBIPYOKOW JICCOB U Mepepaucii 3Hauu-
TETHLHON YaCTH CEBCKOXO3IMCTBEHHBIX MPOIYKTOB
JUI DHEPreTudeckon otpaciu. VIHTEHCHMBHAs 3aro-
TOBKA JIPEBECUHBI JUIS POU3BOJICTBA OMOIN3EIBHO-
0 TOIUTMBA MPUBOIUT K BBIXOIY M3 CTPOS DKOCH-
CTEM.

buorormmBo u3 Macia BOJOpPOCHEH Ha3bIBa-
eTcsi OMOTOIUIMBOM TPETHETO IMOKOJICHHS. MOXKHO
CIIeNaTh BBIBOJ, YTO HA COBPEMEHHOM 3Tare MUpPO-
BOT'O PKOHOMHYECKOT'O U TEXHOJIOTHYECKOTO Pa3BH-
THS UMEIOTCS OOJBIIINE BO3ZMOKHOCTH HCITOJIH30Ba-
HUSI MEKPOBOJIOPOCJICH B KaUueCTBE allbTePHATHUBHO-
0 PacCTHTEIBHOTO CBHIPhS JJISI TIPOU3BOJCTBA OHMO-
nuzens. IHHOBAaIMOHHBIM MOJAXOJ K COKPAIIEHUIO
3aTpaT Ha MOTOPHOE U MEYHOE TOIUIMBA COCTOUT B
MPOU3BOACTBE KOMIIO3ULIMOHHBIX ~MHOTOKOMIIO-
HEHTHBIX TOIUTUB TpU padoTe Ha TU3EIBHOM TOII-
JIuBe C colep:kaHueM yriaeBoaopona 80% s Mo-
TOpPHOTO ToIuMBa U 64% JUIsl TEYHOIrO TOIIMBA.
[Ina3MeHHBIE TEXHOJOTHH JUIS MepepabOTKU TBEp-
JIBIX OBITOBBIX OTXOJIOB B JIEKTPHUYECKYIO SHEPTHIO
U TEXHOJIOTUU IS MepepadO0TKU KHUIKUX OpPraHu-
YECKUX OTXOJOB Ha OCHOBE CBEPXKPUTHUECKOTO
BOJHOTO OKHUCJICHHS OpPraHMYEeCKUX BEIIECTB B

KHUAKOCTH JJS TEIUIOBBIX W DIIEKTPOCTAHIHI
1 MBT HaxoasaTCs B CTaANH pa3pabOTKH.

Pesynprarel cpaBHEHHS MTapaMeTpOB KIIACCH-
YeCKOW CHCTEMBI JJICKTPOCHAOKEHHUS C CHCTEMOU
ANEKTPOCHAOKEHHUS C TIOMOIIBIO OJHOIIPOBOTHUKO-
BBIX BOJIHOBOJHBIX JIMHHH C BBICOKOM YacTOTOH,
npemtoxkeHHpIX H. Tecna 100 jmeT Hazam, mokas3si-
BAalOT, YTO 1O TaKUM XapaKTEPUCTHKAM, KaK IJIOT-
HOCTH TOKa W TIOTEPH B JIMHUH, TATBHOCTH IIepesia-
YU SHEPTHH, MOIIHOCTH IEepeAadd, BO3MOXKHOCTH
KaOempHOTO W OECIPOBOTHOTO IMUTAHUS, DICKTPH-
4YecKre cucTeMbl Tecna MpeBhIaT KIACCHIECKUE
CHUCTeMBI dHeprocHadxenus. Vcmonp3oBanne B Oy-
IYIEM DIIEKTPUPHUIIPOBAHHBIX MOOHMIBHBIX PO0O-
TOB ¢ OECIPOBOIHBIM TMHTAHUEM OT BHEIIHETO HC-
TOYHUKA TIO3BOJIUT OPTraHU30BATH CEIBCKOXO35MH-
CTBEHHOE IPOU3BOJICTBO HA MPUHUUIAX '"TPOMBIII-
JieHHOW (haOpuku Ha MOJIAX" MPHU IMOJIHOW aBTOMa-
TU3allUN TCXHOJOTMYCCKUX MTPOLCCCOB.

[Ipennaraercs sHepreTuueckas Mozeidb Oy-
JIYLIETO MHUpa Ha OCHOBE MPSMOTO MpeoOpa3oBaHus
COJTHEYHOM OHEPruM "W TPAaHCKOHTHHCHTAJIbHBIX
TEPaBaTTHLIX JIMHUN nepeaayu C MUCIOJIb30BAHUEM
pezoHaHcHON TexHosorun H. Tecna. Ilepenosbie
POCCHICKHE TEXHOJOTMHU JJIsl COJIHEUHOM 3Hepre-
TUKW BKJIIOYAIOT OECXJIOPHYIO TEXHOJOTHIO COJI-
HCYHOI'0 KPEMHUA, TCXHOJOIMHU KPEMHHUEBBIX BbI-
COKOBOJIBTHBIX (DOTOIJIEKTPHUYECKHX MOJAYJIEH C
20%-#i sddexTuBHOCTEIO B 60-KpaTHOW KOHIICH-
Tpalyy COJTHEYHOTO M3Iy4eHUs, TEXHOJIOTUN cOop-
KM COJIHEYHBIX MOJYJIeH co cpokoM ciyk0bl 40-50
JICT, TCEXHOJIOTMM KOHICHTPATOPHBLIX COJIHCYHBIX
MoJyJiel 1 0€3yTiIepoIHOTO TOTTUBA.

