OMSOP

Project Deliverable

Grant Agreement number 308952

Project acronym OMSoP

Project title OPTIMISED MICROTURBINE SOLAR POWER SYSTEM

Funding Scheme FP7-ENERGY.2012.2.5.1:RESEARCH, DEVELOPMENT
AND TESTING OF SOLAR DISH SYSTEMS

Work Package WP31 TECHNO-ECONOMIC ANALYSIS

Deliverable number - title D3.2 REPORT ON POTENTIAL MARKETS FOR SMALL SCALE SOLAR-

DISH MICROTURBINES

Lead Beneficiary UNIVERSITY OF SEVILLE (USE)
Dissemination level PU
Delivery month JANUARY 2015 (MONTH 24)

Name, title and organisation of | prof. Abdulnaser Sayma
the scientific representative of

the project's coordinator Professor of Energy Engineering

City University London

Tel: +44 (0)20 7040 8277
E-mail: a.sayma@city.ac.uk
Project website address: www.omsop.eu



http://www.omsop.eu/

I AOOOAAO

The OMSoP project aims to demonstrate and optimise a micro power generator based able to
produce electricity from the sun at a competitive price. The technologies of choice are parabolic
dish for the solar energy collection and gas turbine for the heat to mechanical work energy
conversion. Previous deliverable reports have shown the design, development and testing of
certain components and, in due date, more information about system demonstration and
testing will be provided.

This report presents the first phase of the techno-economic feasibility analysis of the OMSoP
technology. The economic tasks of OMSoP aims to identify the areas which are likely to
constitute true markets for the technology and, for them, optimise the system so that the cost
and revenues are highest. This will enable the sustainability of the newly born industry in as
far as the customer is favoured by costs and environmental impact and so is the technology
provider which is able to develop a business in a non-subsidised scenario.

The structure of the report is as follows. First, some consideration about the history of dish
Stirling technology is presented. This was the first technology to address the micro generation
of renewable electricity with a concentrating solar thermal system. Numerous research centres
have contributed to the technical development of these systems which, then, several
companies have tried to deploy to the market. Unfortunately, none of these attempts have
been successful to date. On the contrary, all the experiences so far have ended up in
bankruptcy events.

A second section of the report presents a mehodology developed by the consortium to identify
potential markets accurately. It is based on the so-called index of interest (lol) which is an
index measuring the lilkeliness of a given country to turn into a successful market for the
OMSoP technology. This index can be interpreted as an absolute value for which a value of 1
indicates that there is no doubt that a market niche exists whereas 0 means that the country
will show no interest in the technology. Nevertheless, it is also useful to use it in relative terms
to see how dfferent countries compare when it comes to adopting different approaches to the
analysis: willingness to take financial risks, comercialisation of individual stand-alone units or
| ar gert yipfeabr npower pl ants made up of hundreds of

A thirs section evaluates the certainty of the results. Three main sources of uncertainty are

identified. First, the contribution of each one of the influential parameters used in the

met hodol ogy (quality of grid, available solar el
the calculator. Third, the probability that the scenario or boundary conditions under which the

analysis is performed change in the future. All these three sources of uncertainty are assessed

and their potential impact on the results is dicussed in detail.

Finally, the numerical tool relies on a vast amount of information for each one of the candidate
countries (i.e. countries considered in the analysis). This information is presented at the end
of the report in a series of annexes that are structured similiarly. This similar organisation eases
the comparison and enables the addition of new countries to the potential markets. With regard
to these, it must be said that it has not been possible to consider all the countries in the world
and hence just a reduced number of them have been considered. Nevertheless, in the process
of selecting these countries, special emphasis has been put on trying to get a list where all the
potential features were represented. In other words, countries with high and low insolation,
stable and unstable socio-political conditions, large and small populations, even and uneven
popul ation and insolation distributionsé The ou-
results obtained for the countries in the list can be extrapolated to countries with similar
features.
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Context

The OMSoP project is co-funded by the European Union's 7th Framework Programme for
Research and Development under grant agreement number 308952. It aims to provide and
demonstrate technical solutions for the use of state-of-the-art concentrated solar power system
(CSP) coupled to micro-gas turbines (MGT) to produce electricity. The project is structured in
three complementary work packages, as indicated on the corresponding website
(www.omsop.eu):

T WP1 System component development. This WP is aimed at developing and
(separately) testing the components for a demonstration system in the range of up to
10kWe. It is expected that the acquired knowledge will enable the development of an
optimised microturbine solar dish system for the power range up to 30kWe for future
testing and deployment

 WP2 System design and integration. The system demonstration components
developed in WP1 are integrated prior to performing the tests for the overall system.
Data obtained will be used to feed back the design of optimised system components
(WP1) and to inform the techno-economic assessment (WP3) to produce a final design
for an optimum system for future testing and deployment.

T WP3 Techno-economic analysis. Thermodynamic and mechanical models of the
system and its components will be developed and used for the analysis and design of
both the demonstration system and optimised system in WP2. Further insight into future
deployment will be gained by investigating concepts such as medium and long-term
storage, hybridisation with other fuels and MGT power augmentation concepts. Market
and cost analyses will also be performed in addition to uncertainty, sensitivity and risk
studies. The above will provide crucial information to system and component
development and will also provide insight into potential future deployment. Finally, a life
cycle assessment will be performed to evaluate the environmental aspects and
potential impact associated to the solar system.

Work package 3 is further subdivided into three tasks: market and cost analysis (T3.1),
thermodynamic analysis and performance optimisation (T3.2) and life cycle assessment
(T3.3). The first one, market and cost analysis, presents the following detailed structure:

1 T3.1.1 Cost analysis.
i T3.1.2 Map of potential markets.
1 T3.1.3 Uncertainty analysis.

With all this information in mind, this document presents the work developed in task T3.1.2

which, according to the Description of Work (DoW) constitutes milesto n e M SPténtialii

markets for small scale solar-dish microturbinesd whose main findings ar
del i ver aRdpat oiterftial markets for small scale solar-dish microturbineso . The
information set forth in the market report will be later complemented with that coming from the

cost and wuncertainty anal ysi s, Repgrt anispsgem postace t o
analysiso . Finally, both documents will be integrate
fFinal report on the economic appraisal of a 5-10 kWe dispatchable power generatoro . Thi s

latter document will not limit to integrate the contents of D3.1 and D3.2 but it will also
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incorporate comparisons against other directly competing technologies (mainly PV) both
technical and economic wise.

Structure

The document commences with a presentation of the very few mid-scale (>100 kWe) dish-
Stirling power plants that have been constructed and operated to date. This is deemed
necessary so as to understand how far the technology whose concept OMSoP has inherited
has gone. The lessons learned from this experience are very valuable in order to identify the
main technical hurdles and possibly to avoid making the similar mistakes. This first step will
also allow to benchmark OMSoP with the sister technology.

The methodology employed to perform the market analysis is presented next. This is an
approach specific to the project and thus aimed to incorporate those factors that are thought
to influence the likeliness of a market success. Amongst these, the social, technological,
economic and political features of each country and region are included.

