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1

INTRODUCTION

Armenia as signatory to Paris Agreement has identified the priority sectors for mitigation and adaptation
as part of its Intended Nationally Determined Contributions. The waste management, including
agricultural waste management sector is included in the list of main contributors to GHG emissions in
the country.
The agriculture waste dumped in landfills or discharged to lagoons is creating methane emissions, which
is one of strongest greenhouse gases. At the same time, it is a missed opportunity since this agricultural
waste can be used to produce renewable energy and/or be used as organic fertilizer.
The current environmental legislation in Armenia, although recognizing the negative impact of
agricultural waste on environment, is not able to enforce the implementation of the agricultural waste
environmentally safe management. The absence of positive experience and practical knowledge on
modern technologies and corresponding expertise in local institutions is considered obstacle to enforce
environmental legislation. During last years, number of big animal and poultry breeding, mushroom
production and greenhouse farms were constructed in Armenia. The concentrated production of
agricultural waste on such enterprises is creating growing concerns to the Ministry of Nature Protection.
Correspondingly the impact of such farms on local environment, soil, water and air basins is creating
complains by neighbouring communities.
In Armenia, the use of biogas is still undeveloped despite a high potential for the future. Armenia’s
national energy target for 2020 is a 20% share of energy from renewable sources in the gross final
consumption of energies. Thus, a higher use of biogas will be necessary to reach this national target.
The renewable energy law regulates the implementation of renewable energy projects and guarantees
they feed into the public grid. Consequently, the grid operator is obliged to purchase all the renewable
generated electricity from biogas plants.
The renewable energy development is considered as core objective under Armenia’s energy strategy,
however there is not enough knowledge and engineering experience in biogas technology in the
business community in Armenia, thus the potential for scaling up activities in the biogas sector was not
explored.
At the same time, the technology has proven successful in EU. In particular, in the Czech Republic there
is broad experience with bio-waste processing, including engineering design, local production and
application for more than decades.
The objective of the study is to investigate the potential for technology transfer of the biogas producing,
engineering and management expertise to Armenian farming companies, which expressed interest in
transfer of Czech expertise.
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2

BRIEF OVERVIEW ON ECONOMIC AND
ENVIRONMENTAL BENEFITS IN THE CZECH
REPUBLIC

2.1

Support for electricity generation from RES in the
Czech Republic

The Ministry of Industry and Trade (MIT) is responsible for the development and implementation of
renewable energy policy in the Czech Republic. OTE, the market operator, is responsible for determining
amounts of support, FITs and feed-in premiums (FIPs) (green bonuses) for electricity produced from
RES. The energy sector regulator, Energy Regulatory Office, is responsible for the calculation of an
annual regulated levy to recover a portion of costs of supporting renewable energy.

2.1.1 Operational support (purchase prices and green bonuses)
Legal regulation of support for the use of energy from renewable sources is based on Act No. 180/2005
Coll., on promotion of electricity generation from renewable energy sources. In 2013, a new Act No.
165/2012 Coll., on supported sources of energy, and on amending certain acts, was enacted, which
repeals Act No. 180/2005 Coll. A part of the Act took effect in 2012. The objective of the new act was to
regulate conditions for promoting renewable sources, such as to allow for more efficient fulfilment of the
binding target for a share of energy from renewable sources in gross final energy consumption in the
Czech Republic, and ensure an increase of the share or renewable sources in the consumption of
primary energy sources, pursuant to Directive 2009/28/EC. In 2013, Act No. 310/2013 Coll., amending
Act No. 165/2012 Coll., took effect, which, as of 1 January 2014, discontinued operational support for
electricity generation from an electricity generation installation using all renewable sources, with the
exception of small hydro power installations with a capacity of up to 10 MWe, and projects under way
for generation installations using biomass, wind, and geothermal energy, put into operation before 31
December 2015.
Production of electricity from renewable energy sources is supported on the basis of Act No. 165/2012,
on supported sources of energy, and on amending certain acts. The Act was enacted in 2012, in order
to implement European Parliament and Council Directive 2009/28/EC, and to streamline existing forms
of support. The Act establishes two systems of operational support for the production of electricity from
renewable energy sources: through purchase prices and green bonuses. These schemes cannot be
combined; a producer must select a system under which it will produce, with purchase price support
being available only to selected production units, in order to give priority to support in the form of green
bonuses. Green bonuses are paid out by the market operator, and the purchase price is paid out by a
trader obliged to purchase, as stipulated by law or by the Ministry of Industry and Trade.
Purchase prices were calculated with a view to the wording of Section 12 of Act No 165/2012 Coll., and
are set such as to ensure that, over the lifetime of the relevant kinds of electricity-production installations,
producers were guaranteed a fifteen-year return on their investment. Over the lifetime of the source,
purchase prices are increased by 2% per year, in accordance with the law (with the exception of
production installations using biogas, biomass, and bioliquid).
The Energy Regulatory Authority sets the value of green bonuses in such manner as to take account of
the value of the market price of electricity for each type of renewable energy source. Under this system,
a producer may sell his electricity output to any customer or electricity trader at the market price, gaining
a green bonus in addition. The bonus scheme also permits the use of generated electricity for one’s own
use and the application of a green bonus against this use. Compared to purchase prices, they are
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advantaged, because their value reflects the increased level of risk associated with selling the electricity
produced on the market.
The value of purchase prices and green bonuses for each type of renewable energy source for 2013
are stated in Price Decision of the Energy Regulatory Authority No. 4/2012, of 26 November 2012, laying
down the support for supported energy sources. The value of purchase prices and green bonuses for
each type of renewable energy source for 2014 are stated in Price Decision of the Energy Regulatory
Authority No. 4/2013, of 22 November 2013, laying down the support for supported energy sources.
The basic technical and economic parameters for each type of renewable energy source that enter into
the calculation of support are set out in an appendix to the implementing regulation of the Energy
Regulatory Authority, No. 347/2012 Coll., laying down technical and economic parameters for renewable
sources for the generation of electricity and lifetime of electricity production installations using renewable
sources (the regulation was amended in 2013 by Regulation No. 350/2013 Coll.). The basic parameters
for each type of renewable energy source are the investment costs related to a unit of installed capacity
and the expected annual hourly use of the installed capacity, and the costs of fuel in the case of
electricity production installations with significant fuel costs.
In the currently applicable Act No. 165/2012 Coll., on supported sources of energy, emphasis was put
on providing operational support in the most market-like manner and, hence, on focusing the form of
support primarily on green bonuses, within the meaning of the following:
“The right to choose electricity support in the form of purchase prices is only available to producers of
electricity from renewable sources using the energy of water in electricity producing installations with an
installed capacity of up to 10 MW, inclusive, and other producers of electricity from renewable sources
in electricity producing installations with an installed capacity of up to 100 kW, inclusive. In other cases,
including electricity produced in an electricity producing installation with an installed capacity of up 100
kW jointly from renewable sources and non-renewable sources, the producer of electricity from
renewable sources is only entitled to support for electricity in the form of green bonuses for electricity.
The producer of electricity from renewable sources may, provided the conditions stipulated above are
met, only change the form of support for electricity as at 1 January for the given calendar year.”
The decision about the selection of the form of support is made by the said electricity producer, with a
view to whether the electricity producer uses the electricity produced in its installation for its own use (all
or a portion thereof) or whether 100% of the electricity produced is supplied to the distribution or
transmission network (provided that the producer concerned has a choice). In the first case, the producer
chooses the form of green bonuses, in the second case, the producer chooses the form of purchase
prices.
Directing the form of operational support into green bonuses is fully in line with the rules of state aid,
both in term of legislation for RES promotion and legislation governing the provision of state aid.
The choice of purchase price support is, or, more precisely was, pursuant to Act No. 165/2012 Coll.,
only given to small producers of electricity from RES and producers using a trader with an obligation to
purchase.
A trader with an obligation to purchase is defined in Section 2 (u) Act No. 165/2012 Coll., on supported
sources of energy. A trader with an obligation to purchase is defined as an electricity trader designated
by this Act or selected by the Ministry of Industry and Trade who purchases electricity from a producer
from a renewable source produced in an electricity production installation in a designated area.
The main reason for introducing the system of traders with an obligation to purchase was to facilitate
the development and operation of small electricity producing installations whose owners usually do not
have any experience with the energy sector or energy markets; such a small producer would have a
harder time in negotiating the market price of electricity. To “protect” such producers (within the meaning
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of European legislation requiring more favourable regulatory conditions for such producers), these
producers should be freed of the need to negotiate about the market price of electricity with an electricity
trader (i.e., the purchaser) and enabled to take advantage of selling the electricity produced by it at set
production prices, to traders in the statutory positions of purchasers with an obligation to purchase.
According to Section 10 (2) of Act No. 165/2012 Coll., on supported sources of energy, a trader with an
obligation to purchase must purchase electricity produced from renewable sources to which electricity
support applies, and which was produced in an electricity producing installation located in its designated
region, subject to the conditions stipulated in Section 11 (Conditions of support for electricity, purchase,
and records of electricity produced from renewable sources, secondary sources, and high-efficiency
combined generation of electricity and heat) and Section 12 (Amount of purchase price and green
electricity bonuses). A trader with an obligation to purchase is liable for any divergence at the hand-over
point of the electricity producing installation pursuant to another legal regulation (Act No. 458/2000 Coll.,
the Energy Act).
In addition, a producer of electricity from renewable sources who chose the form of support of green
bonuses on electricity, could also use a bonus for decentralised electricity generation defined by the Act
on supported sources.
Operational support financing:
The costs of supporting electricity and operational support for heat are paid, pursuant to Section 28 of
Act No. 165/2012 Coll., on supported sources of energy and on amending certain acts, through the
market operator, from funds comprising revenues from payments of a price component of the distribution
system service and a price component of the transmission system service for covering costs related to
electricity promotion, and from subsidies from the state budget. An amendment to Act No. 165/2012
Coll. in 2013 extended financing to include other funds generated as revenue from payments for a failure
to meet minimum requirements of energy use efficiency in the incineration of brown coal, pursuant to
Section 6 (5) of the Act on energy management, and funds returned from unjustifiably drawn support
and penalties paid pursuant to Section 51 of the Act on supported sources.