KuaroueBbie ciioBa:
BOJIbCTBEHHAs1 0€30MaCHOCTb, OBICTPBIM MHPOJIH3,

OMOTOIUIMBO, MPOIO-

ropeare B CBU-mia3me, miasmeHHas oOpaboTka,
0e3yriaepoaHOe TOIUTHBO, HHU3KOYTJIEPOJAHOE TOTI-
JIMBO, DJIEKTPOTEXHHUKA Tecia, COMTHEYHbIE YHEPro-
CHCTEMEI.
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THE METHOD OF RELIABLE ESTIMATION AND FORECASTING
OF CAPACITY OF ALTERNATIVE ENERGY GENERATING EQUIPMENT

P. Kuntsevich
All-Russian Scientific-Research Institute for Electrification of Agriculture,
Moscow, Russia

The method of forecasting capacity of alternative energy generating equipment, based on the theo-
ry of sets, the theory of probability and mathematical statistics, has been suggested. The formula for cal-
culating current capacity of energy generating equipment (EGE), considering its reliability, technologi-
cal energy losses and the level of organization of technical measures is given. The method allows to ex-
clude subjective factor in assessing efficiency of the EGE use.

Keywords: energy source, method, probability, event factor, forecasting, capacity, reliability, effi-

ciency.

While assessing technical potential of energy
sources, generated by irregular natural phenomena
(ESINP) — solar radiation, wind, sea waves, tides,
etc., they usually do not consider energy generating
equipment downtime caused by failures, planned
preventive maintenance and technological factors
[1,2].

Thereby, the forecasted EGE capacity and
that obtained in operation are not adequate [3],
which puts in doubt conclusions when assessing
technical potential of ESINP and the project feasi-
bility. Empirical formulas suggested apriori for cal-
culation of equipment downtime, comprise a sub-
jective factor, and consideration of influence of
EGE reliability is not correct [4].

For objective assessment of indicators of
efficiency of investment projects in the field of
the ESINP use, or for EGE certification, the au-
thor of the present article offers the rigorous
method (not relying on empiricism) of forecast-
ing of EGE capacity — the method of probability
of events factors, making it possible to assess and
forecast EGE efficiency to a high degree
of accuracy.

The suggested method is based on the math-
ematical model of an event in space of events:
“probability — energy parameter — time” within de-
sign-basis time interval 7, expressed through ele-
mental events whose number | = 7,,,/z is determined
by monitoring standard where 7 — is monitoring
period. In long-term monitoring of energy parame-
ter (EP) of the flow e(t) complete space of events is

relatively accurately described by probability densi-
ty function f(e(t)).

Considering the function f(e(t)) in 3D coordi-
nate system, the author established strict relation of
the number of failures of EGE b(t,) to probabilities
of events factors [5], which is expressed by the fol-
lowing formula:

w(tg)TpF2F3/F4

; )
1+ oty nFrF3lFy

b(ta) =

where t, — current operation time, 7, - baseline
time period, 1 — average time of organizational
downtime accounting for failure, F, — probability
of purpose factor; F3; — factor probability
with which EGE is able to perform the purpose
function and technical measures (TM) are admit-
ted; F,— probability of factor of favorable condi-
tions for TM. Failure frequency o(t,) is related to
failure-free operation probability by the formula

[5]:

olty) == i15) P S0«
T 0—T ’ @)
. p 0
x exp{— l”(Po)J(ta)—}
TO

where j(t,) — failure intensity in relative units; P, —
possibility of failure-free operation; 7, — time seg-
ment corresponding to P,. The function j(t,) approx-
imates statistical curve of operational failures inten-
sity.
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Fig. 1. The function of EP probability density

Here and below EGE downtime is accumula-
tion of time in baseline period 7, during which EGE
capacity Nece(e) = 0 due to objective factors of
downtime: energy, technical, organizational, tech-
nological. Time spent on technical measures (TM)
are determined by the following factors: restoration,
maintenance, expectation of favorable conditions
for TM.

In relation to wind energy equipment, proba-
bility of event factors is expressed through proba-
bility density of EP of air flow (wind) in corre-
spondence with the following equations:

where e, and e,, — boundary values of EP; ena—
maximal possible value of EP; e,,,, — maximal value
of energy downtime by safety conditions for TM;
F1 — probability of downtime because of low energy
of EP; Fs — probability of expectation factor of fa-
vorable conditions for TM (Fig. 1, where k,, — scale
coefficient).

We relate all types of downtime with the
baseline time period 7, and with the probability of
event Py, expressed through downtime factors and
time factors in correspondence with the mathemati-
cal model of events [5]:

Ty = T,P«=T,f1Pu, 4)
where T;— event duration; P — probability of events
conjunction.

Table 1
Events Time factor z Probability Py Duration Ty
Energy downtime 7,=1 P, =B (1-F,) T =pT,(1-F,)
Failure =T, | P=1-P, t,,.—0
Organizational measures %= nb(t)y/T, P, =nb(t)/T, T?=nb(t)

Maintenance

TmozD T}ZO /T}J

Pmo: z-maﬁFZF‘?, /F4

T;O = TmDﬂTszFg /F4

Expectation in maintenance

TmozD T}ZO /T}J

PT{,],. = TmoﬂFS /F4

0K

T{)TZ =Tm0TpﬁF5 /F4

Restoration

7=bt) T} /T,

P=rpFF;/F,

T;; = TBTszFg /F4

Expectation in restoration

z=b(t) T, /T,

P’ =tpFsIF,

Tik ZTRTpﬂF5 /F4

Active mode of operation

Pap :1_(P3+P0+PTM +Poo/c)

Ty =TyPy

The formulas presented in Table 1 determine
time factors 7, probability P, and events duration T,
where k — event index. In Table 1 the following des-
ignations are accepted: 7 — average time of organiza-
tional downtime, D — the number of prevention

measures for the calculation period; 7,° u T, — cal-

endar time expenditure for maintenance and restora-
tion; g = (T,—nb(t)) / T,— relative reduction of esti-
mated time 7,,.

Using the formulas (1) — (4) and Table 1,
the author has obtained the reliable formula
for forecasting EGE capacity Wgge with due
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Fig. 2. Dynamics of capacity of the wind energy plant
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consideration of failures and planned preventive
measures [6].