The first step in the description of the methodology is the selection of the candidate countries.
There are almost two hundred countries in the world so it is quite impossible to include them
all in the analysis. Therefore, a selection of a little more than 10% has been done aiming to
cover all the possible combinations of boundary conditions: countries that are sunny but under-
developed, very wealthy states with little solar resources, countries with and without active
renewable energy policies, countries with high and low degrees of electrification, etc. Overall,
a total of twenty two countries from all over the world (all continents) have been selected.

Once the candidate countries are presented, the methodology is described. This novel
approach is based on the weighted combination of a number of factors including social, political
and financial-economic features of the country. These are assigned a scale based on different
criteria and then each factor is weighted according to specific rules (which vary for stand-alone
units and large facilities). The main figure of merit determining the interest of a certain country
is termed Index of Interest lol and it enables to set out a ranked list with which marketing
activities can prioritised.

The analysis includes a first section where default values are assigned to both weights and
influence factors. Nevertheless, in order to gain understanding about the most influential
features of a country (for instance, business environment or legal stability) a sensitivity analysis
is carried out, yielding very useful information about which socio-political occurrences might
displace a country from the top of the aforecited list.

The analysis also takes into consideration that the markets are extremely dynamic.
Unexpected socio-political changes take place continuously, regardless of their intensity, and
more often than not they are not easily foreseen by the investors. This is easily observed in
the volatility of oil prices! during the second half of 2014 (111.8 USD/bbl in June 2014) and
first quarter of 2015 (58.10 US$/bbl in February 2015) or in the societal changes occurred in
some countries like Egypt, Libya or Ukraine in the last years.

A last section of the report presents the annexes containing the technical documentation that
is needed to valuate each country. This technical information is essential to provide the users
of the report with the technical background to either discuss the assumptions and results of
the methodology or to extend the analysis to new countries.

1 Prices are given for Brent oil in the spot market.



Finally, a brief userés guide is provided for th
for this task (Market Mapping Tool).
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The roots of the utilitgcale diststirling power plants: the Maricopa Solar Project

The Maricopa Solar Project, located in Peoria (Arizona, US), was inaugurated in January 2010,
just one month after first start-up. The plant was developed by a consortium comprising sister
companies Tessera Solar (owner and operator) and Stirling Energy Systems (technology
developer) belonging to the Irish conglomerate NTR. Tessera Solar was an independent power
company and developer, builder, operator and owner of large utility-scale solar power plants
whose first large-scale dish-Stirling project was the 1.5 MWe Maricopa power plant. This facility
was also the first demonstration project for CSP facilities using the parabolic dish as a
concentrator.

Stirling Energy Systems, Inc. (SES) is a solar power equipment company with a Dish-Engine
concentrating solar power generation (CSP) technology specifically designed for the utility
scale solar power market. This SunCatcher® technology is based on a 38 ft diameter multi-
faceted parabolic dish collector linked to a four double-acting cylinder power unit rated at 25
kWe. A picture of this system is shown in Figure 1.

A total of sixty SunCatcher units are arrayed in Maricopa over an area of 6 hectares, meaning
a power production density of 24.7 W/m? of land. This arrangement is shown in Figure 2 where
two phases are easily identified: twenty four plus thirty six.

As already discussed in deliverable D3.4, there are several features of dish-Stirling units that

put them forward amongst the competing technologies, in particular photovoltaics but also

other solar thermal technologies. For instance, with respect to PV, dish-St i r 1 i ngés ff eat
higher solar to electric efficiency, peaking over 30% for the SunCatcher technology according

to the company (31.25%) and with average values over 26%. In addition, this technology does

not require AC-DC conversion units such as photovoltaic panels, which increases the net

efficiency of the system further.



On the other hand, with respect to other solar thermal technologies, it is very easy to scale up
and down dish-Stirling systems by virtue of its modularity of this concept. This is not the case
for standard solar towers and parabolic trough collector power plants based on steam turbines
which suffer a large efficiency drop when scaled-down. Also with respect to these, dish-Stirling
systems are easy and fast to install and, thanks to the cited modularity, start producing
electricity from the very beginning of the construction phase, thus reducing payback time
substantially.

Figure 2: Maricopa powr plant.

After construction and successful demonstration of the Maricopa project, the company
developed an incredibly ambitious 1.4 GW construction plan in California with two flagship
projects, Imperial Valley and Calico, with 709 MW and 850 MW installed capacity respectively.
Their main characteristics and current status follow.

Calico Solar Project

The following information is an excerpt of the information available in the California Energy
Commission website (accessed January 2015)2.

iOn December 2, 2 Y 3ysBems Blariond, LLE (SEFESolarTiyee LLC and
SES Solar Six LLC) submitted an Application for Certification (AFC) to construct and operate
the Stirling Energy Systems Solar One Project (SES Solar One), a solar dish Stirling systems
project in San Bernardino County, California.

In January 2010, the project formally changed its name to the Calico Solar Project. The
applicant, SES Solar Three LLC, was merged into SES Solar Six LLC, and that surviving entity
was re-named Calico Solar, LLC. Calico Solarisa subsi di ary of Tess

The proposed Callico Solar project would be a nominal 850-megawatt (MW) Stirling engine
project, with construction planned to begin in late 2010 if the project is approved by the Energy
Commission. Although construction would take approximately 40 months to complete,
renewable power would be available to the grid as each 60-unit group is completed. The
primary equipment for the generating facility would include the approximately 30,000, 25-
kilowatt solar dish Stirling systems (referred to as SunCatchers), their associated equipment
and systems, and their support infrastructure. Each SunCatcher consists of a solar receiver
heat exchanger and a closed-cycle, high-efficiency Solar Stirling Engine specifically designed
to convert solar power to rotary power then driving an electrical generator to produce grid-
quality electricity.

2 http://www.enerqy.ca.gov/sitingcases/calicosolar/
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The proposed project will be constructed on an approximate 8,230-acre site located in San
Bernardino County, California. The project site is approximately 37 miles east of Barstow, 17
miles east of Newberry Springs, 57 miles northeast of Victorville, and approximately 115 miles
east of Los Angeles (straight line distances). Most of the power from the project will be
generated at peak times, when the demandf or el ectricity is gre

In spite of the very long permitting process undergone by Tessera, it seemed that all the factors
needed to insure the project success were being met timely. Actually, Southern California
Edison (SCE) expressed interest in buying electricity produced by the plant and this interest
was very soon (2005) translated into a power purchase agreement for the energy coming from
the first 750 MWe (Phase ).

Nevertheless, on December 23 2010 SCE cancelled without previous comments the PPA
signed and soon after, December 29" 2010, the project was sold to K Road Sun, a subsidiary
of K Road Power Holdings LLC dedicated to developing, owning, and operating utility scale
solar power facilities in the western United States. In June 2012, K Road informed the
California Energy Commission that, whilst the 100 MW of Phase Il would intentionally rely on
Stirling technology, the first 750 MWe were being converted to photovoltaic technology.
However, following a series of down-sizing from the original 850 MWe to around 600 MW, the
project was finally cancelled.

Imperial Valley Solar Project

The following information is an excerpt of the information available in the California Energy
Commission website (accessed January 2015)2.

On June 30, 2008, Stirling Energy Systems Solar Two, LLC (SES Solar Two, LLC) submitted
an Application for Certification (AFC) to construct and operate the Stirling Energy Systems
Solar Two project (SES Solar Two), a solar dish Stirling systems project in Imperial County,
California. In February 2010, the company formally requested that the project change its name
to Imperial Valley Solar. The company name was also changed to Imperial Valley Solar LLC.

