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Abstract

This thesis investigates the energy performanaesirts in Sharm el Sheikh located on the
Red Sea coast in Egypt and its impact on envirom@hsaostainability. Studies show that tour-
ism and the building industries are two of the bigthenergy consumers worldwide where
tourism accommodation comes in second place afiesportation in its share of energy de-
mand. Meanwhile, there is a steady growth in toaris Egypt considering its major role in
the country’s economy. The target set by the EgypiMinistry of Tourism to increase its
share in the world tourism market to 1.2% by 20dquires naturally an increase in the ac-
commodation capacity which has instigated the esttendevelopment of new areas on the
Red Sea coast such as Sharm el Sheikh. This expadsevelopment results in higher de-
mands of energy which poses an increasing burdeheooountry’s economy considering the
highly subsidised energy in Egypt. Moreover, theyuew costs of energy encourage higher
consumption with no attention paid to either enesgyings, efficiency measures or to the
green house gas emissions.

Egypt lies in a region which enjoys high potenfml renewable energy, specifically, solar
and wind energies. It is almost located in the reeaf the Sunbelt region allowing the use of
different kinds of solar technologies for producmgt only thermal energy but cooling and
power as well. However, renewable energy is noy p@pular in Egypt, specially, for small
to medium applications such as the building sedibere is always the argument that the in-
vestment costs are extremely expensive. Theretdeethe objective of this thesis to evaluate
solar resorts versus the conventional design e$orterms of energy, economic and envi-
ronmental performances. In order to achieve thagrergy audit was conducted among five
stars resorts located in Sharm el Sheikh. Out @f3# resorts, classified as fives stars, only
39% responded and participated in the energy audie only 19% provided usable and con-
sistent information. The aim of the audit is tontiy the current design practices in addition
to the energy and water consumption per guest-mg8harm el Sheikh. The results show the
lack of energy efficiency measures in Sharm el I8heesorts and the potential of reducing
consumptions in comparison to energy consumptinnSyiprus and Majorca. This informa-
tion is needed to establish a benchmark and devletproposed solar resort design.

In order to economically and environmentally evéduthe different design alternatives, the
author develops a resort evaluation model baseth@roncept of environmental life cycle

costing. The model is, accordingly, used to evaluae conventional resort versus the solar
resort concept. Several what-if scenarios are pedd identifying the critical parameters and
their impact on the results of the evaluation modéle results show that under the current
conditions, the total capital investment and tife ¢iycle cost are much lower in the conven-
tional resort while the equivalent G@&missions can be immensely reduced adopting 1ae so
resort concept. However, should the energy prinesgase as a result of introducing a new
energy law, removal of subsidies and/or increasglabal energy prices, the life cycle costs
of the conventional design increases to the extattsolar resorts are financially attractive in
additional to their environmental benefits.

The thesis concludes with the discussion of theli®and recommendations for encouraging
the use of renewable energy in the hotel sect&giypt in order to achieve the aspired envi-
ronmental sustainability.

Keywords. benchmark, CDM, CO2 emissions, Egypt, energy audit, energy efficiency, energy
performance, energy use, environmental sustainability, evaluation model, hotels, renewable
energy, resorts, solar resorts, solar architecture, sustainable energy, tourism



Abstract

Diese Dissertation untersucht die Energieeffizieoz Ferienhotels in Scharm el Scheich an
der Kiiste des Roten Meers in Agypten und ihrenl&sfauf die Umweltvertraglichkeit. Un-
tersuchungen haben gezeigt, dass die Tourismus- Badindustrie zu den zwei grof3ten
Energieverbrauchern weltweit zéhlen, wobei das Matgen nach dem Transportsektor den
zweithochsten Energiebedarf auf sich vereinigt. Daarismusbranche gehért zu den Schlis-
selindustrien der agyptischen Wirtschaft und karewischen auf ein stetiges Wachstum zu-
rickblicken. Zielvorgabe des agyptischen Tourismuogteriums ist es, den Anteil am welt-
weiten Tourismusmarkt bis zum Jahr 2017 auf 1.2%ezgroRern, was nattrlich den Ausbau
der Hotelbettenkapazitat nétig macht und bereiteiner umfangreichen ErschlieBung neuer
Urlaubsgebiete am Roten Meer wie etwa Scharm etiSlehgefihrt hat. Dieser expansive
Ausbau fihrt zu erhéhtem Energiebedarf, der einreémgroRere Belastung fiir die Okono-
mie des Landes darstellt, da Strom in Agypten ssatkventioniert wird. Zudem bieten die
niedrigen Strompreise Anreize fur einen immer h8hdtnergieverbrauch, wobei das Einspa-
ren von Strom, die Einfuhrung energieeffizienter@dahmen oder die Drosselung bei der
Emission von Treibhausgasen vernachlassigt werden.

Dabei liegt Agypten in einer Region, die ein groResenzial fur erneuerbare Energien, be-
sonders im Bereich Solar- und Windenergien, biEg.liegt fast im Zentrum des globalen
Sonnengurtels und bietet daher ideale Voraussetrufig die Nutzung verschiedener Arten
von Solartechnologien, die nicht nur Warmeenergpadern auch Kalte und Strom zu erzeu-
gen imstande sind. Jedoch sind erneuerbaren Eriargigypten nicht sehr popular, was be-
sonders fur kleine bis mittlere Anwendungen wieBgeibranche gilt. Immer wieder wird das
Argument vorgebracht, dass die Investitionskosterefneuerbaren Energien zu hoch seien.
Diese Dissertation mochte daher die energetischiesalvaftliche und umweltfreundliche Ef-
fizienz konventioneller Ferienhotel-Modelle gegeafibeuartigem Solar-Ferienhotel untersu-
chen. Dafur sollten in mehreren Funf-Sterne-Feégls in Scharm el Scheich Energie-
Audits durchgefiihrt werden. Von 36 Fiunf-Sterne-Enotels beantworteten nur 39% unsere
Anfrage positiv und nahmen am Energie-Audit teibb&i jedoch nur 19% verwertbare und
schlissige Informationen ablieferten. Ziel dieseslifs ist es, das Ausmal’ derzeitiger Gestal-
tungsmaRnahmen zusatzlich zum Strom- und Wasseaveth pro Ubernachtung in Scharm
el Scheich zu erfassen. Die Resultate zeigen emgrdas Fehlen energieeffizienter Mal3-
nahmen in den Feriend6rfern von Scharm el Scheidramdererseits das Potenzial zur Redu-
zierung des Energieverbrauchs im Vergleich zu Zyperd Mallorca. Diese Informationen
sind wichtig, um Bezugswerte heranziehen zu kdnurehdas vorschlagen Solar Ferienhotel-
Modell zu entwickeln.

Um die verschiedenen Ferienhotel-Modelle 6konomisetd umwelttechnisch auswerten zu
konnen, hat der Autor dieser Arbeit ein Ferienh@elvertungsmodell ausgearbeitet, das auf
den Lebenszykluskosten fur UmweltfreundlichkeitibasDas Modell wird dementsprechend
verwendet, um das herkdmmliche Ferienhotel mit &atar-Ferienhotel-Konzept zu verglei-
chen. Es werden einige Was-geschieht-wenn-Szenduiatigespielt, wobei die entscheiden-
den Parameter und ihr Einfluss auf die Resultate Bewertungsmodells herausgearbeitet
werden. Die Resultate zeigen, dass die Gesamtkapéstitionskosten und die Lebenszyk-
luskosten unter den derzeitigen Bedingungen imdrarklichen Ferienhotel sehr viel niedri-
ger liegen, wahrend die entsprechenden,-E@issionen durch Einfihrung des Solar-
Feriendorf-Konzepts drastisch reduziert werden kdnisollten die Strompreise jedoch durch
die Einfihrung eines neuen Energiegesetzes, derfaWelgr Subventionen und/oder den
Anstieg der weltweiten Energiepreise steigen, weralech die Lebenszykluskosten des her-



kommlichen Ferienhotel-Modells so stark anziehemssdSolar-Ferienhotels zusatzlich zu
ihren umweltfreundlichen Eigenschaften auch finalhattraktiver werden.

Die Arbeit schlief3t mit der Besprechung der Reseltand mit Empfehlungen dazu ab, wie
man die Nutzung alternativer Energien im HotelsekioAgypten attraktiver gestalten kann,
um die erhofften umweltfreundlichen Wirkungen zaielen.

Stichworter: BezugswertCDM, CO2-Emissionen, Agypten, Energie-Audit, Energieefiizje
Energieleistung, Energienutzung, Umweltfreundlidghk&uswertungsmodell, Hotels, erneu-
erbare Energie, Ferienhotels, Solar-FeriendorfeglgBarchitektur, nachhaltige Energie,
Tourismus
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1 INTRODUCTION

1.1 Background

“Energy lies at the heart of the world’s economaelopment. Sound energy choices are,
therefore, fundamental if we want to achieve sustale development” (Fries, 2000). The
world is becoming more aware everyday that not eekources are finite but also that the
capability of natural systems to absorb societydstes may be even a more stringent limit.
With those two limitations, both developed and depmg countries, who are striving to
catch up with those developed ones, are facedthwttthallenge of overcoming those limita-
tions. It is, therefore, essential for those cdestto make wise technology choices.

This thesis explores the economical and techneasibility of the Solar Resort concept in
Egypt. The aim is to investigate the potentialsngblementing self sufficient resorts in rural
areas by using natural renewable resources.

The thesis is intended to be used a guidance doduoreproject developers, investors, lend-
ers, government authorities in the tourism sectioo are interested and involved in promot-
ing renewable energy in Egypt and environmentalaguesbility. It explores the main issues
relative to the assessment and development ofaa sedort. Different renewable energy tech-
nologies are investigated and assessed in terrtigewofviability for application in the hotel
sector in Egypt with a special focus on the Red r@g&on. The thesis also discusses briefly
energy efficient measures in existing resorts ama future resorts should interact with the
surrounding environment to reduce energy demands.

The perspective of the developer and the investonastly regarded throughout the study as
more than any other party, they are the presekeélstdders who determine whether a project
would be developed using renewable energy or not.

This first chapter introduces the thesis by thragmight on the underlying drivers and rele-
vant issues. It starts with an overview about tlebag energy problem and the role played by
tourism industry in that aspect. This is followedtbe thesis objectives and limits of scope.

At the end of the chapter, the research methodolsgyutlined explaining the procedure
adopted in carrying out this study.

1.1.1 Global energy problem

The world energy demand is projected to grow dracady over the coming decades and
global warming is expected to intensify in the besis as usual scenario. In 2007, oil prices
rose continuously and set a new record at the &titeg/ear. The causes behind this are com-
plex, but continued growth of oil demand, espegiallthe transportation sector, is an essen-
tial background factor. Also, in 2007, the fourdsassment report published by the Intergov-
ernmental Panel on Climate Change (IPCC) showgyhehiconfidence in global warming
through anthropogenic green house gas (GHG) emissibloreover, continued extreme
weather phenomena reported globally - includingtlignowfall, heavy rains, and persistent
drought — were considered as a warning sign ambaggeneral public (Energy Working
Group, 2008).
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The International Energy Agency (IEA) has gathdreghtening data on energy consumption
trends. According to Pérez-Lombard, Ortiz, & Paz2@(8) the primary energy consumption
has grown during the last two decades (1984—-20049B6 and C@emissions by 43%, with
an average annual increase of 2% and 1.8% resplctBetween 1990 and 2005, energy
consumption grew most quickly in the service amah$port sectors, both sectors showing an
increase of 37%. These increases were driven byggrowth in activity in these sectors for
many countries. Trends in G@missions are driven by the amount and type ofggnesed
and the indirect emissions associated with the yotioh of electricity. The global final en-
ergy consumption and G@missions increased by 23% and 25% respectivelycesm 1990

& 2005 (IEA, 2008b).

Oil is the world’s vital source of energy and wiimain so for many years to come, even un-
der the most optimistic of assumptions about theepaf development and development of
alternative technology. But the sources of oil teetrising demand, the cost of production it
and the prices that consumers will need to paytfare extremely uncertain, perhaps more
than ever. Preventing catastrophic and irreversilalmage to the global climate ultimately

requires a major decarbonisation of the world ensmurces. IEA has declared that on cur-
rent trends, energy-related emissions of, @@d other greenhouse gases will rise inexorably,
pushing up average global temperature by as muéh@Gs the long term (IEA, 2008a).

The scientific evidence on the need for urgentoactin the problem of energy security and
climate change has now become stronger and congn€hus, it is not within the scope of
this thesis to extensively discuss this evidenaeiail.

Future solutions, for energy security and enviromtalesustainability, would lie in the use of
renewable energy technologies, greater effortatedducing energy efficiency measures and,
finally but not least, policy formulation and implentation. Policies can neither be imple-
mented nor promoted without technology research dgewlopment nor without economic
viability and market reform.

1.1.2 Tourism industry & energy consumption

The rapidly growing building industry has alreadysed concerns over supply and depletion
of energy resources and heavy environmental imgaztse layer depletion, global warming,

climate change, etc.). The global contribution frbmldings towards energy consumption,

both residential and commercial, has steadily meed reaching figures between 20% and
40% in developed countries, and has exceeded e otajor sectors: Industrial and trans-
portation (Pérez-Lombard, et al., 2008).

The IEA statistics for energy balance for 2004-2606w that the total final energy use glob-
ally accounts for 7,209 Mtoe (Mega Tonnes Oil Eglewts). The residential and commercial
sectors account for respectively 1,951 Mtoe and M&&, which is almost 40 % of the final
energy use in the World (Figure 1-1). The majat p&this consumption is in buildings (IEA
& Laustsen, 2008).

Buildings — be they homes, hospitals, schools, emsities, workplaces or spaces in which to
relax — are responsible for around 40% of all woeslburce consumption and over 40% of all
waste, including GHG emissions (Greenhotelier, 2005
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Figure 1-1: Energy consumption in different sectors (IEA & Lesgs, 2008).

Although no collective data is available on thebgloenergy consumption in the hotel sector,
Gossling (2002) estimated that 97.5 TWh (Terawattrhof energy was used in hotel facili-
ties worldwide in 2001 (Paulina Bohdanowicz & Madt, 2007). In 2000, almost 700 mil-
lion international tourist arrivals were countedridwide. Even though a global activity of
this scale can be assumed to have a substantiattnop the environment, its consequences
have never been assessed and quantified (G6s2008). Another study indicates that Euro-
pean hotels alone consume approximately 39 TWh{&d4OSE, 2001).

Studies indicate that the high energy consumdrartdurism sector is transportation followed
by accommodation and other activities as showralél'1-1.

Category Energy use (PJ) CQ@e emissions (Mt)
Transport (incl. ship, etc.)| 13,223 1263
Accommodation 508 81

Activities 350 955

Total 14,081 1399

Table 1-1: Global tourism-related energy use and resulting.Gfnissions (Géssling, 2002)

Hotel units are among the largest energy consumehe building sector, where energy plan-
ning may greatly facilitate investment decisionsdticiently meeting energy demand (Mav-
rotas, Demertzis, Meintani, & Diakoulaki, 2003). tells use generally more energy per visi-
tor, as they have energy intense facilities, sugtbars, restaurants, and pools, and more
spacious rooms. Accommodations in the categorysioeis’ may have a comparably low
number of beds and occupancy rates are assumexrdontrewhat lower than those of hotels
(Gossling, 2002).

It is further believed that a significant amountloé energy used in this sector is wasted, leav-
ing ample room for enhancing energy-efficiency eegburce conservation.
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Accommodation Energy use Beds (mil- Bed nights Energy CO.-

Establishment per bed night lions) (millions)? use (PJ) emissions
(MJ) (mT)P
Hotels 130 15.98 2700.6 351.1 55.7
Campsites 50 9.05 995.5 49.8 7.9
Pensions 25 4.06 686.1 17.2 2.7
Self-catering 120 3.62 611.1 73.4 11.6
Holiday villages 90 0,75 126.8 11.4 1.8
Vacation homes 100 0.68 49.6 5.0 0.8
Total 34.14 5170.4 507.9 80.5

& A global occupancy rate of 46.4% was assumed foerhe categories hotels, pensions, self-cateang, holiday villages
(calculated from data provided by WTO (2001) foB Iuntries for the years 1995-1999); for campsédswer occupancy
rate of 30% was assumed, taking into consideratimng seasonal variations, and for vacation hoaresccupancy rate of
20% was used.

PBased on an emission factor of 43.2 g C/MJ (ScheddrVictor, 1999for the 1990 world electricity geation mix).
Table 1-2: Global energy use accommodation (Gdssling, 2002)
1.1.3 Growth of tourism development

Over the past six decades, tourism has experietm#thued expansion and diversification to
become one of the largest and fastest growing esmngectors in the world. In spite of occa-
sional shocks, international tourist arrivals hatilewn virtually uninterrupted growth — from

25 million in 1950, to 277 million in 1980, to 43&llion in 1990, to 681 million in 2000, and

the current 880 million. The fast growth, partigljeevident in the world’s emerging regions,
resulted in a steady rise in their share of reckiméernational tourist arrivals, from 32% in
1990 to 47% in 2009 (UNWTO, 2010).

The Middle East has been one of those fastest ggowagions in the past few years. The
World Tourism Organisation (UWTQO) expects a grovate of 7.1% in the number of tourism
visiting the Middle East (Figure 1-2).

In Egypt, tourism is recognized to be one of thigdat contributors to it its economic growth.

It has grown rapidly and almost continuously over past twenty years. It particularly bene-
fits the Egyptian economy, where most of the séstoew tourism jobs and businesses are
being created.
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Figure 1-2: Expected tourism growth rate in the Middle East (WND).
1.2 Thesis objective: Sustainability & solar resort corept

Greenhotelier (2005) defines sustainable developm&the development that can satisfy the
needs of the present generation without comprognisiie ability of future generations to
meet their needs. If too much energy and watecansumed and the environment is continu-
ously polluted, then others would be deprived efrtatural benefits that we have enjoyed.

Sustainable Tourism is defined by the OrganizatibBastern Caribbean States as the optimal
use of natural and cultural resources for natialealelopment on an equitable and self sus-
taining basis to provide a unique visitor expereeand an improved quality of life through
partnership among government, the private seciicammunities (OECS).

Sustainability is becoming an important focus bedirgctly related to resources available and
how those resources are used today and how thepevilsed in the future. The concepts and
application of sustainability are an important camgnt in the management of any business
(Lockyer, 2007).

Hotels are heavy users of resources and heavyt@dlurhe impacts caused by the develop-
ment of a hotel have been demonstrated in manyar&serojects. There is now a growing
interest in ‘green’ hotels to reduce the impactelohave on society and the environment,
although much of the push is simply an attempethuce costs (Lockyer, 2007).

The idea of a sustainable resort is based on inmpyoprocesses to the point of maximum
resource productivity and virtually no waste in iidd to reducing the dependency on fossil
fuel. The goal is to reduce consumptions, wast&samissions, while preventing harm to
environmental and human health.

Based on the previous sustainability principle, ¢bacept behind solar resort is to combine
the most suitable environmentally sustainable &chire and technologies while providing
excellent service and luxurious accommaodation.

Although the solar concept is technically proveamains the question often raised whether it

is an economic and profitable goal. The study edrout within this thesis addresses the is-
sue:ls sustainable and solar resorts an achievable goal
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The main objective of this thesis is to evaluat ¢hrrent state of energy consumption in re-
sorts on the Red Sea coast and develop an evaluatidel for resorts with regards to energy
consumption, C@emissions and cost of implementation and operation

The thesis raises the following questions:

1. Can renewable energy cover the energy demand ivEatars resort, located on the
Red Sea coast in Egypt?

Which environmental technologies are the most Blétan that case?

Which is the most economical scenario of renewah&rgy mix?

What are the financial indicators for such scers&io

What is the environmental impact?

Can Clean Development Mechanism (CDM) improve thences of financial success
of such a solution?

oOgRwWN

1.3 Limitations of the research

In view of the previously mentioned issues, thedamder study is extensive and interrelated
to many aspects such as, but not limited to, eneogygumption, efficiencies, materials, de-
sign concepts, technologies, and location & typgelsotels. Therefore, it is necessary to de-
fine the boundaries of this thesis and the linotthe scope of investigation.

The research focuses on the feasibility study stdgeproject rather than detailed engineer-
ing and, accordingly, does not discuss technicaleas in details for example types of con-
struction materials, processes, methodology and ithftuence on energy consumption. The
civil engineering and architectural aspects, inedlin the development of any resort, have
been extensively addressed through researchesen gr environmental buildings and solar
architecture and do not constitute part of thigestigation. This investigation focuses on the
selection of energy production systems of a resbrth have a direct impact on the energy
performance. Yet the model developed through #sgarch does not present thermodynamic
simulations but rather used for economical andrenmental evaluation by decision makers.

UNEP & Wood (2002) describe ecotourism in the migleee, from a functional viewpoint,
as mostly individual or small-scale tourism (towowps up to 25, and hotels with less than
100 beds) which is operated by small-medium-sizadpanies in natural areas. This thesis
however does not consider ecotourism in its rebe@iber it focuses on larger bed capacities
starting from 200 beds. The research is also laniteinvestigating resorts classified as five
stars since they represent the highest consumearsgthe accommodation sector in tourism.

The town of Sharm el Sheikh is chosen to represssurts developed on the Red Sea coast
for the following reasons:

» It represents one of the most intensively develapeas over the last two decades.

* Being one of the most attractive areas on the Redvisited by international and local
tourists, many of the newly developed areas sudfiaasa Alam tend to follow the same
design concepts adopted in Sharm el Sheikh.

* Author’s own experience with resorts developmer8arm El Sheikh from 2000 to 2005
which represents the peak period of Sharm el Steeddvelopment

» Easier access to data and better response toieweryquests.
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Other touristic areas in Egypt are not considergdinvthe scope of this study.

Accordingly, the scope of research in this thesi§imited to investigating the influence of
technology selection and its economic feasibilityterms of energy production systems used
in a resort located on the Red Sea coast in Egyptleeir environmental impact.

1.4 Research methodology

The hypothesis of this research is to model, ecataliy and environmentally, solar resorts
and compare it to conventionally designed res@éeveral models do exist for evaluating a
specific single technology for any type of projdubwever, there are no models specifically
developed for resorts evaluation neither are tineodels that take into account the synergy
effect of combining a mix of various environmertethnologies.

Figure 1-3 illustrates the research methodologyptatl in carrying out this thesis. The first
three phases involve compiling of information whicihms the basis of the work. The last
four phases deals with the design development, himgleanalysis and evaluation of the pro-
posed solar resort.

The literature review covers the three main isslissussed within this study and are pre-
sented in chapter 3. The review explains the sempkthe extent to which those issues have
been addressed so far. It also provides an inditati the issues that need to be further inves-
tigated and areas where lack of information wasaeg. A literature review was carried out

to gather this information. The objective of thiedature review is establishing the common
elements of good practice in the tourism sectobaly as well as locally in the Red Sea re-

gion. The literature review searches for answethedollowing issues:

1. Energy consumption of resorts and hotels:
a. The average energy consumption, resources andeaffic status worldwide
b. The average energy consumption, resources andeeffic status in Egypt and
the Red Sea region.
2. Solar design of resorts and hotels
a. The extent of applying renewable energy in resamt$ hotels
b. Review of existing solar resorts and their desigmcepts
3. Environmental technologies
a. What types of technologies commercially exist?
b. What are their installation and operation costs?
c. What constraints are associated with such techresd@g

In order to evaluate the current performance oftexg resorts on the Red Sea coast, a trans-
parency of information about cost and consumptisnequired. However, due to the lack of
information about resorts and their performancEggpt, the author carried out a survey with
the aim of collecting the requited information. Tharvey is explained in more details in
chapter 4.

The data gathered from the resorts in Sharm elk8hae analysed determining their energy

performance and water consumption. The outcoméefiaita gathering and analysis will be
used to establish a business-as-usual case repngsaitypical resort.
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Figure 1-3: Research methodology

Alternatives using the proposed solar design canaep developed with energy-engineering
as well as environmental and economic perspectivesnd. A value management exercise is
carried out on the business-as-usual case in ¢odeighlight the areas that need to be ad-
dressed and optimised. The results of literatweweare also used in this stage in the devel-
opment of the proposed solar resort design whdfereint elements are integrated and com-
bined.

A resort evaluation model is developed based onr@mwental life cycle costing analysis.
The model is used to evaluate the economical amdogrmental viability of the different de-
sign alternatives. Sensitivity analysis will det@renthe critical parameters affecting the out-
puts of evaluation model.
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The outcome of the research is an evaluation maskad in decision making and realising the
real options during the first stages of planning dasign of resorts when detailed engineering
IS not available.
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2 Problem Definition

This chapter presents an insight into the drivethed thesis. It explains where the author en-
visages a problem and what the future could holthénenergy and tourism sector. It starts
with an overview on the current and forecastedistédr each of the energy and tourism sec-
tor in Egypt. The problem is accordingly defineddahe potential opportunities are high-
lighted. Figure 2-1 shows an outline of the chept&ructure and content.

Problem Definition

Energy Sectorin | Tourism Sector in Problem &
Egypt Egypt opportunity
Energy Currentsituation

structure

Sectoral trends Future forecast

CO2 emissions

CDM
programme

Figure 2-1: Outline of chapter 2

2.1 Energy in Egypt
2.1.1 Background

Egyptian economic has been strongly growing inmegears and its growth domestic product
(GDP) grew in 2004 to around 4%. This growth migave slowed slightly in the wake of the
terrorist attacks particularly in the tourism seciet, there is a growing demand for electric-
ity (EIA, 2006).

Egypt’'s energy mix is dominated by oil and gas,alihs expected to continue so until 2030
accounting for 95% of primary energy demand. Eneélgyand in Egypt is projected to grow
from 54 Mtoe in 2003 to 109 Mtoe in 2030, at anrage annual growth rate of 2.6% (IEA,
2005).

Meanwhile, Egypt has an extensive system of saudsidies amounting to 26.3 billion
Egyptian pounds in 2004 (roughly 2% of GDP). Thesbsidies cover a variety of sectors,
including the energy sector (petroleum productseladtricity) which account for the bulk of
the subsidies (IEA, 2005) (Figure 2-2). Althougfre government has increased the price of
diesel by 50% over the past years, yet it stillasms below the cost. Subsidies in general do
present a burden on the country’s budget while #reourage growth in energy demand and
consumption.

Energy-intensive industries have received significsubsidies to maximise their competi-
tiveness in international markets. Decrees by tpgpEan Prime Minister in 2007 and 2008
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called for complete elimination of these subsidiethin three yearsHowever, the current

global financial crisis has prompted the governmenswitch from a speedy elimination of
subsidies to a more gradual approach. Moreoveiyeaykar plan for reducing subsidies to
residential consumers and small & medium enterpr(8MES) is under way (Environics,
2010).

Health

Electricity

Housing

Foodstuffs

Gas

il

)] 3 o] 9 12 15 18

billion Egyptian pounds

Figure 2-2: Social subsidies in Egypt, 2004 (IEA, 2005)

Passage of a proposed new electricity law, undesideration since April 2008, appeared
imminent as of late 2009. This law will establiste tlegal framework for major structural
changes in Egypt’'s energy sector, which will cremtmore liberalised energy market and a
more-secure energy supply. It furnishes the legaligds for private sector involvement in
generation and distribution activities. This stgateoption is justified on the basis of shifting
the burden of developing the energy sector away fitte state and towards creating an envi-
ronment that can better benefit from internatiogradrgy technologies and institutions. Feed-
in tariffs, determined by the cabinet, will be garseed for the electricity produced and sold
into the grid. This feed-in tariff system will prably come in a later phase, following a learn-
ing period under the new structure. It is expedhed this initial phase will eventually lead to
achieving balanced optimum prices for renewableg@n@nvironics, 2010).

2.1.2 Energy structure

Egypt's power sector is dominated by the Egyptidecttcity Holding Company (EEHC)
which was set up in the year 2000 as part of ptarideralise the electricity sector. These
plans are progressing very slowly, even thoughapeisector participation in power genera-
tion has been possible since 1996, notably thrandgpendent power projects (IEA, 2005).

Egypt started generating electricity from hydrawdmurces when Aswan Reservoir Station
was established in 1960 at a capacity of 340 MWgaweatt) followed by the High Dam Sta-
tion in 1968 with a capacity of 2100 MW. This hydlia source of energy contributed in mak-
ing a great industrial up raise and in lightingraag part of the Egyptian rural area during that
period. In 1985, there was an expansion in hydraqudwer generation stations, where Aswan
Reservoir Station Il, Esna and Nagaa Hammadi ststwere built. In 2005/2006, a barrage
for electricity power generation at Nagaa Hammait & capacity of 64 MW and the com-
pletion of renewing the turbines of the High Darattin were being implemented. Hydraulic
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Power Plants constitute about 18 percent of thted tmnsumed electric power in Egypt (IEA,
2005).

On the other hand, 27 thermal power plants, thatoilsand natural gas, were established dur-
ing the past two decades. The share of gas inaead¥stantially in the late 1990s, following
substantial foreign investment in Egypt’s gas seatw the decline in oil production. Today
nearly 80% of electricity is based on natural gas2003, oil-fired power generation ac-
counted for about 6% of the total generated poweitenhydropower plants for 14%. The
total installed generating capacity was 18 GW (®@edg in 2003, most of which are gas-
fired boilers. The few hydropower stations accaugtio 2.7 GW of installed capacity are
mostly located in Aswan, where dams have been taudontrol flooding of the Nile River. In
2004, the wind power capacity installed in Egyptateed 140 MW in 2004 (IEA, 2005).

The announced energy policy in Egypt during theenirstage aims at preserving the coming
generation right to the traditional depletable ggesources and making the best use of vari-
ous energy alternatives through giving due attentm using new and renewable energy
sources to produce clean energy. In April 2007, gEgySupreme Council of Energy an-
nounced an ambitious plan to generate 20% of thewtcgs electricity from renewable
sources by 2020, including a 12% contribution frmind energy, translating into 7,200 MW
of grid-connected wind farms.

On the other hand, Nuclear power is enjoying amrgesin interest in Egypt which officially
announced in September 2006 its intention to restsnauclear programme which had been
frozen since the 1986 Chernobyl disaster. A 1,000 pbwer station at Al-Dabah has been
proposed by the Minister for Electricity and Energy

Egypt is at energy cross-road; it faces choicesiatnat energy sources it will use in the
future. Conventional fuels are becoming increagirfpensive and there is recognition that
these fuel resources are finite. Some estimatasatedthat indigenous natural gas and oil
reserves, on which Egypt's electricity generatiomrently relies, will run out in about 30 or
40 years, making the transition to alternative gneources a pressing need to avoid stagnant
economic development (Greenpeace, 2007).

Since 1996, Egypt has allowed private sector ppdion in power generation, through
build-own-operate-transfer, BOOT, projects wherdependent power producers must sell
wholesale electricity to the government-owned poa@mpany for a twenty-year period of
time and transfer all assets to it at the end aif pleriod.

Egypt's current structure as a captive energy ntatkewhich the government is a single
buyer and almost holds a monopoly on the generdtiansmission and distribution of power,
Is not advantageous for the establishment of a iggpwenewable energy (RE) regime. How-
ever, this new proposed electricity law, now in piecess of being ratified, and its associated
changes in the energy market structure, promisgmntives for private sectors to participate
in Egypt’'s energy market including RE (Environi2§,10).

As a result of the highly subsidised energy prighs, prices of electricity in Egypt range
among the lowest in the world. The prices are fikgdthe Egyptian government in a non-
transparent manner and apply in equal manner teegibns. The average tariff for the resi-
dential sector, across all consumption levels wa4 US cents per kwWh in 2003. Since Octo-
ber 2004, several electricity tariffs were raisgdap average of 8.6 % for the first time since
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1992 and further 5 % increases were set for aditiedty customers for each of the following
five years. The last increase took place in Nover2bé8. In 2008, the rise summed up to 7.5
%, including an additional 2.5 %-increase causedhigh oil prices. The governmental plan
was intended to gradually accommodate the elefsticices to the actual cost of the electric-
ity system. However, taking into consideration aalirtbe inflation rate exceeding 5 %, these
increases may not be sufficient. The new elecyriaitv is intended to define the main princi-
ples of price regulation such as the ones mentiabede (ECOFYS, 2009).

Although Egypt did embark on an economic adjustnmogram to address its low energy
prices by correcting a costly subsidisation poliegit kept prices from rising and which en-
couraged increasing energy consumption, it is ratsparent to which extent this program
would be implemented due to political and sociakmns.

2.1.2.1 Fossil fuel in Egypt

Most of Egypt’'s hydrocarbon reserves are state-ovared controlled by the Egyptian Gen-

eral Petroleum Company, EGPC, or the Egyptian MatBas Holding Company, EGAS. As

oil production is now in decline, the focus of thgyptian energy sector has shifted to the
development of the abundant natural gas resources.

Egyptian oil production peaked over a decade agdhas since been in decline. Production is
expected to fall from 0.7 mb/d in 2010 to 0.5 mimd@030 and Egypt, currently a minor oll
exporter, would then become a net oil importer tpuad 2015 (IEA, 2005) (Figure 2-3; Fig-
ure 2-4).
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Figure 2-3: Egypt’s oil production by source (IEA, 2005)
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Figure 2-4: Egypt’s oil balance (IEA, 2005)

Meanwhile, Egypt, with 1.9 tcm (cubic metres) ofural gas reserves, is of increasing impor-
tance in the global gas market. Production is ebguoeto treble, reaching 50 bcm (billion cu-
bic metres) around 2010 and over 90 bcm by 203@urbllagas exports started in 2005 and
are expected to increase significantly, reachingp@@ by 2030 (Figure 2-5). The reliance on
natural gas is expected to increase with the egdeicicrease electricity generation from 92
TWh in 2003 to 188 TWh in 2030.
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Figure 2-5: Egypt’s natural gas balance (IEA, 2005)

2.1.2.2 Renewable Energy

RE sources in Egypt are mainly wind, solar and laissn In 1982, the RE strategy announced
a target of covering 3% of the national electrimded by RE by the year 2010. The aim was
to take advantage of renewable energy environmémtagfits allowing financial support of
its projects implementation through various mecsasi such as CDM, financing RE incre-
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mental cost, soft loans, mixed credits etc. Howetggtay in 2010, the actual share of renew-
able energy has reached 1% only (Figure 2-6).

U“’;'E!r RE Industrial
¢ __~ Cogeneration
H)FE: r;g;:wer 0.03%

Qil Products

16.9%
Natural Gas

69%

Source. Plan Bleu

Figure 2-6: Share of Egyptian power generation by capacitydid6207 (Environics, 2010)

The amount of electricity produced in Egypt perryleased on 2004 figures is 91.72 billion
KWh and the amount consumed is 84.49 billion KWHA)CConsidering all types of renew-
ables available in Egypt, the total economicallgikable renewable energy resource in Egypt
is 7,573 billion KWh per year which is over 80 tisnlhe amount of electricity produced per
year (DLR, 2005). This is actually half the teclaliig available renewable resource which
implies that as renewable energy technologies imgrtwice this amount will become avail-
able i.e. 15,086 billion KWh as indicated in TaBl& .

Hydro Geo Bio CSP Wind PV

Tech| Econ| Tech| Econ| Tech| Econ| Tech | Econ| Tech EconTech| Econ

80.0 | 50.0| n.a.| 25.7 n.al 15,3 73658656| 7650 | 90.0| n.a.| 36.0

Table 2-1: Technical & economical renewable electricity supgitye potentials in TWh/year (DLR, 2005). Hy-
dro — hydropower; Geo — Geothermal; Bio — biom&@&P — concentrated solar power; wind — wind poRgt;
— photovoltaic

Egypt’s primary locations offer 2,400 or more hoafsolar operation, compared with maxi-
mum European figures of 1,900 in Spain and Grebeenext-closest countries. As for wind
energy, hours of operation in areas with the higepseds can reach up to 3,900 hours per
year (GAFI, 2010).

The amount of solar radiation available in Egydiesween 1900 KWh/sq.metre/year in the
north and 2600 KWh/sqg.metre/year in the southdfdverage for the country is taken as
2300 KWh/sqg.metre/year then there is at least 2B0rbKWh of solar radiation — over two
and a half times the amount of electricity produftedhe whole country (NREA). Figure 2-7
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shows that Egypt among its North African neighbogrcountries is well positioned for pro-
ducing power through solar energy.

Figure 2-7: Solar electricity potential in Egypt and North i&fin countries (Huld, Suri, Albuisson, & Wald,
2005)

Solar energy meets a small part of demand in thieleatial and services sectors. There are
more than 200,000 solar water-heating systemsenrubouses, the commercial sector, new
cities and tourist villages. The potential is muatger. Solar heat is projected to reach 0.1
Mtoe in 2030 (IEA, 2005).

With Egypt producing almost 57% of the region’satawind energy, it has already become
the leading producer - ahead of Morocco, Iran andisia. Furthermore, the Suez Canal area
has one of the highest consistent wind speedseiwtirld at 10 m/s. Other important areas
include the Western and Eastern deserts, in additidhe Red Sea coast along the Gulf of
Agaba (GAFI, 2010).

On several occasions, the government announcedk tirgbects the renewable energy sector
to produce 20% of total power generation by 202@riy sectors are wind farms as they are
considered the most cost-effective renewable ensogyce; followed by biodiesel produc-
tion, both of which are supported by the countafgindance of land, stable climate condi-
tions and competitive labour force. With solar gyecosts expected to decline sharply over
the next 5 to 7 years, Egypt aims to develop a etitiee market in solar energy, but sees
more immediate opportunities in wind and biomasREN).

2.1.3 Sectoral trends

In 2003, the residential and services sectors ateduor around a quarter of total final con-
sumption. Electricity consumption stood at 4.0 Méwel oil consumption, mainly in the form

of LPG, stood at 3.9 Mtoe. These two fuels accalifite 88% of energy consumption, re-
newables for another 8% and natural gas for theairegder (IEA, 2005). Figure 2-8 illustrates
the energy use by sector for the period 2003-28G40ugh the industry sector is the highest
consumer, yet households and commercial sectoraaignificant share.

With the expected increase in the electricity detdnan2.8% per year, the increasing impor-
tance of tourism and the services sector in the&ay economy will spur nevertheless addi-
tional electricity consumption.
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Figure 2-8: Share of Egypt’s energy use by sector 2003/2004i(@&mics, 2010)
2.1.4 CO; Emissions

The IEA (2005) projects an increase in Egypt’'s:@@issions at an average annual rate of
2.6%, from 122 Mt (Million ton) in 2003 to 151 Mih 2010 and 242 Mt in 2030. The main
emitters of GHG in Egypt are fuel combustion act¢mgnto 22% in the energy sector; 21%
in the industry sector and 18% in the transportasedn total, energy-related emissions are
responsible for 71% of the GHG emissions in EQ@id4CDM, 2006).

On the basis of these rough assumptions for albeedhe total GHG emissions of Egypt are
expected to rise to 345% above 1990 levels uniil/2@ projected increase typical for devel-
oping countries. The energy sector is expectecnoam by far the major source for GHG
emissions in the future and to increase its shatfe the highest growth rate (Barakat, Saad
El-Din, & Elewa, 2003).

2.1.5 Clean Development Mechanism in Egypt

CDM is a global mechanism under the Kyoto Protdlat enables investors to receive credit
toward their own GHG emission reduction obligatiohisose reductions can be traded in the
emerging global carbon offset market. In ordernadpce adequate and credible reductions, it
must be demonstrated that CDM projects would bdogin emissions per unit of output,
measured in tonne of CO2 equivalents per MWh (Megglaour), to a level below that of the
baseline scenario which would have existed in tieeeace of the CDM project. The emission
reductions generated by a CDM project are thusatheunt of GHG emissions that is avoided
by implementing a renewable energy alternative thgplaces electricity generation from
power plants that are built and operated undemlessi as usual conditions and are fuelled by
either coal, oil, or natural gas (Ringuis et ad02).

It is seen that small-scale projects will be faatked through the CDM approval process.

The preliminary rules in this area were first fotatad in 2001. They define three categories
of small-scale CDM projects as follows:
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1. Renewable energy project activities with a maximautput capacity equivalent of up
to 15 MW

2. Energy efficient improvement project activities wiireduce energy consumption, on
the supply and/or demand side, by up to the eqemvalf 15GWh/year

3. Other project activities that both reduce anthr@mg emissions by sources and that
directly emit less than 15 kilo tonnes of £&yuivalent annually.

CDM may stimulate considerable investments by usiegewable energy technologies
(RETS) reducing GHG emissions in developing coestrifhe CDM’s impact on a project’s
finances depends both on the baseline and on thet pfice.

A few CDM projects have been introduced in Egypt &ne still not wide spread, especially
across the private sector. CDM projects could glevEgyptian investors with an important
incentive for reducing their GQemissions through better efficiencies and use=néwable
energy. An extensive survey for identifying progoh the targeted promising sectors and
technologies has been carried out, and resultétkifollowing list of proposed CDM project
types for Egypt (CD4CDM, 2006):

» Co-generation in textile, chemicals, food and bager metals, buildings, ahdtel sec-
tors

* Energy efficiency in textile, chemicals, food arel/brage, metals, buildings, anhotel
sectors

* Fuel switching to natural gas in industry and tpamtation.
* Organic waste management and municipal solid wastbane utilization.
» Forestation projects.

Using relatively disaggregated data on the Egyptiaatricity system, the Systems Analysis
Department at Risg National laboratory estimatedearission rate ranging from 0.61

tCO,/MWh to 0.59 tCQ/MWh in Egypt. These results are very similar te #@stimates based

on other interpretations (Ringuis, et al., 2002).

2.2 Tourism Sector in Egypt

Egypt has always been a country of tourism whereidoers used to visit and see its antiqui-
ties dating back to the various eras and civiliret. However, over the last 20 years, recrea-
tional tourism domain has grown rapidly at sevenaique destinations such as Sharm El-
Sheikh, Hurghada, Safaga, Taba and others placatet on both the Red Sea and the Medi-
terranean Sea as well. Moreover, Egypt is renowoedherapeutically and environmental
tourism as well as other kinds such as Safari,arenices and sports.

The tourism industry represents one of the mosbonapt features of the national economy
formula. According to the Central Bank of Egyptriem is one of the most important export

sectors in Egypt where it resembles 36.4% of thed &xported services and accounts for 23%
of the country’s foreign currency income. In aduliti tourism creates 2.2 million job oppor-

tunities, making it the locomotive of the economé&velopment process (MoT, 2006).
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2.2.1 Current Situation

The EgyptianMinistry of Tourisn predcts a continuous growth in thourism sector based «
the constant growing trend in the previous yeFigure2-9 depicts the development of -
Ists’ number over the last 10 ye (MoT, 2006.
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Figure 2-9: Tourist number evelopmen(MoT, 2006

In the meantime, the main target for expandingtthegism sector is natiL-based tourism
The coral reefs and rich marine life in South Senad the Red Sea coast have made thes
areas among the premiecuba diving destinations in the world. Many beagborts are no\
in operation and there are still hundreds to besttanted. Recognizing its potential as is-
tination for natur-based tourism, Egypt is currently developing thel Bea Coast regio
which was until recently considered a remote -inhabited area of the country. Unte-
cently, the Red Sea region had very few econontigies and was one of the least |u-
lated regions of Egypt. These activities includéstodre oil exploration, phospte mining,
and fishing on a limited scale. Starting from tlagly 1990s, the Red Sea region has ber-
geted for massive tourism development in Egyp20A0, the existing number of rooms v
10,549 representing 22.2% of the total hotel accodation caacity in Egypt. The target fc
2012 is to achieve 140,000 rooms primarily by cartding new resorts and secondly tx-
panding the existing on (Shaalan, 200.. Being one of Egypt’s premier tourism destinatic
the Red Seireceivesover 1.2 million torists visit the fed Sea coast in Egypt annu
(USAID).

The investment in the tourism sector for the 2008&years is estimated at EGP 1,974.I-
lions while revenues frortourism turned out to be $6,429 in 2005 /2006. mbebers o
tourists for that year 2005/2006 reac 87 millions of tourist (ESIS) The increase inn-
vestments results mainlyom the increasing number of guest rooms over tsteyksars ini-
cating a growing trend in hotels and resorts cocsitsn as indicated cFigure2-10.
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Figure 2-10: Development of accommodation capacity (MoT, 2006)

Around 90% of Egyps tourism investment is now concentrated in thes@baesorts of
southern Sinai with a product portfolio centreddave tourism and beach holidays around the
Red Sea and Gulf of Aquaba (Shackley, 1999).

2.2.2 Future Forecast

Growth in Guest Rooms number
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Figure 2-11: Expected growth in guest room numbers (MoT, 2006)
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Egypt embarked onto implementing a programme fomuating the Egyptian tourism during
the period 2006 — 2011 with the main objectiverafréasing its share in the world tourism
market to 1.2% by 2017 which is equivalent to 1@iom tourists (MoT, 2006). This leap
from a tourists number of 6 million measured in 2001l require naturally an increase in the
accommodation capacity. In addition to this maipeotive, the government wishes also to
increase job opportunities, double tourism incoatgact new investors and increase urbani-
zation.