Wrro =Wy +Wp =

SV
=T, [Nmo©)(BF3—Pra) f(e)de +
€ =€cr
evp
+T,  [Npo(e)-(BFs—Pra)f(e)de.
€ =€m

Q)

The formula (5) confirms that EGE real ca-
pacity for the baseline period cannot exceed the
value expressed (5). The suggested method makes it
possible to forecast technological losses W,,.. In this
case Wege = W, + Wo—W,,.. Therefore, the calculat-
ed value of capacity of failure-free ESINP source,
expressed by the formula [7]:

€vp
Wo=T, [Nmo(e)f(e)de.
€ =¢€cr
(6)
In comparison with capacity of the real
source (Fig. 2) it is overestimated by the value [6]:

erm
AW =T,  [Nro0(€i)(PoF3 - Pra)f (e)de +
€ =€cr
€yp
+Tp  [INmo(e) - (PoFs — Pray) f(e)de .
€ =€y

(7)

The calculation results are confirmed by op-
erational tests of wind energy plants built in Russia.
Conclusions and recommendations

1. The suggested method predetermines the
reliability of long-term forecast and allows to ex-
clude errors in assessment of return on investment
at the initial stage of a project.

2. During EGE certification it is necessary to
take into account EGE reliability and downtime,
considering factors described in the present article.

3. It is necessary to reconsider the methods of
calculating technical potential of ESINP energy,
taking into account controlled parameters of EGE
reliability.
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THE TECHNICAL AND ECONOMICAL EVALUATION OF EFFICIENCY
OF THE BIOTECHNICAL SYSTEMS (BTS) OF ANIMAL BREEDING

S. Kartashov, Ye. Reznik,
All-Russian Scientific-Research Institute for Electrification of Agriculture,
Moscow, Russia

The methods of constructing the mathematical model of efficiency of fattening pigs, showing live-
weight gain in the course of feeding, are considered. As initial data, rations and feeding norms recom-
mended by specialists, are used. The calculation algorithm is developed that shows how to increase live-

weight in the course of feeding.

Keywords: biotechnical system, operational efficiency, planned effect, technological effect.

Forecasting of efficiency of technological
processes is necessary at all stages of equipment
life. Changing of external environment and attempts
to improve the end result of a production cycle at
less cost require corresponding adjustment of
equipment operation. In order to select the optimal
technological solution, operational evaluation of
expected results is necessary. Operational evalua-
tion makes it possible to achieve BTS inherent eco-
nomic potential in the process of its use.

BTS operational efficiency is determined by
comparison of actual effect with planned effect
which is considered as basic. The mathematical
model of planned effect is built through the ana-
lysis of BTS work in standard conditions when

the system parameters and characteristics conform
to norms. As initial data, values recommended by
standards and technological requirements written in
conformity certificates, are assumed. In order to
build the mathematical model of the end result of
the technological process, it is necessary to express
the data in the form of mathematical symbols and
dependencies. As a rule, standard data are presented
in a tabulated form.

Let us consider the process of building the
model of planned effect at the example of the tech-
nological process of pig feeding on the basis of ini-
tial data presented in the conformity certificate. Pig
feeding rate [3] is shown in Table 1.

Table 1. Pig feeding rate in meat fattening (RFID project)

Live\l,(\,geight’ Average daily gain, | | Daily requirement per.head
g Fodder units, | Protein, Common |Calcium,| Phospho- | Carotene,

g g salt, g g rus, g g9
14-20 300-350 1.3-15 165-190 12 9 7 5
20-30 300-400 1.4-15 175-215 14 10 8 5
30-40 300-450 1.5-1.8 180-225 15 12 9 7
40-50 450-500 2.0-2.3 220-235 20 14 10 8
50-60 450-500 2.1-2.4 240-275 22 15 11 10
60-70 500-600 2.6-3.0 260-330 25 16 12 12
70-80 600-700 3.2-37 320-390 32 18 13 15
80-90 600-700 3.3-38 330-410 32 19 14 15
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The characteristics of pigs being fattened built
on the basis of the data shown in Table 1, are pre-
sented. Below their analytical expressions used in
further calculations, are given. For their determina-
tion the program of building characteristics of a living
object of BTS is used [2, 4].

From Table 1 the coordinates of three points of
the characteristic were selected whose values were
substituted in specially defined EXCEL table cells.
The values of target values of coefficients appeared in
the defined cells on the screen display.

11| —— R—

500 74"
400

W+

200
100

‘}
L

NPHPOCT Macehl, r/cyT

o

® PSP PP
&
N

HHBafl Macca, Kr

Fig. 1. Dependence of daily weight gain on liveweight

700
600
500
400 + —

300 —
200 - —_—
100

HpHpoCT, I/ CYTKH

JA03bl, KT K. €,

Fig. 2. Dependence of daily weight gain
on fodder dosage

wn

N

- w oW

A03LI, KT

0,5 -

40 50 60 70 80 90 100-
120

AHBOI Bee, KT

Fig. 3. Dependence of fodder dosage on liveweight

At Fig 1, 2, 3 the results of calculation with the
use of this program are demonstrated. Below the
mathematical models obtained by this method are pre-
sented.

Approximate analytical expression of de-
pendence of daily weight gain on fodder dosage is
as follows: m = -0.0771*M"2+12,875*M+83.33.
Approximate analytical expression
m = -94.608*d"2+612.794*d-372.16. Approximate
analytical expression d = 0.028*v + 0.88.

The monitoring of the technological process is
most convenient if planned efficiency is presented in
the form of the dependence of liveweight on the
number of weeks that have passed since the begin-
ning of young pigs fattening. In this case in order to
determine current operational efficiency it is neces-
sary to define animals liveweight for the number of
weeks passed since the beginning of feeding, and
compare these values with the planned ones.

Let us designate initial weight of a young pig
as Mo.

We shall consider weight gain for a week in-
variant. In this case weight gain for the 1% week is
as follows:

my = ar* di2 +b* dy + ¢y, @)
where a;, by, ¢ — coefficients of the productivity
function for the 1%t week of feeding; d,— fodder dos-
age for the 1* week of feeding.

The animal weigh in the end of the 1% week is

Mi=Mp+my =M+ a* dl’\2 +by* di + C1.

Weight gain for the 2™ week

my=ax*d/2+ b *dy+ co.