2.1.2 Investment support
A) Investment support from subsidy programmes for promoting electricity generation from renewable
sources:
a) State programmes
- State programme for the promotion of energy savings and use of renewable energy sources (Ministry
of Industry and Trade)
- Green Light to Savings and New Green Light to Savings (Ministry of the Environment)
- Programme for furnace replacements under the Operational Programme Environment OPEnv. 20142020, SC 2.1 (Ministry of the Environment and selected regions)
b) Operational programmes
- Operational Programme Enterprise and Innovation for Competitiveness OPEIC (Ministry of Industry
and Trade)
- Operational Programme Environment OPEnv. (Ministry of the Environment)
c) European Agricultural Fund for Rural Development
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- The Rural Development Programme RDP (Ministry of Agriculture)
Other types of support (Tax exemption, reduction, or refund):
a) Exemption from tax on electricity for electricity from renewable sources on the basis of Act No.
261/2007 Coll., on public budget stabilisation, as amended.
b) Exemption from real-estate tax (pursuant to the Real-estate tax act):


Land constituting one functional unit with a taxed building or taxed unit subject to the conditions
stipulated in Section 4 (1) (h) of Act No. 338/1992 Coll., on real-estate tax, as amended, serving
to improve the environment in the Czech Republic, e.g., for waste sorting and collection



Section 9 (1) of Act No. 338/1992 Coll., as amended, exempts from real-estate tax, for example,
taxed buildings or taxed units used, for example, by electricity or heat producing installations
using biogas energy, if the energy obtained is supplied to the network or other consumers.
Furthermore, buildings are exempt from real-estate tax following a change of heating system
which transferred from solid fuels to a system using RES, for a period of five years.
Figure 1 share of RES in final energy consumption in the Czech Republic
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Figure 2 Renewable electricity generation (2005 – 2011) and NREAP projection (2012 – 2020) in GWh

Figure 3 Renewable heating and cooling generation (2005 – 2011) and NREAP projection (2012 – 2020) in GWh

2.2

Overview on current biogas installations

According to the Czech Biogas Association there is 567 biogas installations in the Czech Republic
(status from November 2017) with total installed capacity of 360MW. From this figure 382 installations
are biogas plants based on agriculture products, the rest represents installations in industry, landfills,
waste water treatment plants and municipal plants.
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Figure 4 Overview on installed biogas plants in the Czech Republic- November 2017

2.3

Overview on the market

Following table shows overview on the most significant turn-key suppliers in the Czech Republic.
Table 1 Overview on most significant technology suppliers in the Czech Republic

Company

Installed capacity in CZ (MWe)/2015

BIOGEST ENERGIE A VODNÍ TECHNOLOGIE s.r.o.

15,0

K&H KINETIC Česká republika a.s.

8,0

JOHANN HOCHREITER s.r.o.

18,6

ENSERV Bohemia s.r.o.

33,5

MT-ENERGIE Česká republika s.r.o.

9,9

FARMTEC a.s.

34,7

WELtec BioPower ME s.r.o.

7,3

EnviTec Biogas Central Europe s.r.o.

16,2

AgriKomp Bohemia s.r.o.

56,4

BIOPLYN CS s.r.o.

4,0

BIOPROFIT s.r.o.

6,0
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BIOPROJECT s.r.o.

18,0

Total

227,6

Separately it can be highlighted the company TEDOM, which is an important supplier of combine heat
and power units (CHP), the final technological step of every electricity producing biogas plant.

2.4

Brief overview on technological process

Biogas production is implemented in anaerobic systems. This is a controlled process of biogas
production from different types anaerobic microorganisms where the quantitate ratio between each other
depends on the materials forming them as well as from рН, the temperature and influences the methane
formation process. According to the current knowledge four successive respectively parallel running
biochemical processes are differentiated leading to anaerobic decomposition of organic matter:
Hydrolysis – During hydrolysis biopolymers are decomposed to monomeric building blocks or other
dissolvable basic products. Fats decompose to fatty acids, carbon hydrates as for example
polysaccharides are transformed in monosaccharides or oligosaccharides and the proteins in pectins,
respectively to amino acids, i.e. the biopolymers in long chains are converted in short chains. Catalyst
of this reactions are certain anaerobic microorganisms which acting as reagents hydrolyze the
exoenzymes.
Acidogenesis – Within the acidogenesis /or fermentation/, which starts immediately after the hydrolysis,
simple monomers are converted into fatty and carbon acids, as for example butyric, propionic and acetic
acid, then in lower alcohols - ethanol. When this transformation occurs first the selected anaerobic
microorganisms receive the necessary energy. In this process 20% of the whole volume is acetic acid.
Acetogenesis – A biological reaction where the lower fatty and carbone acids as well as the lower
alcohols are converted in acetic acid.
Methanogenesis – A biological reaction where the acetic acids are converted in methane.
Biogas is produced in bioreactors with the support of a constant substrate temperature
(about 38-42 °C), by substrate mixing, in the absence of oxygen. During fermentation in a bioreactor,
biogas is collected. In order for the biogas production process to take place, it is necessary to maintain
a constant temperature in the bioreactor (about 40 °C). The substrate in the bioreactor is heated by the
heat collected by the cooling of the generator (the heat exchanger is usually supplied to the generator)..
Temperature of the process
Temperature is one of the major important parameters in anaerobic digestion. It determines the rate of
anaerobic degradation processes particularly the rates of hydrolysis and methanogenesis. Moreover, it
not only influences the metabolic activities of the microbial population but also has a significant effect
on some other factors such as gas transfer rates and settling characteristics of biosolids. Anaerobic
digestion commonly applies two optimal temperature ranges: mesophilic with optimum temperature
around 35 °C and thermophilic with optimum temperature around 55 °C. The biphasic curve typically is
a result of insufficient adoption and selection time by increasing the mesophilic and lowering the
thermophilic temperature and not awaiting several retention times. If enough adaptation time in fedbatch and continuous cultivation is allowed, the selected populations at 30,37,45, 50 and 55 °C will
produce biogas at similar rates, with slightly lower residual fatty acid concentrations at the lower
temperatures.
Mesophilic bacteria are supposed to be more robust and can tolerate greater changes in the
environmental parameters, including temperature. Smaller digesters, poorly insulated digesters, or
digesters in cold climates are susceptible for extreme temperature fluctuations thus these would be
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beneficial if the digester is being run in the mesophilic range to minimize system crashing. Although it
requires longer retention time, the stability of the mesophilic process makes it more popular in current
anaerobic digestion facilities. Thermophilic process offers faster kinetics, higher methane production
rates and pathogen removal. This method, however, is more sensitive to toxic substances and changes
of operation parameters. A study comparing the performance of thermophilic and mesophilic treating
mechanically sorted municipal solid waste found that thermophilic process yielded 100 % more methane
production and better volatile solids elimination compared to mesophilic process. However, thermophilic
process is sometimes considered as less attractive from the energy point of view since it requires more
energy for heating.
Reasonable methane yields still can be expected from anaerobic digestion at low temperatures (14 –
23 °C) if the organic loading of the digester is reduced by mean of extending the hydraulic retention.
The most common method for maintaining the temperature in anaerobic digester is an external heat
exchanger. This method has the benefit of enabling to mix recirculating digestate with raw slurry before
heating, and in seeding the raw slurry with anaerobic microorganisms. Among three types of external
heat exchangers frequently used (water bath, tubular and spiral exchangers), both tubular and spiral
exchangers are mostly preferred for their counter-current flow design and heat transfer coefficients. The
hot water used in the heat exchangers is commonly produced in a boiler fueled by biogas that comes
from the digester. At the start-up and/or under conditions of insufficient biogas production, an alternative
fuel source such as natural gas must be provided.
Biogas cleaning
The main constituents of biogas are methane (about 56%), carbon dioxide (about 39%), oxygen (up to
4%), hydrogen sulphide (up to 0.01%), ammonia (up to 0.0001%), hydrogen (up to 0, 0001%). Hydrogen
then burns and turns into water. About 50% of ammonia precipitates in a place with a condensate in the
cooler.
During the production of biogas, hydrogen sulphide is released in the bioreactor. The content of
hydrogen sulphide in biogas when fed to the cogeneration plant should not exceed 200 ppm. Excess of
hydrogen sulphide content in biogas promotes increased wear of the cogeneration unit engine. The
content of hydrogen sulphide in biogas can reach up to 1000 ppm. To eliminate the above-listed
circumstances, the amount of sulphur compounds in biogas is reduced in the following way: The supply
of oxygen to the dome of the bioreactor. Under the dome of the bioreactor, air is supplied, in an amount
such that the oxygen content in the biogas does not exceed 4% of the biogas volume. This amount of
oxygen allows, without disturbing the main process, to the surface of the substrate Multiply bacteria that
absorb hydrogen sulphide. At this stage, there is not a significant reduction in hydrogen sulfide, up to
20%.
Cleaning of biogas in the activated carbon filter before entering the unit is processed in the biogas
preparation block, and unit usually consists of block cooling (with the condensation of moisture from
biogas); heat exchanger for biogas (biogas is cooled and further dried); compressor, which raises biogas
pressure up to 150 mbar; cleaning biogas in a filter with activated carbon; the biogas meter.
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3