Figure 2-11 demonstrates the expected growth @stgwom numbers in terms of the growth
prediction and the government’s plan to attractertourists. In 2017, the guest rooms’ num-
ber should increase by at least 71,000 newly cocistd rooms which is equivalent to around
220 new hotels and resorts.

In order to achieve those numbers and objectivggptEfaces several challenges which in-
clude:

* Raising the quality of service

e Completing the development of the infrastructure
* Decrease in number of investments

* Increasing the level of education and training

* International competition

The government has defined 4 groups of directimesrder to overcome these challenges
(MoT, 2006):

Reformation of the organizational framework
Infrastructure development

Putting a strategic plan for sustainable tourism
Human resources

P wnPE

2.3 Problem and opportunity

Countries, enjoying magnificent nature either ardlar under water as well as warm weather
and lots of sunshine, are becoming everyday mdracéite to foreign tourists, requiring
more touristic developments which are, in turnraative to investors. Investors should not
only be considering initial capital investments bigo the operational and maintenance costs
as well as environmental impacts which can leashiongs and improved environmental im-
pacts on the long term. Sound decisions regardiegchoice of technologies used are thus
vital to achieve sustainable development as wedicamomical benefit.

Using today's knowledge, it is possible to conseheslimited natural resources and repair
parts of the damage done for future generations.|®hg term objective is to gradually re-

place those ineffective or undesirable technolobiedgeveloping an integrated concept using
environmental technologies for every single compoio¢ a project.

It is, accordingly the aim of the author to provigsort developers with a stimulating analysis
on future scenarios of renewable energy applicatidhe tourism sector which can be useful
in decision making with respect to different desaptions and their economical and envi-
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ronmental impact. The thesis focuses on the ea$ygd stages where major decisions can
have great implications during the hotel’s life éim

2.3.1 Concerning Issues

The few studies carried out in the hotel indusieydfshow that most hotels use energy ineffi-

ciently due to neither paying enough attentionrtergy requirements during the design phase
nor to considering consumption criteria while sefer equipment during the procurement

phase and/or due to lack in energy managementgithenoperational phase. The problem of
energy conservation in hotels and resorts is aimamis process throughout the life time of

the hotel.

Among various uses of electricity, cooling conttiémisubstantially to demand for electricity
in the summer when temperatures and humidity agk. iir-conditioning is widespread not
only in Egypt but in the Middle East and North A&&i Low energy prices which are strongly
subsidised by the government in Egypt give no itigerto consumers neither to apply energy
efficient measures nor to use renewable energici&ificy standards are, in general, absent in
the Middle East region.

At this point, it is important to emphasise thatse ambitious development plans to receive
16 million tourists by 2017 should take into comsation sustainability and renewable energy
concepts. The government and developers have isgmifroles to play in adopting and im-
plementing environmentally sound policies and pcastto avoid the degradation of the natu-
ral heritage of Egypt for the sake of the currentvall as future generations (Shaalan, 2005).

On the other hand, there is great reluctance freweldpers to implement environmental
technologies. Sancho et al. have examined the Spdwoitel sector and found that excessive
competition paralyses innovation activity of toami€nterprises. They argue that high costs
for product development prevent amortisation (Waliéeiermair, & Pérez, 2006).

2.3.2 Opportunities

Decades of technological progress have seen retewealergy technologies such as wind
turbines, solar photovoltaic panels, biomass pgul@nts and solar thermal collectors move
steadily into the mainstream, making them competitvith conventional power sources. The
global market for renewable energy is growing drideady; in 2006 its turnover was US$ 38
billion, 26% higher than the previous year. Thid wnly be enhanced by continued increases
in price of fossil fuels and as the saving of carlodoxide is given an increasing monetary
value (Greenpeace, 2007).

Greenpeace (2007) claims that renewable energydémiies are real, mature and economi-
cally viable today and are ready to be deployed targe scale, especially with their decreas-
ing investment costs (Figure 2-12). Together witiergy efficiency and decentralised energy
systems, 50% of global energy can be supplied hgwables (Greenpeace, 2007).

Egypt enjoys having access to five most promingpés of renewable energy technology in
Egypt: large and small scale solar thermal, phdtawg wind and biomass energy. Taking
solar cooling as an example, the average annuall itcddiation is above 2409 kWh{iper

annum with around 3300 hours of full sunshine asidrdrradiation curve coincided with the
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cooling demand curve. However, these resourcegeamerally hardly exploited in the resi-
dential and commercial sectors in Egypt.
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Figure 2-12: Decreasing costs of RETs (EREC & Greenpeace, 2007)

On the other hand, in 2006/07 Egypt declared timencencement with its program for nuclear
power plants. Nuclear plants are not the solufldrey are a fading technology with unsolved
problems of nuclear waste disposal and very higiremmental risks. With present consump-
tion — only 7 % of the world energy demand is cedeby nuclear energy today — the global
uranium resources will not last longer than 50 yeard are becoming more and more expen-
sive. In spite of massive subsidies of severaiobilbollars per year, nuclear power has pres-
ently a share on the power plant market placessf fean 1 %, which is a clear indicator of its
obsolescence (DLR, 2005).

Moreover, with the primary direct incentive for REMow in place Article 5 of Presidential
Decree 39/2007, concerning customs tariffs, intcedua reduced custom tax of value 2% for
RE equipment, components and spare parts of neweaesvable energies.

In order for Egypt and the Red Sea Coast to remaimmble world-class tourism destination,
the country must adopt a development strategywiiatonserve the cultural and natural as-
sets that give the region its competitive advantagesy challenge for the tourism industry is
to maintain and enhance the environmental, aesthatid service quality of the Red Sea
Coast through public/private sector priority-seagtishared decision-making, and cooperation.

The Red Sea region enjoys the most suitable clifieatsolar resorts concept which has been
hardly exploited up-to-date. In the next chaptére, above defined problem is addressed in
details with respect to resorts energy performamc&harm el Sheikh. The potentials and op-
portunities of the region are used in developisglar design concept.
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3 Review of Previous Work

This chapter presents an overview of the most aglepublished work to the topic of this
research. As outlined in Figure 3-1, the firstteecin this chapter discusses the existing lit-
erature about energy consumption in resorts woddwaind in Egypt. The second section out-
lines different case studies where solar desigreyatnin hotels and resorts were adopted and
the extent of applying renewable energy. The lestien in this chapter reviews a selection of
renewable energy technologies in terms of theinn@al and economic parameters that are
further considered by the author in developinggieposed solar resort in Egypt.

Review of Previous Work

] i — Renewable energy
Energy usein hotels Solar resorts technologiee
Benchmarks Extentof using Wind
RE
Studies
Worldwide Case studies PV
Studiesin
Egypt CSP

Solar collectors

Solar cooling

Solar
desalination

Figure 3-1: Outline of chapter 3
3.1 Energy use in hotels

Before discussing energy use in hotels, some ofdlagive key performance indicators (KPI)
should be established. These indicators would niisenthe energy performance of a hotel for
variables beyond the control of hoteliers sucloaation, category and number of guests. It is
important that KPI are expressed in a common umilicators expressed in cost terms are of
little benefit since they mix the changes in engrgges with rates of consumption.

The assessment of energy use performance in bgsldises an energy use intensity (EUI),
which is defined as the total annual site energydigided by the total floor area of a building
(CIBSE, 1991). The most widely accepted energy beracks in the hotel industry are energy
consumed per room, energy consumed per square ofefieor area, energy consumed by
food cover, and energy consumed per guest. Thenidisiator considers the impact of occu-
pancy level on energy consumption (RSSTI, 2002).

Hotels & resorts are characterised among commebaiddings by the following parameters
affecting their energy consumption (RSSTI, 2002):
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* Type of hotel: This means the hotel is a busin@sspmmodation, or resort hotel type.

» Hotel classification: Hotels are classified accogdio the facilities they offer. This classi-
fication is expressed using the stars system.

* Hotel capacity: This can be expressed using sewszakures such as floor area, building
volume, number of beds, or number of guest roonasammbination of two or more of
these. The most commonly used measures for cagaeityhe number of guest rooms and
floor area.

» Hotel occupancy: This is the number of guest roootupied during a period of time
compared with number of guest rooms available duttvat period.

* Laundry: There is a relationship between laundgumements and size of the hotel. With
laundries using a significant proportion of theat@nergy consumption (over 15% of the
total energy use); it seems that a hotel with tawese scheme should have less energy
consumption. The relationship between laundry megoents and hotel size is influences
by whether a hotel has contract for outside launayrovide laundry service for other
hotels.

» Water consumption: There is a strong relationskiwben water consumption and energy
consumption, which is attributed to the energy comsd in water desalination, pumping,
heating, large pool areas, and large landscaps.area

In addition to the above, the author would add atimate conditions and type of equipment
to the above mentioned parameters which influetieesate of energy consumption.

Due to the fact that hotels and resorts are highbupant dependant, the author has chosen to
employ in her analysis the indicator energy consuper guest-night since it takes into ac-
count the hotel dynamics such as occupancy andxtemt of use of facilities which are not
reflected in the other EUI forms. Similarly, wamynsumed would be expressed per guest-
night.

Several publications exist about energy use in|sotoridwide. These include studies,
benchmarks and best practice reports that aresfunded as a guideline in the next chapter.

3.1.1 Hotels benchmarks

Why is benchmarking important? “Benchmarking isatirgg a standard by which something
can be measured or judged. It is a quantitativeqe® that can help to compare an organisa-
tion’s current performance against both industrg aompetitor standards, and to determine
what needs to be improved. Benchmarks for hoteisraude: The number of covers served
by waiters, profit per square metre, etc. Benchimgrks an integral tool within the environ-
mental management process that assesses envir@hrperformance and helps to identify
and prioritise areas to manage. This follows tlieaadlage that says you can’t manage what
you can’t measure” (Dodds, 2005).

Environmental benchmarks specifically measure enwvirental performance expressed in the
following formats (ILBF & CI, 2005):

« Energy use (typically expressed as kWh pérkwh per guest-night or GGn tonnes per
year);

« Water use (litres per Tlitres or ni per guest-night);
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» Waste production (kg per guest-night or tonnesypar):
* Amount of waste recycled;

* Use of cleaning chemicals; and

» Use of hazardous products.

KPI and environmental benchmark are in effect #én@es process though the objective might
be different. Environmental benchmark is mainlycduse achieve a sustainable performance
and achieve eco-efficiency by those seeking enmemnmtal certification and compliance to

national, regional and/or international legislatishile KPI might be used for the purpose of

operational cost reduction only or for evaluatimghbenvironmental and cost performance.

Evaluation Excellent Satisfactory High _
Temperate

Electricity <135 135-145 145-170 >170
Other energy <150 150-200 200-240 >240
Total <285 285-345 345-410 >410
Mediterranean

Electricity <140 140-150 150-175 >175
Other energy <120 120-140 140-170 >170
Total <260 270-290 290-345 >345
Tropical

Electricity <190 190-220 220-250 >250
Other energy <80 80-100 100-120 >120
Total <270 270-320 320-370 >370

Table 3-1: Benchmarks for energy consumption for luxury fidgrviced hotels in kWh/i{Dodds, 2005; ILBF

& Cl, 2005)

Evaluation Excellent Satisfactory High -
Temperate <0.50 0.50-0.56 0.56-0.90 >0.90
Mediterranean | <0.60 0.60-0.75 0.75-1.10 >1.10

Tropical <0.90 0.90-1.00 1.00-1.40 >1.40

Table 3-2: Benchmarks for water consumption for luxury fussrviced hotels in fguest night (Dodds, 2005;

ILBF & ClI, 2005)

The WWF organisation in the UK carried out a benahinstudy on the basis of data available
from approximately 1,000 hotels of differing staratafrom around the world (ILBF & CI,
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2005).Table3-1 & Table 3-2 show the benchmark results of energy and wateruropson
respectively for hotels classified as luxuriouslifferent climate zone.

Hotels can easily benchmark their own performatarget future improvements and meas
progres. For example, benchmarking energy and water copgsans can instigate the hi-
ier in introducing energy efficiency measure. Tissan essentic step beore stepping int:
applying renewable energy which can result in senicapacitie and, thus, lower capitin-
vestmer costs. Benchmarks can also be used during theiptaand design stages in eu-
ating thecalculate: figures and judging whether the ject would be efficient or wouldx-
ceed the normalised consumption figures requirgangineering of thdesigt.

3.1.2 Studies of nergy useworldwide

Energy use in hotels and resorts covers not oelgtretity based equipment but also ther:
systems such éHVAC (heating, ventilation and air conditioning)ssgms and in some cas
water production and treatment as well. The highessumers would vary from one hote
another depending on its location, type and faeditHoweverstudies show that HVAC s-
tems could be one of the highest energy consumeashote In fact, there are numeroue-
searches which have shown that the sour@pproximatel 50% of the energy consumpti
in hotels is due to thermal comi (Alujevi¢, 2006. The European research project RE
(Renewable Energy and Sustainable Tourism) indScatitalenergy share of 69% for Ht-
ing, domestic hot wateiDHW) and aireonditionin¢ (Figure3-2) while another study shov
thatthe heating, a-conditioning ancDHW count all together for 61% of energy consump
as in indicated ilFigure3-3.

Ventilation
Office 1.1% Other

0.3% unidentified
10.6%

Laundry

4.4%
Kitchen
OO
o 10.9% Room heating
nghtlng? V& and hot water
radio — 63.1%
3.7%
Air conditioning
5.9%

Figure 3-2: Energy consumption by e-users in a hote(Alujevi¢, 2006; REST

In a study carried out on energy use in 16 hotelslong Kong,the averaged percenta
breakdown of the total electrical energy as dedicteFigure3-4 shows that air conditionin
dominates the total electricity use which is madue to the st-tropical climat (Shiming &
Burnett, 200z.
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Figure 3-3: Energy consumption by e-users in a hot (Alujevi¢, 2006; CADDET, 199°

Miscellaneous
31%

Air conditioning
45%

Lifts &
Escalators
To%
Lighting
17%

Figure 3-4: The average percentage breakdown of the totalrigheetin the 16 hotels(Shiming & Burnett
2002)

Over the last decade the growth of electricity comgtion in many hotels has been in
range of 2-30%. This increase may be attributed to the grg number offacilities, more
demanding standards accommodatic as well asdevelopmer of the operating equipmer
On the other hand, the shift to more efficient pquent and lighting has recently beeb-
served in many world regions. In spite of tht is estimate that the energy demand mayr-
ther increase by -25% in the coming yee (Alujevi¢, 2006; Paulina Bohdanowicz, 20.

Table 3-3 & Table 3-5 showthe consumptions of some hotinvestigatedworldwide in a
study carried out k Paulina Bohdanowicz & Martin (2007. The electricity consumptiol
expressedn kWh per guesnighi, seem to lie within the same range except Cyprus anc
Majorce who ®em to have better energy performa Although, it is notmentioner in the
studybut the authoideduceghat Cyprus and Majorca apgsolar energy extensivewhich
accounts for the lower consumpt.
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Country (data for the year) Average energy use, kWiguest-night
Europe (1990s) 55.5
New Zealand (1999) 43.1
Zanzibar (2000) 71.1
Cyprus (2001) 24.2
Majorca (2001) 14.2

Table 3-3: Average energy consumption for hotels worldwidauliha Bohdanowicz & Martinac, 2007)

On the other hand, Table 3-4 summarises the seefilanother study carried out on energy
consumptions in Mediterranean country hotels shgwarcessive electricity consumption
when compared to the WWF benchmark values mentipredously in Table 3-1.

Greece Cyprus Portugal Italy
Energy conq 72 -519 103 - 370 99 - 444.6 249 - 436
sumption in
KWh/nt
Average energy 289.9 272.6 296.4 364.4
consumption in
KWh/n?

Table 3-4: Average yearly energy use intensity for hotel dinijs in kWh/m (Paulina Bohdanowicz, 2003; P.
Bohdanowicz & Martinac, 2003; CHOSE, 2001)

In her thesis, Alujevi (2006) carried out an energy audit scheme on $dtelated on the
Adriatic coast in Croatia with a special focus oA systems. The results were presented in
terms of kWh/rA. The electricity consumption (used for lighting/, Elevators, kitchen, laun-
dry and HVAC systems) varied in case of non-seddiwreastars hotels between 95 and 180
kWh/n? (Figure 3-5). Thus, the energy performance vaisieen satisfactory to excessive
based on the WWF benchmark values.

On comparing the indicated water consumptions bierd-5 with the benchmark values men-
tioned in the previous section in Table 3-2, Garyndamaica and Sweden have an excellent
water consumption, while Spain’s level varies frbigh to excellent and Zanzibar has a satis-
factory performance.

Other studies estimated that — depending on thel bt&indard — guests typically use between
90 and 150 litres of water per night (THERMIE, 1994owever, a recent report published by
one chain provides an average figure of 440 lignesst-night (SAS, 2002), while another
chain reports an average figure of 224 litres/guégt (P. Bohdanowicz & Martinac, 2003;
Scandic, 2000).
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Non seasonal hotels on Adriatic coast
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Figure 3-5: Electricity consumption for non seasonal hotelstan Adriatic coast by hotel category (Alujéyi
2006)

Country (data for the year) Average water use, lite/guest-night
Germany (1990s) 342

Jamaica (1999) 275

Spain (2000) 440 -880

Zanzibar (2000) 930.9

Sweden (2002) 314

Table 3-5: Average water consumption for hotels worldwideulP@ Bohdanowicz & Martinac, 2007)

With regards to C@emissions, only a few studies discussed the amaofuatnissions pro-
duced by hotels. Depending on the source of engrgyro, wind, nuclear, oil, or coal based)
hotels can be responsible for the annual generatianp to 160 kg of carbon dioxide per
square meter of area, which is equivalent to 10,1 bedroom (EEO, 1993).

3.1.3 Studies of energy use in Egypt

Responding to the increasing demand for leisurasouon the Red Sea, the Egyptian Tour-
ism Development Authority (TDA) with funding fronmé US Agency for International De-
velopment (USAID) introduced the ‘Best practices Tmurism Centre Development along
the Red Sea Coast’ in 1998. Five years later, TibAgugh the Red Sea Sustainable Tourism
Initiative, (RSSTI) introduced the series of besgbices covering energy management and
water & sanitation. The Best Practice for Energyniigement covers considerations for im-
proving the energy efficiency of buildings and feea on the efficiencies of air conditioning,
pumps and lighting but does not expose any infaonawith regards to neither consumption
rates nor installation and operation costs.
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Although TDA mentions the concept of benchmarkimgts Best Practice guide, yet there are
no figures available. TDA may consider developingeachmarking system for the hotels on
the Red Sea Coast (RSSTI, 2002).

Furthermore, there are hardly any academic reseattiat have been conducted on resorts in
Egypt and their KPI which leads to lack in datawtbenergy consumption and its utilisation.

3.2 Solar resorts

A solar resort is a tourism accommodation facitlat enables sustainable tourism through
the establishment of self sufficient hotel facdigiand sustainable natural resources. It would
ideally meet the following criteria:

1. conserves the surrounding environment, both natndlcultural;
2. has minimal impact on the natural surroundingsnduconstruction;

3. fits into its specific physical and cultural contexhrough careful attention to form, land-
scaping and colour;

4. uses alternative and sustainable means of watersitoon and reduces water consump-
tion;

provides careful handling and disposal of solidteasd sewage;

meets its energy needs through passive desigreaeavaeble energy;

endeavours to work together with the local comnynit

offers interpretative programs to educate botkmgloyees and tourists about the sur-
rounding natural and cultural environments; and

9. contributes to sustainable local development thnaegearch programs.

© N o O

The main elements of a solar resort are outlinetherdiagram in Figure 3-6. Passive energy
is mainly achieved through solar architectural whittegrates passively and/or actively uses
solar energy to prevent heat gain and/or loss (Ei@d7). Solar architecture has been exten-
sively discussed in the literature with respectrtethodology and impact. For example, in

their guide book ILBF & CI (2005) provide a praeticand accessible resource for anyone
involved in the process of planning or developimgeh accommodation to help them ensure
that the finished building will be more environmalht and sociable responsible.

The implementation of energy efficiency measurewedl studied (Dalton, Lockington, &
Baldock, 2008) and is not further discussed in thesis. It is, therefore, not within the scope
of this thesis to expand on this topic. The resoftprevious researches are taken as sound
assumptions and used in the development of the dekign alternatives in chapter 5. The
thesis will rather focus on the part of active gyailiscussing and analysing different renew-
able energy and its applications.

Water heating accounts, on average, for approxigna® of the total energy costs (20% of

energy use) in a hotel; thus, solar water heasardawer fuel and electricity bills (UNEPTIE,
2003).

44
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Figure 3-6: Elements of solar resorts
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Figure 3-7: Solar Architecture Elements

Without renewable energy, sustainability cannotutiled. It is described as being regenera-

tive, abundant, inexhaustible and clean. Sustagnabérgy is accordingly defined as the en-
ergy which is replenishable within a human lifetiared which causes no long-term damages
to the environment. Solar energy, wind energy, lggmbhal energy, hydropower and biomass
are all self-sustaining energy resources.

Hotel units represent a particular category of gmeonsumers of the tertiary sector, where
energy planning may provide significant advantagfeshould be noted that among the candi-
date solutions, there are technologies that cammp&mented to the exclusion of other op-
tions and technologies complementing one anothav(Mas, et al., 2003). For example, be-
sides the traditional energy supply options, ip@ssible to implement combined heat and
power (CHP) systems, eventually with an absorptioifier for air conditioning, while active
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solar systems and photovoltaic may also be usetett a significant part of the total energy
demand.

Besides energy, water and waste issues are nelesgheonsidered as integral elements in
establishing a solar resort. However, they areaddtressed within the scope of this study as
mentioned earlier in chapter 1.

3.2.1 Use of renewable energy in the hotel sector

This section investigates the extent of using rexi@&venergy in the hotel industry. Consider-
ing that hotels are often located in places witrahondance of solar, wind and/or other re-
newable, it is surprising that these resources iretaagely unexploited. The Hawaiian Is-
lands provide a showcase example of an attractidensell-visited travel destination blessed
with abundant supplies of practically every renel@atnergy resource imaginable. Despite
this, more than 955 of the energy use in the Statéawai’i is still fossil-fuel based. Many
similar examples can be found worldwide (Paulinda@mowicz, Churie-Kallhauge, Marti-
nac, & Rezachek, 2001).

Only two comprehensive feasibility case studieseappn the literature examining the feasi-
bility of renewable energy supply (RES) in standr& power supply (SPS) tourist accommo-
dation. Bakos & Soursos (2002) reported a succeBsfwset-up for a small-scale tourist op-
eration (up to 10 beds) in Greece, concluding tiatconfiguration was economically viable.
Bechrakis, McKeogh, & Gallagher (2006) also dem@tet the viability of a proposed
wind/hydrogen system for a small-scale hotel ing@e= Whilst other case studies considering
functional stand-alone RES operations have beeortexh they do not conduct rigorous fea-
sibility analysis (Dalton, et al., 2008).

Mavrotas, et al. (2003) modelled an existing luxiaogel located by the seashore, 25 km from
the centre of Athens, which consists of three sgpacomplexes with 600 rooms in addition
to 70 independent bungalows. The hotel's energyirements are classified into the follow-
ing uses: space heating, water heating, laundigkiog, air conditioning, lighting and other
electric uses and were met basically through liquattoleum gas (LPG) and electricity from
the grid. The objective was to identify which eiict solutions and combinations can be
used. The candidate investment options includedggreupply options, like combined heat
power units, absorption chillers, solar systemsl anergy efficient measures such as econ-
omy lamps and double glazing. It was observedrbat of the efficient solutions comprise
solar systems. This was explained by their higih@ualized cost compared to the cost of the
competitive energy forms (LPG & grid electricity®n the other hand, the proposed energy
efficient measures are participating in all theogfht solutions (Mavrotas, et al., 2003).

Dalton, et al. (2008) indicate that studies havenbeonducted on small and medium-sized
SPS operations, mostly “ecotourism” type, whisgde mainstream tourist resorts (over 100
beds) have not been extensively investigated. Latgée accommodation operations have
unique operational characteristics in comparisorthigr smaller counterparts, demanding
larger load capacity due to increased air-condiigmequirements and more expansive com-
fort facilities.

Accordingly, due to the limited number of RES casalies in tourist operations and the ab-
sence of studies for large resorts, which requcdifies with a higher degree of comfort such
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as aireonditioning, it is not possible to establish watbnfidenc: the viability of RES in thi:
industry (Dalton, et al., 200t

On theother han, studies ofsuccessful RES installations have been carrieduan' non-
tourist enterprises araresplit into twoconfiguratior categorie (Dalton, et al., 200t

1. RES for complete autonomous supply, such as pht&is (PV-only) configuration,
wind energ conversion systems (WEtonly) and combinatior of PV/WECE.

2. RES in ‘hybrid’ combinations with diesel genere such as PV hybrids, WECSy-
brids, PV/WECS hybrids and lar-scale PV/WEC hybrids

It is generally observed that the attitudes towdh#suse of renewable energy are stim-
monly negative on the sis of being expensive and unreliable compareassiff and/or u-
clear based resources. In his research, Daltoh also indicates that there is reluctance
Australian tourist operators in adopting RES systeBtudies reveal that a perception e
within the tourist sector that RES is incapables@bplying sufficient pow: (Dalton, Lok-
ington, & Baldock, 2007; Lowe & Lloyd, 200, is unreliable(Dalton, et al., 2007; Lloyc
2000) and, most importantly, is not economically vial(Dalton, et al., 2007; Deda, 20(
Lloyd, 2000 and haveextensive payback tim¢Turner, 199€. Few case studies have m-
ined whether these perceptions are valid, espgaiath regard to larc-scale SP-dependen
tourist operations

In a statistical sample of 32 Greek hotels spreddnitih equivalent statistical frequenci
over the country’s regions and over the variouslhoategories onhtwo units have bee
found using R'S technologie, other than solar acti -solar collector- (Michaelis Karagir-
gas et al., 200 (Figure3-8).
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Figure 3-8: Penetration degree of IS in a 32hotel statistical sample in Gree(M. Karagiorgas & Tsoutso
2003)

Furthermore, a survey wicarried out on 200 hotels five regions located in the Medita-
nean are in order toinvestigate whetheRESapplication inthe hote industry hasreached
high level of technolcical maturity and a reasonable degree of ecor liability (Michaelis
Karagiorgas, et al., 20C. Figure 3-9 shows that the majity of the opinions ranked thm-
portance of introducing RES in a hotel from lowntedium while 72% of the opinions see
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possibility of investing irRES in the next 5 yee (Figure3-10). Figure3-11 indicates that th
majority of the hotelpersonnesurveyed have very low to low knowledge of RES sat:.

Question 1:
Ranking of the importance of RES introduction at a hotel

40
as
30
25
20
15
10

1 2 3 4 5
RANK {1-5)

Figure 3-9: Performance of RS, when the hotel personnel of 200 hotels in the iElasked(Michaelis
Karagiorgas, et al., 20C

Question 2:
Possibility of RES investments in the next five years
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Figure 3-10: Investment opportunities for RET in 200 hotels ia ElJ(Michaelis Karagiorgas, et al., 20!
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Question 3:
Ranking of knowledge on RES subjects by the company’s
personnzl

%

RANK {1-7)

Figure 3-11: Level of knowledge of RET by the personnel of 20Celwin the EU(Michaelis Karagiorgas,
al., 2006

The survey also indicatethat in thosefive regions, solar thermal collectors and geotheri
energy are the strong candidi for future expansions in the hotel <or. Solar PV energy |
rather important, whi biomass energy presents a poor prclt is very surprising thesolar
passive energy, which should be the strongest ptad penetrate the hotel market, is v
low in inquiries, despite the strong prolion durin¢ events(Michaelis Karagiorgas, et a
2006).

It can be concluded théhere is an extremely low degree of S penetration in thihctel in-
dustry. Solar thermal collectors used for supplying heatingpot water might be an excepti
where it is widely used in the hotel industry iueern Europt

The specific operational characteristics of therissn accommodation sector, such as-
h/7day operation, comfort provision and low tolemrfor failur¢, necessitates a separas-
sessment of RES viability for this sector, ratheaint relying on similr assessments fro
other commercial secto

3.2.2 Case studies of solar resor

The published literature illustrates a lot of casedies with respect to energy efficier
measures whiclachiever the assumed energy savi while very few case studies illuste
the use ORETsin hotels.The Renewable Energy Tourism Initial bestpractices in theac-
commodation ector illustrates the experiences, insights, asduees provided by seve
hotels and resol (RETI, 2008. The followingare a selection (publisheccase studiewhich
show theextentandsucces®f applyingRETs in hotelsworldwide:

» Case study 1Solar hot water: As part of its commitment to supporting renewalvier-
gies, Accolcarriec out a project called “100 solar hote. The goalas to equip about
hundred oits hotelsin France, Morocco, Brazil, Chinind Australiawith solarcollectors
to produce hot domestic water covering on aver&g® 60% of the needs each year. '
average price was around &/mz2price depenthg on the hotel’s locatic. The energy
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savings vary depending on sunshine levels: for @kanm Lyon, the productivity was
about 570 kWh/mz/year, making an annual savingBo€/2q. meter. The payback time is
between 10 and 15 years, even after taking intowaddhe 50% subsidy granted by the
French Agency for environment and energy, ADEME tfmse installations in France
(ACCOR, 2010).

Case study 2WECS: The Couran Cove Resort is a five stars resort 86th units lo-
cated on south Stradbroke Island in southern QuesehsAustralia. The facility offers the
typical amenities for a resort type of this catggdihe business objective was to achieve
sustainable operations while maintaining cost-gfficy. The average daily electricity
consumption at the facility is ca. 4,200 kWh in iidd to 20 GJ/day (5,560 kWh/day) of
liquid petroleum gas, LPG, used for heating. Tlakernatives were considered: the first
alternative was based on WECS combined with LP@iggars equipped with a heat re-
covery system; the second alternative was basegidmelectricity; and the third alterna-
tive was based on diesel generators with heat eggdaulina Bohdanowicz, et al.,
2001). It was reported that the first option yieldbe least life cycle cost -capital, opera-
tional and maintenance costs- and significant redlnén CQ, emissions and fossil fuel
consumption.

Case study 3Solar heating/cooling: The main goal of the project, Hotel Belroy Palace,
located in Alicate Spain was to install a solatexdbr system for space cooling, heating
and for domestic hot water for the hotel buildifige new solar system consists of 328 m
of high efficient solar collectors and a heat sgeraolume of 36 rh During the summer
time the produced hot water is used for cooling@iiBr-H-O absorption chiller and
providing domestic hot water. In winter time hesatised for space heating and domestic
hot water. After three years of system operaticgrgy savings is 90% of the energy re-
quired for hot domestic water, 80% of energy regpiiior space heating in winter and
60% of cooling energy during the summer time. Thegsengs corresponds to a reduction
of 61 tons per year in fuel consumption and a rednof 110 MWh per year in the elec-
tricity used for operating the chiller compress@kijevi¢, 2006; IMPIVA, 1994).

Case study 4Solar Power: A one megawatt solar PV system is installed attaa
Parks & Resorts, one of the largest nuitity systems in the U.S (RETI, 2008). No fur-
ther details were available.

Case study SWECS: At Paradise Bay located on one of the Caribbean Is|ard80
kilowatt- windmill is installed, accounting for 150 percenthe property’s energy needs.
The cost per kWh for energy produced by the winbisilUS$0.258, taking into account
write-offs, product life, maintenance costs, and prdfasn surplus energy supplied to the
local utility. Compared to the electricity compasgost of US$0.331, this represents a
savings of 22 percent (RETI, 2008).

Reviewing most of the literature and published csigdies on renewable energy and sustain-
ability, the following can be noted:

The majority of resorts and hotels considered asall capacities with less than 100
beds.

The most widespread and successful RET is solam#decollectors used for heating and
hot water production.

Very few cases illustrate the use of PV and WECS.

Lack of adequate information about the return se&tment or other critical economical
metrics which allow rigorous comparison of reneweadhergy options. It should also be
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pointed out that many of those case studies wetly gaibsidised or funded by an organi-
sation and/or received special incentives or tamgtions in order to encourage the use
of renewable energy.

Generally, it is observed that supported by a bpdystem, RET can be successfully techni-
cally applied, yet remains the question whetheofthose case studies represent the reality
from the economic point of view.

3.3 Renewable energy technologies

The major limitation of RETs lies in the intermiiteand site-specific nature of the energy
source. Solar cells, for example, generate elégtranly when light is available, and wind
generators operate only when there is sufficiemdwFries, 2000). Nevertheless, this limita-
tion can be overcome by using a combined energydapending on the specifics of each
location. Different forms of energy storages casodle used to provide electricity or heat to
overcome any shortages. The most common combin&dion of energy mixes are solar,
wind and/or biomass.

RETs were examined in 50 case studies and havensanunteresting level of cost effective-
ness. This effect is highly important when subsida local governments are taken in ac-
count. The shortest payback period refers to tHar gbermal varying from 1.7 years in

Greece up to 19 years in France. The payback péoio&olar PV varies from 6 years in

Spain up to 43 years in Greece (Michaelis Karagisr et al., 2006):

The following RETs play an important role in achigy sustainable tourism as they can be
installed on individual premises where they supmigrgy to a particular project rather than a
network and are directly financed by that project:

» Power supply such as PV, Concentrated Solar Pa®P) and WECS.
» Solar cooling
* Solar desalination

The author has excluded technologies related toohymlomass and geothermal energy due to
the fact that they are either scarce or not easibessible in the Red Sea region, the focus
area of this study.

Internet research showed that very few RET compagiést on the Egypt market and that all
products offered are imported with the exceptiorsafr thermal collectors which are also
locally produced. Worldwide market prices were ¢deased in this thesis since inquires for

local quotations and prices were met with eithereggponse or incomplete offers. Based on
the author’s experience in project procurementgg, a factor of 15% from the net ex-work

price would cover transportation and installatiosts.

The author used two software as supporting tooé&vaiuating some of the RETs and validat-
ing the results of the developed model. The RETSct@lean Energy Project Analysis soft-
ware can be used worldwide to evaluate energy ptady and savings, costs, emission re-
ductions, financial viability and risk for some ggof RE and energy efficient technologies.
The software also includes product, project, hyalypland climate databases (NRCAN). The
HOMER Energy software, the micro-power optimizatimodel, can be used in evaluating
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designs of both off-grid and grid-connected powestems for a variety of RE applications
(NREL, 2005).

3.3.1 Wind Energy Conversion Systems

WECS converts energy in the wind into electricakrgy, or into mechanical energy for
pumping water or grinding grain. The most commondnsurbines in operation today have
two or three blades revolving around a horizontad.alrhese “horizontal axis wind turbines”
also include a gearbox and generator, a towerpémat supporting mechanical and electrical
equipment. Wind turbines are rated by their maxinpower output in kW or MW. For com-
mercial, utility-sized projects, the most commorbines currently sold are in the range of
600-1,000 kW. These are large enough to supplytreligg to 600—-1,000 average modern
homes (Fries, 2000).

Of all the new renewable energy technologies, gdimgy clean electricity from the wind has
made the most significant commercial progress. ducéon in the levels of carbon dioxide
being emitted into the global atmosphere is thetnmportant environmental benefit from
wind power generation. At the same time, moderndwegcthnology has an extremely good
energy balance. The G@missions related to the manufacture, installagioth servicing over
the average 20 year lifecycle of a wind turbine zail off after the first three to six months
of operation (GWEC, 2006).

The global market for wind power has been expanthster than any other source of renew-
able energy. From just 4,800 MW in 1995, the wddthl has multiplied more than twelve-
fold exceeding 59,000 MW at the end of 2005 (GWE@)6).

3.3.1.1 Capacities and costs

Most commercial wind turbines operating today drsit@s with average wind speeds greater
than six metres per second, although some comnheiiga have average wind speeds as low
as 5 m/s. For example, a 1 MW turbine can prodmcaigh electricity for up to 650 house-
holds, depending on its location. Overall, windbtoes have a design lifetime of 20-25 years
(GWEC, 2006). For off-grid and mini-grid applicat®y wind generators can be combined
with diesel generators or other energy sourceaedisas batteries or other storage device

Most of the commercial-scale turbines installecatodre 2 MW in size and cost roughly $3.5
Million installed. Wind turbines have significant@omies of scale. Smaller farm or residen-
tial scale turbines cost less overall, but are nexgensive per kilowatt of energy producing
capacity. Wind turbines under 100 kilowatts costginly $3,000 to $5,000 (equiv. €2150 to
€3570) per kilowatt of capacity (Windustry). Windwer costs from previous years might
justify a figure of ca. $1,200/kW (860 €/kW), but2004 wind power costs rose, some said to
more typically $1,300/kW (930 €/kW), due to higlséeel prices from high global demand for
steel. Canada, for example reported a price of®I&V (1070 €/kW) in 2004 (ERC, 2006).

Data analysed in ‘The Wind Energy Operations & rtemiance Report’ suggest that average

operations and maintenance (O&M) costs run at aqmiately $0.027/kWh or €0.019/kWh
per kWh (Muckosy, 2010).

52



3.3.1.2 Constrains & disadvantages

The construction and operation of wind power oftaises issues of visual impact, noise and
the effect on local wildlife such as birds. Thessues should be addressed through an envi-
ronmental impact assessment for each project depgrmh its location, project site condi-
tions and surrounding environment.

RETs are still being developed and may have sooteieal limitations which, however, can
be overcome with further research and development.

3.3.2 Photovoltaic

“For years, solar generated electricity has beé&nadismissed as too costly, but recently the
cost is consistently coming down versus the rigiogt of conventional electricity. Advances
in solar cell technology, conversion efficiency asystem installation is allowing PV to
achieve cost structures that may be competitivh wther peaking power sources. The solar
industry has achieved a total installed capacityapproximately 10 GW of PV systems
around the globe” (Sunpower, 2008).

PV can be either mounted on roof tops and/or ongtioend level depending on the space
available. The following factors are main criteahany solar PV system which should be
taken into consideration during design development:

1. Panel type; at the present time, most commerciatgdoltaic cells are manufactured
from silicon, the same material from which sandniade. The four general types of
silicon photovoltaic cells are: Single-crystal iin, Polycrystalline silicon (also
known as multi-crystalline silicon), Ribbon silicoand Amorphous silicon (also
known as thin film silicon).

2. Panel efficiency; the efficiency depends on thestyb panel. Single-crystal silicon
panels have the higher efficiencies exceeding 2ibevithin film panels have the
lowest efficiencies exceeding 11% (AMECO).

3. Location; the surrounding temperature plays an mamb role in the selection of panel
type since efficiency decrease with the increaséemperature. For example, thin
films are best suited for hot areas such as thelMiBast, tropical and sub tropical re-
gions.

3.3.2.1 Capacities and costs

The economies of scale inherent in utility-scalissystems are similar to those found with
other power options, but PV has the benefit of pe@iampletely modular — PV works at a 2
kilowatt residential scale, at a 2 megawatt comiméscale or at a 250 megawatt utility scale.
The size of a typical PV system varies from 50 VWML for stand-alone systems with battery
storage; from 500 W-5 kW for roof-top residentieitlgconnected systems; and from 10 kW-
1 MW for larger building-integrated and grid-contestsystems.

The module cost represents around 50 - 60% ofatad installed cost of a solar energy sys-
tem. Therefore, the solar module price is the kegnent in the total price of an installed solar
system (Solarbuzz, 2010). The recent market suwaayed out by Solarbuzz (2010) and pub-
lished in November 2010 indicates that there arg B85 solar module prices below $4.00
per watt (€2.84 per watt) representing 44.8% oftthal survey. The lowest retail price for a

53



multi-crystalline silicon solar module is $1.80 peatt (€1.28 per watt) from a US retailer.
The lowest retail price for a mono-crystallinei module is also $2.27 per watt (€1.61 per
watt), from a German retailer. The lowest thin filmodule price is at $1.37 per watt (€0.97
per watt) from a United States-based retailer. €hmsces are based upon the purchase of a
single solar module and prices are exclusive @sstlxes.

PV modules may operate for up to 30 years and emerglly sold with 10-20 year manufac-
turer warranties.

3.3.2.2 Constrains & disadvantages

Solar electricity is not produced at night and iscimreduced in cloudy conditions. Therefore,
storage or a hybrid system would be required fotinaous supply of power during day and
night.

Solar cells produce direct current (DC) which mostconverted to alternative current, (AC)
using an inverter when used in existing distribuguids. This incurs some energy losses.

3.3.3 Concentrated Solar Power

CSP systems are used in generating heat and eligcon a large scale as in power plants
and/or industrial processes. There are severastgp€SP such as Parabolic Troughs, Fresnel
Reflectors, Central Receiver (Heliostat), and PalialDish. Parabolic trough technology is cur-
rently the most mature and commercially provenhef $olar thermal electric technologies (Richter,
Teske, & Rebecca, 2009; Sargent & Lundy, 2003).

Parabolic trough-shaped mirror reflectors are usedoncentrate sunlight on to thermally
efficient receiver tubes placed in the trough’saldine. The troughs are usually designed to
track the sun along one axis, predominantly nodbts Either water or thermal oil can be
used as a thermal transfer fluid circulated in ¢heceiver tubes. The fluid is heated to very
high temperatures by the sun’s concentrated ragshimeg approximately 340°C in case of
water and above 400°C in case of thermal oil. Tioelygced steam is converted to electrical
energy through a conventional steam turbine gemer@SP can be hybrid with other sources
of energy so that electricity and heat can begtiierated during cloudy periods or during the
night.

Solar thermal power uses direct sunlight and shbeldnstalled in regions with high direct
solar radiation. Among the most promising areathefworld are the South-Western United
States, Central and South America, North and South&ica, the Mediterranean countries of
Europe, the Middle East, Iran, and the desert plairindia, Pakistan, the former Soviet Un-
ion, China and Australia (ESTIA, Greenpeace, & Sedaes, 2005).

New solar parabolic trough systems have been dpedléor small to medium applications

where the sun direct radiation is converted inazticity and the waste heat is used in proc-
ess applications such as cooling, heating and idasah. In the next chapters and for the
purpose of this thesis solar parabolic trough belltermed as CSP.
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3.3.3.1 Capacities & Cost

A CSP station would normally consist of the solafdf and the power block. Based on a cost
estimation offered by a German parabolic troughdpeer, the cost of the solar field is 310

€/t of collectors (Solarlite, 2010). The cost of thever block depends on the type and size
of the turbine. Based on the author’'s work expegeim the field of CSP during the last 5

years and several feasibility studies carried quthle author through her employer Solarlite,
the total cost of a small to medium scale CSP planges from 3,000 to 5,000 €/kWe de-
pending on the project’s location and size.

A cost reduction of 15% in the solar field investmean be expected in developing countries,
compared to USA/European price levels, due to lolbour costs (ESTIA, et al., 2005).
Similar to WECS and PV, CSP have high potentialthenext years as the technology fur-
ther develops and the installed capacities incredtbethe years worldwide.

3.3.3.2 Constrains & disadvantages

CSP might be difficult to install on the roof topabuilding depending on its shape and sur-
face area. It requires amble space on the grouachgarby area to the project. Depending on
the project location and size, the availability @odt of land might be a constraint. In the case
of Sharm el Sheikh or newly developed areas orRiée Sea coast such as Marsa Alam, the
price of land sold by the government is very lowwpding an incentive to investors and en-
couraging tourism development in that region. Témorts in that region would normally oc-
cupy the land with a seafront while the back asraskept unused, enabling the installation of
utility installations. In such cases, land requiestndo not constitute a constraint for applying
CSP.

3.3.4 Solar collectors

In this study, the author refers to non-concentgatiolar collectors as solar collectors where
the collector area (i.e. the area that intercdptssblar radiation) is the same as the absorber
area (i.e., the area absorbing the radiation).fél@wing types of solar collectors are further
considered in the design development of solar tegtinin the scope of this thesis:

» Domestic water heating: a solar collector basetherprinciple of thermosiphon@rcula-
tion was recommended by a local supplier in Eggpttie project at Sharm EI-Sheikh.
The price of Euro 1000 for 160 litre tank capaeihd 2 i of collector area was offered.

* Swimming pool heating: A general rule of thumbhattthe collector surface area should
equal at least one half of the pool’s surface drea.relatively sunny climate, this addi-
tional heating helps extend the swimming seasangpting and autumn (NREL, 2000).
The author could not get any cost information flooal suppliers; however, internet re-
search indicates that the initial investment feokar pool heating system is $3,000 to
$5,000 (equiv. €2,140 to €3,570) for a typical @BT square meter of pool surface area.
Based on which a cost of 125 $/(equiv. 90 €/r) is further considered for the purpose
of this study.

3.3.5 Solar Cooling

Solar cooling technologies use solar thermal predithrough solar collectors to power ther-
mally driven cooling machines. Air conditioning angpother cooling applications have a
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high coincidence with the availability of solaradiation. The combination of solar thermal
and cooling obviously has a high potential to replaonventionally cooling machines based
on electricity (EI Asmar, 2008). A handbook for pheers was prepared by the International
Energy Agency, IEA, where the different systems explained in details along with price
indications (IEA, 2007). There are many ways towvesh solar energy into cooling or air-
conditioning processes, yet, it is not within tieeee of this thesis to explain and compare all
systems. The author has chosen absorption chyiters to adopt in the design of solar resort
since it is most common thermally operated systamaswell known in Egypt.

