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TEXHIYHI HAYKHA

UDC 339.137.2:338.432

ALTERNATIVE FUELS AND EFFECT ON
AGRICULTURAL MACHINES’ EFFICIENCY

V. Havrysh, doctor of economic sciences, professor
M. Shatohin, assistant
Mykolayiv National Agrarian University

Modern farming is highly energy-intensive production, including
through the use of large volumes of motor fuels on the fulfillment of
manufacturing operations. The situation is complicated by the fact that
the dominant global trend in the energy sector is a permanent increase
in the price of fossil hydrocarbons: oil, coal and natural gas. This affects
the production costs.

One way of improving both economic and environmental performance
of agricultural production is the use of alternative motor fuels, including
renewable. The decision to use them should be justified.

Key words: alternative fuels, agricultural machines, efficiency.

Introduction

The using of the alternative fuels by agricultural machines
provides a solution to the problem for substitution of oil motor
fuel and expansion energy raw material base for the production
of motor fuels. Of particular importance are fuels from renewable
energy sources, which allow solving the problem of greenhouse
gas emissions.

That is why in the world today began to develop alternative
fuels management, aims to determine efficient ways of production
and use of alternative fuels. It can be viewed as part of energy
management.

Research methodology

Alternative fuels are fuels of not petroleum origin. Their use
can improve both environmental and economic indicators of
economic activity.

The main goal of energy management is to maximize profit

by minimizing production costs, especially for energy resources.
© Havrysh V., Shatohin M., 2016
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It does not have to deteriorate both environmental and economic
parameters of production. An important role is played by the use
of alternative fuels, including renewable.

The goal of the alternative fuels management is an effective
use of alternative fuels in agriculture in order to maximize profits
(minimize cost), and strengthening the competitive position of
the agrarian formation. The main results to be achieved using
alternative fuels management can be divided into four groups:
economic, environmental, enhancing national security and
ensuring the competitiveness of the national economy.

The total energy expenditures consist of three main
components: direct, indirect and investment.

Direct expenditures of energy resources are the expenditures
of fuels and energy resources for the entire production cycle.
These include motor fuels (diesel fuel, gasoline, gaseous fuels,
etc.), electrical energy and fuel oil (liquid, gaseous or solid).

In determining the total power consumption of agricultural
products must take into account the investment energy
expenditures. Under them should understand the expenditures
of energy resources in the production of machinery, equipment
and production facilities. It should take into account the total
life of machines and the expenditures of energy resources for the
current and capital repairs.

Motor fuels can be divided into two groups: traditional and alternative.
The first group includes petroleum products: petrol and diesel.

In the second group are distinguished non-renewable and
renewable fuels. The non-renewable fuels include natural gas,
liquefied petroleum gas (LPG), gas condensate, synthetic fuels
derived from coal and oil shale, etc.

Renewable fuels are produced from raw materials of organic
origin. They include vegetable oils, methyl esters of vegetable oils,
alcohol fuels (ethanol, methanol, etc.), biogas, synthesis gas.

The physical and chemical properties of biofuels, gaseous
fuels and petroleum fuels are rather different. This complicates
the using of alternative fuels.

To make a decision on the use of alternative fuels it is
necessary to have information about their physical and chemical
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properties, and economic characteristics. One of them is the price
of fuel energy. In general, in the case of the using of mixed fuels
the price of energy is determined as follows:

S (7))
BE = —=!

—— ,USD/GJ
Z(Ql P 'gi)
i=1

where Pf, - the price of the i component of the fuel, USD/m?; Q,
— lower heating value of the i"* component of the fuel, MJ/kg; p, -
the density of the i* component of the fuel, t/m?; n - number of
components; g, - part of the i component in the fuel.

The efficiency of the internal combustion engine depends on
a number of factors, including the type of fuel used. Thus, the
efficiency of the diesel engine D-245.12S at maximum torque
when running on diesel fuel is 37.5%, and a mixture consisting of
40% rapeseed oil and 60% diesel fuel - 37.2% [4].

Studies for spark-ignition brand ZMZ 405.2 have shown
the following. The highest effective efficiency is observed when
the engine operates on gasoline and propane - 33.7%. When the
engine is running on methane the efficiency drops to 31%. The
maximum efficiency on biogas does not exceed 29% [3].

Therefore, it is advisable to determine the cost per unit of
energy that will be used for useful work:

BE ~ ;(sz 'gi)

CE = =—
T Z(Qi'pi'gi)

,USD/GJ

where h - efficiency of the engine.

This mathematical relationship can be used to compare different
fuels. The preferred fuel is the fuel that has less energy cost.

