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Abstract

This document has been written as a graduationstiaeshe Institute of Tropics
and Subtropics at the Czech University of Life 8ces in Prague. The topic is the
Cultivation of Selected Energy Plants in Moldova.

In the first theoretical part of the thesis, thexa very short characteristic of the
renewable energy sources and their share in thielwwoergy supply. Furthermore this
part is mainly focused on the importance of bioggger.e. the energy produced from
biomass. Types of biomass, methods of biomass csioveinto different energy
products are described in this part as well as fiilengf the biomass energy use and
limitations of its utilization.

The practical part includes a valuation of climagejls and landscape of the
Republic of Moldova and an analysis of its agrigtdt and energy sectors, too. After
that, there is a valuation of the potential of thasting renewable energy sources in
Moldova such as wind, sun, water and biomass. ohe gart of the thesis is focused on
experimental field-tests of new energy plants gmgwiin Moldova. It includes
recommendations to the future cultivation of plaimtghe conditions of the republic,
which were elaborated according to the collectddrmation and experience from
Moldova.

The last section of the thesis concerns an analgsi$ discussion of the
experiment results and its comparison with a siméaperiment from the Czech

Republic.
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Abstrakt

Tato prace byla vytvena jako diplomova prace na Institutu tkag subtrop na
Ceské zermklské univerzié v Praze. Jejim tématem jedspovani vybranych
energetickych rostlin v Moldavské republice.

V Uvodni, teoretick&asti prace je uvedena stna charakteristika obnovitelnych
zdroji energie a jejich zastoupeni v celét®we spotebd energie. Zejména je kladen
duraz na vyznam bioenergie, tj. energie vyrobenéombsy. Jsou zde popsanizmé
druhy biomasy, metody zpracovani biomasy do jingnbrgetickych produist vyhody
energetického vyuzZiti biomasy a jeho omezeni.

V praktické ¢asti je charakterizovana Moldavska republika z iskad klimatu,
pudy a krajiny; roviZ se zde analyzuje z€n€lstvi a energeticky sektor. Dale se prace
zabyva hodnocenim potencialu existujicich obnawteh zdroji energie v zemi, nédp
vétru, slunce, vody a biomasy. Vetiast diplomové prace se saiesti na
experimentalni polni testy novych energetickychtlimspéstovanych v Moldavské
republice. Tatatast obsahuje dopateni pro budouci gstovani rostlin v podminkach
dané zemy, které byly zpracovany na zaktadziskanych informaci a zkuSenosti
z Moldavie.

Posledni cast diplomové prace jec¢movana diskuzi a analyze vyhodnoceni
experimentalnich vysledka jejich porovnani s obdobnym experimenten€eské

republiky.

Kli ¢ova slova:
Bioenergie, biomasa, energetické rostliny, expenmtidai pstovani, polni testy,

Moldavska republika.
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1. Introduction

The Republic of Moldova is a small (33 846 4mlandlocked and density
populated country (3 581 100 inhabitants) (Statétyearbook, 2007). The country is
situated in the Southeastern part of Europe, betwhee western border of Ukraine and
the eastern border of Romania. It spreads on 35@rd&m North to South and on 120
km from West to East, on the latitude of the captty Chisinau (is the biggest city
with the population of 700 000, the next big citeee Tiraspol, Balti and Bender). The
Republic is divided into 33 administrative regiquigs the municipality of Chisinau, the
autonomous Gagauz region and the Transdneisteitotgrr(a self proclaimed
Transnistrian Moldavian Republic) (Institute of Emgy and Geography, 2005) (the
map of the country is represented in the ANNEX apr).

Moldova is one of the poorest European countries the agricultural country,
where agriculture was always playing a very impdrtale and was a base of national
economy, employing 40 % of the country’s populati®he level of agricultural land
use in Moldova is the highest in Europe, almos®«8f agriculture land is arable, that
makes vegetal production to be a predominant se€griculture.

As well as the energy sector of Moldova is subséntdifferent from other
countries. Moldova does not dispose of any natmalgy sources and is almost totally
dependent on both primary energy resources andrieigc supply from Russian,
Ukraine and Romania.

As an appropriate alternative, which can rescuedbld from the foreign energy
dependence, it seems to be the utilization of raeiésvenergy sources. The country has
significant reserves of solar energy and quit gairid and hydropower potential, but
taking into accounthat Moldova is traditionally agricultural countaynd due to many
other factors the biomass utilization for energypmses, mainly agriculture residues
and energy plants utilization appears as the masikde, perspective, advanced and
useful energy sources.

According my own experience from Moldova | can $hgt the main barrier of
biomass utilization as an energy source in the tgus a big lack of information and
experience on the possibility of biomass energy Ase | have also noticed that people



in Moldova don’'t even now how to use correctly greergy they have, how to treat it
well and how to economize it.

In addition to high energy potential, the cultigatiand use of energy plants have
great ecological benefit as well as socio-econolmitarings a positive biological and
esthetical impact to the location, protects soilnfoerosion and other degradation
processes and leads to it revitalization, that g/ the growing of energy plants in
Moldova is in a high focus.

Within the framework of the development projectuf@ort Development of
Study Programs at the Agriculture University in €ihau and Coordination of its
Education System with EU Standards” there werebésted experimental fields with
energy grasses and trees in order to monitor tbevigg process and to expand the
knowledge in energy plants, its benefits and usa agyh potential energy source. It
was not any analogical experiment running in Moklovefore that is why the
experiment has a very high importance.



2. Literature review

2. 1. Renewable energy sources, conception and deyenent of bioenergy

Energy has always played an important role in huaraheconomic development
and in society’s well being. Without the heat anecticity from fuel combustion,
economic activity would be limited and restrain@ddodern society became very
depended on energy supply; it uses more and mengefor industry, services, homes
and transport.

Anthropogenic greenhouse effect, global warming #rel climate changes are
nowadays reality. And the reason of these danggrbesomena is combustion of fossil
fuels, which produces the greenhouse gas carboiddigCO2). According to VAIA,
2003 the combustion of 1 kg of black coal occu6Xg CO2, combustion of 1 kg of
diesel gives off 3,12 kg of CO2 and combustion afid of natural gas produces 2,75 kg
of CO2. For the last 150 years, since the anthrappimc discovery of fossil fuels, the
carbon dioxide levels in the atmosphere have rismn around 150 ppm to 330 ppm,
and are expected to double before the year 205hdgRable Energy Policy Project
(REPP), 2005).

Intensive use of fossil fuels became unbearabléhidisustainable development of
human society and majority of the countries isnigyto replace the largest share of
fossil fuels by renewable energy sources, i.e.rsem@rgy, wind energy, hydropower,
geothermal energy, tide/wave/ocean energy and eiggr{VANA, 2003).

Descriptions of the main renewable energies basedhe glossary of Energy

Statistics Manual written by International Energgeficy (IEA) 2004 are the following:

Solar energy solar radiation exploited for hot water produntiand electricity
generation.

Wind energy: kinetic energy of wind exploited for electriciggeneration in wind
turbines.

Hydropower: potential and kinetic energy of water convertetb ielectricity in

hydroelectric plants.

Geothermal energy energy available as heat emitted from withingbeth's crust,

usually in the form of hot water or steam.



Tide/wave/ocean energy Mechanical energy derived from tidal movement or
wave motion and exploited for electricity generatio
Bioenergy. stored energy from the sun contained in biomass.

The share of energy sources in the world total@nsupply and its evolution is
illustrated on thegraph 1. From the graph 1 is visible that during the lasarg the
share and amount of renewable energies (especkathgnergy — combustible

renewables and waste) were increasing.

Graph 1: Evolution from 1971 to 2005 of the world totaimary energy supply* by
fuel (Mtoe)
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Source:International Energy Agency, 2007

The Scandinavian countries and Austria have beempittneering countries in the
modern use of bioenergy.

Bioenergy is the most potential energy source farstmof the countries. In
comparison with other renewable energy sourcembigy has a great benefit, because
this source is always and everywhere available.

For example, according to European Commission decaf\White Paper" with
the title “Energy for the future: renewable enelgpurces” the share of renewable
energy should increase and compose 12 % of thieeto¢éagy supply of European Union
until the year 201QVANA, 2003). Bioenergy should play a predominant rialehis
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enlargement (84%). It means that the productiobi@énergy will increase three times
in compare with the year 2003 (HILLRING, 2003).

And it is expected that the supply of bioenergyl é growing year by year. The
projection of biomass production potential on tkarmeple of European Union countries

Is shown on thgraph 2.

Graph 2: EU - 25 biomass production potential (Mtoe)
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Source:COSENTINO, 2007

2.2. Conception of biomass

Biomassis any organic matter, which is available on aeveable or recurring
basis (REPP, 2005).

Biomass is the oldest known source of renewableggne humans have been
using it thousands of years since they discoveiredaind started a wood burning for
cooking and heating their houses.

Up to now fuelwood is the main source of energytii@ people in many countries.
But because of overexploitation of the forests #rahks to development of industry,
breeding and biotechnologies now many other typediomass can be used for
bioenergy production.

Accordingly to the data from the graph 2 it carcbacluded that these other types

of biomass have already started to play an impbrtde in biomass production.
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2.2.1. Main types of biomass for energy uses:

A) Waste biomasgREPP, 2005)

» Biomass Processing ResidueAll processing of biomass yields byproducts and
waste streams collectively called residues, whevehsignificant energy potential. Still,

residues are simple and cheap to use becausedhieyalteady been collected.

Agricultural or crop residues are the leftovers of harvesting. They can be
collected with conventional harvesting equipmentlevharvesting the primary crop or
afterwards into pellets, chips, stacks or balesiichiure crop residues include corn
stover (stalks and leaves), wheat straw, rice saa@ processing residues such as nut
hulls.

Estimated world production of the most common aegidues is presented in the
table 1.In some areas, especially dry climates, the residaust be left to replenish the
soil with nutrients for the next season and canbettompletely utilized. But many
regions of the world still have large untapped s$i@gpof biomass residues, which for
example could be converted into competitively piiegectricity.

Table 1: Estimated world production of the most common cregidues (thousands
tons of dry matter (DM))

Crop thousands tons of DM
Wheat straw 545,000
Rice straw 350,000
Barley straw 175,000
Oat straw 60,000
Rye straw 40,000
Corn stalk 690,000
Sorghum stalk 242,000
Cotton stalk 68,000

Source:FAOSTAT, 2005
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Forest residues (dendromass), which includes wood from forest timgn
operations that reduce forest fire risk, biomasshasvested or removed from logging
sites in commercial hardwood and softwood standwedsas material resulting from
forest management operations such as pre-commehaneding and removal of dead

and dying trees.

» Animal waste, such as cattle, chicken and pig manure, can beectsu/to gas
or burned directly for heat and power generationthe developing world, dung cakes
are used as a fuel for cooking. Furthermore, mosha wastes contain high levels of
methane. Thus, this method is very unsafe, asetredd of harmful chemicals given off
by the biomass are hazardous to the health of usmusing 1.6 million deaths annually
in the developing nations. Since, animal wastesmi$aaind animal processing operations
create large amounts of animal wastes that cotestdaucomplex source of organic
materials with environmental consequences, utdizihe manure to produce energy
properly lowers the environmental and health impathese wastes can be used to
make many products and generate electricity thraugthane recovery methods and

anaerobic digestion.

* Municipal solid waste Residential, commercial, and institutional post-
consumer wastes contain a significant proportioplaht derived organic material that

constitutes a renewable energy resource.

* Urban wood waste.Urban wood waste generally consists of lawn and tre
trimmings, whole tree trunks, wood pallets and ather construction and demolition
wastes made from lumber. This rejected material easily be collected after a
construction or demolition project and turned immlch, compost or used to fuel

bioenergy plants.

Waste biomass is a high potential energy sourcami@ny countries, especially
agriculture ones. And the utilization of waste bawss for energy purposes is a way to
solve the problem of excess of biomass procesgsigiues, including agricultural and

forest residues, urban and animal wastes.

13



B) Energy plants

According to COSENTINO, 200&nergy plants may be defined as crops
specifically cultivated to produce biomass whidr, $pecific traits, serves as an energy
vector to release energy either by direct combnstioby convention to other vectors

such as biogas or liquid biofuels.

Energy plants (crops) are bioengineered to be fast-growing plattees or
grasses which are grown as a low cost and low ewanmice harvest used to make
biofuels, or directly exploited for its energy cent (Wikipedia). These plants can be
grown, cut and replaced quicklgnergy plantsare species of plants with a very high

content of oils, carbohydrates or lignocelluloses.

Energy plants include(REPP, 2005)

* Agricultural crops such as cereals, maize, sunflower, potatoes, sorghu

sugarbeet, rape, and others.

» Energy grasses mostly perennials that are harvested annuathr &éking two
to three years to reach full productivity. For exden miscanthus, topinambur, reed
canary grass, malva, sorrel of Uteush, bamboo,féatue, kochia, wheat-grass, and

others.

* Energy trees, short-rotation woody plants and fast growing tréesvested
within three to six years after planting. Theselude hybrid poplar, hybrid willow,

silver maple, eastern cottonwood, green ash, Madkut, and acacia.

Accordingly to Database of information about reneleaenergy recourses DAZA
it was indicated about 100 plants around the wavlkiich could be suitable for energy
use. The choice of energy plant depends on mangriéasuch as soil and climate
condition of the location, existing agriculture rhaery and equipment for planting,
harvesting, processing and transportation, it dépem the method of use and country

needs, etc.
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Plant ideotype for energy production(COSENTINO, 200y
An energy crop should gather the following chanasties

= Fast grow

= High dry matter and biomass yield

= Specifically developed for an environment

= Able to utilize available natural resources

» Resistant to biotic stress (pests, diseases, weeds)

» Resistant to abiotic stress (water, low and highperature, salt)

= Quality traits specific for each different use (@ms, biodiesel, bioethanol, etc.)

= Above growing biomass (harvesting of the top parfower price and protects
the soil)

= Highly positive energy balance

= Environmentally friendly

= Low content of elements, especially N. Ashes makase the fuel quality.

The cultivation of perennial energy grasses anestie usually more effective
then cultivation of annual plants from economic agkrgy points of view. The
cultivation of perennial plants decreases the totast of biomass unit production and
increase the share of energy output in comparistminput (output can be 4-10 times
higher then input). It is because the cultivatidrperennial plants require the biggest
economical inputs in the first year of the plamatestablishment (these inputs can be
even higher then for traditional agriculture anncraps). But in the following years the
inputs for perennial plants cultivation are coliags because there is no need of inputs
for soil preparation, planting or sowing, the irgdor fertilizers and chemicals are
declining and drawing to a zero (WEGER, 1996).

The main and the most important characteristicsermérgy plants as energy
sources are thgield of dry matter, heating valueandenergy yield Below there is a
table 2 which lists different energy plants and theirrgiyecharacteristics.

From the table 2 is evident that plants with higyietd of dry matter usually have

higher heating value and energy yield, so theitiation is more profitable.

15



It is commonly considered that plants, which yialtbut 12 t.ha-1 of dry matter,
are of “energy” consequence. However, the cultbrabf some plants, for example reed
canary grass or false flax, is economically effextioo, in spite of smaller yield of dry
matter (STRASIL, 1999).