In addition to the IEA handbook, the author usedkeinformation gathered for feasibility
studies undertaken for her latest employer Soda(®010) with regards to solar cooling. In
view of that, the cost considered later for theasaboling system is based on 650 €/kW of
cooling capacity excluding the energy source buec®the chiller, pumps, cooling tower and
other components required.

3.3.6 Solar desalination

In the past few decades, a lot of desalination oustlwere invented. In the latter half of the
twentieth century, multi-stage flash (MSF), multieet distillation (MED) and reverse osmo-
sis (RO) and other methods have succeeded gréadgoun, 2000). In MSF & MED sys-
tems, the solar water is heated by an indirect atktlihere the solar collector system is a
separate system apart from the desalination sysibmheat produced in the solar collector

system is sent to the distillation system by fresiter (He, Juyuan, & Mingxian, 201®ys-
tems that use thermal methods with a daily capagibyind 100 riy the cost varies between 2.00 and
8.00€/m* (Karagiannis & Soldatos, 2008).

In RO stations, renewable power produced through@®3P or WECS can be used as an RE
source. The specific energy consumption of RO plant the region is typically 6.5-9
kWh/m®, depending on the salinity of the intake watemsgtar and the age, efficiency and
configuration of the plant (Lamei, van der Zaagy@ Minch, 2008RO plants for seawater
desalination has a unit cost ranging from 1.26.84 £/n? (Karagiannis & Soldatos, 2008).

An internal study carried out by Solarlite in 20@@arding the potential of using parabolic
troughs for solar desalination indicated that fadmm to large scale capacities, greater than
100 nt/day, requires not only large amount of thermalrgypéut also a large land area for
system installation. Moreover, the costs are notpetitive with RO systems. Therefore, the
author will not be considering solar thermal drivisalination plants and would focus on RO
system operated by renewable generated power.
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4 Hotel Industry and design practices in Sharm el Shkh

This chapter provides background information altbatcurrent situation of the hotel industry
in Sharm el Sheikh. The first part starts with mfiation about the location and climate con-
ditions of Sharm el Sheikh as an introduction tdemstanding the current local practices. The
second part of this chapter presents the resuttsraal from a walk through audit conducted
among resorts in Sharm el Sheikh (Figure 4-1). rBiselts are presented per guest-night rep-
resenting a preliminary benchmark for hotels altingg Red Sea coast in Egypt that is later
used by the author in developing the solar dedignratives.

Hotel Industry and practices in
Sharm EI Sheikh

Location Legal Resorts surveyin Local design | Enerqy audit
specifics requirements Sharm El Sheikh practices ay
Architectural M Scheme

Electromechanical Analysis

Summary of results

Figure 4-1: Outline of chapter 4
4.1 Location specifics

Lying at the southern flank of the Peninsula witaeetwo gulfs of Agaba and Suez meet with
the Red Sea, Sharm EI-Sheikh is the biggest and imp®rtant city of Sinai considered as
the most famous seaside resort in Sinai. The sigubdivided into five homogeneous centres
namely: Nabqg, Ras Nusrani, Naama Bay, Umm Sid drair® EI Maya. However, the in-
creasing development of Sharm el Sheikh is suchthey will soon form one settlement
(Figure 4-2).

Located at latitude 27° 58' 37" N and longitude 33°40" E, Sharm el Sheikh enjoys a very
arid desert climate with two main seasons, bottvlith are dry seasons. Figure 4-3 shows
the average air and water temperatures in Shar&hekh throughout the year. The winter

months are from November to March, during whichdhg temperature is still warm but the

night time temperature can drop to about 12°C amett inland in the desert. The annual rain
fall is zero; during the winter months it can rdor a few seconds and every few years a
storm can come through where it absolutely chucki®wn with floods and power cuts. The

summer weather is very hot and dry with low huryiditaking the high temperatures a lot

more bearable. The temperature during the day ean the forties and decrease during the
night time to mid thirties.
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Figure 4-2: Location of Sharm el Sheikh (Wikipedia)
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Figure 4-3: Average air and water temperatures in Sharm ekBKESIS)

4.2

Legal requirements for five stars resorts

The MoT has defined a set of standards for diffectasses of resorts. These standards are to
be respected by architects during the developmeatnew resort project. The following is a
summary of the standards set for four & five stasorts:

Location: special location according to the natfrthe region.

Building the design of the resort should be bagsedaeparate buildings formation. The
percentage of buildings to landscape is define2Dés.

Guest room area: 357mcluding bathroom in addition to a terrace of 2w4at least.
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« Reception and lobby area: 3 ger room for the first 100 rooms and % for every addi-
tional room.

« Restaurants: 3.5nfior each guest room should be made available.
* Outlets: at least a bar and a night club shouldvadable.
« Conference room: at least 256.m

» Guest room electrical equipment: each room shoaitdain at least 6 lamp units, hair-
dryer, mini-bar and a TV 21 inch

» Elevators: Guest and good lifts are required forfanlding consisting of more than 1
storey above ground level.

e Public areas air-conditioning: an HVAC system nhesprovided for reception and lobby
areas.

» Guest rooms air-conditioning: an HVAC system muesphovided for all guest rooms with
a temperature from 18 to 25 Celsius.

* Swimming Pools: for at least 60% of the accommadgtiapacity based on a swimming
area of 2.25 mper guest in addition to a children’s swimming lpaed showers.

* Beauty centre, souvenir shops, and a bank shouhllde available in the resort.
» The resort should include a staff restaurant aclthec for both guests and staff.
* Health club, Kids club and open courts should lmipled for.

* Alaundry with washing and dry cleaning facilitissequired.

» Kitchen: at least a main kitchen covering the serdf total capacity and a satellite
kitchen according to the outlets requirements

» Cold rooms for garbage storage until disposal tfjihoan environmentally approved
method.

* A waste water treatment must be provided on site.

» Emergency generator: must be provided covering @b#te peak power and sufficient to
operate public area, kitchens, cold rooms, andng lper guest room.

4.3 Survey of resorts in Sharm el Sheikh

Tourism industry in Sharm EI-Sheikh is considetteel ¢ore of its development. Many luxury
hotels have flourished along the Red Sea Coadtann$ el Sheikh. They all offer a variety of
facilities including plenty of entertainment, smoend leisure activities, demanded by an in-
ternational clientele visiting the city during sumnmand winter.

The author carried out a survey among the luxuspnts in Sharm el Sheikh with the main
objective of assessing the energy consumption tandtilisation in five stars resorts. The sur-
vey also aimed at understanding the factors impgdhie choice of decision making in design
development. In addition to gathering data direfttyn the resorts, tourism and government
authorities were also approached for supportingrmétion.

According to the latest data provided by the Infation Centre of Sharm el Sheikh Gover-

norate, there are a total number of 126 resortshatels in Sharm el Sheikh; of which 29%

are five stars hotels, 30% are 4 stars and theinémgeare of lower classes (Figure 4-4). That

is to say, more than 60 resorts in Sharm EI-Shpiklvide high standard services and facili-

ties which consequently results in higher energyalel. It was also stated that in 2007 the

total number of rooms in Sharm el Sheikh reache@@D4 Figure 4-5 indicates the numbers
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of resorts versus their accommodation capacities.noticed that the majority of resorts have
a capacity of 200 to 500 guest rooms which accgrtbrresort developers resembles the most
economic scenario considering the existing roomsrat Sharm EI-Sheikh.

Resorts Classification in Sharm El Sheikh
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Figure 4-4: Resorts classification in Sharm el Sheikh
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Figure 4-5: Resorts accommodation capacities in Sharm el 8heik
4.4 Local design practices for resorts

Based on the author’s work experience in the fidlcesorts development from the year 2000
to 2005 and the information gathered during theeyyrthis section explains the current prac-
tices and parameters take into account during éseyd phases of resorts in Sharm el Sheikh.
The project stakeholders may have a direct or @atlimpact on the design and implementa-
tion of the resort and the relative decisions mddhe impact strength will vary in each case
depending on the influential power of the stakeolhd the existing legislations. Figure 4-6
illustrates the different stakeholders involvedhe development of a resort project. The key
stakeholders influencing the project during thdyedesign stages of the project are follows:
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e The investor and owner who usually own the landwadld continue to own the project
are responsible of making the funds availabletiergroject implementation. During the
design and construction phases of the projeciwreer is mostly concerned about the
capital investment cost affecting his decisiontethnology choices.

* The hotel management could be either a hotel aliimexperience in hotel operation or
a local hotel operator with limited experiencefdw cases, the hotel management would
also partly invest in the project. Usually the hot@anagement prefers to have the state-of-
art in its project regardless of the investment.cbisey are more concerned about opera-
tion and maintenance costs which are reflectedarptofits they yield to the owner.

» The architect and design team set the technicalfgaions of the building design and
required equipment influencing the choice of tedbges and subsequently the energy
performance of the project. In most cases, theyaoad by the owner’s tight budget and
have limited flexibility.

» The local authorities such as the building, envinental and tourism authorities have at
this stage no great role on determining or conti@lthe resort’s energy efficiency at this
stage. Their roles are restricted within the presip mentioned resort standards.

Investors/
Owner
Tourism
Resort Project

Authorities
Building

Authorities

Hotel
Management

Architects &
Consultants

Environmental
Authorities

Figure 4-6: Stakeholders in a resort project
4.4.1 Architectural design practices

Most of the resorts are designed to have maximuew \of the sea and/ or the swimming
pools in order to add this advantage to the roamnbates. The result is high exposure of the
facades to sun radiations with little attentiondpt the type of glazing, shading and insula-
tion. The resort layout differs according to thesh and area of the land as well as the mini-
mum number of guest rooms stated by the ownes.dommon that the resort will consist of a
combination of the following building types:

* Multi storey building with maximum four stories Ilhig

» Cluster of blocks where each block consists ofoaigd and first floor and would con-
tain up to 6 guest rooms;

* Individual chalets or bungalows.
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The architect is usually under pressure from th@eswo maximise the number of guest
rooms in order to increase the return of investmidence, most resorts are designed consist-
ing of multi-storey buildings and/or cluster of bks rather than chalets or bungalows.

The types of materials chosen for the construabioresorts are the same used in other com-
mercial and residential building:

» Structure skeleton: it is a common practice thatskeleton (columns and beams) of the
buildings are constructed out of reinforced coreckie to its local availability and being
the most economic solution compared to wood aral.ste

» Exterior walls: Cement blocks, hollow mud bricksred bricks are used. It is very seldom
that thermal insulation is used.

» Interior walls: red bricks are mostly used followsdcemented blocks.

+ Slabs: are constructed out of reinforced concnetecavered with ceramic and marble
tiles.

* Roofs: reinforced concrete is used with tar insoifatln case of dome roofs, bricks are
used.

* Windows: Single tinted reflecting glass is the masihmon type used. Double glazing is
rarely used.

4.4.2 Electromechanical design practices

In any hotel various types of energy are requitedgerate its engineering services installa-
tions, thus maintaining a suitable indoor built ieonment (thermal, visual and indoor air

quality, etc.) and providing guests and staff wijthality services. These services mainly in-
clude heating, ventilation & air-conditioning, lighg, vertical transportation and hot water

supply. Additional heat and power are also consumete resort’s kitchen and laundry fa-

cilities. In Sharm el Sheikh, three types of enerdgctricity, gas and diesel fuel, are normally
used to operate the following electromechanicdhitaions:

* HVAC: The main function of HVAC is to provide cood rather than heating. Cooling is
usually required throughout the whole year. Thecgipdesign conditions for a resort are:
23°C temperature; 50% relative humidity; 0.15-012S air movement; and 7-9.5 |I/s ven-
tilation. The HVAC system could be either a centratlistributed system. The most
common central systems used in Sharm el Sheikintsem@ of electrically operated cen-
tral air/water cooled chilled type while the dibtried systems consist of split units. Until
date Egypt does not have energy efficiency starsdaméorcing the minimum efficiency
requirements for air conditioning and heating emept for either residential or commer-
cial buildings.

» Steam and hot water systems: fuel operated stedrharwater boilers are the most
common used for the generation of DHW and heatwggired for laundry, kitchen
equipment and swimming pools heating. DHW can be ptovided through other means
such as electric water heaters or solar water feate

* Energy management systems (EMS) are necessarfigvary energy efficiency by op-
timising and eliminating the manual control of ligig and equipment operation saving
energy. Very few hotels mentioned using a simgifierm of EMS. It is not yet common
practice to have a complete EMS.
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» Water supply: Fresh water is supplied through pelyaowned seawater desalination
plants as there is no municipal water distribusgstem in Sharm el Sheikh. Most of the
four & five stars resorts have their own desalmratlant within their resort premises.
Nearly all desalination stations constructed onRbd Sea resorts are of RO type.

* Waste water treatment: similarly, there is no mipaicsewage network in Sharm el
Sheikh and, hence, resorts are required to treatwastewater and to reuse or dispose of
the treated effluent in an environmentally friendlsgty. The most common waste water
treatment system used is the activated sludgevyyoeh meets the strict quality required
for irrigation if properly operated.

» Power supply systems: Sharm el Sheikh is one dietivéowns on the Red Sea coast
which have access to the public electricity grichid/most of the resorts are connected to
the grid, a few resorts depend on diesel generé&dotkeir power supply.

4.5 Energy audit scheme
4.5.1 Audit procedure

The main aim of the energy audit scheme is to ifieiitthere is a common trend in energy
and water consumptions in Sharm el Sheikh resohs.first step in the audit was to define
resorts with common features to be audited in orldre able to compare the results. For ex-
ample, a five stars resort will provide the samel®f services and amenities and would have
similar average room area, devices and equipmenexaerienced hotel management will
have more or less similar energy management awssehat might be different from local
management companies with less experience. Ac@lylithe audited resorts were selected
to meet the following criteria:

» Resorts classified as five stars by the MoT;

» operated by experienced and international hotelagament;
e with a minimum number of 200 guest rooms;

» providing fresh water through on site desalinastation;

e with a waste water treatment system; is treatedl; an

* reusing treated waste water in landscape irrigation

The second step in the audit scheme was to formitita audit questionnaire which is based
on the literature review carried out on energy imsbotels. The questionnaire aimed at col-
lecting data covering the following issues:

1. General information:

* Hotel name & location

» Classification

* Number of guest rooms

» Total surface area

» Date of opening

» Date of latest renovation
Number and type of facilities such as restaurantets, swimming pool etc...
Distribution of buildings
Size and type of HVAC
Guest room electrical consumption
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Energy production system
Water production system
Waste water treatment system
. Environmental practices
0.Energy consumption (monthly or daily data)
* Overall consumption
» Department/distributed consumption
11.Water consumption (monthly or daily data)
12.Guest numbers and occupancy
13. Contact person

HO®ONO

The questionnaire was first sent to a list of fitars resorts which met no response at all. This
was followed by onsite interviews with 14 resort2007 & 2008 where the author met with
the people in charge at the different resorts. Dugme and financial constraints in addition
to general reluctance and low levels of responskesapport from the resorts, the author was
not able to interview all five stars resorts in Bhal Sheikh. Out of the 36 resorts classified
as five stars, 14 resorts, fulfilling the above @eria, were interviewed forming a response
rate of 39%. Only 7 out of those 14 resorts pradidensistent and complete information that
could be further analysed and used, representifig dBthe five stars resorts in Sharm el
Sheikh. Nonetheless, it is worth mentioning that albthe 36 five stars resorts are operated
by international management companies. Also, sewdrghose resorts have been recently
constructed and do not have records of operatidai@a. Respecting their data protection pol-
icy, it was agreed to present the results of timeeguanonymously without mentioning of the
resorts.

Table 4-1 gives an overview of the seven audie=mnts that provided adequate and consis-
tent information. The gross area here is the tdlce area of the resort divided by the total
number of guest rooms. It can be noted that exoepesorts 5 & 6, the resorts have a close
range of gross area per guest room. This is atétbto the large landscape areas in Resorts 5
& 6 compared to the other 5 resorts. Resort 1asatfily resorts that have been in operation
for more than 10 years. The other resorts havepanation period from 3 to 7 years. All of
the seven resorts are classified as five starshand a capacity lying between 200 to 550
guest rooms (GR) except for Resort 5 having a a¢gpaic835 GR.

Resort Classification | Guestroom| Opening | Total surface| Gross
reference number date area nt area

(GR) m?GR
Resort 1 5 stars 520 1996 120,000 231
Resort 2 5 stars 314 1999 68,000 217
Resort 3 5 stars 401 2000 70,000 175
Resort 4 5 stars 210 1998 60,000 286
Resort 5 5 stars 835 1999 357,000,00 428
Resort 6 5 stars 344 2004 150,000 417
Resort 7 5 stars 552 2001 80,000 161

Table 4-1: Overview of the seven interviewed hotels
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4.5.2 Audit results

The operational data gathered from the resorts awesdable in diverse levels of details and
formats according to the differing management sgstdn order to form a common basis for
comparison, the author sorted out the relevantteartsferred them into a number of excel
sheets creating a template to calculate the consumef each resort. The tables comprised
the following main data:

* Monthly consumptions for electricity, fuel, LPG awdter.

* Annual total number of guests

e Annual total number of occupied guest rooms.

» Unit price of related consumables such as powet,&nd LPG

The compiled data was then used to calculate tleepascy and consumptions per guest-
night. Figure 4-7 shows the availability of datxsus the opening date of the resort. It is no-
ticed that only two resorts out of seven recordweartconsumption from first year of opera-
tion while the remaining five resorts started relaog their consumptions only after two years
or even more from the day of opening.

Data Recorded
Availability of Data Recording @ OpeningYear
1995
2
1997
4
1999 L 2 L 4
2
2001 L 4
2003
2
2005
2007 f f } } } } !
Resort1 Resort2 Resort3 Resort4 Resort5 Resort6 Resort7

Figure 4-7: Data recorded versus year of opening for the addisorts
4.5.2.1 Resorts characteristics

The characteristics and features of the seventseaoe compared and summarised in Figure
4-8; the following was observed:

* Swimming pools: all resorts have more than 1 swimgnpool with at least 1 heated dur-
ing the winter time.

* HVAC: the public areas of all resorts are coolegsentral air conditioning with chill-
ers systems. Two out of seven resorts use cetitbdrcsystem for the cooling of the
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» Electricity: in all seven resorts, electricity isopided through the grid and is used for
lighting and HVAC purposes.

* DHW: Only one resort used solar thermal energystgplying DHW while the other six
resorts used boilers operated by diesel fuel.

» Kitchen: All resorts have a main kitchen and astéao satellite kitchens except for Re-
sort 1 which has no satellite kitchen. Four resoests a mix of LPG and grid electricity to
operate the kitchen equipment while the other 8rteslepend 100% on grid electricity.

e Laundry: All resorts are equipped with a laundrgilfey. All resorts use diesel fuel for
supplying steam or hot water required by the laymduipment except for Resort 4 which
stated using solar thermal energy.

* Guest rooms: The peak power demand per guest raoes\between 2 to 6 KW. The first
resort did not provide this information while Reis®iclaimed a very low value of 0.95
kW. The author has no clarification for this excepéal low value.

» Water: Each of the 7 resorts have their own destdin plant and waste water treatment
plant where the treated water is used for irrigaparposes.

» Power savings measures: Resort 1 does not applgreergy savings measures which
might be contributed to the fact that the resors wailt before 1996 and didn’t undergo
any renovations. Five resorts used power savdlgeiguest rooms while 3 resorts only
used energy saving lamps.

» Water saving measures: Only 3 resorts took measonesds installing faucet water sav-
ers in an attempt to reduce water consumption.

» Building energy efficiency measures: None of theores used thermal insulation in their
external walls while only 1 resort used double iglgZn their window facades.

4.5.2.2 Resorts occupancy

The occupancy of any resort is determined by thesigto room ratio (GtR) and the room oc-
cupancy. The GtR shows the average number of gaestgying one sold room. It is defined
as the ratio of guest-nights or bed-nights to thenr-nights occupied. Meanwhile, the room
occupancy is defined as the number of room-nigbtsipied divided by the number of room-
nights available, multiplied by 100%. Both fact@#R ratio and room occupancy have a di-
rect impact on consumption rates as illustratetiénnext section.

Figure 4-9 depicts the GtR ratio of the auditesbres between the years 1995 and 2006 where
it varies between 1.80 and 2.0 yielding an averaae of 1.89. In Figure 4-10, the average
yearly room occupancy lies between 70% and 90%hédrperiod from 2002 to 2006, five out
of the seven resorts showed same trend in occupameye all of the resorts shared a peak
occupancy in the year 2004. The occupancy figurélseoremaining two resorts are available
only from 2004 and 2005 but have still followed $@me occupancy pattern of the other re-
sorts.

During the interviews all resorts declared thatehaoperation in Sharm el Sheikh is consid-
ered to be non-seasonal and is in function all yeand with carrying occupancy rate from

one month to the other. Only four resorts out af #even resorts could provide detailed
monthly data regarding the number of rooms occufsee Figure 4-11). It is observed that
Resorts 3 & 4 follow almost the same occupancyepativith peak occupancy occurring from

February to May and from September to Decembehnodiigh the summer months are too hot
for foreigners causing less occupancy, yet thertesoe still occupied by an average rate of
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ca. 53%. Resort 6 shows a different behaviour wibeceipancy during the summer months
exceeds 80%. This is explained by the type of tienand resort’s marketing policy. It was
indicated that some resorts focus on foreign visittausing the high occupancy during the
cooler months from September to May while otheomssdepend also on local visitors who
usually make their holidays during the summer meiftbm July to September.
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Figure 4-9: Average Guest to Room ratio at Sharm el Sheikbrtes
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Figure 4-10: Room occupancy rate at Sharm el Sheikh resorts
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Figure 4-11: Monthly room occupancy rate at Sharm el Sheikbrtesn 2006
4.5.2.3 Resorts energy consumption

As outlined earlier in chapter 3, the energy penfmnce of the resorts would be expressed in
this study kWh, litre and kg per guest-night (GNJ &lectricity, fuel and LPG respectively.
The equivalent total cost of consumed energy pesignight is calculated for each of the
seven audited resorts in order to compare theirativenergy performances.

4.5.2.3.1 Electrical consumption

Electricity is normally used to power most of tlesarts services such as lighting, TV, eleva-
tors, part of the cooking devices, electrical agmies, laundry equipment, HVAC system,
desalination plant and waste water treatment plant.

The electricity consumption of each resort wasuated using their monthly electricity bill-
ing information. There was no information availablethe consumption distribution showing
the consumption of each department or function viticuld be used by the management in
identifying the high consumers. A few resorts maméd the intention of installing several
electricity meters within the premises of the résormonitor the energy performance of dif-
ferent departments and buildings. There were atsther daily consumption profiles nor
hourly data available which could show the peakgasrduring the day. This kind of detailed
information is important for energy management eyst where the energy loads can be
monitored, controlled and optimised by redistribgtthe operation hours of some equipment.

The analysed data for the electricity consumptibeach resort is presented in Figure 4-12,
where it can be observed that the average eldgtdonsumption lies between 38 & 58 kWh
per guest-night. This range is applicable for txes resorts under study and over the differ-
ent years with the exception of two resorts: Re8ar 2001 & 2002 and Resort 2 in 2001
where they show very high consumption. No clartfamawas provided by the resorts techni-
cal staff for these excessive values. On compéahnge figures of Sharm el Sheikh to those
mentioned in Table 3-3, which show the consumptadas in different parts of the world, it is
noted that electricity consumption in Sharm el 8hés comparable to Europe and New Zea-
land while higher than that of Cyprus and Majorthe benchmark values mentioned at the
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beginning of chapter 3 could not be used in thiedar judging since they are expressed in
kWh/nm? which is not calculated in our case due to lacknédrmation regarding the floor
areas.
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Figure 4-12: Average electricity consumption per guest-nigtslaarm el Sheikh resorts

The monthly consumption graph in Figure 4-13 sholes consumption profile in the year
2006. It is observed that during the summer tinsenfdune to October there is an increase in
the power consumption. The other years showed sam&umption behaviour which is justi-
fied by the high summer temperatures and coolirgise
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Figure 4-13: Monthly electricity consumption in 2006 at Sharh$keikh resorts
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4.5.2.3.2 Fuel consumption

Diesel fuel is used in resorts mainly for steamAvater boilers and power generators. All

resorts have an emergency generator for casegdfieity cut-off and as stipulated by the

MoT. It was stated by all the audited resorts that fuel consumption of the generators is
negligible as they are only operated for very fewards per year and they do not experience
long periods of power cut-off from the grid.

Out of the seven audited resorts six resorts @sersbr hot water boilers for supplying steam
and domestic hot water. All of the boilers operaing diesel fuel. Resort 4 is the only that do
not use boilers and depend on solar thermal coliedor the provision of hot water for do-

mestic and laundry usages and, hence, has almdstehgonsumption at all. The monthly

fuel billing information was used to calculate theel consumption per guest-night. Again,
there were neither daily consumption profiles nourty data available which could be used
in determining the peak periods during the day.

Figure 4-14 presents the commuted valued of takdonsumption for each resort. The aver-
age fuel consumption lies between 1.5 & 3 litresli@lsel per guest-night. Resort 3 showed
once more higher consumption rates in 2001 & 20@8 wo explanation declared by the

technical staff.

The total monthly fuel consumption for the year @ presented in Figure 4-15. It is noticed
that the consumption rate drops during the sprimdysummer periods from May to October
which is attributed to the additional water heatmeguired for DHW and swimming pools

during winter time and lower heating demands dutirgsummer time.
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Figure 4-14: Average fuel consumption per guest-night in Shar@heikh
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Figure 4-15: Monthly fuel consumption in 2006 at Sharm el Sheisorts

4.5.2.4 LPG consumption

LPG Consumption per GN
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Figure 4-16: Average LPG consumption per guest-night at Shau@tneikh resorts

LPG is used usually to operate cooking equipmepéaally ovens. Only 4 out of the seven
resorts use a mix of gas and electricity kitchemiggent. The gas consumption differs from
one resort to the other depending on the propodiagas to electric equipment. Some resorts
depend on 95% gas supply, others on 75% or 509%. Vidriation is clearly seen in Figure 4-
16, where there is a substantial difference in gonion rates from one resort to the other.
For example, although the consumption rates of Resb& 5 differ from ca. 0.15 to 0.05
kg/GN respectively, yet each resort maintain adstesonsumption rate over the years. The
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author could not find any explanation for the fdwt although Resort 7 uses LPG for 5%
only of its kitchen equipment, yet its LPG consuimptis very high compared to Resort 3
where LPG constitutes 25% of the energy used lkitthen equipment.

Figure 4-17 depicts the monthly LPG consumptiothm 4 resorts during the year 2006. Re-
sorts 3 & 5 show a nearly regular consumption thothe year while Resorts 6 & 7 show
several peak periods with no clear explanatiorthénother years, the consumption of those
two resorts still show irregular consumption bebavi
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Figure 4-17: Total monthly LPG consumption in 2006 at Sharmtedikh resorts
4.5.2.5 Water consumption

Water is consumed not only for domestic uses tad al the swimming pools. Water con-
sumption at any four or five stars resort in Shati8heikh plays an important role in the total
overall energy consumption and has a direct impacpower consumption through the fol-
lowing factors:

» Desalination plant capacity and running hours;

* Waste water treatment plant capacity and runningd)o

* Pumping systems and their capacity;

* Energy required for supplying DHW;

» Size of swimming pools;

* Occupancy and number of guests;

* Number and size of facilities such as restauranigets, health centres, etc.

Figure 4-18 shows that the water consumption persgnight varies in the years 2002 to
2006 between 0.6 and 1 cubic meter. Resort 1 lggehiconsumption rate in the earlier years
which reduced down to ca. 0.8 from 2001 onwards. The year 2001 shows excessike v

ues for Resorts 2 & 3 with no provided explanation.
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Comparing those figures with those mentioned ind&s2 where the benchmarks for water

consumptions in tropical and Mediterranean regemesmentioned, one can note that the wa-
ter performance ranges from satisfactory to exoelased on tropical values while high to

satisfactory based on Mediterranean values.
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Figure 4-18: Average water consumption per guest-night at Ster@heikh resorts

Figure 4-19 shows the total monthly consumptionvater in 6 of the resorts. All resorts
showed a steady consumption throughout the yeapéxor Resort 5 which shows higher
consumption in the last 3 months of the year. Agam explanation was given for this in-
crease.
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Figure 4-19: Monthly water consumption in 2006 at Sharm el Eheésorts
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4.5.2.6 Occupancy versus consumption

In this section, the occupancy data is analysethagthe consumption rates of energy and
water. Figure 4-20 shows the water consumptiotepaversus the occupancy rate while Fig-
ure 4-21 shows the total energy consumption espesn monetary terms per guest-night
(Euro/GN). In order to get an overview of the taakrgy consumption, the different types of
energy: Electricity, fuel and LPG are converteccémsumption costs by calculating the cost
of each type of energy using a common base ofpuitée for all resorts. The prices of energy
in 2007/2008 were 0.22 EGP/kWh (0.029 €/kwh), 1BGP/kg (0.133 €/kg) and 0.5
EGP/litre (0.067 €/litre) for electricity, LPG arfidel respectively at Sharm el Sheikh. An ex-
change rate of 1 Euro = 7.5 EGP was used.
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Figure 4-20: Occupancy versus water consumption expressed imeter/GN at Sharm el Sheikh resorts

Occupancyv. Energy Consumption
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Figure 4-21: Occupancy versus total energy consumption expieaseuro/GN at Sharm el Sheikh resorts
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Although the consumption per guest-night decreagtésthe increase in occupancy, yet the

relationship is not a straight-line. It is notickct starting from an occupancy rate of 80% and
above, the consumption rate per guest-night doeshange greatly. The consumption inten-
sity increases significantly when the occupancggdall below 70%. As a result, the author

will assume an occupancy rate of 100% in the catmns and evaluation of different design

alternatives in the next chapters.

4.5.3 Summary and discussion of energy consumption at Shra el Sheikh resorts

The median values of the consumption rates for eesbrt are computed over the different
years from 1996 to 2006 and used in Figure 4-32&doide an overview of each resort’s total
energy consumption expressed in cost units. Baseth® rates mentioned in the previous
section 4.5.2.6, the total cost of energy consionptaries between 1.17 & 1.85 €/GN.

It is observed from the above mentioned detailedlts that the consumption rate of Resort 5
lies within the same range of the other auditedrtesvhich indicate having 835 GR, versus
the other resorts having half of this GR capaates not have an obvious influence on the
GN consumption.

It is also observed that Resort 3 always showedmianal high consumption during the first
years of its operation, especially in the year 2001is could be contributed to the very low
occupancy rate, barely reaching 50%, or it coulkhzeen due to management and operation
problems during the first year. However, its conption rates start to decrease over the years
as they gained more experience.

B Electricity mFuel BLPG

2,00

1,80

1,60

1,40
1,20
1,00

Euro/GN

0,80
0,60
0,40
0,20

0,00

Resort 1 Resort 2 Resort 3 Resort 4 Resort 5 Resort 6 Resort 7
(520GR) (314GR) (401GR) (210GR) (835GR) (344GR) (552GR)

Figure 4-22: Summary of energy consumption for the auditedrteso Sharm el Sheikh expressed in EGP per
guest-night

The results of the audit and analysis carried outhe five stars resorts in Sharm el Sheikh
shows that their energy performance follows the esamergy use patterns of other hotels
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worldwide and that their consumption rates are atlyeaffected by occupancy and guest
number as outlined earlier in the literature reviawChapter 3. The survey also showed that
environmental practices are very low in Sharm d&ilgh
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5 Development of Solar Resort Design Alternatives

In this chapter, the author establishes the hypthef this study ‘Solar Resorts and Envi-
ronmental Sustainability in Sharm el Sheikh’ adinat in Figure 5-1. First, the author exam-
ines the design of a conventional design for artesd&Sharm el Sheikh which is used a basis
for developing the design alternatives using thiarsesort concept not only for Sharm el
Sheikh but also for other regions with similar @@ conditions. The results of the analysis
carried out in the last chapter are used along thighdesign information of one of the seven
investigated resorts. This step is necessary ienstahding the energy flow in a resort and the
underlying issues that should be considered duhaglevelopment of the design alternatives.
Resort 6 is chosen as the case study due to tlilakalty of the design information in addi-
tion to the author’s own involvement from 2000 @02 as project manager in the develop-
ment and implementation of this resort. The casdysResort 6 will be referred to as busi-
ness-as-usual (B-a-U) case.

A value management exercise is carried out on taeWBcase identifying opportunities for
the solar design alternatives. The generated ideagocused on energy production systems
and carriers: heat and power. Energy efficiencyoissidered in the solar design alternatives;
however, it is not in the scope of this thesisealdvith it in details. The approximate energy
yield and distribution in the B-a-U case and praubsystems are worked out and the so-
called renewable fraction is determined for thetpaf electrical and thermal energy which
can be covered by RETSs.

Development of Solar
Design Alternatives

Value Management Function analysis of Development of
Technique B-a-U solar alternatives

— Case Study: B-a-U

Design concept

Design energy
demand

Electricity

Steam & DHW

LPG

Consumption rates &
CO2 emissions

Water demand

Figure 5-1: Outline of chapter 5
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5.1 What is Value management?

Value Management (VM) is a proven management tgcienused to identify the alternative ap-
proaches for satisfying clients’ requirements wlol@ering costs and enhancing value. It is of-
ten the case that: ambiguous objectives, misleadilogmation, hasty decisions, lack of suf-
ficient funds and resistance to change all resulpoor value. Whereas, value is a ratio of
quality and life-cycle cost (ICE, 1996).

VM helps in validating the stakeholders’ expectagidoy achieving a balance between re-
sources & performance throughout the project Figure 5-2 outlines the VM process, where
function is defined as the intended operation oftam or service in its normally prescribed
manner. The functions are analysed using ‘Functioalysis Systems Technique’ known as
FAST diagrams. The functions of a project or preca® defined using a ‘verb noun’ format.
Each identified function is subjected to three ¢oes leading to the expansion of the proc-
ess. The three questions are: Why do yaub noun? How do youverb noun? When do
you ‘verb noun? The first question ‘why’ leads to a higher-lefahction, and the second
guestion ‘how’ leads to a lower-level function vehthe third question ‘when’ may lead to the
identification of new functions and their orderretationships. The answer to each of these
guestions will be either anoth@erb noun’or one of the previously identified functions. The
outcome of this process is presented in Figure 5-3

Express needs
Identify functions
Increased
knowledge
Generate
Alternatives
Evaluate Facilitate Decision
Alternatives Making % ADDECMALUE

Figure 5-2: Value Management process

VM is optimally applied at the earliest stages w0y roject. Figure 5-4 illustrates the project

development phases of any project and that theebtglosts occur during the operation phase
of a project while the minimum cost occurs durihg first planning stages. The influence to

introduce any changes, value or to economise iroggq decreases with time along the pro-

ject’s life. The best chance to test new ideas @ggign concepts is right at the start of the
planning phase of the project.

The VM process explained above is used in the seations in analysing the B-a-U case and
developing design alternatives using RET.
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5.2 Case Study: Business-as-Usual

Resort 6 out of the 7 audited resorts in Sharmheik® is taken as the B-a-U case represent-
ing most of the common design practices and desigeria in Sharm EI-Sheikh. The resort
consisting of 344 guest rooms was commissionedap#ration in 2004. It is owned and de-
veloped by a property development company whileréisert operation is managed by one of
international hotel management companies actigypt.

The resort covers a total area of 50,000 of which 20% are occupied by buildingse Th

remaining land is landscape areas distributed angoegn areas, swimming pools, and other
outdoor entertainment facilities. Figure 5-5 ithases the main functional components re-
quired in the resort.

5.2.1 B-a-U design concept

The project design packages were assigned to @ grfoconsultants with different specializa-
tions where they were managed and co-ordinatedhdyeading architect and owner. The ar-
chitectural concept adopted in this resort is fipgcal owner’s approach towards maximizing
number of guest rooms and public facilities witle thinimum costs. No particular attention
was given to the orientation and design of thedmgs with respect to the prevailing climatic
conditions. Hence, heat gain was not minimizedughothe application of solar architecture
and energy efficiency measures. For instance, sdrtiee buildings’ main characteristics are:

* The external walls are made out of a single layéymcal red bricks without any kind of
thermal insulation.

» Tinted single glass was used for all the glazind)\@mdow facades.

» Large glass fagcade areas were implemented withmuslaading concept to prevent the
penetration of high amounts of sun radiation dutirgpeak operation hours of the air
conditioning system. Avoiding north south orierativas not considered in areas having
large glass facades such as the lobby and receprtas.

Similarly, the electro-mechanical design was basedheeting the owner’s main objective of
minimum investment costs, without any considerafmmoperation & maintenance (O&M)
costs and neither with any concerns for environaléntpacts. The energy production system
chosen for the B-a-U case depends on supplyingrékert with power from Sharm el
Sheikh’s main grid required mainly for lightingr&onditioning, desalination, kitchen and
laundry equipment in addition to thermal energypigl by steam boilers and LPG which
are needed for DHW, the laundry and kitchen. Fidufedepicts the different elements of the
B-a-U energy production system.
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Energy Production

Systems
Electrical Power | Thermal Power
A
V! v
Emergency | Sharm's power LPG Steam boiler £ Diesel fuel
generator ' grid
Diesel i
fuel '| lighting . . laundry
' | equipment, appliances, kitchen equipment | | yjichen equipment
| pumps, etc. DHW
air-conditioning swimming pool heating
desalination
waster water treatment

Figure 5-6: Energy production systems in Business-as-Usual cas
5.2.2 B-a-U design energy demand

This section outlines the energy demand for thelB&ase. The design values are determined
and compared to the actual consumption data arthlgsshapter 4. The author chose the year
2006 as a basis for comparison since Resort 6 shmevhighest occupancy rate of 89% in
2006. Moreover, the resort was commissioned in 20@4 accordingly, the year 2006 reflects
a mature state of the resort’'s operation after exgating and establishing an efficient daily
operation system in the first year.

5.2.2.1 B-a-U electricity demand

Three medium to low voltage transformers with alteapacity of 2.7 MW were selected to
meet the resort’'s energy demand. Additionally, MW diesel generator is installed for emer-
gency cases and power cuts.

The peak electric demand was designed to be 2.6avi\the total daily consumption per ca.
30.6 MWh based on 100% occupancy. The followingl@&bh1l demonstrates the breakdown
of design electric loads and equivalent hours arafon per day. The original detailed ver-
sion of this table is attached in the appendices.

The design value of the total daily power demandoimpared to the actual consumption of
Resort 6. In the year 2006 and at an average oncup# 89%, the average daily consump-
tions in the months of August & September were 2&26.071 MWh respectively. Accord-
ingly, one can state that the design value of 30MBh/day correlates with the actual con-
sumption bearing in mind that in August and Septnnihe energy consumption increases as
a result of higher cooling demand. Establishingfidemce in design values versus actual con-
sumption, the author means to use the design valu€able 5-1 as a basis for the develop-
ment of the design alternatives.

Assuming an average GtR ratio of 1.85 and occupaateyof 100% and considering the de-

signed daily power demand of 30.6 MWh, the powarscmption per guest-night is calcu-
lated 48.1 kWh and is taken as the design valuthtoB-a-U case.
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. L Running | Peak load| Energy
Pos. | Item | Utility Description Time hr KW KWh/d
A Main building
AC for complete building: 2x90
Al RT chillers + 143 FCU + 17 AHU 16 606.528 | 9,704.448
A2 Pub|.IC areas & adm!n: lighting, 6.95 68.34 497 36
appliances and equipment
A3 Guest_ rooms (130 GR): lighting, 3.013 36.24 109 2
TV, mini bar, etc.
B Restaurants & shops building
AC for complete building: 2x190 N
B-1  IRTchilers+33FCU+6AHU | 2 | >477761 6573.31%
B-2 Public areas: lighting, appliances 6.88 60.21 414.14
and equipment
B-3 Main kitchen: lighting, equip- 8.1 185 1,498
ment, etc.
C Laundry: lighting, equipment 4.33 82.25 356
D Cold rooms 16 10.5 168
E Swimming pools & fountains
E-1 Pumping rooms 18.79 70.25 1,320
E-2 Lighting 8 12.95 103.6
F Cluster blocks (140 GR)
F-1 AC: split units 10 243 2,430
F-2 Lighting, TV, mini-bar, etc. 2.26 61.81 139.68
G Staff building
G-1 AC: split units 10 67.5 675
G-2 Lighting, TV, mini-bar, etc. 24 12.15 29.19
H Desalination plant 24 115 2,760
I Waste water treatment plant 16 30 480
J Steam Boilers 16 24.36 389.76
K Landscape lighting 8 333 2,664
L Other: gym, health club, booster pumps, 4.94 63.72 314.94
elevator, etc...
30.6
Total Power Demand 2.6 MW MWh/d

Table 5-1: Energy daily load profile for Business-as-Usualeca
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The main power consumers of th-a-U resort are illustrated iFigure5-7. It is observed the
theair conditioning, RO desalination ancttchenequipment ai the highest consumers rer-
ing a load 011,464 kW, 115 kW and 192.5 kW respecti\. The ai-conditioning syten con-
stitutesa share of 59%of the peak loa@and61% of the daily consumption. The second
consumer is the RO desaliion plant where it constitutes 4% of the peak laad 9% of the
daily consumption. The third high consumer is titeden equipment representing 5% of
peak load and 7% of the daily consump. The remaining load is distributed on othi-
verse servies and equipment of the res

Figure 5-7: Distribution of powelloac to themainconsumers in the-a-U resor

According to the technical staff of the resort, geak demand usually occurs during thy
between 12 and 8 pm where it is likely caused leyellevated air conditioning loaesulting
from thehigher temperatures in addition to the kitchen deshlinatiorplantoperaing at full
loadduring the day to cover the needs of gu

5.2.2.2 B-a-U Steam & DHW demands

Two steam boilers are used to cover the resortisatiel of steam arDHW:; each boiler has

capacity of 3 ton/l, equivalent to 2050 k', & an efficiencyof 80%. The main consumers

the thermal energy proded are DHW for the complete ort, steam for th laundryequip-
mentandheating for theswimming poc (Figure5-8). Thisthermal energJoad can be cv-

ered by the output of orboiler; however, a second boiler is used to acts backuyj in case
of excessive Icds or breadownof first boilel.
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Steam Boilers

3ton/hr- 2 MWth

VariousHeat
Exchangers

Domestic Hot Water

Swimming Pool

850 kiw/

Figure 5-8: Distribution of thermal energto themain consume in the Ba-U resort

Assuming a full load operation 8 hoursper dayand at auel consumption rate of 2. li-
tre/hr, the estimad daily and annual fuel consumptiare 1680 & 613,200 litr respectively
The actual annual consumption Resor 6 in 2006is 483,100 litrs which is lower than th
estimated design val by ca. 209. Studying the figurs analyse in chapter 4, it was note
that Resort 6 was one of the lowest fuel consu among thesix resortsusing fuel In order
to use econservativ figure, the author decid to take median value of gu-night corsump-
tion of five auditedresorts(Resorts 1, , 3, 5 & 6); Resort 7 was excluded due to its higl-
ues.Accordingly, withmedian value of 2.43 litre/gu-night, GtR ratio of 1.85 and aoccu-
pancyrate of 100%, the daily fuel onsumptioris calculatecto be 146 litre and is considere
thedesign veue forthe B-al caseThis value is also near8 % lessthar theoriginal design
valueprovided by Resort.

5.2.2.3 B-a-U LPG demanc

LPG is used to operate part of the kitchens equiprsech as ovens. The total thermal po
required for the gas equipmenidesignec273.7 kW. Assuming 8 hours of full load operati
the designed daily consumptioncomputed to be 218¢ kWh (159.24 kg) and the totan-
nual consumptios8,122 kof LPG.

The actuaannualconsumptiorof Resort €in 2006 was 36,6( kg with an everagedaily ccn-
sumptionrangingfrom 81.33 to 162.67 kg. The total actual annualsconption islower by
ca. 3P6 than the designed vali As mentioned in Chapter 4, the LPG consumption adeg
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on the percentage of gas equipment installed amace) the author could not use the con-
sumption of the other resorts, however, the medfaguest-night consumption for Resort 6
over 3 years is 0.2 kg and this will be the valieet for the B-a-U case yielding a total an-
nual value of 46,457 kg based on a GtR ratio db A&8d an occupancy of 100%.

5.2.3 B-a-U overall consumption and CQ emissions

Three different types of energy resources wereidered in the B-a-U case. However, one
needs to identify the influence of each type ondperation cost as well as on the {fnis-
sions in order to establish the impact factor aheype and prioritise which areas need to be
utmost addressed.

