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Typical module < 14-20% 13-17%
efficiency

10-12%

Color and shape

Best research cell 28.0% 25.4% 18.7% 20.4%
efficiency
Area required for 5,5-9 m? 6,5-9 m? 11-13 m* 9-11 m*
1 kWp
Typical length m: 25 years 25 years 10Years D
warranty
Temperature erformance Less temperature Relatively low
resistance < drops 8-15% at resistant than on performance >

—high temperatures monocrystalline -
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Renewable Energy Program in
Jordan

Eng.Ziad Hammoudeh
Ministry of Energy and Mineral Resources



Wind speed reaching between 7.5 to
11.5 m/s in some places.

Wind projects are now feasible and
competitive without further
concessional support

High solar radiation figures of
5—7 kWh/m?2 per day with
about 300 sunny days per year.
Jordan future Renewable Energy
source is Solar Energy.

2400
2450
2500
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Figures of the Jordan Energy Sector (2015)

*High dependency on imported energy
(97%)

= High cost of consumed energy (9.5% of
GDP)

» High annual growth of primary energy
demand (5.7%)

» High annual growth of electricity
demand (4%)




Key Figures of the Jordan Electricity Sector

»Total Installed Capacity: 4100 MW

"Peak Load: 3300 MW

"Per Capita Electricity Consumption: 2235 KWh
»Total Electricity Generation: 17261 GWh

»Total Electricity Consumption : 14564 GWh
"Renewables Contribution to Electricity: 9%



- Jordan has a target of 10% renewable
energy Input into the energy mix by 2020 in
our Energy Strategy, mainly aming for
800MW of Wind and 800MW Sol ar.



Renewable Enerqy Development Schemes

The Government iscurrently engaged with a Four-
track approach to develop RE Projects asfollows:

a. Direct Proposals

b. Competitive Bidding

c. EPC Turn-Key

d. Small Scale RE Schemes (Net M etering)



Renewable Energy Projects

117 MW/ JWPC Wind/ Tafila 10 MW / Philadilphia Solar PV
Direct Proposal Mafraq/ Direct Proposal
Operational Sep2015 Operational Oct2015
5 MW/ Azraq Solar PV 200 MW / Solar PV
Spanish Grant/ EPC Direct Proposals Round |
Operational Apr2015 Operational 2016
1335
MW
90 MW/ Fujeij Wind 103 MW/ Qweira Solar PV
Direct Proposal Gulf Grant/ EPC
Under Construction Under Construction
330 MW/ Wind 200 MW / Solar PV
Direct Proposals Round | Direct Proposals Round I

Under Financial Close Under Financial Close
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TafilaWind Project (JWPC






Philadelphia
10 MW Solar PV
Project at
Mafraq




S

Ma’an Wind Project




Arabia One (Ennera) at Ma’an
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» Small scale consumers has been given the opportunity to
generate their own electricity and sell the extra (if any) to
the distribution utilities at a fixed tariff.

» This covers consumers from different sectors like residential,
industrial, commercial, agricultural...etc.

» More than 2000 Applications received so far by DisCos.
» Currently about 70 MW installed capacity
by Net-Metering (rooftop systems).
» Another 10 MW installed capacity
by Wheeling.




Eng.Khaled Abu AL-shaikh\

Ministry of Energy and Mineral Resources




Physics of Photovoltaic Generation




CELL

Solar PV Array

Sun Tie
Inverter

Solar Power
AC to Gnd

Main Utility
Breaker Panel




PV’nomics

» PV unit : Price per peak watt (Wp)

A typical 1kWp System produces approximately
1600-2000 kWh energy in India and Australia
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« Water Pumping: PV powered pumping systems are excellent ,simple
,;reliable —life 20 yrs

o Commercial Lighting: PV powered lighting systems are reliable
and low cost alternative. Security, billboard sign, area, and outdoor
lighting are all viable applications for PV

e Consumer electronics: Solar powered watches, calculators, and
cameras are all everyday applications for PV technologies

e Telecommunications

« Residential Power: A residence located more than a mile from the
electric grid can install a PV system more inexpensively than
extending the electric grid




\
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- These systems use the existing
grid as a back up, as the PV
output falls or the load rises to the

oint where the PV's can no
onger supply enough power

- PV arrays can form an attractive
facing on buildings and costs are
equivalent to certain traditional
facing materials such as marble
with the advantage of generating
free electricity.