The animal weight at the end the 2" week is

M+ mzzMo+a1*d1’\2+bl*d1+c1+a2*d2’\2+
+b, * d, + co.

Weight gain for the i-week is

m; = a* diAZ + b* di.
The animal weight at the end of i-week is
i
Mi = Mo+ Z (ai*diAZ +bi*d; + Ci).
i=l
Weight at the end of feeding cycle for n weeks
i=n
Mn=Mp + Z (ai*di A + bi*d; + Ci). (2)
i=l

Weight gain for the whole feeding cycle for n
weeks

i=n
AMy=Y (ai*diA2+bi*di +Ci). (3)
i=l

The expression (2) is the target dependence of
liveweight on the number of weeks passed since the
beginning of fattening. The calculation according to
the formula is complicated by the fact that each term
of the expression is changing in the process of feed-
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ing. Therefore, the mathematical model must be sup-
plemented by dependencies reflecting these changes.
For this purpose data from Table 1 must be used.

At Fig. 4 a fragment of the algorithm of calcu-
lation made in the EXEL language, is shown. The
step duration is one week. It is considered that for

Liveweight
on the previous step

Liveweight
onthei - step

this period of time daily weight gain remains invari-
ant. It is changed in the following week depending on
fodder dosage and liveweight. Calculation continues
till liveweight at which feeding should come to the
end, is obtained.

Forage doses
onthei - step

Daily gain of weight

A

+

)

Liveweight

on thei - step

Forage doses

onthei+1step

|

onthei+1step

A\ 4
Daily gain of weight

+

onthei+1step

Fig.4. The algorithm of program for the calculation of planned effect

Table 2. Calculation of pigs liveweight in meat fattening

Weeks weli_gi;l/f,_kg FOddi[; fose weigﬁilgain
0 17 14 335.46
1 19.348 1.4761 346,53
2 21.774 1.5547 357.96
3 24.28 1.6359 369,77
4 26.868 1.7197 381.96
5 29.542 1.8064 394.56
20 82.051 3.5076 642.02
21 86.545 3.6533 663.2
22 91.187 3.8037 685.07
23 95.983 3.959 707.67
24 100.94 4.1195 731.02
25 106.05 4.2853 755.13

The feeding parameters for initial data speci-
fied in accordance with feeding rates specified in the
project, have been calculated (Table 1). The left part
of the Table presents planned conditions of BTS func-
tioning (without regard to factors involved in its oper-
ation).

In real conditions, because of effect of uncon-
trolled factors, technological indicators are lowered.
One of the major factors affecting the end result, is
error in fodder dosage. It is explained not only by
imperfection of a dosage device but also by other
causes. As I.I. Girutzky research [1] has shown,
20% allowance in dosing liquid fodder is included
in the process of fodder preparation when it is
mixed with water. Water surplus leads to lowering of
fodder nutritional value.

In Table 2 the results of the calculation of pigs
liveweight are presented (mathematical expectation
of dosage error being 10%). In this case, dependence
of weight gain on fodder dosage should be corrected
through multiplying it by 0.9.

m =0.9 *(-94.608*d2+612.794*d — 372.16).
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In Table 2 the calculation results considering
correction are given. In the result, we shall obtain
BTS actual efficiency when weight gain is lowered
because of the dosing device error.

At Fig. 5 the diagram of planned and actual ef-
ficiency of feeding built on the basis of the data of
Tables 1 and 2, is presented.

100
g
2z 80
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40

neaenm

Fig. 5. Planned and actual efficiency of feeding

Table 3. Loss of productivity (dosing error being 10%b)

Error - 10%

Liveweight, Weight gain, Loss of produc-
kg g tivity, kg
17 315.1 0
19.206 325.06 0.1425
21.481 335.35 0.2927
23.829 345.98 0.451
26.251 356.96 0.6175
28.749 368.3 0.7925
77.393 591.02 4.6579
77.393 591.02 4.6579

81.53 610.08 5.0149
85.801 629.77 5.3867
90.209 650.11 5.7738
94.76 671.12 6.1768
99.458 692.82 6.5961

With due consideration of one of the factors —
error of fodder dosing, loss of efficiency (difference
between planned and actual liveweight) is inconsid-
erable. In real conditions animals are affected simul-

taneously by several factors. Their cumulative effect
may considerably lower efficiency of feeding sys-
tems. Moreover, it is necessary to take into account
that the combination of factors affecting the system is
permanently changing in a random way. It is impos-
sible to forecast these changes and calculate their ef-
fect on the end result of the technological process.

The microclimate parameters can be referred to
factors markedly affecting pigs feeding efficiency.
Regardless of the use of a wide range of various regu-
lating devices, it is not possible to maintain air envi-
ronment parameters of livestock houses within the
specified range. In summer season temperature and
humidity may exceed the norm for a long period.

At such periods livestock productivity is low-
ered. It should be added that the effect of these factors
on animals depends on their breed and age as well.
Therefore, it is possible to assess the effect of random
uncontrolled factors only in the course of the techno-
logical progress.

Microclimate parameters can be classified as
partially controlled factors. Though various devices
are used for their regulation, it is not possible to pro-
vide complete compensation of the effect of weather
conditions. Temperature, air humidity, content of
harmful gas in livestock houses diverge from the
specified values. Moreover, it is not possible to fore-
cast the time of emergence of these factors and dura-
tion of their effect.

For example, in summer season hot calm
weather may be settled for a long time. In spite of the
ventilation system operation, air parameters in prem-
ises deviate from standard values. Animals lose appe-
tite and weight gain is radically decreased. It should
be noted that, depending on breed and age, productiv-
ity loss may vary. It is possible to assess the effect of
such factors only having information on changed mi-
croclimate parameters in the technological process.

Information on current values of the technolog-
ical process is necessary for decision- making con-
cerning technical measures aimed at compensation of
negative influence of random uncontrolled factors.
Mathematical simulation allows to assess possible
consequences of their negative effect, as well as of
measures that can be taken to prevent product loss.

