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CHAPTER 1 CLIMATE CHANGE AND RENEWABLE ENERGY RESOURCES

The current way of energy production and consumption is not compatible with the principles of
Sustainable Development (SD). On the one side, 2 billion people have no access to electricity G
commercial fuel (natural gas, liquid or solid fuels) and usetioadl fuel (fuel wood) to prepare

food and to heat the home®n theother side, energy consumption continues to grow. Also
adverse influence of energy production processes and combustion of transport fuel or
environment grow, causing the raise of gremrrde gas (GHG) emissions and global warming,
acids rains, growtlof air, water and eartpollution, etc [1.2].In accordance with théorecasts,
concentration of C@will grow from 367 min' at present to 490260 mir* in 2100.In other
words,CO, concentation in the air will rise by 78350%as compared witkthe level as of 1850.

As a consequence of G@oncentration raise it is forecasted that the temperature of the Earth
atmospheraea surfacewill rise within 1.45.8°C by 2010 [2].
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Fig. 1.1. Globahverage neasurface temperatures annual anomalies, IZRBEIL

1.1  Energy Production and Consumption

Nowadays, the most part of consumed energy is produced from fossil fuels (coal, oil, natural
gas), which were formed several million years ago as dt relsdecay ofremnants ofinimals

and plantsunder conditions of high pressure and temperatutessil fuelsare consumed at
greater rate than formed now in Earth layers under heat and pressure and will disappee

completely after some definite time paetio i n t he futur e. For that
renewabl e energy r @ suaniumchassas.peblu €l earpl daaoel
renewabl e energy resourceso. l'ts resources

reactors it can be miblied and last much longer. Though GHG emissions from Nuclear Power
Plants (NPP) are close to zero, nevertheless the high risks of NPPs limit their develd@ament.
meet ever growing demands of mankind in energy it is required to develop renewable energy
resources: solar, wind, water flows, biomass, and geothefinalimpacts on environment are
significantly less from renewable energy sources compared with imgected by combustion

of fossil fuels. Data on installed capacities of RES worldwide for 20M8 are brought in
Table 1 [6].

Energy consumption worldwide is around 10 billion tons of eggiivalentger year. The share
of oil in total consumption ig0%, share of gas and c®i50%.In 2008, TotalPrimaryEnergy
Supply (TPES) was 1267.38 Mtoe, and Total final consumption (TFC) w&18.41Mtod45].
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Fig. 1.2. RenewabldenergyShare in Total Final Energy Consumption2608][6]

Fig. 1.3. Share aflobal electricity fronrenewableenergyin 2008[6]

Global warming and acid rains caused as a result of fossil fuel combustion have the greatest
impacts on environment and have global or ttamsndary influence.

1.2 Climate Change Issues

Climate change or global warming is the gradual increase of air temperature near surface of the
Earth. CQ is the most important of GHG gases. Amount of,@@issions that arise from fossil

fuel combustion totals 80% of total amoumtQD, emission caused by anthropogenic activities.

In accordance with the scale of importance,@kes the second place after £@nd NO T the

third place. Global warming potential (GWP) of GHG is calculated as pereG@valent and

for three most impaant gases it has the following values: £O1, CH, = 21, NO = 310 (see

The Third Assessment Report (TAR) of the International Panel on Climate Change (IPCC),
200) [2]. That means thatJO has the largest specific impact among above mentioned GHG.

According to the Forth Assessment Report (AR4) of IPCC (2007) Global warming potential for
three GHG is equal to 1 for GO25 for CH, and 298 for MO, but while preparing national
communication the values for GWP are used as they were adopted in 1995 [2].

Combustion of different types of fossil fuels causes different amounts pé@f3sions dr each
unit of energy producedFor coal, oil, and gas corresponding amounts of €@issions are



T o e i expressedby the following ratio:
2:1.5:1. This is the main reason
that in spite of significantly
greater amounts of coal
resources it is encouraged to
switchfrom coal to natural gas.
In addition to great amounts of
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1.3 Acid Rains

On pH scale conventional rain

o has value of 5.6Acid rains are
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Fig. 14. Formation of the Greenhouse effect emitted in th? atmosphere _aS a
result of fossil fuel combustign

are transformed in appropriate acids through chemical reactions in the presence of water vapor

Subsequent rains became a little acid, i.e. their pH became less than 5.6.

:

Sulfur dioxide enissions from volcanoes, swamps, and decaying plants also contribute to
formation of acid rains. It would be appropriate to mention that 90% of sulfur and 95% of
nitrogen emissions in Northern America and Europe asmthiropogeniorigin.

Acid rains ae dangerous for plant life, and in some cases can seriously affect on forests, caus
erosion of buildings and metallic constructions. According to the estimates, the damage to only
metallic construction is around 2 billion USD per year.

Acid rainscaug damage to soil, pollute lakes and seas, air. Water, food, and air polluted by acid
rains are dangerous for man health.

1.4 Climate Change Issues in Armenia

Armenia ratified UN Framework Convention on Climate Change (UNFCCC) in 1993 and Kyoto
Protocol in 2003. Armenia, as a developing country not included in the Annex | of the UNFCCC,
has no quantitative obligations for greenhouse gas emission reduction. édpweindertakes
voluntary obligations on the limitation of GHG emissions, with assistance of developed
countries, within the frames of corresponding mechanisms of UNFCCC.

Armenia presented the First National Communication on Climate Charlg’FCCCin 1998

It includesnational cadastref greenhouse gasdsrecasts oGHG emission tl1201Q as well as
estimates of impacbf global climate change on the natural ecosystems, human health and
economy of Armenia.

Foll owing its i ndanpa grdeahouse gas dnissioas fellasbasply &om
24400 Gg in 1990 to just 4800 Gg in 1995 as a result of the fuel shortage and rapid industria
decline. Currentlyannual CQ@-egemissionger capita are around 0.00Eg CO,, i.e. areequal

to approximately ong¢hird of averagdan the worldvalue of CQ-eq emissions per capita of
0.0043 Gg per capit@ee Fig. B).
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Fig. 1.5. CO,-eq emissionper capitdn Republic ofArmenia, Gdper capitgfSourcei Ena bl i ng Acti viti es
Preparation of Armeniabs Second National C@®unication t
(reports).

According to First National Communication on Climate Change of RA to UNFCCC (1B88)

in case of temperature increase B¢ &nd precipitatiomecrease by about 10%, the following
negative impacts on the ecosystems as well as clwmsnerable branches of economy are
anticipated in 2100a shift of the landscapeone borders up the mountain; increase of climate
aridity and intensification of esertification processes; reduction of annual river flow by 15 %
and increase of evaporation from the surface of Lake Sevan 4y1%3 reduction of the
efficiency of plant cultivation by-84%; reduction of the pasture area and its productivity-by 4
10%

In 2010 the Second National Communication of RA was presented to UNFCCC. Projections of
greenhouse gas emissions for 2020 were done for two scenaribsusinessasusual and

rapid stabilization. By 2020, GHG emissions will amount to 61% of their iav&990 (92% in

the case of businessusual scenario), the largest share of which (73%) to fall on the energy
sector.
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Fig. 1.5. Emissionsf CO, (tons)per capita per countr2006)



TABLE 1. INSTALLED CAPACITIES OF RES WORLDWIDE FOR 2004 -2008

(AS OF END OFEACH YEAR) [6]

Type of RES Installed Capacities of RES by the End of Each Year

2004 | 2005 | 2006 | 2007 | 2008 | 2009

Power Generation,GWq

Large Hydropower Plants 720 750 763 770 860 920

Small Hydropower Plan{s10MW 61 73 85 60

Wind Power Plants 48 59 74 95 121 159

Electricity from Biomass 39 45 52 54

Geothermal Power Plants 8.9 9.5 10 11

Solar PV Plants (ofgrid) 2.2 2,7

Grid-connected PV Plants 1.8 3.5 5.1 7.8 13 21

Solar Thermal Power Plants 0.4 0.4 0.5 0.6

Energy from Ocean Waves and 0.3 0.3 0.3 0.3

Tides

Total Installed Capacity of RES 160 182 207 240 280 306

(without large HPPss

Thermal Energy Production for

Water and Space Heating, GW,

Biomass 220 235 250 | ~270

Solar Thermal Collectors for 77 88 105 128 145 180

WaterSpace Heating

Geothermal Energy for Heating 13 33 50 ~60

Heat Pumps (Geothermal) 15

Solar Thermal Water Heaters for 40 *

Households, million

Heat Pumps for Buildings Heating, 2

million

Transport Fuel , billion liters/year

EthanolProduction 31** 33 39 46 67 76

Biodiesel Production 2.2 3.9 6 8 12 17

Rural Energy Production (Stand

Alone Systems)

Small Biogas Units for Householdg 16

million

Small Biomass Gasification Units n/a

Small P\tStations for Households, 2

million

Solar Cookers, million 1

* Number of householdd.600million.

** Production of gasoline in the words is equal 2@0billion liters/year.
*** 360million households areot connected to grid.




CHAPTER 2 PASSIVE USE OF SOLAR ENERGY

In practice, almost all thenergy consumelly mankindhasbeenreceivedfrom the Sun. The

energy of solar radiatiohas also beeaccumulatedn fossil fuels: coal, oil, and natural gase

residues of plant andnamals that received all the energy for their development from solar

radiation Annualenergy of solar radiation that reaches the upper border of the Earth atmosphere
isaround5.6 AXJ0The Earthoés atmosphere refll®dA#F back a
and remained part of incident energy is consutodtkat of Earth surface(around2.4 A% J),

to drive evaporatiorprecipitation cycls (turnaround) (around1.3 A% J), formation of sea and

ocean wavesir flows (winds), and ocean flowaround1.2 A% J).

Solar energy technologies do not necessarily have to be based on a hightiestehology The
requirements to solaechnologiesare on a level sometimes called as intermediate technology.
Neverthelessproper design and optimizatioof solar energy systems not easy work and
require high level of engineering analygs].

2.1 Characteristics of Solar Radiation

Solar radiation is an electromagnetic radiation in the wavelengthrange e80.2B ¢ m near Eal
surface (Fig. 3)This range includes invisible for man eye small fraction of ultraviolet radiation

within sub rangef0.28-038 m (around 2% of sol ar subpmegett r um) ,
0.38-0.78 ¢ m(49% of solar spectrumandinvisible infrared portion withirsub rangeof 0.78-

3.0e mM49% of solar spectrupjl, 42].

Is, | 1000W/(nfem)

0.20

.15

.10

0.05

R 4

0.00
02 05 10 15 . 0 _ &5 3.0

o,

Fig. 2.1. Spectral irradiance of solar light at the upper border of Earth atmosphere (1) and near EartfP$uifaee
peaksonsolar spectrunmear Eartlsurfacecorrespond t@bsorption lines of H), CO,, O; atmospheric gases
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Units are W/m?, and represant the energy flows averaged
owver the surface of the entire sarth at any given time

Earth

Atmosphere
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|

Fig. 2.2 Solar radiation energy flows are averagedr total area of Earth at any

time and are measured in W/m
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Fig.2.3. The Earth movement around the Sun along elliptic or
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Fig. 2.4. Solarmovement onmaginary celestial sphere. Vernal
equinox on March 21, autumna
declination of the sun” sun angular position in respect to celest
equator aaf2noesf3, 45

11

Energy of Solar Radiation Incident onthe Earth

The intensity ofsolar radiation totals

4 KWl with that the intensity at
the upper border of Earth surface it is
1.7 8 AW. D@e to absorptiorby
atmospheric gaseand scattering at
particulate pollutantsit is reduced
down t o'W near thdsurfabe
of the Earth.The solar irradiance at
the upper border of Earth atmosphere
was defined as 1.353 kW#nand is
referred to aextraterrestrial or solar
constant.Since Earth rotates around
the Sunalong theelliptic orbit (Fig.
2.3 the distance between the Sun and
the Earth is around 149.6 million km
on the average and varies byl.7%
annually,so solar irraliation depends
on inversely as the square of distance.
After being transmitted through the
Earth atmosphere, solar radiation
incident on any surface is composed
of the beam (direc) radiation i.e.,
solar radiation received from the sun
without being scattered by the
atmosphereand of diffuse radiation
(solar radiation received from the sun
after its direction has been changed
by scattering by atmospheric gases,
water vapors, particulate pollutants.
The sum of the beam and the diffuse



radiations is reerred to as total solar radiatiohhe practical applications of such consideration
will became clear while calculating parameters of solar collector and solar photovoltaic systems.

Solar irradiation on the unit surface during the day depends on gbagtiadpcation (latitude),
local climate, season of year, tilt angle of unit surface related to horizon.

Due to relative movement of the Sun and the Earth E®2.4), the solar irradiationon any
consideredsite varies.At noon the path along whicholar radiation reaches the Earth is the
shortest, absorption or diffusion of solar radiation is maliand largest portion of solar energy
reaches the Earth.

2.3 SeasonaWNariations of Solar Irradiation

The daily solar irradiation that reaches the Easthifacedepend on the season of the yeain
Northern Europe daily average irradiation is less than 0.8kWinwinter, and is more than 4
kKWh/m?in summer.

2.4  Variations of Solar Irradiation Related with Geographical Location

Solar irradiation that reaches the Earth surface depends datitbde of the site. Théhighest

values it has for regions near equator. So, average annual total solar irradiation in Central
Europe, Central Asia, and Canada is equdlo@kWh/m?, in the Mediterranean170&kWh/n?,

near the equator, in the deserts of Africa and AustraROWh/m?. Seasonal variations and
variations depending on geographical locations of solar irradiation are enough substantial, and
this factor shall béaken into the account while developing systems designs (Fig 7).
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Fig.2.5. Annual solar irradiation, kWh/fm
171 Tropics of Cancer oNorthernTropics(NorthernLatitude- 232 7 6 ) ,
21 Tropics of Capricorn oBouthernTropics(Southern Latitude2 3 0R 7 6

2.5 Solar Energy Utilization

Solar energy is converted to useful energy through applicatieithadr active or passivesolar
systems (passive use of solar energypothtogether

12



Solar collectors and photovoltaic systemsraferred toas active system3hese systems will be
considered in details in the following Chapter8.3

The systems in which heat transfer is occurred in a natural way through proper design of home c
building thatmaximumamountof solar energy is receives referred to as passive solar systems.

In passive solar systems the structures of building are used to accumulate, store and transfer t
heat. This definition fits in the best way to simple structuneshich the heat is stored in basic
elemets. in the walls, ceilingfloor: Due to large input in thelevelopmentsuch homesy
engineer Trombehehomes are referred to hemes withTrombewalls.

2.6 Principles and Mechanisms of Solar Passive Heating

There exist several important architectural approdelesentdo develop solar passive systems

so that up to 125% of energy consumddr heating and cooling in households can be saved.

These approack&elements are as follows:

1 To provide poper selection of site for the building;

1 To usea lot of southfaced windows(in Northern hemisphere) to allowvansmittanceof
solar radiation through the windows during the winter period,

1 To use,on the contrary, few windows faced to the East and to the West to limit solar
radiationtransmittancehrough the windows during the summer.

1 Provide enough interior mass to make temperature changes more smooth;

1 Provide propethermalinsulation of the bildings.

Above mentioned approaches shall be applied unanimously.

