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RISK MANAGEMENT APPROACH AND RISK ANALYSIS IN SOLAR
THERMAL ENERGY PROJECTS

SUMMARY

Along with the increasing world population, fossil resources will be insufficient.
Human beings are directed to the search for new energy sources. Solar energy is
considered to be the most popular renewable energy solutions in recent times.
Having inexhaustable, clean and sustainable features increase the attractiveness of
solar energy. With the developing technology, renewable energy investment cost is
reduced. Researchs for solar energy applications is accelerating and countries are
creating their future energy policies in this axis.

Between the solar energy technologies, the working principle of concentrated solar
power tower technology is similar to a conventional steam cycle. Because of this
features, this technology can be solution for both steam and electricity generation
process.

Concentrated solar power tower technology is one of the most popular technology in
recent years. Workability in high temperature and pressure, having heat transfer
medium with high heat capacity makes this technology advantageous.

Countries such as USA and Spain have begun to develop this technology years
before and nowadays they became a pioneer of this technology. As well as csp
technology developer countries, oil-rich countries of the Arabian Peninsula located in
the sun-belt started to give special attention to concentrated solar power tower
technology for their future energy policy.

Today not only for electricity production but also for producing potable water, fossil
fuel based technologies are required in countries such as: Saudi Arabia, Qatar, the
United Arab Emirates, Kuwait... To avoid drinking water problems in the future,
these countries have decided to provide these needs from the solar energy. In
addition to developments in the world, csp technology development in pilot scale has
been also started in Turkey.

Because daily life is directly depend on energy, sustainable energy production
becomes a crucial issue. As conventional energy sources, renewable energy sources
have some uncertainities. For this reason, problems and uncertainties, this can occur
while producing energy from sources such as solar energy, should be identified
carefully.

Until a few years ago, uncertainties and risks were being handled just financially.
However; with the development of the project management approach, uncertainties
are started to be evaluated not only as threats but also as opportunities. At this point,
the approach to project uncertainties has now changed. Thus, the importance of risk
management has been understood.
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Traditional risk perception has changed with the new risk approach that is more
comprehensive. Based on new understanding of risk; risk is defined not only the
"missing™ but also the "opportunity”. Risk is accepted as opportunities and threats
that likely to be in the future and may affect the organization's goals.

On the basis of risk management, companies have to solve the uncertainties for
project success. Due to the nature of unknowns, each project includes risks. It is
important to identify the risks and to manage the risks in a best manner.

Risk management is a process including following activities: determination of
uncertainty, management of controlling and monitoring of uncertainties. Detection,
analysis and control of risks is important for solar technologies due to the high
investment costs.

Enterprise Risk Management is a strategic business discipline that supports the
achievement of an organization’s objectives by addressing the full spectrum of its
risks and managing the combined impact of those risks as an interrelated risk
portfolio. Project risk management is a long process starting from the conceptual
design phase of the product, continuing with recent tests to be made and delivering to
the customer. In addition, it includes identification of the risks that need to be
resolved as a priority and required strategies for managing each of these risks.

In this thesis, risk management is defined based on the concept of PMI and the
project risk analysis of ST1 power plant, an example of concentrated solar power
tower technology, has performed.

In this study, risk identification and analysis has focused on the issue of concentrated
solar power tower projects. Risks in the project are classified according to the
following headings: conceptual design, system components design, production and
supply of system components, assembly, hardware and software integration,
commissioning and system tests. The risks are also categorizes as technical, social,
economic and political. After risk identification and categorization, qualitative
analyses of the technical risks are evaluated.

In the first part, the aim of the thesis and the literatural history of risk are explained.

In the second section, following issues are emphasized: the definition of risk in
different sources, both old and new risk approaches, identification of the risk level
including concepts of probability and impact, positive and negative meanings of risk,
risk management approaches, the definition of enterprise risk management, risk
management cycle and why risk management is necessary for the project.

In the third part, risk management methods and PMI risk management methodology
have been mentioned. According to PMBok developed by PMI, project risk
management is examined under six main headings: risk management planning, risk
identification, qualitative risk analysis, quantitative risk analysis, risk response
planning, risk monitoring and control.

In the fourth section; with ST1 project analysis, topics have been made more
understandable. The current situation and the future energy scenerios of CSP have
also been mentioned.

In the conclusion, outcomes of the study and potential topics for subsequent study
are summarized.
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TERMAL GUNES ENERJi PROJELERINDE RiSK YONETIMIi
YAKLASIMI VE RiSK ANALIZI

OZET

Artan diinya niifusu ile birlikte fosil kaynaklarin yetersiz kalmasi olasiligi
insanoglunu yeni enerji kaynaklart arayisina siiriiklemektedir. Giines enerjisi de son
zamanlarin en gozde yenilenebilir enerji ¢oziimii olarak degerlendirilmektedir.
Tilkenmeyen, temiz ve sirdiiriilebilir bir enerji tliri olmasi giines enerjisinin
cazibesini artirmaktadir. Gelisen teknoloji ile birlikte yatinm maliyetlerinin
diismesine bagli olarak, giines enerjisi uygulamalarina yonelik caligmalar
hizlanmakta ve {llkeler gelecekteki enerji  politikalarimi  bu  eksende
olusturmaktadirlar.