In road transport compressed natural gas (CNG) and liquefied
petroleum gas are the most widely used. The leaders of gaseous
fuels application are Pakistan, Iran, India, Argentina, Brazil,
Italy, China and Ukraine. The use of gaseous fuels is stimulated
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by their comparatively low prices. The price of CNG is about two
times less than the price of a premium gasoline and diesel fuel

Remoteness from CNG filling stations to trucking companies
(or farms) and the reduction of vehicle mileage between fill-ups
reduce the ratio of run for 8...13%. However, this is offset by the
lower cost of gaseous fuels.

The results

Operating experience of farm gas fueled tractors showed that
in the transport regime; natural gas replaces up to 50% of diesel
fuel consumption. It reduces the cost of transportation work. The
greatest effect is achieved when these tractors plowing, where
natural gas can replace up to 80% of diesel fuel.

Table 1
Characteristics of the basic model of tractors
and their gas-cylinder versions
K-701 K-700A T-150K

Indicator Basic Gas Basic Gas Basic Gas

model model model model model model
Th i

e nominal power 198 198 172 172 122 122
rating, kW

Operating weight, kg 13500 14750 12800 14050 8150 8850

The number of gas
cylinders (volume of 18/50 18/0 10/50
one cylinder, I)

Consumption at
the nominal power

rating:
diesel fuel,kg/h 51,8 10 38,0 8,0 29,0 5,9
natural gas, m3/h - 50,4 - 38,4 - 28,1

The using of compressed natural gas for tractors results to
slight changes in their layout. It is caused by the installation of
gas cylinders. On the crawlers and wheel tractors of the drawbar
category no more than 2 (LTZ-55, UMZ-6kl, MTZ-80/82, T-70)
cylinders are fixed on the roof of the cab. For wheeled tractors,
the drawbar category 3 or more (K-700, K-701, T-150K, HTZ-
17221) gas cylinders are mounted on the rear section. The use of
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CNG equipment increases the operating weight (Table 1 and 2).
As a result a traction force decreases a little bit.

Table 2
Characteristics of the basic model of tractors
and its gas-cylinder versions
MTZ-82 YMZ-6KIJ1 DT-75
Indicator Basic Gas Basic Gas Basic Gas
model model model model model model

The nominal power 55 55 45 45 66 66
rating, kW
Operating weight, kg 3600 3800 3900 4100 6350 6850
The number of gas
cylinders (volume of 4/51 4/51 7/50
one cylinder, 1)
Consumption at
the nominal power
rating:
diesel fuel,kg/h 13,5 2,6 10,7 2,1 16,2 3,1
natural gas, m3/h - 13,2 - 10,2 - 16,0

To make the correct choice of alternative fuel for agricultural
tractors farmer should know the cost of fuels consumed per hour

CFCH =Y (Pf, V),
i=1
where V. — consumption of fuel per hour, 1(m?®xh".
If the basic variant is using of diesel fuel, then their ratio to
the alternative fuel is

Rarp - PV

Z(sz 'V)i

where Pfd — price of diesel fuel, USD/l; Vd — consumption of
fuel per hour, l[(m?®xh'. If RAFD > 1then the alternative fuel is
appropriate.

Let’s consider agricultural tractors presented in table 1 and
2. For situation in Ukraine (September 2015) for CNG RAFD is
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equal to 0.768...0.817. And for LPG RAFD » 0.66. That is why the
using of gaseous fuels is economically attractive for farmers.

Conclusions

1. The attractiveness of the alternative fuels depends on their
energy cost. Fuel prices differ between countries. It impacts on
alternative fuels using. Thus in the USA compressed natural
gas (CNG) is the cheapest fuel [1, 2]. And in Ukraine liquefied
petroleum gas and CNG are the cheapest fuels.

2. The scale of the alternative fuels using depends on their
prices. Prices of fuels impact on farmers’ choice. Nowadays the
CNG and LPG are most popular fuels. But situation in different
countries is not the same.

3. To get the greatest economical effect, the farmers should
use alternative fuels management.

Referenses:

1. MapkoB B.A. PaboTa gm3enen Ha cMecsX AU3ESIbHOrO TOM/JiMBa U MeTUNoBOro adupa
pancosoro macna / B.A. Mapkos, A.1O. Wyctep, C.H. JeBsAHWH // TpaHCcnopT Ha anbTep-
HaTueBHOM Tonnauee. — 2009. - N4 (10). - C.33-37.

2. Clean Cities Alternative Fuel Price Report. October 2014. US Department of Energy.
Energy Efficiency and Renewable Energy. — 17 p.

