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Abstract

To reduce the emissions of polluted gases causeprdgucing energy using fossil
fuels, renewable energies can be an attractiveaigo|particularly in remote areas. However,
some problems appear with using renewable enengiesh can minimize their benefits, such
those related to weather conditions and daylighitéition. This work is study and simulation
of the energy system for a standalone house powsrednewable energies systems such as,
photovoltaic system and wind turbine. The eledffiproduced and not used by the user will
be accumulated in two different storage systembattery bank and a hydrogen storage
system to reuse it when required. The main objeatitv this work is to reach the optimal
sizing of the energy system, as a result, maxitteeability to respond to energy demand and
minimize the investment cost.

Keywords: Renewable energy, Hybrid system, Hydrogen, optsizhg

Résumeé

Pour réduire les émissions de gaz pollués causagesapproduction d'énergie des
combustibles fossiles, les énergies renouvelablEsvgnt étre une solution attrayante.
Toutefois, certains problémes apparaissent avédidation des énergies renouvelables qui
peuvent réduire au minimum leurs prestations, gelleelles liées aux conditions
météorologiques et a la limitation de la lumiérgalur. Ce travail est I'étude et la simulation
du systéme d’une maison autonome alimenté parydsnses d'énergies renouvelables telles
que les panneaux photovoltaique et éolienne. Liigb@é produite et non consommée par le
toxicomane s’accumuleront dans deux systémes dekagie différents : un groupe de
batteries et un systéme de stockage d’hydrogéne lpovéutiliser au besoin. L'objectif
principal de ce travail consiste a atteindre le atisionnement optimal du systeme
énergétique, par conséquent, de maximiser la dgpdeirépondre a la demande d’énergie et
de réduire au minimum le colt de l'investissement.

Mots-clés: Les énergies renouvelables, systeme Hybride, lygth®, size optimal
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Nomenclature

Nomenclature

Symbols Definition Unite
Cb Storage capacity of the battery Wh
Cele initial cost of electrolyze $
Cg global cost $
Cinv initial cost of the invert $
Cstok initial cost of storage $
Cpem initial cost of fuel cell $
Cpv initial cost of the photovoltaic $
Cwt initial cost of the wind turbine $
dvsys Life of the system years Year
dvwt Life of the wind turbine Year
dvpv Life of the photovoltaic Year
dvinv Life of the inverter Year
dvb Life of the battery Year
dvstok Life of the tank Year
Ecn load demand Wh
Eg total energy generated by PV array and wind geoeyat Wh
Eelect Power electrolyze Wh
Epv Photovoltaic energy Wh
Ew wind turbine energy Wh
DOD depth of discharge of the battery %
G' Hourly irradiance Wh/m?
Mstok mass of the hydrogen Kg
NOCT Nominal cell operating temperature (°C)
Npv Number of panel Photovoltaic
Pg power developed by the WT and PV Wh
Pr rated power of wind turbine W
Pov power photovoltaic W
Pwr power wind turbine Wh
S Solar cell array m2

pv



Nomenclature

Vcut-out

Vdata

Npv
Npc

nB

ninv

reference cell temperature
Cell temperature
Ambient temperature
reference cell temperature
Wind speed
nominal speed
cut-out wind speed
wind speed at the height of the measurements
the surface roughness length
PV generator efficiency
Power conditioning efficiency
Reference module efficiency
battery bank efficiency

Inverter efficiency
Efficiency temperature coefficient

self-discharge rate

power law exponent

(°C)
(°C)
(°C)
(°C)
m/s
m/s
m/s
m/s
m
%
%
%
%
%
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Nomenclature

Acronyms

AIE
LCC
PV
WT

PEM

wB

AgencylnternationaEnergy
Life Cycle Cost

Photovoltaic

Wind turbine

polymer electrolyte membrane

World Bank
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I ntroduction general

Introduction

Energy demand increases exponentially due to twtgrin industry and population. The
International Energy Agency (IEA) forecasts tha global demand for energy is expected to
increase 53% by 2035 (IEA, 2014). For this reasenWorld Bank (WB) and IEA estimate
doubling in installed capacity of energy over théodowing decades. Conventional energy
sources includes oil, gas and coal are the mauress for world energy supply, however
these fossil energies have several disadvantagesas greenhouse gas (COFC gases) .

Furthermore, more than a billion of people in therld live without electricity, a lot of
them in isolated areas, which are not connecteeldatric network (off-grid). Due to high
investment costs for expanding the public grids bovd power requirements, it would be
uneconomical to connect these remote areas totiliteesi in the medium run. Under these
circumstances, Variable Distributed Generation (OfE@sents an attractive alternative to
avoid technical and economic problems in electritibtnsmission to remote regions. The
usually diesel generators used to overcome theé éxrgy needs in such regions are facing
several constraints such as instability in fuet@si fuel supply, besides the relative high costs
of operation and maintenance. Hence, renewablaires® are becoming more suitable in
providing energy to remote regions.

The excellent geographical location of Algeria giseveral advantages for extensive use
of most of the renewable energy resources. Algeride largest country in Africa, with a
surface nearly 2.4 million km2. Most of this sudas occupied by the Sahara.

Renewable sources are usually free of pollutidme Thtegration of renewable energies
with efficient storage system would provide a kbegigstem reliability making it suitable for
remote stand-alone applications. (Granqvist,1999)

Among these sources, Solar and wind energy arenthet abundant natural resource in
Algeria. It becomes imperative for Algeria to explthese important resources. Combine
between these sources, can be intrusting and tateasolution to supply isolated houses,
army, rural farm, and telecommunication unites. Egample, mobiles phone operators
companies seek to extend their markets in rem@asaiSo, they must solve the problem of
electricity supply in cost-effective way (Dokkaf15).

Renewable energies such as hydrogen is a pronesiaggy carrier for the future energy
supply, it benefits as an environmentally friendtgrsatile, and efficient fuel. The transition
to renewable energy based hydrogen systems appedrs an interesting solution and
provides an opportunity to address the challengspecially production by using solar and

wind, to meet needs from remote standalone. Tod#gnfon around the world has focused

1



I ntroduction general

reach the optimal sizing of the energy system medanthe ability to respond to energy

demand and minimize the investment cost.

We have divided the project into four chapters,fite# chapter is a general description of
renewable energies, particularly, solar, wind ayblriad system, and their use in small units.
The aim of the second chapter is to explore théemiht ways of hydrogen production,
focusing on water electrolysis using renewable gieer Also The technique that use to store
hydrogen as either gas, liquid or solid. In additio produce electricity (DC) by electro-

chemical reactions in fuel cell, we study a scenafiusing hydrogen directly as cooking gas.

In the third chapter, we show weather data of sala wind, and calculate loads of a
stand-alone house based on the work of (R. Ghed&fsal.2016), then, we present the

mathematical models of the different electric comgrus.

Finally, in the fourth chapter, we developed agpamn of Matlab to simulate and
determine the optimal component sizes in technanad economic point of view, and

demonstrate and discuss the results.



Chapter 1: Renewable energies and small scale use

Chapter 1: Renewable energies and small scale use

Renewable energy sources have been important forahs since the beginning of
civilization. Biomass has been used for heatingkowy, steam rising. Solar also has been
used for heating and drying food. Hydropower anddvenergy have been utilized for
movement of boats and milling turbines. Renewalnlergy sources generally depend on
energy flows through the Earth’s ecosystem fromigb&tion of the sun and the geothermal

energy of the Earth.

Furthermore, many renewable technologies aredstitemall off-grid applications, good
for rural, remote areas, where energy is ofteniatin human development. At the same

time, such small energy systems can contributegddcal economy and create local jobs.

1.1. Solar Energy
The earth obtains solar energy from the sun. Inlane, the earth receives enough solar
energy to meet its energy needs for nearly a y&anerally, there are two main types of using

solar energy; solar thermal and photovoltaic.

1.1.1. Solar Thermal

Concentrated Solar Power (CSP) systems (also kmesvwhermal solar power systems) do
not directly convert sunlight into electricity lik&V panels. These systems consist of an array
of mirrors or lenses that focus the sun rays oriteeemal receiver. The concentrated energy is
used to heat water, and the resulting steam is tasddve turbines which generate electricity
(N REL, 2014).Solar collectors may also be usedfidrwater production and heating during

the cold season. The overall performance of a solaling system is therefore of a great.

1.1.2. Photovoltaic Panels

Photovoltaic is the direct conversion of sunlighetectricity. It is an attractive alternative
to conventional sources of electricity for manys@as: it is safe, silent, and non-polluting,
renewable, highly modular in that their capacity ba increased incrementally to match with

gradual load growth, and reliable with minimal ¢mé rates and projected service lifetime is



Chapter 1: Renewable energies and small scale use

of 20 to 30 years (R.A. Messenger.2003). Figute 1.

N-type silicon (P +) —= -§

P-type silicon (B -) —=

/
Back electrode (+)

_Jmm

Figurel.1l: convert sunlight to electricity
1.1.3. Different Panel type technology

A. Monocrystalline

Monocrystalline silicon panels are made of the égftgrade silicon, making them the
most efficient type of panel. These panels con¥&rR20 percent of incoming sunlight into
electricity. Because monocrystalline panels arentiost efficient type, they require the least
surface area per unit of energy produced. Theytlaemost expensive panel type (RRE,
2015)

B. Polycrystalline

Polycrystalline silicon panels contain lower-grailecon than monocrystalline panels. The
panels are less efficient than monocrystalline [saneonverting only 13-16 percent of
incoming sunlight into electricity. These panelguiee a larger surface area to generate the

same amount of electricity produced by monocryisilpanels. (RRE, 2015)
C. Thin-film PV

Thin-film solar cells consist of one or more ulthan light-absorbing layers. The thin-film
manufacturing process is simpler than the monoalyst or polycrystalline manufacturing
process but results in panels with lower eleciricbnversion rates that range from 7-13
percent. Because of these lower conversion rates, more surface area is needed to achieve
the same energy generation as either of the otlweel gypes. Thin-film solar cells are the

cheapest PV panel system (Maehlum, 2015).