The proposed Imperial Valley Solar/SES Solar Two project would be a nominal 750-megawatt
(MW) Stirling engine project, with construction planned to begin either late 2009 or early 2010.
Although construction would take approximately 40 months to complete, renewable power
would be available to the grid as each 60-unit group is completed. The primary equipment for
the generating facility would include the approximately 30,000, 25-kilowatt solar dish Stirling
systems (referred to as SunCatchers), their associated equipment and systems, and their
support infrastructure. Each SunCatcher consists of a solar receiver heat exchanger and a
closed-cycle, high-efficiency Solar Stirling Engine specifically designed to convert solar power
to rotary power then driving an electrical generator to produce grid-quality electricity. The 6,500
acre project site is located on approximately 6,140 acres of federal land managed by the
Bureau of Land Management (BLM) and approximately 360 acres of privately owned land. The
site is approximately 100 miles east of San Diego, 14 miles west of El Centro, and
approximately 4 miles east of Ocatillo, California.

The project will be constructed in two phases. Phase | of the project will consist of up to 12,000
SunCatchers configured in 200 1.5-MW solar groups of 60 SunCatchers per group and have
a net nominal generating capacity of 300 MW. Phase Il will add approximately 18,000
SunCatchers, expanding the project to a total of approximately 30,000 SunCatchers configured

in500-1.5-MW s ol ar groups with a total net generating

3 http://www.enerqgy.ca.gov/sitingcases/solartwo/
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The project would include the construction of a new 230-kV substation approximately in the
centre of the project site, and would also be connected to the SDG&E Imperial Valley
Substation via an approximate 10.3-mile, double-circuit, 230-kV transmission line. Other than
this interconnection transmission line, no new transmission lines or off-site substations would
be required for the 300-MW Phase | construction. The full Phase Il expansion of the project
will require the construction of the 500-kV Sunrise Powerlink transmission line project
proposed by SDG&E. Within the Project boundary, Phase | requires approximately 2,600 acres
and Phase Il requires approximately 3,500 acres. The total area required for both phases,
including the area for the operation and administration building, the maintenance building, and
the substation building, is approximately 6,500 acres. The 230-kV transmission line required
for Phase | would parallel the Southwest Powerlink transmission line within the designated
right-of-way (ROW). A water supply pipeline for the project would be built on the approved
Union Pacific Railroad ROW. Since the proposed project does not have a steam cycle, the
primary water use would be for mirror washing. o

In spite of the plans to construct the plant, the approval by the California Energy Commission
(CEC) and the power purchase agreements already signed between Imperial Valley and San
Diego Gas and Electric to acquire the electricity produced by the plant (Phase I), Tessera
announced on Fehruary 11™ 2011 that the project had been sold to AES solar. Soon after, on
June 30 2011, AOS contacted CEC to communicate that the company had no intention to
construct the project as licensed*. Actually, AES opted for photovoltaics as the technology of
choice to power the reformed Imperial Valley Solar Project, which was also down-scaled to
100 MW.

The official reason given by Tessera Solar and SES to explain the sales was the lack of a
secure financing position on the market to enable the development of the projects. In fact, SES
filed for bankruptcy in September 2011 in spite of the 100 MUSD capital injection into the
company by Irish finance firm NTR in 2008 (after which Tessera Solar was born in 2009).

There is hence no agreement on the underpinning reasons triggering the economic and
technical collapse of the company. Actually, some experts state that this was caused by certain
reliability issues of the technology itself, whereas other point out to license problems derived
from environmental groups. It is thus a pity to say that, in the main, the lessons learned by the
investors are that, in spite of the good performances that Stirling engines can achieve with no
water cooling requirements, their higher capital and maintenance costs in comparison with
photovoltaics make it a very questionable technology nowadays.

After SES, there have been others attempts to commercialise dish Stirling engines like Infinia
in the US and Renovalia in Spain, but all of them have given up the developments owing to
similar difficulties to secure financing brought about by the cited reliability problems.

Nevertheless, in spite of the discouraging track record of market failures experienced by the
technology, there are still a few companies betting on it. Amongst these, the Swedish company
Cleanergy is worth noting. Cleanergy acquired the industrial property of the V 161 engine from
German manufacturer Solo Kleinmotoren GmbH. Along with the rights, the company acquired
the team and the cumulated experience of the previous prototypes that were operated at the
Plataforma Solar de Almeria, Spain, since 1992 (totalling more than 35000 hours). As of today,
the company has set out an ambitious commercialisation plan for solar (namely SunBox®) and
CHP applications, the first step of which is the 100 kWe demonstration site constructed in
Mongolia in 2012, Figure 3.

4 Imperial Valley Solar (Formerly called SES Solar Two Project), Docket Number 08-AFC-5C, California
Energy Commission, http://www.energy.ca.gov/sitingcases/solartwo/

6



Figure 3: Cleanergy demonstration plant in Mongolia.

In January 2014, the same company signed a Memorandum of Understanding (MOU) with the
Dubai Electricity and Water Authority (DEWA) to install the first Stirling Engine CSP plant in
the MENA region. The facility, currently under construction, will be identical to the Mongolian
one, with a total production of 110 kW. These ten SunBox® units will be installed amidst other
solar thermal technologies in a Solar Park with 1000 MWe capacity once completed.

This experience, definitely at a smaller scale than the impressive commercialisation plans set
out by Tessera Solar originally, confirms that there is a market where the technology might
become competitive provided that high thermal efficiency and low cost are achieved altogether.
Hence, given the potential of OMSoP to outperform dish-Stirling units in both respects, the way
is paved for an innovative to step in and become successful there where previous experiences
have been so negative.

The OMSoP system as a competitive alternative to theStiking

Many researchers and spokespersons from industry have claimed the advantages of Stirling
engines over other heat engines since their early developments in the beginning of the 19™
century by Rev. Robert Stirling. This was the case for R. Stirling himself:

These imperfections have been in a great measure removed by time and especially by the
genius of the distinguished Bessemer. If Bessemer iron or steel had been known thirty-
five or forty years ago there is scarce a doubt that the air engine would have been a great
successé it remains for some ski telagedo repeatd

it under more favourable circumstances and

Some of the cited advantages are:

High efficiency at modest temperatures (750 °C)
Capability to operate on a number of different fuels and waste heat sources,

Good part-load performance,

=A =4 =4 =

Low vibrations and noise.



Nevertheless, in spite of the revolutionary progress of materials science and manufacturing
technologies in the last one hundred and fifty years, the market has not seen Stirling engines
breaking through yet. This is because the aforecited advantages do not come alone. There are
also substantial disadvantages that also come along and which have prevented the technology
from entering the commercial phase. Some of these are:

1 High manufacturing costs due to the high number of precision parts that have to be
casted and machined owing to the reciprocating layout,

9 High operation and maintenance costs, due to the need to utilise hydrogen or helium
as working fluids if high efficiencies are sought,

1 High mechanical losses that come about because of the bulky mechanical transmission
chain and very high operating pressures.

