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Introduction about Photovoltaic (PV) Systems & Selection Criteria for Households
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The Main Components of an On-Grid Photovoltaic (PV) System
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There are two PV module technologies mainly used: monocrystalline and
polycrystalline. In locations like Jordan with high ambient temperatures and direct
sun irradiance, polycrystalline technology is more recommended as it shows better
energy yield results on the long term of operation. On the other hand, for locations
with diffused sun irradiance and little sunlight (i.e. European countries),
monocrystalline technology shows better performance over the long term of
operation.

In general, and under Jordan’s weather conditions, both types could be used and will
achieve proper energy vyields.

The recommended rated power per PV module for either technology type is at least
370W. Using PV modules with higher rated powers will have a lower area utilization
for the same total system capacity.
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The recommended technical specifications for PV modules are:

. Module rated power: at least 370 W

. 72 cells per module with at least 4 bus bars

. Module efficiency: higher than 18%

. Positive power tolerance

. Temperature coefficient: maximum of -0.39%/°C

. Mechanical load test: within 5400 Pa

. Qualification standard: IEC 61215 -
. Safety standards: IEC 61730, TUV, CE, UL

O oo NOOULDS WN -

. 10 years manufacturer’s warranty and performance guarantee for 80%
production after 20 years
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The Main Components of an On-Grid Photovoltaic (PV) System

Mounting Structure <S3! S -2
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Mounting structures hold and fix the PV modules to the installation surface like
rooftops and on the ground. For the residential sector, flat rooftop installations are
most common in Jordan.
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In the case of a rooftop installation, the recommended technical specifications are:

1. For a flat concrete rooftop, the structure should be mounted on concrete
blocks to avoid penetration of rooftop insulation
2. Material: aluminum or aluminum alloy galvanized
steel may be used in locations with high wind speeds,
but aluminum/aluminum alloy structures are more
durable in terms of corrosion and rust
3. Can withstand a wind speed of 140 km/hr and
passes local standards/codes
4. All nuts, screws, bolts, washers must be corrosion resistant
5. Manufacturing warranty: 10 years

I JLU.‘>| Jio dalizes ddlsl wldlain Jla ‘u"ﬂ” e dyp_g_,.@SJ\ el.kuJ\ Sy Al> 3

&9}0.“ uﬁ‘ﬁ Mwwbd\y\ Sz Sugl! ol e G u.&.ou.o.bSb e d},a.adb
Aalise cuds wludlg

In the case of ground-mount installation, additional requirements will be needed such
as soil testing, engineering office confirmation that the structure will hold and
withstand different weather conditions and site security, as well as different
mounting & fixing techniques.
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The Main Components of an On-Grid Photovoltaic (PV) System

On-Grid Inverter Sl -3
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On-grid inverters convert the electricity obtained from the PV system into electricity
that can be fed into the electricity grid or utilized directly in the household.
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The recommended technical specifications for an on-grid inverter are:

. Approved brand/type by distribution utility and complies with British ENA
standard & utility grid requirements

. European standard efficiency (Euro-ETA): not less than 96%

. Total harmonic distortion: must not exceed 3%

. Operating temperature range: from -20°C to 60°C

. Adjustable power factor according to grid requirements

. Design AC/DC ratioup to 1.2

. Has high voltage, reverse current, and input overvoltage &

overcurrent protections and integrated fuse
. Ability to be connected to a web-based monitoring system
. Manufacturing warranty: not less than 5 years
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The Main Components of an On-Grid Photovoltaic (PV) System

DC & AC Cables JsS)l -4
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There are two types of cables used in PV system applications: direct current (DC) and
alternating current (AC) cables. Regardless of the country of origin, all these cables are
acceptable, given that they comply with the specifications and standards indicated
below.
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The recommended technical specifications for DC and AC cables are:

. Cables should be able to carry 1000 V

. Operating temperatures for DC cables should be up to +90°C

. DC cables should be Ultraviolet (UV) resistant, flame retardant, and have low
smoke characteristics

. DC cables should comply with TUV and UL 4703 standards

. DC and AC cables should comply with local and international standards as
well as utility specifications

. AC cables should be insulated with sheathed copper cables

. AC & DC cables should be inserted by PVC conduits

. Manufacturing warranty: 10 years
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The Main Components of an On-Grid Photovoltaic (PV) System
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A circuit breaker is an automatically operated electrical switch designed to protect an

electrical circuit from damage caused by excess current from an overload or short
circuit.
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The recommended technical specifications for circuit breakers are:

1. Compliance with national and international standards; AC and DC circuit
breakers should at least comply with IEC 60898-1 or IEC60947-2