Conclusions

1. Conventional methods of efficiency assess-
ment do not allow to assess technological efficiency
of biotechnical systems considering increasing live-
stock productivity. They take into account only ex-
penditures for technical devices. It is advisable to
combine them with advanced calculation methods
with the use of computers and mathematical simula-
tion.
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2. The peculiarities of an animal as an object
of automated control involve high variability of its
characteristics and parameters, therefore, for analy-
sis it is necessary to use the dynamic mathematical
model including the function of an animal produc-
tivity (dependence of productivity on an affecting
factor). The methods and program for determination
of this function with the use of computers on the ba-
sis of the specified coordinates of three points. The
conformity certificate for livestock feeding and han-
dling norms is used as initial data.

3. In the process of operation of the biotech-
nical system its parameters and characteristics af-
fected by various factors, deviate from standard
values specified at the designing stage, in accord-
ance with law of randomness. These variations may
considerably decrease efficiency of the system.
Therefore, operative control of the technological pro-
cess is required. It is especially important for the

technological process of young stock breeding. The
methods and the program for the determination of
planned and actual pigs weight gain in the feeding
technological process have been developed.
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TEXHUKO-DKOHOMHNYECKAS OLIEHKA
Y®OEKTUBHOCTH BUOTEXHUYECKHUX
CHUCTEM (BTC) ’)KUBOTHOBO/JCTBA

C.I'. Kapramos, E.U. Pe3nnk,

Bcepoccuiickuii-Hay4Ho-uccIe10BaTeIbCKMII HHCTH-
TYT JIeKTPUPUKALMH €eJTbCKOIr0 X03s1iicTBa
(®I'BHY BHUOCX), MockBa, Poccust

PaccMoTpeHO mocTpoeHHsT MaTeMaTH4eCKOW Mo-
JIeTI TEXHOJOTn4eckor 3(PQEeKTUBHOCTH OTKOpMa CBH-
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oTKOpMa. B kauecTBe MCXOJHBIX JaHHBIX HUCIIOJIB30BaHBI
pPEKOMEHIyeMble CIeUAINCTAMU M0 KOPMIICHHIO Pally-
OHBI M HOpMBL. Pa3paboTaH anropuT™ pacyera, IIOKa3bl-
BAalOLIMii, KaK JOJDKHA HApacTaTh JKMBAas Macca YKUBOT-
HBIX 10 X0y OTKOpMa.

KiroueBble croBa: OHOTEXHHYECKas CHCTEMa,
orepatuBHas 3(h(HEeKTUBHOCTH, IUTAHOBHIN 3 (dekT, Tex-
HOJIOTHUecKHH 3 dexT.
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AN ALTERNATIVE PROOF
OF THE FUNDAMENTAL THOEREM OF ALGEBRA

L. Akopyan
All-Russian Scientific-Research Institute for Electrification of Agriculture,
Moscow, Russia

We present an alternative proof to the Fundamental Theorem of Algebra (FTA) using a modified
lianit algebra very closely resembling the algebra of complex numbers. This lianit algebra was specially
constructed to be commutative, associative and distributive with respect to multiplication and addition
operations. The multiplication operation differs from the multiplication of complex numbers by a mere
sign. A distinctive feature of the algebra used lies in its unique property: the sum of elements of second-
ary lianit roots is a numeric solution (if it exists) to the original numeric polynomial. The presented proof
complements the first proof of the FTA via the lianit algebras as a much finer proof in terms of methodo-
logical simplicity and the use of algebraic structures very much alike ordinary complex fields. The pro-
vided proof is yet another application of the general theorem of principal and secondary lianit roots,
which establishes a direct correspondence between the complex roots of a polynomial and the secondary
lianit solutions of its related pseudo-polynomials. We use this theorem twice: first we apply it in its most
general setting, establishing the link between the secondary lianit roots of pseudo-polynomials and the
numeric roots of related complex polynomials. The consequence of this theorem formulated as a general-
ized theorem of Cayley-Hamilton allows to perform an explicit calculation for the so-called “probing”
and “associated” polynomials providing a shortcut in the proof. This latter technique inspired us to
search for a shorter and more explicit proof of the FTA than our first proof was.

Keywords: pseudo-algebraic equations, lianit roots, associated polynomials, Fundamental Theo-
rem of Algebra.

Introduction

Since the discovery and classification of non-numeric solutions to Algebraic polynomials [1-
4] (more correctly defined as algebraic pseudo-polynomials [5]) establishing a sui generis transition
from the lianit sets to the field of complex numbers, the question of proving the fundamental theory
of algebra (FTA) by the means of pure algebra has been ostensible. In the original research paper
[6] the FTA was proven using a specific algebra already familiar with its very productive features in
terms of deriving many applications (the solution to Cyclotomic equations, solutions of multivariate
polynomial systems of equations, derivation of complete Galois terms of solvability by radicals,
etc.). In this paper we present a simpler proof based on a lianit algebra that could be called the lianit
“analogue” of the complex set: its properties of addition and multiplication are identical to those of
the complex numbers with “up to a sign”. This fact has inspired us to search for a proof for the ex-
istence of complex roots for polynomials of arbitrary degrees via an algebra that itself is not too
from the field of complex numbers.

Proof to FTA

Consider the following lianit set

{01 + 0, = (X1, %) + V1, ¥2) = (61 + Y1, %2 +y2) = 0, + 03,

0103 = (X1, %2) - V1, ¥2) = (Y1 + X2¥2,X1Y2 + X2¥1) = 0, 015 k = (k,0). 1)

Algebra (1) is commutative, associative and distributive with respect to addition and multipli-
cation, e = (1, 0) is the right identity element. The linear equation x + a, = 0 has a single princi-
pal lianit root: o, = (—a,, 0). For any p and q, the trinomial f2(x) = x2 + px + g, has two princi-
pal lianit roots. Indeed, the condition f2(c) = (0,0) reads: 62+ o -p+q = (x? + x2,2x,x,) +
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+(pxy, pxz) + (q,0) = (2% + x2 + px; + q, 2x,%, + px,) = (0,0). At x, # 0 (the case x, = 0 is
equivalent to searching for numeric roots), we obtain,

p |p? p |p?
O-lz(xllix%)z _E;+ T_ ’ O—Zz(x%'x%): _E'_ I_q . (2)