1.1.4. Investment Cost:
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Solar is a more expensive electricity source thmaditional alternatives like coal or natural
gas. Cost estimates for electricity production tymcally given in the form of a Levelized
Cost of Electricity (LCOE), which measures a powkmt’s average costs over its lifetime,
including its construction, fuel, operations, mamance, and efficiency. Solar power plants
may have zero fuel costs, but their electricityl sttmes at a high price compared to other
electricity sources when lifetime costs are takea consideration. (El Administration. 2015).
There are many companies that consider as leademsanufacturing solar panels. In this

study we choseolycrystalline - (250W) Table 1.1

Tablel.1: Specifications of PV panel

Parameters Value
Type NMEZHSM6610P “ Polycrystalline]
Nominal peak power 250(W)
Reference efficiency (%) 14
Dimensions (L x W x H) 1652 x 994 x 45m
Life time 20aye
Cost 02p

1.2.Wind Energy

Wind is a form of solar energy. The irregular hegtof Earth's atmosphere by the Sun
causes the air mass to move from regions of higkgorre to regions of lower pressure. The
kinetic energy of the moving air "wind energy" da@ transformed directly into mechanical

or electrical energy using wind turbines. (Jourgall 7)

1.2.1. Wind turbine
By definition, wind energy is the energy producgdwind. It is the result of the action of

wind turbines, wind-driven electrical machines avttbse function is to produce electricity.

Blades pulled in rotation by the strength of thendviallow the mechanical or electric
power production in any sufficiently windy site. & lenergy that the mill rotating pulls out of
the wind drives the rotor which converts mechaneradrgy into electrical energy through a

generator. (Journal, 2017)

The amount of energy produced by a wind turbineeddp primarily on the speed of wind

but also on the area swept by the blades and thieasity.
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cooling system yaw actuators :

Gear B
3 enerator
2 7 2 Computer
Wind System
0
3 1

Figurel.2: the basic components wind

The figurel.2 above shows the basic componentgthtd make up a typical wind turbine
design. A wind turbine extracts the kinetic enefigyn the wind by slowing the wind down,

and transferring this energy into the spinning shkatfit is important to have a good design.

-Rotor blades: The rotor blades are the elements of the turbiaedhpture the wind energy
and convert it into a rotational from.

-Hub: The hub is the connection point for the rotor btaded the low speed shaft.

-Gearbox: The gearbox takes the rotational speed from theslo®ed shaft and transforms it
into a faster rotation on the high-speed shatft.

-Mechanical brake: The mechanical brake is a physical brake, simda tlisc brake on the
wheel of a car, connected to the high-speed shaft.used for servicing the equipment to

ensure that no components start to rotate, endiawggée repair worker.

-Generator: The generator is connected to the high-speed ahdfis the component of the
system that converts the rotational energy of taétsnto an electrical output.

-Cooling system:The cooling system is used to ensure that the caemie do not overheat
and cause damage to themselves or any other compdngypical cooling system is either
an electrical fan or a radiator system.

-Yaw mechanism: The yaw mechanism is used to ensure that the bbddes are parallel to
the flow of the wind, to be at their most efficient

-Controller: The controller is a computer system that monitord eontrols various aspects
of the turbine. It has the ability to shut down thebine if a fault occurs.

-Tower: Thetower is used to support the nacelle and rotatdda

-Nacelle: The nacelle is the unit located at the top of theetr that encapsulates all the

components of the turbine.
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1.2.2. Classifying wind turbines

Modern turbines evolved from the early designs ead be classified as two or three-
bladed turbines with horizontal axes and upwin@not Today, the choice between two or
three-bladed wind turbines is merely a matter thede-off between aerodynamic efficiency,
complexity, cost, noise and aesthetics. (Wind PpR2@09)

A- Horizontal axis wind turbine

Horizontal axis wind turbine dominates the majoonfythe wind industry. Horizontal axis
means the rotating axis of the wind turbine is fmmtal, or parallel with the ground. In big
wind application, horizontal axis wind turbines atenost all you will ever see. However, in
small wind and residential wind applications, \aati axis turbines have their place. The
advantage of horizontal wind is that it is ablgptoduce more electricity from a given amount
of wind. So if you are trying to produce as mucimavas possible at all times, horizontal axis
is likely the choice for you. The disadvantage ofitontal axis however is that it is generally

heavier and it does not produce well in turbulemtds. (Wind power, 2009)

Rotor
-t Blade

Figurel.3: Horizontal axis wind turbine

B- Vertical axis wind turbine

In comes the vertical axis wind turbine. With veatiaxis wind turbines the rotational axis
of the turbine stands vertical or perpendiculathi® ground. As mentioned above, vertical
axis turbines are primarily used in small wind prtg and residential applications. Vertical-
Axis-Wind-Turbine this niche comes from the OEMIlaims of a vertical axis turbines ability
to produce well in tumultuous wind conditions. \feat axis turbines are powered by wind
coming from all 360 degrees, as u shown in thisufeig Even some turbines are powered

7
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when the wind blows from top to bottom. Becausethi$ versatility, vertical axis wind
turbines are thought to be ideal for installatiarigere wind conditions are not consistent, or
due to public ordinances the turbine cannot beeplddgh enough to benefit from steady
wind. (Wind power, 2009)

|\ Fixed Pilch
Raotor Blade

Gearb

s a Generator
|

s

Figurel.4: Vertical axis wind turbine

1.2.3. Number of rotor blades

The three-bladed concept is the most common coreeptodern wind turbines. A turbine
with an upwind rotor, an asynchronous generatoraamdctive yaw system is usually referred
to as the Danish concept. This is a concept, wtanlds to be a standard against which other
concepts are evaluated.

Relative to the three-bladed concept, the two aretldaded concepts have the advantage
of representing a possible saving in relation eodbst and weight of the rotor. However, their
use of fewer rotor blades implies that a higheatiohal speed or a larger chord is needed to
yield the same energy output as a three-bladedhtudf a similar size. These of one or two
blades will also result in more fluctuating loadscause of the variation of the inertia,
depending on the blades being in horizontal oricedrposition and on the variation of wind
speed when the blade is pointing upward and dowshwErerefore, the two and one bladed
concepts usually have so-called teetering hubdyingpthat they have the rotor hinged to the
main shaft. This design allows the rotor to teeiasrder to eliminate some of the unbalanced
loads. One-bladed wind turbines are less widespitesad two-bladed turbines. This is due to
the fact that they, in addition to a higher rotaiibspeed, more noise and visual intrusion
problems need a counterweight to balance the biéole. (DNV/Ris@.2002)
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Horizontal axts
baded  bladed

ra L.
. R

Figurel.5: design and concept using blades

1.2.4. International wind turbines manufacturers

Tablel.2 presents the main manufacturers of wirllrtas and their specifications (Wind

Energy Center, 2015). In this study we focus onlistudbine sizes.

Tablel.2: Wind turbines specification

Rated Cut-in Rated Cut- Turbine Hub
Types power wind wind speed| off wind Diameter ,
height(m)
(KW) speed m/s m/s speed m/s (m)

FLYT F-1000 1 2.5 8 45 2,8 30
FLYT F-1001 1 2.5 10 45 2,8 30
FLYT FK-2000 2 25 8 40 3,2 30
FLYT FK-2001 2 2.5 10 50 3,2 30
FLYT FK-3000 3 3 10 45 5,2 30
FLYT F-5K 5 3 10 40 6,1 30
Kingspan 6 3 10 45 6,5 30
MAX/XG-10KW 10 3.5 10 50 7,2 30
OEM HAWT 15 3.5 10 50 9 30

1.2.5. Investment Cost:
Compared to other renewable energies for domesbasiness use, wind turbine costs

vary considerably between manufacturers and iesgalOur advice, first of all, is to make

sure that this is the right technology for you.
The total project cost will depend on many factarsluding the cost of the turbine itself, the

extent and scope of supporting environmental workte planning application, the cost of any

electrical distribution network (‘grid’) upgradesdithe cost of site works including access roads,

foundation and cabling costs.(Renewable First.2015)
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Tablel.3: Cost of some wind turbine

Maximum Power Output
Typical Turbine Type Cost($)
(KW)

1 FLYT F-1000 750
1 FLYT F-1001 850
2 FLYT FK-2000 960
2 FLYT FK-2001 1000
3 FLYT FK-3000 1900
5 FLYT F-5K 3500
6 Kingspan 3278.7
10 MAX/XG-10KW 9000
15 OEM HAWT 13000

1.3. Inverter

This report focuses on DC to AC power invertersiclwlaim to efficiently transform a DC
power source to a high voltage AC source, simibapower that would be available at an
electrical wall outlet. Inverters are used for mapplications, as in situations where low
voltage DC sources such as batteries, solar pamefisel cells must be converted so that
devices can run off of AC power. One example ofhsacsituation would be converting

electrical power from a car battery to run a lapfy or cell phone. (Jim Doucet.2007)

1.3.1. DC and AC Current

In the world today there are currently two formsetdctrical transmission, Direct Current
(DC) and Alternating Current (AC), each with its mwdvantages and disadvantages. DC
power is simply the application of a steady constasitage across a circuit resulting in a
constant current. A battery is the most commone®of DC transmission as current flows
from one end of a circuit to the other. Most digdiacuitry today is run off of DC power as it
carries the ability to provide either a constamghhor constant low voltage, enabling digital

logic to process code executions. (Jim Doucet.208Be1.4show the cost of the inverter

10
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Tablel.4: Cost of the inverter

Inverter Cost ($)
ESG1000W 100
GP2022-12/24v-2kw 260
GP3022-12/24V-3kw 300
GP5032-12/48V-5kw 400
AN-PSWO03-7000W 500
ARNB-1000VA 600

1.4. Battery Energy Storage

Battery Energy Storage is the most effective s@raghnology for rural electrification
applications, and has already been implementedatijoin numerous off-grid and mini-grid
installations. The cathode (the positive partkeigasated from the anode (the negative part) by
a porous separator, and ions are allowed to flobwéoen the two charges via an electrolyte.
The chemical reaction creates current and voltadpch together create power) that can be
supplied to a load (EPRI and DOE, 2013). In flowttdr@es, the electrolyte is stored in
external tanks and is pumped through a centrakiogaanit. This consists of a cathode and
anode through which a current is either taken ha(ged) or supplied (discharged) to the
external demand/supply this is by use.