- Ideal for situations where peak
electricity demand is durin
daytime such as commercia
buildings.

DI s

|

|
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| PV in your house

Average House Consume = 500 Kwh / month
In one year it Consume = 5007%12

= 6000 Kwh
1 Kwp of PV produces = 1600 Kwh
The capacity required = 6000/1600

Approximately = 4 Kwp
Cost = 4% 1000 |D
= 4000 JD



> PV electricity generation-costs

 Pay 4000 JD for PV, and ask a bank to
finance it for 20 years at 5 %.

« Annual payment for 20 years to the bank
as

1.05% [}(1.05-1)

05%* -1
Your generation cost is 320 JD/6400 = 0.05 JD
Or 50 Fils

Tariff for household who consume between
501-600 kwh = 114 fils

JD320 = 14000
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Outline

» Solar Radiation Potential in Jordan

» Solar Photovoltaic (PV) Generators

» PV System Types (on-grid and off-grid)

* Design of On-grid PV Systems

* Tendering of On-grid PV Systems

* Supervising Installation of On-grid PV Systems

* Testing and Commissioning of On-grid PV Systems
* Maintenance of On-grid PV systems

» Monitoring of On-grid PV systems
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Solar Radiation Potential in Jordan

Solar Radiation Average for All Sites (2004-2006)
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Annual Normalized Energy Yield at Different Tilt Angles in Amman - South Facing
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Solar Photovoltaic (PV) Generators

From a solar cell y
to a PV System 1

Solar Module

: Solar Cell
Electricity Meter )
- AC Isolator

Fusebox

Inverter PV-System .
Battery P

Charge Controller

" Generation Meter
DC Isolator
Cabling

Mounting
Tracking System
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From Sand to Silicon Solar Cells

Si0, +C = Si+CO,

L
reduction

Si +3HCl = SiHCI,+H,

—

o

500-2000 =C

semiconducto
r silicon

(hyper pure)

S|OZ = " | i
Metallurgical f
Quartz Sand Silicon

SiHCI, + HZ = Si +3HCI

1100=C

Solar cell r ~200 — 300 hours

processin %\d

Solar cell

Cast ingot
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Silicon or wafer-based solar cells

Poly-Crystalline Mono-Crystalline
Solar Cell Solar Cell
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Back and front sides of typical PV modules

Wafer-based Thin-film

° . EREELIATY
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The solar cell makes the difference

Wafer-based Thin-film

i Im One cell

Silicon wafers are processed to solarcells ~ * Depositions on large area substrates and
which are then connected in series ‘monolithic series integration’ of the cells

(typically by lasing)
Current module efficiency 8-16%

Current module efficiencies: 14-21%

Proven technology: market share about
89%

Emerging technology: global TF production
in 2012 approx. 4GW

Potential for low cost high efficiency (20 -
25%)

Potential for ultra-low cost and medium
efficiency (14-20%)

Laaall g Agllall A0 500 Lidad) Ay jd) dadiiall g (a3 deslaal) 0l 823 O (gl 2018/ 9/ 13 — 8 Baxaial) AUl ¢ guda ga J g (i sl ALY

Module efficiencies and surface area need of typical solar cell materials

Module Surface area need

Cell material Efficiency (serial for

production) 1 kWp [m?] e The lower the
High performance ici
monocrystalline silicon (Si) 20.0% 50 D ?nﬁ(;(r:leegcg,ctehles
Hybrid Si cell (HIT - Hetero- 16.8% 6.0 d dpt
junction w. Intrinsic Thin Layer) e ’ neeae o)

produce the
Monacrystalline silicon 15.5% 6.5 same amount
Polycrystalline silicon 15.0% 6.7 Of ene rgy
' ' under the