Fig. 2.6. Passive solar heating

2.7  High-Quality Windows

Use of proper windows is of high importance in all passive systems. The glass pane or othe
plastic material is transparent for shasdve solar radiation, but is opaque medium for thermal
long wave radiationso due to greenhouse effect the temperature && increased inside the
room. Speaking in more details,imdow glass is transparent for solar radiation in the range of
0.42 . 5 A#temsolar radiation is transmitted through the window glass it falls on surrounding
objects onthe other side of windowss partly absorbed by theyrand cause their heatinghe
spectralcurve ofthermal radiation of objects at room temperatuseshifted toward long waves

13



as compared witepectrunof solar radiationandcovers rangeip tol 1  dhma glass is opaque
for such longwave radiation, and this wadneatenergy is accumulated.

High-quality windows possess tifi@lowing features:

(a) Two-pane or thre@ane thermal insulation

(b) Glasses with special selective coatings that are transparent for incominggiaaon, but
opaque related to output of thermal long wave radiation

(c) Windows in which space between panes is evacuated or filled with argon

(d) Use of phase changing technologies in which upon switching on to electricity glass or similar
surface beame opaque or transparent.

Il n commerci al of fices reflective films are oft
up it is possible reduce up to 85% of transmitted solar radiation.

It is important while at the stage of design to envisage opportunity of integration of active solar
systems (thermal collectors and photoelectric panels). In Northemmspheres these systems
shall be facdto the South, and in SouthdrAemispheres to the North.

14



CHAPTER 3 SOLAR HEATERS

3.1 Solar Flat-Plate Water Heaters

The princple of solar heating is known froancienttimes. The black surface is warmed under
sunlight, and light surface is remained cddlis principle is used in solar water heatersl 908

V. Bailey from CarnegieSteel Company (USAgonstructed solar collector, in whithermally
insulated box and coppeoil was used for the first time.

Cold water Hot water

Fig. 3.1. Plane solar collector: a. (in the leftthe principle of operation ablar collector [1], b (in the
right) i main elements of modern solzwllector [21]

This technology is very close to modern solar collector technologies (thermal siphon systems)
Efficiency of solar water heaters increase beginning of 1970th wiswfacturers started to
utilize tempered glass with low content of iron, new insulation materials and improved durable
selective antreflection coating As it is shownin simplified way in Fig. 9, the cool water is
warmed when passes through sunlight pipes welded to black sunlight absorbing surface.

In Central Europe and Northern America solar collectors are installed at the angle of more thar
50° related to horizontaplane to receive maximum heat energy during the wifterreduce
thermal losses solar collector shall be installed ascimas possible closéo primary heat
consumed appliances, for example close to the kitchen or bathimdlarthern Hemisphere PV
panels without trackers are installed faced to the South at the angles to horizontal plane equal 1
the geographical latitude of the selected site.

3.2 Solar Water Heating Systems

Solar water heaters can vary izes and desigdepending on demand. The solar water heater
demonstrated in Fig 9b has the largest application worldwite. heat is extracted from the
collector through working fluid that circulaethrough the loop. It is carried out using
thermosiphon (natural cir@ation) mechanisnfFig. 10, or by forced circulation (Fig. 11) with
application of pumf5].

Instead ofwater,the antifreeze (ethylene glycol) can be used heat transfer medium redog

the possibility of freezing of fluid andremovingthe necessityto drain out the water from
collectors durig night times in the winter

15
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Fig. 3.2 Solar water heating system with thermosipbooulation:1-tank 2-
collector, 31 hot water 41 auxiliary system 5- cold water

Fig. 3.3, Solar water heating system with forced circulation of fluid

3.3 Traditional and Innovative Approachesin Solar Water Heaters Construction

To provide high thermal conductivity of connection layer between bizetalabsorber surface

of the collector and pipes with fluid, higjuality ultrasonic or laser welding, soldering,
mechanicaembracing(clasping) and other technologies are usedcurope, ultrasonic welding

is applied by 55% of solar collector manufacturdeser welding (enough complicated and
expensive technology) by 19%, mechanical embracing (clasping) by 17%, soldeti¥xg other

- 8% [21].Black metal absorber surface of the colleeod pipes arenanufacturedrom copper,
black copperor aluminum stainless steello increase coefficient of absorption these materials
are covered with black chrome, chromekel, special selective coatir{§VD or other coating
technologies) or are painted with black paint. In last case low quality of surface cod®$po
low price of collector.
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3.4 Costof Domestic Solar Hot Water Systems

Modern highquality solar water heaters have operation life tim@®25 years.The cost of 1
kWh (thermal) is3-9 Eurocents

Some featurgand indicative costs for a few typical solar water heating systems are presented
below. German domestic hot water system with?Garea of flatplate collectors, with forced
circulation by pump, and water storage tank of 300 | is oriented for use in Central Europe anc
Northern Europe and costs 4500 Eultoprovides annual saving of energy in the amount of
330kWh. Typical solar hot water systems oriented for use in Eastern E(Bopek versioh
includes flat plate solar collectors with total are®2@m?, water storageéank with capacity of

150lI. Its operation is based on thermosiphon principhe cost of this system is aroui@0
Euroand it provides annual saving of energy in the amount of 120Q&YVh

In Israel typical solar hot water systems with total area offlate collectors with thermosiphon
mechanism of fluid circulation analater tank ofL50I can bgurchasedt the price 0B60Euro.
In this cheap system metal pipes are embraced in absorber systeairded fogether witlsun
lightproof paint. Also, conventional window glags
utilized.

High-quality hot water systems in which ultrason
welding technology, higlguality glass, and
absorber surface with selective coating are utiliz
costs 625 Euro.

35 Solar Air Heaters

Solar air heating collectors are widely used f
heating of buildings, drying of food, etc. oy N 3 |
Commercial devices operatfor example, by S — —
drawing the air through perforated plate of collecto Fig. 3.4. Solar air heaters

which serve at the same as outer walls of the desiyn

(Fig. 12). They don't have problems with boiling and cooling of heat transfer fluid as it is in case
of solar water heaters and which maktesdesign of last onesore complicated.

3.6 Typical Applications of Solar Heaters

Low-temperature collectorsemperaturetower than 56C) with metal or plastic absorber, and
mediumtemperature collectorgemperaturesigher than 58, usually 6680°C) are mostly
widespread now and have the best indicatbrcost/benefit.

High-temperature solar collectors are represented by parabolic trough and parabolic dish
collectors,andare usednainlyto generate electricity.

3.7 ExpectedTechnological Progress

As to solar energy applications, if appropristeestments are available, technological advances
are expected in the following important fields:

(a) Solarair conditioning and refrigerating systems. This area is considered as very prospective
as peak demand air conditioning and refrigeratinigp summer period coincidewith maximum
values of solar radiation
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(b) Heat storage. Seasonal storage of heat mgisonablealues ofcost/benefiwill allow using

of excess heat energy accumulated during summer pe@rioginter months to meet heat
demands.

(c) Solar distillation. While commercial projects have been implemented in this field, solar
distillation systems are stitbo expensive to meet most part of demand. If these systems costs
drop down as a result of appropriate technologies developmenmt, vitie have a lot of
applications

3.8 Solar Collectorswith Evacuated Tubes

Fig.3.6. Cross section afvacuated tubgl]
17 selective coating?i absorbing plate31 heattransferfluid,
47 outersurface oftopper pipe5i innersurface ofcopper
Fig.3.5. Solar collector with pipe 61 evacuated spac@i glass tubgwidth of walls is
evacuatedtubes 2mm), diameter of glass tubeligémm (5 incheg

Solar collectors witrevacuatedtubes(Fig. 13) can effectively operatevenduring cloudy days

[1]. They have more complicated design and, correspondingly, highes psammpared with
flat-plate collectors. This type of collector is used when higher temperatures at the output of
collector are requiredncident sinlightis transmitted¢hrough outer glass tube(Fig. 14) then
through evacuated space 6 and is absorbed by absorbing plate 2 with selective caating 1
convertedto heat. From absorbing plate heat is transferred to fluid circulating in copper pipe
which in its turn transfer the heat to manifold receiver and then to water reservoir through heat
exchangerSince air is evacuated from space between outer glass tube and inner tube (it might be
glass orcoppej so convection and thermal conductivity losses areedlmzeroThe operation of
collectors with evacuated tubes is based on heat pipe mech@aerhox1l below)Additional
information is out of our taskand you can find it in special literature.

Box 1

Solar energy absorbed "
L The liquid in the heat pipe changes into vapbich rises to
: the condenser. When passing through the heat exchg
the heat is absorbed and the temperature is lowered
vapor becomes liquid, returns to the base of the heat
The heat pipe is hollow and the space inside, like that o
solar tube, is evacuated. Inside the heat pipe is a §
quantity of liquid, such as alcohol or purified water p
special additives. The vacuum enables the liquid to boil
turn from liquid to vapor) at a much lower temperature t
it would at normal ahospheric pressureWhen solar
radiation falls at the surface of the absorber, the lig
within the heat tube quickly turns to hot vamordrises to

o8 the top of the pipeWater, or glycol, flows through
Cifﬁ manifold and picks up the heat, while the fluidtihe heat
¥ pipe condenses and flows back down the tube for

process to be repeated.
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3.9 Solar Cookers

Though solar cookers are available in developing countries at low price, however, they have
limited applications because thegnnotbe used indoors, in the evening or early morning, when
food is usually prepared, or in cloudy das8][

Box-type solar cookefFig. 3.7a) includes well insulated box, with black inner side where black
pots with food are placed. Box is insulated byn$@arent material (oner two paneglass,
plastic) through which sunlight enters into box and heats the pot. The mechanism of heating i
similar to mechanisms occurred in @rhouse.

Advantages of boxype solar cookers:

- Direct and diffused sunlighs$ used

- Lightness and mobility;

- No need to track the sun

- Box can be easily made with use of lo
materials;

- Cookers are cheap.

Disadvantagesf box-type solar cookers:

- Cookers operation is limited to daylig
period;

- Moderate temperatures prolomgquired
cooking time;

- Thermal losses in glass or plastic cover

Fig. 3.7a Box-type solar cooker

In parabolic dishsolar cookel(Fig. 3.7b) only
direct solar radiation is usezhdits operation
is limited to clear sky day€aabolic dish is
mounted from individual higiguality flexible
stainless steel plates covered with spe
coating. The plates serve as mirrors ¢
concentrate the reflected light at the pot w

food installed at the focal point of tlésh

Fig. 3.7h Parabolic dish solar
cooker

3.10 Solar Distillation Systems

Only 500 million people of 2.4 billion people from developing countries have accésssio
water.Solardistillation isone of alternative ways to meet needs in fresh water.

The principle of solar distillatiofdesalination)vas knownfrom times immemorialAs early as
the4th centuryBC Aristotle proposed to evaporate the water taken from the sea to produce fresh
water. Nevertheless, the first largeale solar idtillation gationwas put into operation only in
1872 at LasSalinasin Chile. That dbtillation stationoccupiedthe territory with area 04700m?
and produce®4000 of fresh waterto provide with drinking water animals in nitrate mining.
Nowadays, large distillation stations are in operation in Australia, Greece, Spaiis
Caribbeanslands. Smaikcalesolardistillersare also utilized in other countries.
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Single basinsolar distillers (stills) are used widelyThis is an airtight meervoir that contains
polluted or salted water and isweredwith sloped glass or plastic cover.

The scheme of solar distillation unit is brought in F3g8. The bottomof the reservoir is
blackenedto effectively absorb sun radiation. Suadiation is transmitted througilasscover
and evaporatethe water Watervaporsare condensed at thelanted cover of the reservoir and
due to slope of cover the formed bubbles flow down to water collector teoufjtodrain pipe.
The water throulg drain pipe is discharged from reservoir and is accumulated in fresh water
reservoir. Theefficiency of this set depends on whether it is used in cold or wainmacteric
conditions. On the average 1l/day of fresh water is produced Byslifface of soladistillatory.
The cost of solar still depends strongly on size of the set and place of produtSan.
manufacturedraall stillswith glass coveare sold at the price of 25 USBnd with plastic cover
T at 18 USD. The specific cost of liter of fresh water is 10 US cents whexploitationof solar
distiller is during one year.

The fresh water produced through this technology is of {ggality, and even higher quality as
compared to fresh water bottled and sold at shdlbbacteria are kikd in the solar still, and the
content of pesticides, fertilizers and solvents is reduced 1§975% [1].

5 Fig. 3.8 Solar distillation unit:

/ 17 reflective surfacg21 glass cover3i collector with
ﬁ! black bottom4 i1 fresh water trougtb i fresh water

drain pipe, 6 - support 77 inlet pipe for polluted water

3.11 Solar Air Conditioning and Refrigerating Systems(SACRS)

As we already mentioned this area is considered as one of most promisinijj seéased cost
of equipment will be reacheth 2007, nearly 25@00 solar air conditioningsystems were used
in the world, 200 othem- in Europe with that majompartof them- in Germany and Spain.

The specific cost of these systemslB007000 Eurcs per kilowatt of cooling capacity. He
share of separate componentstotal cost ofSACRSare adollows: solar collectors 35%is at
the averagecooling components20%, regulator and control units19%, other components
26% Fourtypes of coolingechnologies are used: absorptiadsorption DEC solid andDEC
liquid (DEC is abbreviation for desiccaavaporative cooling In Europe, absorption systems
are used in the most @&olar Air Conditioning and Refrigerating Systentor this type of
technologies specific cost is with#600-6000 Euro/kWeeo. The cost is affected greatly by size
and location of SACRS. For exampJeSACRSwith absorption technology installed in Spain
costs3500EurdkW e, but similar system in Germany coSB00Euro/kWool.

The cheapest technologies are DEC with solid sorption media which can be purchased at the
price from 1300 Euro/k\We to 5600 Euro/kWso. Currently, 35 SACRS are installed in
Germany, 31 in Spain, 8 in France, # in Greece, 3 in Portugal, 3 in Austria,i2in The
Netherlands, 2 in Israel, 1 in Kosovo, Turkey and Armenia [41].
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CHAPTER 4 SOLAR THERMAL POWER PLANTS

Solar thermal poer technologiesthat use different types of concentratdFég. 17), are at different
stages of development.

4.1  Solar Thermal Power Plants with Parabolic Trough
Concentrators (Fig.4.1a)

Parabolic trough mirrors are used in these systerosrtoentrate sunlight ol
high-absorbance pipes filled with heat transfer fluid. The fluid is heated 1
400°C. Overheated steam is productdough heat exchangehen that
operats conventional turbingenerator system. To reduce thermal los
metal pipges with fluid are covered with transparent glass pipes. The sys
are usually supplied witkingleaxis ordoubleaxis solar trac&rs In the mid

of 80-th of last century, «Luz International» company installed 9 parak
trough power plants with totabpacity of 354MW in Southern California

& Fig. 4.1.The schemes of
operation of solar thermal
power technologies

4.2  Solar Thermal Power Plants with Parabolic
Dish Concentrators (Fig.4.1b)

In these power plantsarabolic dish mirrors are use
to concentrate sunlight on the receiver located in
focal point of the dish. The working fluid in th
receiver is heated up to 1000°C and is directly use
mounted at the receiver engine that works on Ster
or Brighton cycle to mduce electricity. Té
prototypes with capacity of-Z5 kW are installed a
the different sites in USAThe maximum efficiency of
thesetypes ofplantsis reported as 31.2b.