Ex E-

loads

Battery discharging Battery charging

Figure 1.6: Battery energy storage: charge/dis@harg
1.4.1. Batteries use classification

A- Starting batteries

(Sometimes called SLI, for starting, lighting, ition) batteries are commonly used to start
and run engines. Engine starters need a very lsiayging current for a very short time.
Starting batteries have a large number of thineglédr maximum surface area. The plates are
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composed of a Lead "sponge", similar in appearatcea very fine foam sponge.
(N.ARIZONA, 2014)

B-Deep cycle batteries

Deep cycle batteriemre designed to be discharged down as much as i@@®atfter time,
and have much thicker plates. The major differelnesveen a true deep cycle battery and
others is that the plates are solid lead platest sponge. This gives less surface area, thus
less "instant" power like starting batteries ne&dhough these can be cycled down to 20%
charge, the best lifespan vs. cost method is tp ke average cycle at about 50% discharge.
(N.ARIZONA, 2014)

1.4.2. Batteries types

There are many types of batteries, however the ev@slable in the market are:

A) Lead acid batteriesare made from a mixture of lead plates and sulfadid. This was
the first type of rechargeable battery, inventeg vack in 1859.(N.ARIZONA, 2014)

B) Lithium ion batteries have only been around in a commercially viablenfaince the
1980s.Lithium technology has become well proven andewstdod for powering small
electronics like laptops or cordless tools, and besome increasingly common in these
applications, edging out the older NiCad (Nicked@aum) rechargeable battery
chemistry due to lithium’s many advantages.(N.ARNA) 2014)

Tablel.5:Comparison betwednad acid batteries aridhium battery

Advantages:
1-High specific energy and high load capabilitieghvwower Cells
2-Long cycle and extend shelf-life; maintenance-fre

o _ 3-High capacity, low internal resistance, goodaoifficy
Lithium batteries | 4-short charge times

limitations:

1-Requires protection circuit to prevent thermalaway if stressed
2- Degrades at high temperature and when storeigfat/oltage
3- Transportation regulations required when shigpmlarger quantities

Advantages

.| 1-inexpensive and simple to manufacture; low cestyatt-hour
Lead acid P P b

batteries 2-Low self-discharge; lowest among rechargeabliebas

3-Good in high temperature performance

12
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Limitations

1-Low specific energy; poor weight-to-energy ratio
2-Slow charge; fully saturated charge takes 14di6sh
3-Limited cycle life; repeated deep-cycling redubesery life
4-Flooded version requires watering

5-Not environmentally friendly

Tablel.6: Specifications dfattery

Parameters Value

Types Lead acid battery deep cycle. 12v 200Ah
DOD 50% Maintenance Free
Size: 520*240*214 mm

The self —discharge 3% per month

Cost 50%

1.5. Hybrid systems
Hybrid systems, generally, refers to the combimatid any two or more input sources,

here solar PV can be integrated with, Wind Turhir&s-mass or any other renewable on
non-renewable energy sources. Solar PV systems geitlerally use battery bank and
sometimes hydrogen to store energy output frompteels to accommodate a pre-defined
period of insufficient sunshine, there may still édeceptional periods of poor weather when
an alternative source is required to guarantee ppvegluction. PV-hybrid systems combine a
PV module with another power sources - typicaltyiesel generator, but occasionally another
renewable supply such as a wind turbine. The P\éeggoar would usually be sized to meet
the base load demand, with the alternate supplygbealled into action only when essential
(M.S. Ismail.2011)
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Figurel.7:Solar/wind hybrid power systems

1.6. Potential and applications of renewable energyn Algeria

The potential of renewable energy development igeAh, particularly from solar and
wind resources and to a lesser extent geothermal bammass is a great one. These
technologies offer a number of simple, feasiblel aconomically viable applications that can
be implemented both in the short and long terme. dhility to generate heating or electricity
from renewable can greatly enhance the qualityifef ih Algeria, create jobs, develop
technical skills, reduce the country’s dependenteiband gas, while meeting obligations of
reduced greenhouse effects and global warminge#&sed renewable energy production will
also enable better management of fuel based reserve

Algeria is very well placed to be a major playertire lucrative market of renewable
energy. However, transition to more renewable gnasg will need to start immediately, at
least using hybrid technologies. Genuine politiedl and favorable policies are essential if
we are to fully embrace the renewable energy age.

A. solar energy

Algeria is a country with an enormous renewable@néRE) potential. it provides for one
of the highest solar potentials in the world. Algdnas a strong potential for solar and wind
energy. Solar energy has two main technologiesarsblermal and photovoltaic (or PV).
Solar thermal technology can provide both heat agleéctrical energy. About
169,440TWhr/year, which is equivalent to 5000 tirtresscurrent energy usage in the country,
may potentially be harnessed and used to suppodugapplications (A. Zino,2010) .For
domestic use, Algerian houses can be fitted witlarsthermal systems, exploiting solar
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radiation to heat water through flat plate collest@r evacuated tubes. For electricity
generation, it is possible to use concentratingrsi@chnology to focus solar energy and run
steam and gas turbine plants that drive electritegdors. On the MW scale, solar farms
(with many solar units) may be installed in the éign desert using solar towers (as
operational in Spain) where solar radiation is #&mul onto the top of a tower from
concentrating mirror. With PV panels, solar radiatis directly converted into electricity.
This technology is widely used around the world amaonsidered a well-developed and
mature technology. Algeria’s capacity from PV isiraated at 13.9Twhr/year (A. Zino, 2010)
and can be applied in various contexts, such astattg small panels to the roofs of houses,
large panels on schools, hospitals and supermaikedsinstalling large scale PV farms. The
electricity generated from PV can also benefitatsd communities to support farming
activities, e.g. by pumping water from wells or bgerating solar refrigerators to preserve
food and medicine. A major industrial applicationRY panels is for desalination plants to
produce drinking water.

B. Wind energy

Wind speed increases with height, the wind turbimgsoit this property by using blades
to harness wind and convert mechanical energyeteotricity. Wind turbine technology is
also a well-established and mature technology asdadaptation in Algeria should be
accelerated using both onshore (on land) and affesfon sea) wind turbines. Indeed, recent
studies show that wind energy is the second mgsbitant renewable resource in Algeria the
same studies showed that. The strongest windsoaateld in the south west regions of the
country, particularly near Adrar, it is first wiridrm in this region operational between 2014
and 2015 and generating around 10MW (S. Himri, 2012

Perhaps contrary to intuition, the coastal regwifes far less potential for harnessing wind
than the southern regions. A possible explanatantHis is that the Mediterranean Sea is
quite a sheltered region from the open vast regadrthe ocean, whereas the southern west
region is facing the Atlantic Ocean to the westwdwer, more studies are needed in order to
establish a fuller assessment of wind resourcéseitountry (A. B. Stambouli, 2011).

In terms of practical applications, wind turbinesncbe used at university, hospitals,
airports and large stores. In fact, wind turbines e raised wherever there is enough
blowing wind, e.g. in isolated rural areas that eme off from the national grid, and a long
stretches of highways. Coastal cities could berfedin offshore wind farms that can be
connected to the grid using subsea cables. Indisdcan also install small wind turbines to

power their own homes (S. Himri, 2012).
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Conclusion

The main goal of this chapter was presenting argéescription of renewable energies
used in small units and different components ofylrid system One of the most widely
developed renewable energy sources is solar enSaigr energy applications are constantly
increasing in the last few years, such as usednallsunits and they are considered perhaps
the most promising that can significantly contréta the total electricity generation. Another
source is wind, wind energy is the fastest growangrgy source in the world and it is one of
the most widely used alternative sources of endoghay. The kinetic energy of wind is
converted to mechanical power and then to elestritiowever, these energies are highly

related to weather conditions. This reason givesenmportance to hybrid systems solution.
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Chapter 02: Hydrogen utilizations

Hydrogen gas (b) is an abundant element on earth, it is foundoim@ounds with almost
every other element,such as water, hydrocarbooshal, and biomass, and rarely caught in
isolation. Hydrogen is not a primary energy souitces, however widely regarded as an ideal
energy storage medium. To store energy, water ivartedinto hydrogen and oxygen
components by electrolysis process, thensstored to reuse it when required, using a fuel
cell,or burn it directly as many researches (Zks) approval.

Hydrogen as an energy vector can increase the naéinatof renewable and intermittent
sources and it can serve as an energy vector tiatafiow reaching 100% renewable energy
supply (HaraldMiland,February 2005). Creating agéamarket for hydrogen as an energy
vector offers effective solutions to both emissionstrol and the security of energy supply.

In this section of the study,we interest in exglagnthe importance of hydrogen as a future
fuel as well as an energy carrier. Furthermorepvasent hydrogen production methods and

fields of application.

2.1. Hydrogen energy

Neither the use of hydrogen as an energy vectothewision of a hydrogen economy is
new. Until the 1960s, hydrogen was used in manyt@s in the form of town gas for street
lighting as well as for home energy supply. Theaidéa hydrogen-based energy system was
already formulated in the aftermath of the oil esisn the 1970s (AFH2, 2011) Moreover,
hydrogen is an important chemical feedstock, fetance for the hydrogenation of crude oil
or the synthesis of ammonia. Being a secondaryggrerrier that can be produced from any
primary energy source, hydrogen can contribute tdiversification of automotive fuel
sources and supplies and offers the long term Ipidigsiof being solely produced from
renewable energies. Hydrogen could further be asea storage medium for electricity from
intermittent renewable energies such as wind, sbiamass, hydraulic power as far as the
security of supply or greenhouse gas emissionscaneerned, any advantage from using
hydrogen as a fuel depends on how the hydrogerduped.

2.2. Hydrogen as future fuel

Hydrogen is a secondary form of energy that hdsetonanufactured like electricity. The
majority of the experts consider that renewablerbgedn has a great role to play as an

important energy carrier in the future energy secto
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The use of hydrogen as a fuel for transportatioth stationary applications is receiving
much favorable attention as a technical and pafisye. Hydrogen gas is being explored for
use in internal combustion engines and fuel celtteic vehicles.

Hydrogen can be used in fuel cells which can ahghigh electric efficiency. The total
energy efficiency may even exceed 90%if the wastg ban be used. Hydrogen and fuel cells
are often considered as a key technology for fudustainable energy supply.

2.3. Hydrogen production techniques

Production of hydrogen from cheap and renewablecesus the key factor for H2 energy
utilization in real life. There are many sources K2 production namely water, glycerol,
biomass, etc. (see figure 2.1).

These technologies cover the state of the art tdobies steam reforming of natural gas
and alkaline water electrolysis as well as biontes®ed technologies. Literature survey shows
that most of the researchers are emphasizing outilimation of water as a source of H2 due
to its availability (Dutta, 2014).