CIS (Copper-Indium- LG 9.1 same
Diselenide) Conditions
CdTe (Cadmium-Telluride) 10.4% 9.6

Source: Data: Deutsche Gesellschaft fiir Sonnenenergie DGS e.V.: Leitfaden Photovoltaische Anlagen, 2012; Graph: RENAC
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Best Research-Cell Efficiencies -iNREL

50
Multijunction Cells (2-terminal, monolithic)  Thin-Film Technologies Sharp
LM = atice matched © CIGS (concentrator) s , (MM, 302y, solec
48— um=motamarpic ® cics Cell’s eff. > Module’s eff. i
IMM = inverted, metamorphic O CdTe o] ISrgll‘gu(\th
V' Three-junction (concentrator) O Amorphous Si:H (stabilized)
44 v Thregrjun_cuon (non-concentrator) Emerging PV agdo]
i lwnr!uncl!on (concentrator) O Dye-sensitized cells 7 Sotec NREL
& gtcion (non-concenirator) O Perovskite cells (not stabilized) 43,3190 43270
| Four-junction or more (concentrator) @ Organic cells (various types) N Solar Boeing-
40 O Four-junction or more (non-concentrator) A Organic tandem cells (AREL o o) o « Junction - Specirlab (53)
Single-Junction GaAs ® Inorganic cells (CZTSSe) (REL § Boeing- (L4189 o Sharp (MM)
A Single crystal © Quantum dotcells Spectiold o () ... A
36 A Concentrator L Sharp (IMM)
V' Thinim crystal NREL (b;l;%)
Crystalline Si Cells i Alta Devices
—~ 32[" @ Single crystal (concentrator) ! E 3 e
o W Single crystal (non-concentrator) e Sy s LA P
s O Multcrystaline RadboutU. oo 2 Alta Devices ~ Alta De )
> 28 ® Siiicon heterostructures (HIT) ’ Amonlx (232%) Panasonic G,Eectronics
) W Thinfim crystal L R |62 C BEF
e . SunPower (large-area)
'''''''' - NREL(14.7x)
K% Solexel zsw
O 241 '/ Solar Frontier
= First Solar
b} 7 S FKR‘\QT‘IUNIST
E irst Solar
o Geor EPFL
U% i”a ?&}q\a Trina Solar

libro
S| ar Frontier
- Oy \GEGI earc
16 No. Carolina NRELY | s Mitsubishi il S GE Global Research
i ‘Solarex U. Stuttgart s KRICT
o State U, gojare>” United Solar Ce, | G ectronics EEFL AIST 13.6%[e}
Solar fted Sol VL‘)/P—_‘O X
121 Lnted S, 15312 2B Hong Kong UST 115019
11.5%[ ]
it U.Toronto 10.6% 'Y
Matsushita 10.6% (3
o
8- U.of Maine o100 Solarmer 3 MIT U Toronto
NREL /Konarka ~Konarka
U.of Maine Groningen U.Linz
4 Siemens
U. Linz Oz U. Dresden | NREL
‘ (ZnO/PbS-QD)
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1975 1980 1985 1990 1995 2000 2005 2010 2015 2020
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PV Module Rating

* A PV module is rated in kilowatt-peak (kWp) at the Standard Test
Conditions (STC) which are:

> Solar power intensity: 1000 W/m?

» PV temperature: 25 °C

» Air mass or solar spectrum: 1.5
At natural operating conditions, STC conditions are rarely met, so the PV
module will not actually give at its output terminals the rated power of the

PV module. The output power will vary depending on the incident solar
power density, operating PV temperature and air mass.