Electricity Fuel LPG

(KWh) (Litre) (Kg)

Consumption per guest-night 48.1 2.43 0.2

Total annual consumption 11,172,957 564,455 | 46,457 Total
CO, emissions per guestt 28.38 6.39 0.58 | 35.35
night (kg)

Total annual CO, emissions| 6,592 1,485 136 | 8,212
(tonnes)

Table 5-2: B-a-U energy consumptions and £é&nissions

Table 5-2 provides a summary of the guest-niglst amnual consumptions for each of the
energy resources. The energy costs mentioned iabibnee table are based on the latest energy
bills in Sharm and an exchange rate of 1 Euro =EGP. The carbon conversion values for
LPG and fuel are 1.495 kgGfhtre (2.92 kgCQ/kg)and 2.63 kgCéllitre respectively (Trust,
2009). On the other hand, the carbon conversiamevir electricity differs from one country

to the other depending on the percentage of fossdurces used in generating power. In the
case of Egypt, simulation show that this factorgemfrom, 0.58 to 0.61 kgG®Wh (Rin-
guis, et al., 2002). For the purpose of this thesigalue of 0.59 is taken in the calculations of
CO, emissions.

It can be observed that electricity has the gréatélsence on the energy performance of the
resort. Figure 5-9 shows that electricity has arelof 85% in the operation cost and is also
the main contributor in COemissions. LPG plays a very small role in the gygrerform-
ance of the B-a-U case with respect to the elettramd fuel.
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Operation Cost Distribution CO, emissions Distribution

Fuel
13%

LPG 2%

LPG
2%

Figure 5-9: Contribution of the energy resources in operatiosts and COemissions
5.2.4 B-a-U design water demand

A total water demand of 500°day is designed to cover the requirements of éisert. This
water is provided through an RO desalination ptartt is used for domestic purposes such as
washing, cleaning, bathrooms, kitchen use and swmgrpools. Drinking water is not in-
cluded in this amount as bottled mineral water@/ged separately. The average actual con-
sumption per guest-night according to the consuwmpith 2006 is 0.73 f yielding a total
demand of 462 ffday based on 100% occupancy and 1.85 GtR. Thiewedrrelates well
with the design value indicating that the produeeder is almost entirely consumed and is
accordingly adopted in the B-a-U case.

The waste water treatment plant is designed fapacity of 400 rfiday. The design value is
based on treating 80% of the capacity of the destdin plant assuming 20% losses in circu-
lation leakages and evaporation. The treated weater is then used in irrigation of the land-
scape.

Although, the study is concerned with the energygomance of the resort, nevertheless, the
amount of water consumed and, thus, the capadaitibsth the desalination and waste water
treatment plants have an indirect influence oretiergy consumption.

5.3 Function Analysis of case study

In this section, the author carries out a functioalysis based on the design concept and val-
ues of the B-a-U case with regards to the resen#sgy production system. The aim here is to
avoid jumping into solutions but rather to identihe functions first. For example, in com-
mon practice the electrical demand of a resort ddoé calculated including the air-
conditioning system and, hence, already assumisglwion using power operated systems
without considering other options such as seawateling, solar cooling, cooling using heat
recovery systems or any other systems.

The needs and requirements identified in the B-@akk are transformed into a function tree.
The top of the tree will start with the “raison & of the entire project, which in our case is
developing a sustainable resort. This is then bro#ewn into sub-objectives elements
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(Figure 5-10). The ‘HOW' question leads to lowewéls of the functions and the question
‘WHY’ leads to higher levels. In other words, thght side of the diagram resembles the in-
puts for developing a sustainable while the lefess the output produced.

; reduce heat-gain
cool <
) spaces I - .
Shelte;r —_ condition air
_guest_ | supply
enable water
| comfort | heat
water |
light
_spaces
| operate
appllance_{ generate power
generate heat ‘
 cook
) meals )
prepare generate power
offer meals
/\ sevices N (™ joan store food cool
- _ storages
Develop Sustainable laundry | —_—
Resort :
heatwater
produce water ‘
save
preserves reduce _energy
| ources | consumption | save
sustain ) ) water
| environment | e
] ) reduce global reduce CO2
warming emissions
. create image
%tgﬁgi < : reduce GR price
— offervalue formoney Qi
| increase
earn Rol - - ;
_ |_quality
' i : reduce expenses
increase ! )
profit | o ]
— maximise income

Figure 5-10: FAST diagram for developing a sustainable resort

At this stage the costs are ignored as they magehigeneration of ideas and they will be
considered and evaluated at a later stage afteddlelopment of design alternatives. The
focus here is on three specific functions and tloeuer levels: enable comfort, offer services
and sustain environment. It can be noted that ona@n factor in those three functions and
their breakdown is energy in its different formdthdugh the return on investment (Rol) is
important for the owner, this function among alstassues are addressed later during the
economical evaluation of the alternatives.

A brainstorming session is conducted in order &nidy broad approaches to achieve the
functions listed on the FAST diagram in Figure(®-The ideas are first evaluated in terms of
technical feasibility with respect to location agldnatic conditions and are grouped as fol-
lows:
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Power generation:

. *= Geothermal
= Wind energy

= Biomass
= Solar PV . Wave
~ CSP «  Tidal

* Hot water/steam generation:

= Geothermal
=  Solar thermal collectors

= CSP
= Biomass

» Cooling generation:

= Deep seawater cooling
= Biomass

= Geothermal

= Solar Photovoltaic (power)
= Solar thermal collectors
= CSP (power or thermal)
* Desalination:
= Biomass

= Solar Photovoltaic = Geothermal

= CSP Power (power or
thermal)

= Solar thermal collectors

Reduce consumption through proven energy efficienegsures including water.

The following idea are rejected and not furthersidered for this case study:

Biomass: there is no biomass available in the regfidhe Sharm El Sheikh. One of the
high potentials for biomass in Egypt is the ricaljthowever, this is produced in the
Delta region of Egypt, located more than 1000 krayaw

Wave and tidal: these RET types are still at retestage and are not yet commercially
developed for individual applications as in theecaka resort.

Geothermal: the literature indicates availabilitya@eothermal reservoir 100 km North of
Sharm el Sheikh (ElI-Qady, 2006). However, themoisivailable information about avail-
ability of geothermal energy within the boundaésSharm el Sheikh. Moreover, this op-
tion is not fully explored, in terms of small to diem scale applications, in comparison to
solar and wind energy.

Deep seawater cooling: the environmental authofithe Red Sea restricts any sort of
off-shore construction works along the shore ofRleel Sea due to the high risk involved
in damaging the coral reefs.

5.4 Development of solar design alternatives

In this step, the ideas technically approved ingrevious step re developed into alternative
solutions meeting the complete energy demand ofebert. The main criterion is to cover the
resort’s energy demand 24 hours and all year roBaded on the values of operation costs
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and CQ emissions mentioned in section 5.2.3, the authlbmeglect LPG due to its minor
contribution in the energy performance of the reaad will rather consider electricity, steam
and DHW in the development of the design alterestiihe LPG part will remain the same
in all alternatives based on the figures of the-B-ease. Accordingly, the design alternatives
are developed into three groups:

» Electrical energy demand:
« WECS
PV
« WECS and PV
» Electrical and thermal energy demands
» Cogeneration using CSP (electricity and cooling)

5.4.1 Water demand for solar alternatives

The B-a-U design value of 0.73per guest-night is compared to the benchmarksiorest
previously in Table 3-2. Although this consumptiate is considered excellent being below
0.90 n¥/guest-night based on the tropical region benchntadee still might be opportunity
to save on water consumption. Therefore, a tar§et586 reduction is set and is to be
achieved through the introduction of additionalicéincy measures. This reduction would
result in an average consumption of 0.62gmest-night, requiring a desalination plant of 400
m*/day capacity. A waste water treatment plant wittapacity of 320 m3/day is accordingly
used. This decrease in capacities is expectecdtbttelower energy loads.

5.4.2 Alternative 1

Energy Production
Systems
Electrical Power | Thermal Power
) 1
- wing !
' Ina, .
Sharm's power o PV. or LPG Steam boiler  Diesel fuel
e ; Wind & PV
| lighting . . laundry
' | equipment, appliances, kitchen equipment | | \iichen equipment
5| pumps, efc. DHW
air-conditioning swimming pool heating
desalination
waster water treatment

Figure 5-11: Energy production systems for Alternative 1

Alternative 1 is based on the same energy produstystem of the B-a-U case except for the
source of electrical power (Figure 5-11). Thregans are considered: WECS, PV and hybrid
WECS & PV. Sharm el Sheikh’s grid is used as a bpcéhk case of peak loads or shortage in
supply by the RET. A minimum renewable fractiord046 is set for the three options forming
a common basis for comparing the three optionschanges are introduced to the thermal
power resources with respect to the B-a-U case.
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5.4.2.1 Electricity demand for Alternative 1

The author assumes that by introducing energyieffdy measures, the electricity consump-

tion will decrease by 30% based on the resultsoofdveral case studies mentioned by

(REST). As mentioned earlier in this thesis, ihed within the scope of this thesis to discuss

energy efficiency measures in details. The follayvare some of the proposed measures but
not limited to:

* Reduced heat gain resulting solar architectureegasonvhich will, eventually, lead to less
cooling demand.

» More efficient equipment and appliances in guestm®
» Energy saving operation policy such switching ¢fl¥ instead of ‘stand-by’ status.
» Water saving policy such as encouraging guestsdoae unnecessary laundry.

» Smaller desalination plant, waste water treatméntt@nd boilers resulting from savings
in water consumption.

» Solar lamps used for landscape lighting.

The 30% reduction in the energy consumption ofBke-U case will lead to the following
new energy demand profile is:

* Peakload of 1.82 MW
» Daily consumption of 21.42 MWh

* Average guest-night consumption of 33.66 kWh wihscstill 28% higher compared to the
guest-night consumption in Cyprus indicated in €a®i3.

Due to lack of hourly consumption data, the autbauld not compute the electricity load
profile for 24 hours of a typical day at any of thesorts investigated in Sharm-EI-Sheikh.
This kind of information is required for the simtia of the RET. For that reason, the author
used the daily load profiles of two resorts hawsigilar operation conditions as the resorts in
Sharm el Sheikh in terms of resort classificaticimate and air-conditioning system. The
first resort is located in a tropical area wherecanditioning is one of the highest consumers
(Georgei, Krueger, & Henning, 2009), while the setaoesort is located in the subtropical
region of Australia (Dalton, et al., 2008). Basedbwmth profiles, the author estimated a daily
load profile for Alternative 1 using the new enermggmand profile (Figure 5-12). Conse-
quently, the energy profile for Alternative 1 hapeak period from noon to evening which
concurs with the information presented in chaptdddring the night, very low activities oc-
cur and with lower cooling demands, the energy gomion drops to minimal. This esti-
mated profile for Alternative 1, represents a tgpisummer day when full load of air condi-
tioning is required and is accordingly used in depmg the design of Alternative 1 and is
used as input for the Homer simulation software.
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Electricity daily load profile
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Figure 5-12: Estimated electricity daily load profiles for Alteative 1 based on two actual resorts

5.4.2.2 Electricity Resources for Alternative 1

In this section, the type and size of the propdR&d are determined using the HOMER
software. The model is provided with inputs, whagscribe the energy demand, technology
options, component costs, and resource availalititgrder to determine the optimal configu-
ration, different system configurations or combimas of components are simulated.
HOMER simulates the operation of a system by makimgrgy balance calculations for each
of the 8,760 hours in a year. For each hour, HOMBRIpares the electric and thermal de-

mand in the hour to the energy that the systemscgoply in that hour, and calculates the
flows of energy to and from each component of tfstesn.
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Figure 5-13: Average monthly wind speed in m/s in Sharm el Sh@NASA, 2010).
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Figure 5-14: Average monthly solar irradiation kWhifday in Sharm El-Sheikh (NASA, 2010).

Figure 5-13 & Figure 5-14 show the data of thedvspeed and solar irradiation, respectively,
used as input in the simulation software. The tesofl the HOMER simulations are as fol-
lows:

a. Wind: in this option, Alternative 1-a, only WECS is usaad any shortage in power
supply through wind energy is compensated by tiak ¢ris also possible to feed-in
any excess power generated by the WECS into the HOMER was used to simulate
the daily electricity load profile against the paovgenerated through the WECS. Sev-
eral configurations are simulated by the software #he optimal configuration is de-
termined and presented in Table 5-3.

System Description Electrical Production| Fraction
(kKWhlyr)

Wind 7 x 330 kW, 3,552,798 41%
Enercon E33

Grid purchase 2 x 1 MW trans5,206,975 59%
formers

Total 8,759,773 100%

Primary load (demand) 8,077,447 100%

Excess load 682,326 8%

Unmet load 0.00 0%

Table 5-3: System configuration and simulation results by HERfor Alternative 1-a

It is worth mentioning that in case of Sharm el ihewind is not high enough as in
other areas located in the Red Sea region. Forgram Hurghada and Marsa Alam,
the average wind speed is high reaching a higheswable fraction in comparison to
Sharm el Sheikh. Figure 5-15 depicts the eletyriciad profile for a typical day in
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August plotted against the power produced by WEE®al as the additional power
supplied by the grid to meet the energy demandutitrout the day. The WECS cho-
sen by Homer is referred to Enercon E33 in the mdde monthly average electric

production is illustrated in Figure 5-16 showitng tproportion of wind energy versus
the power supplied by the grid.
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Figure 5-15: Electrical load profile versus wind power & gridrghase by HOMER for Alternative 1-a
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Figure 5-16: Monthly average electric production by Homer fdtefnative 1-a

Wind Grid Fuel LPG
Power | Electricity | (Litre) (Kg)
(kWh) (kwWh)

ﬁg?‘f“mpt'o“ per guesty 4,35 22.42 2.43| 0.2

Total annual consumption 2,870,472 5,206,97% 564,45546,457

CO, emissions per guestt 0 13.23 6.39 0.58
night (kg) ' ' |

Total annual CO, emissions 0 3.072 1,485 136
(tonnes)

Table 5-4: Alternative 1-a consumptions and €€missions

In summary, four different types of energy resosraee considered in Alternative 1-a:
wind power, grid electricity, diesel fuel & LPG. fla 5-4 shows the consumption
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rates and C@emissions of the energy production systems inrAdteve 1-a based on
the same previous assumptions of GtR and occupatey.

. PV: in this option, Alternative 1-b, Solar PV cellsused and any shortage in power
supply through the PV cells is compensated by tite BOMER was used to simulate
the daily electricity load profile against the powgenerated through the PV cells.
Several configurations with different capacitiesreveaimulated by the software and
the optimal configuration is presented in Tablg. 5-

System Description Electrical Production| Fraction
(KWhyr)
Solar PV | 1800 kW 3,963,138 42%

800 kW inverter

800 kW rectifier

Grid pur-| 2 x 1 MW transformers 5,467,261 58%
chase

Total 9,43,399 100%
Primary load (demand) 8,077,447 100%
Excess load 1,062,931 11,3%
Unmet load 0.00 0%

Table 5-5: System configuration and simulation results by HERfor Alternative 1-b
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Figure 5-17: Electrical load profile versus solar power & gpidrchase by HOMER for Alternative 1-b

Figure 5-17 depicts the electricity load profiler fa typical day in August plotted
against the power produced by the PV cells andatltitional power purchased from
the network grid. It is also noted that during tfay there is unused power amounting
to 11.3% excess power from the annual solar powatyzed. This can be fed into the
grid generating an income to the resort. The mgrdlikrage electric production is il-

lustrated in Figure 5-18 showing the proportiorsolar energy versus the power sup-
plied by the grid.
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Monthly Average Eectric Production
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Figure 5-18: Monthly average electric production by Homer fdtefnative 1-b

PV Power Grid Fuel LPG
(kKWh) Electricity | (Litre) (Kg)
(kWh)

Consumption per guest-| 11.24 23.54 2431 0.2
night

Total annual consumption | 2,610,186| 5,467,261 564,455 46,457
CO, emissions per guestt 0 13.89 6.39 0.58
night (kg)

Total annual CO, emissions 0 3,226 1,485 136
(tonnes)

Table 5-6: Alternative 1-b consumptions and €é&missions

Four different types of energy resources are censdlin Alternative 1-b: solar power,
grid electricity, diesel fuel & LPG. Table 5-6 st® the consumption rates and £0O
emissions of the energy production systems in Atteve 1-b based on the same pre-
vious assumptions of GtR and occupancy rates.

. Wind & PV: in this third option, Alternative 1-c, a combirati of WECS and PV
cells is investigated. Similar to the previous telternatives, the grid is used as a
backup. HOMER is used to simulate the daily eleityriload profile against both
wind and solar power. Several configurations wiffecent capacities were simulated
by the software and the optimal configuration isgented in Table 5-7.

It is observed that although having two resourdeRE, the distribution of available
renewable energy did not greatly improve over thgsdsince both solar and wind
power happens to have their peak output duringdmee period on that particular Au-
gust day (Figure 5-19). In this option, there mused power amounting to 9 % from
the annual renewable power produced. This candénte the grid generating an in-
come to the resort. The monthly average electadyction illustrated in Figure 5-20
shows the proportion of solar energy versus thegp@upplied by the grid.
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System | Description Electrical Production| Fraction
(KWhyr)
Wind 6 x 330 kW 2,644,406 30%
Enercon E33
Solar PV | 500 kW 1,100,871 12%
200 kW inverter
200 kW rectifier
Grid 2 x 1 MW transformers| 5,163,347 58%
purchase
Total 8,908,623 100%
Primary load (demand) 8,077,447 100%
Excess load 831,177 9%
Unmet load 0.0131 0%

Table 5-7: System configuration and results by HOMER for Alggtive 1-c
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Figure 5-19: Electrical load profile versus solar, wind powedarid purchase by HOMER for Alter-
native 1-c
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Figure 5-20: Monthly average electric production by Homer fdiefnative 1-c
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PV + Grid Fuel LPG
wind Electricity | (Litre) (Kg)
power (kwh)
(kWh)
Consumption per guest{ 12.55 22.23 2.431 0.2
night
Total annual consumption | 2,914,100| 5,163,347 564,45546,457
CO, emissions per guestt 0 13.11 6.39 0.58
night (kg)
Total annual CO, emis- 0 3,046 1,485 136
sions (tonnes)

Table 5-8: Alternative 1-c consumptions and gemissions
Five different types of energy resources are cameitlin Alternative 1-c: Solar, wind,
grid electricity, diesel fuel & LPG. Table 5-8 st the consumption rates and £O
emissions of the energy production systems in A#teve 1-c.

5.4.3 Alternative 2

Alternative 2 follows the same energy productiostsgns for Alternative 1 except for the
resource of thermal energy which is modified tegnate solar energy (Figure 5-21).

Energy Production
Systems

| Thermal Power

) 1

v . 7 7 ]
S S Wind & PV \_LPG Solar Steam boiler K Diesel fuel
o : collectors
| ¢
E lighting kitchen equipment laundry

i | equipment, appliances,
5| pumps, etc.
air-conditioning
desalination

waster water treatment

Electrical Power

DHW
swimming pool heating

Figure 5-21: Energy production systems for Alternative 2

5.4.3.1 Thermal demand & resources for Alternative 2

It is assumed that by introducing energy efficiemegasures, the heating requirements will
decrease mainly through the decrease of water ogutgan as mentioned earlier in section

5.4.1. Solar collectors are used for supplying Diddd swimming pool heating. A smaller
steam boiler is used to provide the steam requimedperating the laundry equipment.
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System Description Thermal Production| Fraction
(kKWhyr)

Solar collectors for DHW | 455 m2 collector]l 87,400
31,124 | storage

26%
Solar Collectors for 577.30 m2 collect 272,600
swimming pools tor
Steam boiler 650 kg/hr (4571,314,000 74%
kW)
Total 1,774,000 100%

Table 5-9: System configuration and simulation results fer tiermal load by RETScreen for Alternative 2

The RETScreen software used toassess the thermal energy performance using salacc
tors under various operating conditions of the resolne proposed system configuration for
thermal energy and its output is summarised inéfébd and elaborated as follows:

* DHW for main building (130 GR): a central solarlector is simulated using a German
product which is available on the local market gypt. The system consists of 59 solar
panel with a total collector area of 168.72 1,549 litre of storage and a heating capac-
ity of 107.79 kW. The annual heating output is gidted 68.9 MWh, representing a re-
newable fraction of 95%.

»  DHW for cluster buildings (214 GR): the solar cotlers are simulated using the same
German product which is available on the local ratink Egypt. The system consists of
100 solar panel with a total collector area of 88619,575 litre of storage and a heating
capacity of 182.7 kW. The annual heating outpeaisulated 118.5 MWh, representing a
renewable fraction of 95%.

«  Swimming pool, 1200 f the solar collectors are simulated and a systamsisting of
230 collectors is proposed. The system has aadctal of 577.30 fna heating capacity of
367.1 kW and an annual heating output of 272.6 MMiith represents a renewable frac-
tion of 23%.

» Steam for laundry: the thermal energy requiredlierhative 2 is estimated 467 kW ver-
sus 550 kW of the B-a-U case. A 15% reduction imtxy needs is assumed as a result of
the water efficiency measures taken. The boiler suasilated by RETScreen and the an-
nual thermal output is calculated 1,314 MWh consuaa. 144,540 litres per year.

Although one can note that the renewable fractsoB6% with respect to the thermal energy,
yet the overall thermal energy load profile isl $tilver compared to B-a-U. This reduction in
consumption in addition to using solar energy resbin a drop in the fuel consumption from
613,200 to 143,228 litres per year.

Electricity is used as backup for supplying DHWease of deficiency in the energy provided
by the solar collectors. However, the electricaistonption will be negligible since the solar
energy covers 95% of the total demand. In caseebwimming pool heating, no back up is
considered as heating is required only during 4thmoaf the year.
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PV + Grid Solar Fuel LPG
Wind Electricity | collector | (Litre) (Kg)
power (kWh) (kWh)
(kwWh)
Consumption per guest- 1255 22.23 1.98 2431 0.2
night
Total annual consumption | 2,914,100 | 5,163,347 | 460,000 | 144,540 | 46,457
CO;, emissions per guest- 0 13.11 0 1,64 0.58
night (kg)
Total annual CO,; emis 0 3,046 0 380 136
sions (tonnes)

Table 5-10: Alternative 2 consumptions and CO, emissions

Table 5-10 summarises the energy consumptions and CO, emissions resulting in Alternative
2. The configuration of Alternative 1-c is chosen as an example to represent the electrical pro-
duction system in Alternative 2.

544 Alternative3

Energy Production
Systems
I
I I
Electrical Power Thermal Power [§
DHW
N CSP Central AC
CSP P Rejected ) swimming pool heating
lighting '| Laundry
equipment, appliances, :
> pumps, etc. !
i | desalination > Steam boiler |
i | waster water treatment
Sharm's '
] power grid | = %.
1 DO wn
i —o
' | ac split-unitfor ) .
—> PV ‘> 214 GR LPG kitchen equipment

Figure 5-22: Alternative 3 Energy production systems

This aternative combines the production of electrical and thermal energy through the same
resource of solar energy. The idea is based on co-generation concept where a CSP system is
used to generate electricity while the rejected heat from the system is used to cover the ther-
mal loads. Figure 5-22 demonstrates the energy production systems for Alternative 3. The
system consists of two parts: centralised and decentralised. The centralised system covers the
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main building including public areas and 130 GRweedl as restaurants and back of ho
while the decentralised system covers the 214 GRddada clusters as follow:

» Central ai-conditioning for 130 GR and public areas is to bevgled through solam-
ergy using the rejected heat from the CSP to opetdasorption chillers. On the ott
hand, PV split units are used to cool the 214 GRtedan cluster building

* DWH for the public areas, back of house and the@R4of the resol

» Electricity from the grid is used as a backup teetshortages and the r-sunshine
hours

* Asteam boileis used as a backup for supplying thermal energyndunor-sunshine
hours needed for cooling & DH'
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Figure 5-23: Energy produced versus thermal & electrical loadfilerdor a typical day of a tropical resc
(Georgei, et al., 200.

In order to establish a better understanding ofifieibution and demand of the energy lo

throughout the dawith respect to solar energy, the author used, gsideline, the enerc

profile of the resort located in tropical arFigure5-23 shows the available solar energy fr
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the CSP plant plotted versus the thermal and @&acttioad of that five stars resort during a
typical day (Georgei, et al., 2009). It is notedttmost of the cooling load is met by the solar
energy since the peak demand for cooling coincidés the timing of incident solar power.

Based on that, the author suggests that the emendgrmance in the resorts of Sharm-El-
Sheikh will follow the same behaviour where theasdhermal energy would cover most of
the cooling demand and the DHW demand. Regardiedaiindry energy requirements, the
working shifts are planned during the day time rides to make use of the available solar en-

ergy.

5.4.4.1 Electricity demand for Alternative 3

Based on estimations, the author assumes thatrdoglirting solar cooling system in addition
to the energy efficiency measures, the peak poweratd is 50% of the B-a-U case and ca.
72% of Alternative 1. It is also assumed that tB&o6of the energy demand is consumed dur-
ing the day and 40% during the night. The valuethefenergy load profile for Alternative 3
are accordingly estimated:

» Peak load of 1.3 MW (centralised CSP) + 0.248 Mtghtralised PV)

» Daily consumption of 15 MWh (central CSP) + 1.5 M\{(decentralised PV). 10.5 MW is
consumed during the day and 6 MWh during the rpgiod.

* Average guest-night consumption of 25.92 kwWh whéctiose to the value of the guest-
night consumption in Cyprus indicated in Table.3-3

5.4.4.2 Thermal energy demand for Alternative 3

The thermal energy loads are taken based on tealatbns of Alternative 2 in addition to
the thermal load required for operating the absompthillers. It is assumed that as result of
reducing the heat gain in the buildings, the caplilemand is lower and the absorption chill-
ers have 80% capacity of those used in the B-adé.ckn the B-a-U case, 4 compression
chillers were used with a total cooling capacityp6D RT while in Alternative 3; the absorp-
tion chillers will have a total cooling capacity 448 RT which is equivalent to 1,575 kW of
thermal energy. Assuming a double stage absorptidler with a coefficient of performance
(COP) of 1.2, the total thermal energy demand requio operate the absorption chillers is
1,313 kW. A steam boiler is used as a backup tercthe cooling demand during the night. It
is assumed that half the cooling capacity is reglduring the night with a full load operating
period of 4 hours. In summary the thermal load dedeare estimated as follows:

*  DHW for main building (130 GR): a thermal demandL6#.79 kW, 11,549 litre of stor-
age and an annual thermal demand of 68.9 MWh.

* DHW for cluster buildings (214 GR): a thermal demhaf 182,7 kW, 19,575 litre of stor-
age and an annual thermal demand of 118.5 MWh

«  Swimming pool, 1200 faa thermal demand of 367.1 kW and an annual tHetemaand
of 272.6 MWh.

» Steam for laundry: a thermal demand of 467 kW andraual thermal demand of 1,314
MWh.

» Absorption chillers: a thermal demand of 1,313 kwd an annual thermal demand of
5,749 MWH of which 4,791.2 MWh are consumed dutimgday and 0.958 MWh during
the night hours.
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5.4.4.3 Energy resources for Alternative 3

The main energy providers for Alternative 3 arePGflant, PV and steam boiler. The follow-
ing sections present the details about each camafigum and its capacity.

54431 CSP

CSP is still considered novel among RETs and, heheee are no available software to carry
out simulations as in the case of the RETs suchiad, PV, and solar collectors. The author
has used basic principles to calculate the outptited CSP in addition to developed experi-
ence in similar projects. A static model based oergy flows has been developed through
which energy yields can be calculated.

The CSP plant consists mainly of two parts: tharstieéld and the power block. The follow-
ing is a list of givens and assumptions considergde calculations:

« The average direct normal irradiation (DNI) in Shagl Sheikh is ca. 2900 kWAfannum
at an average incident angle of 28° (NASA, 2010) a&erage of 8 hours of sunshine is
considered per day.

* The solar field used in this solution consists phaabolic trough system produced by
Solarlite (Solarlite, 2010). Based on the above Dalue, the system has an output of 0.7
KW/m=.

The power block consists of the turbine machineitmaduxiliary equipment such as condens-
ers, pumps, etc. The efficiency of the turbinensther factor determining the electrical
and thermal output from the CSP plant. An efficken€20% is taken, i.e., the electrical
power produced from the turbine is 20% the themrenargy fed into the turbine. The re-
maining energy, described as rejected heat, iartimunt of thermal energy available in
the form of steam. Based on the above assumptioaisjze of the CSP plant is estimated
as follows:

» Turbine electrical output = 1300 kWe

e Turbine thermal input = 1300 / 20% = 6550 kWth

* Turbine rejected heat = 6550 — 1300 = 5240 kWth
» Solar field output = 6550 kWth

« Solar collector area = 6550/ 0.7 = 9,357 m

« Footprint of solar field = 28,000

* Annual electrical output of the solar field = 3,9vV8Vh
* Annual usable thermal energy = 15,300 MWh

The thermal energy amounting to 5,240 kWth rejetitedhe turbine system is used to oper-
ate the absorption chillers, laundry equipment suyaply of DHW and swimming pool heat-

ing. A cold water storage and a hot water storagegyeovided to extend the supply of cooling
and DHW through the first few hours of the nightdrse resorting to using the backup system.

In case of the electricity supplied by the CSP axckeding the resort’s demand, there is the
option of feeding the excessive power into the grigelling it to neighbouring resorts. Vice
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versa, during the periods of non-sunshine hoursthedlemand exceeding the supply from
the CSP, the grid is used to cover these shortages.

Solarfield
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Figure 5-24: Sankey diagram of the CSP energy use in Altera&iv

The Sankey diagram in Figure 5-24 illustratesehergy flow of the proposed CSP system
where the energy flows are represented as arrowgifal example is chosen where the tur-
bine is working under nominal conditions. In orderproduce 1,300 kW of electricity, P-el

with a net electric efficiency of 20 %, the turbinegquires an input of 6,550 kW, QSF, of
thermal power from the solar field. In a convenéibsteam turbine process, the difference of
5,240 kW, QT, is rejected into the environment bgasling system. In this case, the heat
leaving the turbine system is used for DHW, steaadpction and to operate the absorption
chillers. A fraction of the thermal energy, QT Lpsstering the turbine can neither be recu-
perated nor converted into electricity (radiatiogdes, internal electricity consumption and
friction in bearings). The remaining thermal eneiggtill available for the absorption chiller,

laundry and DHW. The part QChiller is used to opethe chiller providing chilled water for
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air-conditioning. A major part of the chilled waterused directly in providing a cooling of
1,313 kW, Qc. The share of cooling not used becafik®v air conditioning demand is stored
in cold water storage system.

The rest of the thermal energy which is not usedHte chiller is used for the DHW system
and the laundry steam needs. The DHW systems ysas directly as per the actual demands
and another part are stored in the hot water storag

5.4.4.3.2 PV split air-conditioning units

The air-conditioning system for the 214 GR in adustconsists of split units which operate
using PV power. The energy demand for those usis ifollows:

* Peak load 248.4 kW
* Average daily consumption during sunshine hourdvivéh

PV cells with a capacity of 250 kW is used to opetthe split units during 6 hours of sun-
shine while during non-sunshine hours, the powguired is covered by the grid.

5.4.4.3.3 Steam boiler

As previously mentioned above, the CSP systemmalinly operate the absorption chillers
during the day in addition to a cold water storagech can extend the solar cooling into a
few hours during the night. However, a backup guneed and accordingly, a steam boiler
with a thermal capacity of 703 kW is used. It istased that the boiler will operate 4 full load
hours. The average annual thermal output of thiebisi estimated to be 985.227 MWh hav-
ing an equivalent fuel consumption of 105,405 litre

Table 5-11 summarises the previously selectedggneisources, their output and the overall

energy demand for Alternative 3. It can be noted the renewable fraction of the electrical

system is 67% of the complete supply system whHeredmaining 33% are supplied through

the grid. The power produced through the CSP systereeds the demand during the day at
non-peak hours and can be fed into the grid. Orother hand, the thermal system has a re-
newable fraction of 94%. The non-renewable paoniy 6% which is only needed to operate

the absorption chillers during the night hoursadh be noted that the thermal supply is much
higher than the thermal demand as a result of langeunt of rejected heat from the CSP sys-
tem. This excess heat can be used to heat addiismaming pools or in other processes; for

instance, it could be used for solar desalinatioceahe technology is mature and feasible for
a resort application.

Table 5-12 gives an overview of the energy congion@nd CQ emissions resulting in the
case of Alternative 3.
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System Description Electrical Production| Fraction
(kKWhyr)
Electrical system:
CSP Power (centralised) Collector area | 8f976,000 59%
9,357 m2
Solar PV (decentralised) 250 kW 547,500 8%
Grid purchase 1 MW transformer 2,190,000 33%
Total 6,713,500 100%
Primary load (demand) 6,022,500 90%
Excess load 691,000 10%
Unmet load 0.0 0%
Thermal system:
CSP thermal energyCollector area of 15,300,800 94%
(centralised) 9,357 m2
Steam boiler 703 kW capacity 985,227 6%
Total 16,286,027 100%
Primary load (demand) 7,253,363 46%
Excess load 8,762,664 54%
Unmet load 0.0 0%
Table 5-11 System configuration for Alternative 3
CSP + PV Grid CSP Fuel LPG
Power | Electricity | thermal | (Litre) (Kg)
(kWh) (kWh) (kWh)
Consumption per guest-| 14.14 9.43 26,98 0.47 0.2
night
Total annual consumption | 3,832,000| 2,190,000 6,268,136 108,37%6,457
CO, emissions per guestt 0 5.56 0 1,23 0.58
night (kg)
Total annual CO, emis- 0 1,292 0 285 136
sions (tonnes)

Table 5-12: Alternative 3 consumptions and gémissions
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5.4.5 Summary of Design alternatives

Item B-a-U Alternative Alternative 2 Alternative 3
case 1-c

Electricity resource Grid WECS, PV, | WECS, PV, Grid | CSP, PV, Grid

Grid

Annual RET electricity 0 3.745/ 42% 3.745/ 42% 4,524 | 67%

produced, MWh / %

Annual non-RET produced 11,173/ | 5,163 /58% 5,163 / 58% 2,190/ 33%

electricity, MWh 100%

Annual electricity demand, 11,173 8,077 8,077 6,023

MWh

Annual excess electricity, O 831/9% 831/ 9% 691/ 10%

MWh / %

Thermal energy resource | Oil steam| Oil steam Solar collector, | CSP, Oil steam
boiler boiler Oil steam boiler boiler

Annual RET produced 0 0 460 / 26% 15,301 / 94%

thermal energy, MWh / %

Annual non-RET produced 62/ 62 / 100% 1,314/ 74% 985/ 6%

thermal energy, MWh / %| 100%

Annual thermal demand, 62 62 1,774 7,253

MWh

Total calorific value of non 263.45 215.46 148.21 110.81

RE consumption, MJ/GN

Table 5-13: Summary of design alternatives

In the previous sections five solar alternativesengeveloped, of which 3 were chosen for
further evaluation along with the B-a-U case. TablE3 provides a summary of all the design
alternatives offering an overview of the differartergy productions systems and their out-
puts. The average non-RET electricity and fuel aaored by guest-night are converted into
calorific value in megajoul (MJ) and are added tbgeto give an indication of the energy
performance of each alternative. Alternative 3 theesmaximum renewable fraction and the
least energy consumption among the 4 design atteesavith a value of 110 MJ per GN.
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6 Analysis and Evaluation Methodology

This chapter establishes the method used for anglgsd evaluating the design alternatives
developed in the previous chapter. A holistic applois essential in evaluating the design
alternatives which embraces economic and envirotehémplications over the whole life
cycle of the resort. It is often that the life @ydost receives no or at least minimum attention
within the investment decision for a project. Hoe investor, the initial capital cost is of the
utmost interest when deciding between differentgiealternatives. This might go back to the
existing economic situation, where the investamasking to complete the construction of his
project in the shortest period of time possible stadlt generating the return on investment as
soon as possible; hence, reaching a positive fiahresult. It is also often the case that envi-
ronmental impacts are overseen or neglected. Kukkias why the interests of the investor
and, especially, that of the construction or dewetaccompany concentrates neither on a life-
cycle orientated view nor on a holistic approaalt, focuses instead on the minimisation of
capital costs.

The chapter starts with an overview of the econandacators used in investment decisions,
followed by an outline of the life cycle costingGC) method and the extent of its use (see
Figure 6-1). Based on both investment calculasiod LCC methods, the author will develop

an environmental life cycle cost (ELCC) model foe tevaluation of resort projects. The ob-

jective of the ELCC model is to achieve a comprshanevaluation of each alternative en-

compassing not only economic aspects but as weletivironmental impact over the project

life cycle.

Analysis &
Evaluation
Methodology
[
[ |
Overview of Resort Evaluation
evaluation methods Model, REM
Investment __|Lifecycle evaluation P ] e .
economicindicators methods Objectives Methodology Sensitivity analysis
> LCC > Assumptions $
What-if scenarios
> LCA > Inputs
—> ELCC > Formulas
—>| Outputs

Figure 6-1: Outline of chapter 6
6.1 Overview of evaluation methods

The investor usually seeks to know what the pregalue of the future investment is, or how
long it will take to generate returns and it iseofthe case that his decisions are based on the
expected return on investment. If the investmennigrofitable in the long run, then it is seen
unwise to invest in it unless the project is fociabreasons only. Typical investment decisions
in the building industry include the decision tooptinew technologies or to follow conven-
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tional methodsIt may alsobewishedto evaluate whetheto spend more oa new technolog
with the benefit of future cost savings during @den of the project. There are severeo-
nomic indicators that are well known aoftenusedin makingsuchinvestmendecision.

6.1.1 Investment economic indicator

Two of the most common economic indicators are the neteptevalu (NPV) and interna
rate of retur (IRR), whereboth are closely related since both are -adjustedmeasure of
profitability and their mathematical formulsharea common basis. BoNPV & IRR would
lead tothe same decision with respect toindividual project.As shown inFigure6-2, if the
cash flow is discounted aj, the NPV is positive ancthe IRR > k;, then the project can |
accepted while at a discounte of k, a negativeNPV and IRR < ,, then the project woul
be rejected

'y
NPV
b.‘\r‘-
‘-\_\‘
NPV{k) \\%
P
: ,\\\\
““‘w-.\
j M%”‘n iRR
h"x\ i h
Ky Discount rate . \\kg :
NPV(K2Jh «ceevvammmmamc e e csmmcm e emans \_{\

Figure 6-2: Net present valuversusinternal rate of retu

The NPV takes into account that thelue of money decreas with time, based on the fir
basic principle of finance, the time value of morA Euro today is worth more than a El
tomorrow (K. Herzog & Henseleit, 200. For example, assLe one person, A, has Eu
1,000 on hand, anotl persol, B, has Euro 1,000 promised 10 years from, and a thir
person C, is collecting Euro 10peryear for 10 years. Eacof themhas an asset of Eu
1,000 however, these assets might not be equivalent mstaf today’s purchasing pow
since these assets are spread across differeris pditime. Therefore, a baseline time rr-
ence must first be established in orco determine whose assets are worth mThe NPV
methodis then used to bring bacll monies to thechoserbaseline. Assuming an interest r
of 7%, and a baseline time refereias today, the calculattNPV of each of thosthree per-
sons are valued . Euro 1000, 508 and 702 respectively. Person s, accordingly the most
worth asst valuedat today.

The IRR is the discount rate at which the Nof a project equals zero. Thiste means the
the present value of the cash inflows for the mtoyeould equal the present value of itst-
flows.

A third economicindicatol the profitabilityindex (Pl is usedfor ranking projects where it
the ratio between the present value of re cash flow and the initial investmenin Plof 1
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indicates breakeven; any value lower than one widdtate that the project's present worth
is less than the initial investment and vice vefsaithe value of the profitability index in-
creases, so does the financial attractivenessegdribposed project.

Many investors like to know the payback period (RBjch is defined as the time it takes the
cash inflows from a capital investment project tua the cash outflows and is usually ex-
pressed in years (CIMA).

Considering the special type of building projectastigated in this thesis, the question is
raised which economic indicators are most suitétmesvaluating a resort type project. It is

worth noting that we are not considering the wholeestment of the resort and, hence, the
main revenue stream generated by the resort threaljhg or renting rooms is not part of

this evaluation. The objective here is not to deaihether to invest in a resort business or
another type of business operation, rather to @eoidthe most suitable design alternative.
Accordingly, economic indicators such as IRR, Rl &P cannot be calculated for an individ-
ual case, since not all costs and revenues arédeoed. This leaves us with one method, the
NPV, which allows us to compare alternatives. Tasheout and cash-in flows discounted to
the present time are added together yielding ativegdlPV since cash out dominates the
total cash flow. The lower the absolute value @& MPV, the more attractive the project is.
NPV is the method used in calculating the LCC pf@ect.

The IRR, PI and PP could be, however, used wherpaadng two alternatives where an addi-
tional investment is required in one of them thatld yield cost savings and/or benefits ver-
sus the other.

6.1.2 Life cycle evaluation methods

Cost and value are not always well managed bytsli&ome clients focus on the wrong goal
— lowest capital price rather than best value;dmuicentrating on the initial capital cost of a
project does not always give value for money, egfigavhen all the incurred costs, savings,
environmental and social values throughout thetiiifee of a project are overlooked.

In this section, the different types of life cy@ealuation are outlined. Understanding the dif-
ferences between each methodology is necessaryeba@éfining the objectives of the cost
model to be used in evaluation.

6.1.2.1 Life cycle costing

LCC is a common tool that is used in evaluatingebenomic efficiency of a project and in-
vestment options while considering the impact ofimturred costs during the project life
which allows a consistent comparison of alternatiwilst considering all relevant cost pa-
rameters from cradle to grave. LCC of an assdidace, considered as the present value of
the total cost of that asset over its operating, lihcluding initial capital cost, occupation
costs, and the cost or benefit of the eventualodizpof the asset at the end of its life (RICS).
Examples of such costs and benefits are:

» Acquisition costs and/or revenues.

* Procurement costs such as initial constructions¢@gtrchase or lease of equipment,
interest, fees and other costs related to prapeglementation.
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* Recurring costs such as rent, operation rates,ter@nce, repair, replacement
and/or renewal, energy, utilities and other coslated to the operational phase of
the asset.

* Revenues such as resale of recycled materialspEgtnerated power, rental in-
come and other.

» Disposal costs and/ or revenues such as demotitists, dismantling costs, and re-
sale of used equipment.

When the life time of all alternatives is equakrithe lowest LCC represents the best alterna-
tive for the economic aspect. For example, a Iighsystem is expected to cost €10,000 to
install today; energy and lamp replacement areneséid to be €750 & €500 annually respec-
tively. A one-time replacement is anticipated tstd®3,000 at the tenth year; and the system is
expected to have a salvage value of €2,000 aftdifetcycle of 20 years. Table 6-1 shows the
LCC of the investigated lighting system which iscoéated to be €21,501 over a life time of
20 years and at a 10% discounting rate. This vedurebe compared with the LCC of another
lighting system calculated on the same basis.

number of payments
Payment Value : NPV
single annual
Initial Cost €10,000 | O €10,000
Energy Cost €750 20 €6,385
Maintenance Cost €500 20 €4,257
Replacement Cost €3,000 10 €1,157
Salvage Value € (2,000) 20 €-297
Present Worth of the flow of € 21,501
costs

Table 6-1: LCC of a lighting system (Kirk & Dell'isola, 1995)

Stan- Phases of LCC

dard

ISO Use &

15686-5 Acquisition Mainte- | Renewal & Adaption Disposal
(2004) nance

GEFMA Operation

100-1 C(:ir(;(;ep- Design CO{EEUC' & Utilisa- R?ir;cr)]va- Unci)é:é:u- Recycling
(2004) tion P

O Project

NORMA Project devélo _| Construc- Utilisation Demoli-
A 7000 idea mentp tion tion/Disposal
(2000)

Table 6-2: Phases of LCC according to various standards, eddmm (Kati Herzog, 2005)

LCC is also expressed through other terms which theasame meaning such as: Whole Life
Costing and Through Life Cost. For the purposearfsestency, the author has chosen to use
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the term LCC throughout the thesis. Although LC@eisognized by several standards, differ-
ent terminologies might be used with respect topifegect life phase as indicated in Table 6-
2. The shaded area highlighted in the table repteghe optimal phase where the evaluation
of options and alternatives should take place. muthe acquisition/conception/project idea
phase there is ample opportunity to introduce ceamgth minimum costs of rework.

The 1SO standard 15686 on service life planningneésfLCC as: “A tool to assist in assessing
the cost per performance of construction work, diraefacilitating choices where there are
alternative means of achieving the client’s objextiand where those alternatives differ, not
only in their initial costs but also in their suhsent operational cost” (Edwards, Bartlett, &
Dickie, 2000).

6.1.2.2 Life cycle assessment

Life cycle assessment (LCA) is a tool used for rmdag and evaluating the environmental

burdens associated with a product system or agctiyitdescribing and assessing the energy
and materials used and released to the environhmrgathe life cycle. It is used to achieve

sustainable building practices by considering itsimnmental impacts. Proper design and
material selection are critical to minimize thoseuse environmental loads (Kotji, Schuur-

mans, & Edwards, 2003). The similar term life-cyalglysis is sometimes used to describe
the same process.

