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Abstract

Ukraine is the only major agricultural country whose production of biofuels has de-
clined since 2010. Nevertheless, it has set a target of 11.5 percent of primary energy
supply from biomass, biofuels and waste by 2035. Agricultural land needed to produce
biofuels feedstock is calculated for two scenarios based on its current 11.5 percent tar-
getand previous 5.0 percent target specified as a share of transport energy consumption.
The export orientation of Ukraine’s crop sector and resulting foreign currency earnings
pose trade-offs if crops are diverted from exports to biofuel feedstocks. Given these
trade-offs, policy options for developing a biofuels industry while satisfying Ukraine’s
export and domestic markets are to (1) bring land not currently cultivated into produc-
tion and (2) increase yield. Both options are found to have substantial potential.
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INTRODUCTION

Ukraine has identified development of its agriculture as a strategic goal.
However, it confronts tough global competition in agricultural mar-
kets and limited financial resources. Development of a biofuels sector
offers the potential to both develop Ukraine’s agriculture and increase
its energy independence (Lupenko & Mesel-Veseliak, 2012, p. 3).

In 2012, Ukraine enacted “On Alternative Fuels”, its first law on bio-
fuels production. A five percent blend of all fuels sold in Ukraine was
mandated by 2014. On February 12, 2015, Verkhovna Rada revoked
the law. Neither the infrastructure to blend biofuels nor a government
system to monitor compliance were in place. In 2017, Ukraine set tar-
gets for 2035 of 25 and 11.5 percent of Ukraine’s primary energy sup-
ply, respectively, from renewable energy and from biomass, biofuels
and waste (Energy Strategy of Ukraine, 2017).

Interfacing with this domestic agenda is Ukraine’s desire to be inte-
grated into the European Union (EU-Ukraine Association Agreement,
2016). Important components of this integration are cooperation in the
energy sphere and development of renewable energy. The European
Energy Security Strategy of 2014 sets a renewable energy target of 20
percent of final energy consumption by 2020, increasing to 27 percent
by 2030. An earlier Directive, 2009/28/EU, set a renewable energy tar-
get of 10 percent of transport energy by 2020.
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1. LITERATURE REVIEW

Assessments of bioenergy in Ukraine are few.
Demirbas (2009) included Ukraine in a general ex-
amination of the world biofuels industry. Advantages
of biofuels were emphasized. They included higher
income, investment in plants and equipment, lower
greenhouse gas emissions, greater energy independ-
ence, and new value-added domestic markets for do-
mestic crops. Bilotskiy (2017) connected Ukraine’s
integration into the EU with renewable energy’s role
in global and Ukrainian energy markets. Support
provided to renewable energy by the European
Parliament and implementation of a biofuels certifi-
cation program by Ukraine were discussed.

Delzeit (2018) examined policies to develop biofuels
production in the EU and concluded that these pol-
icies need to consider the complexity of agricultur-
al value chains, interlinks between sectors, different
political instruments, food security, international
trade, and ecological priorities. This conclusion mir-
rored an earlier article by Zilberman et al. (2011) that
concluded biofuels in general offer great opportuni-
ties for both developed and developing countries, but
a number of social, economic, environmental and
technical issues must be confronted.

Numerous studies address biofuels production and
policy in individual countries or groups of countries.
A representative list follows. Murphy el al. (2015, p.
6392) and Cheteni (2017) analyze the potential for
developing a sustainable biofuels sector in Ireland
and South Africa, respectively. Elliott (2017) con-
tains an extensive review of analyses of the US bio-
fuels industry and policy, including the role of bio-
fuels and biofuels policy in food prices and climate
change. Beckman (2018) discusses development
of biofuel production in Brazil, EU, US, China and
India, focusing on upward pressure on agricultural
commodity prices from using agricultural feedstock
for both fuel and food. Vimmerstedt et al. (2015)
develop a detailed model of the dynamics of biofu-
els production for several scenarios based on poli-
cies of leading biofuels producing countries (p. 160).
Stafford et al. (2017) analyze biofuels development in
different regions, focusing on the strengths and chal-
lenges of developing biofuels production. Medipally
etal. (2015, p. 2) examine the impact of globalization
on the development of alternative energy around the
world.