A distinctive feature of the set (1) is that for any f*(x) = x" + a;x™ 1 + a,x" 2 + -+ +
+a,_1x + a, the sum of elements of all possible secondary lianit roots o, = (x{,x%), i.e. xo, =
=x{+xf is a numeric solution to f"(x). Indeed, it is easy to show, that

"= [f{*(xq,x3), f7t(x1,x3)] is given by the rule.
If n is even, then
flt e, x0) = CF - + CRg - X7 7225 + -0+ CF - x5
f2r (e, x) = CRoy - X772 + Gty - %7725 4+ O g - X3
If nis odd, then 3)
fl e, ) = G- xf + CRy - X7 72x5 + oo+ CF - xy 237
f2' (x1, x2) :Crrzl—1’x:711_1'x2+crrzl—3'x1 X3 +”'+C51'xn

where C* are the binomial coefficients. Compiling the system f™(o) = o™ + a,0™ 1 +
+a,c™?+ -+ a,_,0 +a, = (0,0) and summing up both of the equations, we arrive at:
O+ )" +a, (e +x)" T+ ay(xg +x)" 2+ -+ a,_1(x; +x,) +a, =0 (under the as-
sumption that the secondary roots a, = (x{, x%) exist). At n = 2, from (2), it follows that they do
exist, therefore at n > 2, the putative secondary lianit roots must have the following structure:

op = (xf,x%) = [x°‘+x°’ + (x‘” O’)], where x;, x,; are the putative numeric roots of the original

polynomial f™(x). Thus, we are to prove that any f™(x) =x"+ a;x" 1+ a,x" 2+ -+
+a,_1x + a,, defined over the lianit set (1), holds secondary roots of specific form

Xoit+X, i—Xoi . . . . . .
o= (xf,x%) = [ ool °‘2 °J], which is, evidently equivalent to existence of numeric roots

X0 i =1,2,..,n). We prove this assuming the opposite. Let, in the general case, the original poly-
nomial f™(x) = x™ + a;x™ 1 + a,x™ % + -+ + a,_1x + a, does not hold any numeric roots x,.
Then the system on secondary lianit solutions f™(¢) = o™ + a0 ' + a,6™ % + -+ a,_,0 +
+a, = (0,0) is either trivially inconsistent or is consistent formally after the exclusion of one of
the variables which we, without any loss of generality, assume to be x,. The resulting system reads,
{F1(x1) = 7z1(x1) * Fo1(xq), (4)
Fy(x1) = z1(x1) - Foa(xq),
where z; (x;) is the general associated polynomial of the system of equations f™ (o) = (0, 0).
Since the original numerical polynomial f™(x) = x™ + a;x™" 1 + a,x" 2 + --- + a,,_1x + a,, does
not have any numeric roots, the obtained associated polynomial
z,(x;) cannot have any numeric roots either, meaning that z; (x,) cannot have any divisors (see,
for example, [7]). Let fg"(x) = x™ + byx™ 1 + b,x™ 2 + -+ + by,_1x + by, is any other “probe”
polynomial with an associated polynomial u, (x;) emerging from the system f;"(a) = (0,0). Then
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the system on secondary lianit solutions for the polynomial G™*"(x) = f™(x) - fg"(x) is also
bound to either trivial inconsistency or formal consistency with some associated polynomial of the
form z,(x;). Since the set of two-element lianits (1) is distributive with respect to multiplication
and z;(x;), uy(x;) cannot not have any divisors, z,(x;) emerging from the system
G™*"(g) = (0,0) cannot have any other divisors but z;(x;), u,(x;), namely, z,(x;) =
z1(x1) - u;(x1). As a probing polynomial fg™(x) we now take fJ'(x) =x™+x, - a;x™ 1+
+x2 - ax" 2 4+l a_x + Xl - ay, (% # 0, m = n). Using the formulas (22) it is simple
enough to construct the corresponding system f™(o) = (0,0), f3*(c) = (0,0), G*™(a) = (0,0).
Assuming that n is even and reducing the second equation of the system f"(a) = (0,0) by x, # 0
[bypassing the purely formal search for secondary roots of trivial nature o, = (xf,x%) = (x£,0)],
with respect to x, we obtain,

(xF+0- x84+ ay(xp,aq, . )xF 24+ 0-x773 + ay (g, aq, . )xF 4+

+I+axl Pt ay xP e+ ayxg + ay)
| (nxy +a)xP ™2+ 0-x573 4 By(xy, a4, D 2 (5)
+nxl 4+ a(n—DxP 2 +a,(n—2)xF 3+ -+ a,_4].

The principal matrix solution of the first equation of the system (5) reads,

—
L e
e
~ e
L

coo

Onxn = | | (6)
\ 0, 0, 0, 0, 1/
—f*(xy), 0, —ap_,(x1,a4,...), 0 - —ay(xq,a4,...), O

Substituting the matrix solution (6) into the second equation of (5) leads to a matrix along the
main diagonal of which appear rational polynomials of degree (n — 1), and the remaining elements
of the same matrix are either null or fractional rational polynomials with various degrees. The asso-
ciated polynomial z;(x;) of the system (5), as is known, coincides with the determinant of the re-
sulting matrix. Evidently, z; (x;) will be of the degree n(n — 1)®. An analogous result is obtained in
case of odd degree n of the original polynomial f™(x) [in that case it is advisable to substitute the
matrix root of the second equation of the system f™(o) = (0,0) in the first]. To resume, for arbi-
trary n, the systems of equations on putative secondary lianit roots, namely, f™(o) = (0,0),
fot(o) = (0,0), G*™(a) = (0, 0), should always be formally consistent through the scheme (4) and
their respective associated polynomials are z"™ ™ (x;), ul™ ™V (x), 22"V (x,). If the original
polynomial f™(x) = x™ + a;x™ ! + a,x™ 2 + --- + a,_,x + a,, does not hold any numeric roots
Xo; there are no roots xg - xo; (xo # 0) for the polynomial fi*(x) = x™ + xq - a;x™" 1 + x2 -
ax" 2+ -+ x 1 a,_1x +x¥ - a, as well. Hence, the general associated polynomial of the
system of secondary lianit solutions for G2™(x) = f™(x) - fg*(x) [that is G?™(o) = (0,0)], with
respect to x;, must assume the form: z, (x;) = 2™V (x;) - u?™ P (x,) and thus have the degree
2n(n — 1). But we just showed that the degree of z,(x,) is equal to 2n (2n — 1), as the degree of
G*™(x) = f™(x) - f&*(x) is 2n. Moreover, along with divisors z;(x;), u;(x;), the polynomial