KEY REGULATORY DRIVERS IN EU

As stated in the Renewable Energy Progress Report, renewable energy is at the core of the Energy
Union's priorities. The Renewable Energy Directive1 has been and will continue being a central element
of the Energy Union policy and a key driver for providing clean energy for all Europeans, in view of
making the EU world number one in renewables while contributing to the five dimensions of the Energy
Union.
First, renewables have played a major role in energy security. Their estimated contribution to fossil fuel
import savings in 2015 was €16bn and it is projected to be €58bn in 20302. Second, thanks to fast
decreasing costs owing to technological advancement, especially in the power sector, renewables can
also be gradually further integrated in the market. The recast of the Renewables Directive for the period
after 2020 together with the Market Design proposals as part of the Clean Energy for all Europeans
package will further enable renewables participation on equal footing with other energy sources. Third,
renewables also walk hand and hand with energy efficiency. In the electricity sector, fuel-switching from
combustible fossil fuels to non-combustible renewables could reduce primary energy consumption. In
the building sector, renewables solutions can improve the energy performance of building in a costeffective way. Fourth, renewables are also a crucial driver for the decarbonization of the Union's energy
system. In 2015, renewables contributed to gross avoided greenhouse gases (GHG) emissions of the
equivalent of the emissions of Italy5. Last but not least, renewables play a major role in making the EU
a global leader on innovation. With 30% of global patents in renewables, the EU has been a pioneer in
this field, and is committed to prioritise research and innovation to further drive the energy transition6.
In 2014, the EU and a vast majority of Member States were on track to their 2020 binding targets.
Progress has been fastest in the electricity sector, while the largest absolute contribution continues to
be provided in the heating and cooling sector. Progress in transport has been slowest so far. The
existence of a large untapped potential in the heating and cooling and transport sectors calls for further
action as set out in the proposal for a recast of the Renewable Energy Directive for the period after 2020,
as part of the Clean Energy for all Europeans package presented in November 2016. This package
confirms the commitment of the European Commission to make the European Union the world number
one in renewables and provide a fair deal for energy consumers.
In 2014, the share of renewable energy sources (RES share) reached 16% of gross final energy
consumption. The average RES share of the EU-28 in 2013/2014 amounted to 15.5%, substantially
above the indicative trajectory (2013/2014) for the EU-28 of 12.1%11. In 2015, RES shares are
estimated to be around 16.4% of gross final energy consumption, while the indicative trajectory for
2015/2016 is 13.8%. However, as the trajectory becomes steeper in the years ahead, efforts to keep on
track will need to intensify, as shown in Figure 5.
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Figure 5 Renewable energy shares in the EU vs. Renewable Energy Directive (RED) and National Renewable Energy
Action Plan (NREAP) trajectories (based on EUROSTAT, Öko-Institut)

As shown in Figure 6, heating and cooling remains the largest sector in terms of absolute renewable
energy deployment. The highest RES share and the largest growth are however in the electricity sector,
where the RES share grew by 1.4 percentage points per year between 2004 and 2014. The RES share
in the heating and cooling sector grew by 0.8 percentage points per year over the same period of time,
while the transport sector showed the slowest growth, with 0.5 percentage points on average per year.
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Figure 6 Final energy consumption in the EU28 in 2015 (source: Öko-Institut)

Figure 7 EU-28 renewable heating and cooling production by source (source: EUROSTAT, Öko-Institut)
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With an estimated renewable share of 18.1% in 2015, the EU as a whole is above its aggregated NREAP
trajectory when it comes to heating and cooling. As shown in Figure 7, solid biomass continues to remain
by far the largest contributor (82%) to renewable heat production (72 Mtoe).
Renewable waste deployment amounted to 3.4 Mtoe in 2015. While the share of biogas in heating and
cooling was negligible in 2004 (0.7 Mtoe), in 2015 it surpassed the projected values with 3.2 Mtoe.

Figure 8 EU-28 renewable electricity production by source (source: EUROSTAT, Öko-Institut)

With an estimated 28.3% RES-E in 2015, the EU is well ahead of its aggregated NREAP trajectory for
renewable shares in electricity.
National support schemes vary across the Union and have been subject to numerous changes. The
proposal for a recast of this Directive contains several provisions aiming at increasing investor
confidence by having a more Europeanised and market-based approach and preventing retroactive
changes that compromise the economics of the supported projects.
Electricity generation from biomass on EU-28 level grew from around 9 Mtoe in 2010 to 13 Mtoe in 2015.
However, this technology did not reach the level planned for that year. The deployment of biogas and
bioliquids combined, both at negligible levels in 2004, reached 7% of renewable electricity in 2015. For
what concerns biogas, its use has grown faster than expected, especially in Germany and Italy.
Detailed assessment by Member State and projections
All but one Member State (the Netherlands22) showed average 2013/2014 RES shares which were
equal or higher than their corresponding indicative RED trajectory. According to 2015 estimates, 25
Member States already exceeded their 2015/2016 indicative RED trajectories in 2015. Three Member
States (the Netherlands, France and Luxembourg) had 2015 RES estimated shares below their
2015/2016 indicative RED trajectory (see Figure 9).
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Figure 9 Member States current progress towards their 2013/2014 and 2015/2016 indicative RED targets. (source: ÖkoInstitut, EUROSTAT)

The PRIMES Reference Scenario 2016 assumes that the EU as a whole and a majority of Member
States will take sufficient action up to 2020 to achieve their targets. Member States which are currently
projected not to meet their national RES binding targets by 202023 will have the possibility to use
cooperation mechanisms.
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4

POTENTIAL AND OPPORTUNITY FOR
APPLICATION OF BIOGAS TECHNOLOGY IN
ARMENIA

4.1

Energy sector and related legislation

4.1.1 General information on Energy supply, demand, structure,
ownership and governance pricing policy
Energy supply
Figure 10 Total primary energy supply of Armenia, 1994 - 2014

Armenia’s total primary energy supply (TPES)
plummeted following the collapse of the Soviet
Union when oil product supply dropped by 90% and
the supply of natural gas was halved. Even following
more than a decade of economic growth, the TPES
in 2014 was still 61% below the 1990 level. Over the
last 20 years, however, efforts have been made to
revamp the Armenian energy sector. From 2002 to
2014, Armenia’s TPES increased by 62%, driven
primarily by a 128% increase in natural gas supply
and a 20% increase in hydropower production (IEA,
2015), (UNDP & GEF, 2015).

Armenia’s energy balance has become largely dependent on natural gas, which constituted 64% of
TPES in 2014, up from only 46% in 2002. Oil and oil products accounted for 9.3% in 2014, while nuclear
power and hydropower accounted for 20.5% and 5.5%, respectively. Manure and firewood is largely
used as fuel in rural areas of Armenia.
Installed electricity generating capacity (operational capacity) in Armenia was 4 147 (3 206) MW in 2014,
comprising 2 476 (1 521) MW of gas-fired thermal power plants, 1 252 (1 252) MW of hydropower and
407 (407) MW of nuclear (IEA, 2015).
At present, the electricity system’s installed capacity in Armenia is more than the upmost requirement
for the electricity load.
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Figure 11 Electricity generation by source, 1990-2104 in GWh and Electricity generation in 2014 in % by source

Energy demand
Armenia’s Total Final Energy Consumption (TFEC) is dominated by the residential sector. Its share was
36.5% of TFEC in 2014, followed by transportation (29%), industry (18.5%) and commercial and public
sectors (16%).
Energy sector structure, ownership and governance
The Ministry of Energy and Natural Resources formulates Armenia’s energy policy. It is charged with
primary responsibility for the energy sector. Regulatory implementation is the responsibility of the Public
Services Regulatory Commission of Armenia (PSRC), which was established in 1997 by Decree of the
President of Armenia. PSRC is an autonomous regulatory agency; government entities cannot interfere
with its decisions. It is a multi-member body responsible for electricity, natural gas, water and
telecommunications (EBRD, n.d.). Figure below schematically represents the main players in both
electricity and natural gas sectors.
The power sector is legally and financially unbundled, but remained regulated under a ‘single buyer
model’ guided by the cost-reflective tariff principle.
Generation has been partially privatized. As of October 2017, only the Yerevan TPP and Metsamor NPP
remained in state ownership. The introduction of cost-reflective tariffs in the electricity sector has led to
ample investments in capacity and networks, which has improved reliability considerably (IEA, 2015). In
addition to large-scale generation (natural gas, large hydro and nuclear), small-scale electricity
generation (predominantly hydro) has received significant political and regulatory attention in recent
years as part of Armenia’s efforts to diversify its power mix. Small-scale plants enjoy simplified project
approval procedures (MENR, 2015).
The distribution company ENA (Electric Networks of Armenia) has not only been privatised, but also
changed owners over the years. First, a British company “Midland Resources Holding Limited” owned
ENA then the Russian state-owned company INTER RAO. More recently, ENA was sold to a private
Russia-registered company “Tashir Group” owned by an Armenian businessperson.
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Figure 12 Structure of Electricity and Gas Sectors in Armenia