Table 2: Energy characteristics of different energy plaontar{parison with straw of

cereals and fossil fuels)

Plant Average yield of DM | Heating value | Energy vyield
(t.ha-1) (MJ.kg-1) (GJ.ha-1)
Sorrel of Uteush 2) 14-16 18,5 278
Miscanthus 1) 15,00 17,89 268,3
Malva 4) 10-15 17, 58 235, 58
Sorghum Hyso 16 17,67 282,51
Sweet sorghum 1) 11,48 17,59 201,9
Corn sorghum 1) 5,78 17,63 101,9
Hemp 1) 10,52 18,06 190,0
Topinambur 2) 5-48 18,03 -
Poplar(different clones) 15,6-21,2 6) 18,7-19,2 3) 150 5)
Willow(different clones) 8,9-10,1 6) 18,2-19,0 3) 150 5)
Reed canary grass 2) 4,5-9,0 17,52 140,5
False flax 1) 4,71 18,84 88,9
Rapeseed (straw) 1) 4,74 17,48 82,8
Sunflower (straw) 1) 8,31 16,70 38,8
comparison:
Cereals (straw) 1) 4,50 15,20 68,4
Natural gas 3) 33,50
Black coal 3) 28,00
Brown coal 1) 8,00 — 16,00

Sources:1) STRASIL a kol, 1994, 2) KARA a kol., 2005, BURSKY & al., 2001,
4) PETRIKOVA, 1997, 5) Kolektivesitel:, 2006, 6) SINKORA, 2008
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Straw of cereals has low heating value and lowgngield in comparison with
energy plants, but counting the fact that stravyiproduct, its utilization for energy
purposes is important and very useful.

From the table 2 is visible that heating value of mhatter of listed energy plants

is even higher then heating value of brown coal.

The moisture (dry matter content) is very importpatameter of biomass. And it
has a significant impact on energy characterigifdsiomass.Table 3 shows impact of

moisture on the heating value of biomass in thenfof woodchip.

Table 3: Impact of moisture to the heating value of biomass

Biomass Moisture Heating value
(MJ.kg-1)
woodchip 60 % 9,20
woodchip 40 % 10,10
woodchip 30 % 12,20
woodchip 20 % 14,30

Source;:KOUTSKY & al., 2001

2.2.2. Biomass energy products, methods of biomassnvention into energy
Biomass energy products:
Biomass can be used in a variety of energy cormensiocesses in order to yield

the following products:

1) Power (electricity)
2) Heat

3) Steam

4) Fuel (solid or liquid)

17



Conversion methods

The method of biomass conversion into energy isnimapredetermined by
physical and chemical character of biomass, fifstlldoy its moisture. The rate 50 % of
dry matter is approximate border between wet (dagten content is less then 50 %) and
dry (dry matter content is more then 50 %) methmdsesses. From the principal
viewpoint, there are several methods of energy ymtoin from biomass and biomass
preparation for energy use can be distinguishedSFAREK i kol., 2008):

A) Thermo — chemical convention methods (dry procees for biomass energy use)

* Combustion. Most of the biopower plants in the world use a difeged system
or a conventional steam boiler. Both systems buomass directly to produce steam
which in turn creates electricity. Differences metmethods lie within the boiler or
furnace structure. In a direct-fired system, biosniasloaded in from the bottom of the
boiler and air is supplied at the base. In a coneeal steam boiler, the draft is forced
in through the top but the biomass is also botteadéd. Traditional direct-fired
systems are the pile system (which uses a two-ceamdmbustion chamber) or the
stoker boiler. Hot combustion gases are passeddhra heat exchanger in which water
is boiled to create steam. This steam is usuafpyucad by a turbine, causing the turbine
blades to rotate. The rotation is attached to antetal generator, which then creates
electricity (VANA i kol., 2008).

Biomass can be added to a furnace or a boiler nergée heat which is then run
through a turbine which drives an electrical getweraThe heat generated by the
exothermic process of combustion to power the ggoercan also be used to regulate
temperature of the plant and other buildings, mgkime whole process much more
efficient. A plant using this type of technologydalled a combined heat and power
(CHP) facility and as its name suggests, it uséis ttee heat and the steam, so that there
is less potential energy wasted (REPP, 2005) (sBNEEX 1, schema 1: direct

combustion/steam turbine system).
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* Co-firing. Co-firing, combining biomass with coal to generaeergy, is
probably the most compatible way to use biomask thi¢ current fossil fuel dependent
system. With co-firing, woody and herbaceous bismnzen fuel a small portion of an
existing coal power plant. This process entailsriaiss that represents between 1% and
15% of the energy of the coal plant, with the remar consisting of coal. In these
systems, biomass is placed into the boilers anddaljras coal would be. Often the only
cost associated with upgrading the system to both buels is to purchase a boiler
capable of doing so, and retrofitting it into thystem, which is a whole lot cheaper than
building a whole other plant.

There are several environmental benefits of addiiognass to coal, including
decreases in nitrogen and sulphur oxides, the saokesmog, acid rain and ozone
pollution. Also, the amount of carbon dioxide raled is also considerably less. Though
other methods of bioenergy have the same benefitswith even lower (a theoretical
net of zero) carbon dioxide emissions. In other dsprco-firing appears to be a
wonderful option for immediate use and a good stepptone towards more viable and

sustainable renewable energy practices (IEA, 2004).

* Pyrolysis. Pyrolysis is a process where biomass is combustedigh
temperatures and decomposed in the absence of mxiAgavever, some difficulties
arises when trying to create a totally oxygen tmémosphere. Often a little oxidation
does occur which may create undesirable byprodaots also it is highly energy
intensive and expensive at the moment. The burcmegtes pyrolysis oil, char or
syngas which can then be used like petroleum tergém electricity. It does not create
ash or energy directly. Instead it morphs the bmsnento higher quality fuel. The
process begins with a drying process in order taimiae burning potential from the
biomass, similar to the direct combustion procdssva. When cooled, the brown

liquidly pyrolysis oil can be used in a gasifierAMA i kol., 2008).

* Biomass gasification Solid biomass can be converted into a gaseouns, for
known as syngas. The gas then can run through “cmuirycle” gas turbine or
another power conversion technology such as a poakr plant. Biomass gasifiers

operate by heating biomass in an environment wiheresolid biomass breaks down to
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form a flammable gas. This offers advantages owexctlly burning the biomass. The
biogas can be cleaned and filtered to remove pmollgemical compounds. The gas can
be used in more efficient power generation systealked combined-cycles, which
combine gas turbines and steam turbines to proeleotricity. The efficiency of these
systems can reach 60% (see ANNEX 1, schema 2: B®gesification).

First the fuel is placed into the gasifier, wherésiturned into a hot pressurized
combustion gas. Then it is fed thorough a gas eletm precipitate out elements that
would corrode the system. These elements vary dé@pgron the source burned. The
cleaned gases are then combusted and used to sphiree, which generates electricity.
Heat released from the gas in the turbine can bevesed using water in the heat
exchanger. The hot water can be recycled througlsystem. The only other byproduct
is non-toxic ash, which could, for example, be rdixdth compost to help grow more
biomass fuel (REPP, 2005).

B) Biochemical convention methods (wet processes tmomass energy use):

* Alcoholic fermentation. In alcohol fermentation, the starch in organicteras
converted to sugar by heating. This sugar is teeménted by yeast and some kinds of
bacteria. These microorganisms convert sugars hgl @lcohol and carbon dioxide.
Alcoholic fermentation begins after glucose entbescell. The glucose is broken down
into pyruvic acid. This pyruvic acid is then coneer to CO2, energy and ethanol
(known as ethyl alcohol or bioethanolK@SIKOVA, BUCKO, 1999). Ethanol is
produced through fermentation at either a dry orilat a wet mill. The dry mill process
is simpler than the wet mill process. The wet nlileaks the biomass into its
components and processes each separately. Incadtbtiethanol, both processes also
create distiller's grain, which is fed to farm aalm

Up to 24% ethanol can be added to gasoline befoggne modifications are
necessary. A blend known as E85, which is 85% elheamd 15% gasoline, can be used
to power flexible fuel vehicles (FFVs). Many cars the market today are already built
to run on E85. Brazil has had much success comgenearly all of its vehicles to run

on E85 made from sugar.
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Ethanol has a better environmental profile tharolyas as measured at both the
production facility and the tailpipe. Ethanol pratlan plants produce less carbon
dioxide, methane and particulates than gasolin@eeeés, which help meet clean air
standards. A blend of 10% ethanol, or E10, yiel@6% reduction in greenhouse gases

when compared to gasoline alone (REPP, 2005).

Thetable 4 represents the most used crops for bioethanolugtimah, their yield,

alcoholic yield and the amount of produced ethanol.

Table 4 The ethanol production from different crops

Crop Yield Alcohol Ethanol production
t.ha-1 yield l.ha-1
l.t-1 (t.ha-1)
Sugarbeet (root) 35-45 80 2 800 - 3600
(2,3-2,9)
Sweet sorghum (above 30 76 2 280
growing biomass) (1,8)
Topinambur (tuber) 30 77 2 310
(1,9)
Potatoes (tuber) 20 - 30 100 2 000 - 3000
(1,6 - 2,4)
Winter wheat (grain) 5-6 370 1850 -2 220
(1,5-1,8)
Maize (corn) 34-45 386 1312-1737
(1,1-1,41)

Source:KARA, J. a kol, 1995

* Anaerobic digestionis a biological process, where the methane relelagede
synergistic actions between bacteria and archaeacantained and used to create
energy. Anaerobic Digestion uses biowaste suchasure and municipal solid waste
(MSW) as feedstocks. This biomass is bagged ankehrdown by using bacteria and
water. This process releases the methane in theabdgt is siphoned off into another
holding bag. From there, the gas is used to powerrtes which generate electricity.

At the molecular level, hydrolysis converts a widage of solid organic materials
into sugars and amino acids. Fermenting these ralstgaroduces volatile fatty acids
(VFAs). Then the VFAs form hydrogen, carbon dioxidend acetate through
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Acidogenesis. Finally, methanogenesis producesaliog mixture of 55-70 % methane,
25%-35% carbon dioxide, and trace elements of gwnoand hydrogen sulfide.
Conducted in an airless environment, the methanéeacaptured and used to power a
gas turbine or even fuel cells (WA, SLEJSKA, 1998).

It was found what the production of biogas frometadple or plant biomass is 50-
70% more effective then form animal wastes (REPBQ52 Together with biogas
production the stable organic fertilizer is prodili@nd returned back to agricultural
process. Big amount of carbon remains in the saidinder and isn’t going to the
atmosphere like during the combustion and it iy ymportant factor and benefit of
biogas. And also biogas has a high caloric value- 21 MJ.m-3 (PASTOREK,
WOLFF, 1993).

C) Mechanical — chemical convention methods:

* Crushing, pressing, briquetting, pelleting, milling, etc. The result of these
processes is the production of solid biofuels. &ie processes lead to biomass
modification aiming to improve handling and comlustcharacteristics (REPP, 2005).
Nowadays the numbers of equipments such as diffenerishers, hogging machines,
briquetting and pelleting are available. Simplefléds in the forms of bales, wood
chips, chaffs or short-woods are widely producedmfrplant biomass. Due to
densification process of loose organic materiaig(letting or pelleting) is possible to
produce the better — quality biofuels in the forfronquettes and pellets with a higher
fuel value. The composition of these better — qudliofuels and can be presented by
single source of biomass (for example, only woodmly straw) or can be combined
with different types of biomass or with coal (KARAUTLA, STRASIL, 2003).

Picture 1. is illustrated different forms of solid biofuelsich different types of

briquettes.
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Picture 1: Forms of solid biofuels and different types of lietfes

a) forms of biofuels b) type of briquettes

* Esterification of organically derived oils or fatgroduction of biodiesel and
natural lubricants). Esterification is the genaraie for a chemical reaction in which
two reactants (typically an alcohol and an acidjf@an ester as the reaction product
(Wikipedia).

Biodiesel is the result of combining alcohol (indilhg ethanol) with oil extracted
from soybeans, rapeseed or other biomass. Biodigkel traditional diesel is
successfully used in the car engines, but it barash cleaner, what is making it more

environmentally friendly. And biodiesel producti@nalso low cost (REPP, 2005).

D) Waste heat extraction at biomass processin@or example at composting, aerobic
water cleaning, anaerobic fermentation of solidaarg wastes and etqPASTOREK i
kol., 2008).

In spite of many biomass convention methods extgtethe biomass combustion
iIs the most used method from the dry methods aihbgs convention to energy and
biogas production by anaerobic digestion predormemat practice from the other wet
convention methods (PASTOREK, KARA, JEY12004).

2.2.3. Benefits of biomass use for energy purposasd limitations of its utilization

The energy use of biomass has undispubeshefits for the environment,

agricultural sector, for increase of community aation prosperity, and many others:
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- Biomass is renewable resource - it can be repldeady quickly without
permanently depleting the Earth’s natural resour8scomparison, fossil fuels
such as natural gas and coal require millions @fryef natural processes to be
produced. Therefore, mining coal and natural gaeties the Earth’s resources for
thousands of generations. Alternatively, biomass easily be grown or collected,
utilized and replaced (REPP, 2005).

- The big advantage is that sources of biomass drecully limited.

- The greatest benefit of biomass and the importeasan why science and people
throughout the world are interested in new, rendevgidlant materials is their
positive environmental impact, due to their natwahility to make use of CO2 to
build their tissue. Furthermore, emissions of hatrghsses (CO, CO2, SOx, NOx)
and ash that contribute to the greenhouse effectsignificantly lower when plant
materials are used to produce energy instead eil floels. This is possible because
producing energy from biomass is a natural and sinotmsed cycle, where even
ash, a product of combustion, can return to thildi@as fertilizer with a good
nutrient content of Ca, Mg, K and Pideed, modern bio-energy technologies and
bio-fuels produce very little pollution if they akmrnt correctly and completely.
Biomass could produce alternative to fossil fuel®dpcts, but at a lower
environmental coVANA, 2003).

- The use of bioenergy provides the opportunity facal, regional, and national
energy self-sufficiency across the globe (REPP5200

- Recent overproduction problem of agriculture cobéreduced by cultivation of
plants with energy purposes. And from the othee gidergy plants can be cultivated
and grow well on non-agricultural land.

- The land which is over limit contaminated by extlans substances and is not
suitable for agriculture crops cultivation can beed for energy plant growing.
Growing of energy plants on such lands contribtibesevitalization of these lands
in a long term period (VNA, 2003).

- The biomass convention into energy is a good oppayt ecological and very
effective way for elimination agricultural residyesrop byproducts and waste,
which are originated as a result of people acésitjit means that combustion and

sometimes toxic wastes can be utilized purposely).
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- Biomass grown as dedicated energy crops can prodeeconomic opportunities
especially for farmers and forest owners (IEA, 2007

The theoretical reanalysis of different expertsvehthat the world production of
biomass is about 100 billions tons per year, sensrgy yield is 1 400 EJ. It is more
than five times more then the world annual enertgply of fossil fuels (300 EJ). Why
does the biomass utilization for energy purposesanng of the global problem is still
limited? (PASTOREK i kol., 2008)

- Production of biomass for energy purposes compeits the other purposes of
biomass utilization (for example, for food and fg@dcessing, for industrial uses,
etc.)