! All the summands in the determinant of that matrix are rational polynomials of degree n(n — 1).
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z2M@=1 (5 1) has always some new divisor z(x;) appearing doubly [z2(x,) did not emerge in the
original systems of equations f™(a) = (0,0), fy'(g) = (0,0)]. To verify the unambiguous exist-

) x, in the system G2"(o) = (0,0). Then,

ence of zJ'(x;) - z{(x1) if we substitute x, = +( o

the condition G2"(o) = (0,0) renders into a consistent system with an associated polynomial

zy (x1),

fplzn(xl) = a7 + (1 ZXO) a4 (1 J;xo) Gl

N (1 -I;x(,)n‘l Ap_1%; + (1 -;xo)n anl CFT (xy),
| Fi™(xp) =[x + (1 xo) ax} '+ (1 ;xo)z apx2 + oo (7)
k N (1 -I;x())n‘l Ap_1%; + (1 —;xo>n anl - FD (xy).

Since 2n(2n—1) —n(n—1) —n(n—1) — 2n = 2n(n — 1) # 0 [z{(x;) appears doubly],
the general associated polynomial of the system G2"(g) = (0,0), i.e. z"®" ™V (x,), in the reality
contains a fourth divisor 172"(" 1)(xl), which did not appear in the original systems
f(e) = (0,0), fg'(a) = (0,0).

In other words: z2"*" Y (x,) = "("_1)(x1) V() - (280 ()P - v (x). The
appearance of additional divisors [z (x;)]?, 2n(n- 1)(xl) in the transition from f™(x), fo'(x) to
G?™(x) = f™(x) - f*(x) provides a concluswe proof that the general associated polynomial
22" (5) of the system G2"(g) = (0,0) does have numeric roots xf [¢ = 1,2, ...,2n(2n —
—1)]. We thus arrive at the conclusion that over the set of two-element lianits (1), the polynomial
G?™(x) = f™(x) - fg+(x) is bound to have [based on (2)] secondary lianit roots of specific structure:

op = (xf, 2x%) = [x‘” Yo+ (x‘”zx‘”)]. Each of the corresponding quadratic trinomials
fA(x) = x? +ppx+q,=x*—2x{ - x + [(xf)2 - (xﬁ)z] based on the theorem of principal lia-
nit roots [1-3], are divisors of G2™(x) = f™(x) - fg*(x). Since any of f?(x) = x% + pyx + q, holds
two principal lianit roots o7 = (x{, +x3), 6Z = (x£,—x%) from the set (1), the degrees of the con-
sequent associated polynomials are determined as n, = C3" N(N D)= N(N —1) [n, = 2,
N — is the degree of the original f™(x), fJ'(x) u G*"(x) = f”(x) f0 (x)]. The structure of the
secondary lianit roots o, = (x{, +x%) of f™(x), fg'(x) and G*(x) = f™(x) - fg*(x), implies that
each of the numeric roots x{ of the general associated polynomial of the system G2" (o) = (0,0),

.e. 2”(2” 1)(xl) is once repeated. Consequently all the associated polynomials of the systems
f ”(0), & (o), G*™ (o) = (0,0) must be perfect squares which is indeed the case when determining

nn-1)

these polynomials via the method of principal lianit solutions i.e. z/™ D(x,) == [21,02 (xl)l :
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nn-1)

2
2
u;l(n_l)(xl) = lul 2 (xl)l , vf"(n_l)(xl) = [vﬂg"_l)(xl)] . Thus, the polynomial G2?"(x) =

,0
fre) - forC) = [f"() =x" + ayx™ ' + apx™ 2+ -+ ap-ax + anl - [fFF0) = x" + %
ax" +x2 - a x4+ -+ xd - a,_x +x¥-a,] holds exactly 2n numeric roots:
X01, X02» ++» Xom X0 * X01, X0 * X025 > X0 * Xon-
The number of possible combinations of two roots from a set of 2n roots is C;" = (2n —
—1)- n. Therefore, based on the structure of its secondary lianit roots,

o, = (xf,xf) = [x‘“:x"j ,+ (x°i;x°j)], the degree of the associated polynomial as a function of the

unknown x{ = x‘”:& calculates as C3™ -2 =n(2n —1) - 2 = 2n(2n — 1). Combinations of the

type {xo:, %07} and {xo - xo;, %o - xo;} generate doubly appearing divisors, namely: 2"V (x) =
n(n-1)

n(n-1) 2 2
= [21,02 (xl)l , uf("_l)(xl) = lul 2 (xl)l [the number of corresponding combinations are

,0

@, m]. These are the general associated polynomials of the system of equations

2
f*(a) = (0,0), fo*(a) = (0,0). There are exactly n combinations of the type {x,;, xo - xo;} gener-

2
1+x —
> 0) azx{L 2 +

ating the associated polynomial from (7), i.e. zJ(x;) = x{' + (%) ax 1+ (

1+x\* 1 1+x0\" . . Xo1+X0'Xo1 Xoz2+XoX Xon+Xo-X
+(TO) an_1x1+( 20) a, with numeric roots: == 2" oL o2 2" 2 .., 2° % The

remaining 2n(n — 1) combinations of the type {in,xO -xoj}, where x,; # x,;, generate the divisor