ENA purchases electricity directly from generating companies and sells it to customers, and therefore
has three separate contracts with: High Voltage Grids CJSC, Settlement Centre CJSC, and Power
System Operator CJSC (see Figure 12). Transmission remains in state ownership: the state-owned
High Voltage Grids CJSC is paid for the service of electricity transmission according to the tariffs adopted
by the PSRC.
However, this exclusive right previously granted to ENA for five years has recently expired: according
to the PSRC Decision 20 “A” of 10 February 2016 ENA needs to enable other holders of trading rights
to access the distribution network if this is technically feasible.
The natural gas sector remains an integrated and regulated utility, which is now fully owned by the
Russian Federation’s state-owned gas monopolist Gazprom. No unbundling or opening of the natural
gas market is envisaged (IEA, 2015).
Energy pricing policy
The Public Services Regulatory Commission (PSRC) of Armenia regulates producer, consumer as well
as transmission and distribution prices for natural gas and electricity.
Electricity
Armenia’s electricity sector is a well-known example of a drastic tariff reform following the collapse of
the Soviet Union and the ensuing energy crisis of the early 1990s. In late 1996, the Government of
Armenia (with international donor assistance) took measures to impress upon customers the link
between service quality and payment of bills. Electricity tariffs for industrial, commercial, and household
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customers were set at equal levels, beginning a process of tariff rebalancing and removal of crosssubsidies. With extensive support from international donors, the government of Armenia began tackling
the sources of the electricity sector’s two most significant problems: commercial losses and nonpayment.
At present, consumer prices are higher or lower for end consumer groups with lower or higher voltage
connections, respectively. Household consumers pay the highest price. This price structure reflects the
increasing cost of distribution at lower voltages (due to losses). Thus, there are no cross-subsidies from
industrial to household consumers in Armenia, unlike in several other countries of the EU Eastern
Partnership (EaP) and Central Asia.
Prices for electricity producers are set individually. The thermal power generators obtain the highest
prices1 (+/- 40 AMD/kWh, in 2014). Large hydro and nuclear have the lowest tariffs (+/- 10 AMD/kWh)
and small hydro tariffs lie mid-range (+/- 22 AMD/kWh).
Armenia is a wide-known international example of bringing its GHG emissions to a quarter of what they
used to be in 1990. The context of Energy reforms in Armenia, especially the energy crisis of the early
1990s, is unique. Heavy reliance on imported fuels and the old and poorly maintained transmission and
distribution assets put Armenia at the risk of supply interruptions, price fluctuations, and possible
outages. Armenia has gone not just through energy policy change, but a much harder, more
fundamental transformation of both its economy and people’s mentality. At the same time, it is possible
to draw on some technical aspects of Armenia’s experience as good practice for replication in the wider
region of the EU Eastern Partnership countries and Central Asia.
Environmental regulations
The utilization of agriculture waste is further supported by the Law on Nature Protection and nature use
fees, which stipulates payment for waste production. The Air Protection act, which defines conditions
for handling and storage of wastes in relation with production of greenhouse gases and other air
pollutants.
CHP based district heating state regulations
The UNDP-GEF conducted feasibility studies for two districts and 2 foreign investors had expressed
interest in the district heating restoration on the basis of cogeneration, however only the investor of Avan
district heating project had approved investment plan and made corresponding investments.
The construction of cogeneration installations for district heating in Yerevan, Armenia was driven by the
need of attracting direct foreign investments for restoration of heat and hot water supply to the multiapartment buildings in Avan administrative district. The electricity generated by the installations was
considered as by-product to be sold to the grid. To date, 39 multi-apartment buildings have already been
connected to the centralized heat supply system; however the system is designed to expand services
to 76 buildings.
According to the Law of RA "On Energy" electricity and thermal energy generation sectors (with the
exception of small heating systems up to 5.8 MW) are regulated by the state and directed by decisions
of Public Services Regulatory Commission (PSRC). For this particular case a special Decision of the
Government of Armenia was adopted which recommended to the PSRC to set a favorable purchase
price for all electricity produced from the cogeneration units of the Avan pilot project during the first five
years after commissioning of the cogeneration units. However, this tariff should not exceed the tariff for
electricity of the marginal Thermal Power Plant of the Armenian Power System. This approach allowed
ensuring 12% IRR on the investment.
1

Prices are calculated considering tariff rates for electricity supplied (AMD per kWh) and capacity (AMD
per kW).
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Later, in 2007 the PSRC adopted Decision No 206N “Thermal and electric energy tariffs calculation
methodology for combined production (cogeneration) based on useful heat demand”.
The adoption of the preferential regulation for cogeneration-based district heating by the PSRC
stimulated construction of cogeneration- based energy center to supply heat and cooling for Yerevan
State Medical University and a private investor started work on cogeneration-based district heating
restoration project in Sevan.
However, in 2010 the Methodology was suspended, without adopting any other legal regulatory
documents/rules for defining tariff from cogeneration based heat supply installations.
Moreover, on September 29, 2014, PSRC notified “ArmRusCogeneration” CJSC, implementing district
heating of Avan administrative district, “Electric Networks of Armenia”, “Electric Power System Operator”
and “Settlement Center” CJSC that term of guaranteed purchase of electricity generated by CHP units
supplying heat to Avan residential area shall expire in December 2014, and that legal relations with the
Company should be established in that context. According to PSRC’s decision No 46A of March 18,
2015, production of electricity by the “ArmRusCogeneration” CJSC shall be subject to economic
regulation by "Electric Power System Operator".
On February 10, 2016, PSRC adopted a decision N 20A obliging “Electric Networks of Armenia" CJSC
to provide other entities having electric energy sales and purchase rights access to distribution network
and distribute energy to consumers at distribution service tariffs set by PSRC according to Article 53 of
the RA Law “On Energy” and market rules and is aimed at the facilitation of the access to the grid.
The absence of regulatory framework for the operation of useful heat demand based cogeneration
hampers the restoration of district heating while under the widespread gas supply developments the
solution options taken by households for heating and hot water supply in any other manner often do
not comply with requirements for neither safety, energy efficiency, environmental, nor sanitary
conditions.
Even “Energy Sector Development Strategy in the context of Armenia's economy development” adopted
by the RA Government’s protocol decision N 24 made on June 23, 2005 (Para 8.3) indicates that
“Extension of gas distribution network by ArmRosgazprom company in an economically acceptable and
sustainable manner and gas supply to all consumers will necessarily contribute to solving issues on
heat supply, including promotion of cogeneration, as well as supporting autonomous and distributed
(decentralized) generation”.
Thus, the strategy emphasized the importance of addressing heat supply issues and highlighted the
promotion of cogeneration as a measure for addressing heat supply issues as in terms of the growing
price of imported natural gas the centralized heat supply based on heat-only boilers cannot compete
with individual heat supply options.
The Energy Security Concept of the Republic of Armenia adopted on October 23, 2013, reflects on the
importance and the necessity of solving this issue. The Concept clearly states that “as a result of the
collapse of the centralized heat supply in the country the development of the heating sector is mainly
oriented to the expansion of individual and local heat supply and there is a necessity to undertake a
complex approach including energy, energy saving, environmental, urban development, tax and loan
issues”.
The energy policies of European countries referred to cogeneration as a first priority issue and the most
important means for achieving high levels of energy efficiency. Therefore, promotion of cogeneration as
a policy is clearly emphasized in Energy Efficiency Directives adopted in 2008 and later in 2012 by
European Parliament and the Council of Europe, which inter alia, is directed to supporting and promoting
such means. Currently, 11% of Europe's electricity is produced by cogeneration plants, while in the
USA they are planning in 2020 to generate 5% of all consumed energy from waste heat.
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4.1.2 Biogas, biomass and CHP projects in Armenia
In contrast to the stations using renewable energy, not a single legal act ensures obligatory purchase of
the energy generated by the CHP units as well as there are no certain principles for tariff formation.
The major impediment for the restoration of the centralized heating supply using cogeneration stations
is the absence of the legal framework for the corresponding field.
Despite an estimated 4,300 MW of renewable energy capacity potential in Armenia, installed wind and
biogas capacity was a modest 12.6 MW, with negligible solar photovoltaic installations.
Armenia has the potential for biogas-based power production at livestock farms, at the Nubarashen
landfill (in the city of Yerevan) and at the Aeratsia waste water treatment plant (in the city of Yerevan).
In 2001, a consortium of Japanese companies studied the potential for a landfill gas-to-energy plant at
the Nubarashen landfill. Although eventually the consortium installed a methane gas flare plant instead
of an energy project, more recent assessments have identified the potential for building up to a 2.5 MW
landfill gas-to-energy plant at the facility2.
Lusakert Biogas Plant was constructed at the Lusakert poultry farm for Methane Capture and
Combustion from Poultry Manure Treatment. The proposed project aims to reduce Lusakert poultry farm
animal waste generated GHG emissions through improvement of animal waste management system.
The Plant was built in 2008 which was designed to reduce emissions and to produce electricity and
organic fertilizer from poultry litter and animal waste. However, today this plant is not in operation.
In 2010, the GEF/UNDP identified three livestock farms as potential candidates for biogas-to-energy
projects, with a combined resource potential of 3.3 MW. These plants would be similar to the Lusakert
biogas plant, which is Armenia’s only operated industrial-scale biogas-to-energy plant.
The other potential source of biogas energy in Armenia is the Aeratsia wastewater treatment plant. The
plant is currently dilapidated and largely non-functioning, but if the plant were to undergo significant
rehabilitation and anaerobic digesters were installed at the facility, it is expected that a 3 MW
cogeneration plant could be constructed at the facility.3
For the implementation of the technology can be useful the experience from the pilot project, which is
being implemented at Nubarashen landfill.
In order to mitigate the effect of greenhouse gases generating from solid domestic waste (SDW) and
affecting the climate change, a number of projects aimed at the improvement of SDW monitoring system
and construction of new regional landfills are being carried out in Armenia in collaboration with
international organizations. It creates preconditions for continuous application of the suggested
technology and biogas reprocessing.
On the 13 October 2009 the first stage of the project on biogas, reprocessing from SDW was launched
in the landfill 7 ha of Nubarashen district in Yerevan. As a result of its implementation, the biogas
(methane content 41%) generated from SDW was burnt: transformed into CO2. The project was being
carried out jointly by a Japanese company “Shimizu” and Yerevan municipality. The second stage of the
project: installation of a gas engine system, which is foreseen to be done after obtaining more accurate
information about the real expense of biogas. However, it has not been carried out yet because of the
2
In-depth review of the investment climate and market structure in the energy sector of the Republic of Armenia, 22
January, 2015 http://www.energycharter.org/fileadmin/DocumentsMedia/ICMS/ICMS-Armenia_2015_en.pdf
3
In-depth review of the investment climate and market structure in the energy sector of the Republic of Armenia, 22
January, 2015 http://www.energycharter.org/fileadmin/DocumentsMedia/ICMS/ICMS-Armenia_2015_en.pdf
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digression from the initial scope of the project (for the implementation of the project only the landfill 7 ha
was let by Yerevan municipality instead of the foreseen SDW landfill 20 ha).
The continuity of biogas reprocessing can be ensured in case of the above-mentioned technology
application also in the landfill 20 ha, as was foreseen, by installing a gas engine unit (power 250 kW).
With the help of international sponsors, it can be applied in SDW landfills of Gyumri and Vanadzor, as
well as in 5 new regional landfills, foreseen in the project of Asian development bank.
The Department of Energy of the Ministry of Energy Infrastructures and Natural Resources (MEINR)
should initiate the elaboration of the strategy on general supply of heating for the country, based on the
practices of introduction of electricity and heat cogeneration units widely used in developed countries.
That strategy should be secured by the relevant decree of the RA Government. Moreover, the policy for
promoting the use of renewable energy resources should be equally distributed on the future projects
on the combined heat and power production.
The regulatory authority should establish a clear methodology for setting tariffs for combined heat and
power production.
The power system operator shall carry out the analysis of the RA power modes for a long-term run
(minimum 20 years) based on the control limits of the RA power system and propose potential volumes
(maximum installed capacity) of the usage of the cogeneration units. According to our estimations that
makes 50-52 MW of electric power.
MEINR should coordinate the large scale work to be carried out in Armenia for the assessment of a
useful heat demand and based on those results appropriate projects should be ordered and
implemented.
The successful tenderer organizations recognized as such for the implementation of relevant projects
should obtain appropriate licenses and act under the terms of those licenses and other regulations by
the PSRC.
Proposed action plan for Utilization of methane form Yerevan city landfill for electricity and heat
production technology
A number of projects funded by IFIs (EBRD, EIB) is ongoing to solve the situation with landfill gas
utilization for the city of Yerevan. Following facts and recommendations can be summarized based on
these activities.
For the implementation of utilization of methane from Yerevan city landfill for electricity and heat
production technology technological action plan is proposed, which includes the following actions:
improvement of landfill management practices, installation of a gas engine system for complete
implementation of the technology as well as removal of economic and financial barriers and awareness
raising.
For implementation of the technology, improvement of landfill management practices is required, in
order to ensure capture of maximum amount of methane. To achieve this it is necessary to carry out the
planning of waste placement in the landfill and dispose the waste in the landfill properly in order to avoid
fires. Furthermore, proper information on the quantity and the composition of the waste should be
ensured to have reliable data on the disposed waste. Yerevan Municipality was chosen as the
responsible body for the mentioned activities.
Given the fact that currently a new sanitary landfill is being designed in the vicinity of the existing landfill,
after the closure of the old landfill a study should be carried out to understand possibilities of installation
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of methane capture system in the new landfill. Yerevan Municipality and Ministry of Territorial
Administration and Development were identified as the responsible bodies.
Gas engine system installation activities should be organized in the scope of which more affordable and
easy operated equipment should be looked for, as well as studies on expediency of either electricity or
thermal energy production or cogeneration should be conducted. Before the installation of a gas engine
system negotiations should be initiated to identify potential consumers of produced energy. Yerevan
Municipality and Ministry of Territorial Administration and Development were identified as the
responsible bodies for the mentioned activities.
For the removal of the economic and financial barriers it is necessary to develop and implement
recommendations on stimulating economic mechanisms for waste management technologies. As
responsible bodies for the activity Ministry of Economic Development and Investments was defined,
which will cooperate with NGOs and international donor organizations. Technical capacities of local
financial institutions should be strengthened in order to promote investments in waste management
sector. As the responsible bodies for the activity Chamber of Commerce and Industry and Union of
Banks were identified.
Awareness-raising events for the public authorities and the media as well as educational campaigns for
citizens should be organized in order to increase general awareness. The Ministry of Nature Protection
was selected as the responsible body for the activity.
In general, according to rough estimates, about lump sum of 230,000 USD and 60,000 USD costs per
year is needed for the realization of the proposed technological action plan for the utilization of methane
from Yerevan city landfill for electricity and heat production technology.