- In order to increasing of biomass production isessary to expand the productive
lands or the increase the intensity of biomass ywton, this will lead to higher
contribution of capital to biomass production.

- Production of energy from biomass economically cetap with the utilization of
classic fossil energy sources with difficulties. isTtreal fact can be gradually
changed under the influence of ecological legistatSpecific biomass content and
properties require the special construction of dysilfor biomass processing. The
boilers are nowadays technically and technologicadinstructed, but their price is

higher then the price of boilers for fossil fuels.
In my opinion one of the biggest barriers for atlion of biomass for energy

purposes is the lack of information, knowledge arperience in the field of bioenergy

in many countries, mainly in developing ones.
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3. Objectives

The main objective of the thesis is to start filddts of new energy plants growing
in Moldova in order to monitor the growing proce$he next important objective is to
analyze the grow parameters of both energy grassdstress and to elaborate the
recommendations to future cultivation and harveséind to valuate their advantages as

the energy source as well.

In order to fulfil the main objectives the follovgrspecific objectives are necessary:

- to valuate the climate, soil and landscape conustiof Moldova,
- to analyze the agriculture and energy situatiothefcounty,
- to evaluate the situation of existing renewablergneesources in Moldova and

its possible use in energy purposes.
This thesis should be taken as an information backgl for those, who wants to
expand the knowledge about biomass utilizationtlierenergy purposes and for those,

who plans to grow the energy plants in the condgiof the Republic of Moldova.

| have put a special accent to the recency of tf@mation; all the data in this
thesis are as actually as possible.
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4. Methodology

In order to fulfil the above-stated objectives ttelowing methodology and

methods were used:

4.1. Information gathering in Moldova

In order to fulfil the main and specific objective$ the thesis the data and
information on Moldavian climate, soil, landscapgriculture and energy sectors were
collected from the various institutions and Ministrin Moldova such as the Research
Institute for Mechanization and Electrification éfgriculture “Mecagro”, Research
Institute of Soil Sciences and Agrochemistry “N.DimInstitute for Plant Protection
and Ecological Agriculture and Ministry of Ecologywd Natural Resources, National

Agency for Rural Development and The State Agrig@ltUniversity in Moldova.

4.2. Analysis of information collected in Moldova

On the base of all collected data and informatiod &s comparison there was
made an analysis of Moldavian renewable energycssupotential. All existing in
Moldova renewable energy sources, such as windalad energy, hydropower, energy
of geothermal recourses and biomass were valutten, potential was estimated and
the barriers for the utilization were explained.

4.3. Information gathering in Czech Republic

In order to fulfil the main and specific objectives the thesis it was high
necessity to collect the information about the kass) its uses, types, methods of its
conversion direct into the energy or into the eveegtors, etc. and it was also very
important to collect a lot of the information aboahergy plants, its biological
characteristics, soil and climate requirementsuabite methods of planting, harvesting
and utilization. Due to the lack of such informatim Moldova, the information was
collected in Czech Republic, mainly from the Reslkdnstitutes of Crop Production in
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Prague and Chomutov, Research Institute of AgucelfTechnology in Prague, The
Silva Taroucy Research Institute for Landscape ®&whamental Gardening in

Prihonice, from Food and Agriculture Library in Pragured from internet sites such as
BIOM.CZ, Wikipedia and others.

4.4. Analysis of information collected in Czech Ragblic

On the base of information collected in Czech Réputbgether with the
information about Moldavian climate, soil and lacase that was collected there, there
was made an evaluation and were given advantaggsosén energy crops; and further
there were developed the recommendations on itstipip harvesting and future

cultivation in Moldova.

4.5. Establishment of the experimental field

First energy plants including energy grasses astigi@wing tress were brought
from the Czech Republic and plant on the experiaidglds of the Moldavian State
Agricultural University in Chisinau in the middlé April 2007. Later in the middle of
May and in the middle of September the other spidesnergy grasses were planted as
well. The planting (sowing) was done manually adowgg to instructions and subsoil
ploughing was done before planting (sowing). Frdma beginning it was agreed to
cultivate all these plants with the minimum econormputs: not any chemical of

mechanical treatment and even irrigation has bepaated.

4.6. Field monitoring, elaborations and descusionfaesults, formulation of
recommendations

Five monitoring were done during the year. The mgiow parameter of the
energy plants such as high, survival, number arckriess of the stem shoots were
monitored, measured, analyzed, statistically elaiedr and presented in the form of
graphs. Later the results were compared with thelte of similar experiment done in

Czech Republic. At the end of the thesis the recendations were formulated.
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5. Results and Discussion

5.1. Valuation of climate, soil condition and landsape of Moldova

5.1.1. Climate conditions

The Republic of Moldova has temperate-continentahate, relatively mild
winters with average daily temperature -3.5°C attle lsnow, as well as warm summers
with average daily temperature +21.4°C and withteohrainfall. The warm period lasts
for 260-290 days; the cold one is relatively sh@t150 days (Ministry of Environment
and Natural Resources, 2007). The atmospheric latron is characterized by the
movement of cool air from the Atlantic Ocean zoasteards and the movement of the
warm and humid air from the Mediterranean Sea. $ioms, an inflow of relatively
cold and dry air intervenes from the northern laks.

The territory of Republic belongs to not humid egiouAccording to information
form the net of meteorological stations Goskomhgurteo, the average annual
precipitation reduce by intensity from the northsivéo the south-east, with very big
amplitudes between the years: deviation from thenntm one or another side can be

double and more.

Table 5. Average annual temperature and precipitatiorDiD62 as compared to
multiannual values in different regions of the Relpuiof Moldova

Average temperature, °C Average precipitation, mm
Region (station) multiannual year 2006 multiannua year 2006
North (Briceni) 7,8 8,5 617 684
Centre (Chisinau) 9,5 10,2 523 564
South (Cahul) 10,0 10,8 521 367

Source:Institute of Ecology and Geography, 2007.

The rainfall is erratic, about 75-80 % of precipda is typical for warm period of

the year. Long not intensive rains good for saijation can occur at this period, but
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predominate and specific for the region are toraénery intensive rains, which have a
negative impact to soil condition (torrential raaféect about 80 % of agricultural land).

According to the Centre for Epidemiologic StudiédNatural Hazards (Belgium),
the most frequent natural hazards occurring in Mweddare floods (as result of torrential
rains, 1-2 events per decade), draughts (2-4 eypentdecade), strong winds, tornadoes,
hails, spring and autumn frost and earthquakes.

5.1.2. State of soils

The Republic of Moldova is endowed with fertilelsolChernozems cover almost
three quarters of the total land area.

Agriculture had a deep impact on the soil procegbesugh changing the balance
of organic substances, the thermal and water regameé the nutrients turnover. The
fertility of Moldovan soils suffered along the ldsto centuries of intensive agriculture,
but the processes of soil degradation particuliadyeased in the XX century and have
been exacerbated during the last 10-15 years. educrop rotation and dropped
application of mineral and organic fertilizers riésd in a significant negative balance
of humus and nutrients in the soils and leadeti¢o biological degradation.

The main soil degradation processesn Moldova are: soil destructuring,
compaction, dehumification, erosion, landslides, linemtion, alcalinization,
waterlogging. Their propagation is enhanced by humetivities and is favoured by
landscape and climate peculiarities.

During the last 30 years the normal arable soilseHast on average 10% of their
productivity through intensdehumification (the gradual loss of soil humus content).
The main cause for the negative balance of humtiseitopsoil is that harvesting is not
compensating the removal of organic substances thensoil by harvesting. The only
way to prevent dehumification and maintain soitif¢y is to restore the amount of
nutrients extracted, by using all local source®m@fanic substances available, manure
first and foremost.

The geological structure (alternation of permeatsld impermeable layers) along
with a specific hydrologic regime is contributirggicreased activity dandslides The
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total area affected by the landslides is 55,500Tha. most affected is the central part of
the country. During the last years, the area ofisédes enlarged annually by 1000 ha
(Institute of Ecology and Geography, 2007).

Below there are represented thietures of Moldavian soils affected by some
degradation processes.

Picture 2. Landslides Picture 3: Soil erosion  Picture 4. Waterlogging

Source:Managementul Riscurilor Dezastrelor in Republicaddoa, 2006

The region is often affected by droughts. Irrigatibas long been used for
ensuring a stable agriculture output. In SovieteBmirrigation systems have been
created on 230,000 ha (presently only a minor parthese are being irrigated).
Irrigation leaded to soilestructuring, compaction, salinizatioandalcalinization on
large areas. The productivity of such lands is eerage 30% lower (Economic
Commission for Europe, 1998)

Erosion is a real “cancer” of Moldovan soils. Accordinglest evaluations, the
area of lands affected by erosion exceeds 850,@@€ates or approximately 35% of
agriculture land. On average, some 26 million tohgertile soil is lost annually from
agriculture lands. The rapid soil erosion has serianplication for the long-term
sustainability of agricultural production in MoldavThe indirect damage from erosion
refers to: siltation of water bodies; pollution ebils and groundwater with agri-
chemicals washed out from the fields; destructibnoads and hydrotechnical works,
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etc. The total annual economic losses from eroarerestimated at approximately US$
200 million (Ministry of Environment and Natural &airces, 2007). The main factors
contributing to the intensification of erosion pesses are: large share of land converted
into arable; deforestation (esp. forest belts); roppr tillage practices; exaggerated
share of several crops (e.g. corn, sunflower) imicaljure production, etc. The
landscape has a major influence on the forms aeasity of erosion. The only way to
effectively curb soil erosion is to approach thelpem systemically in the sense that
the entire agriculture (land planning, location aggbmetry of fields, crop rotations,
tilage methods) has to be organized accordingnteesosional principles. Currently

almost no anti-erosion activities are undertaken.

5.1.3. Landscape and landscape diversity

The Republic’s landscape is generally hilly, grdiyusloping from the north-west
to the south-east, with altitudes varying betweem8® 429, 5 m. The average elevation
is 147 m above sea level. Slopes account for 57 #eototal country area (The World
Bank, 2004).

According to the Institute of Ecology and GeogramgifyMoldova, the country
possesses diverse landscapes: five distinct lapdscare recognized within the two

main natural zones: steppe and forest - steppdateye Gee picture 5.

The steppe zonédnas undergone big changes, its vegetation beiagtipally
destroyed. Its area decreased drastically duriegl®th century, when vast area was
ploughed to cultivate cereals as its soil was leertfNlowadays the steppes in southern
and southeastern Moldova are characterized by loscigtation, dry winds and
occasional drought. The dominant species are nassgs with typical Mediterranean
representativesStipa sp., Bothriocloa sp. andrFestucasp.), although the native steppe
historically included manyrtemisiaspecies. The steppe also contains forest elements
such as oakQuercus pubescemmdQuerus robuy. The steppe zone is divided into two
landscape regions. The steppe plains of the Lovisri\terraces in south-east Moldova
cover 19 % of the republic’s surface area. These stirongly impacted by human
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activities, but are still rich in species typicélsbeppe communities. The west steppe of
the Nistru rivet also contains oakercus pubescengroves. The Bugeac steppe
plains of south-west Moldova cover 20 % of the t#jm) and contain grass species
adapted to xeric conditions there, as well as sfwak specieSJuercus pubescens, Q.
robur, Q. petraeq(Institute of Ecology and Geography, 2005).

The steppe and meaddwerbaceous host 790 species of vascular plantspfout
which 30 rare species have been included in theBRed of the Republic of Moldova

(second edition).

Picture 5. Natural zones and landscape regions
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Source:Ministry of Ecology, Construction and TerritoriBlevelopment, 2002.

The forest- steppe zord@ northern and central Moldova includes differiarests
(e.g., oak, beech etc.), steppe and riverine meadmtopes within a landscape
dominated by plains and plateus. Three landscagen® are found in the forest —
steppe zone:

A — Plateaus of forest — steppe in north — eadtlilova cover about 23, 8 % of

the country. The landscape is characterized by@lest and hillocks dominated by oak
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(Quercus forests, valleys with willow&alix) and poplarRopulug, steppe and meadow
formations.

B — The plateau and plain region of Balti steppehie north of Moldova covers
20, 6% of the country. The landscapes are repregdnt natural territorial complexes
of hillocks as well as by slopes from river valleylse forest vegetation is represented
by Quercussp. formations witlPrunus ceresyshe meadow vegetation is represented
by steppe and river meadow communiti8sga, Festuca, Deschampjia

C- The plateau of Codrii forests is in the cenil@ldova and covers over 15 % of
the republic. The landscape is predominantly ngtwih rounded mountain-tops and
ancient landslides. The forests are mainly be€&eyyssp) and oakQuercus petraea,
Quercus robuy, with herbaceous understory dominated by spegisal of Central
and East_Europe Aegopodium, Dactylus,and CareX (Ministry of Ecology,
Construction and Territorial Development, 2002).

Moldovan forests host 1008 species of vasculartplant of which 60 species
have been included in the Red Book of the Repudflioldova. Distribution of forests

by species is shown on tigeaph 3.

Graph 3: Distribution of forests by species
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Source:Ministry of Ecology, Construction and Territorialewelopment, 2002.

The Republic of Moldova has 422,200 ha of foresigedng 11.1% from the
country’s territory (Ministry of Environment and N&al Resources, 2007), which is a
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very low figure as compared to the European ave(dgéo) or the countries of the
same biogeography region — Romania (28%), Buld868&oc) or even Hungary (19.5%).

Three centures ago, the territory between the Denieser and the Prut river had
a 30% forest coverage. In the XIX century, extemsareas were brought under
agriculture land-use, largely at the expense offdhests. The change forest territory in
the Republic from the year 1848 until 2006 is repreged in théable 6.

Table 6: Forest cover on the territory of Moldova (in thoods of ha)

Year 1848 | 1918 1945 1973| 1983 1993 2004 2005 2006

Forested | 366,2 | 230 |222 |271,2 |301,2 |333,9 [362,1 |373,8 | 422,2

areas

Source:Ministry of Environment and Natural Resources, 200

86.7% of the forestry stock is in administration @floldsilva” Silviculture
Agency, 12.8% — local public authorities, 0.5% —nidiry of Transportation and Road
Management, Ministry of Defense and other hold@rdy 400 ha of forests are private.

Forests are an important stabilizing factor for @mvironment. They should be
managed well and the forest area should be inaleaserder to preserve biodiversity,
to stabilize land threatened by erosion and laddsland to protect water resources. To

maintain the ecological balance it is necessarytferforest areas to exceed 15%.

5.2. Analysis of Agriculture of the Republic of Motlova

5.2.1. The agricultural sector in transition

Until about 1945-50, the territory of Moldova wartensively cultivated. Farmers’
plots were small — between 5 and 7 ha on averdgg the country was self — sufficient
in agricultural produce. Farmers favoured mixeddpition in orchards, gardens and
pastures. The comparatively high share of grassédfettively precluded substantial
erosion. The organization of the agricultural secdtovolved agricultural chambers,

which supplied farmers with seed and other matefialagricultural bank granted loans
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at reasonable interest rates on tide farmers dweonomic Commission for Europe,
1998).