3. WccnepoBaHne nokasatenem asuraTtesns C UCKPOBbIM 3axuraHuwem npum paborte Ha
rasosbix TonameBax/ B.A. Jlykwo, A.B. Ko3snos, A.C. TepeHuyeHko, A.A. [lemngos // TpaH-
CNOpT Ha anbTepHaTusBHOM Tonnmee. — 2011. - N°8 (24). - C.28-33.

4. The Statistics Portal. Gasoline prices in selected countries worldwide as of November
2014 (in U.S. dollars per gallon). [DnekTpoHHbIN pecypc]. — Pexum goctyna: http://www.
statista.com/statistics/221368/gas-prices-around-the-world/.

B. I. raspuw, M. IO. lLlaToxiH. AZIbTepHaTUBHI BUAWN NnasinBa Ta BrnJNB Ha
epeKTUBHICTb CiibCbKOrocrnogapcbKNUX MaLlMH.

CyyacHe cinlbCbKe rocrnogapcrBo € BUPOOBHULTBOM BUCOKOEHEPrOEMHUM, Yy
TOMY YUCJIi 3@ paxyHOK BUKOPUCTaHHS BEJIMKUX 06CSIriB MOTOPHOIro rnasinBa Ha Bu-
KOHaHHS1 BUpO6HuYnx ornepadivi. Cutyadis yCKA[HIOETbLCS THUM, O AOMIHYHYO0
r7106a/71bHO0 TEHAEHUIEI B €HEPreTUHHOMY CEKTOPI € MOCTIMHE 3pOCTaHHS UiH Ha
BUKOIHI Byr/zieBoO4HI: Hagta, Byrifizis 1a rpupogHui ras. Lle BnianBa€e Ha BUTpaTu
Ha BUPOBHULITBO.

OgHum i3 criocobiB MoslinweHHs] eKOHOMIYHOI ¥ eKOoJ10riYHoi e(heKTUBHOCTI
Ci/IbCbKOIroCrnogapchbKoro BUpobHULTBA € BUKOPUCTAHHS aslbTEPHATUBHUX MOTOPHUX
nasauvs, y TOMy YUCJ/i BiAHOBJ/IOBAHUX fKepes eHeprii. PilueHHSI npo BUKOPUCTAaHHS
iX MOBUHHO 6YTN BUNpasaaHe

KnroyoBi cnoBa: asibTepHaTUBHI BUAN NaamBa, Ci/ibCbKOroCrnogapcbKi MaLum-
HU, ePeKTUBHICTb.
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B. U. faspuiu, M. I0. LLlaToxuH. AZIbTepHaTUBHbIE€ BuAbI TOMJINBa N BJINSIHNE
Ha 3¢pbgpeKTNBHOCTb CE/1IbCKOXO03AUCTBEHHbIX MAaLUMH.

COBpeMeHHoe ceJibCcKoe XO0351MCTBO ABJIAETCA rnpon3BosCcrBom
BbICOKOSHEPIroeMKMMM, B TOM 4Yucsie 3a CYET UClroJ/ib30BaHUsA 60/1bLIMX 06BLEMOB
MOTOPHOro ToriJyimBa Ha BbIlNOJIHEHNE [1PpON3BOACTBEHHbIX onepaum/”t. CMTyaL{MFI
OCJIOXKHAETCA TEM, UTO ,HOMMHMpyiOLLleﬁ rnobasibHoOM TEHAEHUMNEN B SHeEpretn4ecKkom
CEeKTOpE ABJIAeETCA MOCTOSIHHbI POCT LYEH Ha MCKOlaemble yriieBogoposdbl: He(pr,
yrosjib v ﬂpM,DO,quII;I ras. 3T1o B/insSIET Ha 3arpartbl Ha rnpon3Bo4cCcTBo.

OgHnM wn3 criocobos yaydleHns SKOHOMUYECKONU U  3KOJIOrMYECKOM
3(pd)eKTMBHOCTM CEJ/IbCKOXO035IMICTBEHHOIO rnpon3Bo/ACTBa sBJIA€TCA MUCINOoJIb30BaHne
aJlbTEPpHATUBHBIX MOTOPHbLIX TOIJ/INB, B TOM 4YuUcCJie BO306HOBJ/ISEMbIX NCTOYHUKOB
SHepruu. PelieHne 06 ncrnosib30BaHumM UX AOJIXKHO 6bITb oripasdaHbIM.

KnrouyeBble cnoBa: aibTepHATUBHE BUAbI TOM/ANBA, CE€/1bCKOXO35UCTBEHHbIE
MaLUnHbI, 3¢HEKTUBHOCTD.
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