Proposed action plan for Existing Lusakert biogas plant operation and reissuance organizational
technology
For the implementation of the existing Lusakert biogas plant operation and reissuance of organizational
technology, technological action plan is proposed which includes the following actions: removal of
economic and financial barriers, removal of awareness related barriers, and elimination of technological
barriers and implementation of social measures.
For the implementation of the technology the economic and financial barriers should be eliminated, for
which a package of economic support initiatives should be developed, that will include provision of risk
guarantees or insurance schemes. As the responsible body for the activity Ministry of Economic
Development and Investments was identified.
It is also necessary to establish mild conditions for acquiring finances, which will facilitate receiving loans
for the organizations acting in waste management sector. As the responsible bodies for the activity
Chamber of Commerce and Industry and Union of Banks were identified.
The next measure to be taken in order to remove the economic and financial barriers is establishment
of cooperation with other animal waste producers (including region's farmers), in the result of which
there will be biomass materials sufficient to operate the biogas plant. The Ministry of Economic
Development and Investments was selected as the responsible body for the activity.
For the reissuance of the biogas plant machinery and equipment should be prepared which was not
exploited for two years. “Max Concern” LLC was chosen as the responsible body for the mentioned
activity. The company is responsible for operation of the plant.
The next action in the elimination of the economic and financial barriers is the reconsideration of tariffs
of the electricity produced by the plant, which would make operation of the plant profitable. The tariff
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may be revised by the Public Services Regulatory Commission, based on the application from “Max
Concern” LLC.
For the removal of awareness related barriers, awareness campaigns should be organized for the public,
as well as workshops for media representatives. The Ministry of Nature Protection will be responsible
for the activity.
For the elimination of technological barriers it is necessary to promote consulting organizations that
provide advice on investment in technologies. As the responsible bodies for the activity the Ministry of
Nature Protection and the Ministry of Territorial Administration and Development were selected. It is
also necessary to use equipment suitable to local conditions and to install devices that were designed
to carry out proper monitoring. As the responsible body for the activity “Max Concern” LLC was identified.
Provision of qualification classes to the employees of the biogas plant was determined as a social
measure. “Max Concern” LLC was chosen as the responsible body for the activity.
In general, according to rough estimates the budget for the realization of the proposed technological
action plan for the existing Lusakert biogas plant operation and reissuance organizational technology
makes about 315,000 USD.
R2E2 project
Armenia Renewable Resources and Energy Efficiency Fund has been established in 2005 by RA
Government Decision N 799-N from 28th of April, on terminating the activity of ““Heat Management and
Support to the Management of Apartment Buildings” PIU” state institution and on “Creating Armenia
Renewable Resources and Energy Efficiency Fund”. The legal registration of the Fund in the state
registry has been made on the 21st of October, 2005.
Armenia’s Renewable Resources and Energy Efficiency Fund (ARREEF) is a non-trade, non-for profit
organization, that has no membership and is based on voluntary property fees by the founder.
The Founder of the Fund is the Republic of Armenia. The authorized state body is the Prime Minister.
The relationships between the founder and the Fund are regulated by Legislation of Republic of Armenia
and by the Charter of the Fund.
The establishment of the Fund has the following aim:
Promote investments in energy efficiency and renewable energy sectors,
Foster market development in the sphere of Armenia’s energy efficiency and renewable resources,
Foster reduction of technological influence on environment and human health,
Develop mechanisms aimed at increasing the level of reliability of energy security and energy system,
In case of being provided with an appropriate authority by RA Government, based on a partnership
agreement with the state, organize the implementation of loan and grant projects, promoting the
development of the state on behalf of the state.