Note: Peak in kWp means the maximum (peak) product for output voltage
and current of the PV module (maximum power point at output IV-curve)
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PV System Types (on-grid a

nd off-grid)

\ Types of PIV Systems |

{ ’
Standalone Grid-connected
“off-grid” “on-grid”
|
- 7 ¢ v - directly connected
Without With Hybrld to the pUb'IC grld
storage storage Systems
\:L c ith wind connected to
Motors D > WL IR public grid via
“e.g. pumps” Systems turbine house grid
AC with diesel
Systems generator
with public
grid backup
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Convenfional power plant

Electricity transport

VB | -
Maximum voltage é N é’
220 /380 kV J ©
.- =
S
o
2
2
g
=
Wind farm PV power station Industry
High voltage
110kv
-
Wind power plant Large PV plant Industry / Trade o
b 2
(| (. =
i ||| D =
Medium voltage T 5
6-30kV ‘ =
) 2
-5 =
=
g i

Hmusehc_:lds V4
small businesses

(h

A

Small PV plant
"
T
Wmm
Low voltage Enn
1
230/ 400V bam ‘

Laaall g Agllall 48 510 Lidad) Ay jl) dadiiall g (a3 dseslaal) 0l 523 O (gl 2018/ 9/ 13 — 8 Bazaial) AUl ¢ gudaga J g (i i) 1AL

9/5/2018



Design of On-grid PV Systems

PV GENERATOR

i y v Net metering
w0 — The difference  between
oo Counter production-consumption is
measured
(Jordan Case)

LOAD

PV GENERATOR

il

Feed-in tariff
The total production of
energy is measured
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How much electricity (kilowatt-hours) a PV system
shall produce in Jordan over the course of one year?

» The answer depends on the following parameters:
- PV module’s technology.

- PV module’s rated efficiency. 1600-1800 kWh/kWp/year

- Design inclination or tilt angle.

- Design orientation or azimuth angle. for flxed PV SyStem
- Type of mounting structure: fixed or tracked.

- Available solar radiation at site of PV installation.

- Shading losses.

- PV temperature losses (ventilated PV modules from the back side?).

- Type of DC/AC inverter and its features.

- Design of PV stringing at inverter inputs.

- Wiring losses (DC and AC sides).

- Grid availability.

* Designers use usually commercial simulation programs to estimate the monthly and annual electricity
production for the PV system. These programs include usually a database for solar radiation on many
locations over the world. The user can also define a new location with solar radiation data, if available.
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PV Net-Metering and Maximum Allowed PV Capacity in Jordan

In year 2012, The Energy and Minerals Regulatory Commission (EMRC)
provided the three utility operators in Jordan in accordance to the
Renewable Energy and Energy Efficiency Law (REEEL) with the equation
that calculates the maximum allowed PV capacity for a PV net-metering
system on any site located over Jordan, which is as follows:

) Average of bill consumptions in last 12 months (kWh)
PV Capacity (kWp) = CWh

Average Monthly Specific Electricity Yield (m)

The average monthly specific electricity yield = 130 kWh/kWp
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Tendering of On-grid PV Systems

1. A qualified consultant (electrical engineer is preferred) is needed to prepare a
professional tender document.

2. The consultant shall study the characteristics of the existing electrical system in terms
of number of meters, subscriptions, consumption for each subscription, sub-stations,
main distribution boards and cabling (existing single line diagrams should be reviewed
and inspected).

3. The consultant shall study the site characteristics in terms of available areas for PV
installations (lands, roofs, facades...etc.)

4. The consultant shall calculate the maximum PV capacity allowed to be installed
according to in-force regulations (A confirmation letter from the utility operator might
be useful!).

5. The consultant shall prepare the tender documents that suits the need of the case and
the owner.

6. A tendering committee is preferred to be formed by the owner, which shall include

the consultant, owners’ engineers (if available), one financial person at least.
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Table of Contents for Tender Documents

Introduction

Project Overview

General Terms and Conditions.

Tender Format

Tender Bond

Performance Bond

Evaluation Criteria

Bidder Qualifications

9. Training

10. Implementation, Installation and Testing of the Plant

11. Maintenance Guarantee and Contract

12. Design Specifications

13. Scope of Work

14. Performance

15. Terms of Payment

16. Penalties

17. Special Conditions

Annexes: - Existinginfrastructure (civil, electrical and mechanical drawings in Autocad format).
- Forms for bonds, tender offer (Cover Letter), guarantees, warrantees...etc.
- Spare Parts List.
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Supervising Installation of On-grid PV Systems

* After awardin? the owner shall form a supervising committee on installation
works that will be done by the contractor during the whole contracting period.