LCA compiles the inputs and outputs of product amdluates the current or potential envi-
ronmental aspects and impacts such as resourceimptisn and environmental releases
throughout the product’s life cycle — from raw miekacquisition through production, use,
end-of-life treatment, recycling and final dispgsad.,cradle to graveLCA is often used in:

» identifying opportunities to improve the environrntedrperformance of products at various
points in their life cycle;

» assisting decision-makers in industry, governmemom-governmental organizations in
setting their strategic plans, objectives prioirs redesign of product or process;

» selecting relevant indicators of environmental perfance, including measurement tech-
niques; and
» identifying opportunities for resources efficierxie

LCC and LCA are used interchangeably in the consbm industry. Both methods deal with

components used and their service life, maintenandeoperational implications and disposal
at end of their life time. However, LCA is more cenned with environmental impacts while

LCC is more concerned with financial impacts disted to present value over time. The key
differences between LCC and LCA are (Kotji, et 2003):

* Conventional LCC methods do not consider the poésnaking a product; they are
concerned with the market cost, whereas LCA consipoduction.

* In LCC costs are usually discounted over time, whsrenvironmental impacts are not
discounted.
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6.1.3 Environmental life cycle costing

A third type of life cycle evaluation was introdace 2007 by Hunkeler, Lichtenvort, & Re-

bitzer (2008) known as ELCC which summarizes adts@ssociated with the life cycle of the
project relating to real money flows in addition égternalities that include environmental
implications. The objective of combining environrtedrand economic performance of a pro-
ject is to identify win-win situations and to belalo optimize trade-offs between the envi-
ronmental view and the economic/business view.

Figure 6-3 depicts the framework of LCC versus EL&F a project. Internal costs are directly
connected to the investment cost which concernagts and revenues within the project life
cycle. Meanwhile, externalities are external casish as environmental subsidies; taxes; and
penalties.

Externalities Externalities Externalities Externalities
Cost Cost Costs Cost
Resources (l;/l;:eza:se:; Costs Project Costs Usersor Costs End-of-Life | | Final Disposal
(Externalities) po! Rev. ~| Implementation |Rev. operator Rev. Actors (Externalities)
Suppliers
Revenues Revenues Revenues Revenues
Externalities Externalities Externalities Externalities

I:l Economic System = Boundaries of LCC : Natural systems = Boundaries of ELCC

Figure 6-3: Conceptual framework of ELCC, adapted from (Hunkedeal., 2008)

GWPversusLCC
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] 4
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O 1000 ¢ Alternative 2
o
= Alternative 3

0
0 1000 2000 3000
Euros

Figure 6-4: ELCC portfolio presentation of 3 alternatives (Helgk, et al., 2008)

Although the scope of ELCC differs from LCA sinteasi concerned with both costs and envi-
ronmental impacts, however, there are overlapscandections between both methods where
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the quantities of flows calculated from LCA canus®ed to calculate costs in the ELCC. For
example, amounts of energy consumption can be tasealculate operation costs during the
use of the project.

The results of ELCC can be presented in the foria tafble or in the form of a portfolio pres-
entation where the overall LCC in monetarily telisiplotted against the global warming po-
tential (GWP) in kgC@equivalent (Figure 6-4).

6.2 Resort evaluation model

Due to the individuality and type of the case stwdth respect to general buildings, the au-
thor developed a Resort Evaluation Model (REM) Hase the ELCC method where the re-
sort performance in terms of life cycle cost andiemmental impact, expressed as equiva-
lent CQ emissions, are captured and evaluated (Figune 6-5

CO, emissions

Figure 6-5: The performance of a resort evaluated in REM, addpten performance of buildings (Kotji, et al.,
2003)

6.2.1 Objectives of the REM

Most environmental impacts of energy consumptidee tplace in the atmosphere such as:
Acid pollution, ozone depletion and green housesgasnission. For the purpose of this re-
search, the atmospheric emissions,@)chosen to represent the GWP as the only environ
mental impact in the REM due to its worldwide impatiile the other atmospheric pollutant
emissions such as dust, NOx and, 3ult from power plants and have a regional impac

The scope of evaluation in the REM is limited te #nergy use in a resort and the corre-
sponding CQ@ emissions during the operation phase of the projecs also to be noted that
REM is valid for resorts with GR capacity rangimgrh 200 to 800 and with a minimum oc-
cupancy of 70%. The energy audit carried out inptdrad shows that the GN consumption
differs greatly with occupancies less the 70%. Atbe energy audit did not examine resorts
with GR numbers below 200 or above 800 and, he@d&,consumption values for resorts
outside this range have to be analysed in terntsedf consumption pattern before using the
developed REM. Additionally, the following paramesteare not considered in the REM
analysis:

» The production phase of the materials and prodisgs in the construction of the resort.
* The transport of materials to the resort site dsageequipment and personnel.
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* The construction waste during the construction ehas
* The energy consumption during the construction @has
» Demolition of the establishment.

The REM is aimed to be used in both prospectiveratrdspective evaluation for future and
existing resorts. Compared to other models, REMbleisahe evaluation of the synergy effect
of different technologies and energy efficiency mgaments. For example, the HOMER tool
evaluates the LCC of micro-power plants focusingpomwer production only while REM
evaluates the ELCC of combined power and thern@dymtion systems. The output of REM
is expressed in a functional unit in addition te thtal value of the project in order to be able
to benchmark it with respect to other resorts.

6.2.2 REM methodology

To demonstrate the concept of the REM evaluatiah wothin the scope of this thesis, the
author developed a simplified version of REM usangroup of interlinked Excel worksheets
based on the LCC formulas, methodology and assomggtkplained in the next sections of
this chapter. The worksheets are divided into 8gmates: Input sheets, calculation sheet and
output sheets. The inputs and outputs are exprgesefdinction units which in this case are:
GN for annual costs and G@missions, and GR for capital and life cycle co$tse flow
chart in Figure 6-6 outlines the REM process whiesgarts with compiling the data required
for the inputs of the model. Two types of dataracired: Technical data such as occupancy,
supplied energy and energy consumption rates; andoenical parameters such as capital
investment costs, energy tariffs, financing paramsetrevenues and benefits. The ELCC is
then calculated using the LCC formulas and thelt®swe presented in terms of LCC per GR
and equivelant CQemissions per GN. Sensitivity analysis is perfatroa different parame-
ters to identify the critical parameters and theeeiof their impact on the decision making.
The end results are presented to decision makdrsand be compared to benchmark values
if available or other design alternatives. In caseinfavourable results, further alternatives
could be developed and revaluated, or the evalwtecthative can be rejected or postponed
to future implementation when certain parameteesexpected to change such as change in
laws, regulations and or prices.

The developed REM spreadsheet was validated usiveg evaluation tools such as HOMER
& RETScreen calculating the LCC or NPV of individlitechnologies. For example, the LCC
of a PV station was calculated by both REM and H®M#& confirm the proper functionality
of REM; similarly, RETScreen was used to validdte ELCC results of evaluating each of
CSP and solar collector technologies by REM. Gdlyerso major discrepancy is expected
since all models are based on the same formulas.
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( START )«

Input data:
Technical parameters: occupancy, consumption,
energy production,
Economical parameters: financing, tariffs, CER, TCI

)

ELCC calculations:
calculate ELCC of the
proposed system

I

Outputs:
LCC per GR
CO2 emissions per GN

Sensitivity analysis:
impact of inputs on output

Compareto
benchmark:
Results
accepted?

Calculate ELCC of Alternative cost

savings v. B-a-U:
simple payback, IRR, PI,
avoided CO2 emissions

YES

Results

A

Implement/ End

Figure 6-6: REM analysis process

6.2.2.1 REM assumptions

accepted
?

Reject/End

Postpone/ End

ot

Several variables constitute the REM calculatiometver they are entered directly as input
parameters or they formulate part of the LCC foasulThose direct variables can be input
and changed as required while those indirect vimsadre fixed in the REM. Before proceed-
ing further with the REM, it is essential to estalbla common understanding of those vari-
ables. The following is a list of assumptions cono®y the variables included in the devel-

oped REM:

Project life is the life of the whole resort estabinent and which is typically determined
by the client according to economic factors basedalue and depreciation as well as
how long the client is expected to hold an inteneshat asset. RICS state that buildings
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usually end their life before the actual end ofrtpéysical life. Forty years would be con-
sidered as a long building life while 20 yearsesslwould be considered a relatively short
building life. It has been widely recommended bykk& Dell'isola (1995) to adopt an
analysis period of 25 to 40 years. Yet, it showddhbted that, no matter how the analysis
period is selected, costs that are to be incuaedhfthe future, say beyond 25 years, be-
come inconsequential both in size and their efi@acthe LCC analysis. The project life
time is a direct input on the economical input sleéeéhe REM which has been designed
to allow a maximum life time of 35 years. In theabsis of the case study in the next
chapter, 25 years is chosen as an input valueodile individuality of a resort as an es-
tablishment type which is often subject to compteferbishment before completing 25
years. Also, in cases where energy prices or feedriff play a major role in evaluating
the LCC, there would be high uncertainty sinceduld be difficult to predict the prices
of energy or feed-in tariff for periods exceedirigy2ars. The existing feed-in tariff laws
worldwide are valid for 10 to 25 years dependinghacountry.

Service life is the life of a product or a buildiagment. It is determined either techni-
cally based on physical durability and reliabilitfyproperties, or obsolescence based on
factors other than time or use patterns. In the Rialysisthe service life of the main
elements is not a direct input parameter and égnatted within the maintenance and re-
placement (M&R) costs.

M&R costs are distributed equally over the projdettime and are expressed as a per-
centage of the total capital investment (TCI). M&R cost is a direct input in the REM
model and a value @ is assumed for the case study.

Salvage value is the value of the elements whenribdonger have a use or are in func-
tion. This is might be determined by the clientr@rket projection. It is a direct input and
is entered as a percentage of the TCI; a val®&&wois assumed in the case study.

Discount rates may be possibly determined by athesstment opportunities open to the
client. In the REM, the discounting rate is an redt variable and is calculated using the
weighted average capital cost (WACC) formula merdtbunder section 06.2.2.3. in the
REM, WACC can be varied resulting in different disat rates. In the case study, several
scenarios will be simulated to examine its effectiee REM outputs.

Inflation rate is the rate of increase of the agergrice level over a given period of time.
It can also be defined as the rate of decreadeeipurchasing power of money over the
same given period of time. Real figures do not mwrsanflation while nominal figures

do. To determine the NPV in an LCC calculatiorddes not matter if real or nominal fig-
ures are used as long as the approach is conssittier nominal figures, namely all cash
flows and discount rates, or real figures for allgmeters are being used. For both scenar-
ios the total NPV will be the same (K. Herzog & Ideleit, 2004). This approach is also
supported by Kirk & Dell'lsola (1995) where theyt that “as long as the LCCA is used
for the comparison of alternatives, the use ofatiter-inflation discount rate and constant
dollars produces the same result as any othermabomethod of analysis”. In REM the
inflation is, accordingly, neglected and only realues are considered.

Cost growth is the increase or decrease in the pfi@an individual item with or without a
corresponding increase or decrease in value vessaflation which is a general increase
in the prices of goods and services over time éneitonomy as a whole, without a corre-
sponding increase in values. Although inflation bameglected when comparing alterna-
tives, yet cost growth cannot be neglected in scases. For example, growth of the cost
of labour will probably not affect the LCC, howeytre growth of energy cost will have
the most effect on the least energy-efficient aléve and it's LCC. The difference be-
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tween the cost growth and inflation is known agedéntial escalation. Since the objective
of REM is to compare alternatives, current pridesutd be adjusted incorporating the dif-
ferential escalation for items that have a cosivijneexceeding the general inflation rate.
Accordingly, REM incorporates the escalation ratd & applied to M&R costs as well as
operation costs which are highly affected by angepfluctuation in the energy prices.
This parameter is a direct input variable and enadhse study, it is simulated with different

values in order to establish its impact on the REBUIts.

» Taxes; regardless whether taxes are considereat,at s important to obtain consis-
tency. As it would be very time consuming, intraagmt and cumbersome to estimate

LCC on an after tax basis, it is more feasiblestgeas LCC on a pre-tax basis. Therefore,

the entire approach of LCC of constructions ofdiais is to be considered before taxes
(K. Herzog & Henseleit, 2004). Based on that, REd@ginot consider any taxes in its
calculations.

» To reduce the time and complexity of the analytbigse project elements that will be the
same in any of the alternatives under consideratierto be identified and removed or

fixed during the comparative analysis (Kirk & Disiila, 1995). Therefore, the author has

removed all common items from the REM calculatiand only items related to the en-
ergy performance of the resort are considered dndhwary in terms of cost, capacity
and/or performance from one alternative to therothe

6.2.2.2 REM input data

The first step in any LCC analysis is to list alkts according to different phases of life. Table
6-3 is an example of a detailed checklist of défé cost elements that can be included in an

LCC for a construction project.

Capital Cost

Land

Fees on acquisition

Design team professional fees

Demolition and site clearance

Construction price of building work

Cost of statutory consents

Taxes

Furnishings

Other capital costs

Commissioning expenses

Decanting charges

Financing Costs

Finance for land purchase and during construction

Finance during period of intended occupation

Loan charges (public sector)

Operating Costs

Energy

Cleaning

Rates

Insurances

Security and health

Staff
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Management and administration of the building

Land charges

Energy conservation measures

Internal planting

Equipment associated with occupier’s occupation

Water

Gas

Fuel

Maintenance, replacement and alteration costs

Main structure

External decorations

Internal decorations

Finishes, fixtures and fittings

Plumbing and sanitary services

Heat source

Space heating and air treatment

Ventilating systems

Electrical installations

Gas installations

Lift and conveyor installation

Communications installation

Special and protective installations

External works

Gardening

Residual Values

Resale value

Demolition costs

Table 6-3: Checklist of costs and values of an asset (RICS)

Not all of the above cost items are taken as inptlie REM since the objective is to compare
alternatives with respect to the energy performaofca resort rather than the whole project
items. Several of the above mentioned items arenammand do not change from one alterna-
tive to the other and will accordingly not affebetresult of the decision, (Kirk & Dell'isola,

1995). The main cost items chosen to be used as fiopthe REM are as follows:

* TCI cost elements such as:

» Building envelope elements, for example, insulatedon-insulated walls, type of
glazing, etc.

» Sanitary works based on centralized or decentbgstem which will have an im-
pact on the size of the sewage network.

» Electrical installations whether they are transfersn EMS, type of lighting & lamps,

power saving devices, etc...

» Electrical energy resource which could be an RETalkation, grid based or a fuel
based generator.

* HVAC whether centralized or decentralized air-ctioding, electrically or thermally
operated system, etc.

* Thermal energy resource such as boiler, solaratolle, heat recovery system, etc.
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» Desalination Station which could vary in type opaeity from one alternative to the

other

* Waste water treatment station which again coulg iratype or capacity.
* Financing costs covering any loans and/or grants

» Operation cost which is the total annual cost aistoning grid electricity, fuel, LPG, and

any other fossil fuel used for supplying energyhi resort.

* M &R cost which is the total annual costs for mair@nce and any part or equipment re-

placement.

* Revenues generated through either sale of anyusugplergy to a third party or through a

feed-in tariff agreement.

» Benefits that could be generated through tradingedified emission reductions (CERS)

or tax reductions.

In the REM worksheets, the above mentioned costematered in terms of the following input

data as indicated in Table 6-4:

Economical Input Data

Technical Input Data

Equity, %

Average annual occupancy, %

Fund grant, %

Guest to room ratio

Cost of finance, %

Average GN electricity demand/hk

Expected return on equity, %

Average GN thermal energy demand,
kwh

Feed-in tariff, €/kWh

Annual RET produced electricity,
kWh

CER price, €1CQ

Annual non-RET produced electricity,
kWh

CER trading term, years

Annual RET produced theri\&h

Cost escalation factor, %

Annual non-RET produced therma
kWh

Total capital investment, €

Project life time, years

M&R cost, % of TCI

Electricity purchase price, €/ kWh

Fuel purchase price, €/litre

Salvage cost, % of TCI

Table 6-4: REM Input parameters

6.2.2.3 REM formulas

The second step in the REM is to convert all thevalresulting costs, which spread over the
project life time, using the NPV method to the prasvalue in order to make them compara-
ble over the project life time. The formula usedhie REM calculations is based on the LCC
formula used in the building construction (K. Heyz& Graubner, 2002), (K. Herzog &

Henseleit, 2004) as follows:
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LCC(t=O)=H+thaX: N_, A
E(L+d)  (@+d)

Where,
d = discount rate for adjusting cash flow to presalue
H = Total capital Investment
N = costs of operation, maintenance repair anciogphent
A = salvage costs
t = number of life time years
Additionally, the following formula was integratéathe REM calculation worksheet:

*  PWA, present worth of an annuity/recurring costduding differential escalation (Kirk &
Dellisola, 1995), where e is the growth escalatate

t —
PWA=N XM, wherev :E
v-1 1+d

*  WACC which determines the discount rate, where B &re the equity and debt value in
an investment respectively. B Ry are the cost of equity and debt respectively (In-
vestopedia, 2010),

E D
xR +
E+D R E+D

WACC=

xR,

Comparing the LCC might not be conclusive in dercismaking. In alternatives where sav-
ings and/or revenues are generated over the tife of the project, it might be required to
determine PP; Pl and IRR by considering the increatecapital cost versus the annual sav-
ings between two alternatives. Accordingly, therfatas for calculating IRR, Pl and PP were
added to the REM.

6.2.2.4 REM outputs
The main results of the REM are presented in theviing format:

 The LCC, €/GR; the calculated life cycle cost peest room before debt and after debt.
Both cases are considered to observe the efféheafost of finance and/or grants.

* The emissions, kgCOGN; the equivalent COemissions produced by a guest-night.

* The Annual avoided equiv. G@missions; the annual savings of £&Mmissions when
compared to a B-a-U case. This value is useful vdosisidering issuing CER under the
CDM programme.

* The IRR, Pl and payback in case of evaluating mergal costs and savings between two
alternatives.
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6.2.3 Sensitivity analysis

It is of the essence to assess the effect of uaingrtor risks on the results of any LCC. Sensi-
tivity analysis is recommended since the input datd.CC are based on estimates, variables
and/or assumptions rather than known quantitiesfexed prices and rates. The sensitivity
analysis determines how the value of one paranet&ifected by variation in the value of a
second parameter on which it depends. These ae odiled the output and input parameters,
respectively (Kirk & Dell'isola, 1995). This methds] accordingly, applied to the REM proc-
ess in order to determine how the sensitive the RiENuts are.

The breakeven point, defined as the value of tret etement that causes the LCC of the
lower-cost alternative to equal the LCC of the lkigbost alternative, are also determined
using the sensitivity analysis results.

The author has used What-if Analysis Manager saétyan add-in tool for Microsoft Excel,
(JABSOFT, 2005) in performing the sensitivity arsadyin the REM spreadsheets. The out-
puts of the sensitivity analysis are presentedltes and charts.

6.2.4 What-if-scenarios

The sensitivity analysis examined the influencendividual parameters in the REM identify-
ing the most critical once. Based on which and wetpect to the case study, several What-if
scenarios are established and simulated refleptisgible changes in the energy structure in
Egypt that might occur in the future considering tlew developments in the electricity law
underway. Different scenarios of financial struetare also investigated to determine its im-
pact on the LCC. The following what-if scenarios defined:

* What-if the cost of finance increased to 8% insteisl.5%? Under the current economic
conditions, there is always the possibility thabtdaterest rates could increase.

* What-if there was no debt, i.e., equity of 100%eas of 30%? Although 30%/70% eq-
uity/debt is a typical ratio, however, some owrgrsose to completely finance their pro-
ject, depending on the size of the project anddtpe.

* What-if the differential escalation rate is 5% e&d of 2%? This is the case when the
government decides to gradually relieve the suesidver a defined period of time or an
increase in global energy prices is foreseen.

* What-if the electricity and fuel prices where 0€IBRWh and 0.5 €/l instead of 0.035
€/kWh and 0.11 €/l respectively? This scenario shthe impact of energy prices and
subsidies on decision making and selection of teldyies.

* What-if the CER price is £50% of the assumed prf8b8uld the project join the CDM
programme, what would be the financial impact thHeErehanges in the estimated trading
value of the CER.

In addition to the above What-if scenarios, thrgghler settings are considered as follows:

e Setting 1 is the current status in Egypt where Bdéed-in tariff framework for small to
medium entities is provided and, hence, any REGtebity generated by a small enter-
prise or individual cannot be fed into the netwgrid. This setting is named ‘no feed-in’'.
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» Setting 2 is the same as Setting 1, provided Heaptoject could join the CDM pro-
gramme and trade the issued CER resulting from $2@ings. This setting is named
‘CER + no feed-in’.

» Setting 3 assumes that Egypt did in fact introduéeed-in tariff law and any small to
medium entity can feed its RET generated elecyriatio the gird at an advantageous tar-
iff in accordance with its policy for promoting Rfad environment sustainability.

Having developed the basis for evaluating the ELdg@@esorts, the developed REM tool is
applied in the next chapter to the case study réiffealternatives with the objective of deter-
mining the status of applying solar resort condepSharm el Sheikh specifically and in
Egypt generally.
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7 Resort Evaluation Modelling of Case Study

In this chapter the REM analysis method, develdpechapter 6, is applied on the different
design alternatives developed in chapter 5. Theabibg is to evaluate and compare the eco-
nomic and environmental performances of the diffeedternatives including the B-a-U case.
A sensitivity analysis will determine which paraerst have a major influence on the outputs
and could play an important role in decision making

First, the B-a-U case is analysed establishingse liae for comparison. This is followed by
the analysis of the 3 solar design alternative& &,3. For each alternative, input parameters
are first defined in line with the LCC elementsim&d in chapter 6, followed by the REM
simulation and the sensitivity analysis. The inpand outputs are presented in a tabular form.
At the end of the chapter, the results are discliasd explained. Figure 7-1 shows an over-
view of this chapter’s contents.

Resort Evaluation Modelling of
Case Study

B-a-U Altern at'\ﬁs 1-a,1-b, Alternatives 2 & 3
[ | |
v
/ Ceclements \
. . Maintenance, replacement
Total capital Investment Operation cost & Salvage cost

l

REM Outputs

l

Sensitivity analysis

Y

—>| Discussion of results

\ REM Inputs /

Figure 7-1: Outline of chapter 7
7.1 REM for Business-as-Usual case

This is the B-a-U case representing the most compnactices at current resort installations
in Sharm el Sheikh which depend mostly on usingifdgels as an energy resource: Electric
network grid and diesel fuel.

As explained in chapter 6, the prices and elemiatisare common in all alternatives are not
taken into consideration in the REM analysis asoibiective is comparing the ELCC of both
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alternatives and evaluating the overall investnodrine whole resort. The following is a list
of the items considered in the REM analysis inBhe-U case:

* Building works including walls and glazing: Single red brick walls are considered as
well as single glazing. No thermal wall insulatisrused.

» Sewage networkThe sewage network extends all over the resortrasudt of having a
centralized waste water treatment system.

+ Electrical installations: The main element considered in the TCI is thesfiamers with
a total capacity of 2.7 MW.

» Central air conditioning: Air cooled central air conditioning system is u$sedcooling
and ventilating the public areas and 130 guest soom

» Split unit air conditioning: Split air conditioning units are used to cool tamaining
214 guest rooms.

» Steam boilers:fuel operated steam boilers are used to providedbort facilities with
DHW and steam.

» Landscape lighting: Normal electrical lighting system was used forriinating the large
landscape.

» Seawater desalination plantAn RO system is installed to supply the resortivei®0
m>/day of fresh water.

« Waste water treatment plant: A mechanical system with a capacity of 400 m3/day
used to treat the waste water producing a recyelaishlity of water that can be used for
irrigation purposes.

7.1.1 Total capital investment for B-a-U

Pos | Item Cost (Euro)

1 Building works 364,081

2 Sanitary & Fire Fighting Works 144,677

3 Electrical Works 50,000

4 Air Conditioning 1,438,094

5 Steam boilers 293,779

6 Landscape 66,667

7 Desalination Station 745,968

8 Waste Water Treatment Station 282,258
Total Capital Investment, TCI 3,385,524
TCl per GR 9,482

Table 7-1: Total capital investment costs of the B-a-U case

The capital investment costs used in the B-a-U easéased on actual market data and the
project costs of Resort 6 under appraisal. Thearutras the appointed project manager of
that project from 2001 until 2004 and, hence, haxkss to the actual project costs. The cur-
rent construction market prices have increased¥g Bver the last 10 years due to inflation
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and increase in commodities price. Accordingly, preject actual prices from the years
2001/2004 have been factored by 50% to be compatibloday’s market prices. In all alter-
natives, the costs are expressed in Euros andagezllon an exchange rate of 1 Euro to 7.50
EGP.

The TCI for the above mentioned items considerethénELCC amounts to Euro 3,385,524
which is equivalent to Euro 9,482/GR. A summaryhef cost breakdown is indicated in Table
7-1

7.1.2 Operation costs for B-a-U

Consumption and tariff rates are two main pararsetiesit define the operation costs. Con-
sumption is mainly dependent on the total numbegusfsts in the resort, i.e. occupancy and
guest to room ratio. Tariff rates are mainly de@endn the market price for commodities as
well as government subsidies. Until date, theftaaifes in Egypt, including Sharm el Sheikh,
do not fluctuate much since they are set and siziesicdby the government. The energy prices
used in calculating the operation costs of the dgdy are taken 0.035 €/kWh and 0.11
€llitre for electricity and diesel respectivelyfleeting the growth in prices over the last 3
years and the latest energy bills of 2010. Usirgrites of consumption estimated in section
5.2.3 the operation costs are calculated and pieden Table 7-2 based on the following
formulas:

Operation cost per GN = energy unit price Xx GN comgtion
Total annual consumption = GN consumption x occap@ix GtR x 365 days

Total annual operation cost = total annual consionpt energy unit price

Resource Unit Consumption Operation Total Annual | Total An-
Price /IGN cost/ GN Consumption | nual Op-
(Euro) eration
Cost
(Euro)
Electricity 0.035 48.1 kWh 1.68 11,172,957 391,053
Fuel 0.11 2.43 | 0.27 564,455 62,090

Table 7-2: B-a-U consumption and Tariff rates

The values calculated in Tables 7-2 are based 6fol@ccupancy and a GtR of 1.85. In the
REM analysis, only two parameters are considerechiculating the operational costs: elec-
tricity and diesel fuel. LPG is neglected as it a@ms constant in all design alternatives as
illustrated in chapter 5 in addition to playing @or role in the overall energy consumption
of the resort.

7.1.3 Maintenance, replacement & salvage costs for B-a-U

During the survey of the resorts in Sharm EI-Sheikid the interviews carried out with the
responsible chief engineers, the author was ne& bfather detailed and accurate informa-
tion about the costs of M&R and how often it occdusing the life time of the project. How-
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ever, it was mostly recommended to consider a valdeto 2% of the TCI as an annual esti-
mation for the M&R costs. Although repair and reglaent do not occur regularly or at equal
intervals, however, for the purpose of this redeatbeir cumulative costs are distributed
evenly along the project life time and added toahaual maintenance cost. A total value for
M&R of 2% is chosen for this case study. Similagglvage costs were difficult to determine
since most of the interviewed resorts do not exddegears old. An assumption that the sal-
vage costs are 5% of the TCI is made and occuomgg, at the end of the life cycle of the
project.

7.1.4 REM Inputs for B-a-U

Figure 7-2 & Figure 7-3 illustrate the REM inpexcel worksheets for the technical and eco-
nomical data respectively. The cells highlightedbine allow the user to enter the specific
data of each project and vary in the values ofdhdisect parameters while the other non-
highlighted cells contain built-in formulas. Thelaical input parameters for the B-a-U case
based on the explanation outlined in chapter @arfellows:

» Average annual occupancy = 100%

* Average GtR ratio =1.85

* Average electricity consumption = 48.1 kWh/GN

* Average fuel consumption = 2.43 I|/GN

* Average annual amount of produced electricity byf RED kWh

» Average annual amount of produced thermal energyBVy = 0 kWh

While the economical input parameters are:

* Equity to debt ratio = 30% : 70%

» Cost of finance = 5.5%

* Expected return on equity = 15%

e Term of loan = 10 years

» Cost escalation factor = 2%

» Total capital investment = Euro 3,385,524
* Project life time = 25 years

* O&M cost as percentage of TCl = 2%

» Electricity purchase price = 0,035 Euro/kWh
* Fuel purchase price = 0,11 Euro/l

» Salvage cost as percentage of TCl = 5%
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TECHNICAL INPUT SHEET
text in blue are calculated

Project Name:

Scenario:

Business-as-Usual Case

Number of Guest Rooms:

344

Resort Design

Location:
Sharm El Sheikh

Energy Consumption Energy Production
C1 Average Annual Occupancy ER1 Annual Amount of produced electricity by RET, kWh
C2 Average no. of occupied rooms per year 125.560 ER2 Average produced RET electricity, kWh / GN -
C3 Guest to Room Ratio ER3 Annual Amount of produced electricity by non-RET, kWh 11.172.957
C4 Average no. Of guest-nights, GN, per year 232.286 ER4 Average produced non-RET electricity, kWh / GN

C5 Average Electricity consumption / GN, kWh ER5 Annual Amount of produced thermal energy by RET, kWh

C6 Annual Electricity consumption, kWh 11.172.957 ER6 Average produced RET thermal energy, kWh / GN

C7 Average Fuel consumption /GN, | ER7 Annual Amount of produced thermal energy by non-RET, kWh [FEERERTTE]

C8 Annual Fuel consumption, | 564.455 ER8 Average produced non-RET thermal energy, kWh / GN 22,09

C9 Average Thermal Energy consumption / GN, kWh 22,09 CO2 Emissions

C10 Annual Thermal Energy consumption, kWh 5.131.409 CE1 CO2 conversion factor 1 MWh Grid Electricity : 1ton Co2 0,59
Energy Demand CE2 CO2 conversion factor 1litre Diesel fuel : 1ton Co2 2,63

DD1 Surplus in supply, kWh / year - CE3 Annual amount of equivalent CO2 emissions 8.077

CE4 Average amount of equivalent kg CO2 / GN 34,77

Figure 7-2: REM technical input sheet for B-a-U case

ECONOMICAL INPUT SHEET
text in blue are calculated
Project Name: Scenario:
Resort Design Business-as-Usual Case
Location: Number of Guest Rooms:
Sharm EI Sheikh 344
IFinancial Parameters Project Parameters
FP1 Equity ratio, ER PP1 Total Capital Investment, TCl 3.385.524,00 €
FP2 Fund Grant PP2 Project Life time in years 25
FP3 Debt ratio, DR ANNUAL COSTS:
FP4 Cost of finance, Rd SR02] |PP3 M &R Costas % of TCI
FP5 Expected return on equity, Re (7] |PP4  Annual M&R Cost, AMRC 67.710€
FP6 Term of loan in years, ToL ilo] |PP5 Electricity purchase price per kWh
FP7 Term of Grantin years, ToG 0] |PP6 Fuel purchase price per litre
FP8 Equity by Owner, E 1.015.657 € | |[PP7 Annual Electricity Operational Costs 391.053 €
FP9 Grant amount - €] |PP8 Annual Fuel Operational Cost 62.090 €
FP10 Debt to Bank, D 2.369.867 € ANNUAL REVENUES & BENEFIT
FP11 Weighted Average Cost of Capital, WACC 8,35%| |PP9 Annual Revenue from selling electricity fixed - €
FP12 Feed-in Tariff fixed rate per kWh PP10 Annual Revenue from selling electricity add-on - £
FP13 Feed-in Tariff added premium per kWh PP11 Annual Revenue from CER - €

FP14 Feed-in Tariff added premium termin years
FP15 CER price perton CO2

FP16 CERterminyears

FP17 Cost Escalation factor

FP18 Change in feed-in Tariff

FP19 Change in CER prices

Salvage Cost

PP12 Salvage Cost as % of TCI

PP13 Total salvage Cost, TSC 169.276 €

Figure 7-3: REM economical input sheet for B-a-U case
7.1.5 REM Outputs for B-a-U
Using the input values mentioned in the previoutise 7.2.5 and the assumptions and meth-

odology outlined in chapter 6, two sets of outmrts produced by the REM: Before and after
debt as follows (see Figure 7-4):
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» Before debt; the total LCC of the resort is Eure52,879 and Euro 28,351 per guest

room.
» After debt; the total LCC for the resort is Eurd®8,300 and Euro 27,553 per guest
room.
* The amount of equiv. CCemissions is 35 kgCQper guest-night amounting to 8,077
tCO, /annum.

It can be noted that the difference between the Ib&fore and after debt is not significant
and, hence, the LCC after debt per guest roombeillsed henceforth as a base for compari-
son. Having a negative NPV and no generated bsnwdit cost savings, the IRR and payback
periods are not calculated.

REM OUTPUT SHEET

Project Name: Scenario:
Resort Design Business-as-Usual Case
Location: Number of Guest Rooms:
Sharm El Sheikh 344
Economical parameters
Before Debt & Grant per GR Total |ncluding Debt & Gran per GR [Total
LCC before Debt 28.351 € 9.752.879 €| | LCCafterD& G 27.553 € 9.478.300 €
NPV of Cash Flow before Debt - 28351€(|- 9.752.879 €| | NPV of Cash Flow After D & G -27.553€ |-  9.478.300 €

Environmental parameters

Average equivelant CO2 emissions kg per GN tonnes/Annual

34,77 8.076,56

Figure 7-4: REM output for the B-a-U case
7.1.6 Sensitivity analysis for B-a-U case

A sensitivity analysis was carried out on the ficiah parameters of the project to identify
their impact on the LCC value. Firstly, the equiyio and cost of finance are varied having a
direct impact on the WACC which is the discountuealised in calculating the LCC and NPV:

* Equity ratio varying from 30% to 100%.
» Cost of finance, Rd, varying from 5% to 8%.

The variation in those two parameters has accoldirggulted in changing the value of the
WACC from 8% to 15% which consequently resultec imariation of the LCC from 28,110
to 20,893 €/GR. It is common sense that with a 1@@ity share in the project and no debt,
the LCC reduces significantly by 26%. Meanwhile,imt&ining the original equity ratio of
30% and increasing the cost of finance to 8% redut a smaller reduction of ca. 10% in the
LCC. The detailed results of the sensitivity analyare presented in a table attached in the
appendices.

Using the original input values, a second sengjtiginalysis was carried out on the LCC
value by varying cost escalation factor from 298%. The idea was to reflect the global an-
nual increase in energy prices which might evehtuakult in annual increase in the energy
prices in Egypt even though still subsidised. Bameple, the current electricity price is 0.035
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€/kWh and it was assumed that there will be an ahimerease of 2% in the operation costs
and energy prices. The question is what might becttange in the LCC value if the Egyptian

government decides to apply a higher annual ineréashe current subsidised energy prices.
Figure 7-5 shows the resulting variation in thed_Zalue from 27,553 to 42,592 €/GR. For

instance, a cost escalation factor of 5% will lea@n increase in the LCC by ca. 22% reach-
ing 33,562 €/GR.

=== Cost Escalation factor

45.000€
40.000 € /A
35.000€

30.000€ -7/

25.000€
20.000€
15.000€
10.000€

5.000€
= € T T T T T T 1

2,0% 3,0% 4,0% 5,0% 6,0% 7,0% 8,0%

LCC/ GR

Cost escalation factor

Figure 7-5: Variation in LCC value versus cost escalation fafiio B-a-U case

== Electricity purchase price per kWh == Fuel purchase price per litre

100.000 €

90.000€ /
80.000€

70.000 € /

60.000€

50.000€
40.000€

LCC/GR

30.000€ -

20.000€

10.000€
= € T T T T T T T T T T 1
100% 150% 200% 250% 300% 350% 400% 450% 500% 550% 600%

% Change in input energy prices

Figure 7-6: Variation in LCC value versus change in energygwior B-a-U case

A third sensitivity analysis was carried out wh#re cost escalation factor is maintained at an
annual rate of 2% but the energy prices are sulbgeldss subsidies. Figure 7-6 depicts the
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change in the LCC value resulting from the incrdasalues of each of electricity and fuel

prices. It is obvious that electricity plays a keggole in influencing the operation cost in case
of a resort. Assuming the level of subsidy is realand the new tariffs for both electricity

and fuel are 0.13 €/kWh & 0.5 €/l respectively, tiesulting LCC would increase by 166%

reaching a value of 73,260 €/GR.

7.2 REM for the design Alternatives 1

Alternative 1 is characterised by using RET in dyipg electrical energy in addition to re-
ducing the electrical energy demand through thdempntation of energy efficiency meas-
ures as indicated in section 5.4.2. The followtegns have been taken into consideration dur-
ing the calculation of the capital and operatiarcats:

» Building works including walls and glazing: Double insulated brick walls are used in
addition to double glazing for all facades of theart.

» Sewage network:A decentralized waste water treatment is used regua smaller sew-
age network; a sewage network size of 60% of thttie B-a-U case is assumed.

» Electrical installations: The main element considered in the capital investroosts is
the transformers with a total capacity of 2 MW.

* RET technology: WECS, PV and a combination of WECS & PV are usedifferent
scenarios.

» Central air conditioning: A smaller air cooled central air conditioning gmstis used for
the public areas and 130 guest rooms; 90% of fithiedB-a-U capital investment is as-
sumed.

» Split unit air conditioning: The remaining 214 guest rooms are cooled usingaspl
conditioning units but with smaller capacities do¢he energy efficiency measure taken;
90% of that of the B-a-U capital investment is assd.

» Steam boilers:No changes from the B-a-U case.

» Landscape lighting: Slar lamps are assumed with a capital investmeigkttiat of the
B-a-U case.

* Seawater desalination plantA smaller RO system with a capacity of 400 m3/dags-
sumed.

* Waste water treatment plant: A decentralised constructed wetland system is ustra
capacity of 320 m3/day.

7.2.1 Total capital investment for Alternatives 1

The costs of the modified and newly introduced geame based on market prices which the
author acquired through internet research and astm prices quoted by suppliers. For ex-
ample, prices for building material such as briaksl glazing are the local market prices in
Egypt while prices of WECS and PV are based orrdkalts of internet research as indicated
in sections 3.3.1 & 3.3.2. Table 7-3 shows t#& fbr the 3 options developed in Alternative 1
where the cost per GR is Euro 26,145, 39,188 & &I for Alternatives 1-a, 1-b & 1-c re-
spectively.

132



Cost (Euro)

Alternative 1-a | Alternative 1-b

Alternative 1-c

Pos| Item

1 Building works 599,210

2 Sanitary & Fire Fighting 86,806
Works

3 Electrical Works 73,334

4 Air Conditioning 1,294,285

5 Steam boilers 293,779

6 Landscape 133,334

7 Desalination Station 600,000

8 Waste Water Treatment 600,000
Station

9 Renewable energy tech- 5,313,000 9,800,00 7,254,000
nology, RET
Total Capital Invest- 8,993,748 13,480,748 10,934,748
ment, TCI
TCI per GR 26,145 39,188 31,787

Table 7-3: Capital investment costs of Alternative 1 options

7.2.2 Operation cost for Alternatives 1

Resource Average Consumption Operation cost
Per GN/ Per GN/
Annual Annual (euro)
Alt. 1-a Alt. 1-b | Alt. 1-c Alt. 1-a | Alt. 1-b | Alt. 1-c
Electricity, 22.42/ 23,54/ 22,23/ 0.78/ 0.82/ 0.78/
kWh
5,206,975 | 5467,261| 5,163,347 | 182,244 | 191,354 | 180,717
Fuel, litre 2.43/ 0.27/
564,455 62,090

Table 7-4: GN and annual consumption and operation costlfernative 1 options

Based on the rates of consumption indicated in@eé&t4.2 and the same tariffs used for the
B-a-U case evaluation: 0.035 €/kWh & 0.11 €/| feactricity and fuel respectively, the opera-
tion costs for Alternative 1 options are calculatedi presented in Table 7-4. It is noted that
operation cost of Alternatives 1-a with WECS & Iwvith combined WECS& PV are almost

the same while that of Alternative 1-b with PV omdyslightly higher.
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7.2.3 Maintenance & salvage costs for Alternatives 1

Following the same assumptions of the B-a-U cdse=annual M&R cost and the total sal-
vage costs are taken 2% & 5% of the total capitadstment, respectively.

7.2.4 Revenues & benefits for Alternatives 1

Adopting RE in the project provides the opporturigygenerate income by selling the gener-
ated electricity by RET into the grid at a defiffedd-in tariff, if available. Up-to-date, there
is no feed-in law established in Egypt and, theesfto establish a better understanding of the
impact of having a feed-in law, the two settingsioffeed-in law and feed-in law will be run
by the REM analysis. The first settingp feed-in law assumes that the existing condition
where no feed-in tariff is available and any susplu the energy produced will be sold to a
neighbouring resort or establishment at the saniié @80.035 €/kWh as charged by the gov-
ernment. The second settirfged-in law assumes the existence of a feed-in law and tieat t
feed-in tariff is 0.1 €/kWh for all renewable eniexg The value of 0.1 €/kWh is chosen by the
author following the lead of the feed-in law decréy the Algerian government (Gipe).

Additional benefit can be gained by participatimgthe CDM programme where the CER
certificates can generate an annual income. lingortant to keep in mind that this added
benefit does not significantly alter the finangw&rformance of a project but acts rather like
an additional bonus. Under the CDM programme, ¢ted equiv. CQ emissions of the B-a-U
case are compared to that of the proposed Alteagtnd in case of achieving a saving in the
emissions, CER are issued and can be traded gegettais additional revenue.

7.2.5 REM Inputs for Alternatives 1

Input parameter Alternative 1-a | Alternative 1-b | Alternative 1-c
Av. Annual occupancy 100%

Guest to room ration 1.85

Average electricity conr 34.77 KWh/GN

sumption

Average fuel consumption 2.43 l/GN

Annual amount of RET 3,552,798 kWh| 3,963,138 kWh 3,745,277 kWh
produced electricity

Annual amount of RET 0 kWh 0 kWh 0 kWh
produced thermal energy

Table 7-5: REM technical input parameters for Alternativegtions

The REM technical & economic input parameters lfier different options of Alternative 1 are
listed in Table 7-5 & Table 7-6 respectively. THectricity consumption value and TCI as
well the amount of RET generated electricity aredhly parameters differing from the B-a-U
case.
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Input parameter Alternative 1-a | Alternative 1-b | Alternative 1-c
Equity ratio, ER 30%

Cost of finance, Rd 5.5%

Expected return on equity 15%

Re

Term of loan, ToL 10 years

Cost escalation factor 2%

Total capital investment, € 8,993,748 € 13,480,748 € 10,934,748
TCI

Project life time 25 years

O&M cost as percentage of 2%

TCI

Electricity purchase price 0.035 €/kWh

Fuel purchase price 0.11 €/kWh

Salvage cost as percentage 5%

of TCI

Table 7-6: REM economical input parameters for Alternativeptions
7.2.6 REM Outputs for Alternatives 1
The three setting outlined in section 6.2.4 arethwough the REM tool:

1. No feed-in law: This is the case where only surmliproduced renewable power is
sold at the same electricity purchasing price, ® €8Wh.

2. CER benefit + No feed-in law: Similar to the praysoscenario in addition to revenue
generated from trading CER at 16 €/#CO

3. Feed-in law: A feed-in law is assumed where allgbeer produced by RET is sold at
the feed-in tariff of 0.10 €/kWh and the resort®sngr demand is consumed from the
grid at the electricity purchase price of 0.035¥k It is assumed that both the feed-
in tariff and electricity purchase price are subjecan annual cost escalation of 2%.

The REM results: LCC per GR, equiv. €@missions per GN and total annual £&nissions
are presented in Table 7-7. It is noted that Alérve 1-a with the wind energy solution has
the lowest LCC while Alternative 1-b with the PVshthe highest LCC. It is also observed
that having the benefit of CER revenue lowers tB€Lby ca. 4% while introducing the feed-
in tariff reduces the LCC by ca. 17%.

The CQ emissions in Alternative 1 decrease to an avexadee of ca.4600 tonnes GO
equiv. Per annum achieving an average reductid3%f with respect to the B-a-U case.
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Scenario Alternative 1-a Alternative 1-b Alternative 1-c
1. No feed-in law:
LCC/GR| € 38,126 €52,712 € 44,417
2. CER + No feed-in law:
LCC/GR| € 36,429 € 51,015 € 42,720
3. Feed-in law:
LCC/GR| € 28,890 € 43,525 € 35,734
Emissions tCQGN | 19.62 20,28 19.51
Emissions 4,557 4,710 4,531
tCO,lyear

Table 7-7: REM output for Alternative 1 options

Out of the three options, Alternative 1-c is chosanfurther analysis as representative of Al-
ternative 1 since it combines more than one sooff&E and, hence, is considered to be more
reliable in terms of bad weather conditions on salags of the year and would decrease the
dependency on power supplied by the grid.