UNIDO Geghamasar and Pambak Biogas
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In the framework of the UN joint project entitled “Sustainable livelihood for socially vulnerable refugees,
internally displaced and local families“, financed by the Government of Japan through the United Nations
Trust Fund for Human Security (UNTFHS), the United Nation Industrial Development Organization
(UNIDO), in cooperation with the Armenian government and local authorities, has implemented, a
number of community project with the purpose to improve the quality of life of the target groups, create
comfortable housing conditions upgrade physical infrastructure in remote areas, increasing selfsustainability of vulnerable communities through income generation by supporting start up businesses
and providing access to alternative energy.
Within these activities UNIDO initiated the construction of biogas plant in Geghamasar community and
2 household-based biogas systems in Pambak community of Gegharkunik. In Pambak 2 householdbased biogas systems are established for 4 families and, given their small dimensions these systems
will be used only for heat production. In Geghamasar, however, needs assessment and intensive
consultations with community members revealed that the biogas plant would operate in a sustainable
mode only in case it produces not only heat, but also generates electricity for commercial purposes.
Liquid fertilizer as by-product from the biogas generation will support local farmers in their efforts to
develop organic agricultural practices. As part of the project scope it is foreseen that the biogas plant is
to be owned and operated by “Geghamasar Community Development Foundation“, specifically set up
for community development purposes and promoting its income possibilities.
As of December 2013 at the biogas plant site in Geghamasar village 7 concrete tanks are constructed:
one 50 m3 receiving tank, 4 digester tanks and 2 fertilizer storage tanks each with 100 m3 capacity. The
main delivered equipment consists of indoor devices (biogas dehumidifier, desulfurizer, pressure
regulator, and biogas generator) and outdoor devices (gasholder bags, centrifugal dehydrator for
fertilizer dewatering to be placed under a shelter). Equipment is on the site but not installed yet.
The plant with 20KW grid-connected biogas generator located at a distance of approximately 1 km from
the 3-phase line cannot be connected to the existing low voltage line because the grid is too obsolete.
Installation of a transformer substation and connection the high voltage line is needed.

4.2

Description of agriculture sector

Table 2 Agricultural land distribution in Armenia

Average altitude from sea level, m

Land
2

km

%

400-500

2

0.1

500-800

530

1.18

800-100

2370

8.0

1000-1500

5430

18.3

1500-2000

9300

31.3

2000-2500

7290

24.5

2500-3000

3800

12.6

3000-3500

970

3.3

More than 3500

30

0.1

Figure 13 Agricultural land distribution and altitude in Armenia

FEASIBILITY ASSESSMENT OF AGRICULTURAL WASTE TO ENERGY POTENTIAL AND
OPPORTUNITIES FOR ARMENIA

29

4.2.1 Greenhouse production
Regarding to last researches, there is 1220 ha, from which low-tech greenhouses area is around 1134
ha, including heated and non-heated ones, from them and high-tech greenhouses area is 86 ha and 40
ha is under construction. 90% of high-tech greenhouses are is located in Ararat and Armavir regions.
Table 3 Low-tech greenhouses by regions

Region

Total surface, ha

Greenhouse average
surface, sq./m

1.

Ararat

468.4

1580

2.

Armavir

650.2

1319

3.

Aragatsotn

10.5

560

4.

Kotayk

68.3

2500

5.

Gegharqunik

0.1

450

6.

Shirak

3.2

580

7.

Lori

1.5

1200

8.

Tavush

1.2

250

9.

Vayots Dzor

1.1

265

10.

Syuniq

0.2

253

N
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11.

Yerevan

15.3

3500

Organizational-legal status forms and acquisition of greenhouses
From low-tech sector 98% of greenhouses have no legal status, and they are operating as an agricultural
farm. Only 1% of them is registered as an Individual Entrepreneur (IE) and 1% is registered as a Limited
Liability Company (LLC), in the figure13 is shown picture of another regions.
The situation with high-tech ones is opposite, they are recently built and are operating as a legal entities.
Almost all farmers are cultivating their own greenhouses, only 5% is operating on rental rights.
Most of greenhouses are made in Soviet Union period, and has old “antracide” type construction, which
means that these greenhouses have low post high, and have limited season of operation, due to low
amount of available volume air in greenhouses for plants. It is very hot in summer (more than 350C
tomatoes cannot be pollinated) and too cold in winter time (will consume lot of energy-gas) under this
circumstances for heating.
Table 4 High-Tech greenhouses in Armenia by regions

Company

Location

Surface
/ha

Crop

Type of
greenhouse

Productivity
Unit

144

Tomato,
cucumber,
green bean

Glass

kg/m2

Productivity
40-45

Mavas group

Dzoraghbyur

Biga

Griboyedov

1

Tomato,
cucumber,
mushroom

Glass

kg/m2

45-50

Bio grup

Dzoraghbyur

1

Strawberry

Glass

kg/m2

12-14

Klubnichnaya
Nor-Geghi
polyana

3

Strawberry

Plastic

kg/m2

12-14

K&G group

Nor-Geghi

3

Strawberry

Plastic

kg/m2

10-13

Armyanski
urojay

Goght

10

Roses

Plastic

stem/m2

200-290

Eco tomato

Goght

8

Roses

Glass

stem/m2

250-320

Progress
Armenia

Nor-Geghi

4

Tomato

Plastic

kg/m2

35-42

Spayka

Taperakan

40

Tomato

Plastic

kg/m2

30-45

Arm-tomat

Masis

0.3

Roses

Glass

stem/m2

250-270

2

250-270

Avalange

Ashtarak

0.5

Roses

Plastic

stem/m

Aramus

Aramus

1.5

Tomato

Glass

kg/m2

35-40

Under construction
Green Farmer Hrazdan
Artik

4

Artik

10

Tomato

Plastic

kg/m2

-

5

Strawberry

Plastic

kg/m2

-

The expansion is planned for additional 6 ha
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Table 5 Vegetable growing areas

Vegetables/ ha

Cabbage

Cucumber

Tomato

Eggplant

Pepper

Red beat

Carrot

Onion

Garlic

Green pea

Green bean

Other

RA total

28892

4509

462

2764

7525

1982

2461

823

916

2038

987

84

1120

3630

Yerevan

313

20

-

90

95

-

-

15

16

10

7

-

-

60

Aragatsotn

1107

148

1

196

293

50

36

4

19

96

85

2

102

76

Ararat

6643

241

136

470

3343

492

535

39

13

196

96

5

170

1043

Armavir

11503

952

149

1305

2958

1339

1676

90

58

1145

47

9

333

1568

Gegharkunik

2096

1480

61

30

24

-

5

52

79

32

192

4

8

190

Lori

1605

656

11

109

100

4

8

114

119

92

153

14

95

141

Kotayk

1181

217

4

129

179

25

57

30

191

50

92

16

132

63

Shirak

1729

490

93

77

65

-

12

356

320

47

122

17

38

155

Syunik

108

194

6

106

152

21

39

65

56

72

95

1

95

188

Vayouts
dzor

487

20

-

69

97

20

43

10

14

144

25

-

-

45

Tavush

1144

91

1

183

219

31

50

48

31

154

73

16

147

101

Cauliflower

Total

including
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4.2.2 Livestock production

Table 6 Agricultural animal head numbers in Armenia

Sheep

Goat

Horse

Poultry,
total

of which:
laying
hen

Regions

Cattle

of which:
cow

Pig

of
which:
sow

Yerevan city

3 101

1 226

10 461

2 679

5 476

3 895

7

204 602

27 640

Aragatsotn

74 543

36 720

15 127

3 258

86 018

64 343

345

396 714

329 053

Ararat

46 294

16 882

19 770

3 437

92 582

65 559

731

384 506

300 610

Armavir

61 332

21 839

27 012

5 146

106 659

72 694

107

794 724

536 452

Gegharkunik

124 879

59 934

15 941

2 817

110 552

70 956

1 472

327 297

256 855

Lori

81 038

39 794

15 815

2 745

35 127

23 436

2 749

287 303

133 868

Kotayk

56 858

24 498

20 370

3 446

40 972

31 232

587

790 784

608 249

Shirak

100 964

47 398

18 666

3 767

81 231

52 094

290

221 508

187 124

Syunik

55 199

25 042

13 467

2 606

113 945

75 013

2 117

142 537

104 360

Vayots dzor

19 884

8 443

2 519

476

11 645

9 030

464

67 716

58 379

Tavush

31 679

14 198

16 401

2 257

15 354

9 518

1 762

196 514

146 513

Republic of
Armenia, total

655 771

295 974

175 549

32 634

699 561

477 770

10 631
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Table 7 Big cattle farms in Armenia

Number
animals/heads

Farm name

Region

Comunity

1.

Vamax

Syunok

Syunik

500

2.

Eco Farm

Vayoc Dzor

Gndevaz

300

3.

Arzni

Kotayk

Arzni

800

4.

Bandivan kat

Shirak

Bandivan

350

5.

Agroholding

Shirak, Lori

Spitak

500

6.

Hunan Sargsyan

Aragatsotn

Aragatsavan

220

7.

Asatur Harutyunyan

Lori

Tashir

151

8.

Agroradesh

Lori

Medovka

400

9.

Gagik Hakobyan

Lori

Tashir

300

10.

Aram Harutyunyan

Kotayk

Nor Erznka

180

11.

Norajr Ghazaryan

Ararat

Bardzrashen

120

12.

Misha-Jonik Brothers

Gegharqunik

Vardadzor

230

No
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Table 8 Big poultry farms in Armenia

No

Company name

Region

Community

1.

Araqs Poultry Farms

Armavir

Jrabi

2.

Ashtarak dzu Poultry Farms

Aragatsotn

Aghdzq

3.

Aragats Poultry Farms

Aragatsotn

Aragats

4.

Agrobio product Poultry Farms

Syunik

Syunik

5.

Agrotechinvest Poultry Farms

Kotayk

Nor-Geghi

6.

Atlas Poultry Farms

Yerevan

Nubarashen

7.

Arzni Poultry Farms

Kotayk

Arzni

8.

Gndevaz Poultry Farms

Vayoc Dzor

Gndevaz

9.

Yerevan Poultry Farms

Yerevan

Shirak str.

10.