1 Low specific output (kW/kg) due to the engine being externally fired/heated.

These inherent limitations become more pronounced when integrated into a parabolic dish
collector given the heavy weight and large volume of the power conversion unit even for low
outputs. These turn into a need to reinforce the supporting frame and tracking system and also
increases the auxiliary power consumption of the latter. For these reasons, this project
explores the technical and economic feasibility of substituting a micro gas turbine for the
typically employed Stirling engine in solar dish applications. By doing so, it is expected that the
lower cost and higher reliability of micro gas turbines, many of which are derived from state-
of-the-art turbochargers, will cut down on manufacturing and maintenance cost whilst hardly
affecting the system performance.

Configurations considered

There is an open debate when it comes to distributed generation systems, in particular when
renewable energy sources are considered. This debate is centred around the size of the
reference plant to set up a business case. The following arguments are usually on the table:

1 Any power generation technology is favoured by economies of scale; i.e. the cost of
electricity is higher for smaller systems. According to a report by Kearney et al®., there
is a potential 30 % reduction in capital costs (CapEx) coming from plant scale-up.

1 These economies of scale last longer for solar thermal technologies whereas they
vanish sooner for photovoltaics.

1 Turbine-based technologies experience a dramatic drop in efficiency when scaled-
down to the megawatt size (<10 MWe). Stirling engines are far more efficient in this
power range.

1 For the common pant size, the possibility to store heat sets dish-Stirling systems apart
from photovoltaics.

1 Large scale multi-megawatt facilities are likely to be the business case in western
countries where there are hardly any people without access to electricity.

1 On the contrary, stand-alone systems constitute the business case in less developed
countries where remote rural areas with little or no access to electricity are profusely
found.

5 A.T. Kearny, Solar Thermal Electricity 2025, Clean electricity on demand: attractive STE cost stabilize
energy production, June 2010



These arguments are set forth in many market analyses issued so far, for instance, the report
on small-scaled concentrated solar power authored by James Rawlins and Michael Ashcroft
of Carbontrust in 2010°. In this work, process heat produced by CSP in the range 200-300°C
is considered for industrial environments along with small heat, electricity and CHP generation
systems in the range from 10 kW to 2 MW for remote rural areas with difficulties to access
electricity. With regard to electric power generation, the following comments are given in the
document:

1 We are not aware of any estimates of the potential deployment of small-scale CSP in
rural or off-grid applications.

1 There is no doubt that the market for renewable energy technologies in rural / off-grid
contexts is huge.

1 Citing the International Energy Agency, in countries where electrification of households
is not complete, small-scale or mid-scale CSP plants offer co-generation of electricity
for remote or weakly interconnected grids, and process heat for some local
manufacturing.

1 Our interviews and research revealed very little activity in small-scale on-grid power
generation.

1 Very few of the CSP projects worldwide are less than 10MW in size and a significant
number are in excess of 1L00MW. At these scales the economics of the plants are more
attractive to project developers and the electricity output makes a more meaningful
contribution to the grid.

Accordingly, the authors find negligible interest in multi-megawatt on-grid facilities between 2
and 10 MW and concentrate on stand-alone systems for off-grid applications. Furthermore, for
t hese, i o rShharantcbustries wobld constitute a potential market, Chris Samson
sayso

Nevertheless, there is no doubt that all power generation systems based on thermal processes
(i.e. heat engines) benefit from economies of scale, and dish-based systems are not an
exception to this rule. Therefore, the market of utility-scale OMSoP arrangements is deemed
worth being studied in a range that has already been explored by other technology developers
in the past. In this respect, the first attempt to demonstrate the technology by Tessera Solar
was the 1.5 MW Maricopa solar plant, which confirmed the technology as both efficient and
reliable even if the subsequent scale-up process failed due to financial problems. Further to
this, Spanish firm Renovalia in partnership with Sunpower of USA (company that acquired the
assets of Infinia Corporation), projected a 1 MW dish-Stirling power plant in Spain using free-
piston engine technology. This plant, made up of 333 engines with a 3 kW peak capacity, was

actually the vanguard of a very a migiirling capagty 300

in Spain distributed amongst seven projects using the same technology. This yields an
approximate size of 10 MWe per plant’.

Further to this information, it looks like there is some sort of contradiction between the analysts
(whether from private companies or public research centres) and the industry. Thus, whilst the
former dismiss any industrial development above the megawatt range, the latter pinpoints an
unquestionable market opportunity for this low to mid-scale power plants. This is confirmed by
the cost analysis of renewable energy technologies for concentrating solar power issued by

6 James Rawlins and Michael Ashcroft, Small-scale concentrated solar power, A review of current
activity and potential to accelerate deployment, Carbontrust, March 2010

7 Developed solar technology worldwide 3 generation, Renovalia, March 26" 2012,
www.renovalia.com
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IRENA (International Renewable Energy Agency) in 2012, where dish-Stirling technology is
foreseen to be applicable to systems up to 15 MWe.

Based on these arguments, two very different system layouts are considered in this market
analysis report.

i Stand-alone units. These are isolated units with a power output of up to 25 kWe
serving the end-user (customer) needs. Stand-alone units are conceived to operate off-
grid as they are thought to fit best in remote rural areas with little or no access to regular
electricity supply from state grids. Nevertheless, there is always the chance to connect
the system to the grid to ease out the start-up procedure and ensure permanent supply
of electricity without the need of batteries or auxiliary power systems.

1 Grouped units in a so-called farm arrangement. A large number of units are arranged
in a squared-ish configuration (similar to a matrix where each element is an OMSoP
unit) formed by arrays of engines connected to a common substation and sharing other
equipment and infrastructures (for instance gas and electrical supplies). The locations
of these power plants are constrained by the availability of connection points to the grid
whereby the electricity produced is exported to the end users. Permitting is hence an
important aspect of the project which adds to the standard engineering, construction
and procurement tasks that are typical of larger power plants.

| AEAAOEOAO

As already discussed in the previous sections, there are two main deliverables of the project

linked with the economic aspects of OMSoP: D3.1 on the cost analysis and D3.2 on the market

analysis. The objective of D3.2 is twofold. The first objective is to develop a methodology, later

implemented into an application, to analyse the likeliness of a country to constitute a true

market for the technology, whether for stand-alone units or for larger power plants. This
methodology must reunite a number of features in order to be effective: it must be as objective
aspossibletomake it i ndependent from the useroés backgro
most (if not all) the factors that influence the technology business-wise; it must enable
modifications to account for changes that might take place in the future (political instabilities,

changes in the characteristics of the power sector of a given country, etc.); it must be sensitive

to two possible layouts; and it must allow for uncertainty analyses. These features have
permanently been in back oefmodtusefultaolipodsible. s 6 mi nds t

The second objective is to provide a list of countries where it is very likely that OMSoP becomes
a popular technology to produce electricity from the sun. Such list is not aimed at being
exhaustive though, given that it is not possible to account for the two hundred countries existing
in the world today. Rather, a reduced list of twenty two countries is considered (ten percent of
the total number of countries), which are representative of different regional, economic and
social statuses. The extent to which the results for these countries can be extrapolated to
others nearby is specifically assessed in the report.