7.2.7 Sensitivity analysis for Alternative 1-c

Following the same steps in the B-a-U case, a ®éhsianalysis is first carried out on the
financial parameters of the project to identifyithpact on the LCC value as follows:

* Equity ratio was varied from 30% to 100%
* Cost of finance, Rd, was varied from 5% to 8%.

The change in the resulting WACC causes a variatibthe LCC from 44,741 €/GR to

40,926. With a 100% equity share the LCC reduce8%yMeanwhile, maintaining the same
equity ratio of 30% and increasing the cost ofrficeto 8% results in a reduction of ca. 4% in
the LCC. A table with detailed results of the stwity analysis is attached in the appendices.

A sensitivity analysis was carried out for thetfgstting, no feed-in law, on the LCC value by
varying the cost escalation factor from 2% to 8eéélecting the global annual increase in en-
ergy prices. The resulting change in the LCC isashon Figure 7-7 where it can be observed
the LCC increases from 44,417 to 56,901 €/GR. kanple, should the annual cost escala-
tion be 5% over the life time of the project, thEQ increases by ca. 11% reaching 49,405
€/GR.
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Figure 7-7: Variation in LCC value versus cost escalation fafiioAlternative 1-c, no feed-in scenario

On the other hand, assuming the cost escalatidgarfecmaintained at an annual rate of 2%
and the energy prices are subject to less or neidieb, the LCC increases by 51% up to
66.946 €/GR in case of a tariff of 0.13 €/kWh & @&/ for electricity and fuel respectively.
The sensitivity analysis carried out on each of élextricity and fuel prices shows that the
LCC is more influenced by the change in the eleityriprice than by that in the fuel price
(see Figure 7-8).

A sensitivity analysis was carried out on the secsetting, CER benefit + No feed-in law, in
order to determine the impact of the CER tradirigegpon the LCC. The results show that the
impact is small compared with energy prices. Fatance, an increase in the CER price by
50% will lead to a reduction in the LCC by 2% oalyd vice versa (see Figure 7-9).
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Figure 7-8: Variation in LCC value versus change in energygwior Alternative 1-c
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Figure 7-9: Influence of the CER price on the LCC for Alternatii~c

7.3 REM for Alternatives 2 & 3

The main characteristic of both of those alterreatiis using RE for producing both electrical
and thermal energy. The RETs used in both altarestire significantly different, yet the total

energy and economic performances of both designsamparable.

Alternative 2 is based on Alternative 1-c, using @&E& PV for the electricity part in addi-
tion to using solar collectors for supplying thefreaergy while Alternative 3 uses mainly
CSP to cover the electrical and thermal energy denraaddition to a part of PV modules.

7.3.1 Total capital investment for Alternatives 2 & 3

Based on the configuration explained under sectiofs8 & 5.4.4 and the market prices men-
tioned earlier under section 3.3, the TCI for balternatives are calculated and presented in

Table 7-8-

Cost (Euro)
Pos| item Alternative 2 Alternative 3
1 Building works 599,210
2 Sanitary & Fire Fighting 86,806

Works

3 Electrical Works 73,334 56,667
4 Air Conditioning 1,294,285 1,330,638
5 Steam boilers 406,739 81,632
6 Landscape 133,334
7 Desalination Station 600,000
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8 Waste Water Treatment 600,000
Station

9 Renewable energy tech- 7,254,000 9,074,950
nology, RET

Total Capital Invest- 11,047,708 12,563,237
ment, TCI

TCI per GR 32,115 36,521

Table 7-8: Capital investment costs for Alternatives 2 & 3
7.3.2 Operation cost for Alternatives 2 & 3

Based on the consumption calculations carried mahapter 5 for Alternatives 2 & 3, Table
7-9 shows the computed operation costs. It is alsvtbat the power consumption and cost in
Alternative 3 are significantly less, by ca. 58%nfrthose of Alternative 2 while the fuel con-
sumption in Alternative 3 is still less but only bg. 24% from that of Alternative 2.

Resource Average Consumption Operation cost
Per GN/ Per GN/
Annual Annual (euro)
Alternative 2 | Alternative 3 | Alternative 2 | Alternative 3
Electricity, 22.23/ 9,43/ 0.78/ 0.33/
kwWh
5,163,347 2,190,000 180,717 76,650
Fuel, litre 0.62/ 0.47/ 0.07/ 0.05/
144,540 108,375 15,899 11,921

Table 7-9: Consumption & operation costs for Alternatives 3 &

7.3.3 Maintenance & salvage costs for Alternatives 2 & 3

Following the same previous assumptions in the B-ease and Alternative 1, the annual
maintenance & replacement cost and the total saleagts are taken 2% & 5% of the total
capital investment, respectively.

7.3.4 Revenues & benefits for Alternatives 2 & 3

The same assumptions of feed-in tariff, CER besaiitd settings adopted in Alternative 1 are
applied for the analysis of Alternatives 2 & 3.
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7.3.5 REM Inputs for Alternatives 2 & 3

The REM technical & economic input parameters ftieatives 2 & 3 are listed in Table 7-
10 & Table 7-11 respectively. The value of the paaters related to consumption, RET gen-
erated energy and the TCI of each of the alteraeatdifferentiate them from each other oth-
erwise the remaining input parameters remain urgen

Input parameter Alternative 2 Alternative 3

Av. Annual occupancy 100%

Guest to room ration 1.85

Average electricity consumption 34.77 KWh/GN 25¢98h/GN
Average fuel consumption 0.62 I/GN 0.47 I/GN
Apnual amount of RET produced elec- 3,745,255 kWh 4,523,500 kWh
tricity

Annual amount of RET produced ther- 460,000 kWh 15,300,800 kWh
mal energy

Table 7-10: REM technical input parameters for Alternatives 3 &

Input parameter Alternative 2 Alternative 3
Equity ratio, ER 30%

Cost of finance, Rd 5.5%

Expected return on equity Re 15%

Term of loan, ToL 10 years

Cost escalation factor 2%

Total capital investment, TCI € 11,047,708 € 12,363
Project life time 25 years

O&M cost as percentage of TCI 2%

Electricity purchase price 0.035 €/kWh

Fuel purchase price 0.11 €/kWh

Salvage cost as percentage of TCI 5%

Table 7-11: REM economical input parameters for Alternatives 2
7.3.6 REM outputs for Alternatives 2 & 3

The same previous three defined settings are ruhdREM for each of the alternatives 2 &
3 where the REM results are presented in Tabl2.7t1s interesting to observe that both so-
lutions although are based on different energygiesoncepts and technologies, yet, their
LCC seem to very close. The additional benefit BROevenue lowers the LCC by 5% & 7%
in Alternatives 2 & 3 respectively while having eefl-in tariff reduces the LCC by 14% &
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16%. However, it can be noted that in the settihfeed-in law, the LCC seem to

affected in Alternative 3 where it breakevens wiitat of Alternative 2.

Scenario Alternative 2 Alternative 3
1. No feed-in law:
LCC/GR| € 43,149 € 44,571
2. CER + No feed-in law:
LCC/GR| € 40,908 €41,438
3. Feed-in law:
LCC/GR| € 34,467 € 34,084
Emissions tCQGN | 14.75 6,79
Emissions tCQyear| 3,427 1,577

Table 7-12: REM output for Alternatives 2 & 3

be more

Both alternatives show a reduction in the @&missions, yet, Alternative 3 shows the greatest
reduction compared with all the other alternatix@sching am amount of 6,499 tonnes/year
of avoided CQ emissions with respect to the B-a-U case.

7.3.7 Sensitivity analysis for Alternative 2

The sensitivity analysis carried out on the equétfo and cost of finance did not show any
major variance to the previous results of Altewati-c. For example, a 100% equity share
resulted in a reduced LCC by 7% while a cost ddrice 8% reduces the LCC by 4%.
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Figure 7-10: Variation in LCC value versus cost escalation faiioAlternative 2, no feed-in scenario
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The sensitivity analysis carried out on the seftimg feed-in law, shows a variation in the
LCC from 43,149 to 54,336 €/GR (Figure 7-10). Erample, the cost escalation factor of 5%
will lead to an increase in the LCC by ca. 10%.

On the other hand, the sensitivity analysis caroeton the energy prices show that fuel has
a minor influence on the LCC value versus eledrierhich is due to the reduction in fuel
consumption resulting from using solar thermal gnéFigure 7-11). The analysis also shows
that at tariff of 0.13 €/kWh & 0.50 €/ for eleatity and fuel respectively and annual cost
escalation factor of 2%, the LCC increases by 30%£t838 €/GR.
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Figure 7-11: Variation in LCC value versus change in energygwifor Alternative 2
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The sensitivity analysis carried out on the secgetting, CER benefit + no feed-in law, which
determines the impact of the CER trade price orL€, shows that an increase in the CER
price by 50% will lead to a reduction in the LCChy4% and vice versa (Figure 7-12).
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Figure 7-12: Influence of the CER price on the LCC for Alternat®

7.3.8 Sensitivity Analysis for Alternative 3
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Figure 7-13: Variation in LCC value versus cost escalation faioAlternative 3, no feed-in scenario
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The sensitivity analysis carried out on the equétfo and cost of finance did not show any
major variance to the results of the previous a#ttves. An equity share of 100% results in a
reduced LCC by 3%, while a share of 30% and an 886 af finance, the LCC reduces by
2%.

The sensitivity analysis carried out on the fisstting 1, no feed-in law, shows a variation in
the LCC from 44,571 to 53,684 €/GR (Figure 7-I3)e cost escalation factor of 5% will lead
to an increase in the LCC by ca. 8.2%.

Similar to Alternative 2, the sensitivity analysarried out on the energy prices shows that in
Alternative 3 the fuel has nearly no major influeran the LCC value which is due to the
very low fuel consumption resulting from havingemewable share of 94% in thermal energy
part (Figure 7-15). The analysis also shows thtdrdf of 0.13 €/kWh & 0.50 €/I for electric-
ity and fuel respectively and at annual cost esicaldactor of 2%, the LCC increases by 50&
to 51,157 €/GR.

The sensitivity analysis carried out on the secseiting, CER benefit + no feed-in law, in
order to determine the impact of the CER tradeepoic the LCC shows that an increase in the
CER price by 50% will lead to a reduction in the@. 8y 3.78% and vice versa (Figure 7-14).
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Figure 7-14: Influence of the CER price on the LCC for Alternati¥
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Figure 7-15: Variation in LCC value versus change in energygxifor Alternative 3

7.4 Discussion of REM results

7.4.1 Summary of REM input and output parameters for theB-a-U and solar
alternatives

In this section an overview of the technical andreenical performances of all design alter-
natives are presented and compared to that of #idJRase as illustrated in Table 7-13. The
first half of the table summarises all the inputgmaeters used in the REM analysis while the
second half presents the outputs of the REM. Teetratity demand in Alternatives 1-c & 2

are lower from that of the B-a-U case as a resuthe energy efficiency measures taken
while that of Alternative 3 has the lowest valueaaesult of switching to solar cooling sys-
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tem. On the other hand, the thermal energy demandedses significantly in Alternative 2
mainly due to switching to solar heating for the \WHnd swimming pool while it becomes
the highest value in Alternative 3 as a resultsahg a solar cooling system which depends on
thermal energy. However, as the renewable fradtioreases from one alternative to the next,
the fuel consumption consequently decreases armhig=cthe lowest in Alternative 3 reach-
ing 0.47 compared to 2.43 I/GN of B-a-U case.

Item B-a-U Alternative | Alternative | Alternative
case 1-c 2 3
Average GN electricity demand, 48.1 34.77 34.77 25.93
KWh (72%) (72%) (54%)
Annual electricity demand, MWH 11,173 8,077 8,077 6,023
(72%) (72%) (54%)
Annual RET produced electricity, 0 3,745 3,745 4,524
MWh
Annual non-RET produced elec- 11,173 5,163 5,163 2,190
tricity, MWH (46%) (46%) (20%)
Average GN thermal demand, kWh 22.09 22.09 7,64 31.23
(100%) (35%) (141%)
Annual RET produced thermal O 0 0.46 15,301
energy, MWh
Annual non-RET produced thermal 5.131 5.131 1.314 0.985
energy, MWH (100%) (26%) (19%)
Annual fuel consumption, litre 564,454 564,455 144,540 108,375
(100%) (26%) (19%)
Average GN fuel consumption, 2.43 2.43 0.62 0.47
litre
Annual Surplus in RET produced O 831,177 831,177 691,000
electricity, kWh
Annual equiv. CQ emissions, tont 8,077 4,531 3,427 1,577
nes (56%) (42%) (20%)
Average GN equiv. COQemission, 34.77 19.51 14.75 6.79
kg
Total capital investment per GR € 9,482 €31,78 € 32,115 € 36,521
(335%) (339%) (385%)
Total capital investment (thou- € 3,385 € 10,935 € 11,047 € 12,56
sands)
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Item B-a-U Alternative | Alternative | Alternative
case 1-c 2 3
Annual M&R cost € 67,710 € 218,695 € 220,954 €261,
Annual operation cost (electricity€ 509,008 € 344,801 | € 298,610 | € 222,709
& fuel) (68%) (59%) (44%)
Salvage cost € 169,276 € 546,73 € 552,385 € 628,
Annual revenue from surplus elec- €0 € 29,091 € 29,091 € 24,185
tricity sales
Annual CER benefit €0 € 56,319 € 74,401 € 10B,9
LCC per GR, no feed-in law € 29,546 € 44,417 43,149 44,571
(150%) (146%) (151%)
LCC per GR, no feed-in law incl.| € 29,546 € 42,720 40,908 41,438
CER benefit (145%) (138%) (140%)
LCC per GR, feed-in law € 29,546 € 35,734 34,467 34,084
(121%) (117%) (115%)
Annual avoided CO, emissions, _ 3,520 4,650 6,499
tonnes
Electricity renewable fraction _ 36% 36% 64%
Thermal renewable fraction _ 0% 26% 86%
Overall renewable fraction 30% 35% 70%

16

9

Table 7-13: Overview of the REM analysis for B-a-U and desifiaraatives; consumption and cost percentages

are calculated with respect to the B-a-U

case

It should also be noted that on considering the i}y for comparing the different alterna-
tives, the difference in the TCI value of the sa#ernatives is very high reaching 285% of
that B-a-U while on considering the LCC, the diflece is only 50% of that of the B-a-U.
This emphasises the importance of using LCC or Eli€@ecision making rather than the

TCI as commonly adopted.

Three values of renewable fraction for the reswetcalculated and presented. Only the actual
consumption is taken into consideration. Any swspuaergy is not considered as it is not con-
sumed by the same resort. The three versions pteieed as follows:

vided by the total thermal energy demand by thertes
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Electricity renewable fraction which is the amount of consumed RET electricityidid
by the total electricity demand by the resort.

Thermal renewable fraction which is the amount of consumed RET thermal endrgy



* Overall renewable fraction which is the amount of operation cost savings ieesalt of
using RETSs divided by the total operation costeftesort. The overall renewable frac-
tion reflects the combined effect of thermal arettical renewable fractions.

From the technical aspect, Alternative 3 seemdftr the lowest consumptions of electrical
and thermal energy, the lowest £€missions and the highest renewable fractions.eddew
from the economical aspect, although Alternativea8 the highest capital investment cost, yet
the three solar alternatives have a very closeevafuLCC. It is also noticed that the more
there is potential to generate revenue from CERefitlsnor having a feed-in law system, the
more the LCC value decreases. For example, indbd-in law setting the reduction in the
LCC is 24% for Alternative 3 and 20% for Alternagi2 with respect to current setting of no
feed-in law.

Table 7-14 summarised the results of the sensitamalysis carried out in the previous sec-
tions of this chapter. Comparing the four desiderahtives, it can be observed that the higher
the TCl is, the less the LCC is affected by chamgthe equity share and/or the cost of fi-

nance. For example, while the increase in costnainte leads to an increase of 10% in the
LCC of the B-a-U case, the LCC of Alternative 3rgmses by 2% only.

The higher the renewable fraction is, the lowerithpact of the cost escalation on the LCC is
which can be attributed to the lower dependencyosail fuel. An annual cost escalation of
5% will lead to an increase in the LCC by 14% isecaf the B-a-U while 8% only in the case
of Alternative 3. Similarly, the higher the eneqgyces are, the lower the LCC is impacted in
case of the solar alternatives. At a tariff of 0€/IBWh & 0.5 €/l for electricity and fuel re-
spectively, Alternative 3 has a much lower chamgthe LCC (+13%) compared to the rate of
change in the B-a-U case where the LCC increasda iy

Scenarios B-a-U case Alternative 1-¢  Alternative 2| Alternative 3
Euro % Euro % Euro % Euro %

Equity 30%, Rd |28,110| - 44,741 | - 43,420| - 44,730 -

5%

Equity 30%, Rd|25,167|-10% | 43,069 | -4% | 42,034 -3%| 43,944 -2%

8%

Equity 100% 20,893| -26% | 40,926 | -9% | 40,321 -7%| 43,172 -3%

Cost escalation 5% | 33,562| +14%| 49,406 | +109% 47,6431 +9% | 48,212 +8%

EPP@ 0.13 €/kWh, 73,260| +62% | 66,946 +349q 59,838 | +28% 51,157 | +13%

FPP@ 0.5 €/l

CER price  +50% | _ _ 41,872/ | -2% | 39,787/ -3% | 39,871/| -4%
-50% 43,568 | +2% | 42,029 | +3% | 43,004 | +4%

Table 7-14: Overview of the variance in the LCC/GR value wigspect to changes in the original input pa-

rameters.
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In the second setting where CER trading is applie€e,results show that the change in the
CER trading price have a minor impact on the LC@iavhich varies by 1% only in all the
of the solar alternatives.

The impact of the TCI on the LCC is examined asashon Figure 7-16. In case of the B-a-
U, the impact of change in the TCI remains the saloeg the three different settings. In case
of the solar alternatives, the impact of TCI on tl&C increases as the revenues increases and
the resulting LCC decreases. For example, in Aftieve 3, an increase of 5% in the TCI re-
sults in an increase of the LCC by 4.74%, 5.1% @266 for settings 1 to 3 respectively. It is
also observed that the higher the TCl is, the highe rate in the change of the LCC would
be. A 5% change in the TCI of B-a-U case leads2&6achange in the LCC while for Alterna-
tives 1-c, 2 & 3 the change in the LCC is 4.14981% & 4.74% respectively. In case of con-
sistency in the assumptions made for calculatiegTi@l, the impact of TCI on the LCC and
decision making is minor since the objective isdmpare alternatives. However, it is always
recommended to run different scenarios of the TCorder to be able to define the level of
risk involved.

emmeB-3- e Alternative 1-c Alternative 2 esss»A|ternative 3

7,00%

6,00%

5,00% /

4,00%

Change in LCC

3,00%

2,00% 4

1,00%

0,00%

no feed-in CER + no feed-in feed-in

Scenario

Figure 7-16: Impact of 5% change in TCI on the LCC value

Studying the detailed results of the sensitivitglgsis tables for the different alternatives, the
author sought to indentify at which energy pricesuld the LCC of the B-a- U case start to
breakeven with that of the solar alternatives.His tase, all original input parameters are
maintained the same except for the energy pricashndre variable and defined as EPP &
FPP for the electricity and fuel purchase priceyet respectively.

Table 7-15 is a matrix showing the approximatei@alof the energy prices at which the LCC

of one alternative breakevens with the other. The-B case would start to breakeven with

Alternative 3 at an EPP of 0.08 €/kWh and an FPB.8f€/l. As Alternative 2 has a higher

fuel consumption compared to Alternative 3, theakexen point for the B-a-U would be at a

higher FPP at 0.5 €/I. Alternative 1-c does notehamy thermal renewable fraction and it can

be noted that the breakeven point is dependentantipe EPP and occurs at 0.13 €/kWh. The
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matrix also shows the breakeven points among tlee atiernatives themselves; for example
Alternative 1-c breakevens with Alternative 3 atEP of 0.035 €/kWh and an FPP of 0.3 €/I
which reflects the higher portion of thermal eneirgplternative 3.

B-a-U case Alternative 1-c| Alternative 2 Alternatve 3
B-a-U case EPP @ O0.13EPP @ O0.08EPP @ 0.09
€/kWh €/kWh €/kWh

FPP@ 0.11 €/ | FPP@ 0.5€/l | FPP@ 0.3 €/l

Alternative 1-c | EPP @ 0.13 EPP @ O0.03%EPP @ 0.03%
€/kWh €/kWh €/kWh
FPP@ 0.11 €/I FPP@ 0.11 €/1 | FPP@ 0.3 €I
Alternative 2 EPP @ O0O.08EPP @ 0.034 EPP @ 0.03%
€/kWh €/kWh €/kWh
FPP@ 0.5 €/l | FPP@ 0.11 €/l FPP@ 0.9 €/
Alternative 3 EPP @ O.08EPP @ O0.03%5EPP @ 0.034
€/kWh €/kWh €/kWh

FPP@ 0.3 €/l | FPP@ 0.3 €/l | FPP@ 0.9 €/l

Table 7-15: Breakeven value for the energy prices of diffedagign alternatives

Another simulation was carried out assuming thatpioject would receive a funding grant of
20% of the TCI and generate revenues from CERrgath the case of no feed-in law. The
resulting LCC is 32,579 €/GR which is comparabléhtt in the case of having a feed-in law.

7.4.2 Evaluation
7.4.2.1 The ELCC portfolio

The previously mentioned results show that with ¢herent situation in Egypt the LCC of
solar resorts are much higher than the B-a-U dasen with adding CER benefits to the
LCC, the situation improves slightly but does niffied greatly. On the other hand, should the
energy tariffs be not greatly subsidised as theeotircase, the situation would have differed
since the difference in the LCC value decreasewdder, the objective is to achieve not only
an economical solution but also environmental snakality; therefore, one should not ne-
glect the environmental part represented in thewsrnof CQ emissions. Figure 7-17 & Fig-
ure 7-18 present a graphical overview of all alidives depicting both the economical and
environmental performance of the resort for botknseios: No feed-in law and feed-in law
respectively. In the existing situation with nodea law, the environmental performance of
the B-a-U is significantly lower than that of thede solar alternatives. Once a feed-in law is
introduced or the energy prices are increased dobteakeven values, the economical per-
formance of the solar resorts improves greatly minght be an attractive solution for the in-
vestors.
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Figure 7-17: ELCC portfolio presentation of all design alteraasi in no feed-in law scenario

@B-a-u M Alternative 1-c i Alternative 2 Alternative 3

40

35

30

z
< 25
i
o~
20
8 |
2 N
g 15 F
Q
10
5
0
25.000€ 30.000€ 35.000€ 40.000€ 45.000€ 50.000€
LCC/GR

Figure 7-18: ELCC portfolio presentation of all design altermes in feed-in law scenario

In the case of having a feed-in law and examinigthree solar alternatives in Figure 7-18,
Alternative 3 seem to be the most appropriate swlutaving the best economic and envi-
ronmental performance among the three solar aligasa Based on this conclusion, the au-
thor chose Alternative 3 for further economic ewsilon versus the B-a-U case.

7.4.2.2 Simple payback period

The author in this step tries to determine the paltperiod considering the annual savings
and benefits achieved with respect to the B-a-lk d¢asa feed-in law scenario. The REM

analysis tool is used based on the same previausmggions and input parameters except for
the costs are entered as incremental and/or sagings between both solutions. Table 7-16
shows the incremental values for the TCI, operatiost savings and revenues as well as the
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REM results. The values expressed in bracketsaaiags achieved with respect to the B-a-U
case. This analysis results in a PP of 18 yearsadPidless than 1 which is a negative indica-
tion about the project profitability while the IRR 4.2% less than the considered discount
rate.

On the other hand if the feed-in tariff is keptatalue of 0.10 €/kWh together with the other
input parameters except for introducing a fund godr80% of the TCI, the incremental LCC

value becomes 2,369 €/GR after debt. The PP redocE3 years and the IRR would be in
that case 8.8%; however, the Pl would be 0.45ls88 than 1.

Item Alternative 3 | B-a-U Incremental/
(savings)
value

Total capital investment € 12,563,237 € 3,385,5249,1€7,713

Annual electricity operational costs € 210,788 €,893 € (180,266)

Annual fuel operational costs €11,921 € 62,090 5E&169)

Annual revenue from feed-in tarifff € 452,350 €0 462,350)

Incremental LCC/GR €6,531

Simple payback period after debt service 18 years 7&
months

Profitability index, PI 0,67<1.0

IRR 4.2%

Table 7-16: Payback, Pl and IRR considering the savings iarAbitive 3 with respect to B-a-U with a feed-in
tariff of 0.10 €/kWh

The same simulation is once more run but usinged-fe tariff of 0.20 €/kWh with the other
input parameters remaining unchanged. Table 7-dbWwslthat the PP is then reduced to 10
years with a Pl of 1.28 and an IRR increasing t@%# It is noted that the incremental LCC
value turns negative which means a positive NPM#dse economic indicators: PP, positive
NPV, PI>1 and a high IRR suggests a favourablepsitive economic performance of the
proposed alternative under the defined conditions.

In conclusion, the ELCC analysis carried out witthis chapter shows that although solar
resorts can be technically implemented in Egypt, fygancial incentives are required consid-
ering the prevailing conditions. Two strategies avalso examined determining their influ-
ence on improving the potential of applying RE. Tingt incorporates decreasing or remov-
ing the energy subsidies together with introdu@rfged-in law enabling SME to feed-in their
RE generated power at appropriate prices. The gestoategy is to provide financial grants to
RE projects in order to improve their economicaftf@@nance under the current energy
prices.
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Item Alternative 3 | B-a-U Incremental/
(savings)
value

Total capital investment € 12,563,237 € 3,385,5249,1€7,713

Annual electricity operational costs € 210,788 €,893 € (180,266)

Annual fuel operational costs €11,921 €62,090 5&169)

Annual revenue from feed-in tarifff € 452,350 €0 964,700)

Incremental LCC/GR € (9,602)

Simple payback period after debt service 10 vyears 7&
months

Profitability indeed, PI 1.28>1.0

IRR 14.4%

Table 7-17: Payback, Pl and IRR considering the savings iarAblitive 3 with respect to B-a-U with a feed-in
tariff of 0.20 €/kWh
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8 Conclusions

The purpose of this chapter is to summarise thetmgsis and primary issues raised in this
thesis, evaluate the main findings and discusgduttorks in this area of research in tourism
economics and environment sustainability.

The thesis started with introducing the global gpearoblem and the world’s increasing ap-
petite for fossil fuels which is creating a compeglreason to make sound energy choices by
switching to cleaner forms of energy. The world erstands well that the use of fossil fuels
has serious environmental consequences and thatdlegy choices made today will have
consequences well into the future. It is illustdateat the hotel industry is one of the major
energy-consuming sectors and that there is a readdress not only energy efficiency but
also energy resources used in the hotel sector.

With the major role played by tourism in the Eggpteconomy and the increasing popularity
of the Red Sea area in Egypt as a resort and lyatidstination, a fast growing development
of hotels and resorts is taking place in areas ascBharm el Sheikh, Marsa Alam, Hurghada,
Nabq, etc.. This will ultimately result in highemexgy demand and, consequently, highep CO
emissions.

Both the Ministry of Tourism and Ministry of Envinmental Affairs in Egypt are trying to
promote sustainable tourism; however, there istgmactance from tourism developers to
adopt renewable energy technologies. The well knakgnment is the very high investments
associated with renewable energy which reflects im@nvironmental awareness.

It is, therefore, the objective of this thesis moastigate the energy, environmental and eco-
nomic performances of the existing five stars rssaith conventional design versus a pro-
posed solar design resort using different typeRIBTs. The town of Sharm el Sheikh was
chosen for the study since it is a newly develomsodrt area and represents other areas in the
Red Sea region which are under development anoWfmiy the lead of Sharm el Sheikh be-
ing one of the most popular destinations in Egypt.

In order to understand the underlying circumstanedbe hotel industry in Egypt and iden-
tify opportunities and concern issues, an overvawboth the energy system and tourism
sector is presented in chapter 2.

The first step in carrying out this research wodswo perform a literature review on: Energy
use in resorts and hotels; the extent of using saacept in resorts; and types of renewable
energy technologies. The goal was to identify astdldish a benchmark for energy consump-
tion in resorts which would be used together whth identified performance of solar concept
and commercially available RETs in developing theppsed solar resort in Sharm el Sheikh.
The literature review carried, out in chapter & Ao helped in identifying the gaps and lack
of information in the hotel industry, urging theedefor more research in that field with re-

gards to energy use and RET application.

The second step was to carry out a survey in Skedi®meikh, as described in chapter 4, tar-
geting resorts classified as five stars in ordeidamtify the business-as-usual resort criteria
and its energy performance. The third step is ptesein chapter 5 where the B-a-U design is
further developed into several solar resort desiljernatives using the value management
techniques. In chapter 5, an analysis tool REM @egloped for resort economic and envi-
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ronmental evaluation based on environmental lifdecgosting methodology. Finally, all the
developed design alternatives together with the-B-ease are evaluated using the REM
method.

The results of the survey and the developed sdaigd alternatives are summarised in the
next sections.

8.1 Energy use in Sharm el Sheikh resorts

It was identified that out of a total of 126 resari Sharm el Sheikh, 29% of which are classi-
fied as five stars resorts according to the statglaet by the Ministry of Tourism in Egypt.
The survey carried out targeted those five staagrte offering the same quality of service and
having common facilities. Only 14 out of 36 resaesponded to the questionnaires and in-
quiry carried out by the author. However, only sewé those fourteen resorts provided ade-
guate and consistent information that could be u3beé other seven resorts did not have
complete records of their energy consumptions amgignumbers.

The seven resorts that were analysed have a gquastmumber ranging from 210 to 835. All
of them use electricity supplied by the networkdgand diesel fuel in case of power cuts.
Thermal energy required for domestic hot waterlanddry steam is produced mainly by fuel
operated boilers. Only one out of the seven resmesl solar thermal collectors for the supply
of DHW. All resorts have their own reverse osma@salination and waste water treatment
plants. None of the investigated resorts took amasures to reduce heat gain through the
buildings envelope while one resort only used deujlbzing versus single glazing in the
other six resorts. This indicated lack of environtaé awareness and energy efficiency prac-
tices.

The guest to room ratio and room occupancy ratékeofesorts vary from 1.8 to 2 and 70%
and 90% respectively, indicating a high averageupancy throughout the year and non-
seasonal operation.

The data gathered is based on monthly bills whaidéydand/or hourly consumptions were not
available. Guest-night was chosen as an energyintsesity in analysing the energy con-
sumptions of the resorts in order to reflect thieexof occupancy and guest numbers in the
resort. The results show that the average consangpper guest-night for electricity and fuel
vary between 38 & 58 kWh and 1.5 & 3 litre respealiyl. Compared to guest-night power
consumption in Europe and New Zealand, the consompétes in Sharm el Sheikh lie with
the same range while are considered to be high wbepared to those of Cyprus and Ma-
jorca.

It was also identified that LPG is used as a tlmfdource energy, specifically, for kitchen
equipment. However, the extent of using LPG inkhehen versus electricity varies widely
from one resort to the other and no consumptiotepatould be established. It was also con-
cluded that the share of LPG in the energy mixeig/Jow in terms of consumption and €0
emissions. Accordingly, LPG was not further conseden the REM evaluation.

Although the thesis focuses on energy consumptievertheless water consumption was also
investigated since it plays a major role in powansumption since all resorts produce their
fresh water consumption through their own reversmasis desalination plants. The guest-
night consumption was found to range from 0.6 twuliic meter. The WWF benchmark val-
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ues for water consumption indicates excellent perémce when considering Sharm el Sheikh
as a tropical region and satisfactory in conside&marm el Sheikh as a Mediterranean re-
gions.

Finally, occupation versus consumption was investidg and it was identified that consump-
tion per guest-night decreases with the increasedupancy. It was also noted that the con-
sumption rate per guest night does not alter mclvea occupancy of 80% while the rate of
change increase enormously as the occupancy glmes 5@%.

It was also identifies that for resorts with capacanging from 200 to 835 GR, the consump-
tion rates do not alter greatly indicating that them numbers have a minor influence on
consumption for that range of resorts capacities.

These findings were then used in developing thergifit design alternatives and their con-
sumption patterns.

8.2 Solar design alternatives

A business-as-usual case was first establishedlb@se¢he current practices adopted in de-
sign, implementation and operation of resorts iar8hel Sheikh. The B-a-U case is used for
comparison and evaluation of the proposed solart.eShe energy production system, de-
mand and consumption were defined for each cassedan the previously identified
benchmark values for Sharm el Sheikh, energy efiy targets were set for power, fuel and
water consumption for the solar resort design.

Value management technique was used to develogolae resort design alternatives by first
identifying the functions in a resort and develgpideas which were consolidated into five
alternative designs. The first three alternativiesbased on renewable power production only:
(1-a) WECS, (1-b) PV, and (1-c) WECS/PV. The lasgi alternatives include both renewable
electrical and thermal energy: (2) WECS/PV/ solaltectors and (3) CSP/PV. The energy
production system, demand and consumption for efelnative were, accordingly, worked
out. In all alternatives, a renewable fraction ohimum 40% was set for the power produc-
tion system. Grid electricity and fuel were usedadsackup to meet energy demands during
night, non-sunshine hours, and/or low wind speadzder to be able to cover the whole en-
ergy demand of the resort.

Following the concept of value management, no ecocel evaluation is carried out at this
stage rather technical evaluation only. Among tired first alternative where renewable en-
ergy is used only to provide electricity, Alternatil-c was chosen for further analysis since it
combines two types of renewable energy, WECS andfding a more reliable solution.
Three types of renewable energy production systemascompared: Power only, power &
thermal, cogeneration of power and thermal repteseim Alternatives 1-c, 2 & 3 respec-
tively.

The calorific value of the total energy consumptfon electricity and fuel was calculated
263.45, 215.46, 148.21, 110.81 MJ/GN for desigmoogt B-a-U, Alternative 1-c, Alternative
2, and Alternative 3 respectively. Similarly, th©®£{=missions were estimated at 34.77, 19.51,
14.75 & 6.79 kgC@GN for B-a-U, Alternative 1-c, Alternative 2, aAdternative 3 respec-
tively. It is observed that Alternatives 2 & 3 setarhave the best energy and environmental
performances among the five design options witlkerkitive 3 being the best option. Alterna-
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tive 2 consists of the energy mix: WECS, PV & saaltectors while Alternative 3 consists of
the CSP and PV system.

8.3 Resort evaluation modelling

The REM model for resort evaluation is developeseldaon environmental life cycle costing
and used for evaluating the B-a-U case and the delsign alternatives. The objective is to
calculate the life cycle cost per guest room amdehvironmental performance expressed as
equiv. CQ emissions per guest-night. The LCC is calculateddding all present and future
costs, revenues and savings discounted to therprase.

The results of the REM show that in the prevaikitgation in Egypt, the B-a-U case has the
lowest total capital investment and life cycle so§,482 and 29,546 €/GR respectively while
the highest equiv. COemissions of 34.77 kgGf£isN and zero renewable fraction. On the
other hand Alternative 3, with the CSP system,thashighest capital investment and life cy-
cle costs: 36,521and 44,571 €/GR respectively whigelowest equiv. COemissions of 6.9
kgCO,/GN and the highest overall renewable fraction @7 Among the three solar design
alternatives, Alternative 3, with the CSP, has linghest capital investment cost with 13%
more than Alternative 1-c, with the WECS/PV, yet ttCC of both alternatives were almost
the same value indicating the operation cost savaaieved in Alterative 3 versus Alterna-
tive 1-c.

The benefits resulting from CER trading as a resUiEO, emissions indicate a reduction of
7% only in the LCC of Alternative 3 which might no¢ significant when comparing to the B-
a-U case, nevertheless it is an added bonus.

On the other hand, should a feed-in law be intredusoon in the next years with a feed-in
tariff of 0.1 €/kWh and at the same present eleityripurchase price of 0.035 €/kWh, the
LCC of the solar alternatives will reduce; for exadey Alternative 3 will have an LCC of
34,084 €/GR which becomes closer to that of thelB-a

The results of the REM carried for the differentisgs of no feed-in law and feed-in law are
presented in a portfolio format which enables aaraew and forming a quick impression on
the economic and environmental performance of iffierent design alternatives.

Several sensitivity analysis scenarios were camwigdon the cost of finance, cost escalation,
energy prices and CER prices. The most intereséiaglts are the impact of the energy prices
on the LCC. Assuming, the subsidy in the energggsriis removed and the electricity and
fuel prices are set at 0.13 €/kWh & 0.5 €/l respety, the LCC values of the B-a-U versus
that of Alternative 3 are: 73,260 versus 51,15GR/respectively. In this case, Alternative 3
with the CSP system would be the most favourakiradtive in the view of investors in ad-
dition to the environmental advantage.

A breakeven analysis identified that at an eleityripurchase price of 0.08 €/kWh and fuel
purchase price of 0.3 €/1, the LCC of Alternativdbr@akevens with that of B-a-U case at a
value of ca. 47,711 €/GR. This result is imporiantising the awareness of need to switch to
renewable energy in case of new energy law whersidigs are removed or reduced.

The alternative with the CSP design is further yeed against the B-a-U case where incre-
mental costs in capital investments and operatisagings are considered in order to deter-
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mine the payback period for the RET additional staeent. In the case of having a feed-in
tariff of 0.1 €/kWh, it was found out the paybadipd for the additional investment required
for Alternative 3 is 18 years with an IRR of 4.2kcreasing the feed-in tariff to 0.18 €/kWh
would reduce the payback period to 10 years, iser¢lae IRR to 14.4% and the profitability
index would be above one.

8.4 Conclusion and recommendations
At the beginning of the thesis, the following quess were posed by the author:

1. Can renewable energy cover the energy demand iwE asfars resort, located on the
Red Sea coast in Egypt?

Which environmental technologies are the most Blétan that case?

Which is the most economical scenario of renewah&rgy mix?

What are the financial indicators for such scers&io

What is the environmental impact?

Can Clean Development Mechanism improve the chaoifcisancial success of such
a solution?

oOaRwWN

The research carried out in this thesis does shatvrenewable energy can be used to cover
the energy demand of a five resort though not 1@f0at least more than 30% can be
reached depending on the budget available for thjeg. Wind and solar energy are the most
suitable while wind may achieve better performaincgome areas other than Sharm el Sheikh
such as Marsa Alam and Hurghada where they enjglyehiwind speeds. The author con-
cludes that a mix of wind, PV and thermal collestor CSP technologies would formulate an
optimal solution in economic and environmental ®ridowever, if compared to the B-a-U
case with the prevailing subsidised energy conustidhe solar resort solution is not eco-
nomical though high reductions in @€ould be reached.

It can also be concluded that solar resorts woaldr optimal solution for rural areas which
are not connected to the national grid such as aatem. The proposed solar design could
still be applied using the proposed combinatioreoewable energy resources.

It is important to notice that CER revenues alowel not be sufficient to make a non-viable
project financially viable. But the CER revenuesildaturn a marginally viable project into a
project with more attractive returns and raise fhgect in an investor’s ranking of possible
investments, thus increasing the likelihood of stugent being secured.

It is, therefore, concluded that although solaoressare technically feasible in Egypt, unfor-
tunately, unless there are significant changeshénenergy policy, B-a-U scenarios would
continue to prevail the decision making. Nevertbg|¢he added environmental benefit should
not be ignored and investment decisions should &iaiake a more environmental gain ap-
proach rather than financial only.

In order to be able to implement sustainable towiiis Egypt, legislation for touristic devel-

opments need to be established where developetsl Wwedorced to resorts to RET. As dem-
onstrated, subsidised energy prices and feedifh gy a major role in swaying the decision
to RET.
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The author hopes that the result of this reseamhidvbe used as an initiator by the tourism
and environmental authorities to establish natiosegllations to limit the energy consump-
tion in hotels and encourage the use of renewatdegg. The regulations shoudiin at reduc-
ing the consumption of energy in new and renovhtedls and resorts through the following:

« Establishment of a general framework and commotaaetiogy for calculating the inte-
gratedenergy performance of hotels and resorts.

* The development and application of minimum energygrmance standards to new re-
sorts and to certain existing resorts when theyemevated.

» Setting a minimum renewable fraction to new resanis to certain existing resorts when
they are renovated

In addition to legislation, the government needgrvide incentives to investors and devel-
opers to encourage them to set environmental siadtifity as a criterion in their design brief.
As the language of money is a common language msddcisions making, such incentives
should instigate financial measures which wouldrimwp the life cycle cost of a resort pro-
ject.

8.5 Future work

The methodology and results presented in this sr&suld be used as a basis for further re-
search in the field of energy use in resorts ndg onSharm el Sheikh but also in other simi-
lar areas located on the Red Sea in Egypt and Ip@igimg countries. It was indentified
through this thesis the lack of cooperation in img information by the hotel management
in addition to the lack of detailed records abmérgy consumption.

With the advent of new power law in Egypt, a newnrfoof decision support would be re-
quired. There is, hence, a need to undertake detbtiudy on resorts with different classifi-
cations in the Red Sea region in order to havetarenderstanding of energy performance in
low as well as higher classified resorts. The nefeahould extend to include the breakdown
of energy consumptions by installing metering desidn different department in order to
gather more accurate information about high conssimihere is also need to research the
relationship between building area and energy aopsion. The gathered detailed data can be
compiled forming a database and a benchmark whachbe used by both the authorities to
establish best practice and a sanction framewarfufare sustainable resort developments.

Once, best practice and a database is establiglezoh be developed with the REM analysis
tool into a user-friendly software which can bedsibg designers, resort developers & inves-
tors and local authorities to evaluate existing/antlture resort developments. The objective
is to have a tool that can be used by stakeholaletise early stages of a project when key
decisions are made when detailed engineering iavalable.

The environmental awareness in the tourism sectdgypt needs also to be investigated
since the audit carried out indicates several nuststanding and conception about renewable
energy technologies. Such a study would identibséhmisapprehensions and define the rem-
edy methods to improve the chances and acceptamerewable energy.
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Theses on the Dissertation

Problem definition: With the developing countries striving to catchwigh those developed,
the world’s energy demand is projected to signifttaincrease over the next years resulting
in higher global warming and consumption of theitéd natural resources. In the meantime,
the global contribution from the tourism industowirds energy consumption has steadily
increased over the last years. The need for uaggitn on the problem of energy security and
climate change has now become stronger and congnarging the need to use renewable
energy technologies and energy efficiency measaresder to achieve energy security and
environmental sustainability. Accordingly, the warkthis thesis addresses the energy use in
the hotel sector in Egypt, one of those develogiogntries and with a growing tourism in-
dustry. The thesis proposes the sola resort conaefgcreasing the consumption and depend-
ency on grid power generated by fossil fuels. Hovethe strong argument by resort devel-
opers against solar resorts is the high assocdiatedtment costs

Energy in Egypt: Egypt’s energy mix is dominated by oil and gasiclvhs expected to con-
tinue so until 2030 accounting for 95% of primanergy demand while its energy demand is
projected to grow at an average annual growthab®6%. Egypt has an extensive system of
energy subsidies where energy accounts for the difullik The fact is that electricity price in
Egypt is very low representing 14.5% of that in i@any. Although, Egypt stated its intent to
increase the share of renewable energy in eldgtipcoduction, however, the actual share of
renewable energy reached 1% only in 2010.

Tourism in Egypt: The tourism industry represents one of the mopbmant features of the
national economy formula where it accounts for 2824he country’s foreign currency in-
come. Around 90% of Egypt's tourism investmentas/rconcentrated in the coastal areas of
the Red Sea. Egypt embarked on a plan to expamdriowith the aim of increasing the guest
room number by at least 71,000 newly constructeamsoin 2017 which is equivalent to
around 220 new hotels and resorts.

Aims & objectives: This study investigates the potential of adopsotar resorts in Egypt.
The technical feasibility is verified in terms @newable energy covering the energy demand
of a five star resort, located on the Red Sea dodsgypt. Various configurations of the en-
ergy production system for a solar resort are emachiThe objective of this thesis is to
evaluate the economic and environmental performafc®lar resorts using renewable en-
ergy technologies versus the conventional resdihe® as the business-as-usual (B-a-U)
case. A resort evaluation model (REM) is developsidg the concept of environmental life
cycle costing to determine the life cycle cost @i} emissions of a resort. The model identi-
fies the gaps and breakeven values between thé) Base under the prevailing energy struc-
ture and the what-if scenarios of introducing adfeelaw or increasing the energy prices in

Egypt.