Ednelo Poultry Farms

Yerevan

Davtashen

11.

Lusakert Poultry Farms

Kotayk

Nor-Gheghi

12.

Masis Poultry Farms

Ararat

Masis

13.

Nubarashen Poultry Farms

Yerevan

Nubarashen

14.

Spitak Poultry Farms

Lori

Spitak

4.3

Assessment of country potential

This chapter evaluates the theoretical potential of biogas utilization for the country. The focus is put on
greenhouse production of vegetables and livestock production due to the volume, predictability and
stability of these enterprises.

4.3.1 Background assumptions

4.3.1.1

Tariff setting methodology

The PSRC establishes the procedures for setting and reviewing tariffs. According the Energy Law, the
PSRC can either set the specific monetary value of the tariff or establish a clear formula for calculating
the tariff based on parameters defined in the Energy Law. According to the Energy Law, a tariff should
cover:




Justified operation and maintenance costs;
Loan service costs;
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Costs related to environmental standards;
Mothballing and preservation costs;
Costs of the safe keeping of the utilized nuclear fuel and requisite allocations to the Nuclear
Plant Decommissioning Fund;

Technical and commercial losses;

Other justified costs as provided by Legislation.





The tariff should also provide the operator with the opportunity to make a reasonable profit. The tariff
review request can be initiated either by the power sector companies or unilaterally by PSRC if economic
circumstances in the sector have changed and warrantee revision to avoid jeopardizing the financial
health of the sector.

Electricity tariff for renewable energy sources were set in 2017 by Public Services Regulatory
Commission. According to the current regulation tariffs are annually updated based on the specified
methodology.
Small Hydro Power Stations
Electricity tariff supplied from SHPP that are built on natural water streams is 23.753 / AMD
kW/h, VAT excluded,

Electricity tariff supplied from SHPP that are built on irrigation systems is 15.832 AMD /kW/h,
VAT excluded,

Electricity tariff supplied from SHPP that are built on natural drinking sources is 10.556 AMD
kW/h, VAT excluded,


Wind Farm
Electricity tariff supplied from wind farm is 42.645 AMD kW/h, VAT excluded
Electricity from Biomass
Electricity tariff for power generated from biomass is 42.645 AMD kW/h, VAT excluded





Table 9 RES tarrifs in Armenia

Small Hydro Power Stations

Year

natural
water
streams

natural Wind
irrigation
drinking power
systems
sources

AMD
kW/h

AMD
kW/h

AMD
kW/h

Biomass
power

AMD/kWh AMD/kWh

2017 23,753

15,832

10,556

42,645

42,645

2016 23,631

15,751

10,502

42,426

42,426

2015 21,168

14,110

9,408

45,6

40,542

2014 21,061

14,039

9,361

37,007

39,001
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2013 20,287

13,523

9,017

35,339

38,856

2012 19,551

13,033

8,69

34,957

37,447

2011

12,853

8,57

33,756

36,928

19,28

The Public Services Regulatory Commission of RA, discussing the above-mentioned issues, has
decided:
1. For natural gas sold by Gasprom Armenia closed joint-stock company to the consumers to fix the
following tariffs:
a) natural gas tariff sold to consumers having monthly up to 10,0 thousand normal cubic meter
consumption to fix at 156.00 AMD – for consumed each thousand normal cubic meter gas (including
VAT /value added tax/),
b) natural gas tariff sold to consumers having monthly 10,0 thousand and more normal cubic meter
consumption with 7900 ccal/normal cubic meter calorific value, to fix at an a amount of AMD equal to
276.98 USD– for consumed each thousand normal cubic meter gas (including VAT /value added tax/)
www.psrc.am
2. For electricity sold by Armenian Electric Networks closed joint stock company to the consumers to fix
the following tariffs (including VAT /value added tax.
1) For consumers (including population /residential sector/) feeding from 0,38 kV voltage networks:
a) day time tariff: 41.85 AMD/kWh,
b) night time tariff (2300 – 700)` 31.85 AMD/kWh
2) For consumers feeding from 6(10) kV voltage direct cells`
a) day time tariff: 38.85 AMD/kWh,
b) night time tariff (2300 – 700)` 28.85 AMD/kWh,
3) For consumers feeding from 35 kV and high voltage cells
a) day time tariff: 32.85 AMD/kWh,
b) night time tariff (2300 – 700)` 28.85 AMD/kWh

4.3.1.2

Biogas technology – figures

Based on the experience with a big number of biogas projects within European countries, the figure of
4500 EUR installed kW in electricity for the biogas plant is used for the purpose of this study. This figure
represents a middle value of the investment costs across the Europe, sensitivity analysis of the impact
of lower value is presented in the pre-feasibility study for the Mavas enterprise in the annex of this report.
The costs for necessary investment can be divided by costs on given technological steps as shows
following table.
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Table 10 Cost composition per items

Item

Share (%)

Temporary buildings/objects construction

1,02

Technological equipment/goods:
0,8

Biogas flare
Pumping station

3,98

Membrane roof for biogas plant D28

3,06

High speed mixer

4,98

Heat distribution module in the bioreactor

0,21

Membrane roof D12

0,71

Separator

3,63

Gas purifying station

3,38

Dry feed container

8,04
24,85

Cogeneration unit of 1000 kWh electrical capacity

Mechanical and construction works

44,09

Project

1,26

Total

100

Following table shows expected biogas production by different type of available waste.

Table 11 biogas production per type of waste

Dry matter
content

Organics in
dry matter

Average
yield of
biogas

Average
yield of
biogas

(%)

(%)

(m3/t
org.dry.matt)

(m3/t)

Solid cow
manure

20 – 24

85

260 - 380

62

134

Poultry manure

29 – 31

85

480 – 540

130

283

Beet silage

22 - 24

85

660 – 720

135

294

Type of input

Specific el.
energy
production
(kWhe/t)
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Grass silage

28 – 35

89

560 - 660

157

343

Dry grass
silage (hay)

29 – 32

90

470 – 650

151

329

Corn silage

30 – 35

96

450 - 700

209

455

Liquid cow
manure

4–8

85

350 - 500

15

32

Pig manure

4–6

45

370 – 450

9

20

4.3.2 Biogas production potential
The country potential is calculated according to collected data about the agriculture sector presented in
section 4.2. The calculation consist of estimation of theoretical amount of available biogas production
from vegetable growing and livestock production. As this figure is just theoretical value, the real pilot
plants of given size were be chosen for both sectors (greenhouse production representing the vegetable
production sector and big cattle and poultry farms as representatives of livestock production.

4.3.2.1

Theoretical potential in the country

Vegetable production potential
Background assumptions:
- available production of waste as defined in chapter 4.2.
- average biogas production from vegetable production 140 m3/t according to chapter 4.3.1.2.
- average electricity production from vegetable production 310 kWhe/t according to chapter
4.3.1.2.
- average production of waste from 1ha is 270 t

Table 12 Theoretical biogas potential in vegetable production

Vegetables production

Cauliflower

Cucumber

Tomato

Eggplant

Pepper

Red beat

Carrot

Onion

Garlic

Green pea

Green bean

Other

Waste
(tonnes)
Theoretical
biogas
production
(m3)

Cabbage

Surface
(ha)

Total

including

28892

4509

462

2764

7525

1982

2461

823

916

2038

987

84

1120

3630

7911270

1217430

124740

746280

2031750

535140

664470

222210

247320

550260

266490

22680

302400

980100

1107577800

170440200

17463600

104479200

284445000

74919600

93025800

31109400

34624800

77036400

37308600

3175200

42336000

137214000
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Theoretical
electricity
production
(kWhe)

2452493700

377403300

38669400

231346800

629842500

165893400

205985700

68885100

76669200

170580600

82611900

7030800

93744000

As follows from the table, there is theoretical potential to produce 1,1bn m3 of biogas or 2452 GWhe of
electricity from the available waste from this type of production. However this figure represents just
theoretical estimation based on summary number. The real potential is defined in following chapter in
combination with economical parameters based on detailed case study for one selected company.

Livestock production potential
Background assumptions
- available production of waste as defined in chapter 4.2. in combination with calculation tool of
the Agronomic chamber of Olomouc region, Czech Republic
- only types of production with prevailing indoor stabling have been chosen for calculation of the
biogas production (cattle, pig and poultry farms)
- average weight have been defined for cattle (500 kg), pig (500 kg) and poultry 1 kg

Table 13 Theoretical biogas potential in livestock production

Cattle

Pig

Poultry

Republic of Armenia, total

655 771

175 549

3 814 205

Waste production (t)

5 901 939

579 311

310 370

Average yield of biogas (m3/t)

62

9

130

Specific el. Energy production
(kWhe/t)

134

20

283

Biogas production (m3)
Electricity production kWhe

365,920,218

Total

5,213,799 40,348,100 411,482,117

790,859,826 11,586,220 87,834,710 890,280,756

As follows from the table, there is theoretical potential to produce 411M m3 of biogas or 890 GWhe of
electricity from the available waste from this type of production. However, this figure represents just
theoretical estimation based on summary number and described assumptions. The real potential is
defined in following chapter in combination with economical parameters based on detailed case study
for one selected company.