4.3 Solar Tower Power Plants (Fig4.10

In these systems sunlight is focused at the cet
receiver installed in the upper part of the tower w
the help of heliostats installed concentrically on
sun tracker. The absorbed energy is used to
turbinegenerator system. The temperature of the fl
inside receiver reaches 54600°C:

In 1996, fiSolar Twa 10MW Solar Tower Thermal
Power Plant was put into operation the Mojave
Desert, California. Technoloy of molten salt at
temperature of 550°@s an energy storage mediu
was applied that allow operation of the plant all da
long. Totally 1926 heliostats are used to concentr

Fig. 4.2. Solar thermal prabolictrough solar radiation at the
power plant (a)parabolicdish power plant operated till 19991t is planned to construct simile
(b) and slar towerpower planfc) plants with capacities within 3B00MW.

21



4.4 Current Status of SolarConcentrating Thermal
Power Plants

The SierraéSun Towelfacility is based on power tower
CSP technologyAn array of heliostats reflectsolar
radiation to a towemounted thermal receiver. The
concentrated solar energy boils water in the receiver to
produce steam. The steam is piped to a steam turbine
L8 generator which converts the energy to electricity. The

Fig.4.3 Sierra SunTower plant (5 MW)

steam out of the turbine is camsed and pressurized back into the recelv@&IW SierraSun
Tower plantwas put into operation in the summer of 200% the only commercial CSP tower
facility in North Americaas of spring 2010.

SierraSun Towerincludes two eSolar modules. 24,000 heliostats, divided between four sub
fields, track the sun and focus its energy onto two tewaunted receivers. The focused heat
convertsfeed waterpiped to the receivers into superheated steam that drives a remuedlit

1947 GE turbine generator to produce electricity. The steam passes through a steam condenser,
revertsback to water through cooling, and the process repeats.

Fig. 4.3. The Solar Towd?ower PlanPS10 Fig. 4.4. Solar TowelPower Plant®S10with capacity
of 11MW (in the leff andPS20 with capacitgf 20MW
(in the right).

In the Solar Tower PS1(Epain)with capacity of 11MW sunlight is concentrated from a field of
heliostats onto a central towdihe Solar Tower PS16 currently inoperation

PS20 solar power tower is a solar thermal energy plant in Sanlucar la Mayor near Seville, in
Andalusia, Spain. It is the world's most powerful solar power tower. The 20 megawatt solar
power tower produces electricity with large movable mircaked heliostatsConstructionof
PS20was started in 2006nd in 2009PS20 was put into operation. It features a number of
significant technological improvements over the earlier PS10. These include adfighiency
receiver, various improvements the control and operational systems, and a better thermal
energy storage system.

The solar thermgbower industryis growing rapidly with 1.2 GW under construction as of April
2009 and another 13.9 GW announced globally through 2014. In Spain 2Zhsotaaltpower
development projects with capacity of 1,037 MW are under construction, all of which are
projected to come online by the end of 2010. In the United States, 5,600 MW of solar thermal
power projects have been announced.
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45 Solar Ponds

In solar pond with salty water the concentratiordisSolvedsalt in the water changes with the
depth of the pond, with the highest concentratiear the bottom of the pondee Fig. 19)
Bottom layer(1) is followed by layer withintermediateconcentrabn of salt (2) where no
convection is takerplace and finally, upper surface layer (3) where thermaltransfer is
available.Bottom waterlayer is warmed by sunlighbutdue to its high density cannotmove
to the surface. The temperature in this layer can increase up to hamiimg The uppermwater
layer has relatively low temperature. Tinéermediatdayer that hasalt concentration gradient
serves as insulator and prevents thermal convectioaddssm bottom layer. The difference in
temperatures between bottom and surface layers is used in differentitwaays be usedlso at
night period.

By installing pipeline at the bottom of pond andumping fluid through pipelines(4) it is
possible teextract the heat from the bottdayer of pondand transfer it to end consumas well
asto run turbinen closed-loop Rankire cycleto generate electrical energy.

Several power plants whose operation is based on that priheipéebeerput intooperation in
Israel Thelargestof them with capacity of SMWises waters from2 ponds with total area of
24Ha. The efficiency of the station is 1%.

The largestsolar pond in USA was put into service at El Paso, iiX1986 It occupies the
territory of 0,34 ha and provides heat tonearlylocated food canning pla@ind to 70kWpower
plant withRankine cycle turbinéhat uses organic working fluidhe temperature of the bottom
layeris 90" C. At the samewater distillation station with productivity &0 00d/day of fresh
waterhas beemut inopestion there

Fig. 4.5 Solar pond: 1Ii water layer with high Fig.4.6. Solar pondat El PasqUSA)
concentration of salt, 2- water layer with

intermediate concentration of salt,- @ater layer

with low concentration of salt, # input of cold

water and discharge of warm water.
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4.6 Solar Chimney (Solar Tower)

Solar Radialion

Terwar

Turkines

-..wwf \‘I\‘—-—-—-_—-_

(b)

Fig.4.7. Solar chimney in Manzanares Spain: a) Common view, b) The scheme of operation of !
chimney

The three main elements of solar chimney (solar toaeg¥olar air collector, chimney/tower,

and wind turbinesTheir combination to generate electricity has been described by Gunther in
1931.

The scheme of operation of solar chimney is presented in4Eiy. Air is heated by solar
radiation under low circularanslucent roof open at the periphefye roofwith natural ground

below it forns an air collectorln the middle of the roof is a vertical tower with large air inlets at

its base The joint between the roof and the tower base is airtighhot air islighter than cold

air it rises up the toweSuction from the tower then draws in more hot air from the collector,
and cold air comes in from the outer perimeter. Solar radiation causes a constant updraft in the
tower. The energy contained in the updiaftconverted into mechanical energy by pressure
staged turbines at the base of the tower, and into electrical energy by conventional generators
Solar Tower technology has been tested and proven with a successfusatelpilot plant
constructed in MaranaresSpain (sed.7a).

The plant operated for seven years between 1982 and 1989, and generated 50kW output of green
energy.lts tower was 19%neterstall and was surrounded by a transparent canopy that covered
an area of about 244 meters in diameter

The pilot plant conclusively proved the concept works and provided data for design
modifications to achieve greater commercial and economic benefits associated with an increased
scale of economylnexpensive materials were purposefully used to minimizesgcdsut
eventually a storm blew the tower over in 1989.

Since 2001EnviroMission has proposed to build a solar updraft tower power generating station
known as Solar Tower Buronga at a location near Buronga, New South. Watesete tower
should beB00-1,000m tower surrounded by a greenhouse canopy 2.5 kilometers in radius on the
ground.On a sunny day 32 turbinesll generate up to 20@W of electricity.

The efficiency othis solar tower is less than one teofrefficiency ofsolar cellsA 200MW

solar tower would cost a billion dollars to build. According to a 2005 industry report, this would
imply about 10 cents pé&iVh, which is roughly a third of the cost of electricity from current
solar cellsTo be effectivesolar tower must benoughbig.
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CHAPTER 5 PHOTOVOLTAIC SYSTEMS

In 1954,Bell Company Incscientists Gordon Pearson, Darryl Chapin, and Cal Fuller produced a
silicon solar cell with efficiency of 4%n solar photovoltaiccells (P\tcells) thesunlightis
partly conveted direcly into electrical current through photovoltaic effectThe generated
currentdepends on the intensity of solar radiatém quality and type of solar cell

51 Solar PV Cellsand PV Modules

Most solarcells consist of a semiconductomgunction or Schottky barrier in which electron
hole pairsgeneratedby absorbed radiation are separated by the internal electric field in the
junction to generate a current, a voltage, or both, at the device ter(sieedsl).

current flowwr
—

front contact

antireflection coating \

n-type semiconductar

back contact

p-type semiconductor

Fig.5.1. The stucture ofPV-cell: 11 antireflection coating, 2 front electrode, 3
n-type silicon, 4- p-type silicon, 5 back electrode, 6current, 7- sunlight

Under standard test conditiofSTC) i.e. whenirradianceis 1kW/m?
(AM1.5), the temperature of R¥ell is 25°C, and no windin crystalline
silicon solar cellgc-Si) open circuit voltage ¥ is close t00.5-0.7V, and
short circuit currentgl i from tens of mA tol-2A, with that the uppe
value of current is reached in high ¢ityaround solarsilicon cells with
diameter of10-15cm or squaresolar crystalline silicon cells with side
dimension of 0-15cm (Fig. 5.2). Under mentioned conditions optim
output powerfor different cells is within from tens of mW 1.5W.

PV panelsmodulesarefabricatedfrom individual PV-cells. To produce th
required voltage and current the f¥lls are connected &@achother in
parallel and in serioug he panels are insulated from outer environme Fig.5.2. Solar cell
for example through lamination, and by thisducing the adverse

influence of moisture on P¥ells. The capacity of individual panels Is

20-150W (Fig. 5.3).

Solar P\(system of any required capacity can beily mounted from panels. Alternating current
is produced through application of inverter.
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During thenight or under conditions of low solar radiation bagk electrical battery is used.
Control equipmentprovidesuninterruptedoperation of the all interconnected elements of the
system.

5.2 Efficienciesof Advanced PV cells and Modules

The efficiencies of commerciailicon-basedPV-cells and P¥modules
are as follows:

- Monocrystalline silicon P\tells (c-Si): 16-22.5%, the efficiency of

modules mounted from therh 19% maximum (under laborator
conditions the efficiency of PXell reacled25% (UNSW PERL),

- Polycrystalline silicon P\tells (poly-Si): 14-17%, the efficiency of
modules mounted from theml5.6% maximum (datéor 2009),

- Thin-film amorphous silicon P\¢ells( 43i): 8-9%.

Thin-film amorphous silicon P\¢ells are cheaper since they contain
less silicon, butheyhave lower efficiency andurability compared
with monocrystalline silicon and polycrystalline silicon #¥lls.

Fig.5.3. Solar PV
module/panel

Besides crystalline silicgrthe following materials and theaompoundsare also used fo PV
cells fabrication Gallium arsenide multijunctiorfGaAs), cadmium telluride(CdTe), copper
indium diselenide (CIS)¢opper indium gallium diselenide (CIG®}c.

Under laboratory conditions, the efficiency of 19.2% was reached for CISilthifPV-cells,
and efficiency for the best commercial ¥lls of this type is higher than 11%laximum
efficiency of CdTe thin-film solar cellsunder laboratory conditionwas registered a$6.5%
(NREL), andmaximum efficiency of commercial moduled0.4% («First Solarcompany.

From pointof high-efficiency of solar cells great perspectives have tan@ascadeyolar cells

in which different materials are combined in a way to convert sunlight into electricity to
maximum extentThere are two approaches in designing tandem structures: (1) individual cells
are grown separately and then mechanically stacked one @ahewther and (2) each cell is
grown monolithically with a tunnglnction interconnect. So, theoretical efficiency of the
tandem combination of GalnP2 (Eg=1.9eV) and GaAs is.36% efficiency of 40.8%under
concentrated sunlightvas reported for an werted, monolithic GalnP/GaAs/GalnAs cell
fabricated by and measured at the NREROOS.

5.3 Types of PV Stations
PV systems are usually classified into the following groups:

1 Standalone (off-grid) PV luamg
systemqFig. 5.4).

1 Hybrid systems that are

combination of PV panels and

additional source of electrical § TELEVISION i

energy (wind power stations, —

diesel or something else
1 Gridiconnected  PMystems 7! IEI

that transfer excess power tQHARGECONTROLLER I —

grid or receive electricity from [OFTIOHAL) REFRIGERATOR
the grid for example, outside Fig. 5.4. Standalone (offgrid) PV system
daylight hours

FAHELZ
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Typical scheme of Staralone (offgrid) PV systems is brought in Fig.4. It includes solar
panelsmodules, inverter to convert direairrent into alternating current, charge controller to
maintain operation regime of electrical battery change typical home appliances.

54 Production Costs and Prices

In Central Europeach kW of installed capacity provides 1150kWh/year of electrical enmergy
case of typical grittconnected PV station, al3@®0kWh/year of electrical energy case oktand
alone (offgrid) PV system.

Nowadays,the cost of PV cell is around $2/\the costof PV moduleis 4-5 $/W or 3.2-4
Euro/W, and cost of energy produced is ©12Buro/kWh.It is forecasted that these costs shall
continuously drop and that will cause utilization of-B)stems at larger scales in near future.

Concentrated Photovoltaic RY) systems make it cesftfective to generate utilitgcale solar

Amonix corporation located in Torrance
California (USA) applies inexpensive optics -
drastically reduce the amount of expens
semiconductor material needed to produce ¢
watt of electricity. In the Amonix system, plas
Fresnel lenses collect sunlight and concentrate
500 times its usual intensity tn very small,
highly-efficient [lI-V multijunction solar cells.
Concentrating PV plant in Nevad@SA) with
arrays manufactured by Amonis presentedn
Fig. 5.5 The company's current un{Amonix
7700)is a massive FRilowatt DC (53 kW AC)
system.

Fig. 5.5. Concentrating Pplowerplantin
Nevada, USA. Aarraysra manufactured
by Amonix (USA)

Based in San Jose, CA, Nanosalarporationhas
developed and commercialized a loost
printable solar cell manufacturing process. ~
company started selling panels rid@cember
2007, and plans to sell them at arouné/${when
first announced that was just one fifth the price
Y the silicon cells, but in 2010 brand name silic
cells sell from around $1.70 reducing Nanosol
cost advantage significantly).

Fig. 5.6.Thin film PV cells manufactured by
Nanosolar company

Nanosolarcompany uses copper indium gallium diselen{@@GS)Y which achieves up to
19.9% efficiency in laboratory samplesbuild their thin filmsolar cellsNanosolar's solar cells
have been verified by NREL to be as efficient as 14.6% in 2006 and 15.3% inNzO@&solar
claims to be able to produce electricity &b ents/kilowatt hour almost as cheap as power from
coal and at about ofthird the cost of other solar power
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TOP 20 CELL PRODUCERS - 2009 PRODUCTION (MW-DC)

FIRST SOLAR | 1|1
SUNTECH POWER I 7 0.4
SHARP | 505
Q-CELLS I 537
YINGLI GREEN ENERGY i 55
JASOLAR | 500
KYOCER, S— (0
TRINA SOLAR I 30
SUNPOWER S 305
GINTECH I GE
MOTECH I f0
CANADIAN SOLAR | 326
SANYO I 260
NINGBO SOLAR ELECTRIC 1IN 260
E-TON SOLAR I 225

0 200 400 600 800 1,000 1,200

Fig. 57. Top 20PV Cell producers 2009 production (M\DC) [44]

2009 GLOBAL PV CELL PRODUCTION BY REGION (MW-DC)

NORTH AMERICA
el 584

6%

-

JAPAN \
1,503 .
14% :

CHINA/TAIWAN

Fig. 58. 2009 Global PV Cell Production by Region (MRC) [44]
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5.5 Solar PV Power Plants in Operation

Fig. 59. Use of PV system at gd#lling station. Fig.5.10. Modern PV cell production line in Taiwd@2]

«AccionaEnergy» company from Spain lately has put into service in SMastern part of
Portugal the largest in the world PV plant with capacity of 46K#é&k Fig. 5.1a) as of 2008

[23]. Total area of PV plant is 250 Ha, and is composed of 2520 solar trackiagnsyast which
262000 polycrystalline silicon modules are installed each with capacity ef80W. Annual
average electricity production is 93 million kwWh. The total investments by «Acciona Energy»
company were 261 milliokRuros

The ab Mtlsola: powve

Fig.5.11a. The PV-plant in Europe [40] with capacity Fig. 5.11b. Thelargestin the worldSarniaPV Plant
of 46MW (2008) with capacity o80MW installed in Canadé2009
2010).Picture courtesy First Solar

Located in CanadaSarnia PVPower Plant with capacity of80 MW (see Fig.5.11b) was
constructedn 20092010. It is the largest PV Plant in the waalsl of 2010.