Algae: Methods for utilising Gas: Natural gas or bio-gas are Oil: Hydrogen is produced with
the photo-synthesis for hydrogen sources with steam steam reforming or partial
hydrogen production reforming or partial oxidation oxidation from fossil or
renewable oils

Coal: With gasification
technology hydrogen may
be produced from coal

Wood: Pyrolysis technology
for hydrogen from biomass

Alchohols like ethanol and methanol
derived from gas or biomass - are
rich on hydrogen and may be
reformed to hydrogen

Power: Watrer electrolysis
from renewable sources

Figure2.1: Some feedstock and process alternativids production. (Trygve.R,
Elisabet.H, 2006)
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2.3.1. Water Electrolysis technologies
Depending on the kind of electrolyte and thus ttpe tofionic agent (OH-, H+, O2-), and the
operation temperature, waterelectrolyzers are ifledsnto three main categories: alkaline,
polymer—electrolyte membrane (PEM) and solidoxideteblyzers (SOE). The operating
principles of thesethree main types of electrolysechnologies are presented in

figure2(Sapountzi et al, 2017). In this study, weus on (Alkaline& PEM) water electrolysis.

Alkaline Electrolysis PEM Electrolysis Solid Oxide Electrolysis
e e
- |— }—
0,
H,0 H,0
I}
= [ : " o . <&
(o )% : H,
Anode (Ni, Co, Fe) I Cathode (Ni/C) Anode (Ir) Cathode (Pt) Anode (LSM) Cathode (Ni/Y52)

Diaphragm Polymeric membrane Ceramic oxide

Anode

Cathode 4H,0 +4e- — 40H + 2H, 4H*+ 4e- — 2H, H,O +2e- — H, + O%
Figure2.2: Operating principles of alkaline, PENofon-exchange membrane) and solid

oxide water electrolysis.

2.3.2. Alkaline water electrolysis
Water electrolysis is a particular electrochemigailcess (decomposing electrochemical

process, also known as electrolytic process) ircvinater is split into its basic components,
hydrogen and oxygen, through the use of contineterdric current.

The electrolytes more commonly utilized are liq@dlutions which may be acidic or
alkaline. Alkaline electrolysers use an aqueous MNl@0Olution (caustic) as an electrolyte that
usually circulates through the electrolytic ceied Fig.3). The following reactions take place
inside the alkaline electrolysis cell(N. Chennouf@2012):

Anode: 20H- === 1/2 02 + H20 + 2e-

Cathode: 2H20+ 2 g H2 + 20H-

Electrolyte: 4H20 == 4H+ + 40H-
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Net reaction; 2H20=—==y 2H2 + O2

UZelle
Anode -7 Cathode

i
§

4+ -

<« op

4e —p

L
L
[ %)
=
o
iDiaphragm

N
TrT—>
[ %]

<«—— 40H

- e L W

|

40H 4 H,0
Figure2.3: Principle of alkaline water electrolysis

2.3.3. Polymer electrolyte membrane (PEM) electrobis

The principle of PEM electrolysis is presented igu&ions (3.6) and (3.7). PEM
electrolysersrequire no liquid electrolyte, whicimglifies the design significantly. The
electrolyte is an acidicpolymer membrane. PEM ebdyg$ers can potentially be designed for
operating pressures up toseveral hundred bar, @nduited for both stationary and mobile
applications. The main drawbackof this technologyhie limited lifetime of the membranes.
The major advantages of PEM overalkaline electsslysre the higher turndown ratio5, the
increased safety due to the absence ofKOH eletégly more compact design due to higher

densities, and higher operating pressures.

Anode: H20— 1/ 202 + 2 H+ + 2e— (3.6)
Cathode: 2H+ + 2e= H2 (3.7)

With relatively high cost, low capacity, poor eféocy and short lifetimes, the PEM
electrolyserscurrently available are not as maasralkaline electrolysers. It is expected that
the performanceof PEM electrolysers can be improsigdificantly by additional work in

materials development andcell stack design.
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2.4. Hydrogen Storage
Table2.1: Hydrogen storage types adapted from (Rod<$atel, 2011) .

Category Type
Gas storage

Liquid storage

Chemical storage (metal hydride)

Compressed hydrogen

Liquid hydrogen

Magnesium hydride (MgH:), calcium
hydride (CaH;), sodium hydride (NaH)
PCN-6

PCN, porous coordination network

Physical storage (metal
organic framework)

2.5.1. Gaseous Hydrogen

The most common method to store hydrogen in gastwasis in steel tanks, although
lightweight composite tanks designed to enduredriginessures are also becoming more and
more common. Cryogas, gaseous hydrogen cooledatocngogenic temperatures, is another
alternative that can be used to increase the vdhiorenergy density of gaseous hydrogen. A
more novel method to store hydrogen gas at higbspres is to use glass microspheres. The
next two sections provide further details on twotloé most promising methods to store
hydrogen gas under high

pressure: composite

tankKgurd.4).and  glass

microspheres(Trygve.R, Elisabet.H, 2006).

Compressed:

Figure.2.4tank of hydrogen in gaseous
Volumetrically and gravimetrically inefficient, biihe technology is simple, so by far the

most common in small to medium sized applications.

Table2.2: capacity and pressure of tank of hydrogen

Model Capacity (m3) Pressure(bar) Cost($)
Haikong 8 8 600-80,000
PLL 0.8 to 200 1-100 850-10,000
ISO2291 TPED 0.040-0.050 300-450 1000
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ISO 267! (TPED) 0.050-0.080 300-450 2000
CFLYO05/1.0 5m3 10 1200-35000
CFL-Y05/1.75 5m3 17.5 1200-35000
CFL-Y10/1.0 10m3 10 1200-35000
CFL-Y10/1.75 10m3 17.5 1200-35000
CFL-Y15/0.8 15m3 8 1200-35000
CFL-Y15/1.75 15m3 17.5 1200-35000
CFL-Y20/0.8 20m3 8 1200-35000
CFL-Y20/1.75 20m3 17.5 1200-35000
CFL-Y30/0.8 30m3 8 1200-35000
CFL-Y30/1.75 30m3 17.5 1200-35000
CFL-Y50/0.8 50m3 8 1200-35000
CFL-Y50/1.75 50m3 17.5 1200-35000
CFL-Y100/0.8 100m3 8 1200-35000
CFL-Y100/1.6 100m3 16 1200-35000
3271522 0.600 300 2,545
3271523 0.900 300 2,765
3271524 1.800 300 3,895
3271525 2.040 300 4,110
3271526 2.160 300 4,435
3271527 2.700 300 4,770

2.4.2. Liquid Hydrogen

The most common way to store hydrogen in a liqoianfis to cool it down to cryogenic
temperatures (—253 °C). Other options include stphydrogen as a constituent in other
liquids, such as NaBH4 solutions, rechargeablerocgaquids, or anhydrous ammonia NH3.
This section discusses the three most promisindnadst cryogenic H2 (figure.5). NaBH4
solutions, and rechargeable organic liquids(TryBy&lisabet.H, 2006).

LH2 - Tank Syﬂﬁm inner vessel

super-insulation outer vessel
level probe

filling line
Gas extraction

suspension

liquid Hydrogen
{-253+C)

liquid extraction

filling pon

safety valve

gaseous Hydrogen
 (#20°C up to +80°C)

shut-off vale

electrical heates .
reversing valve \ cooling water
(gaseous / liquid) heat exchanger
Figure2.5:Tank of hydrogen liquid
Liquid H 2(Cryogenic)
-Compressed, chilled, filtered, condensed.-Boil22i (-251 C).
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-Slow “waste” evaporation.-Kept at 1 atm or jusgisily over.

-Gravimetrically and volumetrically efficient bueky costly to compress
2.4.3. Solid Hydrogen

Storage of hydrogen in solid materials has thematieto become a safe and efficient way
to store energy, both for stationary and mobileliappons. There are four main groups of
suitable materials: carbon and other high surfasa anaterials (figure.6); H20-reactive
chemical hydrides; thermal chemical hydrides; ameghargeable hydrides(Trygve and
Elisabet.H, 2006).

Figure.2.6Schematic representation of differenesypf carbon Nano-fibers
Carbon Nanofibers
*Complex structure presents a large surface anelyidrogen to “dissolve” into
*Early claim set the standard of 65 kgH2/m2 and%.6y weight as a “goal to beat”

*The claim turned out not to be repeatable

2.5 Fuel Cell

Fuel cells are essentially electrochemical cells aperate following the same basic
mechanism as everyday batteries. However, unlikiedies, where all of the chemicals used
in the cell are contained and when the reactiaomplete the battery is dead, fuel cells have
a constant flow of fresh chemicals into the cedl an in theory have an unlimited life.

Hydrogen fuel cells, which are the most commonlgdjsconvert flows of hydrogen and
oxygen into water (H20) and produce electricityhia process.

At the anode, hydrogen is forced through a catdlystially platinum powder) where it is
ionized: 2H2 ==> 4H+ + 4e-. The electrons then ghesugh an external circuit, where their
flow can be harnessed as electricity, on their teaye cathode.

At the cathode, oxygen reacts with the productsiftbe anode (the protons and electrons)
to produce water: O2 + 4H+ + 4e- ==> 2H20. Alonghaieat, this is the only by-product of

the hydrogen fuel cell: the reactants are nornfally utilized.
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Aside from electricity and heat, which itself caa taptured and used, water is the only
product from a hydrogen fuel cell. Of course, tisi:varmless and so the process has huge
environmental advantages over polluting combuséngines. However, water builds up in
the cell and so it must be removed periodicallyeothse it will saturate. This is usually
achieved through a water pump or separator.

As explained, fuel cells generate electricity thgloua chemical process. This means that
they are not subject to the Carnot Limit (a thaoabtlimit on the efficiency of an engine
based on the flow of heat between two reservoars), that they can effectively extract more
energy from fuel than combustion-based methodsdifioaal internal combustion engines
typically have efficiencies of around 30%, wherefal cells can achieve 40-70%
efficiency(Lisa Bushby, 2006).

2.5.1 Fuel Cell Types

Six types of fuel cells have evolved in the pastades. They are called after their
electrolyte, the substance that transports the. idine electrolyte dictates the operating
temperature of a fuel cell type. Depending on therating temperature, a specific catalyst is
chosen to oxidize the fuel. Fuel cell types thexefall have different catalysts. A brief
summary of these six fuel cell types is given below

Table. 2.3 data for different type of fuel cellafiminie and Dicks, 2002)

Fuel cell type Mobile ion  Operating Applications and notes
temperature

Alkaline (AFC) OH~ 50-200°C Used in space vehicles, e.g. Apollo, Shuttle.