Giines enerji teknolojileri arasinda, c¢aligma prensibi bakimindan konvansiyonel
buhar ¢evrimlerine benzerligi ile bilinen yogunlastirilmis giines enerjisi teknolojileri
one ¢ikmaktadir. Giines enerji teknolojilerinden olan bu termal tabanli teknolojiler,
hem elektrik tiretimi hem de buharin kullanildig1 prosesler i¢in bir ¢dziim olmaktadir.

Yogunlastirilmig sistemler arasinda da sistemde bulunan kuleden esinlenerek
isimlendirilmis kule tipi yogunlastirilmis giines enerji teknolojileri son yillarin
popliler teknolojilerinden biridir. Yiiksek sicaklik ve basingta calisilabilme
ozellikleri, 1s1 akiskan tasiyicisinin yiiksek 1s1 kapasiteli bir akigkan olabilmesi gibi
ozelliklerinden dolay1 diger yogunlastirilmis giines enerji teknolojileri arasinda 6ne
cikmaktadir.

Amerika, Ispanya gibi iilkeler 6ngoriilii davranarak kule tipi yogunlastirilmis giines
enerjisi teknolojilerini gelistirmeye baslamiglar ve gliniimiizde de bu teknolojinin
onciilerinden olmuglardir. Teknoloji gelistiren iilkelerin yani sira, glines kusaginda
yer alan, Arap yarimadasindaki petrol zengini ilkeler de gelecek enerji
politikalarinda kule tipi yogunlastirilmis giines enerjisine yer vermektedirler.

Giliniimiizde elektrik iiretiminin yani sira igme suyu eldesi i¢in de fosil kaynakhi
teknolojilere bagimli olan Suudi Arabistan, Katar, Birlesik Arap Emirlikleri, Kuveyt
gibi iilkeler ¢cok ge¢ olmadan bu ihtiyaglarini giinesten saglamaya karar vermislerdir.
Boylelikle azalan fosil kaynaklarini ihra¢ ederek iilke ekonomisine katkida
bulunacaklar hem de ihtiya¢c duyduklar1 enerjiyi sonsuz bir kaynak olan giinesten
saglayabileceklerdir. Tiirkiye’de de pilot uygulama seviyesinde teknoloji geligtirme
caligmalar1 yapilmaktadir.

Kesinti durumunda hayatin ¢ok ciddi sekteye ugramasi konusunda ele alindiginda
enerji tretiminin siirdiiriilebilir olmasi ¢ok 6nem tasimaktadir. Sonsuz bir kaynak,
stirdiirtilebilir olmadig: siirece tam faydalanilan bir kaynak degildir. Konvansiyonel
teknolojilerde oldugu gibi yenilenebilir enerji kaynaklarinda da belirsizlikler ve
strdiiriilebilir olmama durumu yasanabilir. Hatta konvansiyonel kaynaklarla
kiyaslandiginda kesikli kaynaklar olan yenilenebilir kaynaklardaki belirsizlikler ve
sorunlar daha fazladir. Iste bu sebeple giines enerjisi gibi kaynaklardan enerji
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iretirken cikabilecek sorunlar ve belirsizlikler ¢ok iyi ele alinmali ve enerjinin
kesintisiz tiretimi i¢in iyi bir sekilde yonetilmelidir.

Birkag y1l 6nceye kadar belirsizlikler ve riskler sadece finansal olarak ele alintyordu.
Projeyi veya sirketi sadece finansal olarak etkileyen sebepler gz Oniinde
bulundurma anlayis1 yaygindi. Fakat proje yonetim anlayiginin gelismesi ve yonetim
taniminin  gelistirilmesi ile birlikte, meydana c¢ikabilecek belirsizlikler sadece
olumsuz anlamdaki tehtid kavrami degil, olumlu anlamda firsat kavrami ile de
degerlendirilmeye baslandi. Iste bu noktada artik proje belirsizliklerine yaklagim
degismis oldu. Bdylece proje yonetim felsefesinin bir alt basamagi olan risk yonetimi
de 6nem kazanmis oldu.

Artik geleneksel risk anlayisi yerine daha genis kapsamli yeni risk anlayisi almaya
baslamistir. Yeni risk anlayisina gore risk; sadece “kayip” olarak degil, ayn1 zamanda
“firsat” olarak da tanimlanmaktadir. Yeni anlayisa gore risk; gelecekte olmasi
muhtemel ve kurumun hedeflerini etkileyebilecek, tehdit ve firsatlardir.

Risk yonetiminin temelinde, sirketlerin belirsizliklerle miicadele etme zorunlulugu
yatmaktadir. Her proje, dogasi geregi bilinmeyenlerden kaynaklanan riskleri her
zaman barmdiracaktir. Onemli olan bu riskleri tespit etmek ve riskleri en iyi sekilde
yonetmektir. Risk yonetmek noktasinda basvurulabilecek en giiglii yontem, risk
yonetim anlayisi ile gelecegi planlamaktir.