5.6 Impact on Environment.
Operation of solar PAystem has not adverse influence on the environment. Some risks with

adverse influence on the environmhare associated with PV cells production technologies, as
well as with production of electrical batteries and storage of utilized electrical batteries.

29



CHAPTER 6 SOLAR ENERGY USE IN ARMENIA

6.1 Estimation of Resources

Natural dimatic conditionsin Armenia are enough favorabfer solar energy useAnnual
averagevalue of sunshine hourns 2500 hoursAverage annual flow of solar radiation on
horizontal surface is 1720 kWh?mFor comparing purposes iCentral Europe thisverage
value is 1000kWh/nd, particularly,in Poland,CzechRepublic,and Slovakia 9501050kWh/nd,

in Hungary- 1200(kWh/n¥, in Bulgaria- 2000kWh/nf[24].

Data on solar directbeam)radiationare received through actinometrical measurements. The
actinometers(pyrheliomeers) are installed only at six monitoring stations in Armenia
(Armhydromet dad) [32]: Yerevanagro (elevation is 942m above sea level), Gyumri (1500 m),
Tashir (1300 m), Sevan (1918m), Martuni (1940m), Kochbek (2400m): A large part of
actinometrical andunishine duration datar territory of Armeniawere processed and analyzed
before 1980.The regime of solar radiation undeonditions of mountainous reliefwas
investigated relatively wed81].

On the territory of Armeniaactual annual averad®ours of sunshine(i.e. possible sunshine
hours minus time period during which the sun is covered by clputkpends on site of
considerationand varies from 2000 to 2800hours/year [3This value constitutemore than
50% of possible sunshingours Actual surshine hours for Yerevaare 2700, for Martuni-
2750, for Ashtarak 2837, for Vanadzor 2019, for Idjevan 1827 hours. For the territory of
Armenia as a wholectual annual average hours of sunshireequal to 2500 hours [26]:

Under different conditins on the territory of Armeniaannual averagencident solar total
irradiation (i.e. irradiation integrated within yeaer unit of horizontal surfages from 140kcal
to 155kcal/cri. There exist some discrepancies in data received from different authors.

Distribution curve ofthe density of annual energy flow of total solar irradiation hef of
horizontal surfacés brought in the Figs.1[26]. As can be seen from the F§1, for at least of
one quarter of the territory of Armenia annual average solar total irradiai880&Wh/n"

kwh/m2/year
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Fig. 6.1 Distribution curve of the density of annual energy flow of total solar irradiation peofLm
horizontal surface

11-15% of annuaaverage solarradiation fals on winter month$31]. These valuegrow as the

elevation of the site increas®0-65% of energy of total radiation tise energyf beam (direct)
radiation.
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Dataon meandaly total (Eo) anddiffused (Eg) irradiation (MJ/n3) and ambient temperature
Tamb (°C) averagd for month asper months are brouglior Yerevan in Table 2 belawThe
maximum values for incident solar total radiation are received fer"6months, and the
maximum values for solar flised radiationi for 5"-6™ months of the year (see Fif.2).
Average annual value of solar irradiation per unit of horizontal surfa2@3$8MJ/n¥ (16932
kWh/nr). Letts note that Yerevaagro is at 10km fronYerevan at open sitén v. Parakar.

Table 2.Data on mean daily total g anddiffused(Eg;) irradiation (MJ/n3) and ambient
temperature F, (°C) averaged for month as per months on’bfinorizontal surfaceyerevan,
40.1° N.Lat. [24]

Month
| Il 1l \Y} V VI VI VIII IX X Xl Xl
Parameter
Etot 6.34 | 10.13 | 14.04 | 19.18 | 24.97 | 28.22 | 27 25.11 | 20.15 | 14.85 | 8.06 | 5.13
Edif 4.05 | 5.96 7.02 8.2 8.23 7.78 6.88 | 6.34 5.38 4.86 3.89 |31
T amb 37 |-23 |4 111 159 [201 [24 [242 |20 139 [6.2 |-1.2
E, MJ/m2
30
25
20 —
OE1l
15
BE2
10
N [
0 —
I i v v Vi vl Vi IX X Xl Xl

Fig. 6.2 Data on mean daily total (Fanddiffused(E,) irradiation (MJ/ri) averaged for month as per months on 1
m? of horizontal surface, Yerevan, 40N.Lat. [24]

Currently, several organizations, particularly Solar LLC and American University of Armenia
(AUA) are also provideavith appropria¢ equipment to measuirgcidentbeam (direct) and total
solar radiation.

Definitions:

Irradiance [W/m?]. The rate at which radiant energy is incident on a surface, per unit area of surface. The symbol
G is used for solar irradiance, with appropriate subscripts for beam, diffuse, or spectral radiation.

Irradiation [J/m ?]. The incident energy per unit area on a surface, found by integration of irradiance over specified
time, usually an hour or a day. Insolation is a term applying specifically to solar energy irradiation

6.2 Description of Implemented Projects

In 1981, pilot two-storey apartment building with active solar system of heat supply based on
solar collectors was constructed in v. Merdzavaesigning works were implemented by the
Institute of High Temperatures of Academy of Sciences (IHTAS), Russia and
HayGiprogyughtntesutyur{currently ArmAgricultureConstructionDesign LLC), Armenighe

solar system included solar flplate water heaters with total surface of 32 meat storage
system, as well as control and monitoring equipmé@iite solar system covere®% of annual
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heat consumptiomeedsof two-storey apartment building and saved up tdoBs of coal
equivalent The designed cost of solar system (5500 rubles in SU prices) was 15.5% of the total
cost of the apartment buildinGurrently, the solar system is dismantled.

Fig. 6.3 Solar station Arexd20

Pilot project of solar thermal power station Av&20 was not completely constructed (see Fig.
6.3). The site of the plarnt Aragats scientific polygon of Scientific and Res#alnstitute of
Radiophysics The project has been developed by team managed by academician P.M. Geruni.
The design power was 120 kW. Sevepakentswere issued since 1992. There is one fixed
spherical mirror(part of sphere). Air is heated in thermal lexcger and conveyed to turbine.

The last is rotated and put into rotation electrical generator and compressor. There were plans to
increase output power up to 1 MW. The future of this station is unclear.

Below are brought ekcription of thesolar energy utilizatioprojects: first, short description of
projects implemented in 1992003 (see also [14]), then description of the projects implemented
in thelast years.

Fig. 6.4 7.5 kW PV station in t. Gyumri

In 1992, BP company (UK) instatl solar photovoltaic station with installed capacity of 7.5 kW
in the school named after Byron in t. Gyuitkig. 6.4)

In 19941 9 96 n-@ouL€ has manufactured and installed 108 solar modules (each with
capacity of 30W) on 35 seismic observatistations throughout Armenia, around Metsamor
Nuclear Power Plant and Spitak Earthquake zone. The project was funded by FAR
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The Laboratory ofHeliotechiques ofCenterof Small Power Systems diie State Engineering
University of Armeniawithin several yearsnplementedseveral projects presented below
1 In 1995 solar photovoltaic panels with total capacity of 2.4 Wéfe installed on the rooff
St. Sargis Church in Yerevan.
1 In 1995 solar photovoltaic panels with total capacity of 2.4 kW viestalled on the roof of
Musicalrecordingcenter of ArmerHakobCulture Centein Yerevan
1 In 1997,solarphotovoltaicpanels with capacity of 320 W were install@uthe roof oblock
N 17 of administrative building oSEUA to back up electricity supply of the computer
center.

In 20002001, 15 pilot solar water heaters were installed for free on the territory of Armenia
during the implementation of twgear program ARMNEDSUN sponsored by the Government
of the NetherlandsJant ventureSunEnergy LLC was established between ZENe(Kingdom

of the Netherlandsand TechnokomLLC (Armenia) that started manufactuoé solar water
heaters in ArmeniaAt present, less than two thousandsofsolar water heaters were installed

by SunEnergyV and Technkom LLC on the territory of Armenia, particularbn the roos$ of

seven homes n fAVahagni 0 r e $Figdésnin Teadjyan tHoteh (326)) in v.y
Tsapatagmear Lake Sevan, on theof of building at Northern avenue (406)m

Fig. 6.6 The combined solar and water heating sysa¢Northern ave. 10 (Yerevan)
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Solar watetheating systeraombined with boiler houggig. 6.6)was put into operation in
October2007 by LLC Technokom at the address: Northern ave. 10, Yerevan, Arfieaia.
power of boilerhouseoperated on natural gas3200 RV. The area of solar collectois400
dZ. The total wlume ofstorage resevirs is16 000liters. Threecascade collector blognd
two-step heat transfetystem was used.

In 2002, Solar driven desiant cooling demonstration systdifig. 6.7)was installed and put
into operation in American University of Armenia (AUA) witfunding from European
Commission. he systemof solar water heater~ig. 6.7) with capacity of 40kW and total
surface of 64rfwas installed on the roof @&UA.

In 2003,solarphotovoltaic statiorwith rated capacity of 5 kW (see Fig. 6was installed rad
put into operation which included 72 photovoltaic panels with total surface of arourfd 50m
DC/AC inverer of 10 kW was manufactured in Armenia and installed in AUA for this system.

Fig. 6.7. Solar photovoltaic station and solar water hedtetalled on the roof of AUA

I n 2006, i V i paasrkhS€ (Arnenta)designed installed and put into operation

solar photovoltaic station with installed capacity of 5 kWQ. 6.8). To receive the maximum

value of power during the day oia&is soar tracking mechanical system was develojsatgle

crystaline solar cellsof high qualitymanufactured in Russia with efficiency of 18% were used

for modules Totally 30 photovoltaianoduleswere madeby i Vi asphepar k@ c8a8C.
Threephase DC/AC iwerter (from direct current to thrgghase alternating voltage of 380V) of

5 kW capacity was manufpactkwr eCdl SiCh am\di ausspehde rien tt
voltage was applied to water electrical pump that pumped water from depth oip30 water

reservoir for subsequent utilization.

Fig.6.8.

5kW Solarphotovoltaic station
with solar tracking system
(picture courtesyiasphere
techno park
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Within the frame of the prograriDevelopment of Ugo-date Solar Photovoltaic Industry in
Armeniad under contract with R2E2 Foundation [9], the consortium of DEM (Denmark) and
Solaren LLC (Armenia) in 2008 proposed to organize production of solar photovoltaic panels
based on poly crystalline cells and paolystalline mixture manufactured thugh Siemens
technology processest was suggestedalso to construct3kW demonstrationaphotovoltaic
station withconcentratordbased on Amonix (USA) technology. Besides, it was suggested to
conduct additional research womnegarding introduction of techwlogy of production of
metallurgicalsilicon of high purityin Armenia

One of leading organizations in Armenia involved in introduction of renewable energy resources
SolarEn LLC have installed solar photovoltaic stations and systems with total gapb2id kW

and solar water heaters with total surface of collectors of 800different areas of Armenia.
Descriptions of implemented projects on solar energy utilizatiotmeriast years are brought
below.

Fig. 6.9.10 kW solar photovoltaistation installed at Armeniadimerican Health Center

In 2007,10kW solar photovoltaic station, building integrated, connected to electrical network
was installed at ArmeniaAmericanHealth Centeiby SolarEnLLC for the first time in CIS
countries Fig. 6.9).

144 solar panels were installed. Each panel iaraarphoussilicon cell laminated on stainless
steelplatewi t h t hi ckness of 0. 7Adg. Therated chpaoitg gpanel o n s
is 68W. The system is connected tegpBase electrical netwotkrough 3phase invertefl7].

Fig. 6.10 Solar water heaters: a. Solar water heaters at the roof oCRm3 Rehabilitatioil©enter (Yerevan);
Solar water heaters at Narcologic Clinic integrated with back up gas boiler (Yerevan)
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Solarwater heating system with total surface of solar collectors of 15@nspace heatingnd
hot water supply was installed at R€uoss Rehabilitatioi©enter in Yerevan. The system was
integrated with boiler house of the Center operated for heat and hat sugiply (Fig.6.109
[17]. Another solar water heating system with total surface of solar collectors of {Bi@m
6.109 was installed atAddiction (Narcological)Clinic integrated with back up gas boiler
(Yerevan) [17]. These two aboweentioned progims were implemented within Hellenic Aid
Programme during 2002008. Total surface of solar collector at both v2&@8nf, and total
capacity of 140 solar water heaters was 210 kW.

Fig.6.11 Solar water heating systemtegrated with boiler house
Total area of collectors is 70*t2008)

Fig.6.12 Solar water heating system. Total area of sc  Fig. 6.13 Solar water heating system installed in the yd
collectors is 13m2 (2006) Vasgenian theological seminary (Sevan) [18]

54kW solar water heating system (Fégl1) with total area of solar collectors as much as %0m
was installed at boiler house (Yerevan, Avetisyan 23) to provide heat to-apaitment

buildings. (2008). This project was implemented withfweding from UNDP and ErFrez
company [17].
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9kW solar water heating system that includes 6 solar water heaters with total area of 13m2 wa
installed at private house in NeMarash (Fig6.12. The system is integrated with local boiler
system and provides hot watsupply rooms, swimming pool and shower bath (commercial
project).

In 2009, solar water heating system was installed and put into operation at Vasgenian theologice
seminary (Sevan) with efunding from "Armenia- Improving the Energy Efficiency of
Municipal Heating and Hot Water Supply" UNDP/GEF Project and World Council of Churches
Round Table Armenia (WCC RTA) fund (Fi§.13. The aim of the project is to meet needs in
hot water supply of 90 students and staff at Vasgenian theological seminary ($evagh t
introduction of solar collectors. The project was implemented by SolarEn LLC. Solar water
heating system with total area of solar collectors as much asvé@srinstalled in the yard of the
seminary and connected to the existing boiler house tleafima on natural gas

Free Hol d Power o scient
financial and technical assistance from

I nternati onal consortium
hol ding I nc. (USA), nJul
and ARenessanso SRL (Ital
mobile station that usesrenewable energy
resources. Pilot station with capacity of 5kW was
designed and constructed (see Fgl4). The
station is in operation from more than year. The
system is completely automated, service stafis
required to maintaimperationof system andit can

be operated remotely from computer. The system
can be supplied diesel generator, as well as with
generator to produce clean water from atmosphere.

Basic operational data of the pilot system: installed
capacityi 5kW, including total capacitpf solar
photovoltaic modulesi 3.5kW, wind turbine
capacity 1.5kW. The system allows to generate
high-quality (as per frequency and voltage

Fig. 6.14 Combined systeraf solar photovoltaic  stability) electrical current with sine shape
panels and wind turbines
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CHAPTER 7 BIOMASS

7.1 Introduction

Biomass isnon-processedréw) or processed organic material that possesses chemical energy.
Nowadaysby biomass we understand any material of biological origin, products of biological
activities andorganic wastegeneratediuring their processindiomass is prodeed by plants
through photosynthesi®action when absorbing solar radiatiintferent thermal, chemical or
biotechnological processes have been developed to produce energy or fuel from biomass.
Annual growth of biomass worldwide tot&2€0 billion t, or expressedn energy equivalent is

3 A40This is ten times as much as annual energy consumption in the world.

Biomass can be uséd the following wayd45]:

a) Production of thermal or electrical energy;

b) Production of different types of fuel, including:

- Solidfuel: fuel wood wood chips, and pellets

- Liquid fuel: bio-ethanol, biodiesel fu€¢methyl esters bio-oil,
- Gaseous fuel: biogabydrogen and other gases.