Proton exchange H* 30-100°C  Vehicles and mobile applications, and for
membrane lower power CHP systems
(PEMFC)

Direct methanol H* 20-90°C  Suitable for portable electronic systems of low
(DMEC) power, running for long times

Phosphoric acid H* ~220°C Large numbers of 200-kW CHP systems in use.
(PAFC)

Molten carbonate COs2- ~650°C Suitable for medium- to large-scale CHP
(MCFC) systems, up to MW capacity

Solid oxide & 500-1000°C  Suitable for all sizes of CHP systems, 2kW to
(SOFC) multi-MW.

In this study we are interesting in PEMFC
2.5.2. PEM fuel cell
An PEM fuel cell consists of a polymer electrolytembrane sandwiched between two

electrodes (anode and cathode). In the electrobytly, ions can exit and electrons are not
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allowed to pass through. So, the flow of electroaeds a path like an external circuit from
the anode to the cathode to produce electricitpbee of a potential difference between the
anode and cathode .The overall electrochemicaltiosscfor anPEM fuel cell fed with a
hydrogen-containing anode gas and an oxygen-con¢ggathode gas are as follows (Woon
Ki Na, BeiGou, 2007):

Anode: 2H2—~ 4H+ + 4e-

Cathode: O2 + 4H+ + 4e= 2H20

Overall: 2H2 + 02— 2H20+ electricity + heat.

Electric Circuit
(40% - 60% efficiency)

H; Anode 0, Cathode

Fuel input Oxygen gas
(humidified (from air) input
hydrogen gas) H®
H®
Heat
H®
HY

Unused hydrogen
gas output recirculate

Flow field plate

Gas diffusion layer Gas diffusion layer

Catalyst layer = — Catalyst layer

PEM membrane

Figure.2.7Schematic picture of the operating principle oygical PEMFC (Mengbo and
Zidong, 2009)

2.5.3. PEM Fuel Cell Components and Their Propertie

A) Membrane

In a typical PEM fuel cell, the membrane is sandwit between two catalyzed electrodes
to transport the protons, support the anode artibdatcatalyst layers, and more importantly,
separate the oxidizing (air) and reducing (hydrdgavironments on the cathode and anode
sides, respectively. Therefore, the requirementsafoexcellent membrane are manifold and
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stringent, including high protonic conductivitypW reactant gas permeability, thermal and
chemical stability, and so on. The most commonkduand promising membranes for PEM
fuel cells are perfluorosulfonic acid (PFSA) memmas such as Nafion® (DupontTM), Gore-
Select® (GoreTM), and Aciplex® and Flemion® (Asaki)l Extensive studies have been
carried out on the mechanisms of membrane degoedaind failure in the fuel cell
environment. At present, however, unsatisfactomalility and reliability of the membrane is
still one of the critical issues impeding the comeradization of PEM fuel cells(FranoBarbir,
2012).

B) Electrode

A fuel cell electrode is essentially a thin catélleyer pressed between the ionome
membrane and a porous, electrically conductive teaties It is the layer where the
electrochemical reactions take place. More pregisbe electrochemical reactions take place
on the catalyst surface. Since there are threeskioid species that participate in the
electrochemical reactions, namely gases, electaodsprotons, the reactions can take place
on a portion of the catalyst surface where alldéhspecies have access to. The reaction zone
may be enlarged by either “roughening” the surfaicdthe membrane, and/or by reducing the
catalyst particle size, and/or by incorporatingoiorer in the catalyst layer.

The most common catalyst in PEM fuel cells for bo#ygen reduction and hydrogen
oxidation reactions is platinum. In the early day®EMFC development large amounts of Pt
catalyst were used (up to 28 mg cm-2). In the 1880s with the use of supported catalyst
structures this was reduced to 0.3—-0.4 mg cm42.the catalyst surface area that matters, not
the weight, so it is important to have small platm particles (4 nm or smaller) with large
surface area finely dispersed on the surface ofakedyst support.

In order to minimize the cell potential losses tluéhe rate of proton transport and reactant
gas permeation in the depth of the electro catddystr, this layer should be made reasonably
thin. At the same time, the metal active surfaceaashould be maximized(FranoBarbir,
2012).

C) Gas diffusion layer

The gas diffusion layer (GDL) is typically a dualer carbon-based porous material,
including a macro porous carbon fiber paper or @artioth substrate covered by a thinner
micro porous layer (MPL) consisting of carbon blackvder and a hydrophobic agent.

The required properties of the gas diffusion ldgdow from its functions:

26



Chapter 2: Hydrogen utilizations

e It must be sufficiently porous to allow flow of loteactant gases and product water (note
that these fluxes are in opposite direction). Dejpan on the design of the flow field,
diffusion in both through plane and in plane is ortant.

e It must be both electrically and thermally condwuetiagain both through plane and in
plane. Interfacial or contact resistance is typycalore important than bulk conductivity.

» Since the catalyst layer is made of discreet spuatlicles the pores of the gas diffusion
layer facing the catalyst layer must not be too big

* It must be sufficiently rigid to support the “fliy;s MEA. However, it must have some
flexibility to maintain good electrical contacts

These somewhat conflicting requirements are besthyecarbon fiber based materials
such as carbon-fiber papers and woven carbon &abricloths. These diffusion media are
generally made hydrophobic in order to avoid flewgin their bulk. Typically, both cathode
and anode gas diffusion media are PTFE-treatedidé wange of PTFE loadings have been
used in PEMFC diffusion media (5% to 30%), mosidgly by dipping the diffusion media
into an PTFE solution followed by drying and simgr In addition, the interface with the
adjacent catalyst layer may also be fitted withoating or a micro porous layer to ensure
better electrical contacts as well as efficientewatansport into and out of the diffusion layer.
This layer (or layers) consists of carbon or graphpiarticles mixed with PTFE binder. The
resulting pores are between 0.1 and 0.5 pum, thushmsmaller than the pore size of the
carbon fiber papers (20-50 pm).

D) Bipolar plates:

The bipolar plate is a multifunctional componentlod fuel cell stack, acting as a separator
between the fuel, oxidant gases, and coolant; hemeayusly distributing reactant and product
streams; and collecting the current generated &glbctrochemical reaction.

In addition, they must be corrosion resistant mftnel cell environment, yet they must not
be made out of “exotic” and expensive materialsoider to keep the cost down not only
must the material be inexpensive, but also the fa@hwing process must be suitable for
mass production.

In general, two families of materials have beenduke PEM fuel cell bipolar plates,
namely graphite-composite and metallic. The bipplates are exposed to a very corrosive
environment inside a fuel cell (pH 2-3 and tempemt 60— 800C).
The typical metals such as aluminum, steel, titanor nickel would corrode in fuel cell
environment, and dissolved metal ions would diffuge the ionomer membrane, resulting in

lowering of the ionic conductivity and reducing tiuel cell life.
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In addition, a corrosion layer on the surface dfipolar plate would increase electrical
resistance. Because of these issues, metallicsphatest be adequately coated with a non-
corrosive yet electrically conductive layer, sushgaaphite, diamond-like carbon, conductive
polymer, organic self-assembled polymers, noblealsetmetal nitrides, metal carbides,

indium doped tin oxide, etc.(Frano Barbir, 2012).

2.5.4. Fuel Cell Applications

Fuel cells can generate power from a fraction ofa#t to hundreds of kilowatts. Because
of this, they may be used in almost every applcativhere local electricity generation is
needed. Applications such as automobiles, busdbty utehicles, scooters, bicycles,
submarines have been already demonstrated. Fulsl aed ideal for distributed power
generation, at a level of individual homes, buiggiror a community, offering tremendous
flexibility in power supply. In some cases both gownd heat produced by a fuel cell may be
utilized, resulting in very high overall efficiencAs a backup power generator, fuel cells
offer several advantages over either internal catib engine generators (noise, fuel,
reliability, maintenance) or batteries (weightetime, maintenance). Small fuel cells are
attractive for portable power applications, eittzer replacement for batteries (in various
electronic  devices and gadgets) or as portable  poweaenerators.
Fuel cell and fuel cell system design are not resmdy the same for each of these
applications. On the contrary, each applicatiorsides power output, has its own specific
requirements, such as efficiency, water balancet hdilization, quick startup, long
dormancy, size, weight, fuel supply, etc.(FranobBa012).

A) Hydrogen for cooking

Fuel for cooking is an important sub-sector of ggetonsumption in which renewable
energy use is largely ignored. Most of the worle&éduknown cooking, apparatus utilize
liquefied petroleum gas (LPG) that is stored iramktas fuel. Another disadvantage of using
LPG as burner fuel is safety. Since leaks can happéhe LPG line and since the LPG is a
heavy gas and highly combustible, the gas leak s®ile in the environment and may
explode with open flame. Scientific research haswsh that renewable energy can be
harnessed to power the process of splitting wayeelbctrolyze to produce hydrogen gas.
Hydrogen fuel cell can be used in future for cogkin the absence of LPG along with a
modified stove (Akanksha&Chaurasia, 2014).

Table2.4 cost of different component of system bgdn
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Model of COST($)| | Model of Cost($)| P(kw) |[ Capacity(ry) | COST($)
PEMFC electrolysis 0.486535 2,545
HYFC-1KW 10000 | [ QL-7000 10000 | 3 0.934994 2,765
HYFC-2KW 20000 QL-3000 5500 | 1-1.5 1.292599 3,895
HYFC2KW | 20000 || >F E/PEM 1385576 | 3,895
. . 1.521728 3,895
NVEC KW o000 | | QL-3000 5500 | 1-1.5
SPE/PEM 1.729975 3,895
PEMFC-500W | 6225 L7000 560013 762001 3555
PEMFC-500W | 6225 OL-3000 5500 115 1.780814 3,895
PEMFC-500W | 6225 SPE/PEM 1.8206 4,110
PEMFC-500W | 6225 QL-5000 7000 | 2 2.195357 4,435
2.896438 5,000
PEMFC-500W | 6225 QL-1000P 6400 | 1.5
3.060156 5,000
PEMFC-500W | 6225 QL-5000 7000 | 2 61397 7570
HYFC-1KW 10000 QL-5000 7000 2 1.884127 3.895
HYFC-1KW 10000 | [ QL-7000 10000 | 3
HYFC-1KW 10000 | | QL-10000 20000 | 5
PEMFC-500W | 6225 QL-7000 10000 | 3
QL-17000 30000 | 7.2
QL-34000 50000 | 13

2.6. Conclusion

Hydrogen can be produced by miscellaneous meti@sfocused in water electrolysis
using fossil fuels, such as natural gas and caallear energy, and other renewable energy
sources, such as biomass, wind, solar, geotheamélhydro-electric power.