2. Circuit breaker box IP65
3. Manufacturing warranty: 3 years

Solar Inverter

Solar Panels
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The Main Components of an Off-Grid Photovoltaic (PV) System
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An off-grid PV system is one that is completely disconnected from the utility electricity
grid. It is mostly used in the cases where a utility grid is not available (e.g. rural areas)
and in water pumping applications. The components of an off-grid system include PV
modules, mounting structure, off-grid inverter, charge controller, battery storage, DC
& AC cables, and circuit breakers. The recommended technical specifications for the
PV modules, mounting structure, DC & AC cables, and circuit breakers are similar to
those of the on-grid PV system highlighted above. Below are the recommended
technical specifications for the off-grid inverter (with an integrated charge controller)
and battery storage.
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The Main Components of an Off-Grid Photovoltaic (PV) System
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Off-Grid Inverter with Integrated Charge Controller
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The recommended technical specifications are:

1. Integrated charge controller MOSFET/IGBT-based MPPT/PWM charging

2. Input voltage: 12 - 48 Vdc

3. Output voltage: 230 Vac +/- 3%

4. Efficiency: > 90% at full load

5. Integrated MPP tracker

6. Electronic protections including over/under voltage, overload, reverse
current, deep discharge, over-temperature for batteries, and PE protection

7. Compliant with the European standard (CE) and RoHS

8. Manufacturing warranty: 3 years

Battery Storage ¢pisdl ©bylay -2
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The recommended technical specifications are:

1. Gel-type batteries; most recent manufacturing date is a must
2. 12 Vdc per battery

3. 150 Ah - 250 Ah storage capacity per battery

4. Compliant with IEC 61427 and IS 15549 standards

5. Manufacturing warranty: 5 years
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For more information, please follow SEED project social media platforms or our
website
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Introduction to Solar Water Heating Systems & Selection Criteria
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Introduction to Solar Water Heating Systems & Selection Criteria
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There are two main solar thermal collector technologies: flat plate and evacuated
tube solar collectors. Both of these technologies are widely used in domestic
applications; however, the choice of technology most suitable depends on factors
like location, climate and required temperature of water.

Flat plate collectors are best used in locations that have a generally hot climate
all-year round or in applications that require hot water only during the summer
season/hot weather. Evacuated tube collectors, on the other hand, are more suitable
in locations where winter temperatures are very low. Furthermore, for applications
requiring water up to approximately 90°C, evacuated tube solar collectors should be
selected, whereas applications requiring water temperatures up to 60°C can select a
flat plate collector. In general, flat plate collectors require less maintenance and are
less expensive.
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The Main Components of a Flat Plate Solar Collector
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The main components of a flat plate open-loop solar collector and recommended
technical specifications:

. Cold water storage tank: capacity of 1 m3, locally manufactured and made of
galvanized iron sheets (1 to 1.5 mm in thickness).

. Hot water storage tank: capacity of 200L and insulated to maintain the
heated water temperature. The insulation thickness should be more than 50
mm with insulation density of 60 kg/m3 and k value of 0.04 W/mK. The tanks
should withstand a high temperature of up to 100°C.

. Flat plate solar collector: the absorber material should be made of carbon
steel with a dull carbon black paint and galvanized steel collector box. The
cover material should be made of glass with transparency of at least 85% and
minimum thickness of 4 mm. The thermal insulation material should be rock
wool with thickness of at least 40 mm and minimum density of 50 kg/m3. The
aluminum foil laminations should have a thickness of 0.015 - 0.021 mm. The
collector should be accredited by at least JS1992-1:2015 and EN
12975-1:2006+A1:2010 or their equivalent and verified by JSMO.

. Pipes and fittings: pipes should be at least 16 mm in diameter, made of
aluminum PEX-AI-PEX, and should withstand a high temperature of 90°C.
Rubber insulation should be used with a minimum thickness of 20 mm and k
value of 0.04 W/mK. All fittings should withstand corrosion and rust.
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The Main Components of a Flat Plate Solar Collector
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Flat Plate Solar Collector System
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The Main Components of an Evacuated Tube Solar Collector
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The main components of an evacuated tube open-loop solar collector are:

1.Cold water storage tank: capacity of 1 m3, locally manufactured and made of
galvanized iron sheets (1 to 1.5 mm in thickness).

2.Hot water storage tank: capacity of 200 L and made of made of stainless
steel/SS304-2B with a thickness of more than 0.4 mm. It must be insulated to
maintain the heated water temperature. The insulation thickness should be
more than 50 mm with insulation density of 60 kg/m? and k value of 0.04
W/mK. The tanks should withstand a high temperature of up to 100°C.

