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Article history: This paper presents the photovoltaic technology, the world’s market trends in the past few years and its
Received 30 December 2014 future map till 2050. The paper shows the PV market development in the world in terms of cumulative
Received in revised form installed PV capacity from 2000 to 2013 as actual PV installation in all the world in terms of total
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Accepted 16 December 2015 installed PV capacity (135 GW), annual installed PV capacity (37 GW) and PV electricity energy generated

in each year. According to the forecast of global PV generation, China is expected to be the largest pro-
ducer of PV electricity soon after 2020. By contrast, the United States’ share is expected to remain at

Keywords: ) about 15% starting 2020 onwards, while Europe’s share is expected to decrease constantly from 2015 to
E?Ottof’f_’imlc 2045. The paper also shows that almost all of the energy consumption in Egypt was met by oil and
ectricity

natural gas at 41% and 46% respectively. The remainder was supplied by coal and renewable energy
sources. The current demand forecast expects a six percent demand growth per year over the next seven
years. Egyptian Electric Holding Company is currently implementing new generation projects to produce
7000 MW over the next few years. For the purpose of designing and sizing PV systems the paper presents
the five relevant economic methods of financial analysis that are often used for making building
investment decisions. These methods are payback analysis, net benefit analysis, saving-to-investment
ratio, adjusted internal rate of return and life-cycle cost. In the same manner, the paper presents two case
studies of the financial assessment analyzing PV systems in Egypt. The first case is relates to the on-grid
PV 10 MW power plant for different sites, while the second paper describes the finance analysis of a
standalone off-grid PV system generating electricity to feed a residential house in rural area of Egypt.
© 2015 Elsevier Ltd. All rights reserved.

Cost analysis
Market financial

Contents

B OO oo o« LT (o o PPt 541
2. MethOdOLOgY . . ..ottt e e e e e e e e e e 541
3. PV market devVelopIment . . . ..ottt ettt et e e e e e e e e e e e e e e e e e 541
4.  The forecast global MarKet . . .. .. ...t e e e, 542
5. Status of energy and photovoltaic in Byt . . . . oo ottt et e et e e e 543
5.1.  Electricity demand and SUPDIY . . . ...ttt e e e e 543

5.2. Egypt power sector iNVESEMENt PIam . . . ...ttt t ittt ettt e e et ettt et e et e et ettt e e 543

6.  Economics of PV iNVESTMENt AnalySiS. . . . .ot vttt ittt ettt et et e e e ettt e e e e e et et e e e, 543
6.1.  Models feasibility WOTTd @SSESSIMENLS. . . . . ot v ittt ettt ettt ettt e e et et e e e et e ettt e e e e e 543

6.2. Economics methods for PV financial analysis. . . . ... ...ttt e e e e 544
6.2.1. Payback Period. . . ..ottt e e e e e 544

6.2.2. Net benefit analysis . . . ..ottt e e e e e e e 544

6.2.3. Savings-to-INVESTIMENT TATIO . . . . v\ttt t ettt e et et ettt e e ettt et e e e et e ettt et ettt et e 545

6.2.4.  Adjusted internal rate of return (AIRR). . . ... ..ottt e e e e 545

* Corresponding author.
E-mail address: Shouman28@hotmail.com (E.R. Shouman).

http://dx.doi.org/10.1016/j.rser.2015.12.074
1364-0321/© 2015 Elsevier Ltd. All rights reserved.


www.sciencedirect.com/science/journal/13640321
www.elsevier.com/locate/rser
http://dx.doi.org/10.1016/j.rser.2015.12.074
http://dx.doi.org/10.1016/j.rser.2015.12.074
http://dx.doi.org/10.1016/j.rser.2015.12.074
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rser.2015.12.074&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rser.2015.12.074&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rser.2015.12.074&domain=pdf
mailto:Shouman28@hotmail.com
http://dx.doi.org/10.1016/j.rser.2015.12.074

E.R. Shouman et al. / Renewable and Sustainable Energy Reviews 57 (2016) 540-549 541

6.2.5. Life-Cycle COSt @analysis. . . .o v 'ttt ettt e e e e e e e e 545

6.3, Case study: PV SYStem N By Dt . . .ottt ittt e e e e e e e 545

7. Economics PV through levelized cost of electricity (LCOE) . . . . .t vt vttt ittt e et e e et et et ettt ettt ettt eaens 546
7.1.  LCOE system energy PrOAUCLION . . . . .. vttt ettt ettt ettt e e e e e e e e e e e et e et e e e e e e et et et e ettt 546
71.1. LCOE mOdel SenSitiVity . . ..ottt ettt e et e et et e e e e e 547

8. Case study: Off-grid PV iN Egy Dt . ..ottt ittt et et e et e e e e e e et et e e e e e e e e 547
8.1.  Economical analysis for the Egyptian house according to the Payback period Method (Table 3), the following can be as follows Table 10 548