Energy use in hotelsThe literature review carried out shows the latktodies and informa-
tion regarding energy use in hotels and use ofwabk energy in small to medium scale ap-
plications in Egypt. Meanwhile, very few studiesrevearried out worldwide investigating the
energy use in hotels and only one benchmark watif@el reflecting the global trend in en-
ergy and water consumption. The energy use iniemaiies from one study to the other such
as consumption per sq. meter, guest room or gugist-making it difficult to compare the
results of all studies. All studies concur on tlghhelectrical consumption of HVAC systems
ranging between 45 to 63% of the total power comion of a resort.
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Use of renewable energy technologies (RET) in hoseMost of the literature and published
case studies on renewable energy and sustainahilibhe hotel sector deal with small capaci-
ties having less than 100 beds. The literaturecatds that the most widespread and success-
ful RET is solar thermal collectors used for hegtamd hot water production. Very few cases
illustrate the use of PV and WECS. Most of the miiadd studies lack adequate information
about the return on investment or other criticalrexnical indicators which can allow rigor-
ous comparison of renewable energy options. Gdgertis observed that supported by a
backup system, RET can be successfully technieglbfied, yet remains the question whether
all of those case studies represent the reality ttee economic point of view.

Definition of case study:As a result of the lack of information regardingergy use in the
hotel sector in Egypt, a survey is carried outlon five stars resorts in Sharm el Sheikh. Be-
ing one of the newly developed and most success$airt destinations on the Red Sea coast,
Sharm el Sheikh is chosen as the case study fesiigating the energy performance of re-
sorts. The investigation is limited to resorts sifisd as five stars due to their high consump-
tion rates associated with their high standardagispis areas and multiple facilities.

Survey: The survey shows that Sharm el Sheikh containgd@érts, of which 29% are clas-
sified as five stars while 30% as four stars. Timicates that 59% of the resorts are built with
high standards and various facilities requiringhhigmands of energy. The survey also shows
that ca. 78% of the five stars resorts have anmgumdation capacity ranging from 200 to
500 guest rooms.

Energy audit: The questionnaire followed by a walk-through awfiows that only 39% of
the five stars resorts responded while 19% onlykegh consistent and usable data. This indi-
cated a great reluctance of supplying informatismell as lack of recorded information.
Only 28% of the seven audited resorts recorded togisumptions from the first day of op-
eration while the rest started recording one oryears later.

Design practices: The survey shows that the architect is usually urmmtessure from the
owner to maximize the number of guest rooms in otdencrease the return of investment.
The types of materials chosen are the same usedyinother commercial and residential
building. Almost none of the audited resorts amplluilding energy efficiency measures
where 0% did not use any thermal insulation inrthells and only one resort (14%) used
double glazing in their window fagades. All auditessorts depend on grid supplied power
while 85% used fuel operated boilers to cover thermal energy needs and only one resort
used solar collectors. All audited resorts usedtetally operated air conditioning systems
and 43% of the audited resorts used water savirgguanes.

Occupancy: The monthly guest numbers show that all resortsnareseasonal and operate
all year round. The average guest to room ratih@faudited resorts is 1.89 while the average
yearly room occupancy lies between 70% and 90%.

Electricity consumption: The analysed data for electricity consumption efdludited resorts
indicate electricity consumption ranging from 3&®kWh per guest-night. Comparing those
figures to those mentioned in the other studies deduced that electricity consumption in
Sharm el Sheikh is comparable to Europe and Neva#ddavhile almost double that of Cy-
prus and triple that of Majorca. The monthly conption rates indicate a steady consumption
throughout the year except for the summer monthdubf and August where an increase of
ca. 25% occurs.

Fuel consumption: The average fuel consumption lies between 1.5 &r8sl of diesel per
guest-night. The monthly consumption rates indi@tdecrease by ca. 30% during summer
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periods from May to October which is attributedthe lower need for water heating during
the summer time.

Water consumption: The water consumption per guest-night varies batve@ and 1 cubic
meter. The benchmark values in tropical regionsvsti@t consumption less than 0./@N

is excellent while consumption between 0.6 to 0?B5N in Mediterranean regions is con-
sidered satisfactory. It is noted that 85% of thdited resorts showed a steady consumption
rate throughout the year.

Occupancy versus consumptionthe audited resorts show that guest night consompbes
not vary greatly when occupancy is above 70% wihilecreases tremendously once the oc-
cupancy starts to drop below 70%. This indicatesdignificance of considering occupancy
during energy use evaluations.

Overall consumption costs:The total cost of energy consumption for poweel fand LPG
varies from 1.17 to 1.85 €/GN based on the Egyppiaces of energy: 0.029 €/kWh, 0.133
€/kg, 0.067 €/litre for electricity, LPG and fuedspectively at Sharm el Sheikh and an ex-
change rate of 1 Euro = 7.5 EGP. Six out of thesewudited resorts show an electricity share
of 85% to 90% of the total energy consumption cedtde a fuel share of 10% to 12%. Only
three resorts used LPG with a share of 1% to 3%hemotal consumption costs.

Design electricity demand versus actual consumptionThe design value of the total daily
power demand, 30.6 MW, is compared to the actuaswmption of the B-a-U case: Resort 6.
In the year 2006 and at an average occupancy of 88@verage daily consumptions in the
months of August & September were 29.25 & 26.071 IMM/spectively indicating that the
design values are reliable to use, resemblingdality.

High power consumers in the B-a-U caseThe breakdown of the design energy demand
shows that the air conditioning, RO desalinaticempland kitchen equipment are the highest
consumers having a share of 59%, 4% and 5% ofdbigil peak load while having a share of
61%, 9% and 7% of the design daily consumptioneetsyely.

Design fuel demand versus actual consumptio:he actual fuel consumption of the B-a-U-
case is lower than the estimated design value b@%. However, considering the median
value of the actual guest-night consumption fordhbdited resorts, the design value is lower
by 8% only. This signifies the presence of oveneation and the potential to reduce the ca-
pacity and size of the thermal energy productisiesy.

High fuel consumers in the B-a-U casdt is observed that the thermal energy produced by
the boiler is almost distributed evenly among tiveé main consumers: Domestic hot water,
swimming pool heating and laundry, with a shard26%, 30% and 27.5% respectively.

CO; emissions in the B-a-U casefhe CQ emissions produced in the B-a-U case is esti-
mated to be 35.35 kgG@quiv./GN. Assuming a guest to room ratio of 1a88 100% occu-
pancy, the annual generation of £© ca. 23.6 tonnes per guest room which is moaa th
double that mentioned in the few published studies.

Distribution of operation cost and CO, emissions:The breakdown figures of the B-a-U
case indicate that electricity is the main contigioun operation costs and generated,CO
emissions reaching 85% and 80% respectively whi¢ lias a share of 13% and 18% respec-
tively. LPG has a minor impact on operation cosi$ @amissions with a share of 2% only.
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Design capacity versus actual consumption for freskwvater: The design capacity for the
desalination plant reflects the real consumptioenetthe actual consumption is ca. 92.4% of
the production capacity of the desalination plant.

Types of usable renewable energyinvestigating the actual data of the different tyueé
renewable energy, it is to be noted that both saotarwind energy are the most appropriate to
be used in small to medium applications like resortthe Red Sea region. However, wind is
more advantageous along the south east coast \ithergoys high wind speeds such as
Hurghada and Marsa Alam.

The solar resort design alternative with combined vymd energy conversion & photo-
voltaic systems:The amount of power produced by the wind and sa@rgy mix is around
42% of the total electricity demand while 58% isb® supplied through the grid system. An
excessive amount of ca. 9% is available for selingng the non-peak hours.

The solar resort design alternative with combined wd energy conversion & photo-
voltaic systems and solar collectorsSimilar to the previous alternative with the aotatitof
the solar collectors supplying up to 26% of thenie energy demand while 74% is covered
though fuel operated boilers.

The solar resort design alternative with combined @generation concentrated solar
power and photovoltaic systemsThe amount of power produced by solar energyasirad
67% of the total electricity demand while 33% isbi supplied through the grid system. An
excessive amount of ca. 10% is available for sgitloring the non-peak hours. The rejected
heat from the CSP system is used in supplying 9##%eothermal energy demand while the
remaining 6% is supplied by fuel operated boilesing solar cooling system for air condi-
tioning resulted in reducing the power demand B 46m that of the B-a-U case.

Total calorific value of non-renewable energy sous Based on using renewable energy
for at least 42% of the electricity demand and 28%he thermal energy demand, the non-
renewable energy consumption is reduced by 44%negpect to the B-a-U case.

Renewable fraction: The overall renewable fraction calculated on thsi$ of cost savings

resulting from using renewable energy is 30%, 3B 20% for the alternatives with wind &

PV mix, wind, PV & solar collector, and CSP & P\spectively. The alternative with CSP &
PV shows the highest renewable fractions for algtstrand thermal energy: 64% and 86%
respectively.

Environmental performance of solar resort: The resort evaluation model shows that,CO
emissions decreases by 44%, 57% & 80% for the setart with wind & PV mix, wind, PV

& solar collector, and CSP & PV respectively. Thed the resort is dependent on grid sup-
plied power, the more the reduction in 6

Total capital investment of solar resorts: The total capital investment increases tremen-
dously with the increase of renewable fraction ngag 385% of the capital investment in the
B-a-U case.

Annual operation cost of solar resorts:The annual operation cost resulting from the pur-
chase of grid electricity and fuel decreases graduath the increase in renewable fraction
reaching 44% of that of the B-u-U case.

Life cycle cost of solar resortsUnder the current conditions in Egypt where no feethw
is implemented and with the greatly subsidised ggnerices, the LCC of all solar resort al-
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ternatives exceed that of the B-a-U case by anageeof 49%. The LCC of the three solar
alternatives lies within the same range.

Impact of CER benefits on results:The added benefits resulting from trading the GER
price of 16 €/tCQ results in a slightly lower LCC of the solar aftatives but still remains
above that of the B-a-U by 41%. The risk of a ddfe CER price is low where an increase or
decrease in the CER price by 50% results in thagdaf the LCC by an average plus or mi-
nus 3% respectively.

Impact of feed-in law on results:Introducing a feed-in tariff of 0.10 €/kWh and keepthe
existing purchasing price of 0.035€/kWh, improvies LCC of the solar alternatives greatly
yet remains higher by 17% with respect to the B-a-U

Impact of cost of Finance on resultsThe sensitivity analysis carried out on the equétyo
and cost of debt shows that those two parameters &amninor impact on the results and,
eventually, the decision. The average LCC of tHarsalternatives still remains almost the
double of that of the B-a-U case.

Impact of cost of escalation on resultstt is observed that the higher the renewable foacti
is, the lower the impact of cost escalation onlt@€ is, due to the lower dependency on fos-
sil fuels.

Impact of energy prices on resultsThis is the most critical factor in the model’s rfarla
with the highest impact on the evaluation resuittighe case of major increase in the energy
prices or removal of subsidies, the LCC of the B-aase increases greatly while that of solar
alternatives decreases. At a purchase price of €¥&h and 0,5 €/litre for electricity and
fuel respectively, the average LCC of the threarsalternatives is 20% less than that of the
B-a-U case.

Breakeven values:The study shows the LCC the B-a-U case where noiefty measures
nor renewable energy are used would start to buveskwith the alternative with CSP & PV
at an electricity purchase price of 0.08 €/kWh antliel purchase price 0.3 €/litre. Mean-
while, the alternative with wind, PV & solar coltec would breakeven with the B-a-U at a
higher fuel price of 0.5 €/I. The solar alternativith wind & PV has a breakeven point at an
electricity price of 0.13 €/kWh and the existinglfyprice of 0.11 €/1.

Payback period of solar resort:Evaluating the solar alternative with CSP & PV agéaihe
B-a-U case in terms of its payback period, profitgbindex and internal rate of return, the
results show that starting from a feed-in taritieraf 0.2 €/kWh and at the current purchase
price of 0.035 €/kWh, the projects starts to bdifale with respect to the additional invest-
ment made to the B-a-U yielding a payback periodi®fears, profitability index of 1.28 and
an internal rate of return 14.4%.

Impact of having a grant on the results A funding grant of 30% with a lower feed-in térif
at 0.10 €/kWh results in a payback period of 13yean internal rate of return of 8.8% and a
profitability index less than one.

Overall result: There is an obvious environmental benefit by adgpsolar resort concept,
yet there is a need to introduce new legislatiord éhange the existing energy law in Egypt
to encourage resort developers to switch to renkewatergy.
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Appendix 1

PART 1: Investment Costs

1. Background Information:

1.1. Name of Resort:

1.2. Location:

Town/City:

1.3. Resort grade (stars):

1.4. Management Company:

1.5. Total Resort area:

1.5.1. Total area of built land

1.5.2. Total area of Landscape

333

2. Design Information:

2.1. Number of guest rooms:

2.2. Guest room average area:

2.3. Number of buildings containing the

rooms distributed:

2.4. Type and number of rooms (chalets, blocks, building, etc.)

2.4.1 Chalets type: | Quantity GR
2.4.2 Blocks type: | No of Total number of rooms in GR
blocks: blocks:
2.4.3 Building: No of Total number of rooms: GR
floors
2.5. Swimming Pools:
2.5.1 Swimming Arzea, Heated: | Yes/ No | Volume, m3:
pool 1: m®
2.5.2 Swimming Arzea, Heated: | Yes/ No | Volume, m3:
pool 2: m®
2.5.3 Swimming Arzea, Heated: | Yes/ No | Volume, m3:
pool 3: m=.
2.5.4 Swimming Arzea, Heated: | Yes/ No | Volume, m3:
pool 4: m=:
2.5.5 Swimming Arzea, Heated: | Yes/ No | Volume, m3:
pool 5: m®
2.6. Number of outlets (restaurants, bars, café,
etc...):

2.7. Area of Kitchen, m?:

2.8. Area of Laundry, m*:

3. Building/Construction Costs:

3.1. Type of foundation:

Quantity:

m3

Foundation Cost:

3.2. Type of
superstructure:

Quantity:

Superstructure Cost:




3.3. Type of exterior walls: | Brick type: Double / Single
Quantity: | m? Exterior walls Cost:
3.4. Type of interior walls:
Quantity: | m? Interior walls Cost:

3.5. Type of walls thermal insulation:

| Thickness cm: |

m
2

Quantity:

Thermal insulation Cost:

3.6. Type of roof thermal insulation:

| Thickness cm: |

Quantity: | m Thermal insulation Cost:
2
3.7. Type of Double / single / tinted / reflecting Thickness cm:
window glazing:
Quantity: | m Windows Cost:
2
3.8. Type of ext. Double / single / tinted / reflecting Thickness cm:
glass doors:
Quantity: Ext. glass doors Cost:

m
2

3.9. Type of walls finishing (inside):

m
2

Quantity:

Walls finishing Cost:

3.10. Type of walls finishing
(exterior):

Quantity:

m
2

Walls finishing Cost:

4. Electrical Works Costs:

4.1. Total electrical load: MW
4.2. Source of electricity: | Grid/ Generator/ Photovoltaic/ ........ , etc.
4.2.1. Transformers Quantity:  Capacity: Cost/transformer:
MW
4.2.2. Main Generator | Quantity: Capacity, MW: Cost/generator:
4.2.3. Emergency Quantity: Capacity, MW: Cost/generator:
Generator
4.2.4. Photovoltaic Area, m*:  Capacity, MW: Cost:

4.2.5. Other power sources:

4.3. Ext. Network cabling: | Quantity, m Total Cost
4.4. Int. Network cabling: | Quantity, m Total Cost
4.5. Control Panels: Total Cost




4.6. Guest room power Quantity: Total Cost

savers:

4.7. Lighting: Type of lightings:
Total Cost of
lighting

4.8. Public areas Quantity Total Cost

light sensors:

4.9. Average estimated lighting electricity | kWh
consumption/year

4.10. Average estimated fuel consumption/year (in case of Litre
off-grid resorts)

4.11. Average estimated total electricity consumption kwWh
of resort/year

5. HVAC Information:

5.1. Total air volume:

m3

5.2 Types of air conditioning used: | Central / split units/ DX units / ........... [ s

5.3. Central A/C: Type of chillers:
Air cooled/ water-cooled/ absorption chillers

5.3.1 Number of units: Capacity:
TR
BTU
5.3.2. Air volume served by Central A/C, m*:
5.3.3. Areas served by public areas/no. of guest rooms ....../
Central A/C: | ... )
5.3.4. Total cost of central A/C including AHU, FCU, fans, piping, ducts, etc...:
5.4. Split units A/C: Quantity of units: | Average capacity:
BTU
HP
5.4.1 Areas served by split: | public areas / no. of guest rooms ........ /
........... [,
5.4.2. Total cost of split A/C including piping, ducts, etc...:
5.5. Average estimated A/C electricity consumption/year kWh
5.6. Source of hot water supply: Boilers / solar heaters/ electrical heaters / ..........
[ e
5.7. Amount of hot water required: Amount of steam required:
5.8. Boilers: | Type: hot water / steam / .......... /
5.8.1. No of operating units: | Capacity:

5.8.2. Number of guest rooms served by boilers:




5.8.3. Fuel type of boiler:

5.8.4. Total cost of all installation inside boiler room:

5.8.5. Average estimated fuel consumption/year:

5.9, Solar heaters: | Type:

5.9.1. Unit capacity: No of units:

5.9.2. Number of guest rooms served by solar heaters:

5.9.3. Total cost of solar heaters:

5.9.4. Average estimated electricity consumption/year:

5.10. Electrical heaters: No of units:
Unit capacity:

5.10.1 Number of guest rooms served by electrical heaters:

5.10.2. Total cost of electrical heaters:

5.10.3. Average estimated electricity consumption/year:

6. Rooms electrical contents:

6.1. Guest room electrical load: Watt

7. Kitchen:

7.1. Electrical equipment, kW:

7.2. Gas equipment, kW:

7.3. Cooling Rooms, kW:

7.4. Average estimated kitchen electricity consumption/year, kWh:

7.5. Average estimated kitchen gas consumption/year, ton:

8. Waste water treatment station:

8.1. Capacity, m*/day:

8.2. Type of treatment:




8.3. Cost of station:

8.4. Average estimated electricity consumption/year, kWh:

9. Desalination station:

9.1. Capacity, m*/day:

9.2. Type of treatment:

9.3. Cost of station: installations:

9.4. Average estimated electricity consumption/year, kWh:

PART 2: Operation and Maintenance Costs

10.1. Monthly Water consumption, m>:

10.2. Monthly electricity consumption, kWh:

10.3. Monthly fuel consumption, Liter:

10.4. Monthly gas consumption, Ton:

10.5. Parts replacement:

10.5.1 Estimated cost of HVAC | After 5 years
parts replacement: After 10 years
After 15 years
After 20 years
After 25 years
Expected complete Number of years: Cost:
HVAC system
replacement
10.5.2 Estimated cost of After 5 years
Boilers parts After 10 years
replacement: After 15 years
After 20 years
After 25 years
Expected complete Number of years: Cost:
Boilers system
replacement




10.5.3 Estimated cost of
electrical heaters parts

After 5 years

After 10 years

replacement: After 15 years
After 20 years
After 25 years
Expected complete Number of years: Cost:
electrical heaters
system replacement
10.5.4 Estimated cost of solar | After 5 years
heaters parts After 10 years
replacement: After 15 years
After 20 years
After 25 years
Expected complete solar | Number of years: Cost:
heaters system
replacement
10.5.5 Estimated cost of waste | After 5 years
water treatment parts After 10 years
replacement: After 15 years
After 20 years
After 25 years
Expected complete Number of years: Cost:
waster water treatment
system replacement
10.5.6 Estimated cost of After 5 years
desalination station After 10 years
parts replacement: After 15 years
After 20 years
After 25 years
Expected complete Number of years: Cost:

desalination station
replacement




Appendix

2

Buisness-as-Usual Case
| ELECTRIC CONSUMPTION

ITEM BUILDING UTILITY DESCRIPTION Running Time |ELEC. POWER Energy
hrs/day kW kWh
A HOTEL A
A-1 Air Condition - 2x90 tons + 143 FCU + 17 AHU 16 606,528 9704,448
A-2 Reception
A-2.01 Lighting 8 2,4 19,2
A-2.02 Computers 8 15 120
A-2.03 TV Sets 2 26 52
A-2.04] Sound System 15 3 45
A-2.05 Telephone & monitoting System 24 0,8 19,2
A-3 House Keeping
A-3.01 Equipment 6 14,7 88,2
A-3.02
A-4 Admin Offices & BOH
A-4.01 Equipment 12 3 36
A-4.02 Computers incl.
A-4.03 Lighting 12 1 12
A-5 Ex- Lobby Bar
A-5.01 Beverage Equipment 24 0,42 10,08
A-5.02 Lighting 6 0,3 1,8
A-5.03
A-6 Latitude Bar
A-6.01 Beverage/Kitchen Equipment 24 0,42 10,08
A-6.02 Lighting 6 0,3 1,8
A-6.03 Other Equipmet
A-7 Guestrooms (130)
A-7.01 Lighting 15 33,8 50,7
A-7.02 Air Condition incl
A-7.03 TV Sets incl
Mini Bar 24 2,4375 58,5
B ANNEX A
B-1 Air Condition - 2*190 tons + 6 AHU + 33 FCU + 3 pumps 12 547,776 6573,312
B-2 Ball Room
B-2.01 Lighting 2 2 4
B-2.02 Audio/Video Equipment 2 2 4
B-2.03 Banquet Area
B-2.04 Other Equipment
B-3 14 Shops
B-3.01 A/C Fan Coils 12 2,8 33,6
B-3.02 Lighting 12 5,6 67,2
B-3.03 Special Equipment 12 4,2 50,4
B-4 Cinemas
B-4.01 Equipment 4 6 24
B-4.02 Air Condition - 3 AHU 4 1,5 6
B-4.03 Lighting 4 0,4 1,6
B-5 Night Club
B-5.01 Beverage Equipment 24 0,42 10,08
B-5.02 Lighting 6 0,3 1,8
B-5.03 Sound & Light Equipment 8 10 80
B-5.04 Other Egpuipment
B-6 Western Pub
B-6.01 Beverage/Kitchen Equipment 24 0,42 10,08
B-6.02 Lighting 6 0,3 1,8
B-6.03 Other Equipmet
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B-7 Video Corner
B-6.01 A/C Fan Coils 8 0,2 1,6
B-6.02 Lighting 8 0,4 3,2
B-6.03 Special Equipment 8 0,3 2,4
ANNEX B
C-1 Air Condition incl.
C-2 Kitchen
C-2.01 Equipment 8,00 182 1456
C-2.02 Lighting 14 3 42
C-3 Restaurants
C-3.01 Lighting 4 6 24
C-3.02 Sound System 10 0,4 4
C-3.03 Buffet Equipmet 4 15 60
C-3.04 Hot Counter Equipmet 10 1,25 12,5
C-4 Laundry
C-4.01 Equipment 4 80 320
C-4.02 Lighting 16 2,25 36
C-5 Cold Rooms - 5 for storage 16 10,5 168
C-6 SP A & C Pump Rooms 24 19,5 468
SP A lightning 8 6,6 52,8
SP A waterfall 16 0,75 12
C-7 3 Fountains/water curt 14 9 126
C-8 Admin Offices Lighting + Equipment 12 1 12
D SP B Pump Rooms 24 11 264
SP B Lighting 8 4,2 33,6
Floating Cafeteria
Cafeteria Equipment 24 0,42 10,08
Lighting 6 0,3 1,8
Chalets & Studios
Lighting 15 42,12 63,18
Air Condition 8 243 1944
TV Sets 2 18 36
Mini Bar 24 1,69 40,5
Staff Building Lighting 15 7,56 11,34
Air Condition 10 67,5 675
TV Sets 2 4,2 8,4
Mini Bar 24 0,39375 9,45
Other
H-1 Fountains pumps 15 30 450
Fountains lights 8 2,15 17,2
H-2 Desalination Plant 24 115 2760
H-3 Sewage Treatment Plant 16 30 480
H-4 Gym 12 7,42 89,04
Health club 6 14 84
H-5 Boilers 16 24,36 389,76
H-6 Booster Pumps 3 37,3 111,9
H-7 Landscape lights 8 333 2664
H-8 Elevators 6 6 36
TOTAL POWER CONS. ------------- ---- 2,632 30,60
MW MWh
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REM inputs, outputs and sensitivity analysis



TECHNICAL INPUT SHEET blue boxes with yellow text are for Data Input
text in blue are calculated

Scenario:

Project Name:

Business-as-Usual Case

Number of Guest Rooms:

344

Resort Design

Sharm El Sheikh

Energy Production
ER1 Annual Amount of produced electricity by RET, kWh

ER2 Average produced RET electricity, kWh / GN

ER3 Annual Amount of produced electricity by non-RET, kWh

ER4 Average produced non-RET electricity, kWh / GN

ER5 Annual Amount of produced thermal energy by RET, kWh

ER6 Average produced RET thermal energy, kWh / GN

ER7 Annual Amount of produced thermal energy by non-RET, kWh

Energy Consumption
C1 Average Annual Occupancy

C2 Average no. of occupied rooms per year

C3 Guest to Room Ratio

C4 Average no. Of guest-nights, GN, per year
C5 Average Electricity consumption / GN, kWh
C6 Annual Electricity consumption, kWh

C7 Average Fuel consumption / GN, |

125.560

232.286

11.172.957

5.131.409

C8 Annual Fuel consumption, | 564.455 ER8 Average produced non-RET thermal energy, kWh / GN 22,09
C9 Average Thermal Energy consumption / GN, kWh 22,09 CO2 Emissions
C10 Annual Thermal Energy consumption, kWh 5.131.409 CE1 CO2 conversion factor 1 MWh Grid Electricity : 1 ton Co2 0,59
Energy Demand CE2 CO2 conversion factor 1 litre Diesel fuel : 1 ton Co2 2,63
DD1 Surplus in supply, kWh / year - CE3 Annual amount of equivalent CO2 emissions 8.077
CE4 Average amount of equivalent kg CO2 / GN 34,77




ECONOMICAL INPUT SHEET blue boxes with yellow text are for Data Input
text in blue are calculated

Project Name: Scenario:
Resort Design Business-as-Usual Case

Location: Number of Guest Rooms:

Sharm El Sheikh 344
Financial Parameters Project Parameters
FP1 Equity ratio, ER PP1 Total Capital Investment, TCI 3.385.524,00€
FP2 Fund Grant PP2 Project Life time in years 25
FP3 Debt ratio, DR ANNUAL COSTS:
FP4  Cost of finance, Rd PP3 M &R Cost as % of TCI
FP5 Expected return on equity, Re PP4  Annual M&R Cost, AMRC 67.710 €

FP6 Term of loan in years, Tol PP5  Electricity purchase price per kWh

FP7 Term of Grant in years, ToG PP6 Fuel purchase price per litre

FP8 Equity by Owner, E PP7 Annual Electricity Operational Costs 391.053 €

FP9 Grant amount PP8 Annual Fuel Operational Cost 62.090 €

FP10 Debt to Bank, D ANNUAL REVENUES & BENEFIT

FP11 Weighted Average Cost of Capital, WACC PP9 Annual Revenue from selling electricity fixed -

FP12 Feed-in Tariff fixed rate per kWh

€
PP10 Annual Revenue from selling electricity add-on - £
€

FP13 Feed-in Tariff added premium per kWh PP11 Annual Revenue from CER -

FP14 Feed-in Tariff added premium term in years Salvage Cost

PP12 Salvage Cost as % of TCI

FP15 CER price per ton CO2

FP16 CER term inyears PP13 Total salvage Cost, TSC 169.276 €

FP17 Cost Escalation factor

FP18 Change in feed-in Tariff

FP19 Change in CER prices




REM OUTPUT SHEET

Project Name:

Scenario:

Resort Design

Business-as-Usual Case

Location: Number of Guest Rooms:
Sharm EIl Sheikh 344
Economical parameters
Before Debt & Grant per GR Total hcluding Debt & Gran  t per GR [Total
LCC before Debt 28.351 € 9.752.879 € LCC after D & G 27.553 € 9.478.300 €
NPV of Cash Flow before Debt - 28.351¢€ |- 9.752.879 € NPV of Cash Flow After D & G - 27553 € |- 9.478.300 €
Environmental parameters
Average equivelant CO2 emissions kg per GN tonnes/Annual
34,77 8.076,56




ECONOMICAL ANALYSIS SHEET blue boxes with yellow text are for Data Input
text in blue are calcultated

Project Name: Scenario:
Resort Design Business-as-Usual Case
Location Number of Guest Rooms:
Sharm El Sheikh 344
[Project Life 25]
Totals 0 1 2 3 4 5 6 7 8 9 10

Net Capital Costs

Capital Project Name € (3.385.524,00) € (3.385.524,00) € - € - € - € - € - € - € - € - € - € -
Total Capital Investment € (3.385.524,00) € (3.385.524,00) € - € - € - € - € - € - € - € - € - € -

Operating and Maintenance Costs

Maintenance Costs € (1.692.762,00) € - € (67.71048) € (67.71048) € (67.710,48) € (67.710,48) € (67.710,48) € (67.710,48) € (67.710,48) € (67.71048) € (67.710,48) € (67.710,48)
Electricity Costs € (9.776.337,03) € - € (391.05348) € (391.053,48) € (391.05348) € (391.05348) € (391.05348) € (391.05348) € (391.05348) € (391.05348) € (391.05348) € (391.053,48)
Fuel Costs € (1.552.251,20) € - € (62.09005) € (62.090,05 € (62.090,05) € (62.090,05) € (62.090,05) € (62.090,05) € (62.090,05) € (62.090,05) € (62.090,05) €  (62.090,05)
Total O&M Costs excl. Escalation € (13.021.350,22) € - € (520.85401) € (520.854,01) € (520.854,01) € (520.854,01) € (520.854,01) € (520.854,01) € (520.854,01) € (520.854,01) € (520.854,01) € (520.854,01)

Price Escalation Costs
Price escalation 100% 102% 104% 106% 108% 110% 113% 115% 117% 120%

Escalation of Costs € (3.661.759,79) € - € - € (10.417,08) € (21.04250) € (31.880,43) € (42.935,12) € (54.210,90) € (65.712,20) € (77.443,53) € (89.409,48) € (101.614,75)
Total O&M Costs incl. Escalation € (16.683.110,01) € - € (520.854,01) € (531.271,09) € (541.896,51) € (552.734,44) € (563.789,13) € (575.064,91) € (586.566,21) € (598.297,53) € (610.263,49) € (622.468,76)
Revenue and Operating Benefits

Revenue from selling electricity fixed € - € - £ - € - € - € - € - € - € - € - € - € -

Revenue from selling electricity add on € - € - € - € - € - € - € - € - € - € -

Benefit from CER € - € - € - € - € - € - € - € - € - € - € - € -
Total Benefits and Revenue € - € - € - € - € - € - € - € - € - € - € - € -
Price Escalation of Revenues

Price change of Feed-in Tarrif fixed part 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%

Escalation/decrease in Revenue € - € - € - € - € - € - € - € - € - € - € - € -

Price change in CER 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%

Escalation/decrease in Benefits € - € - € - € - € - € - € - € - € - € - € - € -
Total R&B Costs incl. Escalation € - € - € - € - € - € - € - € - € - € - € - € -
Total Salvage Cost € 169.276,20 € - € - € - € - € - € - € - € - € - € - € -
EBITDA € (19.899.357,81) € (3.385.524,00) € (520.854,01) € (531.271,09) € (541.89651) € (552.734,44) € (563.789,13) € (575.064,91) € (586.566,21) € (598.297,53) € (610.263,49) € (622.468,76)
Discounted Cash Flow EBITDA € (9.752.879,30) € (3.385.524,00) € (480.714,36) € (452.541,44) € (426.019,63) € (401.052,16) € (377.547,95) € (355.421,24) € (334.591,29) € (314.982,11) € (296.522,15) € (279.144,07)
Debt calculation

Principal Payments € (2.369.866,80) € (236.986,68) € (236.986,68) € (236.986,68) € (236.986,68) € (236.986,68) € (236.986,68) € (236.986,68) € (236.986,68) € (236.986,68) € (236.986,68)

Interests € (716.884,71) € - € (130.342,67) € (117.308,41) € (104.274,14) € (91.239,87) € (78.205,60) € (65.171,34) € (52.137,07) € (39.102,80) € (26.068,53) € (13.034,27)
Total Debt € (3.086.751,51) € - € (367.329,35) € (354.295,09) € (341.260,82) € (328.226,55) € (315.192,28) € (302.158,02) € (289.123,75) € (276.089,48) € (263.055,21) € (250.020,95)
Net Cash Flow After Debt € (20.616.242,52) € (1.015.657,20) € (888.183,36) € (885566,18) € (883.157,33) € (880.960,99) € (878.981,41) € (877.222,93) € (875.689,96) € (874.387,02) € (873.318,70) € (872.489,70)
Fund Grant

Grant payments € - € - € - € - € - € - € - € - € - € - € - € -
Net Cash Flow After D & G € (20.616.242,52) € (1.015.657,20) € (888.183,36) € (885566,18) € (883.157,33) € (880.960,99) € (878.981,41) € (877.222,93) € (875.689,96) € (874.387,02) € (873.318,70) € (872.489,70)
Life Cycle Cost before Debt € 9.752.879,30

Life Cycle Cost including D & G € 9.478.300,33




11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
€ (67.710,48) € (67.710,48) € (67.710,48) € (67.710,48) € (67.71048) € (67.71048) € (67.710,48) € (67.710,48) € (67.71048) € (67.71048) € (67.710,48) € (67.710,48) € (67.710,48) € (67.710,48) € (67.710,48)
€ (391.053,48) € (391.053,48) € (391.05348) € (391.05348) € (391.05348) € (391.05348) € (391.053,48) € (391.053,48) € (391.053,48) € (391.053,48) € (391.053,48) € (391.053,48) € (391.053,48) € (391.053,48) € (391.053,48)
€ (62.090,05) € (62.090,05) € (62.090,05) € (62.090,05) € (62.090,05) € (62.090,05) € (62.090,05) € (62.090,05) € (62.090,05) € (62.090,05) € (62.090,05) € (62.090,05) € (62.090,05) € (62.090,05) € (62.090,05)
€ (520.854,01) € (520.854,01) € (520.854,01) € (520.854,01) € (520.854,01) € (520.854,01) € (520.854,01) € (520.854,01) € (520.854,01) € (520.854,01) € (520.854,01) € (520.854,01) € (520.854,01) € (520.854,01) € (520.854,01)
122% 124% 127% 129% 132% 135% 137% 140% 143% 146% 149% 152% 155% 158% 161%
€ (114.064,12) € (126.762,48) € (139.714,81) € (152.926,19) € (166.401,79) € (180.146,91) € (194.166,93) € (208.467,35) € (223.053,77) € (237.931,93) € (253.107,65) € (268.586,88) € (284.37570) € (300.480,29) € (316.906,98)
€ (634.918,13) € (647.616,49) € (660.568,82) € (673.780,20) € (687.255,80) € (701.000,92) € (715.020,94) € (729.321,36) € (743.907,78) € (758.785,94) € (773.961,66) € (789.440,89) € (805.229,71) € (821.334,30) € (837.760,99)
€ - € - € - € - € - € - € - € - € - € - € - € - € - € - € -
€ - € - € - € - € - € - € - € - € - € - € - € - € - € - € -
€ - € - € - € - € - € - € - € - € - € - € - € - € - € - € -
€ - € - € - € - € - € - € - € - € - € - € - € - € - € - € -
100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
€ - € - € - € - € - € - € - € - € - € - € - € - € - € - € -
100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
€ - € - € - € - € - € - € - € - € - € - € - € - € - € - € -
€ - € - € - € - € - € - € - - € - - € - - € - € - € -
€ - € - € - € - € - - € - € - € - - € - € - € - € - € 169.276,20
€ (634.918,13) € (647.616,49) € (660.568,82) € (673.780,20) € (687.255,80) € (701.000,92) € (715.020,94) € (729.321,36) € (743.907,78) € (758.785,94) € (773.961,66) € (789.440,89) € (805.229,71) € (821.334,30) € (668.484,79)
€ (262.784,45) € (247.383,60) € (232.88535) € (219.236,79) € (206.388,11) € (194.292,46) € (182.905,68) € (172.186,24) € (162.095,03) € (152.595,23) € (143.652,18) € (135.233,25) € (127.307,72) € (119.846,67) € (90.026,14)
€ —_— - € —_— - € —_— - € —_— - € —_— - € —_— - € —_— - € -
€ - € - € - € - € - € - € - € - € - € - € - € - € - € - € -
€ - € - € - € - € - € - € - € - € - - € - - € - € - € -
€ (634.918,13) € (647.616,49) € (660.568,82) € (673.780,20) € (687.255,80) € (701.000,92) € (715.020,94) € (729.321,36) € (743.907,78) € (758.785,94) € (773.961,66) € (789.440,89) € (805.229,71) € (821.334,30) € (668.484,79)
€ —_— - € —_— - € —_— - € —_— - € —_— - € —_— - € —_— - € -
€ (634.918,13) € (647.616,49) € (660.568,82) € (673.780,20) € (687.255,80) € (701.000,92) € (715.020,94) € (729.321,36) € (743.907,78) € (758.785,94) € (773.961,66) € (789.440,89) € (805.229,71) € (821.334,30) € (668.484,79)




Business-as-Usual Case

Sensibility's analysis, WACC v. LCC/GN

Equity ratio, ER |Cost of finance, Rd |WACC

30%
30%
30%
30%
40%
40%
40%
40%
50%
50%
50%
50%
60%
60%
60%
60%
70%
70%
70%
70%
80%
80%
80%
80%
90%
90%
90%
90%
100%
100%
100%
100%

Weighted Average
Cost of Capital,
5,00% 8,00%
6,00% 8,70%
7,00% 9,40%
8,00% 10,10%
5,00% 9,00%
6,00% 9,60%
7,00% 10,20%
8,00% 10,80%
5,00% 10,00%
6,00% 10,50%
7,00% 11,00%
8,00% 11,50%
5,00% 11,00%
6,00% 11,40%
7,00% 11,80%
8,00% 12,20%
5,00% 12,00%
6,00% 12,30%
7,00% 12,60%
8,00% 12,90%
5,00% 13,00%
6,00% 13,20%
7,00% 13,40%
8,00% 13,60%
5,00% 14,00%
6,00% 14,10%
7,00% 14,20%
8,00% 14,30%
5,00% 15,00%
6,00% 15,00%
7,00% 15,00%
8,00% 15,00%

LCC afterD & G / per GR
28.110€
27.025€
26.049 €
25.167 €
26.359 €
25.580 €
24.867 €
24.214 €
24908 €
24.366 €
23.862€
23.393 €
23.715€
23.353 €
23.013€
22.692 €
22.743 €
22.520€
22.306 €
22.101€
21.965€
21.843€
21.724 €
21.609€
21.356 €
21.306 €
21.257 €
21.209€
20.893 €
20.893 €
20.893 €
20.893 €



Business-as-Usual Case

Sensibility's analysis for "LCC after D & G / per GR"

Input Variables Values
100,0% 150,0% 200,0% 250,0% 300,0% 350,0% 400,0%
Cost Escalation factor, 2,0% 3,0% 4,0% 5,0% 7,0% 8,0%
Output Variable Values "LCC after D & G / per GR"
100,0% 150,0% 200,0% 250,0% 300,0% 350,0% 400,0%
(LS A=EIEIE iRy 27.553 € 29.298€  31.288€ 33.562€ 36.167€ 39.156€ 42.592€
Output Variable Percent Variation "LCC after D & G / per GR"
100,0% 150,0% 200,0% 250,0% 300,0% 350,0% 400,0%
(LS A=EIeEIElo iRty 100,00%  106,33%  113,56%  121,81%  131,26% 142,11%  154,58%
Spider Chart Spider Chart
50.000€ 200%
[ ~
2 40.000€ Nl ©  150%
= 30.000€ e ol a f
& ~ 2 100% -
5 20.000€ 2
i‘ 10.000 € =4 Cost Escalation factor 8 5 50% =4 Cost Escalation factor
e - € 1 1 1 ! E g o% ; 1 1 ! 1
a 0,0% 100,09200,09800,0%400,0%00,0% & 0,0% 100,0%200,0%300,0%400,0%500,0%
= c
[
‘F\, % Change in Input Value -g % Change in Input Value
8] X
U )

45.000€
40.000€
35.000€
30.000€
25.000€
20.000€
15.000€
10.000€
5.000€
- €

LcC/GR

== Cost Escalation factor

/

__—

2,0% 3,0% 4,0% 5,0% 6,0% 7,0% 8,0%

Cost escalation factor




Business-as-Usual Case
Sensibility's analysis for "LCC after D & G / per GR"

Input Variables Values
100,0% 150,0% 200,0% 250,0% 300,0% 350,0% 400,0% 450,0% 500,0% 550,0% 600,0%

Fuel purchase price p 0,11 € 0,17 € 0,22 € 0,28 € 0,33 € 0,39 € 0,44 € 0,50 € 0,55 € 0,61 € 0,66 €

Electricity purchase pKIXEES 0,053 € 0,070 € 0,088 € 0,105 € 0,123 € 0,140 € 0,158 € 0,175 € 0,193 € 0,210 €
Output Variable Values "LCC after D & G / per GR"

100,0% 150,0% 200,0% 250,0% 300,0% 350,0% 400,0% 450,0% 500,0% 550,0% 600,0%

RVEINV( LN Re 27.553 € 28.660€ 29.768€ 30.875€ 31.982€ 33.089€ 34.196€ 35304€ 36411€ 37518€ 38.625¢€
S IAIGEN] 27,553 € 34.527€ 41.500€ 48.473€ 55447€ 62420€ 69.393€ 76.367€ 83.340€ 90.314€ 97.287 €

Output Variable Percent Variation "LCC after D & G / per GR"

100,0% 150,0% 200,0% 250,0% 300,0% 350,0% 400,0% 450,0% 500,0% 550,0% 600,0%

VEINIAGEN e 100,00% 103,75%  107,49% 111,24%  114,99% 118,74% 122,48% 126,23% 129,98% 133,73% 137,47%
[HEGCIVAIGERYY 100,00% 126,97% 153,95% 180,92% 207,90% 234,87% 261,84% 288,82% 315,79% 342,76% 369,74%

Spider Chart Spider Chart

120.000€ 400%
5 100.000 € - E
K] ’ 300%
; 80.000 € - == Fuel purchase g ’
[C) 60.000 € - price per litre 5 200% == Fuel purchase price per
g 40.000 € - E g 100% | litre
< J
[C) 20.000 f: == Electricity S5 0% == Electricity purchase

B ) : : : : -
3 purchase price £ ° price per kWh
a 0,0%200,0400,0660,0800,0% per kWh 3 0,0% 200,0% 400,0% 600,0% 800,0%
Q c
©

E % Change in Input Value S % Change in Input Value
] X

== Electricity purchase price per kWh === Fuel purchase price per litre

100.000 €
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30.000 € | puE—p——
20.000 €
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TECHNICAL INPUT SHEET blue boxes with yellow text are for Data Input
text in blue are calcultated

Scenario:

Project Name:

Resort Design

Sharm El Sheikh

Alternative 1-a (WECS)

Number of Guest Rooms:

344

Energy Production
ER1 Annual Amount of produced electricity by RET, kWh

ER2 Average produced RET electricity, kWh / GN

ER3 Annual Amount of consumed electricity by non-RET, kWh

ER4 Average produced non-RET electricity, kWh / GN

ER5 Annual Amount of produced thermal energy by RET, kWh

ER6 Average produced RET thermal energy, kWh / GN

ER7 Annual Amount of produced thermal energy by non-RET, kWh

Energy Consumption
C1 Average Annual Occupancy

C2 Average no. of occupied rooms per year

C3 Guest to Room Ratio

C4 Average no. Of guest-nights, GN, per year
C5 Average Electricity consumption / GN, kWh
C6 Annual Electricity consumption, kWh

C7 Average Fuel consumption / GN, |

3.552.798

125.560

232.286

8.077.447

5.131.409

C8 Annual Fuel consumption, | 564.455 ER8 Average produced non-RET thermal energy, kWh / GN 22,09
C9 Average Thermal Energy consumption / GN, kWh 22,09 CO2 Emissions
C10 Annual Thermal Energy consumption, kWh 5.131.409 CE1 CO2 conversion factor 1 MWh Grid Electricity : 1 ton Co2 0,59
Energy Demand CE2 CO2 conversion factor 1 litre Diesel fuel : 1 ton Co2 2,63
DD1 Surplus in supply, kWh / year 682.326 CE3 Annual amount of equivelant CO2 emissions 4.557
CE4 Average amount of equivelant kg CO2 / GN 19,62




ECONOMICAL INPUT SHEET

blue boxes with yellow text are for Data Input
text in blue are calcultated

Project Name:

Scenario:

Resort Design

Alternative 1-a (WECS)

Location:

Number of Guest Rooms:

Sharm El Sheikh

344

Financial Parameters
FP1 Equity ratio, ER

FP2 Fund Grant

Project Parameters
PP1 Total Capital Investement, TCI

8.993.748 €

FP3 Debt ratio, DR

PP2 Project Life time in years

25

FP4  Cost of finance, Rd

ANNUAL COSTS:

FP5 Expected return on equity, Re

PP3 O & M Cost as % of TCI

FP6 Term of loan in years, Tol

PP4 Annual O & M Cost, AOMC

179.875€

PP5  Electricity purchase price per kWh

FP7 Term of Grant in years, ToG

PP6 Fuel purchase price per litre

FP8 Equity by Owner, E PP7  Annual Electricity Operational Costs 282.711€
FP9 Grant amount PP8 Annual Fuel Operational Cost 62.090 €
FP10 Debt to Bank, D ANNUAL REVENUES & BENEFIT