3.Evacuated tube solar collector: made of high quality borosilicate glass. For an
all-glass double layer coaxial three target vacuum tubes, the inner glass layer
should be coated with selective coating material. The number of tubes should
be 20 or equivalent to a capacity of 200 L. The collector should have a
performance certificate by Solar Key mark certificate or ISO 9806-2017.

4.Pipes and fittings: pipes should be at least 16 mm in diameter, made of
aluminum PEX-AI-PEX, and should withstand a high temperature of 90°C.
Rubber insulation should be used with a minimum thickness of 20 mm and k
value of 0.04 W/mK. All fittings should withstand corrosion and rust.
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The Main Components of an Evacuated Tube Solar Collector

Evacuated Tube Solar Collector System
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Selection Criteria for LED Lamps
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When selecting an LED lamp, it is important to first consider the nature of utilization
for the room being examined (kitchen, bathroom, living room, etc.) to obtain the
most suitable lighting intensity. The following table highlights the recommended
lighting intensity per square meter for each room type.
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Home Office ' Dining Room | Living Room = Bedrooms = Bathrooms Kitchen Room
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For example: if the kitchen dimensions are 4*4 m, the total light intensity required for
this site is 4*4*400, which equals 6400 lumen. To calculate the wattage required to
obtain this lighting intensity, we divide 6400 lumen number by the average luminous
efficacy for LED lamps, which is 100 lumen/Watt. This means that the total wattage to
achieve 6400 lumen would be 4 LED lamps of 16 W power (64 W total) compared to
4 incandescent lamps of 100W power (400W total) which will have equivalent light
intensity. This saves around 85% of energy for the same operating conditions. Refer
to the table below for reference calculation figures.

Accordingly, the efficacy of the lamp to be purchased should not be less than 100 Im/W.

LUMENS , INCANDE SCENT LED

2800 ¥m 150 W 25-Z2B'W
1600 im 100 W 16-20 v
1100 Im ™W 8-13 W
200 Im B0 W B-12'W
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Selection Criteria for LED Lamps
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Before purchasing an LED lamp, it is important to check that it complies with at least
one of the following safety standards: RoHS, CE, and/or IEC. This is normally printed
on the LED lamp and its packaging box.

Service Life il yoa)l -3
Aol Yo, -+ e LED abiaed duiiddl josdl Ji Y O Gazs LED gwbias sl die

The minimum recommended lifespan for LED lamps is at least 20,000 hours.

Color Rendering Index ogll zgu29 8o -4

el Al o d3)aall sgud Jduas i OlgYI Heghs Ao ulde 92 Osll Faudy sivse
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The Color Rendering Index (CRI) measures how accurate object colors look under a

light source when compared with natural sunlight.
Its value should be above 80.

Warranty dLsJi -5
Ao e J85 Y O o LED zluas) daivadl ASJ)

The LED lamp manufacturer’s warranty should not be less than one year.
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Selection Criteria for LED Lamps
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The color of the LED lighting is determined by its color temperature, measured in
kelvin. The lower the color temperature, the more yellow the lamp lighting color is. In
the market, there are three main LED lighting color categories:

1. Warm color lamps (2700 - 3500 kelvin)

2. Cool white color lamps (4000 - 6500 kelvin)

3. Daylight color lamps (up to 10000 kelvin)

See image below for clarification.

Selecting the lamp color category depends on the nature of room/area utilization. For
example, for offices, the recommendation is cool white, whereas for decorative
purposes, bedrooms, and kitchens, the recommendation is warm white light.
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For more information, please follow SEED project social media platforms or our
website
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Introduction to Air Conditioning Inverter Type Split Units & Selection Criteria
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Inverter Type Wall-Mounted AC Split Unit
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Inverter Type Wall-Mounted AC Split Unit
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The following specifications are the minimum requirements for inverter type AC

wall-mounted split units:

o)l
Description

Aa)l Aol gell

Technical Specification

O‘b Y}' ’\,O l\)'
tons 2.0,1.5,1.0

Olhyaall
Capacities - RT

R410a Ll Sl
Refrigerant
_70 0 5)!)-"‘” dz)d
7°C t048°C Temperature C°
T1 asall

Climate Class/Type

SEER: A+++,28.5
SCOP: A++,>4.6 and <5.1

E;LE)SM eIV 59\.55 Juol:.a
Energy Rating/Label

dgjan dogordo pe duwnlos il
Insulated seamless copper tube

S g3l pg)bi

Connection Pipes

Three years or more

VLS Ol gie
System Warranty

8395019 EN 14825 3) lawlsally yulaall ao 381535 OF
59 Lo ol LSl ilig3 duold1 2108/2013 o) 4oyl
Compliance with EN 14825 standards and the Jordanian
code number 2013/2108 on AC units or equivalent

ol
Standards
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For more information, please follow SEED project social media platforms or our

website
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