8.2.  Economical analysis for the Egyptian house according to the life-cycle cost guidelines (Table 7), the following can be as follows. ... 548

LS ) e 11 T ) o PP 548
ADDENAIX T .ottt e e e e e e e e e e e e e e e e 548
Batlery COSt . . v ittt ettt e e e e e e e e e e e e 548
ADDENAIX 2 . oottt e e e e e e 548
Calculation steps of payback period fOr PV . . . ... . e e e e e 548

RO O OIICES . . . ottt e e e e e e e e e e e e e e e 549

1. Introduction

Current trends in energy supply and use are unsustainable -
economically, environmentally and socially. Without decisive
action, energy-related greenhouse-gas emissions would lead to
considerable climate degradation with an average 6 °C global
warming. Hence, we can and must change the path we are
treading now. Sustainable and low-carbon energy technologies
will play a crucial role in the energy revolution required to make
this change happen. Energy Efficiency, many types of renewable
energy, carbon capture and storage, nuclear power and new
transport technologies will all require widespread deployment if
we are to achieve a global energy-related CO, target in 2050 of
50% below current levels and limit global temperature rise by 2050
to 2 °C above pre-industrial levels [1]. This will require significant
global investment in decarburization, which will largely be offset
by reduced expenditures on fuels. Nonetheless, this supposes an
important reallocation of capital. To address this challenge, the
world studied the development of a series of technologies which
identify the steps needed to accelerate the implementation of
technology changes.

PV technology has grown over the past decade at a remarkable
rate - even during difficult economic times - and is on the way to
becoming a major source of power generation for the world [2].
After record growth in 2011, the global PV market stabilized, with
capacity additions in 2012 slightly above those achieved in 2011.

By the end of 2009, the world’s cumulative installed PV capa-
city was approaching 24 GW. One year later it was 40.7 GW and at
the end of 2011 it was 71.1 GW. In 2012, more than 100 GW of PV
were installed globally — an amount capable of producing at least
110 TW h of electricity every year. This energy volume is sufficient
to cover the annual power supply needs of over 30 million Eur-
opean households [3].

The year 2012 was another historic one for solar photovoltaic
(PV) technology, which has experienced remarkable growth over
the past decade and is on the way to becoming a mature and
mainstream source of electricity. The world’s cumulative PV
capacity surpassed the impressive 100-gigawatt) GW) installed
electrical power mark, achieving just over 102 GW. This capacity is
capable of producing as much annual electrical energy as 16 coal
power plants or nuclear reactors of 1 GW each.

2. Methodology

PV can help Egypt meet its sustainable development goals
through provision of access to clean, secure, reliable energy. The
paper explains removing the main barriers of financing and

starting to introduce peak, medium load and base load segments
market of power supply.

The paper also aims to obtain a range of data sources with the
objectives of developing PV technologies as conventional energy
sources are limited and will gradually be depleted, which will
create a shortage in energy supply in the near future. This could be
resolved by decreasing the gap between e supply and demand
through energy efficiency and utilize alternative energy sources
which will be most likely Renewable Energy sources especially PV
technology.

Added to this, the paper presents a strategy for the market
introduction of Photovoltaic (PV) in Egypt. In the first section, the
paper explains international and national PV market development
and represents economics methods for PV financial analysis. In the
second part, the cost development of PV is calculated on the basis
of expectations for the expansion of PV on the national level.

3. PV market development

Europe remains the world’s leading region in terms of cumu-
lative installed capacity, with more than 70 GW as in 2012. This
represents about 70% of the world’s cumulative PV capacity
(compared to about 75% of the world’s capacity in 2011). Next in
the ranking are China (8.3 GW), USA (7.8 GW), followed by Japan
(6.9 GW). Australia (2.4 GW) and India (1.2 GW), have addressed
only a very small part of their enormous potential. Several coun-
tries from large Sunbelt regions like Africa, Middle East, South East
Asia and Latin America are on the brink of starting their devel-
opment. Even so, the cumulative installed capacity outside Europe
reached 30 GW as in 2012. Fig. 1 shows evolution of global PV
cumulative installed capacity in the world (MW), while Fig. 2
demonstrates the evolution of global PV annual installations [3].

Europe’s market has progressed rapidly over the past decade:
from an annual market of less than 1 GW in 2003 to a market of
over 13.6 GW in 2010 and 22.4 GW in 2011, even in the face of
difficult economic circumstances and varying levels of opposition
to PV in some countries. But the record performance of 2011,
driven by the fast expansion of PV in Italy and again a high level of
installations in Germany, was not repeatable in 2012 and the
market went down to 17.2 GW, as shown in Fig. 2. For the first time
in the last 12 years, the PV market in Europe decreased in terms of
new connected capacity [3]. Even so, in 2012 the PV market in
Europe again exceeded all expectations. However, due to variable
delays in connecting PV systems to the grid depending on the
country, some installations from 2010 were not connected until
2011 and this repeated again in 2012. This has an impact on
market perception.
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