— — 2 _ . R X0- .
p2rD () = [vfg” D (x1)] . v Dy with  numeric  roots  xf = w
[f = 1, 2, ey Zn(n - 1), Xoj * Xoi].
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BTOPOE JOKA3ATEJIbCTBO
OCHOBHOM TEOPEMBI AJITEGPBI
JI.B. AkonsiH
Bceepoccuiickuii-Hay4Ho-uccI€e10BaTeIbCKUIT HHCTH-

TYT JIeKTPU(PUKALMH €eTbCKOIro X03slicTBa
(®T'BHY BUICX), MockBa, Poccust

IIpencraBieno BTOpoe, 4HCTO anreOpande-
CKO€, JIOKa3aTeIbCTBO OCHOBHOM TEOPEMBI alreOphl
(OTA) mocpencTBOM BHAOM3MECHEHHOW JTHAHUTO-
BOW anreOphl, BeCbMa CXOXel ¢ anreOpoil KoMm-
TUIEKCHBIX umceln. Mcmonp3oBanHas anrebpa nuna-
HUTOB OBbLIa CICIUAILEHO CKOHCTPYHUPOBAHA JUIS
COXPAaHEHWSI TPUBBIYHBIX CBOWCTB YHCIIOBBIX all-
reOp: OHa KOMMYTaTHBHA M aCCOLMATHUBHA IO OT-
HOILIEHUIO K ONEpAIUsIM CIOXKCHHUS U YMHOMXKCHUS,
oTIepaIiyl CIOKEHUSI U YMHOXKCHHS CBSI3aHBI MEXK-
Iy co0oil AMCTPUOYTHBHBIM CBOHCTBOM. Kpome
TOTO, OTEpanys YMHOXEHHS OTIHYAeTCs] OT YMHO-
JKEHHUSI KOMIDICKCHBIX YMCEI TOJIBKO 3HAKOM.

JOnoNHUTENBHOW OTJIMYUTEIBHON YepTOU
3TOU anreOphl SBISETCS CBOWCTBO: CyMMa 3JIEMEH-
TOB BCEBO3MOJKHBIX MMOOOYHBIX KOPHEH TCeBI0al-
reOpanyecKux YpaBHEHUH SBJISETCS YHUCIOBBIM
KOpHeM (eclid TaKue CYIIECTBYIOT) JJIs COOTBET-
CTBYIOIIIETO YHCIOBOTO MHOrowieHa. Ilpencras-
neHHoe naokazarenbcTBo OTA MeTomoJoruuecKu
JOTIOJHSET caMOe MEePBOE JO0Ka3aTelIbCTBO STOU
TEOPEeMBI MOCPE/ICTBOM JIMAHUTOBBIX anredp: Kak
aJbTEPHATUBHBIN croco0 jgokasareinbcTtBa OTA
OHO W3AIIHEE, OTIMYACTCS METOHOJIOTHIECKOM
MPOCTOTOW ¥ HCIIOJIB30BAHUEM alTeOpamdecKux
CTPYKTYp, BeCbMa OJIU3KHUX 110 CBOWCTBaM C 0ObIY-
HBIMH YHCJIOBBIMU alTreOpaMu.

B xone mokazatenbcTBa BBOASTCSI BCIIOMOTA-
TEJbHBIE TIOHATHUS «ITPOOHOTO» U «COMPOBOXKIIAIO-
IIETO» MHOTOWIEHA, WTPAIOIINE BaXXHYIO POJIb B
nposeneHun nokazarenbctBa OTA. Bropoe noka-
3arenbcTBO OTA, Kak W TMepBoe, OKa3bIBaeTCA
ciencTBueM oOmIel TeopeMbl 00 OCHOBHBIX M IO-
OOYHBIX JIMAHUTOBBIX KOPHSIX, KOTOpas yCTaHaBIIH-
BaeT MPSAMYK CBS3b MEXIY KOMIUIEKCHBIMH KOp-
HSAMHU YHUCJIOBBIX MHOI'OYWICHOB C MOOOYHBIMHU JIHa-
HUTOBBEIMH KOPHSIMH COOTBETCTBYIOIIUX IICEB0ANI-
reOpanvecKux ypaBHEHUH.

OTa TeopeMa UCIOIB3YETCsS BO BTOPOM JOKa-
3arenbcTBe OTA nBaXKABI: BO-TIEPBBIX, OHA O0ecIie-
YUBACT CYIIECCTBOBAHUE M BBIYMCJICHHE KOMILICKC-
HBIX KOpDHEH IO CYIIECTBOBAHUIO TOOOYHBIX

JTUAHUTOBBIX KOPHEH COOTBETCTBYIOIIUX ICEBIOM-
HOTOWJICHOB. BO-BTOPBIX, MBI MOJB3yeMCSl Clea-
CTBHEM 3TOW TeOpeMsbl, cHOpMyITUPOBAaHHON paHee,
Kak o0oOmnieHneM TeopeMsbl [ amunbToHa-Kanm st
OCHOBHBIX M TIOOOYHBIX MATPUYHBIX pEIIECHUI
TICeBI0ANTeOpanyecKuX ypaBHEHUH. DTO MO3BOJIS-
€T YKOpOoTHuTh nokazarenbctBa OTA myrem mpsiMo-
ro pacdera MpOOHOTO M COMPOBOKIAIOUIETO MHO-
TOWICHOB B 001IeM cirydae. ViMeHHO 3Ta TeXHUKA U
JEKAT B OCHOBE BTOPOTO JIOKa3aTelNbCTBA, HTO
BJIOXHOBJISIET HAC Ha MOMCK 0ojiee KOPOTKOTO CIIO-
coba nokazarenbcTtBa OTA, 3Ta TEXHHKA OCHOBaHAa
Ha JIMAaHUTOBOHM anreOpe, BeCbMa CXOXeEH ¢ anred-
POl KOMIUIEKCHBIX YHCET.

KioueBbie cioBa: rceBmoanreOpanyecKue
YpaBHEHUS, INAHUTOBBIE KOPHH, COMPOBOKIAAFOIINE
MHOTOYJICHBI, OCHOBHASI TEOpEMa TreOpEI.
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