Biomass that is processed irsinable way is considered renewable energy resddata.on
energy production from biogas worldwide are brought in Table 1.

In 2001,traditionaluse of biomasas afuel woodtotaled9.3% of primary energy consumption
worldwide, and energy use of biomass processed with modern techndldglés

Fig. 7.2
Fast growing plants

Fig. 71. Wood pellets

7.2 Solid Fuel

The largest source of biomass is wood from forestry and wood processing inthistg.
materials:bark of trees, wood chips, pellets lth§erent characteristicssge Table 3)Currently,
pellets are considered as very promising type of wood fuel.

Table3. Characteristics of different types of fuels

Fuel Moisturecontent Lower heating Ash content
% valug kWh/kg (% of dry mattey

Wood without bark 50-60 5.1-5.6 0.4-0.5
Bark 45-65 5.1-6.4 2-3
Forest residues 50-60 5.1-5.6 1-3
(coniferous with need|gs

Straw 10-25 4-4.2 3-5
Pellets <10 <4.7 <0.7

Coal 6-10 7.2-79 8.5-10.9
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In addition to traditional way of combustion of wood other technologies, including pyrolysis and
gasification technologiesas well as combined combustion technologg-f{ring of different
types ofbiomassor cofiring of biomass with coalare atdifferent stage of development

7.3 Liquid Biofuel

Bio-ethano] bio-diesel fuel (methyl esters), and fd are different types of liquidio-fuel.
Bio-ethanol(ethano] C;HsOH) is produced from plants containing sugar and stasubarcane
andsugar beetcorn (naize, cereals, sweetorgos grapes, and other plants through hydrolysis
process. In 1903, Brd was the first country that used ethanol as motor fuel. Cilyrén
implements the largest program in ethanol production in the wBideethanolis added to petrol
with percentage 0b-25% for example in mixture labeled a&10 content of ethanol i40%,
petrol- 90%)to mitigate impact on environment from fuel combustids.a result, emissions of
CO, SQ, and CQare reduced.

The raw materials that are used lbw-ethanolproduction can be classified into three groups

a) Plantscontaining sugarsugarcane, gjar beet etc

b) Plantscontaining starchcerealsandroot (to becomesugars applicable for fermentation they
shall be processatiroughhydrolysis;

c) Wood materials agriculture wastesiellulose.The last one is transformed into sugars through
process of ad or enzynic hydrolysis. In spite of recent achievements cellulose ethanol
production is still in pilot. Nevertheless, 2004 logen Inc. Canada started production
celluloseethanol at commercial basig5 years for research and developtaeand investments

in the amount of 110 million Canadian dollars was required from this company and its partners.
By the end of 20087 billion | of bio-ethanolwas produced worldwide. Production costbiof
ethanolfrom sugarare25-30 cent/| and frommaize- 40-50 centl.

Bio-dieselFuel. Rudolf Diesel demonstrated its first engine thet on peanuoil in Paris in 1900.
The choice ofraw materiad for biodiesel productionis wider compared with biethanol

| ™ production.It is mainly produced from oilseeds, i.e. from

8 e oil of rape, sunflower, soy and palm seeds, as well as
from fats of animals and wastes of organic products.
In European Union, biodiesel fuel is mairgyoduced in
Germany, France, and Spain. In EU 80% of biodiesel fuel
is produced from rapseed oil. In USA that is at the
second place in the list of biodiesel producers, it is
produced from soyseeds A significant progress is
anticipated inBrazil, where this type of fuel isstill
produced in small volumes. It is necessary to mention that
Fig.7.3. Bio-diesel fuel production plant one quarter of palm oil is used mainly for biodiesel
production.

7.4 GaseousBio-fuel: Biogas

Biogas production is an important technology for biomass utilization in Arm&hm.use of
biogas production plants allows solving several tasks unanimously: production of gas and
electricity, processing of agricultural wastes, production of high qu@&litifizers. This type of
fertilizers is also used as valuable addit
urban solid wastestq producelandfill gas), municipal sewage waters, manure of agriculture
animalsand poultry remnants of flora ahforesty entities The biogas is produced in bioreactor
(methane tank) through anaerobic digestion technology
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7.5 TechnologicalSchemes of Operation of Equipment for Biogas Production

Biogas is produced in special hermet&ssels’ bioreactorgmethane tank, pressure chamber
through anaerobic digestion of agriculture animals and poulirge process of digestion is
going on through three stages with participation of two groups of bacteria. During the first stage
through fermentation hydrolysicomplex organic compounds (fat acidproteins, and
hydrocarbonsdecompose into more simple aggregates. During the second stage simple organic
aggregates are exposedrifiuence by facultative anaerobic (or acids forming) group of bacteria.
Mainly volatile fat acids are formed through these processes. During the third stage organic acids
influenced by anaerobic (or methane formibggteria are turned intwarbon dioxidg d Jfoand
methand 4). According to different references, nearly 1000 microorgasisf various types

are involved in these processes. Heat value of biogas produced is58uiti6230kcalm?®,

Data on biogas properties are brought in Table 4, and data on output of manure and biogas
against theype andhe massof animal orpoultry arebrought in Table $15].

Table 4. Physical parameters of bio{Hs]

Mixture
Parameter Component 6 0 %4H
CHa CO, H> HS |4 0 %y [

Volumetric  concentration
% 5570 | 27-44 1 3 100
Volumetric combustion
heat MJ/m® 358 - 108 22.8 215
TemperatureC
- ignition 650-750 - 585 - 650750
- critical 825 310 - 100 25
Density,
- normal g/L 0.72 1.98 0.09 1.54 1.20
- critical, g/L 102 408 31 349 320

Table 5.Dataon output of manure and biogas depending on type and mass
of animal or bird15]

Parameter Milky cow (454kg) Hen (2.3 kg) Pig (45.5 kg)
Output of manure 550 0.3 35
kg/head/day

Biogas output 162 0.02 0.32
m°/headday

The technological scheme of biogas production is brought in Fig.n&0tollowing activities are
applied formanuredigestion
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Fig. 7.4. The technological scheme of biogas production

The manure from animal farm is transported to mixture reservoir. Then it is pumped by sewage
waters pump to bioreactor whearaerobic fermentation and biogas production takes place. The
biogas produced is accumulated in gasholder and used by consumers as per demand.

The thermal regime in the bioreactor is maintained with help of heat exchanger through which
the water warmed iboiler flows. Only part of biogagroduceds used for operation of boiler.
Fermented manure ieansported tonanurestorage reservoir.

7.6 Impacts on Environment

Through operation of biogas production plant emission of GHG are reduced comparitigewith
storage of manure in opear. Also epidemiologic situation andanitary conditions become
improved as a result of elimination of adverse pathogenic bacteria and microorganisms in the
wastes.

Operation of biogas plants requires accurate maintenaine®rk regimes. There exists high
demand in agriculture in fermented manuned its availability will reduce dependence on
traditional minerafertilizers that arenainly are brought from abroad.

7.7  Prospectsand Projects Description of Biogas Production in Armenia

According to estimatest is possible to construct biogas production plants with total capacity
100 000m ¥day in the coming 15 years in case of involvement and availability of foreign
investmentsl n 2006, in the frames of NfnRenewabl e
Pr ogr am thefperspeétives of implementatimi most technically and economically
feasible projects for biogas production from manwofe agriculture animals and poultry,
munidpal solid wastesmunicipal sewage watersll 2020 were estimated16]. The data
received are brought itheTable6 below.
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Fig. 7.5. Lusakert Biogas Plant

—

—

Fig. 7.6. Gas enginénstalled at_usakert Biogas Plant

In 2008, fiLusakertBiogas Plant (LBP), methane capture and combustion from poultry manure

t r e a tpnogramwas successfully implemented in Armemigh additional financing through

Clean Developmentechanism(CDM) . Due t o p bhnaualtrédgction @28824t i o n
CO.isreached (see Fi$.56.6). Installed capacity and annual average electricity production of
power plant ar®.85 MW and 7 million kWh correspondingly [12, 18].
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Table 6 Forecasts of biogas productionArmeniain 2020

Volumes of, Annual Annual Payback | Reduction of| Ration of

nvestmentg volumes of saving of |period year GHG annual fossil
Source of biogaMillion USD| biogas organic emissions |fuel savings t(

million fossil fuel thou. tCO,/ | investments
m’/year thou tce year thou.tce/
million USD

Manure fom 0.73 1.06 0.83 8 1557 115
cattle farms
Manure from
pig farms 0.21 0.3 0.24 8 441 1.15
Manure from | g 55 9.79 7.69 8 20684 0.46
poultry farms
Nubarashen
municipal 6.83 9.72 7.62 8 1350 112
landfill
Landfills of
other cities of 3.85 5.47 4.29 8 76.08 112
Armenia
Municipal 6.01 12 9.43 8 1067 157
sewage waters
Total 34.17 38.34 30.10 544.6

Technical and economic data on biogas plants in Armenia and their current status are brought in
Table 7

Table 7. Technical anelconomic data on biogas plants
in Armenia and their current status.

- o c
5 | g 2| & E
[ = - © ©
£ S 3 > T 2 ) ?
N f stati 2o o3 =5 & =
No ame of station o2 @ &> g 2 £ =
© > E O s o
L C [7) = =
— c m 2 a
Small biogas station(manure In operation
1. |from cattle)combined with sola 6 8-10 3000 1988 P .
(under question)
collectors
p. |Experimental small biogas statij g, 90135 | 30000 | 2002 Not in operation
at Lusakert poultry factory
Biogas production station
3. |[AAgrmoiseed Ltd 25 50 12500 2003 Not in operation
cattle) v.Shahumyan
4, Small blogz_;ls plant in vSlovak 25 15 15 000 2005 Not in operation
Gegharkunikmarz
Small  biogas stations
5 Gegharkunik and Tavush marz 345 6-9 1250 2005 A few are in operation
(manure from cattle) (W (under question)
program)
6 Bloga_s plz_ant in v.  Arzn 25 14-15 n/a 2006 Not in operation
combined with solar collectors
7 Lusakert biogas plant at Lusak| 4400 9600 3.4 2008 In operation
poultry factory min.Eurcs
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7.8 Prospects ofBio-ethanol Production in Armenia

Il n 2008, AA Preliminary Feasibility Assessment
Commercial Scale Bi&ct han ol Fuels Program For Armenia in
i mpl emented in framest hfahodi sPtreordecuec tti @ nt lDee vBi op

grant was submitted by Enertech International, Inc. and BBI International to the Renewable
Resources and Energy Efficiency Fund of Arm¢h@.

Alternativeacceptabldéood stocksvere selectetb plant in the lands that were not allocated for
agriculture utilization due tolimatic and otherconditions of Armera.

The bestfeedstockbeing able to be grown ononusedlands in Armenia, as well as being
processed in pldas utilizing commercially available processing technology in the near to
midterm include Jerusalerrtichoke, FeedCorn for livestock and poultry, Swegbrghum,and
Chicory.

In this document it is envisaged to construct one plant based on inulin extrpoticess for
7000tonesof Jerusalem artichoke per annum and the other plant based on a dry milling process
with fractionation utilizing 700@nesfeed corn per annum.

Two versions were considered in prefeasibility study. In the first version as anadsvial
Jerusalem artichoke was selected. Also opportunity of inulin extraction process for Jerusalem
artichoke was taken into account. Plant is planteede locatedin the vicinity of Sisian and

Goris in Syunik MarzIn the second version as a raw miallefieed corn was selected, and plant
location shall be in Tavush Marz.

Total capital investments for constructionlofi-ehalonplant were estimated in the amount of

17 million USD as per the first version, and 19 million USD as per second version. Retail price
of bio-ethanolfuel wasestimatecat 1.34 USDV.

In the mid to longer termerspectiveshe besteedstockor cellulosic conversion include:
- Grain straw
- Fast growiwg hybrid trees (such as poplar, mulberry, and willow)
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CHAPTER 8 WIND ENERGY

1-2% of incident solar energy that reashthe Earth surface is

i conversed to wind energ$ince ancient times wind energy has been
used in windmills, to drive watgrumps, in sailing etdOil crisis of
seventiesof last century has stimulated intensive researches to
develop economically feasible technologies in the area of wind
energy applications.

The present generation of wind turbines proved in practice their
efficiency during tens of yearsf operation and necessitjor large
scale introductionThe capacities of modern industrial wind power
i plants (WPP) are in the range fraens Wto 5SMW. By the end of
- | 2008 total installed capacityof wind power plants was equal to
Fig. 8.1. Wind power 121GW, i.e. around 27%aisecompared with 95GVaf 2007[6].

plants with horizontal . _ )
axis of wind turbine 8.1 Basic Considerations

The energy of air flow of densifyand volumé/ with cross section
A and lengtha that moves with velocity can be expressed as

_ rAa&?
[ 2

Correspondingly, wind power density is expressed as

_dE, 1_réakc8uzzr 7]

- = - 2
"o A 2oa Y T WM

From (8.2) followed that wind power density increase 8 times as air flow veiocrgasewice.
P,= 450W/m? at the height of wind turbine ionsiderecasa good parameter for operation of
wind power plant.
It is well known that air density is expressed as
;=P
RT
whereR is gas constan® is air pressures is air temperatureSeasonal changes in air density

can reach 115% depending on the pressure and temperatures changes andeazassl
changes in electricity prodtion at wind power plants.

Only part of air stream energy can be used by wind energy plant. The maximum value of powel
density that can bextractedrom air flow is defined as

16
7

Qo

& p =050% P,

B

0.593is referredto as the Betz limi1919 .) [20].
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8.2 Wind Velocity Changes with Altitude

It is possible to accept that at altitudes less than 10m the velocity is not chkogéugher
altitudes velocity change can bgtrapolatedor manycases by the following equation:

dn)=oln) 8

A7

Whereu(hl), u(hz) are the velocities of wind at the altitudes lpfand h, correspondingly!f

wind speed frequency distribution probability is approximated by Rayleigh probability density
function then the power density at the altitude of 50m is twice the power density at the altitude of
10m. It is necessary to note that wind speed frequendyilalition is betterapproximated by
Weibull distribution and information on it can beceivedfrom special technical literature.

Rotation Plane

Fig. 8.2 Influence of air flow on wind turbine
blade

Air flow influences on blade with a for¢see Fig.
44)is defined as

F :CVA—Zr(u— n),

whereC, is aerodynamic factor depending on the

angle of attack.Correspondingly, wind plant

enginebs power is defined
Pout=F Xu = Cv3 A_Zr(u' I7)23 n,

whereu is windvelocity, n - rotationvelocity of

the blade v/ - n- relative velocityof wind, g-

angle of attacks - pitch angle F;- useful
component of lift forceF, T rotor thrust

Specific speed isdef i ned as -tigpotor 0s

velocity to wind velocityi.e. Rw/v, wherew is
rotord sangular velocity.Operational values of

specific speedoefficientare in the range from 4 to 12, and the optimal value is close to 8.