FP11 Weighted Average Cost of Capital, WACC PP9 Annual Revenue from selling electricity fixed 124.348 €
FP12 Feed-in Tarrif fixed rate per kWh PP10 Annual Revenue from selling electricity add-on - £
FP13 Feed-in Tarif added premium per kWh PP11 Annual Revenue from CER - £
FP14 Feed-in Tarrif added premium term in years Salvage Cost

FP15 CER price per ton CO2 PP12 Salvage Cost as % of TCI
FP16 CER term inyears PP13 Total salvage Cost, TSC 449.687 €
FP17 Cost Escalation factor

FP18 Change in feed-in Tarrif

FP19 Change in CER prices

FP20




REM OUTPUT SHEET

Project Name: Scenario:
Alternative 1-a (WECS)

Resort Design
Location: Number of Guest Rooms:
Sharm El Sheikh 344

Economical parameters

Before Debt & Grant per GR Total hcluding Debt & Gran  t per GR [Total
LCC before Debt 40.246 € 13.844.650 € LCC after D & G 38.126 € 13.115.223 €
NPV of Cash Flow before Debt - 40.246 € [- 13.844.650 € NPV of Cash Flow After D & G -38.126 € |- 13.115.223 €
Environmental parameters
Average equivelant CO2 emissions kg per GN tonnes / year

19,62 4.557




ECONOMICAL ANALYSIS SHEET

blue boxes

yellow text are for Data Input
text in blue are calcultated

Project Name:

Scenario:

Resort Design

Alternative 1-a (WECS)

Location Number of Guest Rooms:
Sharm El Sheikh 344
[Project Life 25]
Totals 0 1 2 3 4 5 6 7 8 9 10 11

Net Capital Costs

Capital Project Name € (8.993.748,00) € (8.993.748,00) € - € - € - € - € - € - € - € - € - € -

Total Capital Investment € (8.993.748,00) € (8.993.748,00) € - € - € - € - € - € - € - € - € - € -

Operating and Maintenance Costs

Maintenance Costs € (4.496.874,00) € - € (179.874,96) € (179.874,96) € (179.874,96) € (179.874,96) € (179.874,96) € (179.874,96) € (179.874,96) € (179.874,96) € (179.874,96) € (179.874,96) € (179.874,96)
Electricity Costs € (7.067.766,13) € - € (282.710,65) € (282.710,65) € (282.710,65) € (282.710,65) € (282.710,65) € (282.710,65) € (282.710,65) € (282.710,65) € (282.710,65) € (282.710,65) € (282.710,65)
Fuel Costs € (1.552.251,20) € - € (62.090,05) € (62.090,05) € (62.090,05) € (62.090,05) € (62.090,05) € (62.090,05) € (62.090,05) € (62.090,05) € (62.090,05) € (62.090,05) € (62.090,05)
Total O&M Costs excl. Escalation € (13.116.891,32) € - € (524.67565) € (524.675,65) € (524.675,65) € (524.675,65) € (524.675,65) € (524.675,65) € (524.675,65) € (524.675,65) € (524.675,65) € (524.675,65) € (524.675,65)
Price Escalation Costs

Price escalation 100% 102% 104% 106% 108% 110% 113% 115% 117% 120% 122%
Escalation of Costs € (3.688.627,10) € - € - € (1049351) € (21.196,90) € (32.114,35) € (43.250,15) € (54.608,66) € (66.194,35) € (78.011,75) € (90.06550) € (102.360,32) € (114.901,04)
Total O&M Costs incl. Escalation € (16.805.518,42) € - € (524.67565) € (535.169,17) € (545.872,55) € (556.790,00) € (567.925,80) € (579.284,32) € (590.870,00) € (602.687,40) € (614.741,15) € (627.035,97) € (639.576,69)
Revenue and Operating Benefits

Revenue from selling electricity fixed € 3.108.698,25 € - € 12434793 € 12434793 € 12434793 € 12434793 € 124.347,93 € 12434793 € 12434793 € 12434793 € 124.347,93 € 12434793 € 124.347,93
Revenue from selling electricity add on € - € - € - € - € - € - € - € - € - € - € -
Benefit from CER € - € - € - € - € - € - € - € - € - € - € - € - € -
Total Benefits and Revenue € 3.108.698,25 € - € 12434793 € 12434793 € 12434793 € 12434793 € 12434793 € 12434793 € 12434793 € 12434793 € 12434793 € 12434793 € 124.347,93
Price Escalation of Revenues

Price change of Feed-in Tarrif fixed part 100% 102% 104% 106% 108% 110% 113% 115% 117% 120% 122%
Escalation/decrease in Revenue € 874.203,22 € - € - € 2.486,96 € 5.023,66 € 7.611,09 € 10.250,27 € 12.942,23 € 15.688,04 € 18.488,75 € 21.34549 € 24.259,36 € 27.231,50
Price change in CER 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
Escalation/decrease in Benefits € - € - € - € - € - € - € - € - € - € - € - € - € -
Total R&B Costs incl. Escalation € 3.982.901,47 € - € 12434793 € 126.834,89 € 129.37159 € 131.959,02 € 13459820 € 137.290,16 € 140.03597 € 142.836,68 € 145.69342 € 148.607,29 € 151.579,43
Total Salvage Cost € 449.687,40 € - € - € - € - € - € - € - € - € - € - € - € -
EBITDA € (21.366.677,55) € (8.993.748,00) € (400.327,72) € (408.334,28) € (416500,96) € (424.830,98) € (433.327,60) € (441.994,15) € (450.834,04) € (459.850,72) € (469.047,73) € (478.428,69) € (487.997,26)
Discounted Cash Flow EBITDA € (13.844.650,39) € (8.993.748,00) € (369.476,44) € (347.822,77) € (327.438,14) € (308.248,18) € (290.182,87) € (273.176,31) € (257.166,44) € (242.094,85) € (227.906,55) € (214.549,77) € (201.975,79)
Debt calculation

Principal Payments € (6.295.623,60) € (629.562,36) € (629.562,36) € (629.562,36) € (629.562,36) € (629.562,36) € (629.562,36) € (629.562,36) € (629.562,36) € (629.562,36) € (629.562,36) € -
Interests € (1.904.426,14) € - € (346.259,30) € (311.63337) € (277.007,44) € (242.381,51) € (207.755,58) € (173.129,65) € (138.503,72) € (103.877,79) € (69.251,86) € (34.625,93) € -
Total Debt € (8.200.049,74) € - € (975.821,66) € (941.19573) € (906.569,80) € (871.943,87) € (837.317,94) € (802.692,01) € (768.066,08) € (733.440,15) € (698.814,22) € (664.188,29) € -
Net Cash Flow After Debt € (23.271.103,69) € (2.698.124,40) € (1.376.149,38) € (1.349.530,01) € (1.323.070,76) € (1.296.774,85) € (1.270.64554) € (1.244.686,16) € (1.218.900,12) € (1.193.290,87) € (1.167.861,95) € (1.142.616,98) € (487.997,26)
Fund Grant

Grant payments € - € - € - € - € - € - € - € - € - € - € - € - € -
Net Cash Flow After D & G € (23.271.103,69) € (2.698.124,40) € (1.376.149,38) € (1.349.530,01) € (1.323.070,76) € (1.296.774,85) € (1.270.64554) € (1.244.686,16) € (1.218.900,12) € (1.193.290,87) € (1.167.861,95) € (1.142.616,98) € (487.997,26)

Life Cycle Cost before Debt
Life Cycle Cost including D & G

13.844.650,39
13.115.222,97




12

13

14

15

16

17

18

19

20

21

22

23

24

25

€ (179.874,96) € (179.874,96) € (179.874,96) € (179.874,96) € (179.874,96) € (179.874,96) € (179.874,96) € (179.874,96) € (179.874,96) € (179.874,96) € (179.874,96) € (179.874,96) € (179.874,96) € (179.874,96)
€ (282.710,65) € (282.710,65) € (282.710,65) € (282.710,65) € (282.710,65) € (282.710,65) € (282.710,65) € (282.710,65) € (282.710,65) € (282.710,65) € (282.710,65) € (282.710,65) € (282.710,65) € (282.710,65)
€ (62.090,05) € (62.090,05) € (62.090,05) € (62.090,05) € (62.090,05) € (62.090,05) € (62.090,05) € (62.090,05) € (62.090,05) € (62.090,05) € (62.090,05) € (62.090,05) € (62.090,05) €  (62.090,05)
€ (524.675,65) € (524.675,65) € (524.675,65) € (524.675,65) € (524.675,65) € (524.675,65) € (524.675,65) € (524.67565) € (524.67565) € (524.67565) € (524.67565) € (524.675,65) € (524.675,65) € (524.675,65)
124% 127% 129% 132% 135% 137% 140% 143% 146% 149% 152% 155% 158% 161%
€ (127.692,57) € (140.739,94) € (154.048,25) € (167.622,73) € (181.468,70) € (195.591,58) € (209.996,93) € (224.690,38) € (239.677,70) € (254.964,77) € (270.557,58) € (286.462,24) € (302.685,00) € (319.232,21)
€ (652.368,23) € (665.415,59) € (678.723,90) € (692.298,38) € (706.144,35) € (720.267,24) € (734.672,58) € (749.366,03) € (764.353,35) € (779.640,42) € (795.23323) € (811.137,89) € (827.360,65) € (843.907,86)
€ 12434793 € 12434793 € 12434793 € 12434793 € 12434793 € 12434793 € 12434793 € 124.347,93 € 124.347,93 € 124.347,93 € 124.347,93 € 12434793 € 12434793 € 12434793
€ - € - € - € - € - € - € - € - € - € - € - € - € - € -
€ - € - € - € - € - € - € - € - € - € - € - € - € - € -
€ 12434793 € 12434793 € 12434793 € 12434793 € 12434793 € 12434793 € 12434793 € 124.347,93 € 124.347,93 € 124.347,93 € 12434793 € 124.347,93 € 12434793 € 12434793
124% 127% 129% 132% 135% 137% 140% 143% 146% 149% 152% 155% 158% 161%
€ 3026309 € 3335531 € 3650938 € 3972652 € 4300801 € 4635513 € 49.769,19 € 53.251,53 € 56.803,52 € 6042655 € 6412204 € 67.891,44 € 7173623 € 7565791
100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
€ - € - € - € - € - € - € - € - € - € - € - € - € - € -
€ 15461102 € 15770324 € 160.857,31 € 164.07445 € 167.35594 € 170.70306 € 174.117,12 € 177.599,46 € 181.151,45 € 184.77448 € 188.469,97 € 192.239,37 € 196.084,16 € 200.00584
€ - € - - € - € - € - € - € - € - € - € - € - € - € 449.687,40
€ (497.757,21) € (507.712,35) € (517.866,60) € (528.223,93) € (538./88,41) € (549.564,18) € (560.55546) € (571.766,57) € (583.201,90) € (594.865,94) € (606.763,26) € (618.898,52) € (631.276,49) € (194.214,62)
€ (190.138,72) € (178.99538) € (168.50511) € (158.629,64) € (149.33293) € (140.581,07) € (132.342,13) € (124.586,03) € (117.284,50) € (110.410,88) € (103.940,10) € (97.848,55) € (92.114,00) € (26.155,26)
€ - € —_— - € —_— - € —_— - € —_— - € —_— - € —_— - € -
€ - € - € - € - € - € - € - € - € - € - € - € - € - € -
€ - € - € - € - € - € - € - € - € - € - € - € - - € -
€ (497.757,21) € (507.712,35) € (517.866,60) € (528.223,93) € (538./88,41) € (549.564,18) € (560.55546) € (571.766,57) € (583.201,90) € (594.865,94) € (606.763,26) € (618.898,52) € (631.276,49) € (194.214,62)
€ - € —_— - € —_— - € —_— - € —_— - € —_— - € —_— - € -
€ (497.757,21) € (507.712,35) € (517.866,60) € (528.223,93) € (538./88,41) € (549.564,18) € (560.55546) € (571.766,57) € (583.201,90) € (594.865,94) € (606.763,26) € (618.898,52) € (631.276,49) € (194.214,62)




TECHNICAL INPUT SHEET

‘text in blue are calcultated \

Scenario:

Number of Guest Rooms:

Project Name:

Energy Produced
ER1 Annual Amount of produced electricity by RET, kWh

ER2 Average produced RET electricity, kWh / GN

ER3 Annual Amount of produced electricity by non-RET, kWh

ER4 Average produced non-RET electricity, kWh / GN

ER5 Annual Amount of produced thermal energy by RET, kWh

ER6 Average produced RET thermal energy, kWh / GN

ER7 Annual Amount of produced thermal energy by non-RET, kWh

Energy Consumption
C1 Average Annual Occupancy

C2 Average no. of occupied rooms per year
C3 Guest to Room Ratio

C4 Average no. Of guest-nights, GN, per year
C5 Average Electricity consumption / GN, kWh
C6 Annual Electricity consumption, kWh

C7 Average Fuel consumption / GN, |

125.560

232.286

8.077.447

C8 Annual Fuel consumption, | 564.455 ER8 Average produced non-RET thermal energy, kWh / GN 22,09
C9 Average Thermal Energy consumption / GN, kWh 22,09 CO2 Emissions
C10 Annual Thermal Energy consumption, kWh 5.131.409 CE1 CO2 conversion factor 1 MWh Grid Electricity : 1 ton Co2 0,59
Energy Demand CE2 CO2 conversion factor 1 litre Diesel fuel : 1 ton Co2 2,63
DD1 Surplus in supply, kWh / year 1.352.952 CE3 Annual amount of equivelant CO2 emissions 4.710
CE4 Average amount of equivelant kg CO2 / GN 20,28




ECONOMICAL INPUT SHEET

‘text in blue are calcultated \

Project Name:

Scenario:

Resort Design

Alternative 1-b (PV)

Location:

Number of Guest Rooms:

Sharm El Sheikh

344

Financial Parameters

Project Parameters

FP1 Equity ratio, ER PP1 Total Capital Investement, TCI

FP2 Fund Grant PP2 Project Life time in years

FP3 Debt ratio, DR ANNUAL COSTS:

FP4 Cost of finance, Rd PP3 O & M Cost as % of TCI

FP5 Expected return on equity, Re PP4 Annual O & M Cost, AOMC 269.615 €
FP6 Term of loan in years, Tol PP5 Electricity purchase price per kWh

FP7 Term of Grant in years, ToG PP6 Fuel purchase price per litre

FP8 Equity by Owner, E 4.044.224 €| |PP7 Annual Electricity Operational Costs 282.711€
FP9 Grant amount - €| |PP8 Annual Fuel Operational Cost 62.090 €
FP10 Debt to Bank, D 9.436.524 € ANNUAL REVENUES & BENEFIT

FP11 Weighted Average Cost of Capital, WACC 8,35%| |[PP9 Annual Revenue from selling electricity fixed 138.710€
FP12 Feed-in Tarrif fixed rate per kWh PP10 Annual Revenue from selling electricity add-on - £
FP13 Feed-in Tarif added premium per kWh PP11 Annual Revenue from CER - €
FP14 Feed-in Tarrif added premium term in years Salvage Cost

FP15 CER price per ton CO2 PP12 Salvage Cost as % of TCI _
FP16 CER term inyears PP13 Total salvage Cost, TSC 674.037 €
FP17 Cost Escalation factor

FP18 Change in feed-in Tarrif

FP19 Change in CER prices

FP20




REM OUTPUT SHEET

Project Name: Scenario:
Alternative 1-b (PV)

Resort Design
Location: Number of Guest Rooms:
Sharm El Sheikh 344

Economical parameters

per GR Total hcluding Debt & Gran  t per GR [Total
19.226.221 € LCC after D & G 52.712 € 18.132.881 €
NPV of Cash Flow After D & G -52.712€ |- 18.132.881€

Before Debt & Grant
LCC before Debt 55.890 €
NPV of Cash Flow before Debt - 55.890€ - 19.226.221 €

Environmental parameters

Average equivelant CO2 emissions kg per GN tonnes / year

20,28 4,710




TECHNICAL INPUT SHEET blue boxes with yellow text are for Data Input
text in blue are calcultated

Project Name:

Scenario:

Resort Design

Sharm El Sheikh

Alternative 1-c (WEC + PV)

Number of Guest Rooms:

344

Energy Consumption
C1 Average Annual Occupancy

C2 Average no. of occupied rooms per year
C3 Guest to Room Ratio

C4 Average no. Of guest-nights, GN, per year
C5 Average Electricity consumption / GN, kWh
C6 Annual Electricity consumption, kWh

C7 Average Fuel consumption / GN, |

Energy Production
ER1 Annual Amount of produced electricity by RET, kWh

ER2 Average produced RET electricity, kWh / GN

ER3 Annual Amount of produced electricity by non-RET, kWh

ER4 Average produced non-RET electricity, kWh / GN

ER5 Annual Amount of produced thermal energy by RET, kWh

ER6 Average produced RET thermal energy, kWh / GN

ER7 Annual Amount of produced thermal energy by non-RET, kWh

3.745.277

125.560

232.286

8.077.447

5.131.409

C8 Annual Fuel consumption, | 564.455 ER8 Average produced non-RET thermal energy, kWh / GN 22,09
C9 Average Thermal Energy consumption / GN, kWh 22,09 CO2 Emissions
C10 Annual Thermal Energy consumption, kWh 5.131.409 CE1 CO2 conversion factor 1 MWh Grid Electricity : 1 ton Co2 0,59
Energy Demand CE2 CO2 conversion factor 1 litre Diesel fuel : 1 ton Co2 2,63
DD1 Surplus in supply, kWh / year 831.177 CE3 Annual amount of equivelant CO2 emissions 4531
CE4 Average amount of equivelant kg CO2 / GN 19,51




ECONOMICAL INPUT SHEET

blue boxes with yellow text are for Data Input
text in blue are calcultated

Project Name:

Scenario:

Resort Design

Alternative 1-c (WEC + PV)

Location:

Number of Guest Rooms:

Sharm El Sheikh

344

Financial Parameters
FP1 Equity ratio, ER

FP2 Fund Grant

Project Parameters
PP1 Total Capital Investement, TCI

10.934.748 €

FP3 Debt ratio, DR

PP2 Project Life time in years

25

FP4 Cost of finance, Rd

ANNUAL COSTS:

FP5 Expected return on equity, Re

PP3 O & M Cost as % of TCI

FP6 Term of loan in years, Tol

PP4 Annual O & M Cost, AOMC

218.695€

FP7 Term of Grant in years, ToG

PP5  Electricity purchase price per kWh

PP6 Fuel purchase price per litre

FP8 Equity by Owner, E PP7  Annual Electricity Operational Costs 282.711€
FP9 Grant amount PP8 Annual Fuel Operational Cost 62.090 €
FP10 Debt to Bank, D ANNUAL REVENUES & BENEFIT

FP11 Weighted Average Cost of Capital, WACC PP9 Annual Revenue from selling electricity fixed 131.085 €
FP12 Feed-in Tarrif fixed rate per kWh PP10 Annual Revenue from selling electricity add-on - £
FP13 Feed-in Tarif added premium per kWh PP11 Annual Revenue from CER - £
FP14 Feed-in Tarrif added premium term in years Salvage Cost

FP15 CER price per ton CO2 PP12 Salvage Cost as % of TCI
FP16 CER term inyears PP13 Total salvage Cost, TSC 546.737 €
FP17 Cost Escalation factor

FP18 Change in feed-in Tarrif

FP19 Change in CER prices

FP20




REM OUTPUT SHEET

Project Name: Scenario:
Alternative 1-c (WEC + PV)

Resort Design
Location: Number of Guest Rooms:
Sharm El Sheikh 344

Economical parameters

Before Debt & Grant per GR Total hcluding Debt & Gran  t per GR [Total
LCC before Debt 46.995 € 16.166.197 € LCC after D & G 44,417 € 15.279.347 €
NPV of Cash Flow before Debt - 46995 € [- 16.166.197 € NPV of Cash Flow After D & G -44417€ |- 15.279.347 €
Environmental parameters
Average equivelant CO2 emissions kg per GN tonnes / year
19,51 4.531




Alternative 1-C (WECS + PV)
Sensibility's analysis WACC v. LCC/GR

Weighted Average
Equity ratio, |Cost of finance, |Cost of Capital, LCC after D &
WACC G/ per GR
30% 5,00% 8,00% 44.741 €
30% 6,00% 8,70% 44 112€
30% 7,00% 9,40% 43.558 €
30% 8,00% 10,10% 43.069 €
40% 5,00% 9,00% 43.107 €
40% 6,00% 9,60% 42.742 €
40% 7,00% 10,20% 42.420€
40% 8,00% 10,80% 42136 €
50% 5,00% 10,00% 41.910€
50% 6,00% 10,50% 41.731€
50% 7,00% 11,00% 41.574 €
50% 8,00% 11,50% 41.439€
60% 5,00% 11,00% 41.099€
60% 6,00% 11,40% 41.042 €
60% 7,00% 11,80% 40.996 €
60% 8,00% 12,20% 40.960 €
70% 5,00% 12,00% 40.631€
70% 6,00% 12,30% 40.644 €
70% 7,00% 12,60% 40.661 €
70% 8,00% 12,90% 40.683 €
80% 5,00% 13,00% 40.467 €
80% 6,00% 13,20% 40.508 €
80% 7,00% 13,40% 40.550€
80% 8,00% 13,60% 40.593 €
90% 5,00% 14,00% 40.575€
90% 6,00% 14,10% 40.609 €
90% 7,00% 14,20% 40.644 €
90% 8,00% 14,30% 40.679€
100% 5,00% 15,00% 40.926 €
100% 6,00% 15,00% 40.926 €
100% 7,00% 15,00% 40.926 €

100% 8,00% 15,00% 40.926 €



Alternative 1-C (WECS + PV)
Sensibility's analysis

Cost Escalation factor |Change in feed-in Tarrif |LCC after D & G / per GR

2,0% 2,0%
3,0% 3,0%
4,0% 4,0%
5,0% 5,0%
6,0% 6,0%
7,0% 7,0%
8,0% 8,0%

44417 €
45.865 €
47517 €
49.406 €
51.568 €
54.049 €
56.901 €

LCC/GR

60.000 €

50.000 €

40.000 €

30.000 €

20.000 €

10.000 €

- €

==@==Cost Escalation factor

:/

0""/_‘/

2,0% 3,0% 4,0% 5,0% 6,0% 7,0% 8,0%

Cost escalation factor




Alternative 1-C (WECS + PV)
Sensibility's analysis energy price v. LCC

Feed-in Tarrif fixed |Electricity purchase |Fuel purchase LCC afterD & G/
rate per kWh price per kWh price per litre per GR

0,030 € 0,030 € 0,10€ 43.443 €
0,030 € 0,030 € 0,30€ 47.469€
0,030 € 0,030 € 0,50€ 51.495€
0,030 € 0,030 € 0,70€ 556.521 €
0,030 € 0,030 € 0,90 € 59.548 €
0,080 € 0,080 € 0,10€ 51.168 €
0,080 € 0,080 € 0,30€ 55.194 €
0,080 € 0,080 € 0,50 € 59.221€
0,080 € 0,080 € 0,70€ 63.247 €
0,080 € 0,080 € 0,90 € 67.273 €
0,130 € 0,130 € 0,10€ 58.893 €
0,130 € 0,130 € 0,30€ 62.920 €
0,130 € 0,130 € 0,50€ 66.946 €
0,130 € 0,130 € 0,70€ 70.972€
0,130 € 0,130 € 0,90 € 74.998 €
0,180 € 0,180 € 0,10€ 66.619€
0,180 € 0,180 € 0,30€ 70.645€
0,180 € 0,180 € 0,50€ 74.671€
0,180 € 0,180 € 0,70€ 78.697 €
0,180 € 0,180 € 0,90 € 82.723 €
0,230 € 0,230 € 0,10€ 74.344 €
0,230 € 0,230 € 0,30€ 78.370€
0,230 € 0,230 € 0,50 € 82.396 €
0,230 € 0,230 € 0,70€ 86.422 €

0,230 € 0,230 € 0,90 € 90.449€



Alternative 1-C (WECS + PV)
Sensibility's analysis for "LCC after D & G / per GR"

Input Variables Values
50,0% 75,0% 100,0% 125,0% 150,0% 175,0% 200,0%

CER price per ton CC 8,00 € 12,00 € 16,00 € 20,00 € 24,00 € 28,00 € 32,00 €

Output Variable Values "LCC after D & G / per GR"
50,0% 75,0% 100,0% 125,0% 150,0% 175,0% 200,0%
OIS SF N TR N®® 43568€ 43.144€ 42.720€ 42.296€ 41.872€ 41.448€ 41.023€

Output Variable Percent Variation "LCC after D & G / per GR"
50,0% 75,0% 100,0% 125,0% 150,0% 175,0% 200,0%

OIS g(NeT@eN®® 101,99% 100,99% 100,00% 99,01% 98,01% 97,02% 96,03%

Spider Chart Spider Chart

44.000 € 104%
43.500 € o2
43.000 €

42.500 € 100%
42.000 € \\

41.500 € _

41.000 € = CER price per ton CO2

98%
96% === CER price per ton CO2
40.500 € I I I I I
0,0% 50,0%100,0%50,09200,09250,0%

per GR

94% I I I I I
0,0% 50,0%100,0%150,092200,0%250,0%

% Changein LCC after D & G/

% Change in Input Value % Change in Input Value

LCC after D & G / per GR Value




TECHNICAL INPUT SHEET blue boxes with yellow text are for Data Input
text in blue are calcultated

Scenario:

Project Name:

Resort Design

Sharm El Sheikh

Alternative 2 (WECS, PV, SC)

Number of Guest Rooms:

344

Energy Production
ER1 Annual Amount of produced electricity by RET, kWh

ER2 Average produced RET electricity, kWh / GN

ER3 Annual Amount of produced electricity by non-RET, kWh

ER4 Average produced non-RET electricity, kWh / GN

ER5 Annual Amount of produced thermal energy by RET, kWh

ER6 Average produced RET thermal energy, kWh / GN

ER7 Annual Amount of produced thermal energy by non-RET, kWh

Energy Consumption
C1 Average Annual Occupancy

C2 Average no. of occupied rooms per year

C3 Guest to Room Ratio

C4 Average no. Of guest-nights, GN, per year
C5 Average Electricity consumption / GN, kWh
C6 Annual Electricity consumption, kWh

C7 Average Fuel consumption / GN, |

3.745.277

125.560

5.163.347

232.286

460.000

8.077.447

1.314.000

C8 Annual Fuel consumption, | 144.540 ER8 Average produced non-RET thermal energy, kWh / GN 5,66
C9 Average Thermal Energy consumption / GN, kWh 7,64 CO2 Emissions
C10 Annual Thermal Energy consumption, kWh 1.774.000 CE1 CO2 conversion factor 1 MWh Grid Electricity : 1 ton Co2 0,59
Energy Demand CE2 CO2 conversion factor 1 litre Diesel fuel : 1 ton Co2 2,63
DD1 Surplus in supply, kWh / year 831.177 CE3 Annual amount of equivelant CO2 emissions 3.427
CE4 Average amount of equivelant kg CO2 / GN 14,75




ECONOMICAL INPUT SHEET

blue boxes with yellow text are for Data Input
text in blue are calcultated

Project Name:

Scenario:

Resort Design

Alternative 2 (WECS, PV, SC)

Location:

Number of Guest Rooms:

Sharm El Sheikh

344

Financial Parameters
FP1 Equity ratio, ER

FP2 Fund Grant

Projec Energy Production
PP1 Total Capital Investement, TCI

11.047.708,00 €

FP3 Debt ratio, DR

PP2 Project Life time in years

25

FP4  Cost of finance, Rd

ANNUAL COSTS:

FP5 Expected return on equity, Re

PP3 M & R Cost as % of TCI

FP6 Term of loan in years, Tol

PP4 Annual M & R Cost, AMRC

220.954 €

FP7 Term of Grant in years, ToG

PP5  Electricity purchase price per kWh

PP6 Fuel purchase price per litre

FP8 Equity by Owner, E PP7  Annual Electricity Operational Costs 282.711€
FP9 Grant amount PP8 Annual Fuel Operational Cost 15.899 €
FP10 Debt to Bank, D ANNUAL REVENUES & BENEFIT

FP11 Weighted Average Cost of Capital, WACC PP9 Annual Revenue from selling electricity fixed 131.085 €
FP12 Feed-in Tarrif fixed rate per kWh PP10 Annual Revenue from selling electricity add-on - £
FP13 Feed-in Tarif added premium per kWh PP11 Annual Revenue from CER - £
FP14 Feed-in Tarrif added premium term in years Salvage Cost

FP15 CER price per ton CO2 PP12 Salvage Cost as % of TCI
FP16 CER term in years PP13 Total salvage Cost, TSC 552.385 €
FP17 Cost Escalation factor Renewable factor

FP18 Change in feed-in Tarrif PP14 Power 36,08%
FP19 Change in CER prices Thermal 25,93%
FP20 Overall 35,36%




REM OUTPUT SHEET

Project Name:

Scenario:

Resort Design

Alternative 2 (WECS, PV, SC)

Location:

Number of Guest Rooms:

Sharm El Sheikh 344
Economical parameters
Before Debt & Grant per GR Total Energy Production per GR |Total
LCC before Debt 45754 € 15.739.419 € LCC after D & G 43.149 € 14.843.407 €
NPV of Cash Flow before Debt - 45754 € |- 15.739.419 € NPV of Cash Flow After D & G -43.149€ |- 14.843.407 €

Environmental parameters

Average equivelant CO2 emissions

kg per GN

14,75

tonnes / year

3.426,51




Alternative 2 (WECS, PV, SC)
Sensibility's analysis

Weighted Average Cost

Equity ratio, ER [Cost of finance, Rd

30%
30%
30%
30%
40%
40%
40%
40%
50%
50%
50%
50%
60%
60%
60%
60%
70%
70%
70%
70%
80%
80%
80%
80%
90%
90%
90%
90%
100%
100%
100%
100%

5,00%
6,00%
7,00%
8,00%
5,00%
6,00%
7,00%
8,00%
5,00%
6,00%
7,00%
8,00%
5,00%
6,00%
7,00%
8,00%
5,00%
6,00%
7,00%
8,00%
5,00%
6,00%
7,00%
8,00%
5,00%
6,00%
7,00%
8,00%
5,00%
6,00%
7,00%
8,00%

of Capital, WACC

8,00%

8,70%

9,40%
10,10%

9,00%

9,60%
10,20%
10,80%
10,00%
10,50%
11,00%
11,50%
11,00%
11,40%
11,80%
12,20%
12,00%
12,30%
12,60%
12,90%
13,00%
13,20%
13,40%
13,60%
14,00%
14,10%
14,20%
14,30%
15,00%
15,00%
15,00%
15,00%

LCC after D & G/ per GR
43.420€
42.896 €
42.437 €
42.034 €

Energy Production
41.639€
41.391€
41.175€
40.851 €
40.730 €
40.629€
40.546 €
40.149€
40.134 €
40.129 €
40.131€
39.779€
39.821€
39.866 €
39.914 €
39.705 €
39.763 €
39.822 €
39.882€
39.894 €
39.937 €
39.979€
40.021€
40.321€
40.321€
40.321€
40.321€



Alternative 2 (WECS, PV, SC)
Sensibility's analysis for "LCC after D & G / per GR"

Input Variables Values
100,0% 150,0% Alternative ¢  250,0% 300,0% 100% 400,0%

Cost Escalation factol 2,0% 3,0% 4,0% 5,0% 6,0% 7,0% 8,0%

Change in feed-in Tai 2,0% 3,0% 4,0% 5,0% 6,0% 7,0% 8,0%
Output Variable Values "LCC after Energy Production

100,0% 150,0% 200,0% 250,0% 300,0% 350,0% 400,0%

O Q=L o iBrlte] 43.149€ 44.890€ 46.875€ 49.144€ 51.742€ 54.723€ 58.151€
OEL A RIEOEMEET 43.1490€ 42.710€  42.209€ 41.637€ 40.982€ 40.229€ 39.365€

Output Variable Percent Variation "LCC after D & G / per GR"
100,0% 150,0% 200,0% 250,0% 300,0% 350,0% 400,0%

e =Y ElilolgBzleite]l 100,00% 104,03% 108,63% 113,89% 119,91% 126,82% 134,77%
O AROEMET  100,00% 98,98% 97,82% 96,50% 94,98% 93,23% 91,23%

Spider Chart Spider Chart
80.000 € 150%
60.000 € 100% - ' ﬁ:
40.000 € —%7 == Cost Escalation factor
50% ==@=Cost Escalation factor
20.000 €

per GR

== Change in feed-in == Change in feed-in Tarrif
- € ! ! ! Tarrif

0,0% 200,0% 400,0% 600,0%

0% I I I
0,0% 200,0%  400,0%  600,0%

% Change in Input Value % Change in Input Value

% Changein LCC after D & G/

LCC after D & G / per GR Value




Alternative 2 (WECS, PV, SC)
Sensibility's analysis energy prices v. LCC

0,030 € 0,030 € 0,10€ 42.325€
0,030 € 0,030 € 0,30 € 43.356 €
0,030 € 0,030 € 0,50 € 44.387 €
0,030 € 0,030 € 0,70€ 45.418€
0,030 € 0,030 € 0,90 € 46.449€
0,080 € 0,080 € 0,10€ 50.051 €
0,080 € 0,080 € 0,30€ 51.082€
0,080 € 0,080 € 0,50 € 52.113€
0,080 € 0,080 € 0,70€ 53.144 €
0,080 € 0,080 € 0,90 € 54.175€
0,130 € 0,130 € 0,10€ 57.776 €
0,130 € 0,130 € 0,30€ 58.807 €
0,130 € 0,130 € 0,50 € 59.838 €
0,130 € 0,130 € 0,70€ 60.869 €
0,130 € 0,130 € 0,90 € 61.900 €
0,180 € 0,180 € 0,10€ 65.501 €
0,180 € 0,180 € 0,30€ 66.532 €
0,180 € 0,180 € 0,50 € 67.563 €
0,180 € 0,180 € 0,70 € 68.594 €
0,180 € 0,180 € 0,90 € 69.625 €
0,230 € 0,230 € 0,10€ 73.226 €
0,230 € 0,230 € 0,30€ 74.257 €
0,230 € 0,230 € 0,50 € 75.288 €
0,230 € 0,230 € 0,70€ 76.319€

0,230 € 0,230 € 0,90 € 77.350€



Alternative 2 (WECS, PV, SC)
Sensibility's analysis for "LCC after D & G / per GR"

Input Variables Values
50,0% 75,0% Alternative : 125,0% 150,0% 100% 200,0%

CER price per ton CC 8,00 € 12,00 € 16,00 € 20,00 € 24,00 € 28,00 € 32,00€

Output Variable Values "LCC after D & G / per GR"
50,0% 75,0% 100,0% Energy Proc 150,0% 175,0% 200,0%
OSSN TR NO® 42.029€ 41.468€ 40.908€ 40.348€ 39.787€ 39.227€ 38.667 €

Output Variable Percent Variation "LCC after D & G / per GR"
50,0% 75,0% 100,0% 125,0% 150,0% 175,0% 200,0%
OIS RGN N®® 102,74% 101,37%  100,00% 98,63% 97,26% 95,89% 94,52%

Spider Chart Spider Chart

43.000 € 104%

42.000 € - 102% *

41.000 € \ 100% \

40.000 € 98%

39.000 € “\% == CER price per ton CO2 96% \ =¢—CER price per ton CO2
38.000 € I I I I 94% . . . .

0,0% 200,0% 400,0% 600,0% 800,0%

per GR

0,0% 50,0%100,0%150,09200,0%250,0%

% Change in Input Value % Change in Input Value

CCafter D& G / per GR Value
% Change in LCC after D & G /




TECHNICAL INPUT SHEET blue boxes with yellow text are for Data Input
text in blue are calcultated

Scenario:

Project Name:

Resort Design

Sharm El Sheikh

Alternative 3 (CSP)

Number of Guest Rooms:

344

Energy Production
ER1 Annual Amount of produced electricity by RET, kWh

ER2 Average produced RET electricity, kWh / GN

ER3 Annual Amount of produced electricity by non-RET, kWh

ER4 Average produced non-RET electricity, kWh / GN

ER5 Annual Amount of produced thermal energy by RET, kWh

ER6 Average produced RET thermal energy, kWh / GN

ER7 Annual Amount of produced thermal energy by non-RET, kWh

Energy Consumption
C1 Average Annual Occupancy

C2 Average no. of occupied rooms per year
C3 Guest to Room Ratio

C4 Average no. Of guest-nights, GN, per year
C5 Average Electricity consumption / GN, kWh
C6 Annual Electricity consumption, kWh

C7 Average Fuel consumption / GN, |

4.523.500

125.560

2.190.000

232.286

15.300.800

6.022.500

985.227

C8 Annual Fuel consumption, | 108.375 ER8 Average produced non-RET thermal energy, kWh / GN 4,24
C9 Average Thermal Energy consumption / GN, kWh 31,23 CO2 Emissions
C10 Annual Thermal Energy consumption, kWh 7.253.363 CE1 CO2 conversion factor 1 MWh Grid Electricity : 1 ton Co2 0,59
Energy Demand CE2 CO2 conversion factor 1 litre Diesel fuel : 1 ton Co2 2,63
DD1 Surplus in supply, kWh / year 691.000 CE3 Annual amount of equivelant CO2 emissions 1.577
CE4 Average amount of equivelant kg CO2 / GN 6,79




ECONOMICAL INPUT SHEET

blue boxes with yellow text are for Data Input
text in blue are calcultated

Project Name:

Scenario:

Resort Design

Alternative 3 (CSP)

Location:

Number of Guest Rooms:

Sharm El Sheikh

344

Financial Parameters
FP1 Equity ratio, ER

FP2 Fund Grant

Projec Energy Production
PP1 Total Capital Investement, TCI

12.563.237,00€

FP3  Debt ratio, DR

PP2 Project Life time in years

25

FP4 Cost of finance, Rd

ANNUAL COSTS:

FP5 Expected return on equity, Re

PP3 O & M Cost as % of TCI

FP6 Term of loan in years, Tol

PP4 Annual O & M Cost, AOMC

251.265€

FP7 Term of Grant in years, ToG

PP5 Electricity purchase price per kWh

PP6 Fuel purchase price per litre

FP8 Equity by Owner, E PP7 Annual Electricity Operational Costs 210.788 €
FP9 Grant amount PP8 Annual Fuel Operational Cost 11.921
FP10 Debt to Bank, D ANNUAL REVENUES & BENEFIT

FP11 Weighted Average Cost of Capital, WACC PP9 Annual Revenue from selling electricity fixed 158.323 €
FP12 Feed-in Tarrif fixed rate per kWh PP10 Annual Revenue from selling electricity add-on - £
FP13 Feed-in Tarif added premium per kWh PP11 Annual Revenue from CER - £
FP14 Feed-in Tarrif added premium term in years Salvage Cost

FP15 CER price per ton CO2 PP12 Salvage Cost as % of TCI
FP16 CER term inyears PP13 Total salvage Cost, TSC 628.162 €
FP17 Cost Escalation factor Renewable factor

FP18 Change in feed-in Tarrif PP14 Power 63,64%
FP19 Change in CER prices Thermal 86,42%
FP20 Overall 70,33%




REM OUTPUT SHEET

Project Name: Scenario:
A Alternative 3 (CSP)

Resort Design
Location: Number of Guest Rooms:
Sharm El Sheikh 344

Economical parameters

Before Debt & Grant per GR Total Energy Production per GR |Total
LCC before Debt 47533 € 16.351.239 € LCC after D & G 44571 € 15.332.312 €
NPV of Cash Flow before Debt - 47533 € |- 16.351.239€ NPV of Cash Flow After D & G -44571€ |- 15.332.312€
Environmental parameters
Average equivelant CO2 emissions kg per GN tonnes / year
6,79 1.577




Alternative 3 (CSP)
Sensibility's analysis WACC v. LCC

Weighted Average
Equity ratio, [Cost of finance, |Cost of Capital, LCC afterD & G
ER Rd WACC / per GR

30% 5,00% 8,00% 44.730€
30% 6,00% 8,70% 44.424 €
30% 7,00% 9,40% 44164 €
30% 8,00% 10,10% 43.944 €
40% 5,00% 9,00% 43.435€
40% 6,00% 9,60% 43.327 €
40% 7,00% 10,20% 43.244 €
40% 8,00% 10,80% 43.183 €
50% 5,00% 10,00% 42.565 €
50% 6,00% 10,50% 42.588 €
50% 7,00% 11,00% 42.621€
50% 8,00% 11,50% 42.665 €
60% 5,00% 11,00% 42.075€
60% 6,00% 11,40% 42170 €
60% 7,00% 11,80% 42.270€
60% 8,00% 12,20% 42.373 €
70% 3,50% 12,00% 41.924 €
70% 6,00% 12,30% 42.046 €
70% 7,00% 12,60% 42.168 €
70% 0,00% 12,90% 42.292 €
80% 5,00% 13,00% 42.076 €
80% 6,00% 13,20% 42.186 €
80% 7,00% 13,40% 42.296 €
80% 8,00% 13,60% 42.406 €
90% 5,00% 14,00% 42.501 €
90% 6,00% 14,10% 42.569 €
90% 7,00% 14,20% 42.637 €
90% 8,00% 14,30% 42.704 €
100% 5,00% 15,00% 43.172€
100% 6,00% 15,00% 43.172€
100% 7,00% 15,00% 43.172€

100% 8,00% 15,00% 43.172€



Alternative 3

(CSP)

Sensibility's analysis energy prices v. LCC

Feed-in Tarrif fixed

Electricity
purchase

price

Fuel purchase

LCC afterD & G/

rate per kWh

0,030 €
0,030 €
0,030 €
0,030 €
0,030 €
0,080 €
0,080 €
0,080 €
0,080 €
0,080 €
0,130 €
0,130 €
0,130 €
0,130 €
0,130 €
0,180 €
0,180 €
0,180 €
0,180 €
0,180 €
0,230 €
0,230 €
0,230 €
0,230 €
0,230 €
0,280 €
0,280 €
0,280 €
0,280 €
0,280 €

per kWh

0,030 €
0,030 €
0,030 €
0,030 €
0,030 €
0,080 €
0,080 €
0,080 €
0,080 €
0,080 €
0,130 €
0,130 €
0,130 €
0,130 €
0,130 €
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per GR

44.265€
45.038 €
45.811€
46.584 €
47.357 €
46.938 €
47.7111€
48.484 €
49.257 €
50.030 €
49.611€
50.384 €
51.167 €
51.930€
52.703 €
52.284 €
53.057 €
53.830 €
54.603 €
55.376 €
54.957 €
55.730 €
56.503 €
57.276 €
58.049 €
57.630€
58.403 €
59.176 €
59.949€
60.722 €



Alternative 3 (CSP)
Sensibility's analysis for "LCC after D & G / per GR"

Input Variables Values
100,0% 150,0% Alternative « 250,0% 300,0% 100% 400,0%
Cost Escalation factol 2,0% 3,0% 4,0% 5,0% 6,0% 7,0% 8,0%
2,0% 3,0% 4,0% 5,0% 6,0% 7,0% 8,0%

-100%
Output Variable Values "LCC after | Energy Production
100,0% 150,0% 200,0% 250,0% 300,0% 350,0% 400,0%

T A=Y IElilo g lEzloie] 44.571€ 46.159€ 47.969€ 50.039€ 52409€ 55.129€ 58.255¢€
O ERLIRLRCIOENMEY 44.571€ 44.040€ 43435€ 42.744€ 41952€ 41.044€ 40.000€

Output Variable Percent Variation "LCC after D & G / per GR"
100,0% 150,0% 200,0% 250,0% 300,0% 350,0% 400,0%

Ol =Y IEoghzleiel 100,00% 103,56% 107,63% 112,27% 117,59% 123,69% 130,70%
Change in feed-in TarjuIo0ReF7 98,81% 97,45% 95,90% 94,13% 92,09% 89,74%

Spider Chart Spider Chart
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CC after D & G / per GR Value
% Change in LCC after D & G /
per GR




Alternative 3 (CSP)
Sensibility's analysis for "LCC after D & G / per GR"

Input Variables Values
50,0% 75,0% Alternative < 125,0% 150,0% 100% 200,0%

CER price per ton CC 8,00 € 12,00 € 16,00 € 20,00 € 24,00 € 28,00 € 32,00€

Output Variable Values "LCC after D & G / per GR" -100%
50,0% 75,0% 100,0% Energy Proc 150,0% 175,0% 200,0%
OSSN TR N®® 43.004€ 42.221€ 41438€ 40.655€ 39.871€ 39.088€ 38.305€

Output Variable Percent Variation "LCC after D & G / per GR"
50,0% 75,0% 100,0% 125,0% 150,0% 175,0% 200,0%
OSSN TR N®® 103,78% 101,89%  100,00% 98,11% 96,22% 94,33% 92,44%

Spider Chart Spider Chart
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43.000 € -
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