With the process of collectivization in the fornt&woviet Union (in Moldova later
than in other Soviet republics), all those instiins were disbanded, and bigger, more
economically viable units (kolkhozes and sovkhozgsje created. Monoculture and
intensive technologies displaces traditional adtical practices. Almost all grassland
was turned into arable land. Also, steppes werévatkd. Moldova’'s big collective
farms specialized in certain types of produce amtewelatively well — equipped,
compared to other in the Soviet Union. They wenesaered as an agricultural testing
and development area. All new technologies west iimplemented here, and selection
stations supplied the rest of the Soviet Union wstheds of indigenous species
(particularly maize). Until the late eighties, Moldan agriculture was a powerful
economic sector.

After privatization in the 1990s, a large shardaofd remained atomized in small
individual plots. There were more than 1.3 millitendowners. The privatization
process resulted in an average landholding of &,4often divided into more plots. In
many cases it was not possible to use these sio#dl gfficiently. Production of many
traditional crops such as grain, sunflower or sugget is dependent on mechanization,
and therefore can be performed only on bigger ateaaddition, the new farmers and
owners lack experience, technical skills and fiesn¢o develop their production
successfully. As well as over the 1990s Moldovajsalture and food industry have
faced a series of shocks, including a large deteram in the terms of trade and severe
droughts. A drastic reduction in input of capitaio agriculture has gone hand in hand

with a significant decline in production (Econondommission for Europe, 1998).

Nowadays approximately one third of the land isargmall farms of maximum
2-3 ha. The rest of agriculture land was consadididd various extents and in various
forms (e.g. leasing, cooperatives, farmers assonmt etc). There is a structure of

farmsteads holding agricultural land in breakdowrcategory on thgraph 4.
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Graph 4: Structure of farmsteads holding agricultural lamdbieakdown by category
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In the Republic of Moldova agriculture has beerditranally regarded as the
cornerstone of the national economy: agriculturgpat accounts for 15% of GDP and
together with the processing industry representgs 80% of GDP and approximately
50% of total exports. At the same time, agricultemwastitutes the most important sector
of the national economy, using over 40% of coustigbor force about 4.3.millions
people (54% of the country’s population lives ie tlural areas where almost all of the
labor force is engaged in agriculture) (The WorkhB, 2004).

The total agricultural lands cover 2.518.200 h&@4# %, out of which 1.833.200
ha arable land, 298.700 ha orchards and viney&8its200 ha hayfields and pastures,
16.000 ha fallow (segraph 5). The level of agriculture land use in Moldovathe
highest in Europe.

Graph 5: Structure of agriculture land use in Moldova (in %)
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Source:Institute of Ecology and Geography, 2005.
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5.2.2. Characteristic of the vegetal production

The vegetal production predominates in Moldaviaricatjure (according to the
National Bureau of Statistics in 2007 the shareegfetal and animal productions in the
total volume of agricultural production accounted 38 % and 42%, respectively).

The domination of market mechanisms in agriculte@@ded to the increase in
cultivation of economically profitable crops. Thssnot always the way to a sustainable
agriculture production, in line with environmengeld soil conservation requirements.

During the last 20 years, the area of cereals i(pgatly wheat and corn) has
increased considerably, while the areas cultivatihl forage crops dropped (sgeph
6).

Graph 6: Dynamics of the crop structure in the Republidvmiidova, 1986—-2005 (,000

ha)
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Source:Ministry of Ecology and Natural Resources, AcademSciences of Moldova,
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Institute of Ecology and Geography, 2006.
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The exaggerated raise of corn areas leaded to sropensated loss of organic
matter from soil with the harvest and/or througlsesn, especially on slopes. For
Moldavian agriculture is typical that 81 % of agiitire arable land is situated on slope.
Slopes steeper than 5 degrees — the most rislggfocultural use — occur in 19, 2 % of
the Republic territory, predominantly in the cehtzane (30, 7 %), less in south and
north (20, 1 %; 17, 1 %) and small area (6, 7 %¥onth — east zone (Ministry of
Agriculture and Food Industry of the Republic of flava, Research Institute of Sail
Science and Agro chemistry “N. Dimo”, 2001).

Another (environmentally) negative aspect is tharghincrease of sunflower
plantations: the share of this crop in sown areased from 7.2% in 1986—-1990 to
17.7% in 2001-2005. This does not allow the norenap rotations to be applied.

Due to the fact that in 2007 there was a serioonsight in Moldova, there were
some changes in the structure of the vegetableuptimh. Fruits, walnuts and grapes
have a share of 40%, potatoes and vegetables — @t¥nical crops — 14%, while
cereals are 16%, and 9% to other products dsagh 7).

Graph 7: The structure of vegetal products, %
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The cereals sector has a vital importance for the country. Thain crops
cultivated in Moldova include wheat, barley, cora;. The land area under cereals in
2007 totaled 917.6 thousand ha, corn for grain§9-3tthousand ha. The 2007 harvest
represented 2290.2 thousand tons of cereals, ingu@b1.4 thousand tons of wheat,
1322.2 thousand tons of corn for grains. The andoatestic demand is around 600

thousand tons; the surplus of cereals is expo&éatistical Yearbook of the Republic of
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Moldova, 2007).The main markets are in Ukraine,t®svland, Porto Rico, Romania,
etc.

The maintechnical culturesin Moldova are sugar beetun-flower, soy and rape.
Within the national economy of the Republic of Mmld the sugar industry has specific
social impact and is assigned strategic importafies. sector includes ten of thousands
of employees and specialists. The wastes genebgtélis sub-sector are used within
zootechny and spirits production. The country’suatrexport potential is around 50 —
60 thousand tons.

The overall volume of sun-flower, soy and rape @@ totaled 408 thousand tons,
88.4 thousand tons, and 7 thousand tons, resplgctiVeese plants are the main
oleaginous plants in Moldova. Over 2007 Moldovaaigd around 63 thousand tons of
oil. The Moldovan vegetal oil is mainly traded imiRania, Poland, Belarus, Serbia and

Montenegro, Kazakhstan, etc.

The share of fieldregetablesin total agricultural production accounts for andu
6%. The mostly cultivated vegetables include torestaabbage, cucumbers, carrots,
onion, sweet peppers, eggplants, marrows, gasigt, letc. The annual harvest totals, on
an average, around 370 thousand tons, includimgatimes — 26.5%; cabbage and dry
onion — by 14.7%; pumpkins and marrows — 12.5%rotsrand sweet peppers — by
5.5%; eggplants — 2%; and other vegetables — 18\WWthin the total volume of
vegetables, 4.7% of vegetables are exported ab fregetables, 8% are used as raw
material within the processing industry, and 87.8% traded in fresh condition in the
domestic market (Statistical Yearbook of the Rejubf Moldova, 2007).Vegetables
are exported into 23 countries of the world. P@sat@and gourds and melons are
cultivated exclusively for domestic consumptiore #innual harvest amount to around

340 thousand tons and 75 thousand tons, respsctivel

Fruit -growing represents one of the main strategic Wrascof the national
economy, accounting for around 40% of the agricaltyproduction value. The area
under fruit plantations in 2007 totaled 111.0 thamgs ha, including: Orchards — 104
thousand ha or 96% of total area (seedy species-tB@usand ha or 61.8% of total

orchard area and stone-fruit species - 36.9 thaubaror 33.8%); Walnut plantations —
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5, 3 thousand ha of 3.7% of total area; Plantatiorger fruit-bushes — 0.9 thousand ha
or 0.8% of total area. The annual average of tlelymstion volume in 2001 — 2006
totaled 401 thousand tons of fruits, including sesdecies — 309 thousand tons, of
which: apples — 301,5 thousand tons; pears — 6stmalitons; quinces — 1,5 thousand
tons; and stone-fruit species — 90,2 thousand tockjding: plumps — 51 thousand
tons; cherries — 13,5 thousand tons; sweet chefrie8 thousand tons; apricots — 5,4
thousand tons; and peaches — 13 thousand tons{(i8&tYearbook of the Republic of
Moldova, 2007). Out of the total volume of fruit®4, 7% are exported in fresh
condition; 44% are used as raw materials for tleegssing industry; and 31, 3% are
traded in fresh condition in the domestic marketits are exported into 33 countries of

the world.

Wine industry represents an essential branch of Mwdovan economy.
Approximately 15% of the national annual budgetoisned of incomes generated by
viticulture . The Republic of Moldova is included in the wolidting of first 10
countries producing and exporting wine and grapée. total area of wine-producing
plantations is 156,000 ha of vineyards, includii®,000 ha of yielding plantations.
Over 95% are under private ownership. The annudhge is 400 — 500 thousand tons
of grapes (Statistical Yearbook of the Republiddaldova, 2007). There are four wine-
growing regions in the country: the Southern regftire most important region - is
favorable for sweet and semi-sweet wines), thets&asstern region, the Central region
and the North region. Moldova produces annually 3@50 million bottles of wine, 20
million bottles of sparkling wine and 400 thousadal of divins. Around 10% of

produced wine is consumed by the domestic markaBa#o is exported.

Despite all the difficulties of transition to a rkat economy and the
transformation of agriculture (land privatizatiotransition from large collective
enterprises to private entrepreneurship) grainyebon has remained a stable and key
sector of agriculture.

Restraints on sustainable development in the dgrrall sector have political,
juridical, economic, managerial, informational, aeducational dimensions. These

include the low productivity of agricultural workagricultural technologies that do not
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correspond to ecological requirements; insufficiempport for reform; maintenance of
administrative procedures and monopolistic elementavorable to competitiveness on
the domestic and international markets; lack ofjadée information technology; formal
demonopolization and incomplete privatisation ofefi capital with no agricultural
equipment and no service regulations; absence adaquate crediting system (i.e.,
high cost of credits) and the lack of risk insuint agricultural entrepreneurship; lack
of knowledge, aptitude, and experience in modernagament; insufficient opportunity
for employment outside of agriculture and unemplegtnand the demographic ageing
and feminization of the population in rural arehaying unfavorable economic and

social consequences.

5.3. Analysis of Energy Sector of the Republic of bldova

The energy sector of the Republic of Moldova wasatad in the period 1950-
1980 in the conditions of the centralized econoRrgm the technical point of view, in
this period the sector evolved in the sense ofitiegrated power increase of the
installations and industrial units of energy praituts and the practice of low prices for
the fuel consumed and energy produced, maintaithisgsituation artificially through
huge Governmental subsidies and grants. The matarge of the energy sector created
in that period was a high degree of centralizafldNIDO, 2001).

Upon Moldova’s independence in 1991, the massiweeSenergy subsidies came
to end. An extremely complicated situation occumead still continues till nowadays in
the national energy sector, characterized by tHBwmg significant factors: an
advanced moral and physical wear-out of the iretialhs and equipment, a low quality
of the performed services and the energetic effcyjediminution, a high energetic
intensity, 3-4 times higher than the respectiveices! in the industrially developed
countries, the dependence on the import of the gxinenergetic resources, a limited
number of fuel and electricity providers, the laavel of electric generating capacities,
the low capacity of the electric connection linestbe West direction (only 3 lines of
110kV), the unfavorable structure of the electremsport network from the point of

view of the energetic security, the tendency ofticmous mutual debts increase, the

42



financial blocking of the energetic enterprisessemiby huge debit and credit debts, the
double increase of energy and fuel losses duriadast years, the lack of investments
for the energy sector rehabilitation and developni€ne World Bank, 2006).

The majority of the Moldavian population lives ural communities, where living
conditions are especially difficult in the cold wen months. Traditionally, coal and
wood was used as a heating fuel in rural area®rAlfte collapse of the Soviet Union
the price of fuels, including coal, increased dracadly resulting in collapse in coal
consumption. Coal supplies to fuel heating systamgublic buildings, especially in
rural communities, were severely cutback often Itegy in the closure of public
buildings in the winter period as building and ddtheating plants stopped operating
except in the biggest cities. By now the electyistipply in the rural areas don’t exceed
10 of 24 hours (European Bank for Reconstructiah@evelopment, 2002).

To mitigate the escalating energy crisis, in thte H990s Moldova embarked on
an ambitious set of energy sector reforms. Theoatibge of these reforms was the full
commercialization of energy supply, accompanied appropriate social policies
implemented through fiscal instruments to protéet most vulnerable groups (the so-
called nominal compensation scheme). The main elesr@f the reform included: (1)
the development of a new, market-oriented legaméaork; (2) restructuring and
corporatization of the industry whereby the coustmyertically integrated electricity
monopoly was unbundled; (3) privatization of thaé of five electricity distribution
companies covering about 70% of the market; (4¢stiture of state shared in the gas
industry with the majority share in the country’'smoepoly gas supplier sold to Russia’s
Gazprom in exchange for a portion of debt; and, g8justment to the level and
structure of tariffs where tariffs for all consuraaevhere increased and equalized.

The energy of the Republic of Moldova is substdiyt@different from that of other
states. Moldova is almost totally dependent onitiygorts of fossil fuels from Russian
Federation, Ukraine and Romania. During the lasade, only 3-5% of the consumed
energy was covered from internal sources. In 2@0@5rhports of energy reached more
than 15 percent of GDP (The World Bank, 2006). Thantry imports both primary
energy resources (natural gas, petroleum products@al) and electricity. Nearly half
of the energy imports is natural gas, about 25% li@p&d fuels, and the rest is

represented by coal and electricity (Institute oblegy and Geography, 2005).
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Most energy resources (70%) are spent for eletstraond heat production. The
main users of these types of energy are transpdwut 15 %) industry (7%) and
agriculture (3 %). Data on the production and uk¢he main energy resources are

given intable 7.

Table 7: Elements of the energy balance of the Republic olidglva in 1997-2006

1997|1998 1999| 2000] 20012002 | 2003 2004 | 2005| 2006

Electricity 1450| 1246| 1134|904 | 1263|1179 | 1046| 1022| 1229| 1167
production,
million KWh

Electricity 3767| 3211| 2566 | 2244 | 2206 | 2449 | 2527| 2634| 2921 | 3369
consumption,
million kWh

Heat 6590| 6120| 4647 | 3057 | 3298 | 3217 | 3347| 3147| 3591 | 2637
production,
thou.Gcal

Heat 5552| 5173|3899 | 2673 28092699 | 2799 2686| 3084 | 2033
consumption,
thou. Gcal

Source: Ministry of Ecology and Naturel Resources of thepubdic of Moldova,
Institute of Ecology and Geography, 2007.

The energy prices are listed in the ANNEX 3.

The energy is “the blood of economy” and energyscaomption is, normally, well
correlated to the state of economy. The structtefdrms of the 1990s resulted in a
substantial reduction in the country’s industriatput, which in turn resulted in reduced
energy consumption. Between 1997-2006, the usenefgg resources contracted by
42%, with fuel oil (- 95%), coal (- 44%) and natugas (- 39%) dropping the most. The
only energy resource that rose during this peribtdnee was liquified gas (+ 100%).
The share of heavy fuel and coal in total energysamption reduced drastically, due to
switching most power and heat generation unitsaimnal gas; in the same time, the
share of diesel increased from 9,7% in 1997 to 129006, the liquified gas, from
1,0% to 2,9%, respectively. The importance of fweod in the structure of energy
consumption remained very small despite some graluting this period, reflecting a

more active use of this local resource when thé aeb®ossil fuel from import went up

44



(see graph 8). Starting with the late 1990s, the consumptionpoinary energy
resources and electricity per capita entered aratgwend.