The output power extracted by windlure from air flow is defined with help of,CGas follows:

P

out

:Cp(U,W,b)3

Ar o
2

whereC, is coefficient of performancdhe link betweelrC, andC, is expressed as:

Co= G2

o

~2
%_ 28 32:
cC U+ u

The ratio of average powe¥gto ratedpowerP; is definedasCapacity Factoor coefficient of

use of rated power
P

avg

/P, =CF
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8.3 Wind Power Plant Technologies

Y
L]

e ¥

Fig. 8.3. Vertical axs wind turbine Fig. 8.4. Off-shore greed¢onnected WPP with
horizontal axiswind turbine

Wind power plant§WPP)are classified as per operation principles, design, rotor specific speed,
capacity, target applicatio@epending on the orientation of rotor rotation axis with regards to
air flow direction wind turbines are classified into two damental typesvertical axis wind
turbine (VAWT) shown n Fig. 8.3and horizontal axis wind turbinésl AWT) shown inFig.8.4.

Depending on the specific speed of rotation wind turbines are classified inspé®d (multi
blade) wind turbinegsee Fig.8.5), that are used in combination with mechanical equipment
(pumps, mills) and higlspeed wind turbines that are used for electricity producfolat of
designswveredeveloped during past years: Savomot®r (vertical axis)Darrieus rotor (vertical
axis), Musgroverotor (vertical axis) Evansturbine,etc. Wind power plants are classified into
four categories according pmwercapacity of wind turbines (Table 8).

Operation of wind turbines is based on lifbr(most of modern wind turbines) or resistance
(draw) principles (lowspeed turbines). In the first case wind flow passing over rotor blades
produces lifting force, which makes the rotor turn around. This effesitnigar to lifting force
raised in airplaneBy applying lifting principle 59% power output can be reached (modern wind
turbines achieve 50% efficiency at the optimum), while by applying resistance principle only
12%.

Table 8. Categories of wind farms as per capacity. Market segments: Source EWEA 2002

Market Type of application Installed power
segment
Onshore, grieconnected wind farms >1.5 MW
B Offshore gridconnected wind farms >1.5 MW
C Onshore grieconnected windarms 0.51.5 MW
D Onshore decentralized turbines forakegrid 0.1-500 kw
hybrid/standalone operation

Wind plants of low capacity are used to pump water in irrigatt@mmunicationareas, to
charge electrical batteries, etc. Combined wsothr and winetliesel sets that allow prode
electrical energy smoothgs much as possiblgthin the year are also of high interest.
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8.4 Energy Production Costs and Prices

For windturbinewith capacity of 50W the costs of 1 W is 8
USD, while for photovoltaic module 1 W costs 5 USD. For
this reason for small loadbe use of photovoltaic is more
preferable For windturbinewith capacity of300W the costs
of 1 W is 2.5 USD, while for photovoltaic module 1 W costs
again 5 USD. For wind turbineswith capacity of1500 W
and 10000W the costs for 1 W are 2 USD/W and 1.5
USD/W. With that costs forontrol equipment and regulators

are the samerhe same are the costs of tower and for
: : hotovoltaic modules. For wind power plants of large
Fig.8.5. Low-speed (multi ~ PNOtOV .
9 bmﬁgi&ﬁﬁ (muls capacity the pricesire based on 70800USD/W rate. The

cost of 1 kWh of electrical energy produced at wiraver
plant is estimated within-52 cents.

8.5 Industry of Wind Power Plants andEmployment
Information on top 10 wind turbine manufacturers in Europe market is brought in Table 9.

Table 9 Information on wind turbine manufacturers

Company Country Sales 2001(MW) Number of European market
employees, 2001 share, %
Vestas Denmark 1630 5500 233
Enercon Germany 989 4100 141
NEG Micon Denmark 875 1805 125
GE Wind USA 861 1500 12.3
Gamessa Spain 649 1114 9.3
Bonus Denmark 593 500 8.5
Nordex Germany 461 725 6.6
MADE Spain 191 n/a 2.7
Mitsubishi Japan 178 n/a 2.5
Repower Germany 133 300 19

Data on direct employment in wind turbine manufacturing industry indicate that Spain, Germany
and Denmark together account for 90% jobs, while other counties (UK, France, Portugal,
Austria, Italy,and Netherlangsaccountfor 10%.In 2001 wind industry oEurope represented

70 000jobs (EWEA): According to different expert estimates,2020 in EU this figure will in

the range from 1.25 to 1.8 million jobs.

8.6 Environmental | mpact

Factors of impact on environment: audliequency waves and noise, integiece of
electromagnetic waves, collisions with birds, territory allotment for wind power plants, visual
intrusion into landscapes, impact on birds and electromagnetic interference.

The noise is usually arisef) from tips of rotating blades (higinequency noise)(ii)at the
moment while blades move close to tower elements -ftequency noise), (iii) from
mechanical equipment, especially from gear.

The critical intensity of noise is 40 dihdthesevaluesarereceived at a distansef less than
250 m from largescale wind power plants
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As a whole,among applied uypo-d at e t echnol ogies wind energ
impact is the lowest and lies withpermissible range.

8.7 Wind Energy Use inArmenia

Wind energytheoreticalpotential in Armenia is estimated as bdlion kWwh annually, and
technically available potential as 1bdllion kWh (for capacity factor ofl5%) According to
expert estimationgconomically feasible wind energy potentiatials 500600 million kwh, and
rated power totals 56600 MW.

In 1991, 4 small wind power installatiofisapacity each up to 4kWjyere in operation at the
Aragatsotn polygonAt the same polygon greembnnected wind power plant manufactured in
Japan of 16 kW capacity was installed that is currently out of operation. In 199%spm&d
wind-driven water pump with capacity of48/s was installed in v. Derek [147].

To investigate wind energy resources in
several areas of Armenia, ArmNedWind
program had been implemented in 1999
2002 with funding from Netherlands
government. 5 wind monitoring station shad
been installed at Pushkin, Selim, Karakhach
passes, in v. Artagh and at lake Arpi.

ool In 2006, Loril wind power farm that

; ' . includes 4 wind turbines each with capacity
of 650kW (manufactureYESTAS
company, Denmark) were installed at
Pushkin pass in Armenia with funding from
Iran Islamic Republic (see Fi@.6). Wind
power plants are greed connected and
operate in joint regime. The total capacity is
equal to 2.6 MW. In 2008 Lo#l produced
1.8 million kWh of electrical energy.

Fig.8.6. Lori-1 wind power farm

8.8 Wind Energy Resource Atlas of Armenia

In 2003, Wind Energy Resource Atlas of Armenias developed by Renewable Energy
National LaboratoryNREL) in collaborationwith SolarEn InternationaCorporation and its
Armenian subsidiarpolaEn LLC with funding from US AID.The Atlaswas published in hard
copy, as well as on CDs and is available through Int¢8jeDuring development of the Atlas
bothdatd r o m A r mh §6dnondonirg stétisngor several years at the height of 10m, and
data from monitoring stations installed BplarEn LLC were usedAn advanced automated
wind mapping techniques, developed\HREL thatuses Geographic Information System (GIS)
allowsproducingannual average wind resources maps with resolution of 1km

Data on wind power classification are brotughTable 10. Average wind speed is estimated for
altitudes of 2000m and Weibull distribution of wind speeds. Shape factor k is equal to 2
Depending on wind speed actual distribution and actual elevation of sites aactuade wind
spee may differ fromthese values within 20 98].
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Table 10Wind power classification

Class Resource potential Wind power density | Wind speed(m/s) at

(utility scale) (W/m?) altitude of 50m
1 Poor 0-200 0.0-6.0
2 Marginal 200-300 6.0-6.8
3 Moderate 300400 6.8-7.5
4 Good 400500 7.5-8.1
5 Excellent 500-600 8.1-8.6
6 Excellent 600-800 8.6-9.5
7 Excellent >800 >9.5

Wind resource distribution in Armenia classified as per Table 10 is presantieel Map in Fig.

8.7 [8]. Most perspective regionfor grid-connectedwind energy plants are taken in circles.

Estimations of wind resources from good to excellethaelevation of 50m are brought the

Table 10.

According to Table 11, for average wind speeds related to class 7 it is possible to install wind
power plants with total capacity of 500MW, and for average wind speeds related to clagses 4

up to 4900MWwith assumption that installed capacity per fksrBMW.

Table 11 Goodto-excellentwind resource atthe altitude o60m [8]

Wind Resource Wind class Wind Power at| Wind speed at| Total area, Percent C;—O;?:Iit
Utility Scale 50 m, Wint 50m, m/s km? Windy Land pacity
Installed, MW
Good 4 400500 7.5-8.1 503 1.8 2500
Excellent 5 500-600 8.1-8.6 208 0.7 1050
Excellent 6 600-800 8.6-9.5 165 0.6 850
Excellent 7 >800 >0.5 103 0.4 500
Total 979 35 4900
Table 12. Moderatéo-excellentwind resources at the altitude of 50 utility scale)[8]
. ) . Total
Wind Resource Wind class Wind Power at | Wind speed at| Total area, Percent Capacit
Utility Scale 50 m, W/n? 50m, m/s km? Windy Land |, pactty
nstalled, MW
Moderate 3 300400 6.8-7.5 1,226 4.3 6150
Good 4 400500 7.5-8.1 503 18 2500
Excellent 5 500600 8.1-8.6 208 0.7 1050
Excellent 6 600-800 8.6-9.5 165 0.6 850
Excellent 7 >800 >9.5 103 0.4 500
Total 2205 7.5 11050
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Armenia - Major Wind Resource Areas
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CHAPTER 9 GEOTHERMAL ENERGY

L 8N

91 The Nature of Geothermal Resources

The Earth was formed 4.7 billion years ago. It consists
of crustwith depthof 20-65km under continents, anaf
around 510km under oceansmantle with depth of
290km and core witlmadius ofaround347&m.

Mean geothermal gradiemt the crustis 2.5-3°C/100m.
Soit can be concluded that at the depth26D0m the
temperature will reaclt5-75°C, at 3000mn - 90-105°C
But there ardarge zones for which the values of vertical gradient might be les<lticdh00n,

Fig. 9.1. Deposit of dry steam as well agentimes as much as mean geothermal gradient.

The total thermal energy of the earth is estimatedound
of 12.6 x13* MJ, and of the crust5.4 x 1G* MJ. Heat is continuouslyproduced in the core of
the Earthdue to decay ofranium thorium and other lonfived radioactive isotopesThe
maximum temperature of the core is wittif00-6000°C Theoretically, the Earth is gradually
cooling, but this process i®mg on at very low rateDuring three billion years the temperature
of the mantle was decreased380-350°C andnow itis around4000°C

Geothermal resources are classified ip&irogeothermal tfeat ofdry hotrockg and hydre
geothermal esources The lasts are present in the form of natural heat carriers: steam; steam
water mixture, and hot watéwith respect tadhermal energy potential, geothermal resources are
classified into geothermal resources with I¢less than 7%), mean (7815F°C), and fgh
potential(more than 15%C).

Up to now geothermal energy éxtractedif heat carrier is available in the form steam or hot
water through which the heat from hot zones located at appropriate depth is transferred to the
surface zones or close to themtloe Earth.New perspectives are anticipatedthe near future

with introduction of innovative technologiegarticularly in the area of utilization of the heat of

hot dry rocks.

9.2 The Current Status of Geothermal Energy Utilization.

The total capacity of geothermal power plants wa~
8.9GW,in 2004 9.5GW in 2006 and 10GW, in
2008]6].

The technologies to produegectricityare as

follows:

a. Flash steam power plant{5-100MWy)) are the
most common type of geothermal power plan ¥
The steam is separated from the waded then _
is piped to power house to drive the sSte: et
turbine. After leaving the turbine the steam -
condensd and create partial vacuum. AS &Fig.9.2. The largest geothermal power pla
result, maximum power is generated by twith capacity 06665 MWin Geysers, USA
turbinegenerator. (1980) [1, 28]

b. Binary cycle power plants(50kWe-10MWe). This type of power plants issed when the
temperature in reservoirs is with®0-220°C. The fluid from reservoiin the form of steam
or water, or both passes through heat exchanger and heats working fluid, usually, an organic
fluid (isopentane or isobate) with boiling temperature less than 400The organic fluid is
vapolzedanddrives the steam turbine.
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c. Combined cycle (flash and binary) geothermal power plantsThis type of plants is a
combination of conventional steam turbine technologyRindry cycle technology

The cost of electricity production isI5 Eurocent/kWhThe prices per unit of installespacity
depend on size of plant3heir estimatesre brought beloy4,5].

Capacity MW Specific valuesEuro/kW
1. 10-15 12001300
2. 25-30 8751050
3. 55 600-850

9.3 Heat Pumps

Heat pump was invented by Britain physicist Willidrhomson 1.5 century ago he named the
invented device or machiresfi h e a t m wBly bheip pfl hea¢ pup the heat is transferred
from the source with lower temperature to the source with higher temperature. Heat pump:s
provide heating, cooling, or both togeth€here are two types of heat pumps: closed circle heat
pumps that extract the heat from loop of pipes installed at some depth under the earth surfac
and open circuiheat pumpshat utilizethe heabf underground waters. During operation of heat
pump 2.55 kWh of heat energy is produced agaiesich kWh of energy consumed by
compressar The ratio of thermal energy produced to electrical energy consumed is called
coefficient of transformatigrandit characterizethe effectiveness
of heat pumps.

By the end 0f2004 total installed capacity of heat pumps wi
equal to15GW. 355837heat pumps were installed in EU as ¢
2002, particularly in Sweden 170000,in Germany- 3455 in
France- 36500:

Capacities of heat pumps are witHikW -1MW, and cost of
thermal energy producetde15-20 cent/kWh.

9.4 The Prospects of GeothermaHeat Use in Armenia

According to expert estimategeothermal resources in Armeni ”L‘l |
have enougthigh potentialof 584PJ (584x132 + ). Among areas

with high petro thermal regimethere were investigatedsouth Fig- 9.3. Heat pump: heat of a
western part of the Lake Sevan and naistern part oSyunik 32%‘3”&?“ ata great depth is
(Jermaghbyur and Angeghakot site&gcording toJermaghbyur

boreholedatathe temperature of rocks is equal to’@%t the depth

of 920m. At the depth of-2.5km the temperature of rocks can reach-280°C.

I n the frames of the program AAssistance t
report on geothermal resources im#mia according to which among 18 zones were research
works were implemented the most interest was attracted to the following areas: Magtni (T
40°C), Jermuk (Ta= 63C), valley of r. Vorotan (fa= 43C), Hankavan (.= 42°C),
Arzakan (Tha= 45°C).

Nowadayshydro-geothermakesourcegmineral thermal waters) are used in miserable volumes
for health treatment purposes.

! Maximum temperatures are brought in parenthesis
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Data on hydregeothermal resources in Armenia as per National Program on Energy Saving and
Renewable Energy (2007) are broughthe Table 13 below [16].

Table 13 Hydro-geothermal energy potential in Armeifi&]

Low potential High potential Depth Thermal
Area t<100C t>100C M potential
1000GCallyear
Jermuk 64 >300 12.7
Jermuk 475
Hankavan 42 >400 20
Hankavan 36°
Arzakan 54 - >800 55
Marturny 52 - >800 22
Sisian 45 1100 101
Sisian 37
Sevaberd 83 - 3100 25.2**
Azatavan 42 2600 *x
Mkhchyan - 0,6
Kechut 316
Artashat 41 *x
Ptghny 60
Near Yerevan 79 2500 0.49 million GJ
Near Yerevan 707 2400
Near Yerevan 110125 4000
Jermaghbyur 115310 10002500 >

* Research works are not completed
** High concentration of minerals

9.5 Description of Projects in Armenia

According to results of AJer maghbyur geot herm
frames of GEF/WB TF 053910 program in 2006 by Ameria LLC, for Flash type geothermal

power plant with installed capacity of 25 MW required investments should e iamount of

17.6 billion AMD and specific costs per 1 kW of installed capacity should be 1564USD [9].