4.3.2.2

Summary of main figures from Mavas study

The main area of Mavas Group operation is growing tomatoes and cucumbers in modern greenhouses.
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303831000

Mavas Group LLC” is one of the largest producers of fresh vegetables and fruits. Greenhouse complex
of 20 ha is situated in Kotayk region, RA. Company’s is based on modern technologies, which are up to
the international standards. The greenhouses are equipped with the latest innovative European
constructions mainly imported from the Netherlands.
The annual production of green waste is 2 610 tons.
The planned capacity of the power generated by the biogas plant is up to 64 kWe and the total thermal
power is 87 kWh. Heat and electricity will be generated by burning biogas in internal combustion engine.
Biogas will be produced by anaerobic processing method (in the oxygen-free environment) from green
waste from tomato and cucumber cultivation and cattle slurry.
Production of biogas

Parameter

Unit

Volume

Biogas per year

Nm3

311 642

Biogas per hour

Nm3

35,6

Energy in biogas

kW

192

Expected electricity and heat production of the biogas plant during average year is presented in the
table below.
Production of electricity and heat

Parameter

Unit

Volume

Electricity generation

MWh/a

550

Own electricity consumption

MWh/a

13

Electricity supplied to the grid

MWh/a

537

Heat generation

MWh/a

749

Own heat consumption - BGS

MWh/a

188

Heat for heating greenhouses

MWh/a

561

The following table shows the estimated investment costs. These costs depend on a number of factors.
It is based not only on the size of the equipment and on the installed technology but also, on whether
the construction is realized by self-help or supply and on the share of self-help work.
Production of electricity and heat

Parameter

Price (EUR)

Share

Building part

131 625

45%

Technological equipment

58 500

20%

Cogeneration unit

87 750

30%

Other investment costs

14 625

5%

Total

292 500

100%

The capital investment decision indicators (IRR, NPV and simple payback period) are calculated based
on the project cash flow before financing. 20 years were taken as a period for the analysis. The discount
rate was set to 8% for the purposes of economic indicators calculation in the sensitivity analysis.
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The total investment costs together with the energy, fuel, operational, labour and other costs and
revenues were used for calculation of simple payback period. The following tables summarize technical
and financial indicators of the renewable energy project.
Summary of the technical indicators

Parameter

Unit

Volume

Electrical capacity

kW

64

Heat capacity

kW

87

Heat in biogas

kW

192

Electricity supplied to the grid

MWh/a

537

Heat for heating greenhouses

MWh/a

561

Parameter

Unit

Volume

Investment costs

EUR

292 500

Lifetime

year

20

Discount rate

%

8

Feed in tariff

EUR/MWh

75,48

EUR/m3

0,2286

Main financial indicators

Price of natural gas

Used exchange rate 565 AMD/EUR. Feed in tariff 42,645 AMD/kWh.
Capital investment indicators

Parameter

Unit

Volume

Investment costs

EUR

292 500

IRR

%

4

NPV

EUR

- 69 574

Simple payback period

year

12,9

Real payback period

year

41

Conclusion
As follows from presented figures, the pilot case study is the greenhouse production site with around 20
ha of production area. For this case, relatively small combine heat and power unit (CHP) has to be
designed according to available amount of waste. The economical evaluation shows average simple
payback period (12,9 years). This case study can be taken as a break point with respect to size of
potential projects, it can be expected that larger projects will reach better economical results. However,
in local conditions (namely FIT and gas/electricity prices) the best results around 10% of simple payback
period can be expected.

4.3.2.3

Real potential in large scale companies
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Vegetable production
According to data collected in chapter 4.2.1. and the conclusions from chapter 4.3.2.2., only “high tech”
greenhouses over 10 ha of production area of vegetables are taken into consideration. It means 3 sites
(Mavas – 20 ha, Spayca – 40 ha and Green Farmer – 10 ha) with total available production area of 70
ha.
As follows from previous figures, 1 ha can annually produce 270 tonnes of waste in average, it
represents 18900 tonnes of available production waste. From this volume 2 967 300 m3 of biogas or
6 482 MWhe of electricity can be produced.

Livestock production
According to data collected in chapter 4.2.2. and the conclusions from chapter 4.3.2.2., there is 12 big
cattle farms with total number of 4051 heads and 14 poultry farms. No detailed data for all poultry
farms were available, the calculation is made for average size of 50000 heads per site – 700 000 heads
in total.
As follows from previous figures, it represents 88 716 t/year of waste manure from cattle farms and
43 820 t/year of waste manure from poultry farms (calculated by the calculation tool of the Czech
agronomic chamber (www.kis-olomoucky.cz/documents_art/385.xls). From this volume 5 500 392 m3
of biogas or 11 887 MWhe of electricity from cattle production and 91 000 m3 of biogas or 198 100
MWHe of electricity from poultry production can be produced.

The calculation in this chapter represents more accurate calculations than the rough estimation of
country potential. The fine calculation can be made only in line with detailed analysis of composition of
given waste streams from each site. The volume of available waste can be improved from neighbouring
agronomic productions for each site as well, however for this calculation such figures haven’t been
considered.

4.3.3 Risk assessment
Following table provides analysis of the key risks for development of the biogas installations in Armenian
market.
Table 14 Analysis of the key risks

Impact

Risk description
Feed-in tariff
Change of Feed
in tariff during
the plant
operation

Probability

Risk mitigation

High
Significant
impact on
economic
viability, as the
feed-in-tariff is
the only source

Moderate

Current FIT is fixed in the national
regulation, renewable energy sources
contribute to the sustainable energy mix
of the country. Possible changes of FIT
are considered in sensitivity analysis in
case study for Mavas project.
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of income in this
project

Technology risk

Low

Unlikely

The market with technological equipment
of biogas plants is stable in Europe.
Currently most of producers are on the
similar level considering the lifetime and
other main parameters.

Low

Spare parts will be mostly imported from
the EU countries and trained and
qualified operators will perform operation
of the plants. Along with the
development of the biogas projects the
support structure of service and supply
companies will be naturally created. To
cover the risk for each project the
service conditions have to be prescribed
in the suppliers contracts.

Low

The agriculture waste is available in high
amount, pilot projects have to be
carefully selected according to economic
strength of the implementing companies.

Low

Most of the greenhouse projects needs
the combination of input substrates and
thus the utilization of the livestock
manure as well. Such productions are
available in the vicinity of all greenhouse
sites.

Moderate
Operation and
maintenance of
biogas plants

Unavailability
of spare parts
and qualified
service during
the life time
period
High

Input waste
supply

Unavailability of
input material
during life time
period has the
most significant
impact on the
project
sustainability.
Moderate

Manure supply
market

Livestock
manure is
necessary to
combine with
the greenhouse
waste for
reaching optimal
parameters of
the projects.

Low
Available space
for the
technology

Unavailability of
space for the
technology
installation.

Low

In case of greenhouse production, the
waste is available seasonally and the
input material has to be stored on the
site. This creates the need of
appropriate space for installation. Due to
the specific landscape conditions (rocky
and hilly areas, where the greenhouses
are installed) this can be demanding for
small size projects. Therefore, the largescale projects are recommended for pilot
installations.
Livestock production and manure based
biogas plants usually have enough
space for further development.
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CONCLUSIONS AND RECOMMENDATIONS

For the purpose of this study the theoretical potential of biogas production for both vegetable and
livestock production in Armenia has been estimated based on collected figures with production volumes
of these sectors. For vegetable production there is theoretical potential to produce 1,1bn m3 of biogas
or 2452 GWhe of electricity from the available waste from this type of production in medium and big
greenhouses, while for livestock production there is theoretical potential to produce 411M m3 of biogas
or 890 GWhe of electricity from the available waste from this type of production.
The pilot case study has been prepared for the greenhouse production site with around 20 ha of
production area. For this case, relatively small combined heat and power unit (CHP) has to be designed
according to available amount of waste. The economical evaluation shows average simple payback
period (12,9 years). This case study can be taken as a break point with respect to size of potential
projects, it can be expected that larger projects will reach better economical results. However, in local
conditions (namely FIT and gas/electricity prices) the best results around 10% of simple payback period
can be expected.
Based on the economical parameters of the pilot study, large scale enterprises have been selected for
the calculation of real potential of biogas production. It means that this type of production has the
economical strength and stability to invest in the biogas project and properly manage its operation.
For vegetable production only “high tech” greenhouses over 10 ha of production area of vegetables are
taken into consideration. It means 3 sites (Mavas – 20 ha, Spayka – 40 ha and Green Farmer – 10 ha)
with total available production area of 70 ha. From this volume 2 967 300 m3 of biogas or 6 482 MWhe
of electricity can be produced.
For livestock production there is 12 big cattle farms with total number of 4051 heads and 14 poultry
farms. From this volume 5 500 392 m3 of biogas or 11 887 MWhe of electricity from cattle production
and 91 000 m3 of biogas or 198 100 MWHe of electricity from poultry production can be produced.
The economical feasibility depends mainly on level of feed in tariff and development of gas and electricity
prices. As biogas utilization represents safe and proven way of renewable energy utilization, it can be
recommended to competent bodies to consider increasing of the FIT in the next years. Such
arrangement will move the economical feasibility on more acceptable level for private investment (below
10 years of simple payback period). Simultaneously the pilot installations have to be supported from
international development programmes to help with the creation of supplier and service market in the
country.
The environmental aspect of the biogas process has to be considered as well. During the data collection
in the field some small scale greenhouses were heated by old, out of life-time boilers fed by waste tyres,
which situation creates a bad condition for local environment and has influence on the quality of the
production as well. Carefully designed support scheme for small scale enterprises can have a significant
influence on environmental situation in touched areas.
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ANNEX – PICTURES

Picture 1: Example of high-tech type greenhouse

Picture 2: Example of low-tech type greenhouse
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Picture 3: Example of greenhouse waste from tomato production

Picture 4: Example of environmentally inappropriate heating in the greenhouse
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