Hydrogen can be stored physically as either a gasliquid. Storage of hydrogen as a gas
typically requires high-pressure tanks (50-900 .b&tprage of hydrogen as a liquid requires
cryogenic temperatures because the boiling poihtydfogen at 1atm is —252.8°C. Hydrogen
can also be stored on the surfaces of solids byrptien, or within solids by absorption.

The fuel cell stack generates electricity in thenfaof direct current (DC) from electro-
chemical reactions.The amount of power producedabfgel cell depends upon several
factors, such as type, size, operatingtemperatnuolgases supplied pressure.lt is expected; in
near future plenty of H2 can be produced with takp lof renewable source like solar energy

and wind energy.
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The method developed for this type of systems isettaon the average monthly
values which calculated from the hourly values tentributions of each component
(photovoltaic panel and wind turbine). Then, theesf the other component; storage system
(battery or hydrogen), inverters are determined.

The optimization has been carried out, startingthy technical calculus taking into
account the economic parameter that representfiegiam not to neglect in the operating
systems with renewable sources. In order to setbet optimum technico-economic
configuration, several combinations of the PV/W®of&ge are considered and for which the
total cost is determined to choose the optimal. size

3.1. Analysis of solar and wind potential energy iQuargla

Ouargla has a strong potential of solar radiateorg the region is characterized by a very
hot summer (June - September) with an average hyaetimperature that exceeds 45°C. The
average daily irradiation on inclined surface isyvhigh during the period (April-August),
compared to the other months, it can exceed 7.4kRWididy. It can be seen that the site of
Ouargla has also a considerable annual wind spéethvan average 5.9 m/s to a height of
10m This clearly proves that the site of OQuarglavedl adapted for a production by hybrid

aniinnnsg 1““““““

Jan Feb Mar Aor Mav Jun Jul Aua Seo Oct Nov Dec Jan Feb Mar Aor Mav Jun Jul Aua Seo Oct Nov Dec

Figure 3.1: Average irradiation and temperatur®oérgla
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Irradiation ( kWh/m?)

O RLr N WD U O N ®

Time (montly)

Figure 3.2: Average irradiation of 250W-polycry$ited panel inclined by 31.9°
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Figure 3.3: Average daily wind speed of Ouargla

3.2. Design of standalone house:

Based on the study of (R. Ghedamsi ET al.2016)¢eired energy for heating and
cooling of the region of Ouargla is as follow: e€sfigure 3.4) Even though there are many
different design options available, they all hageesal things in common: a tightly sealed
thermal envelope; controlled ventilation; and lowean usual heating and cooling bills.

Recent technological improvements in building eleteeand construction techniques,
and heating, ventilation, and cooling systems,valioost modern energy saving ideas to
be seamlessly integrated into any type of housguegthout sacrificing comfort, health,
or aesthetics. The following is a discussion ofriiggor elements of energy-efficient home
design and construction systems.
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Table 3.2: Characteristics of house

» the wall consists of 5 layers :
Plaster (1.5cm), Two layers Brick (10cm et 15cm) gace (5cm),Cement (2cm)

» Area of house ( 150fpConsists of two floors
» Heating ,cooling and Controlled Ventilation wellegded

10cm

2em Sem  15em  1Sem

QOutdoor

Plaster
o

To(t) b S _
B

Figure 3.4: Typical house
3.3. Estimated loads of energy consumption:

As it is shown in (figure3.5) zone 1, the higheshsumer of energy by consumer is
nearlyl6000kWh yearly. A lot of factors influendeetenergy consumption of residential
sector as the kind and the efficiency of the appks. Between zone3 and zone 4
(Ouargla) Average yearly consumption nearly 144087kWh. (R. Ghedamsi et al. 2016)

18000 ~

— M cooling
heating
14000 - I l . . = = =  mothers
12000 - M ironer
M Microwaves
10000 1 m C washer
8000 - BTV
6000 - m freezer
w refrigeration)
4000 1 m lighting
2000 - ® hot water
o0 - . ' ‘ m cooking

T T T
zonel zone2 zgne3 zon¢/4 zone5 zone6 zone7

Figure 3.5: Energy consumption in different regionélgeria

Annual final energy (kWh)
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Table 3.3: Estimated loads of energy consumptiomfsite Ouargla

Daily Monthly
Month consumption consumption
(kWh) (kWh)
Jan 45.04 1396.24
Feb 42.74 1196.72
Mar 39.04 1210.24
Apr 35.7 1071
May 36.18 1121.58
Jun 37.93 1137.9
Jul 40.18 1245.58
Aug 40.18 1245.58
Sep 37.91 1114.2
Oct 35.47 1099.57
Nov 39.91 1197.3
Dec 44.23 1371.13
Yearly consumption: 14407.04

3.4. Hybrid system PV/ WT/storage

The optimization of such system aims to geneeaiergy satisfying the energy
demands, which corresponds to real data of a holgsébf eight persons) in Ouargla
city (latitude: 31.9N, longitude: 5.24'E) (R. Gheda ET al.2016). To make this
analysis, we combine two kinds of energies, whiohk then connected to storage

(hydrogen or batteries) as shown in figure 3.6.

Case 1 » Batterie!

A 4

»)
<

Wind turbin AC/DC

\ 4

DC/AC —/ Loads

\ 4

|01ju092 abrey)d

PV system DC/DC

»
|

Case « 2 Hydrogen

A 4

Figure 3.6: Schematic illustrates system PV/WTegjerby batteries or hydrogen

33



Chapter 03: Modeling and methods

3.5. Mathematical modeling of the hybrid system
3.5.1. Photovoltaic generator

The energy produced by a photovoltaic generatestignated from the data of the overall
irradiation on inclined plane, the ambient temp&e@tnd the data of the manufacturer for the
photovoltaic module used. The electrical energydpoed by a photovoltaic generator is
given by (R. Ghedamsi ET al.2016).

Pov = NpySpyGt =0, ...... T-1 (1)
Wheren,,, represents the PV generator efficierfy, is the solar cell array area, a@tlis

the forecasted hourly irradiance, that is predittgdome meteorological model.

The efficiency of the photovoltaic generator isresgented by the following equation :

Npv = nrrlpc[l — B(Te — Terer)] (2)
Wheren; is the reference module efficiency,. is the power conditioning efficiency

which is equal to 1 if a perfect maximum power kexcis used.f is the generator efficiency
temperature coefficient, it is assumed to be atemhsand for silicon cells the range [ofis
0.004-0.006 per (°Cl,..s is the reference cell temperature (°C) &pnds the cell temperature
(°C) and can be calculated as follows (R. Ghed&isal.2016).

_ (NOCT—ZO)] t
T =T, + S22 (3)
Where T, is the ambient temperature (°C) aNOCT is the nominal cell operating

temperature (°Chpc, B, NOCT andS,,, are parameters that depend upon the type of modul

pv:
used. Thus,

Eby = Poy. At t=0... t-1 (4)

3.5.2. Wind generator
The power contained in the form of kinetic ener@y,(W), in the wind is expressed
by (Kaabeche et al., 2011):

0 Vt < cht—in
V2 (t) _Vcifin t
_ F: N2 _\/2 cht—in <V SVr _
Pr (t)=9 " VP-V2 t=12,..T
I:)r Vr Svt sch't—out
t
0 \ >_\/cut—out (5)

With:
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Pr: is the rated power of wind turbine generator,

Vcut-in: Starting speed for which the wind turbine beginprimduce energy.

Vr: is the nominal speed of the wind turbine

Vcut-out: represents the maximum speed for which the pramuct stopped by reason of
security and the turbine is put in flag.

For applications in engineering wind energy, theneste of the average power produced
by a wind turbine, necessarily passes through tlmvledge of the wind speed at the height
of its hub. To obtain data for wind speeds at ardeédeight, we must proceed to a vertical
extrapolation of wind speeds measured generallthéostandardized height of 10 meters
above the ground, using the model of power (Justu$ Mikhail 1976), often used in

Vdata Z data (6)

As a is given by the power law Justus C.G. and Mikh8if6 [6]

= 0:37- 0,081,

1- o.osslr(zldaaaj
(7)

E\tNt = P&,t.At t=0, ..... ,T'l (8)

The power produced is overall:
Eg(t) = Npv.Epv(t)+.Ew(t) 9)

3.5.3 Case Battery bank Model

Battery is defined as a combination of individoells. A cell is the elemental combination
of materials and electrolyte constituting the badectro-chemical energy store. A storage
cell is recharged after discharge by passing admarrent through the cell in the opposite
direction to the discharge current. In other wotusfery is used as a backup for long run
applications means it stores the excess energyrajedeby hybrid energy system and

supply that energy during low generation perioddMdeshmukh.2008).
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a).Total Power Generation (solar + wind) > load demand
If total power generation; (combination of soladamind) of hybrid system is greater than
load demand then load will be supplied and excesgepis used to charge the battery

Battery charging:

E)=E(t—1x(1— o)+ (Egen(t) - f]l—;”) X nB (10)
b). Total power generation (solar + wind) < load dedchan
Load will be supplied + Battery discharging
If total power generation (combination of solar andd) of hybrid system is less than

load demand Battery discharging:
E@®) =E(t—-1)x(1— o) — (’:—S) - Egen(t)) (11)

Where:

E (t) and E (t-1) charge of battery bank (Wh) &t time (t) and (t — 1) respectively;
o is hourly self-discharge rate; Egen (t) is thaltehergy generated by PV array and
wind generators after energy loss of controller;

El (t) is load demand at the timer andng are the efficiency of inverter and
charge efficiency of battery bank, respectively.

The storage capacity of the battery (Wh) is catedaising Eq (Khatib, 2011):

Ch = ELXAD (12)

" (nvxnBx DOD)
Where:
DOD is allowable depth of discharge of the battery,

AD is number of autonomy days

Number of battery: Nb = % (13)

Where:
CB: is the storage capacity of a single batteryoyfinal), Cb is the sizing storage
capacity of the battery en Wh.
3.5.4 Case Hydrogen Model
A- PEM Fuel Cell (PC)
A simplified model of fuel cell is used in this gitar. We assume that the fuel cell works
to a fixed point of operation, (Victor M.2014) sbat the produced powerd® (t)) is
defined by:
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Wherenpcninv and are the effectiveness of the PEM and therter, respectively; Pg (t)

is the power developed by the wind generator aadP¥ during each hour.