Graph 8: Dynamics and structure of energy resources c¢opsan in the Republic of
Moldova (Ktce)
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Source:Ministry of Ecology and Natural Resources, AcademSciences of Moldova,

Institute of Ecology and Geography, 2006.

According to the Institute of Ecology and Geograpigy most important national
energy generation units nowadays are: two elettiod heat generation stations (EHS)
in the capital city Chisinau EHS-1 and EHS-2, tHéSE‘Nord” in Balti, the EHS in
Dnestrovsc and two hydropower stations on Nisti Rrut rivers. It must be noted that
by far the largest electricity producer in the coyns the Dnestrovsc station (85% of
the total production). The EHS in Chisinau and iBade the principle of electricity and
heat cogeneration. They operate, on average, at@4¥%eir design capacity. Natural
gas is the main fuel used for power generation. Jecific consumption of fuel in
power generation at EHS-1 and EHS-2 was increaumigng the last years, indicating

lower efficiency, due to the depreciation of equgmin which can not be replaced
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because of the poor financial status of both estitt HS-Nord had a better management
and demonstrated higher efficiency in power and beneration. The total capacity for
heat generation is about 1800 Gcal. During theyleats, the production of electricity at
those three units has stagnated, due to finandfadutties. The cities of Chisinau and
Balti have centralized heating systems. Other siiad towns rely on district boiler
houses.

The entire country is covered by the energy distidm network. The number of
consumers not connected to the public energy gridsignificant. According to Key
World Energy Statistics, IEA 2004 the electricignsumption per capita in Moldova is
941 kWh. It is a very small number in comparisothwother European countries. For
example, the electricity consumption per capitéSlavakia is 5 048 kWh, in Czech
Republic is 5886 kWh, in Denmark 6 500 kWh, in @any 6 742 kWh, in France
7 366, in Belgium 8 315 kWh. This indicates a tigkat‘energy poverty” of Moldova
and the demand potential if the country is to adchiés objective of sustainable
economic growth and poverty elimination. This alsdicates that the most vulnerable
categories of consumers may not have much cap@cigduce their demand further in
response to the raising energy prices, which ucdegs the importance of well targeted
safety net.

5.4. Valuation of potential of existing renewablemergy sources in Moldova

The diminution of energy dependence representy @dal of energy security and
to achieve this goal a diversification of importsoarces has to be ensured. An
important contribution to the increase of energgusgy of the Republic could be
brought about by the exploitation of its own energgources. For instance, a greater
utilization of Renewable Energy Sources (RES) Wied, solar energy, river hydraulic
sources and the use of biomass are important.diti@a, greater implementation of the

use of energy efficiency measures throughout atiose of the economy is necessary.
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5.4.1. Wind energy resources

There is undeveloped potential for use of wind-gateel power. Presently only
several experimental wind power installations areoperation in Moldova, these are
used to generate electric power in autonomous regstéAt the actual level of
development, the commercial wind energy conversamhnologies, the locations that
assure an average yearly speed at the wind tuas@ealtitude of 7 m/s and more with
the specific wind energy higher than 350 W/m2 asasaered favorable (TODOS,
2002). On these criteria it may be concluded that Republic of Moldova has quite
extended zones with a favorable for energetic etgtion wind potential,
meteorologically, the most appropriate lands faatmn of the wind power plants are
the combs and the slopes of the hills. These landsally arid, with a reduced
fruitfulness, are less favorable for the agricdtulhe price of these lands will be
minimal, and their restoration for utilization wiibt need additional expenses.

Areas with high potential wind energy are as fokovn the north-east of the
country, separate areas on the Podolsk Hills imtluglle reaches of the Dniester river
near the border with Ukraine; in the south-eagiasse areas near the Dniester estuary;
in the west, separate areas in the Carpathianspiets near the border with Romania
(Wind Atlas of Moldova) (see ANNEX 2, map 2).

Accorging to EBRD, 2004 about 10 % of the countrggynibe used for the wind
power development. Therefore should be set thé potantial wind power capacity at
1.000 MW, so the technical wind energy resourcemtal of Moldova could be rate as
good. Specific barrier to the implementation of avirprojects in Moldova is
misconception that available wind potential is poor

5.4.2. Solar energy resources

The Republic of Moldova has huge reserves of sei@rgy. The solar irradiation
has a real duration 50 — 55 % and varies betweé0 BOurs in the North and 2330

hours in the South. The considerable part of thresdune hours are in the months of
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April — September and makes up 1500 - 1650 hour®@D@S, 2002). The
measurements of solar radiation are carried oiMtaldova only in one point — a capital
of the country Chisinau. The data on monthly arnauahof solar radiation incidence for
this point that were averaged for the observingogeof many years are presented in
table 8.

Table 8: Monthly and annual total solar radiation incidenthmrizontal surface, MJ/m2

Name of| | (Y (Y [y iy ix x X Xl Yearl
place I y

Chisina |12 |16 |30 |46 |60 |69 |68 |59 |44 |28 |11 |92 | 4567
u 6 6 3 0 7 2 5 8 |0 1 7

Source European Bank for Reconstruction and Developnmiz@d2

It is reasonable to use solar energy both in ramal urban locations to heat water
during hot period of the year. The main barrierdevelopment of using solar energy is
an economic one. The application of small solamtslaof different purposes is

eliminated by the practical absence of solvent aema

5.4.3. Hydropower resources

The kinetic water energy is relatively poorly used/oldova: there is only one 48
MW HEP on the Nistru River, and another one of 18/MIEP-Costesti on the river
Prut. Hydropower potential is estimated at 2,100 M3 including that of large,
medium and small rivers. However, only 150 to 300'Ghas been generated in the last
years (The World Bank, 2006). At present a speatrest is paid to small rivers.
Unlike large HEPs, the smaller ones on the smedlrsi are not of a great interest for
large companies; however these may be of greatonsamall farms. The HEPs with a
capacity of 5 MW do not damage the environmenthasd are complementary to the
traditional systems. In many cases the small riveay provide an essential energy
supply to the agriculture (small irrigation) andtte small-scale industry (of canned

goods, wine, sugar etc.); at the same time thenisdvantage for the public electric
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networks, especially in the rush-hours. Unlike é&aHEPS, that require tanks for water
accumulation, complex control systems, a great melwf organizational work and
maintenance, the small HEPs are easier to handldhave the payback period of one

year at the most (see ANNEX 2, map 3).

5.4.4. Geothermal energy resources

In the Southern part of our country there are resesuof geothermal energy with
a temperature of 40-460 oC (Ministry of Ecology, nGwmictions and Territorial
Development, UNDP Moldova, 2002), which can be usetthe systems of heating for
households in the near localities, but there i roowledge of thermal water resources

and no data to be used to compute the feasibilispioh resources.

5.4.5. Bioenergy resources

The notion of the biomass signifies both the bisna®ceeded from the process
of the agricultural plants growing and from theefstry, and that in the shape of organic
residues and wastes. Implementation and growttsénafi biomass boilers instead coal
heating systems would contribute to environmentgmtomn.

In accordance with the estimations of the spetsab$the Ministry of Agriculture
and Processing Industry, the State Agriculturalvigrsity, the Technical University of
Moldova, the Institute of Energy of the Academy Stience of Moldova and the
Department of Statistical and Sociology, the enepmgential of the biomass is

impressive and varies between 650-900 thousaneds yearly.

5.4.5.1. Waste biomass

While not heavily industrialized, the Republic ofoMova is an agricultural

country facing, the problem of agricultural wastespecially the cereal one that are
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commonly burned on the field. Storage, preservadioth use of agricultural wastes are
still matters of discussion, analysis and plannorggven projects without any adequate
practical solution. Primary and unprocessed agdticall arable crop wastes can be one
of the most suitable, the easiest available andzaltie source of renewable energy,
used for example for thermal energy production iolddva, initially for use in small
scale system@&0-500KWth).

The most important sources of agricultural proveogebiomass in Moldova are
obtained from thepruning of the orchards and vineyards and also as vegetable
residues in the agricultural sectovheat and barley straw, maize stalks and cobs,
sun flower and tobacco stalksand others. The share of the main sources ofdtyne
waste biomass is shown on t@ph 9. The distribution of this biomass depends on the

country regions (see ANNEX 2, map 3).

Graf 9: The share of agriculture waste biomass in Moldova
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Source: TODOS and col., 2002

On thegraph 9 you can see that the wheat residues are predotrsoaince of
biomass, and there is a big distribution percentafgsunflower, maize residues and
waste from the gardens.

Below there is atable 9 that describes the availability of agricultural ste
biomass in Moldova (the quantity of used and unuagttultural biomass in millions

of tons).
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Table 9: Overall estimated biomass availability in Moldova

Source Used Unused Total

Oilseeds*650.000 ha 0.30m tons 0.20m tons 0.50m tons
Grains 600.000 ha 0.10m tons 1m tons 1.10m tons
Orchards / vineyards 0.40m tons 0.30m tons 0.70m tons

*The oilseeds figure understates the much higheenpiad availability once effective
collection systems are in place
Source: The World Bank, 2006

The used biomass is mostly used for animal feedingor some industrial
purposes, but not for energy production.

The data of theéable 9 proves that the country really has a great potettiase
agricultural residues for energy purposes. Buttdutne lack of required equipment for
biomass processing and mainly of lack of informatian possibilities of biomass
utilization and conversion into energy, this lam@ount of biomass is not purposely
used up to the moment. For example, the most abkeoh straw biomass (70%) is
burned on the fields for nothing, causing emisxb6iC02, instead of producing a fair

amount of energy in a form of heat, electricitgash or fuel.

Forest biomass

State Forestry Agency Moldsilva yearly delivergtie national economy 250-350
thousands m3 of fire wood, so as 60-70% of thel poaulation buys and use as fuel
for heating the houses. Forests are an importabiliging factor for the environment.
In my opinion due to so little density of foreststhe country, Moldavian forests should
be managed well and the forest area should beaseds so it is very important to
protect forest recourses from cutting, especiadiynf illegal cutting for firewood. But
the same time wood residues from forests, parkeetst and etc., represent a good

alternative source of energy.
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5.4.5.2. Agriculture energy crops — cultivation osorghum and rape

The Republic of Moldova has well enough natural dibons for rape and
sorghum cultivation, for production of biodieseldabhioethanol at competitive costs,
from rape and sorghum, respectively.

Accordingly to the information that | have collegtérom the interviews and
meetings with representatives of different MoldavResearch institutions during my
stay in Moldova, | came to the conclusion that flmet preparation forsorghum
cultivation on the territory of the Republic statte 1973 by thdkesearch Institute for
Maize and Sorghununtil now, one of the priority directions of thestitute activity is
production of seeds and improvement of technologie®rghum.

Moldavian Institute for Plant Protection and Ecological Aguiture has a
Laboratory of Sorghums; where there was crossbReedmbeni 4 and Porumbeni 5
sorghum species. At the end of April — beginningvialy 2008, the Institute is planning
to cultivate sorghum in Bursceni, Rosu and AlbataSais villages on the total area of
70 ha. Due to the lack of knowledge on bioethamotipction from sorghum and lack
of appropriate technologies, sorghum mostly is edgabor used as feed.

Four years ago several research institutions indbl@ focused their work to join
experimental production of bioethanol. TResearch Institute of Soil Sciences and
Agrochemistry “N.Dimo”"grows sorghum in a small area of 1 ha and conit®lsnpact
on the soil fertility. TheNational Institute for Viticulture and Vinificatioproduces
bioethanol from sorghum juice and thestitute of Agricultural Technics “Mecagro”
uses bioethanol as a motor machinery fuel and grferghe next sorghum harvest. In
future, Mecagro is planning to buy the necessatypegent for briquetting of sorghum
dry biomass residues and then use briquettesexseavable source of energy.

This September the first harvest of sorghum is etquk andVioldavian Institute
for Food Technologiess planning to use it like sugar substitution: atedutilize
sorghum residues as a fuel in the form of briqsette

According to the National Carbon Union, bioethafaatory in the future will be
built in Moldova in city Komrat. The factory will & oriented to the export of

bioethanol.
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Picture 6: Plantation of sorghum

Sorghum-to-ethanol production uses the grain,dike, but the plants themselves
hold the greatest potential for biofuel producti@me hectar of sorghum can provide 3-
5 tons of bioethanol (3-4 times more that cereal$)le the remaining dry mass can
give supplementary 20-25,000 kW of electric enevgyheat. Sorghum produces high
yields 80 — 100 tons of green mass, is naturalygdht tolerant and growing very good
in the conditions of Moldova. The energetic effeetiess of bioethanol and briquette
production from sorghum as energy carriers is 12lthat’'s mean that 6,3 mil. kcal
that were used for growing of 1 ha of sorghum ptesi 23,6 mil. kcal in form of
bioethanol and 54,6 mil. kcal in form of briquejteBesides, the sorghum has an
exceptional capacity of absorbing carbon dioxide:58 t/ha/year (as compared to
broadleaved forests, 16 t/halyear, or cereals, BhrBDyear). Also, the amount of carbon
accumulated in sorghum roots contributes to th&igesalance of humus in soil (1.5-2
t/halyear).

Rape for the first time was cultivateéh Moldova in the middle of the XIX
century (1840-1850Nowadays, it isvidely used in production of vegetable oil and as
a fodder for animals. In comparison with the cdssunflower cultivation, the cost of

rape cultivation is 36 - 40 % cheaper; the seeldl y&50 % higher, income from unit of
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the area is 30 - 40 % higher; and there is a highguaranteed potential for export to
European Union countries.

Growing of rape effectively prevents soil erosiamdaesides enriches the soll
with organic fertilizers and improves its mechahis&ucture. It is very good and
important to include rape and sorghum to the cot@tion systems.

However, because of its weak tolerance to drougHttfeost, rape is not widely
distributed in Moldova yet, and its yield is rathew (7 thousand tons in 2007 this
connection research institutes which are respomg$dsl cultivation of this crop have to
find a new species and rape hybrids with high dnbwmnd frost resistance and with
higher content of oil in the seeds.

Last years rape oil is in great demand in the ntargémineral oil, being a good
vegetative substitute of solar oil, gasoline ansl @ne hectare of rape can provide 1,0-
1,2 tons of biodiesel.

In 2006 the first Rape Seed Processing Factory“Bidcompani-Rapes” was put
into operation in the North of Moldova in city Lige. The factory produces rape oil and
biofuel that are exported.

In the beginning of 2007 Russian company WJ hakdst a big interest to start
manufacture of biodiesel together with Moldavamjetock company Floarea Soarelui
in Moldova. And in 2008 in Moldova an American caany FuelMarkers is planning to
build a factory for biodiesel production too.

Picture 7: Rape plantation for biodiesel production

54



According to the Strategy of renewable energy smircdevelopment, the
implementation of technologies for cultivation aptbcessing of plants for biofuel
could provide some 80,000 tons bioethanol and DD0tOns biodiesel, which is about
10% of the fuel used in country. This would need tultivation of 163,000 ha with

sorghum and rape (approximately 10% of the sowa ar2005).