It is also worth noting that this report ,must be necessarily accompanied by deliverable 3.1 for
the cost analysis, and then read together in deliverable 3.3 (Final report on the economic
appraisal of a 5-10 kWe dispatchable power generator). In other words, the market analysis is
aimed at filtering out those countries where the minimum conditions needed to provide a
minimum market volume for OMSoP are not met. This is done in this report based on generic
information of the country. Then, once this is achieved, the specific information about the
OMSoP costing given in D3.1 will be incorporated along with those of the direct competitors
producing electricity from the sun in the same output range (in particular PV). Once this is
done, it will be possible to ascertain the primary markets of the OMSoP system.
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As already explained, the market analysis of the OMSoP project aims to assess the interest of
certain territories as potential sites where this solar power generator constitutes a true
alternative to other renewable and non-renewable energy sources. These territories are
typically identified as a country even if sometimes a region is used instead (for instance, we

would typically refer to the Middle East and North Africa MENA region in the Southern coast
of the Mediterranean).

Broadly speaking, the decision to install (i.e. commercialise) the OMSoP technology in a given

market is uneasy. A myriad of different factors have to be taken into account: social, political,
economi c, environmental é, which are very difficu
in a global decision factor. There are different reasons that make this evaluation difficult:

1 Identification of the influential factors. Some key factors affecting the interest of a given
country are obvious; for instance the available solar resource which is measured by the
available direct normal irradiation (DNI) at ground level. Nevertheless, the influence of
some others is difficult to ascertain. On the other hand, the social acceptance of cleaner
and costlier electricity generation technologies is not easy to quantify. One would think
that the share of renewable energy in the country would be an appropriate figure of
merit but the case for Spain is a clear example of just the opposite. Figure 4 speaks for
itself about the influence of a very fast and unstructured growth of the share of
renewable energy sources on the price of household electricity. The cost per kilowatt
hour has almost doubled in the last decade in Spain due to the very large amount of
public money spent on subsidies in order to foster the development of these
technologies.
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Figure 4: Change in electricity price for different countries in the European Union (Source:
Eurostat).

The trend for Spain in Figure 4 shows an eloquent parallelism with those of the tariff
deficit and cumulative subsidies to renewable (and other special) energy sources in the
country shown in Figure 5, confirming the lack of a long term governmental
development plan ensuring the sustainability of the system. Rather, the consumers (in
particular households, and to a lesser extent the industry) have been left as the only
pillars to support the consequences.
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As a consequence of the unbearable rise of the electricity price in the country, Spain is
now seeing an intense, public debate so as to whether it makes sense or not to run an
expensive system whilst the complete fleet of combined cycle power plants are
operating less than twenty five hundred hours on average (less than 20% utilisation
factor).
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Figure 5: Change in tariff deficit and cumulative subsidies to special energy sources in Spain.
Time series for 2004-2011 and forecast for 2011 (Source: www.madridmas.org).

This debate brings 0 n editention to two points which are key to this report. First, for
large power plants in the multi-megawatt size, it is crucial to carry on a fair comparison,
approached from a new angle where a future scenario with no subsidies is considered,;
i.e. not only must OMSoP beat photovoltaics, it must also ensure that the impact on the
electricity market is either minimal or even beneficial. Second, for stand-alone units, a
global market calls for global solutions, thus making it necessary that OMSoP
outperforms other renewable energy (for instance photovoltaics) and fossil-fuel (for
instance diesel) technologies.

Averaging of country values. Some countries like Spain present rather homogeneous
features, at least for more than 50% of the nation, in terms of solar resource, population
density, grid, etc. On the contrary, other countries are fairly heterogeneous like Algeria
with the best natural conditions in the South and virtually all the population in the North.
This is even more evident in very large countries like China (Figure 6), India or even
the United States of America. For these, providing mean values of the solar resource
is difficult, and this gets worse in federal countries with dissimilar market conditions and
renewable energy policies. In order to sort this out, two approaches are adopted. Either
the average values are weighted by the population density or the most unfavourable
regions of the country are excluded. Both simplifications are nevertheless coarse and
will need to be refined in the next deliverable reports.

Market volume. A useful figure of merit assessing the commercial interest of a country
must somehow incorporate the size of the potential market in a country, if any. This is
difficult inasmuch as two aspects are involved: number of potential customers and
intensity of the per capita demand. The combination of these two factors yield the
market size in terms of installed capacity, which is then multiplied by the equivalent sun
hours to yield the annual generation of electricity. How this combination is effectively
implemented will be discussed later.
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the corresponding market. This has been confirmed in the last years when different
countries throughout the world have experienced financial difficulties leading to a
dramatic drop in the liveliness of trade and industry.
Itis usually said that investors are fearful of uncertain socio-political situations and tend
to seek refuge as soon as the first symptoms of such situations arise. Hence, as
objective as possible measurements of the stability and mid-term certainty of the
economic and socio-political features of a country must be incorporated into the
equation used to rank potential markets.

In addition to this conceptual difficulties of developing the methodology to rank the potential
markets, two issues must still be noted which add complexity and uncertainty to the whole
process. Given the time needed to develop the technology, which is estimated in five years at
the least, the input data to the model must be based on contemporary data but they must also
be extrapolated to the near future. This is, in the current socio-political scenario, challenging.
A few examples can illustrate this.

First example. Oil prices. Figure 7 shows the time series of Brent oil commodity prices in the
last five years. The remarkable drop that took place in the second half of 2014 was utterly
unpredictable in the previous months and years and even if it has not brought about changes
in the fuel market yet, it will definitely do in the future®.

A second question arises with respect to the mid-term impact of falling oil prices. How long will
it last? Figure 8 shows that a similar fall took place back in the second half of 2008 but the
market recovered from it soon after. The boundary conditions are much different today though,
as suggested by the stable prices for a long period of time (2011-2015) in contrast to the price
upsurge in 2007-2008. In effect, the current scenario does look like being affected by a true
unbalance between production and demand rather than a bubble-bursting panorama brought
about by market regulators.

So the next question is posed: will the oil price rebound or will it remain low? The answer to
this question is crucial for the mid-term feasibility of renewable energies, in particular
concentrated solar power. And even if it could be argued that oil is the reference fuel for the

8 K.Silverstein, How falling of oil prices will impact economy, Forbes, January 9t 2015
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transport sector but not for power generation, Figure 9 shows the case for natural gas price in
Europe. A substantial reduction has been experienced in the last couple of years.
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Figure 7: Crude oil Brent. Commodity price in the last five years (Source: Nasdaq).
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Figure 8: Crude oil Brent. Commodity price in the last ten years (Source: Nasdaq).
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Figure 9: European Union natural gas import price (USD/MMBtu) (Source: Ychart).

Second example. New regulations for renewable energies in Spain. Changes in the regulatory
framework influence the mind-set of decision-makers with respect to whether or not it is of
interest to keep investing in a given technology in a given country. This has been the case of
Spain, which has frequently been set forth as an example of how to integrate renewable
energies into the grid, in particular solar thermal.
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Figure 10Figure 10 shows the evolution of installed capacity in various countries in the period
2007-2012 along with a forecast for the next five years (2012-2017). It is interesting to see that
hardly any additional capacity was scheduled to be installed in Spain later than 2012.