P, (t) =Pa (t)+Ry (t) (15)

A time step of an hour is used. As well, the powsrsucts are equivalent to the energies

produced at a particular time, as it is indicatethe equations (16) and (17).
Py (t)=E, (t) )
P, (t)=Eg (t) 17)

B- Electrolyze

The power transferred of electrolyze to the hydrodank can be defined as follows
(Victor M, 2014)

Ever (1) =[Eg ~Ear ()1 | (18)

C- Reservoir of hydrogen

We assume that the electrolyze operates at a cansiant, so that the hydrogen produced
by the electrolyze is proportional to its effectiess. The energy equivalent of hydrogen is
taken of the electrolyze and it is stored in thk$aof hydrogen.

If the power developed the system is greater thhe lad demand at time ft,
electrolyze will be employee to fill the tank ofdrpgen, which is described by the equation
(AK. Maleki.2014)

Eauc (t) =Eua (t =)+ Eg (t) ~Ecn () | (19)

Where Etok (t) and Etwok (t -1) are the energy stored in the tank of hydrotp hours (t) and
(t -1), respectively, theinv is the inverter efficiencyheiect is the electrolyze efficiency.

When the application of the load is greater tham éhergy produced by the system, the
PEM is used to provide the load. In this case atneunt of hydrogen in the tank to the time t

is obtained by:
Ean (1) =B () B0 (/0 ~E, 0]
Where: theyecis the PEM efficiency
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The mass of the hydrogen stored at any time tlculzded as follows (A. Kashefi, 2009):

E . t
mstok (t)=H|_t|kV()
" (21)

Where: (HHVH), the calorific value higher of hydrogen is eqt@B9.7 kWh/kg.
It should be noted that there are lower and uppeitsl for the quantity of the
hydrogen stored. It is not possible that the mddhe hydrogen stored exceeds the
estimated capacity of the tank. On the other hdnd,to some problems, for example,
drop in pressure of hydrogen, a small fractionh& hydrogen (here, 5%) cannot be

extracted. This fraction is the lower limit of thiored energy, therefore.

3.6.3. Hydrogen fuel cell for cooking

Using H2 as fuel cell for cooking and heating aad directly the stove to burning H2
Low heating=120Mj/kg
High heating=142Mj/kg
In condition 700 bar (30 Kg----1m3)
Average heating= 130Mj/kg
1Mj=0.2777kWh
130Mj/kg*0.2777kWh=36.1 KWh/kg
(Energy*0.9)/ 36.1 KWh/kg = Mass H2 (kg) (22)

3.7. Analysis of the System Cost

A-The initial cost:

The analysis of cost is necessary to utilize timewable energy resources efficiently and
economically. There are many ways to calculatesifstem cost. Here the concept of life
cycle cost of system, consisting of the initial italpcost, the operation and maintenance
cost and the components replacement cost, is atloptlis paper, which is expressed by
the following equations (Ak Maleki.2014) :

Battery bank
Ci = Nwt*Cwt + Npv*Cpv+Nb*Cb+ Cinv ~ (23)
Hydrogen
Ci = Nwt*Cwt + Npv*Cpv + Cstok +Cele+Cpem+Cinv+Ccpm (24)
With:

Cb: The initial cost of battery bank ($)
Cwt: The initial cost of the wind turbine systef).(
Cpv: The initial cost of the photovoltaic systed. (

Cstok: The initial cost of the system of storagje (
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Cele: The initial cost of electrolyze (3$).
Cinv: The initial cost of the inverter ($).
Cpem: The initial cost of fuel cell ($).
B-Operation and maintenance cost
Assessment of operation and maintenance cost diyitved system describe by the equation:

Battery bank

= (Nwt * Cwt * Mw + Npv * Cpv * Mpv + Cinv * Minv)dvsys (25)
Hydrogen
Cm = (Nwt * Cwt * Mwt + Npv * Cpv * Mpv + Cstok * Mstok + Cele * Mele + Cpem * Mele +

Cinv * Minv + Ccomp * Mcomp)dvsys (26)
M: Percentage of each component [%]

dvsys: Life of the system [years]

C- Replacement cost
Each component of the system has time; it must therreplaced on the duration of

operation of the system.

Battery bank
Cr=(Nwt*Cwt). M+ (Npv*Cpv). —d"sys WY 4 Cinv *—‘“’Sf; ”f"”“’ + (Nb * Cb). —d"sys Wb (27)
Hydrogen
Cr=(Nwt.Cw). dvsys awt (Npv.Cpv). dvsys dvpv +(Nstok. Cstok)dvsys dvstok 28)

dvstok

dvwt , dvpv , dvmv,dvb , dvstok , it is the Ilfcme respectively of the wind system, the
photovoltaic system, of the storage system andhtrexter. Usually the wind generator and
the photovoltaic generator have life time clos¢hi life of the system therefore a cost of
replacing zero. The overall cost for the duratibogeration is given by:
Cg=Ci+Cm+Cr (29)
A Matlab computer program developed based on tlwealmethodology. Fig. 3

shows thélowchart of this program.
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START

\ 4

Read data (Load, 1 PV and WT)

A

n=n+0.01 >

v

Eg(t) = Npv = Epv(t) + Ewt(t)

Eg (t) = Eload(t)/ninv

00 00
L 1. !

Store Energy Consume Stored Energy

(ES)>limit 4

X

NO

A 4
Systems Sizing

A\ 4
Economical

Fig. 3 shows th@owchart of this program.
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Read data (irrad, temp, PV Modulg) Read data (wind speed, wind turbing)
\ 4 l
Eq(1).(2).(3).4) Eq(5).(6) (7) (8)
A 4 A 4
End End
Pt)=Pt-Dx0-0)+ (Egen(t) - illf;)) X nB P =Pt-1x1- o) - (%— Egen(t))
T A 4
Number of battery Number of battery
E o (t) = Enge (t ~1)+[E, (t) = Eoy ()1 ] e Eqoe (1) = Eaae (t =2) = Ecn (t)/ —Eq (t) ] /77,

! l
E o (1)

M, M stok (t):W

Conclusion:

In recent years, the use of renewable energies asigihotovoltaic and wind power is in
strong growth for the production of electricity. tBinese systems must be hybrid combine
with other sources of energy such as Batteries lytitogen which can be produced by
electrolysis, then stored and finally, reused Wyed cell to produce electrical energy. In this
chapter we show weather data of solar and wind, cahclilate loads of stand-alone house
based on the work of (R. Ghedamsi ET al.2016). foii@ of Ouargla then, we present the

mathematical models of the different electric comgas.
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Chapter 04:Results and discussins

In this chapter, we present and discuss the mairltseof the three scenarios

A simulation program has been developed by Matledalipt the behavior of the entire
system. The framework of a preliminary study aimed assess the interest of the
implementation of a hybrid PV/wind system in a giy@lace. Then ,the simulation has been
applied to a defined Algerian site (in Ouargla oegj where the data of 12 months (a typical
day of each month) have been taken, solar irrasiagmbient temperature and wind speed.
The input data contains the characteristic of PV, \Mverter, controller, and tow storage
options (batteries or hydrogen tank, electrolyzé BEMFC). The load needed to be covered
was taken differently, in the first and second sc&s when cooking, heating and hot water
appliances are supplied by electricity, howevethmthird scenario, and they are fed directly
by burning H.

As previously mentioned, the area of this studgassidered in the site of Ouargla, which
is located in the South East of Algerfauargla has hot desert climatelong hot summers
and short cold winters. Averages high temperatiuresimmer are consistently over 40 °C for
nearly 4 months (June, July, August and Septenarelyeach a maximum of around 45 °C in
July. Averages low temperatures in summer are @39y high, and are above 27 °C and

routinely above 30 °C during the hottest month.

F

storage with hydrogen

storage with batteries

Battery

Regulator

BERDC BUS

r
AC/DC
= ﬂ ﬂ LOAD

Figure. 4.1: Schematic of hybrid system with sterag

The optimization of the system aims to generateggnsatisfying the dynamic demands,

which corresponds to real data of a household i@@iteersons) in the region of Ouargla.
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Energy(KWh)

The energy produced by WT or PV modules can bectiijreised to satisfy a part of the
electrical demand. The surplus energy can be stordte storage system. In other words, the
storage system supplying electricity when the petida of electricity by RE resources is less

than electricity load (R. Ghedamsi ET al.2016)He following chapter, we present the results
of three scenarios;

» hybrid system with battery storage option
= hybrid system with hydrogen storage option

= hybrid system with hydrogen for cooking, heating &t water

Noting, for all economic analysis, the costs are giveAlgerian Dinar (1 $= 108.32 DZD)
and the year 2017 is considered as a referenc&iofagion starting.

4.1. Case of hybrid system with battery storage
The graphs in figures4.2 represent the profilegr@rgy consumption (load) and energy
production by PV and WT during 2016 (12 months)e Storage provides by batteries.
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Energy(KWh)

Energy(KWh)
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10kW-WT/0-PV/790-B 0.6kW-WT/45-PV/227-B
Figure4.2: Monthly energy production (wind and RWid consumption

The monthly mean electric production from PV aremd wind turbine is presented in
figure4.2. The PV output was extremely high in soenmer and spring months, particularly,
from Jun to September. This is a favorable charattefor summer due to high cooling load.
In other hand, electricity demand is stronger imteti because of using electric cooker and
heater (consume high energy). The wind energy itaniton was found to be significant in
April, May and Jun but less in other months. S@aergy is typically available during the
middle of the day. But the wind is related to weatbondition. As you see from the graphs,
energies produced from both WT and PV in winteinsufficient, therefore, the storage
system is highly required. The excess electricigswsed to charge the battery bank and
reuse it when needed.

Figure4.3 shows the variation of batteries numkduaction of PV panels and WT model.

1000 1000
800 - 800 N
> / =
E 600 g 600
5, 400 % 400 N
— \
200 200 o
0 0
0 1 2 3 4 5 6 0 10 20 30 40 50
WT (kW) N°PV panel

Figure4.3: N° battery as function of WT &PV panels

From the profiles of energy demand and energy mtioly, we can deduce that, in general,
when augment the share of photovoltaic, the nuraberquired batteries decreases due to the
continuous availability of solar in all months coanipg to wind. When, augment the size of
turbine so add photovoltaic modules, also the nurabbatteries decreases due to the surplus
energy production. However, we should carefullyetatare to the minimum number of
batteries, taking into consideration the energydedewhen the absence of production (i.e.
daylight and weather conditions). As an examplefoumd that in December (which has the
lowest production and one of the most consumptiba)energy is not enough to cover the
load (consume44kWh and produce 44kWh by 72 PV ine oday, min of
10batteries).Furthermore, the weather conditiorhsag; cloudy days with low wind speed,
therefore, the total absence of production for sdveays, makes the minimum number of

batteries (for 5 days in December, min of 91 besgr
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Table 4.1 presents the cost of different configarat of hybrid system with initial and
maintenance costs in order to choose the mostéiitanfigurations of WT/PV/batteries for
a stand-alone house in the region of Ouargla sltes.prices of the components were taken
from the most popular companies in this domainalfynthe costs were compared and

averaged to reach the most reasonable total cost.