» The same consultant assigned for the preparation of tender documents and
evaluation could be assigned or another consultant. The consultant might be
assigned to work at site for specific hours per day.

» The supervising committee meets with contractor on weekly basis to evaluate
the works done in the last week and the works that will be done on the next
week. Minutes of meetings should be prepared by either the contractor or the
consultant. The committee shall be aware whether or not the contractor will
finish the works on-time or not.

» The contactor should be paid according to the percentage of accomplishment
and as agreed on in the signed contract.

* Usually, the contractor shall manage the meetings within the project area.

Laaall g Agllall 48 510 Lidad) Ay jl) dadiiall g (a3 dseslaal) 0l 523 O (gl 2018/ 9/ 13 — 8 Bazaial) AUl ¢ gudaga J g (i i) 1AL

9/5/2018

11



Testing and Commissioning of On-grid PV Systems

» After the contractor completes the works, a qualified testing and
commissioning party (third-party) should be assigned and approved by
the utility operator to do the required testing and commissioning process
to ensure mainly the electrical safety of the electrical system to be turned-
on for regular operation, which is injecting power into the utility grid.

 If the testing and commissioning process was successful, the utility
operator will approve the system and replace the old 1-way meters with
2-way meters to activate net-metering.
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Maintenance of On-grid PV systems

* The contractor shall prepare the maintenance plan for the system during
the free maintenance period and according to the signed contract.

* The replacement process of defective parts (PV modules, inverters, circuit
breakers...etc.) should be defined.

» The spare parts list should be provided by the contractor and stored
within the project’s area.

* The cleaning process of PV modules and related equipment should be
provided by the contractor as well as the cleaning program.

» The owner shall form a committee to monitor the maintenance process
for the project.
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Monitoring of On-grid PV systems

» The contractor shall install and maintain the monitoring system for
the whole PV system according to the signed contract. This
monitoring system shall be capable of recording all information
related to power ands energy productions from all sub-systems within
the whole system.

» The owner is preferred to assign a consultant to evaluate on monthly
basis the electricity production levels of the whole system and check
the these levels with the guaranteed electricity production levels of
the contractor for the whole year during the free-maintenance
period (the first two years at least).
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Anwar Project 2.11 MWp PV Net-Metering at GJU

7y

|
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Commissioned:
October, 2017

Total In-house
consultation
services
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Q&A
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Renewable energy is generally defined as energy that comes from resources which
are naturally replenished on a human time scale such as sunlight, wind, rain, tides,
waves, and geothermal heat.
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The Directive Governing the Sale of
Electrical Energy Generated from RE
Systems related to the Article (10/B)

of the RE & EE Law

Directive on reference Pricelist Record
for the calculation of Electrical Energy
purchase prices from RES related to
Article (2) of the RE & EE Law

Directive on the Costs of Connecting
RE Facility to the Distribution System
for DP and CBS related to Article (9/B)
of RE & EE Law

Directive of Electric Energy wheeling
from RES for self-consumption
according to the article No. (17) of RE
& EE Law and articles No. (7/B/3) and
(9/B) fromthe Electricity Law No. (64)

RE & EE Law
Law Neo. 13 of 2012,

RE &: EE updated Law
Law N° 33 of 2014

General Electricity Law
Law No. 64 of 2002

Nuclear Energy Law
Law n°42 of 2007

Jordan RE and EE Fund
(JREEEF): By-Law N° 49 of
2015

| Tax exemption for RE & EE ||
| By-law No.100f2013, |

Updated By-Law of RE &
EE Taxes exemption
By-Law N° 13 of 2015

RE Direct Proposals
By-Law N° 50 of 2015
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Figure 1: Climatescope 2017 results
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