84

Aims. Objectives of this research are to (1) describe
Ukraine’s current biofuels market, (2) compare it
with world trends, (3) develop future scenarios, (4)
report on a SWOT analysis, and (5) identify key pol-
icy needs for developing Ukraine’s biofuels industry.

2. METHODS

Government and international agency data are
compiled. They are analyzed using descriptive sta-
tistics and graphic methods. Scenario analysis is
used to identify possible pathways and associat-
ed government policy needs to develop Ukraine’s
biofuels industry. Strengths, weaknesses, oppor-
tunities and threats are identified using SWOT
analysis.

3. RESULTS

According to data from BP, oil supplied 33 percent
of world energy consumption in 2016, followed by
coal at 28 percent and natural gas at 24 percent
(Figure 1). Coal supplied 36 percent of Ukraine’s
energy consumption, followed by natural gas
at 30 percent and nuclear energy at 21 percent.
Renewables (wind, geothermal, solar, biomass,
and waste) supplied 3 percent for the world and 1
percent for Ukraine.

Between 2010 and 2016, world production of bio-
fuels increased by nearly 30 percent (see Table 1).
In 2016, biofuels comprised 20 percent of world
renewable energy production. Ukraine is the on-
ly major agricultural producer in Table 1 with de-
clining biofuels production.

The USA primarily uses corn to produce etha-
nol. According to the US Department of Energy,
ethanol production accounted for approximate-
ly 134 million tons, or 35 percent, of total U.S.
corn production in 2016. In comparison, bioeth-
anol feedstock for the EU in 2016 is estimated at
8.9 million tons of cereals and 8.8 million tons
of sugar beets, or about three and seven percent
of total EU cereal and sugar beet production, re-
spectively (USDA Foreign Agriculture Service;
EU Biofuels Annual, 2016). Primary cereal feed-
stock is wheat in Northwestern Europe and corn
in Central Europe.
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Source: Developed by the authors using BP Statistical Review of World Energy (2017, p. 9).
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Figure 1. Structure of world (a) and Ukraine (b) energy consumption by type, 2016

We agree with Geletukha and Zheliezna (2017) state transportation investments, and the distri-
that Ukraine has great potential for bioenergy bution of landfills”.

production. To focus our discussion, two scenari-
os are identified. Scenarios are plausible situations
to be studied (USDA, 2017). The two scenarios are

Table 2. Scenarios for biofuels share of Ukraine’s
transport fuel consumption by 2035

based on historical and current targets Ukraine Source: Developed by the authors.
has set for biofuels production (see Table 2). As Scenario A _ Scenario B
Maack (2001) notes, “Scenario analysis has been Reig;%gf?nlfllg?‘lne SUkraine t?r f(t in ,,Engm
i . : trategy o raine
used by the private sector for the last 25 years to Altemzt(l)‘{ez Fuels”, appli% o fransport fuel

manage risk and develop robust strategic plans in

the face of an uncertain future. Its success in help_ 0.350 mil_lion metric tons 0.8(_)5 million metric tons in oil
in oil equivalent equivalent

ing firms manage large capital investments and -

h te strat h de it a standard 7 million metric tons £7 million metric tons of gasoline
change corporate strategy has made 1t a standar of gasoline and diesel i and diesel consumption times

tool of medium- to long-term strategic planning. ~ consumption times 5% 11.5% current target for energy
. . . biofuels target blend of  : from biomass, biofuels and waste
Scenarios have helped public sector agencies plan all fuels sold in Ukraine ' as a share of primary energy

for population growth and regional development, Y2014 supply by 2055

Table 1. Biofuels production in the period 2010-2016 (thousand tons of oil equivalent)

Source: Developed by the authors using the data from BP Statistical Review of World Energy and USDA Foreign Agriculture Service.