Table4.1: Cost of different configurations (hybIT/PV/Batteries)

N°® WT (kW) N° PV N° Batteries Initial cost ($) R & M COST for 20 Total cost
years ($)

0 50 161 18250 6896,5 46640

0 45 266 22500 8229 66240

0 42 322 24700 8913 76600
0.6 38 363 26310 9485,5 84256
1-Ur8 33 428 29470 10856 97464
1-Ur10 32 437 29620 10904,5 98864
2-Ur8 30 461 30530 11206,5 103280
2-Ur10 29 472 30920 11332 105264
3 19 617 37150 13560,5 133080

5 6 853 48150 17614,5 179640

6 1 866 48300 17729 181640
10 0 790 49500 19635 174600
15 0 540 41200 18150 131440
0,6 45 227 21220 38484 59704

Cost evaluation helps designers and users to chtiwmsanost suitable configuration
WT/PV/batteries for an isolated house. The choitghese elements is very important
parameter to achieve economic viability. The tafleve shows an increase in total cost when
using a higher number of batteries (maintenance cwathging batteries every 5 years), so

adding PV panels for production electricity giveanm benefits to reduce this increase.

Even with using higher power WT, number of battetiemains almost the same and the

total cost augments due to the increase in WTairgind maintenance costs.

4.2. Case of hybrid system with hydrogen storage

The graphs in figures4.4 represent the profilegeradrgy consumption (load) and energy
production by PV and WT during 2016 (12 months)e Tdtorage provides by hydrogen
system.
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Figure4.4: Monthly energy production (wind and Rwid consumption

We can notice that the PV output was high in sumamet spring months and the wind
energy contribution is significant in April, May @dun (as the first case). Electricity demand
is high in winter (also the same reason, cookirgting, and hot water by electricity). As you
see from the graphs, energy produced from both Wd RV in winter is insufficient;
therefore, the storage system is highly requirdte &xcess electricity was used to produce
hydrogen and reuse it when required.

We can also notice that there was a slight redaetid®V and WT, which is mainly due to

differences in storage systems (batteries hav# diseharge rate may reach 3% per month.
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The distribution of hydrogen storage produced lgygbnerators; PV and WT at the site of

Ouargla is illustrated below in figures 4.5.
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Figure4.5: Amount of hydrogen as function of WT &p¥hels
When augment the size of turbines or add photocoltendules, the amount of hydrogen
stored decreases due to the surplus energy produdinere is a minimum hydrogen storage,
taking into consideration the energy needed wherabisence of production (i.e. daylight and
weather conditions). This minimum is for one day December, consume 44kWh and
produce 44kWh by 72 PV in one day, min of 0.5kds0Af cloudy days with low wind speed
so, the total absence of production for severakdaakes the minimum hydrogen storage

(for 5 days in December, min of 7Kg).Whenever addgts the mass of hydrogen decrease.

The Table 4.2 shows the possible cost of the hydyslem studied which meet the needs

of the load during one year.

Table 4.2: Cost of different configurations (hybMIT/PV/ Hydrogen)

PV Panel WT Cost of Cost($) Total

component cost ($)
Number Cost($) Model Cost($) DC/AC Tank($) PEMF Ele($) Ic M

DC/DC C(%$)

50 10000 O 0 300 2545 10000 10000 43665 5327196936
45 9000 0 0 260 2765 20000 5500 39255 44959 84214
40 8000 0 0 260 3895 20000 5500 38255 44501 82756
39 7800 0 0 100 3895 10000 10000 32395 37475 69870
40 8000 0.6kw 360 100 3900 6225 5500 24100 2346747567
35 7000 0.6kw 360 100 3895 6225 5500 23885 2360447489
30 6000 1kw/10 750 260 3895 6225 7000 25270 2619551465
29 5800 1kw/8 @ 850 260 3895 6225 6400 24570 25083 49653
28 5600 2kw/10 960 260 3895 6225 7000 24415 2621450629
26 5200 2kw/8 = 1000 260 4110 6225 7000 25055 2605451109
19 3800 3kw 1900 300 4435 6225 10000 27595 3136258957
7 1400 5kw 3500 400 5000 10000 20000 40900 5495995859
1 200 6kw 4000 400 5000 10000 10000 30200 3671066910
0 0 10kw = 9000 500 4770 10000 30000 55100 75640130740
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0 0 15kw 13000 600 3895 6225 50000 75195 108350183545

The choice of suitable configuration WT/PV/hydroggarage for an isolated house is very
important in order to achieve economic viabilitheltable above shows a preferable cost for
hybrid system against single PV or WT. The totatdncreases when using more PV panels
or high WT model (different components of hydroggarage remain almost with the same
except hydrogen storage tank), so adding PV pdaefsroduction electricity cannot give the

same benefits contrary to the first scenario.

4.3. Case of hybrid system with hydrogen for cookmy, heating and hot water
The graphs in figures4.4 present the profiles cérgy consumption (load) and energy
production by PV and WT during 2016 (12 months)e T8torage provides by hydrogen

system. In this case cooking, heating and hot water provided by direct burning of
hydrogen.
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10kW-WT/0-PV/67- kg

0.6kW-WT/40-PV/19- kg
Figure4.5: Monthly energy produced and consumeddwind PV)

We notice a considerable reduction in electricigménd because in this case, cooking,

heating, and hot water by direct burning of hydrog&s you see from the graphs, energy

produced from both WT and PV in winter is insuict; so, the storage system is highly

required for electricity production by PEM and dirburning of hydrogen.

We can also notice that there was a remarkablectieduin PV and WT, which is mainly

due to reduction in electricity demand.

The distribution of hydrogen storage produced leyganerators; PV and WT at the site of

Ouargla is illustrated below in figures 4.6
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Figure 4.6: Amount of hydrogen as function of WT\&panels

Table 4.3 shows the possible cost of the hybritesystudied which meet the needs of the

load during the year.

Table 4.3: the cost of each component and casg hgoirogen for cooking and heating

PV Panel

Number Cost($)

45
40
33
35
30
25
24
23
21
14
3

0

0

9000
8000
6600
8000
6000
5000
4800
4600
4200
2800
600
0

0

WT
Model

0

0

0
0.6kw
0.6kw
1kw/10
1kw/8
2kw/10
2kw/8
3kw
5kw
6kw
10kw

0
0
0
360
360
750
850
960
1000
1900
3500
4000

Cost of component

Cost($) DC/AC  Tank($) PEMFC Ele ($)

DC/DC $)

260 2000 2000 7000
260 2545 3000 5500
100 3895 6225 5500
100 2845 4000 5500
100 3895 4000 5500
260 3895 4000 6400
260 3895 4000 6400
260 3895 6225 7000
260 3895 6225 7000
300 4110 6225 10000
400 4770 10000 20000
400 4770 10000 10000
500 4770 10000 30000

9000
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Cost($)
Initial
cost

21405
20116
22920
20000
20445
21120
21020
23755
23395
26595
40100
30000
54870

reparation Total
(20 year) (%)

20354
18744
23163
19860
19760
21246 2366

21214 2342
2560649361

2544748842

30904 49%7
54593 9346
36618 666!
75588 38B0:

417¢

388t¢

460¢
86(39
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0 0 15kw = 13000 600 3895 4000 50000 72095 104810 9056

The table above illustrates the different price®¥fand WT in various configurations, from
lowest to the highest. We can see that cost rafrges 20000 to $72000 initial cost and
maintenance from 19000 to $105000. The case wh¥rearl®l WT together is the most
economical, whereas it is low economical in PV andvalone. The differences are not very

height.

As results, the comparison indicates that battenegpreferred in short storage period, but
in long period hydrogen is better.

But, the cost analysis helped us to decide onntbst preferable case which is the third
one "cooking by hydrogen" with the configuratio® @W wind & augmented PV 40

For all scenarios, adding PV can decrease stonagie@st. WT decreases storage, but the

total cost augment.
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Conclusion and recommendations

Millions of people live in off grid areas, becausfethe high investment costs to connect to the
public grids. Therfore, variable Distributed Gerena (DG) such as hybrid system with PV and

WT is a recommanded solution to supply these areas.

The chosen hybrid design exploits the two most daohenergy sources in the South of
Algeria. We utilize solar and wind energy souraesupply a standalone house by electric power.
Battery and hydrogen systems incorporated in tisigdeto show the best storage systéime
optimization of the system aims to generate enaafysfying the dynamic demands, which
corresponds to real data of a household (of 8 psjsim the region of Ouargla. The energy
produced by WT or PV modules can be directly ugedatisfy a part of the electrical demand.
The surplus energy can be stored to the storagersy$n other words, the storage system starts
working when the production of electricity by RESo@irces is less than the lo&dthis study we
focused on both technical and economical sidesdolr the optimal sizing of the energy system

(i.e. maximize the ability to respond to energy dachand minimize the investment cost).

We present the results of the three scenariosfitstescenario (hybrid system with battery
storage option) shows that even with using high gqoWT, the number of batteries remains
almost the same and the total cost augments dtleetmcrease in WT initial and maintenance
costs, however, adding more PV panels decreasasttiecost. In the secorgtenario (hybrid
system with hydrogen storage option), the totak cosreases when using more PV panels or
high WT model (different components of hydrogenrage remain almost the same, except
hydrogen storage tank), so adding PV panels foduymng electricity cannot give the same
benefits as the first case. The third scenario rjdyfystem with hydrogen for cooking, heating

and hot water) shows the same global behavior@mdescenario, but with lower cost.

As results, for short storage period batteries meferred, but in long period hydrogen is
better. However, from the cost analysis, the mosfepable case is the third one, when using
hydrogen for cooking, heating and hot water, witd tonfiguration 0.6 kW wind & augmented
PV to 35 panels "about $40000" (from the technide 0.6 kW with only 30 panels "about
$40000"). Therefore, we can replace the traditiehadtric cooker, heater with flexible hydrogen

appliances (we consider the cost of old cookertaader the same as the new ones).
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Finally, we recommend farther studies to chooseéebdV with higher efficiency and WT

with low rated speed to have best results.
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