The reason for such abrupt descent in the number of CSP projects in the country is the new
regulatory framework in place since 2012 (Royal Decree Law RDL 1/2012) whereby the very
attractive feed-in tariff that had led the deployment of ca. 1500 MWe was cancelled. By virtue
of this new law passed in January 2012, any CSP project which had not been pre-allocated by
January 28" 2012 would not have access to incentives, hence deterring potential investors
from developing new power plants. Such move by the government, which was even more
aggressive for photovoltaic facilities, was arguably triggered by the unbearable tariff-deficit
already commented in this report (see Figure 5).
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Figure 10: CSP capacity i Compound annual growth rate CAGR (Source: SIA Partners).

The conclusion drawn from this second example is twofold. On one hand, it has become
evident that energy policies must be studied for all possible scenarios in order to anticipate
systemic faults that could prevent its development in the future (e.qg. tariff deficit). On the other,
in the event that a systemic fault is identified, correcting it under the pressure of short-term
objectives is very likely to bring about new systemic faults that were not foreseen due to the
absence of a thorough analysis (again). This could be understood as a circular problem where
legislation is mainly driven by correcting rather than constructive actions.

Third example. Changes in state economies. The world has seen several important changes
in the last decade, including armed conflicts and economic crises. All these have influenced
international politics and geo-strategy and, most importantly, international trade and markets.
A common figure of merit to evaluate how an economy is perceived by the international
markets is the Sovereign Credit Default Swap (SCDS). Credit Default Swaps are contracts
whereby the seller of the swap (1 party) agrees to compensate the buyer (2" party) in the
event of a loan default by the debtor (3" party). When applied to sovereign debts, CDSs are
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used to protect investors against losses on the cited debt arising from credit events such as
default or debt restructuring.

There is an intense debate amongst analysts so as to whether SCDSs can confidently be used
as market indicators of credit risk, given that they can be influenced by speculative trading
yielding misleading, destabilising information. Nevertheless, in spite of this lack of agreement,
it is also unquestionable that this index manages to capture trends that are very useful for risk
analysis as shown in Figure 11.
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Figure 11: Changes in Sovereign Credit Default Swaps for various countries (Source: Global Risk
Insights).

However, lit could also be argued from the figure above that SCDSs are only meaningful in

their absolute value but they do not quite capture changes in the geopolitical situation of a

country. That is to say, it might seem that the markets are rather insensitive to changes in state

economies. This is not the case though, as illustrated by Figure 12 where the political
instabilities in Argentina are confirmed to have
last five years.
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Figure 12: Changes in Sovereign Credit Default Swaps for various Latin American countries (Source:
JP Morgan).

From the information in Figure 12 it can be concluded that it is very difficult to anticipate short-
term events that can destabilise the market and, consequently, change the boundary
conditions of a business plan completely. With this example, the difficulty to set up the business
case when it comes to international investments is confirmed.

Baselinef the method

The methodology presented in this section constitutes the scientific basis for the identification
of the most interesting markets for the OMSoP technology. In short, the objective is to develop
a figure of merit which enables to rank a group of candidate countries according to how likely
it is that the technology be successful marketwise. This global index is thus a compendium of
the many different influential parameters that are characteristic of a region, among which the
following have been selected:

9 Available solar resource. This is the most obvious influence which, actually, is used to
filter out those countries that are of no interest whatsoever. It will be shown later that
there is a threshold DNI below which solar powered generators are not competitive or
even feasible.

9 Size of the (eventual) market. This depends on the expected demand for electricity
produced from renewable energies, both in the distributed generation market and in
the | owest r angenooft ytpheeiesiimuitlfmesmivatsuntta)t Theosize
of the market is determined by two main features. First, the population of a given
country or region since these people are the potential customers. Second, the per
capita consumption of electricity of the country; i.e. how much electricity is expected to
be consumed (on average) by each individual. All into account, large areas that very
densely populated by people with very high demand of electricity step forward as the
primary markets for this technology.

9 The characteristics of the state grid. In spite of the statements made in the previous
bullet point, one must acknowledge that the existence of many active consumers in a
sunny country might not be enough to ensure the market success of a solar power
generation technology. In this respect, the characteristics of the electricity grid are of
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capital importance. Two possible situations emerge from this: (i) potential consumers
in remote areas with no access to electricity supply and (ii) high voltage grids to which
the electricity produced by multi megawatt, OMSoP-based power stations export their
production. Each of these situations might pave the way for the deployment of OMSoP
under a particular configuration (stand-alone vs. farm arrangement).

1 Renewable energy policy. This is crucial for the take-off of the technology in a given
region. Renewable energy policies are now in place in various countries to foster the
market uptake of specific renewable energy technologies which are not necessarily
economically competitive in their current state of development. As discussed later, the
existence of a favourable legislative scenario might be decisive for a company
considering investments in countries where the non-legal influence factors are similar.
Actually, a less favourable natural environment (solar resource) might be compensated
for by an appropriate legal framework.

1 Financial risk of the country. This last aspect is again of paramount importance
inasmuch as it integrates various financial and legal characteristics of a given country.
Amongst other effects, the economic strength
to ascertain the likelihood of falling into late payments of state-owned facilities. Also the
private sector is evaluated to account for its wellness and momentum in as far as growth
and size are concerned. Finally, less measurable features like the level of corruption
are valuated as well. All into account, risk factors as published by some large insurance
firms are the basis for this analysis.

Each one of these features is quantified by a factor ranging from 0 to 1, namely:

Irradiation factor: "O.
Demand factor: "O.
Grid factor: "O.
Palicy factor: "O.

=A =4 =4 =4 =4

Financial risk factor: "O.

These five factors are then combined to yield the Index of Interest ( k <), vhich is the figure
of merit enabling the identification of those markets with the highest potential based on the
aforedescribed criteria. Nevertheless, these criteria do not have the same influence. Even if all
of them are important, some are decisive in the sense that a low value discards the country
under consideration directly (for instance, the available solar resource). To account for this,
the factors are weighted differently as follows:

VO 0V '@ v Oy 0O ™Op 0 Oy U O

It is worth noting that whereas the calculation of each influential factor ("O is based on
measurements that are as objective as possible, the choice of weight factors is preconditioned

by empirical knowledge, whichis| i mi t ed at this stage of tudde pr oj
wei ght factor strued Islég@sfubtasied Dhewhich a truly r
to where to invest can be made. Nevertheless, it is also acknowledged that weight factors must

be chosen initially, in spite of the limited experience and inherent uncertainty. Ad later, in order

to quantify and possibly attenuate this uncertainty as much as possible, a statistical study will

be presented which complements the methodology. This study is very eloquent in the sense

that it takes rid of many of the possible fears brought about by not knowing which input values

are to be used. Actually, it will be shown that the ranked list of potential markets is hardly

altered by small variations of the weight factor.
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Another aspect that must be taken into account when quantifying factors and weights, is the
configuration of interest for the case under analysis. Two different system layouts are
considered in this project, stand-alone systems and the so-called farm arrangements. Each of
them calls for different features of the end-user. For instance, stand-alone systems make more
sense for remote off-grid sites in sunny areas whilst multi-megawatt facilities require a grid
which can deliver the electricity produced to households and industries. These differences are
mainly implemented in the influence factors though they also have an effect on the weight
factors. A full description of the numerical analysis is given below.