5.5. Starting of field-tests of new energy plantsrgwing in Moldova

Moldova does not have any experience in cultivabbrenergy plants; and here
were no analogical experiments in that country.rgyp@lants are the plants with high
energy yield; its energy yield is much higher tlerergy yield of waste biomass. The
cultivation of energy plants for energy purposesldde a great solution of energy

problem of agricultural Moldova.

The experiment started in the middle of April 20@hen the first energy plants
were planted on the experimental fields of the Muldn State Agricultural University
in Chisinau within the framework of the developmprdject “Support Development of
Study Programmes at the Agriculture University ihisthau and Coordination of its
Education System with EU Standards”.

On the first experimental field divided into fivegs 10 m x 10 m there were
planted the following energy grassd3halaris arundinacea, Malva crispa, Rumex
tianschanicus x Rumex patientidelianthus tuberosus, Miscanthus sinensis,

On the second experimental field divided into fparts 13, 5 m x 11 m there
were planted fast-growing energy tre@opulus coreana, Populus nigra x Populus
maximowiczii, Salix viminaljsSalix alba

In the middle of September 2007 the other energssgs Camelina sativa,
Phalaris aquatica were brought from the Czech Republic and plamstedvell on the
field divided into two parts 13,5 m x 11 m near fledd with energy trees (the maps of
experimental fields are in the ANNEX 4).

It was decided to examine how the chosen plantsldvgwow in the natural

conditions of the Republic. From the beginning @&swagreed to cultivate all these plants
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with the minimum economic inputs: the subsoil plong was done before planting and
no other soil preparations, the planting was domaually and not any chemical of
mechanical treatment and even irrigation has bgpeated.

5.5.1. Energy grasses

For the establishment of the field with energy gessit was necessary to collect
and search the information about chosen speciggadtalso necessary to overlook and
analyze the climate and soil conditions of Moldawval its landscape tool (the valuation
of Moldavian climate, soil and landscape are regres]i in the chapter 5.1.) On the
base of collected information the energy grasses planted on the experimental field,
the recommendations to its harvesting and futulévetion in the territory of Moldova

and the advantages of each plant were elaborated.

5.5.1.1.Phalaris arundinacea

Phalaris arundinaceareed Picture 8: Phalaris arundinacea
canary grassbelongs to family ' FlE =
Poaceaelt is a herbaceous perennial
plant growingover 2 mtall.

The average yield of dry-matter
ranges betwee# 5 - 9, 0 t.hd. The
heating value of dry-matter of the
above-ground biomass 15,52 MJ.kg
! the production of energy creat40,
5 GJ.ha'.rok (STRASIL, 1998).
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Founding the growth on the experimental field in Mddavia

Seeds were sown on the experimental field in thédhaiof April 2007 in the
cultivated soil. Sowing was done in rows in theatises of 15 cm and 2-3 cm deep
Note: Red canary grass is not pretentious about thengpdate; it can be sown in

the period of March to June, and also during August

Recommendation for the harvest

Red canary grass grown for the energetic utilitlesot harvested in the year it
was sown. From the energetic and economic pointesy, it is recommended a winter
or spring harvest, when the dampness of dry-mdéelines under 20 %, this biomass is
directly compressed into briquettes or pelletsglateg or immediate burning. The 25 %
loss of red canary grass biomass over the winteoghés not high comparing to other
crops (for example sorghum loses 37, 3 %). Theekswe compensated with the
decreasing dampness, because over the autumnnécessary to dry the harvested
biomass. Spring harvest is also recommended becaitbethe late harvest the amount
of potassium, chlorine, nitrogen and sulphur inlifeenass decrease.

It is possible to use ordinary agricultural machkif@r the harvesting (for example

threshing machine or reaping machines).
Advantages of reed canary grass cultivation:

* For the implementation of basic growth of reed cargrass a very low price is
needed, no or minimum utilization of herbicides pmsticides (usually diseases
neither pest make no harm to Red canary grassptaed low direct expenses;

* Non-overlooked advantage is that the red canarysgean be cultivated almost on
all soil-climatic conditions. Red canary grass gatswell on most of the soil, it is
well adaptable to soil reaction in range from 44007, 5 pH. After rooting it is
resistant to longer droughts. Black frost neitrege Ispring doesn’t harm it. It can

also stand shading or short-term floods;
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* Another advantage of growing red canary grasssivetrsatile utility. Besides its
utilizations for the direct burning or the prodwctiof electricity it is possible to use
it's biomass in green state as fodder (fresh for&gs, silage) eventually for the

production of biogas. The growth can also be usethie seed production.

Suggestions and recommendation for the future culiation of red canary grass in
Moldova

According to my opinion, Red canary grass coulctliévated on every territory
of Moldavian Republic, as in lowlands so in highecations. To reach high yield
biomass, it requires adequate moisture and alstents, mainly nitrogen (fertile soil
requires only N 50 to 80 kg.ha-1 doses, it is fdmedb side-dress annually preferably in
spring before the vegetative season. | would recenthtultivating Red canary grass
near stream surroundings.

In case of cultivating Red canary grass on agucaltsoil, it can be well included
into the crop rotation since it is not demandingoteceding crop. The best preceding

crops are the leguminous-cereal mixture and cereals

5.5.1.2.Malva crispa

Malva crispa - Malva belongs Picture 9: Malva crispa
to family Malvaceae It is a
herbaceous perennial plant growin f g

up to 1,5 - 2 m tall. The averaggum:
yield of dry matter i€20-15t.ha™. ;

Heating value of dry matter o
above-growing biomass i47, 58
MJ.kg™ and the energy vyield &35,
58 GJ.ha'rok (PETRIKOVA,
1997).
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Founding the growth on the experimental field in Mddavia

Seed of Malva were sown on the experimental fielthe middle of April 2007.

Sowing was done in rows in the distances of 25 etwéen rows and 1-2 cm in depth.

Recommendation for the harvest

Malva dries up in September, which is the best ttménarvest it for energetic
utilities. During the harvest part of the seeds gadorming a fully joint (that is why
this annual crop often included amongst the comstkor the energetic purposes Malva

is harvested once a year with the help of ordimaaghines.

Advantage of growing Malta cultivation:

* This crop grows well even under unfavourable climabnditions and is not so
demanding to soil fertility;

* The importance of growing Malva consists in itsyeguick emergence in spring
and overgrowing. Thereby forming a fast rank ofwgig this acts like a biological
weed agent and as a soil protection from erosion;

* Except its use as an energetic crop (for burnirdy@oduction of biogas), Malva is

also used for green fodder, as a medical or daeerat

Suggestions and recommendation for the future culation of Malva in Moldova

According to my opinion Malva can be well grown thie flooded lands, where it
is easy to liquidate weeds. But during big droughts plant can badly fight weeds;
therefore it is recommended to treat the growthiraeally.

It is also good to make use of the plants capaslinf soil protection from erosion
and to establish growth on endangered soil wittsierp for example on slopes and
bottom of hills.
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A best result reaches Malva on fertile soil with ashequate content of lime,
balanced amount of substances and enough moidtaa¢'s why | would recommend
fertilizing the soil with manure etc. But it is ressary to remember, that to a high
amount of N in soil the plant tends to nitrogerafign.

5.5.1.3.Rumex tianschanicus x Rumex patientia

Rumex tianschanicus x RumeRicture 10: Rumex OK2
patientia also called alkRumex OK2 or
sorrel of Uteush belongs to the famil

Polygonaceae It is a herbaceous ‘E T __5 3
perennial plant that can reach up2@ - :
2,6 min height. The average yield of dry
matter is14-16 tha'. The duration of §

plantation is 15 — 20 years.

Heating value of dry matter of
above-growing biomass k8, 5 MJ.kg*
and the energy yield 278 GJ.ha'.rok
(USTAK, USTAKOVA, 2004).

Founding the growth on the experimental field in Mddavia

The plant seeds were sown to the ploughed landxpéremental field in the
middle of April 2007. Parameters for sowing werdakws: depth - 1.5-2 cm, width
of rows —20 cm and distance between plants - 10 cm.
Note: Rumex OK2 is a very adaptable plant with regartheosowing period: it can be

sown from April to July with the same results, gy condition being that the soil is

sufficiently wet (e.gafter heavy rainfall).
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Recommendations to harvesting:

From bioenergy point of view is very important, tthhis plant finishes the
vegetation fast and dries. So its’ dry biomasshmharvested already in July, when the
moisture of biomass is less then 20 %.

For energy purpose Rumex OK2 is harvested onearaayel common agricultural

machinery is used.

Advantages of Rumex OK2 cultivation:

* It has a very high adaptability to the soil an& sigro-ecological conditions. It has
no special requirements for soil fertility or nemt content. It doesn’t need any
chemical treatment against pests, because no dséave been determined. It is
high resistant to freezing;

« The Rumex OK2 is easily reproduced with seeds,kenkany other highly
productive energetic crops (for examplescanthus);

 The great advantage of Rumex OK2 in comparison witter energetic crops is
early ripening - as soon as the middle of summisr ossible to harvest the hybrid
sorrel as dry energetic biomass;

* The plant has a strong stem that is very resigtamain and wind that is why the
biomass losses are very low;

* In addition to the use of Rumex OK2 as a very pidémrnergetic crop, there are
excellent possibilities for its use as a food adder crop, because it has a high
content of valuable essential nutrients and vitam8eeds can be successfully used

as a hard fodder or as seeds for sowing.

Suggestions and recommendation for the future cuMation of Rumex OK2 in

Moldova

In my opinion, the hybrid sorrel can grow well omnaagricultural land in

Moldova and can give a high biomass yields. | doedmmend its plantinggar river or
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lake banks because of its’ poor tolerance to waterlogging.v&ry acid soils (<5.5 pH)
can have a negative impact on a normal grow optaet. | suppose that it can be very
useful to cultivate Rumex OK2 on the lands affedtgderosion, because of its’ good
ability to erosion protection.

For the higher biomass yield some minimal ratiorieofilizer can be applied and
extended only over the first year (for example 60kg.ha-1 of NPK or 40-80 t.ha-1 of
some organic manure).

For the successful establishment of Rumex OK2\atibn it is necessary to
prepare the soil very carefully. The main problenweeds. When the sorrel begins to
grow, it is necessary to loosen the soil by weeduspally 2-3 times during the first
year). In the later stages of development sorrélrally inhibits the growth of most
types of weed, making chemical treatments unnepessa

Due to 1, 5 — 2 m deep rooting, the plant is uswetf an underground water and
can survive dry shells. But heavy drought can cdlnsaveakness of the plant, its’ can
be badly attacked by pests, disease and weeds$isncase chemical protection is

necessary.

5.5.1.4 Helianthus tuberosus

Helianthus tuberosus topinambur Picture 11: Helianthus tuberosus

A

belongs to family Asteraceae It is a

herbaceous perennial plant growindlL{cb %
- 3 mtall. ‘
Average yield of green matter can var
from 5 to 48t.ha?, the tubers’ yield varies
from 4,4 to 76,5 t.ha'. Average heating
value of dry matter 48,032 MJ.kg" and
average heating value of tubersls, 344
MJ.kg™ (STRASIL, 2002)
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Founding the growth on the experimental field in Mddavia

Topinambur wagropagated by tubers. Whole tubers or pieces abowg were
covered to a depth of 10 cm and planted 40 cm apadws which are 70 cm apart.
Topinambur was planted on the experimental fielthexmiddle of May 2007.

Note: Loosening of soil is recommended before plantimigpinambur should be
planted as early as possible in the spring whenstilecan be satisfactorily worked.
Late planting usually reduces tuber yields and sea@usly. Planting was done late in
Chisinau due to the late delivery of tubers. Tulmergs pieces larger than 50 g do not
increase the yield, though those smaller will daseeit. Deeper planting may delay
emergence, weaken the sprouts, and cause the tob#gselop deeper, making harvest
more difficult.

Recommendation for the harvest

The tubers can be harvested in autumn or sprimgntdogical spring harvest is
more suitable. The tubers’ harvest can be donedbgt@-harvesting machinery with
predominantly hand — digging.

The harvest of stems for energetic purposes ismawnded to do in spring before
tubers’ harvesting. Stems can be harvested byadtar.

Note: Harvested tubers - good, sound, disease free easutcessfully kept several
months in cold storage at a high humidity (100 %)l @ temperature of 2°C before
being processed into bioethanol.

Advantages of topinambur cultivation:

e Topinambur is a very easily grown plant, it cancaszls in most soils, along roads
and the edges of forests, in any odd bit of groshdded or open, can grow
successful in very poor soils;

» It survives in dry regions and tolerates hot to-satp temperatures. The tubers are

very cold-tolerant and can be safely left in theugrd in the winter;
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* The plant can tolerate strong winds;

* It is good weed eradicator; it makes so dense deslizat few other plants can
compete;

* Dry above growing biomass is a very potential epesgurce with a high heating
value. Beside it stems and leaves are rich in fpatdein and pectin, and make good
forage and silage.

* The tubers are in great potential for bioethanobpction. Ethanol yield is abou¥
l.t-1 of tubers. The tubers can be also used in foodsinguthey content inulin,

which is tolerated well by diabetics. The tubens ba also used to fatten livestock.

Suggestions and recommendation for the future culiation of topinambur in

Moldova

In my opinion topinambur can be very perspectivergy source in the conditions
of the Republic.

Due to high tolerance of wide range of soils, lormmend using for topinambur
cultivation the soil that is unsuitable for othepgs. Heavy soils produce the highest
yields, but the tubers are easily damaged at hiatwes so lighter well-drained sandy
loams are more preferable.

According to the Research Institute of Plant Préidacin Lukavci, Czech
Republic the yield of dry matter responds to Niligetion. The 60 kg.ha-1 N rate
increases the stems’ yield up to 27%, 120 kg.harathl up to 32, 4 % compared with
the no nitrogen treatment. So it can be suggestéettilize the plant with N in order to
get better yield of above growing biomass.

It is necessary to remember that plants can besiveaSo in case that topinambur
is included into the crop rotation is recommendeglant as a following crops spring

mixed crops or feeder root-crops.
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5.5.1.5 Miscanthus sinensis

Miscanthus sinensis Miscanthus Picture 12: Miscanthus sinensis

belongs to family Poaceae Is a

herbaceous perennial plant growing up

3 m (rarely 4 m) tall.

average dry matter yield composé$
tha andin the third and latest years thyzs HEge

average yield can reach uplb - 25 t.ha"

of dry matter The heating value of the dr
plant biomass is19, 0 MJ.kg. The

energy vyield is268,3 GJ.ha (KARA a

kol., 2005).

Founding the growth on the experimental field in Mddavia

Miscanthus was propagated by rhizomes. About 100ty rhizomes were planted on
the experimental field in the middle of May 200@ck rhizome was covered to a depth
of 10 cm and planted at 1m3.

Note: The best time for rhizomes’ seating is middle ofiRefore the rhizomes start
to sprout, otherwise young shoots can be damagedmypulation. Planting was done

late in Chisinau due to the late delivery of rhizsm
Recommendations to harvesting

Harvesting can be done by mobile self-propelled aartter. The best harvesting
period is form January till March when the plany anatter content is the highest.