Annual average electricity production was estimaedl99.4million kWh. It was required 6

production boreholes with depth of 3km and 2 boreholes wefithdof 3km for return flow.

Minimum temperature of geothermal resources at the depth of-ZBDWmM is estimated as

250°C. These results are based on results of research works carried out by different teams groups

and obtained dataver last years.Before that research of this site was done in frames of

GEF/WB programs. Nowadays, the right to implement this project belongs to private investor.

I n the report Al dent-pdt et i @aln @¢ @APTeprepapedic t 7 @ @ € S
under the contract ih R2E2 Fund of Armenijaas perspective zone with higbotential of

geothermal resourcémore thanl0FC) wasproposedhe zone of Eratumber young (Holocene

period) volcanoes group in the noghstern part of Geghama volcano mountain plaieie

Cental part ofterritory of Armenia

Gridzor and Karkazoneswereselected as highotential perspective geothermal zones in 2009
to conduct reseahnes with funding frongovernmenbf RA.

Research works on heat pumps utilization in Armenia were suip@di nAss@ssmentsf
Renewabl e Ener gy Res owapares AEAh IncAwitmfendingafom r e por t
USAID in which perspective siteare described in detail (2002). In Armenia, only air source

heat pumps are usednd theyare imported from abad. Since the source of heat in these
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devices is outside air, so their coefficient of performancgranglyreduced with temperature
decreasdn winter when the ambient temperature is low. For example;1)C of ambient
temperature their COP is closel.

9.6 Impact on Environment

During theutilization o geothermal energy there are some definite impacts on environment. For
those plants whregeothermal fluids extracted from depths of earth and then is returned back to
the depth pollutant emissions are very small. Several borefw&t§ are requiredor typical
geothermal plant. Thoudboringworks affect on the lands, butgfantedborehole is used then
impacts can be reduced to minimum. That allows to receive severahdlesefrom one boring

site and to reduce number of boring sitesmber of roads leading to boring sites and number of
pipelines fo geothermal waters.

Environmental problems might ad also during operatiaf plant The used heat carriesteam

or water, generally, contair30,, H,S, NH;, CH, andtracesof other gases, as well dissolved
substances whose concentratiomaisedwith temperatureFor example, NaCl, B, As, and Hg
are sources of pollution when they are emitted in the environrmetmal pollution is also
harmful for ecosystemsTo reduce this type of impact the utilized waters should be cooled in
specially constructed reservoirs bef beingdischargedinto natural reservoirs. Nevertheless,
application of the upo-date technologies allows reducing impact on environment to minimum.
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CHAPTER 10 SMALL HYDRO POWER ENGINEERING

10.1 Hydro Energy Potential in Armenia

The theoretical potential for hydropower resources of Armenia has been estasiaie8l billion
kWh/year. It includes 18.6 billion kWh/year for large and medium rivers, and 3.2 billion
kWh/year for small rivers. Technically available potential is estithaieound 738 billion
kWh/year, and economically feasible potentiaB.2-3.5 billion kWh/year 46]. Hydropower
plant with capacity less than 10MW is considered as Small Hydropower Plant (Small HPP).

In 1903, the first hydropower plant with capacity of K& (micro HPP) was constructed on the
river Vokhchi in Armenia47).

Il n 1991, AThe Scheme of Devel opment of Small
Armhydroenergyproject Institute that revealed technical possibility to construct 371 small HPPs
with total capacity of 392MW and annual power production of 1178 million kWh.

I n 1997, according to AThe Scheme of Smal | Hy
Institute of Armhydroenergyproject within INCO program and by order of CEEETA (Portugal)

it hasbeen envisaged to construct 325 small HPPs instead of 371 as in previous scheme with

total capacity of 274 MW and average annual electricity generation of 833 million kwh. 38 most
feasible and attractive for the investments small HPPs with total camdcit) MW were

selected46].

It is notable to mention that in 2002 only 29 small hydropower plants were in operation with
total capacity of 42.8 MW and average annual electricity generation of 107 million kWh (the
Dzora HPP with capacity of 26.5 MW is notcluded in the list). Of all 24 small HPPs
constructed before 1957, 13 HPPs were privatized in late 1997, 8iH#ts written off. From
1997 to 2002 11 new HPPs have been constructed, 10 of thevately. 11 private HPPs were
under construction (tat capacity 25.5MW)48].

Development of hydropower resources including small hydropower has being planned
Armhydroenergyproject Institute in the following wgy6]. Among the most largscale
waterways of Armenia still unexploited are the Debed Riven wWie Dzoraget tributary and the
Arax River. As a whole it was planned to construct several large and medium HPPs with total
capacity of 259 MW and annual average electricity generation of 1.1 billion kWh

In 2008, the Update of the existing scheme forlsimgdro power plants of the Republic of
Armenia was prepared by Armhydroenergydesign Institute by ordem#hdfunding from
R2E2 Foundatiori{1].

According to data from Armhydroenergydesign Institute as of 2@®, fthe used hydro
potential of Armeniavas 1060 MW with annual average power generation of around 1.8 billion
kWh, including small HPPs with capacity of 75MW and power generation of 244 million kWh.
Technically available and economically feasible unused hydro potential is 500MW with annual
avaage power generation of around 2.1 billion kWh. It includes:

1 Large HPPs with total capacity of 270MW (Meghry HPR30MW, Loriberd HPP-
65MW, Shnokh HPR 75MW) and annual average power generation of around 1.3
billion kWh;

1 Medium HPP (Pambak) witlsapacity of 20MW and annual average power generation of
around 79 million kWh;
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Small HPPs under construction with total capacity of 60MW and annual average power

generation of around 200 million kWh;

Small HPPs according to updated scheme of HPPs (26@Bwijth total capacity of
147MW and annual average power generation of around 540 million kWh.

In 2009, electricity generation by all hydropower stations in Armenia (6 hydropower plants with
capacity of 556 MW of the Sevdtrazdan Cascade, 4 HPPs withpacity of 405.2 MW of the
Vorotan Cascade, the Dzora HPP with capacity of 26.5 MW, and all small HPPs with capacity of
90 MW) totals 1,991.1 million kWh/year. In 2009, the share of small HPPS in total power
production totaled 5.65%

Table 4. Power poduction in RA in 2009 (based on data received fR®BRC of RA)

Power production
Name of the power plant i kKWh %
Thermal power plants (TPP) 1053.07 19.7
Metsamomuclear power plantMNPP) 2290.44 42.9
Large and medium hydropower plants (HPPs) 1693.51 31.7
Small hydropower plants (small HPPs) 297.63 5.6
ALor i 10 Wind Energy | 3.91 01
ALusakert Biogas Pl ant 2.69 '
Total power production 5341.3 100

10.2 Design and operation of small HPP

Weir 4
Reservoir \ C&i] Tunnel
AR *

Forebay

4

Fig. 10.1. Typical layout of small HPP
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Typical layout of small HPP is presented in fi§.1l. Water from the river is diverted by weir
(small reservoir might be or not) and flow through canal, tunnel to forebay, from where penstock
or pressure pipeline conduct the water to the turbine in the power house. Dams are rarely used



small HPP schensesince their construction are expensive. Another scheme is to install power
plant on existing conventional dam constructed for irrigational purposes.

Under assumption that overall efficiency of electromechanical equipment is 0.81, the power
extracted iglefined as P = 8 QH, where Q is discharge (m3/s), H is net heg&2m)

Electromechanical equipment includes hydraulic turbines, gear boxes and other speed increasers,
generators, control equipment. Hear we provide short description of hydrauiiesidmly. For

other equipment component the reader can retrieve information avaiagpecial literature

[52], from manufacturers and Internet sites.

Hydraulic Turbines

Hydraulic turbine is a rotating machine that converts the potential energy of the water to the
mechanical energy. There are two basic typehyafro turbines[52]: active {mpulsg and
reactive.In reactive type turbine the runner of turbine is compldtatyersed into the water and
is rotated mainly due to t herumereKamsanandEraicisdi f f er
turbines are examples of reactive type turbines. In active type tuH@ngater pressure is first
converted into kinetic energy in the form of a high speed jet(s) that strike the buckets, mounted
on the periphery (rim) of the runner. The runner is rotated in the air in active type tibliios.
turbineis an example of @iwe (impulse) turbine.
Hydraulic turbines are grouped in three categob@k [

1 Kaplan and propeller turbings

9 Francis turbines

1 Pelton and other impulse turbines
Propeller turbines and Kaplan turbines (the most widely used of the pretfyphketurbines) are
axialflow reaction turbines (see Fig0.Ra, b). Kaplan turbine was developed in 1913 by the
Austrian professor Viktor Kaplan, who combined automatieatljusted propeller blades with
automaticallyadjusted wicket gates to achieve efficiency owexide range of flow and water
level [52]. They are generally used for low heads (see TahlE).1Kaplan turbine has adjustable
runner blades. In case of adjustable blades and guide vanes, it is referred to asedolditd
turbine, and in case whenida vanes are fixed it is referred to as singlgulated turbine.
Several other variations of propeHgmpe turbines are as follows: Bulb or Tubular turbines, Pit
turbines, Straflo turbines-8urbines, VLH turbine, Tyson turbines.

Francis turbinesHig. 10.2d) are radial flow reaction turbines with fixed runner blades and
adjustable guide vanes. They are generally used for medium heads (se€)Pable 1

Pelton turbines (Fig.@2c) are impulse turbines with single or multiple jets, each jet issuing
through a nozzle with a needle valve to control the flow. They are used for medium and high
heads (see Tablé&)

In addition to abowenentioned widely spread group of turbines, there are special types of
turbines used in HPPs: Crefisw turbines (sometnes called Banki or Mitchell turbines), Turgo
turbines, and reverse running pumps.

Crossflow turbines, also known as Ossberger turbines (Ossberger is name of company that
manufactured this type of turbines for more than 50 yemesimpulse turbines, rad used for

wide range of heads (see Tabk).1The runner is built from two or more parallel disks that are
connected near their rims by a series of curved blades.

58



Turgo turbines are impulse ones and are used for head in the ran@é@®0. The bucks of
Turgo turbines are shaped differently and jet of water strikes the plane of the runner an angle of

(e) Turgo Turbine (f) Crossflow (Ossberger) turbine

Fig. 10.2. Different types of hydraulic turbines:-&ropeller turbine, bKaplan Turbine, €Pelton
Turbine, d Francis Turbine,-€Turgo Turbine, f Crossflow (Ossberger) turbine
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20°. The structure of a Turgo wheel is much like that of airplane turbiménich the hub is
surrounded by a series of curved vanes. These vanes catch the water as it flows thr
turbine causing the hub and shaft to turn.

Conventionalcentrifugal pumps can also be operated as turbines. Water flow is dire
throughoutlet of pump to inlet. They shall be operated under relatively constant he¢
discharge since they have no flow regulation.

Table 15 illustrates range of characteristic heads for which different types of turbine
generally usedTable 16 illustates typical efficiencies of turbines for small HPPgpical
operating ranges (water discharge and head) for different types of tusbenleought in Fig
10.310.4.

Table 15. Range of Head$52]

Types of turbine Range of heads H, m
Kaplan andpropeller 2<H<40
Francis 25<H <350
Pelton 50 <H <1300
Crossflow 5<H<200
Turgo 50 < H < 250

Table 16. Typical efficiencies of turbines for small HPP452]

Turbine type Best efficiency
Kaplan single regulated 0.91
Kaplan doubleegulated 0.93
Francis 0.94
Pelton n nozzles 0.90
Pelton 1 nozzle 0.89
Turgo 0.85

NEWMILLS HY DRC TURBINE OPERATING DOMAIN

HEAD {m)

b g,

1]
FLOW (m f3=c)

Fig. 10.3. Typical operating ranges (water discharge and head) for different types of
turbines: Kaplan and propeller turbines, Francis turbinesPaitdn turbines manufactured
by Newmills Corporation
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Fig. 10.5. Francistypeturbine efficiency curve

It is defined as the ratio of power supplied by the turbine (mechanical panemitted by the
turbine shaft) to the hydraulic power.

As defined in Fig. .4, the turbineefficiency is not only limited to the runner. International
standards clearly define the limits of the turbine and the manufacturer must give its guarantee
acording to these limits. The manufacturer also indicates quality criterion that the owner has to
respect, such as velocity repartition and flow deviation at the intake in the case of low heac
schemes
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b
Fig. 10.7. Zovashemsmall HPRP a) powerhouse with turbines (view inside)
b) pressure pipeline and powerhouse (view outside).

Fig. 10.8. Aygedzor2 small HPP
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Fig. 10.9. Frencidype turbine manufactured in Armenia by Vorotan LLC

One of good examples of renewabl e energy s

pumpo installed on the irrigation pipeline
waters by around 100mpward with purpose to provide the Landgazat village with irrigation
waters (see Figl10 . Tur bo pump doesndt use electrioc

water flow put into rotation the turbine which in its turn operates water pump. Theptuntyo
has been in operation around 6 years. This experience is desirable to replicate in other site
through Armenia.

Fig 10.10. Turbo pump manufactured in Armenia by Vorotan LLC
10.3 Impact on Environment

Impacts of small HPPs on environment can tmiged in 4 categories:
1 Impact on the landscape
1 Sound impact
1 Biological impacts
1 Water quality
Each of the components of small HPBower house, weir, spillway, penstock, intake, tailrace,
substation, and transmission lines may create a changevista¢impact of the site through
introduction of contrasting forms, lines, color or textures. Most of these components can be
screened from the view through the use of landform and vegetation.
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Noise level can be minimized by improving the hydrodynamsigiieand by covering the shell
with acoustic insulation.

Regarding the biological impact of small HPP, then most schemes, especially in mountainous
areas, are of diversion types, i.e. reservoir is usually not used. Water is diverted from the river to
powe plant might be kilometers away from the diversion point to take advantage of higher head.
A great variety of fishpass designs has been developed to reduce impact on spawning,
incubation, rearing and passing of fish (see Figl1 10.12). Neverthelesthis issue continues

to raise anxiety among public and requires additional financing while constructing HPP.

Since most small HPPs dondédt have reservoirs an
dondt cause changes i temperatures,dow qxygen, detrgasedfoodh as h
production etc.

Fig. 10.11
Fish pass of rustic constructiob

Fig. 10.12
Fishpass with vertical slot§2]

Glossary

- intake shaft- a tube that connects to the piping or penstock which btiveyg/ater into the
turbine

- water nozzle a nozzle which shoots a jet of water (impulse type of turbines only)

- runner- a wheel which catches the water as it flows in causing the wheel to turn

- generator shafta steel shaft that connects the runner tagytreerator

- generator a small electric generator that creates the electricity

- exit valve- a tube or chute that returns the water to the stream it came from

- powerhouse a small shed or enclosure to protect the water turbine and generator from the
elemens.