Irradiation factors L

As it was indicated before, this factor accounts for the solar resources in a given country. This
feature is typically measured by the Direct Normal Irradiance (DNI), also called beam radiation
and, wrongly though very usually, Direct Normal Irradiation. According to ISO standards,
fdirect irradiance is the quotient of the radiant flux on a given plane receiver surface received
from a small solid angle centred on the s
perpendicular to the axis of the solid angle, direct normal solar irradiance is receivedd. DNI is
thus the amount of direct solar irradiance received normal to the ground surface and thus
susceptible of being exploited by a concentrating solar power system.

Direct insolation over a year is another possible measurement even if is used less often. This
is expressed in [KWh/m? y] and stands for the cumulative direct normal irradiance received by
a square meter of land in one year at a given location.

The link between these two indexes of how much solar energy is received is time. This is why
more recently the term peak sun hours is being used. This index reflects the solar energy
(direct radiation only) received during total daylight hours as defined by the equivalent number
of hours it would take to reach that total energy value had direct normal irradiance averaged
XXX W/m?,

The influence of the available solar energy is computed by "0, taking into account the annually-
averaged value of direct normal irradiance (DNI) in the country. The rationale behind it is that
there is threshold DNI below which the technology is not only uneconomic but also hardly
viable from a purely thermodynamic standpoint. This minimum value is determined by two main
factors:

1 Size of the collector: the lower the incoming solar energy, the larger the aperture area
of the collector. Given that the cost of the collector accounts for a large fraction of the
total cost of the system, enlarging this component proves uneconomic beyond a given
limit.

i Efficiency of the power conversion unit: the peak temperature achievable at the
receiver (focus of the collector) depends on:

o0 Available DNI: high temperatures require a high energy flux.

0 Concentration factor of the collector: even if the solar energy flux at ground level
is high, it still has to be augmented several times to achieve the required value.

This is the collectorés duty, to co
and it depends mainly on its geometry (whether it is a linear or point-focusing
collector).

o Design of the receiver (cavity vs. open): since the power conversion unit makes
use of the net heat power absorbed by the collector, not only is it important to

91S0 9488 (1999). Solar energy i Vocabulary. ISO, Geneva, Switzerland.

19

ncentr



capture as much energy as possible, it is also crucial to reduce the heat losses
from this component. The losses from the receiver are largely dependent on its
design and its operating temperature.

Amongst these factors, there are two salient effects which do not actually depend on design
practice: collector size and available DNI. They are in fact boundary conditions and thus it is

out of the designer s6 c¢ omma rifdhe availabla BNl is fow, it wilh e m.
not be possible to raise the operating temperature and thus the efficiency of the power
conversion unit will be low. If, still, a very large collector were used to collect a large amount

of energy, this would not be converted efficiently and thus this higher cost would not pay off.

Based on this rationale and on a review of the few references covering this topic, the following

upper and lower limits of the irradiance factors are set:
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Figure 13: Irradiance factor.
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These limits suggest that regions with an annual direct insolation of 2000 kWh/m? or more are
most interesting, being excellent sites to install the proposed technology in as far as the solar
resources are concerned. On the contrary, if the annual insolation is 50% this value (i.e. only
half the amount of energy in a year and at a much lower intensity), the site is not interesting at
all. In between, the interest factor varies linearly with DNI.

Demand factor;

Whenever a technology is being assessed from a commercial standpoint, it is necessary to
quantify the potential customers or end-users that will eventually make use of it. In this respect,
there are two factors affecting the expected demand of a power generation system in a
particular country: population (0) and per capita consumption of electricity (¢). These two could
be dealt with in an aggregated manner by merely considering the global demand of electricity
in the country. Nonetheless, they are presented independently here for the sake of clarity.

Following a similar approach to the previous one, it is considered that those countries with very
low electricity consumption per capita or a very small population do not constitute a primary
market for this new power generation technology. At the same time, it is also assumed that
beyond a certain value of the national demand of electricity, the interest is highest and thus
the value of this demand factor is one hundred percent.

The threshold values that are needed to equate the factor are calculated from the information
about national consumption of electricity available in the World Bank database, which contains
vast information of 138 countries. The top ten countries in the ranked list were considered as
the most representatives in terms of national demand of electricity ¢ 0) and thus the threshold
value of @ 0 is set equal to the value of Brazil (tenth place): 4.8012-10! kWh/year. Above this
value, the factor takes the highest value regardless of the particular demand of electricity of
the country. Below it, the factor falls as follows:
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Figure 15: Demand factor.
It must be noted though that a different threshold value could have been selected.

Nevertheless, the effectiveness of this factor is affected by taking too low a limit due to the
reason that almost all of the wealthy countries exhibit a high consumption of electricity; i.e., if
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a very low threshold is taken, the factor is useless for it takes the highest value for virtually any
country.

This demand factor has to be further modified to account for the different configurations of the
OMSO0P system:

1 Stand-alone system: specifically aimed at consumers with limited access to the grid
who are willing to own and operate the system to cover their electricity needs.

I Farm arrangement: aimed at companies willing to produce solar electricity which can
be exported to the grid and mitigate the harmful environmental effects brought about
by conventional fossil-fuel technologies.

Based on this classification, it is deduced that the potential users of stand-alone units will be
found in areas with limited access to electricity whereas there are no restrictions for the
potential customers of the farm arrangement: (i) in electrified regions, the production of the
power plant will be exported to the grid; (ii) in non-electrified regions, this will be distributed
amongst the users nearby the power station.

It must be noted though that this is an oversimplification of the problem aimed at enabling the
numerical analysis presented in this report. In a practical case there would definitely be users
with access to electricity willing to acquire an OMSoP generator just to mitigate global warming
or a similar reason, in spite of the fact that this option is not considered initially and even if this
would incur higher costs due to the lack of economies of scale without any clear advantage
with respect to the farm arrangement.

In any case, this discrimination of the different cases is done by means of a modified factor
accounting for the fraction of the population with access to electricity in a given country (0). In
this respect, it is worth noting that the actual consumption of electricity per capita is higher than
(& if & p, given that all the inhabitants living in non-electrified regions are included in the
calculation of ¢ Moreover, if the access to electricity were 100% (6 p), stand-alone
configurations would be of no interest, yielding the following values of "O:

"Of "QOI @ 1 & "QQa Qe o
O p O
"Op, 5 i oweda e & Q

This distribution assumes that the electricity consumption per capita remains the same
regardless of whether the consumer makes use of the OMSoP technology or another
technology.

Electricity grid factor; |

The grid factor aims to represent the quality of the transmission lines which have different
features for each one of the configurations considered. On one hand, for stand-alone systems,
there is no need to have a connection to the grid inasmuch as the electricity generated is
consumed by the owner him/herself. On the other, for farm arrangements, it is necessary to
have medium or high voltage transmission lines through which the energy produced can be
exported to the consumers. This depicts a scenario where the grid factor is very high for stand-
alone applications and for larger scale facilities close to transmission lines, and very low for
those multi-unit installations with no distribution lines available nearby.
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At the national level, the accessibility to electricity presented before (0) is a good index of how
good the transmission and distribution lines are in a country. Nevertheless, the transport of
electricity through very long lines incurs considerable losses and thus, for the farm
arrangements, it is also important to determine how close the highly populated areas are to
those areas where the insolation is also very high (i.e. distance between production and
consumption nodes). To assess this effect, which is termed dislocation here, the following
numerical methodology is developed which combines DNI and population density maps for a
given region. Let the case of Algeria be considered, Figure 16, for illustration.
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Figure 16: DNI (left) and population density (right) maps for Algeria.