Year - Sharein = % increase:
2010 2015 : 2016 : 2016 : 2010-2016

World, including: 64,008 80,024 0 286

Place
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Table 3. Estimated hectares to meet Ukraine’s biofuel targets for transport fuels

2012-2016 - 0.350 million © 0.805 million
average | Share of all Gross biofuel  : metric tons in oil ;| metric tons in
Crop hectares in cropland planted outtput metrlc tons:  equivalent oil equivalent
Ukraine i in the period oil equivalent ——
h a d 2012-2016, % from 1 ha i Hectares to attain biofuel target
(thousand) ‘ for transport fuels (thousan
Ethanol production
Corn 4,432 16.3 ' - 1.20 93 226
Wheat 6,250 229 - 0.79 131 319
Sugar beet 316 1.2 2.36 7 16
Biodiesel production
Rapes 706 2.6 ' - 0.81 15 36
Soybean 1,710 6.3 031 36 87
Sunflower 15,327 19.5 062 112 272
Other cultlvated Iand 8,538 31.2 - = =
Total 27,279 100 — 394 956

Given 2012-2016 average annual consumption
of gasoline and diesel in Ukraine of 7 million
tons of oil equivalent (State Statistics Committee
of Ukraine), the hectares needed to meet the
targets in Table 2 are presented in Table 3. They
are calculated assuming the share of a crop de-
voted to biofuels production is the same for all
crops. Crop output is converted into ethanol or
biodiesel output using the conversion factors in
Kaletnik (2018). The factors are 0.3002, 0.3121,
and 0.0790 tons of ethanol per ton of corn,
wheat, and sugar beets, respectively; and 0.3696,
0.1760, and 0.3520 tons of biodiesel per ton of
rapes, soybeans, and sunflowers, respectively.
They are multiplied by 0.68 to convert into oil
equivalent output, then multiplied by 2012-2016
average Ukraine yields to derive the biofuel out-
put per hectare for a crop, which are presented
in column 4 of Table 3. Given these assumptions
and calculations, the targets for scenarios A and
B can be met with 394 and 956 thousand hec-

tares, or 2.1 and 5.1 percent of average hectares
cultivated during the period 2012-2016.

Ukraine’s cereal agriculture is export oriented.
Among the countries in Table 4, it has the high-
est export share for corn and close to the highest
share for wheat. Exports of agrarian and food
products in 2017 amounted to 17.9 billion US
dollars and 41 percent of the value of all exports
from Ukraine. Sunflower oil, wheat, corn and
soy account for 24, 17, 15, and 6 percent, respec-
tively, of Ukraine’s exports of agrarian and food
products. Ukraine may be unwilling to give up
this source of foreign currency to develop its
bioenergy industry. If so, Ukraine will need to
increase crop production to meet its biofuels
target.

Using the data from the State Service of Ukraine
for Geodesy, Cartography and Cadastre, culti-
vable land not currently cultivated is calculated

Table 4. Comparison of corn and wheat production and export, major producers, 1,000 metric tons,

2016—-2017 market years

Sources: Developed by the authors using United States Department of Agriculture Foreign Agricultural Service and FAOSTAT.

Place pr(‘)/‘(/irt'l‘(e:?iton Wheat exports | Whes;?]ta?éport ' pro((zi(l:::l:ion - Corn exports Cor:hgi’(g ort
USA 62833 | 29488 . 4693% 384778 55535 . 14.43%
EUQ8) 145,369 27,319, 18.79% 61,739 L2070 3.52%
Brrarzrirl 777777777777777777 6{834 713”7 ”170.43%7 9787,5007 7”19,7794 o 207,079‘7’/9
Argentina 18,400 12,275 66.71% 41,000 22951 55.98%
Australia 31,819 15,000 A%, 436 .63 14.5%
Cangda 7777777777777777 3717,77007 B 7”20,507(7)7 ”64 7%7 7137,8897 3 1,57378 117.717‘7’/97
China 777777777777777777 128 845” 748”7 ”0 58% 231,837 SQ 002%
Ru,s,s,i,a, 77777777777777777 72 529 ) ”727,80797 ) 38 34% 71757/305” 3 5,5789 367.75727?/9
Kazakhstan 777777777777 14 985 7”7,25(7)” ) 48 38% ”762 B B 22 o 2.78797%7
Ukraine 26,791 17,200 64.20% 27,969 21,334 : 76.28%
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Table 5. Yield of major crops for biofuels production, major agricultural producing or exporting