Miscanthus is not harvested in a first year, bigrles harvested annually.
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Advantages of Miscanthus cultivation:

e Miscanthus can tolerate a variety of poor condgjdncluding soils of various pH,
soils that are acidic, sandy, loamy, clay or sligltkaline, it has low demand of
nutrients andaloesn’t require lot of water especially in the late developméeagss,
so there is no need aidditional fertilizer and irrigatignand hot summers; slight
drought can be tolerated when the plantation ebdished;

* Miscanthus tolerates strong winds, so the plamadimesn’t lodge during the winter
time (for example, it is a big advantage of Mistastin compare with sorghum)

 The plant is very resistant against insects an@adiss and doesn’'t need any
protection during cultivation;

* Miscanthus needs a short time to obtain a full patigtity of plantation;

* Perennial plantations of Miscanthus play an impurtale in order to soil protection
and revitalization as well as for landscaping;

e Miscanthus has a great potential for heat prodaoctipy combustion or by
pyrolysis). The combustion of Miscanthus balestéadier and cleaner than wheat
straw combustion, probably because of better airament in the bales;

e Miscanthus has low ash content (2-3 %) comparedh wther lignocelluolosic
species. Ash from miscanthus biomass combustiorbeapplied as field fertilizer.
The miscanthus ash contains 2-3 times more minaraiis3-10 times less heavy
metals comparable with tree ash;

* Besides the energy industry the raw materials ofclliithuscan be used for the
paper production, for insulation and building, iaynbe used like ornamental plant
in the houses, parks and gardens as well as Isle&eding. The flowers are useful

for dyeing.

Suggestions and recommendation for the future culiation of Miscanthus in
Moldova

| suppose that Miscanthus can grow almost everysvhar the territory of
Moldova. Higher precipitations and higher tempeamatwuring vegetative period

increase the biomass yield. It is better to iregatduring the heavy drought especially
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in the south of the republic. | don’t recommendctdtivate Miscanthus near river or
lake banks, because it doesn’t tolerant the wajgnhg. And salt soil is not very
suitable.

Miscanthus grows better in warmer areas. It is irgy to know that the plant
can freeze out during the first winter after plagtiln order to keep the plantation is
recommended to cover it with 100 — 150 mm of sttayer for the first winter or to
seed the white mustard to inter-rows at the entlbyf — beginning of August at the year
of plantation establishment. But comparing withgbam, Miscanthus has smaller
temperature requirements.

The plant can be included into the crop rotatiosteay in agriculture land. It is
suitable to plant it after tuber crops such as su@p@et and potatoes, after pulses and
cereals or after rape, sorghum or corn. Miscangras/s well on non-agriculture land
and on roadsides, forest edges, sides of reserwirdd fields following fires, in the
mid to upper slopes as well.

The significantbarrier for the large utilization of the Miscanthus in Mova is
very high cost of the plantation establishment. Bomsidering the long duration of
plantation (10 — 20 years), high biomass yield gneht energy yield the plantation
establishment will repay.

5.5.1.6 Camelina sativa

Camelina sativa - false flax Picture 13: Camelina sativa

0

belongs to familyBrassicaceaelt is a *
herbaceous annual plant growing uto
6-1, 2 mtall. The average vyield of seed:
is 0,2-1,8 t.ha" and the average vield
dry matter isl,1-8,3 t.ha".

Combined heat of dry straw biomass
15, 2 MJ.kg"' and the energy yield i
58,2 - 98,3 GJ.had.rok (JEZKOVA,
2002).
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Founding the growth on the experimental field in Mddavia

Seeds of winter false flax were sown on the expemia field in the middle of
September 2007. Sowing was done in rows in thamtsts of 13 cm between the rows

and 1-2 cm in depth.

Note: recommended period of sowing is the end of Augost,to reach high results
false flax requires early sowingowing was done late in Chisinau due to the late

delivery of seeds.

Recommendation for the harvest

False flax is harvested in its full fledged staiéhvordinary harvesting threshing-
machine, without the necessity of adaptation. (Bseahe false flax is unpretentious to

agricultural engineering, it is preferred to rapen-flower etc.).

Advantage of false flaxcultivation:

» False flax is a verjaumblecrop. Suits almost for all pitches, is not preteasi to
substances. Is very resistant to droughts andatete low temperatures;

e It has short growing season (3 to 3,5 months);

« Possible to grow without pesticides, false flarasistant to diseases and pest;

* The plant has many-sided utilities. Straw is used Hurning and also for the
production of brushes and brooms. Corn containg433-of oil, which can be used
cosmetic and manufacturing industry (colour produnctpaints, lubricants, oil and

soups).

Suggestions and recommendation for the future culiation of false flaxin Moldova
False flax could be a very suitable variation te t& poor and endangered soil

with erosion. | would not recommend growing it oeakily flooded, acid and very

fertile soil.
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False flax can be included in plant rotation, itsgen very well after almost all
preceding crop except crops froBrassicaceaetribe. The best preceding crop are

leguminous and leguminous-cereal mixture.

5.5.1.7 Phalaris aquatica

Phalaris aquatica- Harding grass Picture 14: Phalaris aquatica
belongs to family Poaceae It is a
herbaceous perennial plant growing
to 1-1, 5 mtall. The average yield of dr
matter is19, 8 t.ha' (Australian Journal

of Experimental Agriculture, 2006).
Combined heat of dry biomass ij
18, 4 MJ kg' (Journal of Applied ,

Ecology, 1982).

The requirements to soil and climate condition,ghaciples of plant sowing and

harvesting are very similar ®halaris arundinacea.
Founding the growth on the experimental field in Mddavia

The plant seeds were sown to the cultivated lanéxpierimental field in the
middle of September 2007. The depth of sowing wa8 Zm and the width of rows —
15 cm.
Note: This grass is slow to develop from seed.

The recommended periods of sowing are: from Mailtldune or during the August.

Sowing was done late in Chisinau due to the lalieaty of seeds.
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Recommendations to harvesting:

Harding grasshat is cultivated for energy purposes is not hstee in a first year.
Starting from the second year the dry biomass iarlyeharvested by common

agriculture machinery and the best harvesting gasan spring.

Advantages of Harding grass:

* Very resistant and drought tolerant grass. Growsaomvide range of soils,
moderately shallow, moderately acidic, sedimentois to deep, self-mulching,
alkaline clays. Tolerates wet soils, flooding anoderately saline soils;

* Very resistant against insects and diseases, doaspd any protection during
cultivation;

» Capable of aiding in the control of many seriougdg

« Beside energy use, is widely used as forage.

Suggestions and recommendation for the future cultation of Harding grass in
Moldova

Harding grassan grow well in many areas of the Republic. It bansuitable to
table-lands and slopes as well as waterlines.

It is recommended to plant Harding grass on sddcééd by erosion in order to
use its ability to soil conservation.

5.5.2. Energy treegPopulous trichocarpa x Populus koreina, Populugraix

Populus maximowiczii, Salix viminalis, Salix alba)
As energy trees were chosen to be grown in Moldathiay were specially

improved for energetic purposes fast-growing cloofepoplars Populous trichocarpa

X Populus koreina, Populus nigra x Populus maxincaiyi and willows @Galix
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viminalis Salix albg. After five years under optimum conditions theynaeach up to10
—15 m high.

The heating value of poplar wood chips (differeiones) is18, 7-19, 2 MJ.kg:;
heating value of willow wood chips (different cla)ds 18, 2—19, 0 MJ.kg (KARA,
1995). The average energy vyield of chosen energgstis140 GJ.ha® (Kolektiv
reSitefi, 2006).

Common recommendation for fast-growing trees cultiation

Preparation of planting material

The chosen clones of poplars and willows as plgntiraterial are the cuttings
(18-22 cm long and 8 - 20 mm wide) cut from anrstaims cuts (sprout). It is necessary
to store the stem cuttings for planting in suitatitrages. During the short-term storage
(1-2 months) is the optimum temperatures +2 + 4 [é&@.the long-term storage (5-7
months) is recommended lower temperatures 0o - An@ high dampness. In the time

of planting it is good to dip the cuttings into twvater for one day (RILOG, 2004).

Soil preparation

Before the planting out of the cuttings it is nesaag to make a deep ploughing in
autumn (35 cm). For the spring preparation it issille to use the combined skids with
gates, cultivator, and rotavator. The soil muswie# worked out to the depth of 20 cm,

for easy planting.

Planting

Planting is done manually or with the help of methation (for example classical
forestry two-row planter behind the tractor). Stemttings are planted upright almost at
the surface level of soil — stem cuttings can stigkat the height of 3 cm above the soil
surface, very important is the cementation of aoilund the stem cuttings. Planting is

necessary to be done at the beginning of sprinthatahe cuttings catch up as much of
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moisture needed to grow and rooting. According t&ER, KNORR, 1997 when
planting into one-row it is recommended to make&std 3 m distance between rows,
cuttings are plante,5 m from each othgplanting parameters must correspond with

the width of available panting a cultivating maash
Treatment of fast-growing trees during vegetation ad fertilization

With regard to big sensibilities of young timber®t in competition with weed,
it is very important, especially in the initial tage of growth, to ensure the side
cultivation with manual hoeing in an instant distance of the plaat.the mechanical
treatment of the young plants during vegetatiaguits to use the combined cultivator or
rotated mulch-laying machine. Cultivation is done2nd — 3rd year after planting out.
In following years cultivation is useless.

In most cases fertilizing is necessary.
Harvest of fast-growing trees

A plantation of fast-growing trees is harvestedson called very short rotation,
which occurs in 3rd or 6th year. The lifetime o thlantation is generally 15-25 years;
this means that, the harvest is done 4-8 times. shwet rotation harvest is not
recommended, because with it the total productiiactvity of biomass can be
reduced (RILOG, 2004).

The annual average increment in dependence tohlaighe rotation, clones and
the location of poplars and willow is abdito 25 t.ha' (table 10.

Note: The table 10 shows that, in the case of poplars the annualndiiter
increment and the total yield of dry-matter woukl feerspective to choose the six year
rotation. Besides, willow has the annual averaggement higher after three year
rotation. The table based on the experience of iMB#NKORA from Czech Republic
shows that the total yield of poplars is much highen the total yield of willows. That
is why it will be very important to focus the attem on this fact and to monitor the

yields of chosen trees in different period of rimatin the conditions of Moldova.
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Table 10: The annual average increment of dry-matter andataé yield of poplar and

willow clones in dependence on the length of rota(t.ha-1).

Poplar Willow
Three yeatr Six year Three year Six year
cycle cycle cycle cycle
Annual increment 15,6 21,2 10,1 8,9
Total yield 46,8 127,2 30,3 53,4

Source:SINKORA, 2008

Fast-growing trees are harvested in winter (Decesivtaach), when the soil is
frozen and the dry-matter is high as (50 %). Curneethods are used to fell timber i.e.;
with the help of a power saw, in some cases hyaraulpneumatic shear. The chopped
down material can be worked out right on the plaotawith the stationary or mobile
crusher and chips are taken to storage halls, whedeing dried out to dampness of
20-30 %. As advantageous, though energy pretensahe method of transporting the
cut down timber from the plantation and carry ouwtsbing after drying out and before
consumption. Above mentioned methods are labo@malsexpensive.

Founding experimental plantations fast-growing tres in Moldavia

Planting material, brought form Czech Republic told&via, was stored for a
short time under correct storage conditions. Befptanting, a very good soil
preparation was done in spring. Stem cuttings wegiaually planted in the middle of
April 2007. One stem cutting on 1 m 3, under annc@ahdition and methods of

cultivation and harvest.

Advantages of growing fast-growing trees species

« Very high energy vyields;
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» Survival of clones used for energetic purposesery iigh and tree morbidity is
very low, there are not known any symptoms or dazause by abiotic or biotic
factors (LANDA, 2004);

» Fast-growing trees have excellent regenerative libgoes — very active

overgrowing capability after scarfing the overhgad;

When growing fast-growing trees, the soil relaxesmf chemical fertilizers and

recovers the natural composition;

» Establishing the fast-growing trees plantationssenés an effective non-grocery

used of an agricultural land;

» Plantation of fast-growing trees has a capabilftyholding back water, by which it

markedly reduces the ablation of most fertile tayaf arable land;

* Plantation of fast-growing trees can function ligenatural wind-break, which

obstructs drying out of soil, wind erosion ;

* The important function of the plantation is isabatiand reduction of negative
activities of surfaces and object: reduction oftoheéss, noisiness, formation of root

shutters to protect water sources;

e Biological and landscape functions of energy plaoais very important: creation
of bio-corridor and forest companies in a non-foregricultural landscape,
increasing biodiversity of agricultural landscapleelter and food for small animals,
breeding place of birds(MAFI, 2001).

Suggestions and recommendation for the future cultation of fast-growing trees in

Moldavia

Growing poplar clones.Poplar clones grow well in neutral or weak acid. #cid soll
under the pH 5 is not suitable for this type oftan (MOTTL, URADNICEK, 2003).
Optimum locations are characterized by the susdaimgation, which poplar needs for
maximum production. That's why | would recommentibbishing plantation of fast-

growing poplar near the water flow. Poplar tolesatmnv weeks-long floods. According
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to MOTTL, 1998 cloneP. nigra x P. maximowiczgrows well on a wide spectrum of
locations even in piedmont areas (350 — 500 m.dtshows quick terminal growth in
initial stage and thick branches in the lower pdrthe stem, which good for repression
of weeds. Cloné®. trichocarpa x P. koreans more pretentiout the soil preparation
and Feeding out. Poplar is very productive undevdgoonditions. It also displays
resistance against late frost.

Growing willow clones. Willow clones best grow in clayey and clayey-sanaiich
can keep the moisture even in summer. AccordingANDA, 2004 cloneSalix alba
prefers waterlogging locations, bottom land aldmg Wwater stream, damp green fields.
Clone Salix viminalisgrows well on a wide spectrum of locations ovedasiope soil,
to humus and flooded land of water stream from Ipigsitions to lowlands. They don’t
grow well on underflooded and gley soils, it istbeplant to plant white willow in this

places. Clone can be used in dryer locations, secidis adaptable to agricultural soil.

5.5.3. Monitoring of the energy plants growing in Mldova

There are five monitoring were done during the ywaorder to monitor the
growing process and measure the main grow parasnetehhe energy plants such as

high, survival and others.

e 1%'monitoring — end of April 2007

The first monitoring was done two weeks after plamthe first energy grasses
and trees. The grasses which were sown by seette imiddle of April -Phalaris
arundinacea, Malva crispa, Rumex tianschanicus m&upatientichaven’t intergrow.

It was normal, because the grasses are develomingthe seeds slow.

All clones of energy trees have already startedrtav actively. The first leaves

start forming from buds on the majority of plantsgam cuttings; it means that the

cuttings of energy trees have started to root.

Below there are represented fiteotos of fast-growing trees two weeks after planting.
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«  2"monitoring — middle of May 2007

The second monitoring was done 1 month after pigntt the same period when
another energy grasseslelianthus tuberosus, Miscanthus sinengge planted on the

experimental field.

The energy grasses which were sown in the middiepoil still haven't rise up,
but it was expected, because the grasses usuatsmaore time to develop from the

seeds.

The root system of the energy trees continued teeldp. New leaves were

formed.

« 3 monitoring — middle of September 2007

The third monitoring was done 5 months after thevisg of three first grass
species and 4 months after the planting of tworogiha@ss species. The monitoring was

done together with sowing of new grasses sudbaaselina sativa, Phalaris aquatica.