The population density and DNI distribution maps are numerically discretised and the area-
averaged values for each one calculated. Then, the maps are normalised with respect to their
average values and the surface integral of their product distributions calculated. The end result
of this is a factor ("O) whose value is high there where there are both high population density
and available DNI and low where either of these figures of merit is low:
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Where OU0 &nd "[  are the area-averaged values of DNI and population density across the
country of interest, calculated as follows:
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Figure 17 shows a sample distribution of "O in Spain. Darker colours are used for lowly
populated areas whereas those regions in yellow indicate high population density and
electricity consumption along with intermediate to high irradiance. It is easily deduced that
population density is dominant over the solar resource. Otherwise the very sunny Southside
of the country would yield higher values of "O.
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Figure 17: Representation of factor "Ofor Spain.

When all these factors discussed in the paragraphs above are arranged together, the final grid
factor shows the following aspect:

i Stand-alone system.

1 Farm arrangement:
0 0§

It must be noted that, as opposed to the other factors employed in the methodology, it is
possible that"O  p in those countries where highly populated areas are exposed to irradiation
levels above the average DNI for the given country. Such is the case of Brazil, for instance, a
country exhibiting large extensions of land with hardly any population and a very low irradiance
(Amazon). On the contrary, countries like Nigeria would exhibit a very low "OL p due to highly
insolated areas not being populated densely.

Energy policy and social facte,

This is probably the most complex factor due to the large number of aspects that influence the
dependence of the market interest from the socio-political characteristics of a country. Thus, it
has been deemed reasonable to account for all these contributions in an independent manner,
making use of secondary factors or, more simply, sub-factors. These sub-factors are
associated to:

1 Fraction of the annual consumption of electricity that is imported from nearby
markets ('Q ). The fact that a large fraction of the electricity consumed in a country
is imported from a nearby state poses a need to augment the capacity of the national
power system. Therefore, it is assumed that those countries where electricity imports
are high are more favourable for the deployment of the OMSoP system. On the
contrary, countries with no electricity imports are considered self-sufficient and thus the
potential demand for OMSoP units will not come from a lack of capacity but from other
factors (probably environmental or purely economic or market-related).
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Based on this rationale, the sub-factor is given the lowest value when the fraction of

electricity imported is null ("Q ) whereas its value is highest if all the electricity
is imported ("Q P).
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Figure 18: Electricity import sub-factor.

1 Fraction of renewable energies in the electricity mix (l-. = Jfale term
Ael ectr i ci t ythenfiactian ofrekedtrieity sonstineed in a country that is
produced by each technology or energy source. The fraction of renewable energy is
thus the amount (percentage) of electricity consumed in a country from renewable
energy sources (hydroelectric excluded) with respect to the overall production of
electricity. This index is considered to be an indicator of the willingness of a country
(both the population and the administration) to set up a low-carbon and environmentally
friendly electric system.

Quantitatively, the values of this sub-factor are based on the 2020 climate and energy
package enacted in 2009 whereby the member states set out the following objectives
for 2020:

0 Reducing the greenhouse gas emissions in the European Union (EU) by 20%
from 1990 levels.

0 Raising the share of EU energy consumption produced from renewable
resources to 20%.

0 Achieving a 20% improvement in the EU's energy efficiency.

Based on this 20-20-20 objectives, the interest is assumed highest ("Q p) if
the participation of renewables in the electricity mix is below 20%, on the basis that it
is expected that the country struggles to achieve this value. This assumption applies
even if the country is not a member state of the European Union, given that the
objectives set forth by the EU are still considered a representative framework for the
analysis. Beyond this value of 20%, the sub-factor decreases down to a residual value
of "Q & uwvhen the contribution of renewables to the electricity mix is 40% or
higher. This threshold value is taken as twice the EU objective and the fact that there
is a residual interest sub-factor lies on the fact that it is quite likely that a country with
such a high contribution from renewables keeps on increasing its green profile.
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Figure 19: Renewable energy sub-factor.

1 Microeconomic wealth - per capita GDP ("Q ). The economic status

inhabitants is a primary factor affecting the likeliness of the technology being successful
in the market. For less developed economies, it is quite likely that the basic services
are heavily subsidised and that the consumers have access to them at a lower than the
actual cost. One of these services is, naturally, electricity. It is deduced from this
assumption that there will hardly be any individual consumers or even small companies
willing to invest in technologies that are more expensive than the conventional
competing generators.

For similar reasons, wealthy economies are very likely to emerge as markets where,
should the necessary boundary conditions be met (mainly irradiance), the technology
would be deployed more easily. This interest is assumed to vary linearly between
Aweako and Astrongod0 economies

Following a similar approach to the one used for the electricity consumption per capita,
the highest value for this sub-factor is given to the GDP per capita in the transition from
the first to the second quartiles in the database of the World Bank. This turns out to be
Algeria with a GDP per capita of 5360.70 $US/year in 2013. The resulting "Q
distribution is shown in Figure 20.
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Figure 20: Per capita income sub-factor.

o

It is worth noting that, given that this factor applies to the economic wealth of individuals
in a country, it makes sense for the stand-alone configuration only. For a multi-unit
arrangement, the next sub-factor is used instead.
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1 Macroeconomic wealth - GDP growth rate (. ». o)< Jjnis sub-factor is equivalent to

the previous one when farm-arrangements are considered. The growth rate of the
gross domestic product is understood as a representative figure of merit of the current
and expected industrial activity in a country. High growth rates are thought to indicate
the existence of investors (whether local or foreign) searching for new market
opportunities in various sectors, in particular the power generation industry. The
threshold values (lower and upper limits) are set to 0% for the least interesting country
and 3% for the highest interest ("Q p). This latter figure is commonly assumed
as a reasonable value indicating a healthy economy in a western country, as illustrated
in Figure 21 and Figure 22.
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Figure 21: GDP growth rate for the EU27 and member states in Q4-2012 (Source: Eurostat).

2
15
I| I 1
0.5
I I lII x IIII _ .

£ ¢ 225G %553 9% 2% %% %%tht LY %L RS
L5 LR R AR AR AN LR R RANY
% .z ¥ ; ﬁ% v % % % %
% b %
" 2

Figure 22: GDP growth rate for the EU27 and member states in 2014 (Source: Eurostat).
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These figures show the GDP growth rate in the European Union EU27 in 2012, second
half of the economic crisis, and 2014, beginning of the economic recovery. The latter
figure confirms that none of the central countries in the continent is currently growing
at a rate higher than 3%. The same applies to other regions of the world as quoted in
Figure 23.

Figure 23: GDP growth rate for various regions in the world (Source: World Bank).

With all this information into account, the final growth sub-factor for farm arrangements
is depicted in Figure 24 below.

Figure 24: GDP growth sub-factor.

Regulatory framework i renewable energy policy (I_ = ):4A last sub-factor is
introduced to account for the existence of a favourable regulatory framework where the
installation of renewable energy facilities is promoted. Ranking the various legislations
and taxation schemes is not easy when it comes to quantifying whether it is more
interesting to have tax credits or feed in tariffs. Thus a binary scheme is adopted
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