countries, tons per hectare, 2012—-2016 average

Source: Developed by the authors using FAOSTAT.

Sunflower

Country Cropi Maize Rapeseed Soybeans Sugar beet Wheat
Argentina : 68 1,8 2,8 ~ Not grown : 19 30
Australia L2 13 22 . Notgrown - 13 V20
Brazil L5A A3 29 . Notgrown 1A LS
Canada 96 21 2,8 664 20 3
Ch,i,n,a 59 , 1,9 18 i 553 2,6 52
france . 87 L33 7 872 W22 IO
Kazakhstan 53 08 2,0 239 07 L
Russian Federation 4,8 1 1,3 416 14 23
Ukrgine 59 2,5 2,0 441 2,0 37
United States of America 10,0 1,9 3,1 66,6 1,7 3,1

to be 5.2 million hectares. Biofuels that could
be produced from this land are calculated as-
suming the (1) share of uncultivated land plant-
ed to corn, wheat, sugar beets, rapes, sunflower,
and soybeans is the same as cultivated land in
the period 2012-2016, (2) yield for uncultivated
land equals 2012-2016 average yield for cultivat-
ed land, and (3) biofuel conversion factors are
the same as in Table 3. Given these assumptions,
biofuels equal to 4.4 million tons of oil equiva-
lent could be produced from currently unculti-
vated land. This output is 63 percent of average
consumption of gasoline and diesel during the
period 2012-2016 and far exceeds the biofuels
targets of Scenarios A and B.

Another strategy is higher yield on cultivated
land. Table 5 compares average yield of the six bi-
ofuels crops for 10 major agricultural producing
and exporting countries. Ranked from highest to
lowest, Ukraine’s yield ranks sixth for corn, third
for wheat, second for rapes, eighth for soybeans,
and third for sunflower. Among the seven coun-
tries that grow sugar beets, Ukraine’s yield ranks
fifth. Ukraine’s average yield is 41, 48, 49, 27, 35,
and 23 percent below the highest average yield for
corn (USA), wheat (France), sugar beets (France),
rapes (France), soybeans (USA), and sunflowers
(China), respectively. Ukraine average yields for
2012-2016 would have to increase by 2.3 and 5.3
percent to increase output enough to meet the bio-

Table 6. SWOT analysis of biofuels industry development in Ukraine

Source: Developed by the authors.

STRENGTHS

WEAKNESSES

“1. 42.7 million hectares of agricultural land (32.5 million
: hectares of arable land) (State Service of Ukraine on
Geodesy, Cartography and Cadastre, 2018).

‘1. Low level of innovation: Ukraine is 50th in global
: index of innovation (The Global Innovation Index
Report, 2017).