The monitoring shows that all energy grasses havesg; and it was clear that
they haven't survived and were killed probably sfremely dry summer. This year in
Moldova the average precipitation was not evenhidé of the normal summer norm.
Taking into the account that even normal averageeabsummer precipitation is low, it
can be concluded that the summer was really drdsdie planting could be the reason

thatHelianthus tuberosand Miscanthus sinensiould not stand the drought.

In spite of heavy drought the situation with 5 mienbld energetic trees was
different: Salix albahas reached up to 73 cm in average (but only 32#i® planted

trees were risenfBalix viminalis- up to 48 cm (and 80% were riseRppulus nigra x
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Populus maximowiczi up to 35 cm (about 50% were riseRppulous trichocarpa x
Populus koreina -up to 30 cm(and 45 % were risen). These growing parameters of
energy trees are represented ongitagh 10.

Graph 10: Average heights and survivals of poplars and wiiaas of the middle of
September 2007
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From thegraph 10 is visible that the willow clones acclimated vewvgll, better
than poplar clonesSalix albareached the highest height, even higher th8alix
viminalis but it survived much worse. By comparing clonépaplar, you can see that
P. nigra x P. maximowiczghowed a little bit better results in both pararstit grew

higher and survived better.

Unlike the grasses, the trees could survive drymsemthanks to the rooting
system of trees that started to grow and develéprdevinter started. It's assumed that
nearby lake played a very important and positive.rohe experimental field with trees
is 4 meters away from the lake and probably thelle¥underground water nearby the

lake is high, so it helped trees to get water amdige drought.

« 4" monitoring — end of November 2007

The monitoring was done 2 months after the lassgispecies sowing. Both
grassesCamelina sativaas well asPhalaris aquaticadeveloped from the seeds and

young seedling stands appeared above the groueld lev
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The 7 months old energy trees continued to grove fitimber of survived trees
hasn’'t changed, that proves the creation of a goatl healthy root system and high
tolerance of the young trees to autumn frost. TVerage height of the trees was as
following: Salix albaup to 100 cmSalix viminalis- up to 70 cm/Populus nigra X
Populus maximowiczi up to 51 cmpPopulous trichocarpa x Populus koreinaup to
45 cm. The situation of trees species growing @wshon thegraph 11.

Graph 11: Average heights and survivals of poplars and wiloas of the end of
November 2007
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During 3 months from the last monitorir§. alba have increased to 27 cm,
S. viminalis— 22 cm,P.nigra x P. maximowiczi+ 16 cm,Populus trichocarpa x
Populus koreina- 15 cm. It can be concluded that autumn climate vary suitable for

the trees growing.

« 5" monitoring — beginning of April 2008

The monitoring was done at the moment when theggngrasses sown in the
middle of September were about 7 months Glamelina sativagrew densely tuft with
height of 10 cm tall an@®halaris aquaticagrew in a brushwood way with height of 30

cm. The grasses have shown good and intensive rgtewin spite of late sowing.
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The monitoring of 1 year old energy trees plantasbowed that trees survived
winter very good without losseSalix albahas reached up to 120 cm in averdggpix
viminalis- up to 96 cmPopulus nigra x Populus maximowicziip to 70 cmPopulous
trichocarpa x Populus koreina up to 62 cm. The main monitored parameters of the

trees growing are represented ondgheph 12

Graph 12: Average heights and survivals of poplars and wii@s of the beginning of
April 2008
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There is no biological difference between thesestigan be seen on thmph 12,
which is the number of stem shoots. Willows madearage of 2, 6 stem shoots, and
while poplars almost only one shoot. It is possitieassume that this rate doesn’t
change even after the first scarfing. Poplars sgimots are usually thicker then
willows. For example, on the last monitor it wasasered that the average diameter of
poplar shoots near the main stem cutting was appedgly 0, 7 cm; the diameter of
shoots in the high middle of the tree was 0,6 dra;average diameter of willow shoots
near the main stem cutting was approximately 0,5tbendiameter of shoots in the high

middle of the tree was 0,4 cm.
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This and previous monitoring show that willow adsnexceed the poplars by
height and also survival in average. Survival \&ey important parameter, because the
higher survival leads to smaller expenses and higtedd of dry matter and higher
energy Yyield too. On the whole, it is possibledy that the survival can be improved by
using agrotechniques especially by preparing sgairest weeds and also irrigation. In
the first year the slow growth of poplars is ndbiading deficiency, because it could

later change into a success”well-growing” poplar.
More photos from monitoring are listed in ANEXX 4.

5.5.4. Comparison of experiments on energy treesawing in Moldova and
Czech Republic

Some years ago a similar experiment of energy tgee&ing was done in The
Silva Taroucy Research Institute for Landscape @nthmental Gardening in the town
Pruhonice in Czech Republic.

On thegraph 13 are presented the results — the average heigttswamivals of

the same clones of energy willows and poplars.

Graph 13: Average heights and survivals of poplars and willowthe 1st year

vegetation on the experimental field in Pruhonice.
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By comparing the results from tigeaph 13 and thegraph 12it can be concluded that:

« Both experiments are similar in that willow clonesthe first year of vegetation
show better grow parameter than poplar clones.

* The experiment from Moldova confirmed the resuft€mech experiment about the
faster growing ofSalix albain comparison wittsalix viminalis.

* Both experiments show that tlaverage height and survival &opulus nigra x
Populus maximowiczis higher then oPopulus trichocarpa x Populus koreina.

* The only difference is in survival &alix abla.The survival rate o8. albadefined
by Czech experiment is higher than the surviva mdS. viminalisThe experiment
in Moldova shows much better survival 8f viminalis.Poor survival ofS. albain
Moldova can be explained by that its plantatiosiisated on the field border near
uncultivated land, so young stem cuttings coulatb@ched by weeds.

e Having compared the experiments it is also visthk all trees in Moldova reach
higher height than in Czech Republic. The posslglanation reasons are the soil
and climate conditions of the location in Moldova aore suitable for these plants,

but irrigation is requirement during heavy droughiesre.

Comment: It should be mentioned that the land area neathbylake, where energy
trees and grasses suchGasnelina sativaandPhalaris aquaticavere grown, was given
into the property ownership of Aqua Agency. And theldavian State Agrarian
University has allocated a new field for the expmmt. In the middle of April 2008
there were planted new energy plants on the nel, fiscluding new and the same
species planted in 2007; and energy trees werarmrtga from the old to a new

experimental field.
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6. Conclusions and recommendations

This M.Sc. Thesis consists of 6 chapters includimigpduction and conclusions
and recommendations. The thesis was elaboratedhenbase of the collected
information and my own experience from the Repubfidoldova. Accordingly to it,

the following conclusions and recommendations ctdormulated:

1. Moldova has a very vulnerable energy sector; itecevalmost 97 % of the total
energy supply from external sources. An importaitigbution to the increase of
energy security of the Republic could be broughbuabby the utilization of

renewable energy sources, such as wind, solarptart bioenergy.

2. Apart form the big potential of renewable energyurses in Moldova, its
development is still in a very low level, first afi because of poor and inadequate
interest from the side of government, because e@fldbk of low and force, lack of

experience and information and lack of appropreaeipment as well.

3. Bioenergy — the energy produced from biomass islinkeéd with the problem of
distribution as it is with other renewable energurses, biomass is available
everywhere and its utilization is cheap. Thankdttand due to the agricultural
character of the country, biomass is seems to dentbst effective energy source in

Moldova.

4. The main existing source of biomass in the couwitll impressive energy potential
is waste biomass represented by agricultural residiout is not purposely used up

to now.

5. In comparison with waste biomass the cultivationeoiergy plants for energy
production could have the same or even greaterrtapoe in Moldova due to their
higher energy yield and its invaluable and positingact to soil, biodiversity,

landscape and etc.
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6.

In April 2007 the first experiment on energy plagt®wing have been started in
Moldova on the field of the State Agriculture Unisiy in Chisinau within the

framework of development project of Czech Universif Life Sciences Prague.
The results of the first year showed that energgssgs planted before drought
haven’t risen, energy trees rise well, but themsal is low, energy grasses sown
after drought are growing very actively now. Soisitecommended to irrigate the

plants during very dry periods of year in ordeimtcrease their yields and survival.

. | recommend to the University to widely use thispesimental field for

demonstration purposes in future and for miltiggdoary education as well.
Students of different faculties and specializatioas have practice there. It is very
important to expand the knowledge about energytplas energy source by this

way, due to the big gap of knowledge and experiegmtiéis question in the country.

Advisory services in the field of biomass energg,umnergy plants cultivation and
processing as well as new experiments on energysprowing in order to detect
the most suitable plants for future implementatwii play and important role.

Government support is needed, because governmemt ocganize a large

information campaign.

It is too early to summarise the results of engrigyts growing in Moldova as it

is the only the beginning of field-tests. But nesigsof that kind of experiment is really

huge and already visible. | do not close this tdgyidV.Sc. Thesis elaboration; | would

like to continue it during my following studies.
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8. List of Abbreviations

Bos basic oxygen steel

bbl barrel

bcm billion cubic meters

b/d barrels per day

Btu British thermal unit

CCGT combined-cycle gas turbine

CHP combined heat and power (plant)
CNG compressed natural gas

CO carbon monoxide

CO2 carbon dioxide

COG coke-oven gas

CV calorific value

DAZA Database of information about renewable eneegpurses
DM dry matter

EHS electrical and heat generation stations
EJ energy yield

FFVs flexible fuel vehicles

GCV gross calorific value

GHG greenhouse gas

GJ gig joule, or one joule x 109 (see joule)
GJ/t gig joule per tone

GDP gross domestic product

Gcal gig calories

GWhlyr Giga Watt/year

IEA International Energy Agency

J joule

kWh kilowatt/hour, or one watt x one hour x 103
kV kilovolt

LNG liquefied natural gas

LPG liquefied petroleum gas; refers to propaneahetand their isomers,
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which are gases at atmospheric pressure and ntempkrature
HEP hit and energy plant

MBtu million British thermal units
MJ/m3 mega joule/cubic meters

Mm3 million cubic meters

MPP main (public) power producer
MSW municipal solid waste

Mtce million tones of coal equivalent (1 Mtce=0.7dd)
Mtoe million tones of oil equivalent

MW megawatt, or one watt x 106

NCV net calorific value

Nm3 normal cubic meter

NOXx nitrogen oxides

NPK Nitrogen, Phosphorus, Potassium
Ppm parts per million

PV photovoltaic

REPPRenewable Energy Policy Project
RES Renewable Energy Sources

tce tone of coal equivalent = 0.7 toe
TFC total final consumption

TJ terajoule, or one joule x 1012

toe tone of oil equivalent

TPES total primary energy supply
VFAs volatile fatty acids

90



9. List of annexes

Annex 1:

Schema 1: Direct combustion of biomass
Schema 2: Biomass gasification

Schema 3: Briquetting press MULTIBRIK

Annex 2:

Map 1: Map of the Republic of Moldova divided imegions
Map 2: Wind energy potential, wind map of Moldova
Map 3: Hydropower potential, map of Moldavian riser

Map 4: Biomass potential, map of biomass distriuin Moldova

Annex 3:

Table 1: Energy prices in Moldova (2004) —electyici
Table 2: Energy prices in Moldova (2004) —natuis g
Table 3: Energy prices in Moldova (2004) —heat

Annex 4:

Schema 1: Experimental field with energy grasses

Schema 2: Experimental field with fast-growing se&d energy grasses
Photos: Monitoring of experimental fields in Chesin

91



ANNEX 1

Schema 1: Direct combustion of biomass

Direct Combustion / Steam Turbine System

Exhaust
FURNACE'BOILER

Steam

TUREINE

PREPARATION
AND
PROCESSING

Elactrici
Biomass SRy

GEMERATOR

Condensate

Source:U.S. Department of Energy

Schema 2: Biomass gasification

‘— ECGVERY =

FLUE 918

MEDIW BTW
FRCGUCT ChF

Source:U.S. Department of Energy
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Schema 3: Briquetting press MULTIBRIK
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ANNEX 2

Map 1: Map of the Republic of Moldova divided intoregions
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Map 2: Wind energy potential, wind map of Moldova
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Map 3: Hydropower potential, map of Moldavian rivers
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Map 4: Biomass potential, map of biomass distributn in Moldova
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ANNEX 3

Table 1: Energy prices in Moldova (2004) -electrity

clciiy

bani/kwWh

1. Supply of electricity from producers

CHP-1 39.10
CHP-2 35.19
CHP North 38.56
HPP Costesti 9.71
2. Services of dispatch and transmission through thnetwork of State 3.52

Company "Moldelectrica"
3. Supply of electricity by RE Chisinau, RED Centerand RED South

for consumers connected to 110 kV lines and guadpvith meters of 55.00
high performance at the delineation points

for residential consumers who leave in dwelliagsipped (accordingtoc  60.00
design) with electric stoves

for other consumer categories 78.00
4. Supply of electricity by RED North and RED North- West

for consumers connected to 110 kV lines and guadpvith meters of 55.00
high performance at the delineation points

for residential consumers who leave in dwelliagsipped (accordingtoc  53.00
design) with electric stoves

for other consumer categories 70.00

5. Supply of electricity to residential consumers Y RED North and RED
North-West at optional tariffs

monthly consumption up to 50 kWh* 55.00
monthly consumption over 50 kWh 1.65
Lei/lkWh

Source:National Agency for Energy Regulation, 2004
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Table 2: Energy prices in Moldova (2004) —natural gs
Natural Gas

Tariff
without VAT

lei/1000 m3

1. Natural gas supplied from gas distribution statons (SDG) 913.49

Natural gas supplied by Moldovagaz JSC from th&iligion pipelines to
enterprises not belonging to Moldovagaz and supglwiatural gas to final
consumers

Distribution enterprises connected to high presgipelines 968.30

Distribution enterprises connected to medium sues pipelines 987.15
2. Natural gas supplied to combined heat and powgalants (CHPS) 846.00
3. Natural gas supplied to specialized enterprisder generation and 1000.00

centralized heat supply

4. Natural gas supplied to residential consumers i a monthly 1080.00
consumption of up to 30 m3 (included) per apartmenfhouse)*

5. Natural gas supplied to residential consumers i a monthly 1360.00
consumption exceeding 30 m3, other final consumers

6. Natural gas transportation through mains 60.45
7. Natural gas distribution and supply through distibution pipelines 130.37

Source National Agency for Energy Regulation, 2004

Table 3: Energy prices in Moldova (2004) —heat

Tariff without VAT
lei/Gcal
hot water
CHP-1 136.00
CHP-2 110.00
Heat supplied to consumers by CHP-North 299.00

Source: National Agency for Energy Regulation, 2004

1 EUR = 15.0694 LEI (National Bank of Moldova, 22.05) 1 EUR = 16.1546 LEDH.05.08)
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ANNEX 4

Schema 1: Experimental field with energy grasses
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Maize was cultivated at the border of the field as a protection

Schema 2: Experimental field with fast-growing tres and energy grasses
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Planting of Populus trichocarpa x Populus koreina
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Monitoring of growing energy trees, end of NovembeR007

Salix alba
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middle of April 2008

Monitoring of energy grasses

Camelina sativa
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Salix alba

Salix viminalis
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