64



CHAPTER 11 PROMOTION POLICIES FOR RES USE

Basic mechanisms to promote RES development are: (a)irfetdiffs to purchase energy
generated, (b) renewable portfolio standard (RPS) i.e. establishment of standard of minimun
amount of energy produced by renewable energy sources in total amountgyf @oeluced: In

2008, RPS was in operation in 49 countries, states, and provinces and featfs in 45
countries and 18 states and 18 provind2i$ferent types of promotion policies to generate
renewable powethat were mostly appropriate countries needs were used in 64 countoes
beginning of 2009

According to assessmendsnducted ir{6], 120 billion USD was invested in the development of
RES in 2008, i.e. twice the amount invested in 200dost of theinvestment increase was
allocakd as follows: wingoweri 42%, solar P\ 32%, and biefuels- 13% In addition,40-45

billion USD was investeth large hydropower stationslany banks continued to provide loans

for RES programs in2008, particularly European Investment Bank (EIB) adted 2 billion

Euros (2.6 billion USD).In the end of 2008, several governments of states annoatced

sharp increase of state financing to be provided in the area of RES, low carbon emission or cle:
technologies developmenparticularly USA will pravide 150 billion USD during 10 years,
Japani 12.2 billion USD during 5 years, Hungar830 million USD during 7 years, South
Koreani 36 billion USD during 4 years.

11.1  Promotion Policies toUse RES in EU

In 2009, European Council approved the decidlat the share of energy from RES in total
energy consumption inside EU shall be 20962020 In other decision 10% targets reduce
GHG emissions from transport fuel was establistedbe reached by 202®f which 6%-
obligatory. Since 2006 essentiahanges were introducead feedin tariffs in EU countries at
national levels, in particular @ed to electrical energy generated by solar photovoltaic stations.
In Italy feedin tariff for electrical energy generated by sdPf stationsis 36-49 Eurocent/kWh
Besidesthat, feedin tariff for electrical energy generated bwilding incorporated photovoltaic
stations ishigher than for solar PV stations/equipment installed on the roof in traditional way by
5 Eurocent/kWhin France feedn tariff was increased up t80 Eurocent/kWhbesids, feedin

tariff for electrical energy generated by building incorporated photovoltaic stations is
additionally increased by5 Eurocent/kWh. Depending on the size and/or place of PV
installations, feedn tariffs for electrical energy generated by them areb8(Eurocent/kWh in
Greece, 3219 Eurocent/kWh in Austria, 345 Eurocent/kWh in Portugal, 323 Eurocent/kWh
according to new lawHEG 2009 in Germany.

11.2 Promotion Pdlicies toUse RES in Armenia

Over kst years Public Services Regulatory Commission (PSRC) has conducted promotion
policy based on feeth tariff directed at development of renewable energy resources. The policy
is supportedn the following dopteddecisions:

Decision No. 52N «On estalisient of maximum tariff for electrical energy generated from
biomass», dated September 2, 2001, according to which tariff in the amount of drams equivaler
to 7 US cent/kWh (VAT is not included) for the first 7 years of operation of station was
established

Feedin tariff in the amount of drams equivalent to 7 US cent/kWh (VAT is not included) was

alsoestablished for electrical energy generated by wind power plant (WPP) by DeaisiatNN
dated February 9, 2004.
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Feedin tariffs for small hydropoweplants (small HHP) were approved as follows:

a) for small HPR constructed on natural waterways tariff for generated electrical energy is
adopted in the amount of drams equivalent to 4.5 @&&T is not included)er kwWh(Decision
No. 20N as 009.02.204,

b) for small HPPs constructed on drinking water pipelines tariff for generated electrical energy
is adopted in the amount of drams equivalent to 2.0 cent (VAT is not included) per kWh
(Decision Nol166N as 008.11.2005),

c¢) for small HPP<sonstructed on irrigation structures tariff for generated electrical energy is
adopted in the amount of drams equivalent to 3.0 cent (VAT is not included) per kWh (Decision
No. 166N as of 08.11.2005),

Above mentioned tariffs are in force for 15 yeaeststg from date of issue of electrical energy
productionlicense(Decision No. 166N and No.167N as of 08.11.2005).

Besides, in accordance with the appropriate changes approved in the Energy Law of RA, during
15 years starting the date of issues of construction license aldtigicalenergy generated at
small HPPs is a subject of purchasadaeordancevith establiied procedure and marketes

In 2005, PSRC adopted decision and established the rules of work fdydR&& generatorgith

capacities of 100kW and lefisat operate in parallel with electrical netwoAccordingto that

decision, generated powerised f or generatords own needs and
electrical network for free. The same amount of energy is taken from electrical network by
generator. Onca yearthe balance is brought to zero. According to revised decasonf 2006

imtof generator ds capaci,thssides dhese ruleschecanaesagplicablep t o
also to CHPs.

As we mentioned earlier, Armenia ratified UN Framework Convention on Climate Change
(UNFCCC) in 1993 and Kyoto Protocol in 2008s a developing coury not included in the
Annex | of the UNFCCCArmeniahas no quantitative obligations for greenhouse gas emission
reduction. However, it undertakes voluntary obligations on the limitation of GHG emissions,
with assistance of developed countries, withie frames of corresponding mechanisms of
UNFCCC.

In particular, in frame of Clean Development MechanisntSO0M) 12 projects are at different
stages of development, of which in 6 projects it is planned to construct and operate 15 small
HPPs and 1 wind power plant with total installed capacity of 58.8 MW, in two projdwat

and power generation from agricultureraal and municipal wastd48].

Taking into account the importance of RES development in Armanithe last years several

important decisions directed at the development of REESmenia were adopted:

- The Law of RA_OnEnergySaving andRenewableEnergy: adoptedn 09.11.2004:

-iEnergy Sector Devel opment Strategy in the Co
approved by protocol decision by the Government of RA as of 23.06.2005.

- _National Program on Energy Saving and Renewable Engagyroved by protocol decision

No.2 by the Government of RA as of 18.01.200
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LIST OF ABBREVIATIONS

NSS National Statistical Service of RA

GEF Global Environment &cility

EU European Union

EE EnergyEfficiency

SD Sustainable Development

MNPP Medzamor Nuclear Power Plant

WB World Bank

HPP Hydropower Plant

PSRC Public Services Regulatory Commission of RA

RA Republic of Armenia

WPP Wind Power Plant

R2E2F Renewable Energy and Ener§fficiency Foundatiorof RA
IAEA International Atomic Energy Agency

UNECE United Nations Economic Commission for Europe
UNFCCC United Nations Framework Convention ClimateChange
UNDESA United Nations Departmenf Economic and Socidffairs
CDM CleanDevelopment Mechanism

Greenhouse gas | GHG

TPP Thermal Power Plant

HP Heat Pumps

RES Renewable Energy Sources

toe Ton of Oil Equivalent

tce Ton of Coal Equivalent

Small HPP Small Hydropower Plant

FAR Fund for Armenian Relief

ENERGY UNIT CONVERSION COEFFICIENTS
FOR DIFFERENT SYSTEMS OF UNITS

TJ Gceal Mtoe MBtu GWh
TJ 1 2388 0.00002388| 947.8 0.2778
Mtoe 41868 10000000 1,00E+00| 39680000 11630
MBtu 0.001055 0.252 2.52E08 1| 0.0002931
GWh 3.6 860 0.000086 3412 1

Sourcewww.iea.org/stat.htm

Btu: Britain Thermal Unit

1tce= 0.7 toe= 8141kWh = 7 Gcal= 0.2931TJ
Heat capacity of imported gas in Armenia in 2006
1000m? of natural gas: 1.144tcoe
1 tce = 874.1 nmof natural gas
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RES RELATED INTERNET SITES IN ARMENIA

http://www.renewableenergyarmenia.agUfArmenia: renewable energy resournces
http://www.solaren.comSolariaLLC)

http://www.technokom.am (Technokom LLC)

http://www.delarm.ec.europa.eu

http://www.minenergy.amMinistry of Energy and Natural Res@es of RA
http://www.psrc.amPRublic Services Regulatory Commission ofRA
http://www.mnp.am Ninistry of Nature Protection of RA

http://www.natureic.am Climate Change Information Cenyer
http://www.r2e2.amRenewable Energy and Enerfgfficiency Foundationof RA)
http://www.cch.am/index.cfmGascade Capital Holding

RES Related | nternational Internet Sites

http://www.nrel.gov (National Renewable Energy Laboratory, USA)
http://www.eere.energy.goyU.S. DOE Energy Efficiency and Renewable Energy (EERE))
http://www.ren21.ne(Renewable Energy Network 21)

http://www.eufores.or@The European Forum for Renewable Energy Sources)
http://www.ereerenewables.orThe European Renewable Energy Council (EREC))
http://www.eurec.be/mjects/RE_barometer.ht(he European Renewable Energy Research
Centres Agency bulletins)

http://www.managenergy.néEuropean Commission DirectorgBeneral for Energy
ManagEnergy)

http://www.refocus.neiRenewable Energy Focus: international renewable energy news,
features etc.)

http://www.retscreen.néRETScreerinternationa)

http://www.inforse.og (INFORSE- International Network for Sustainable Energy)
http://cordis.europa.ef@Community Research and Development Information Service (CORDIS))
http://europa.eu.int/comm/europeaid/projects/index_en(Biternal cooperation programmes
European Commission)
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ATTACHMENT 1

EFFICIENCY OF SOLAR THERMAL COLLECTORS

The efficiency ofsolar thermal collectors- is the ratio of heat (delivered to working fluid to

total incoming radiant solar energy on solar collector absorber surface, or

- - (A1.1)

whereO [W/m?] is incoming radiant solar energy per £ af absorber surface of solar collector,

0 is the area of absorber surfacé]n®. is calculated as:

0 a6 Y Y (A1.2)

where m [kg/s] is the discharge of working fludd, [J/ (kg* )] is specific heat capacity, ; &nd

T, are the tempatures of working fluid at the input and output of solar collector.

Instantaneous efficiency  is defined as
- == — (A1.3)

where— is effective optical efficiency of solar collectar, is effectivecoefficient of heat loss
(in W/m°C), T is the temperature of working fluid at the inlet of solar collecter, is the

ambient temperatur&is solar irradiation (W/f).

The efficiency of solar collector is changed with changing of soladiatian "Chi.e. solar

coll ectords average =efficiency S significant
regi stered at noon (the standar d -Z0eninf Withmance t
increasing of solar irradiation from 300 1000W/cm then the efficiency of solar collector is

increased from 32 to 59%, and with increasing of ambient air temperature from HTtth&o

the efficiency is increased from 41 to 55%.

Optical efficiency of solar collector depends on the productefbéctive coefficient of
transmittance camhdcablsecpoi ooocerf i ¢iaeaxt &f ab
) and doesnot d e p e nN@or temperdturediffeseacé¥ r'Y i 8 Thaedi at i or
efficiency of solar collector istrongly increased when absorption surface is covered with
selective coating char act/el i wlglaeytetidiegthiof val ues
absorption and emissivity cor r gipsolrdcollacmpl vy, . By
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from 1 to 12 the efficiency of solar collector is increased from 45 to 60%. Typical values of

andv for different designs of solar collectors are brought in TAI§24].

Table Al. Typical values of andu for differert designs of solar collectors

The type of solar collector

- 0g
Flat plate collector without glazing and without selective coatin 0.95 15
Flat plate collector with glazing and without selective coating 0.85 7
Flat plate collector with two glazirgnd without selective coating 0.75 5
Flat plate collector with glazing and with selective coating 0.8 3.5
Evacuated glass tubes solar collector 0.75 2
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THE CHARACTERISTICS OF SOLAR PHOTOVOLTAIC CELLS

AND THEIR MEASUREMENTS

ATTACHMENT 2

Solar photovoltaic cells can be used as any other source of direct clilreptprovide direct

current of definite value at a given voltage, but contrary to conventional energy supply sources,

output characteristics of solar photovoltaic cells dependotar sradianceSolar photovoltaic

cellsarenod i near devices and canodt
30 Current
100 mW/em? Solar Irradiance
2.5
75 mwW/cm?
2.0 |
50 mW/cm?
1.5
1.0 |
25 mW/cm?
05 |
0.0
0.0 0.1 0.2 03 0.4 0.5 0.6
Voltage, V

be

characteri

Fig. A.1. CurrerdVoltage curves (V curves) for solar photovoltaic cell at different values of solar irradiation (in
mwW/cnf)

Series of coves of dependence of voltage and current on load for crystalline silicon solar cell at
different values of solar irradiation in a simplified way are brought in Fig. A.1 [37].
100mW/cnf (or 1000W/nd) relates to solar irradiation on the horizontal surfaicthe sea level

at noon under clear sky conditions/ kcharacteristics of solar photovoltaic cells are investigated

in accordance with principal scheme of measurements brought in Fig. A.2.

=

Photo Cell

Voltage

‘ Current

(a—

Variable load

Fig. A.2. The electrical scheme of measurements of voltage and current of solar photovoltaic cell.

Output voltage V of solar cell and current | through the load are measured by chang
ohmic load resistance iffi-precision variable resistor/potentiometer). The light intensit
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maintained constant during the measurements. First, the resistance of load is bra
maximum value by potentiometer, so there is, practically, no current in the circuit and tie
voltage V is equal to open circuit voltagecWhich is by definition the voltage produced

solar cell when no load is applied (around 0.6V). Then, as the resistance of load is g
reduced by potentiometer, direct current emerges in the caneditncreases up to some defin
value, and, at the same time, the voltage decreases. Subsequent drop of resistance u
circuit practically doesndt cause subse:
current is denoted as shortatiit current §; (see Fig. Al, A3).-V curves are brought in Fig. A.
in simplified form. In reality, open circuit voltage,ydecreases within small range as
intensity of solar radiation decreases. The output power of solar el Bhe product of the
measured

40,0 1

B

—o—P

20,0 + .|
O’O 1 1

o0 01 02 03 04 05 0,6

Voltage, V
Fig. A.3. Typical +V and RV curves of solar cell
voltage and current (R= | x V). The curve of output power P of solar cell dependinc

voltage V is presented in Fig. A.3. FeVIcurve that is also brought in Fig. A.3 in its left p.
the current has maximum value | £ at V = O, but the output power (I V) is equal to ero,
and in the right part of Fig. A.1 | = 0 at maximum value of V & &hd the output power is als
equal to zero. Maximum power corresponds to the voltage of around 0.8B&.maximum
power is reached at around 0.45V regardless of light intensity.

De<ribed method of-M characteristics measurements allows to compare different solar
under equal conditions, as well as to evaluate the quality of solar cells. By using insi
potentiometer simple electronic control device based on operativefiampinicro scheme
essentially the precision of and rate of measurements is increased. With that these devict
constructed at home conditions [37]. To compare characteristics of different solar cel
measurements are done under standardittmmsl The temperature of solar cells during

measurements is 25. Under solar radiation in a while the temperature of solar cells can ri
to 5C. In this case some drop of open circuit voltage &d output power J3 and small rise
of short @rcuit current }. are registered.
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ATTACHMENT 3.

APPLICATIONS OF RENEWABLE ENERGY SOURCES

Solar cookernear t. Abovyan (2010)

Large-scale solar dryer(SHEN NGO)
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Solar Parabolic Trough Collector installed at ther oof of SEUA

Powerhouse oBenzar small HPP at Zor-zor river neart. Sisian
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PV systems to provideseismic observation stationsvith electricity

Solar water heaters installed on the roof of school in t. Ararat (2009)
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Solar water heaters at Hotel Erebuni

Solar water heaters installed in  Jrvezh, Armenia
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