< 2. Highscientific and intellectual potential: 27,755 post 2. Lack of biofuel infrastructure (Kaletnik, 2017).
i graduate students at Ukraine universities in 2016 (State 3. Need for inputs such as fossil fuels, fertilizers and
[~ Statistics Committee of Ukraine. 2018). : pesticides to produce bioenergy feedstock.
B 3. Highly-trained employees: 1.369 million students at 287 4.  Possible higher price of feedstock crops from greater
Z universities in 2016 (State Statistics Committee of Ukraine, : demand, making biofuels less competitive (Banse,
- 2018). : 2014; Diachenko, 2018).
i4.  Plants have good access to roads, railway and some water :5.  Degradation of land and water resources caused by
transport: 20,952 km of Oﬁerating rail lines; 1,569 km of intensive cultivation (Gomiero, 2017)
navigable rivers; 163,033 km of highways. (State Statistics
H Committee of Ukraine, 2018) ;
: OPPORTUNITIES : THREATS
1. Increase crop yields (see Table 5). 1. Lack of government support (Janda, 2017).
2. Reduce crop yield variability. 2. Lack of interest from end users (Kirieieva, 2016).
— 3. Bring uncultivated land into production (State Service of 3.  Monopoly in traditional fuels market (Polukhovich,
< Ukraine for Geodesy, Cartography and Cadastre, 2018). 2016).
E i4.  Create new jobs (Sereda, 2016). :4.  Political and social instability: war in Eastern Ukraine
w 5. Spurrural development (Kaletnik, 2017). (Kornievsky, 2017).
2 6. Help meet condition for EU integration: 27% renewable 5.  Corruption: Ukraine is 130th least corrupt nation
o energy share by 2030 (European Energy Security Strategy, : out of 175 countries, (2017 Corrulption Perceptions
2014%. Index, Transparency International)
7. Improve energy security: Ukraine imports 80% plus of
quuic)i oil fuels (Energy Sector of Ukraine: the results of
2016
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fuels targets of Scenarios A and B, respectively. In
summary, a strategy of increasing yields appears
feasible. A second potential benefit of a genetic
breeding program could be lower yield viability, The SWOT analysis identifies the following key bi-
thus enhancing Ukraine’s reliability as an interna- ofuel policy needs for Ukraine:

tional supplier. For a more extensive discussion of
Ukraine’s yield variability, see Zulauf (2017). 1.

the venture are usually classified as opportunities
or threats.

Investment in breeding programs and science
to develop new and high-yield crops.

Using the preceding discussion as background,
the main factors that will impact development 2.
of Ukraine’s biofuels market are identified using

a SWOT analysis (see Table 6). SWOT is a stra-
tegic planning tool used to evaluate Strengths (S),
Weaknesses (W), Opportunities (O), and Threats 3.
(T) of a business venture (Rutz & Janssen, 2007).
Factors internal to the venture are usually classi- 4.
fied as strengths or weaknesses; factors external to

Incentives to bring uncultivable land into pro-
duction, such as tax exemptions and low in-
terest loans.

Investment in biofuels infrastructure.

Establishment of a government agency for
biofuels.

RESULTS AND DISCUSSION

Ukraine is the only major agricultural producer with declining biofuels production since 2010.
Nevertheless, in 2017, Ukraine set a target of 11.5 percent of its primary energy supply from biomass,
biofuels and waste by 2035 (Energy Strategy of Ukraine, 2017). Moreover, Ukraine seeks integration
into the EU, which has set a renewable energy target of 10 percent of transport energy from renewable
energy by 2020.

Ukraine’s agricultural sector is a potential resource for biofuels production. However, the export orienta-
tion of Ukraine’s agricultural sector and resulting foreign currency earnings pose trade-offs if crops are
diverted from exports to biofuels feedstock. Given these trade-ofts, policy options to achieve Ukraine’s
biofuels target are to (1) bring the 16 percent (5.2 million ha) of cultivable land not currently cultivated
into production and (2) increase yields. The production resulting from bringing all uncultivated land
into production would be 63 percent of average consumption of gasoline and diesel during the period
2012-2016. Ukraine’s yields are between 20 and 50 percent of the highest yield among countries who
are major agricultural producers or exporters. Ukraine’s average yields for the period 2012-2016 would
have to increase by only 4.1 and 8.8 percent to increase output enough to meet, respectively, the re-
scinded biofuels targets for 2014 or the current biomass, biofuels and waste target for 2035 if applied to
transport fuels. The possibility thus exists for Ukraine to both develop a biofuels industry and satisfy its
export and domestic markets if it willing to invest in bringing uncultivated land into production or in
a genetic breeding program to enhance yields.
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