Risk yonetimi, belirsizlik durumunun tespiti, kontrol edilebilir belirsizliklerin
yonetimi ve tiim belirsizliklerin izlenmesi aktivitelerini kapsayan bir siirectir.
Yatirim maliyetleri konvansiyonel teknolojilere gore daha yiiksek olan giines enerjisi
teknolojileri i¢in risklerin tespit edilmesi, analizi ve kontrol edilmesi onemlidir.
Projeye yatirim yapacak yatirimcilarin riski degerlendirmesi ve baslanmis bir giines
enerjisi projesinin de kontrollii ilerleyebilmesi i¢in risk yonetimi biiyiilk 6nem arz
etmektedir.

Kurumsal risk yonetimi; sirketi etkileyebilecek potansiyel olaylari tanimlamak,
riskleri sirketin kurumsal risk alma profiline uygun olarak yonetmek ve sirketin
hedeflerine ulagmasi ile ilgili olarak makul derecede giivence saglamak amac ile
olusturulmus; sirketin yonetim kurulu, list yonetimi ve tiim diger calisanlar
tarafindan etkilenen ve stratejilerin belirlenmesinde kullanilan, kurumun tiimiinde
uygulanan sistematik bir siirectir. Proje risk yonetimi ise; uzun bir siireci kapsar. Bu
stire¢, Uriiniin kavramsal tasarim asamasindan baglayarak, son testlerin yapilip
miisteriye teslim edilmesi asamalar1 da dahil olmak iizere tiim asamalar
icermektedir. Bu siire¢ icerisinde; hangi risklerin Oncelikli olarak ¢6ziimlenmesi
gerektigi sorusuna bulunan yanitlarla beraber, bu risklerin yonetilmesi i¢in gerekli
stratejilerin ve planlarin uygulandig: sistematik bir yapiy:1 barindirir.

Bu tez kapsaminda yapilan ¢alismada, PMI anlayisina goére risk yonetimi
tanimlanmig ve bir kule tipi yogunlastirilmis giines enerjisi teknolojisini olan ST1
isimli bir Ornek santralin proje baslangicindan buhar iretim safhasinin
tamamlanmasina kadar olan siireclerin proje risk analizi yapilmistir.

Bu calismada, kule tipi yogunlastirilmis glines enerjisi projelerindeki risklerin
belirlenmesi ve analiz edilmesi konusu {lizerinde durulmustur. Proje asamalarina gore
kavramsal tasarim, sistem bilesenleri tasarimi, sistem bilesenleri liretim ve satin
alinmasi, montaj, donanim ve yazilim entegrasyonu, devreye alma ve sistem testleri
basliklar altinda degerlendirme yapilmistir. Ayrica belirlenen riskler; teknik, sosyal,
ekonomik ve politik olmas1 durumuna gore de bir kategoriye ayrilmistir. Sonrasinda
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ise proje risk degerlendirmesi ve analizi kapsaminda teknik kategoriye giren risklerin
kalitatif analizi yapilmistir.

Birinci boliimde; tezin amaci ve literatiir arastirmasi anlatilmaktadir. Giines enerji
projelerinde risk yoOnetiminin 6nemi ve bu tip projelerde uygulanabilirligini
vurgulamayan tez amaci agiklamasindan sonra, yine bu bdliimde tezin tarihine
deginen kisa bir boliim bulunmaktadir.

Sonraki boliim olan ikinci boliimde farkli kaynaklarda gegen risk tanimlari, eski ve
yeni risk yaklasimlari, risk seviyesinin belirlenmesinde rol alan olasilik ve etki
kavramlari, riskin pozitif ve negatif anlamlari, risk yonetimi yaklasimlari, kurumsal
risk yonetimi tanimu, risk yonetimi dongiisii ve risk yonetiminin projeler i¢in neden
gerekli oldugu vurgulanmis ve yenilenebilir enerji projeleri agisindan risk yonetimi
avantajlarindan bahsedilmistir.

Ucgiincii boliimde ise; projelerde uygulanan risk yonetim metodlarindan bahsedilerek,
uluslararas1 taninmigligt olan Proje Yonetim Enstitiisii (Project Management
Institute, PMI) tarafindan hazirlanan ve kabul goren proje yonetimi anlayisinin bir
parcasi olan risk yonetimi agiklanmistir. Risk yonetim planinin hazirlanmasinda
baslayarak, risklerin tanimlanmasi, risklerin kalitatif ve kantitatif analizleri, risk yanit
planinin hazirlanmasi, risklerin izlenmesi ve kontrolii basliklar1 altinda proje risk
yOnetim siireclerine deginilmistir.

Dordiincli boliimde uygulama projesi ile birlikte konu daha da anlasilir hale
getirilmistir. Bu bdliimde 6rnek calismanin konusu olan kule tipi yogunlastirilmis
giines enerjisi teknolojisi ¢aligma prensibi ve sistem bilesenleri hakkinda bilgi
verilmistir. Ayrica gelecek icin olusturulmus yogunlastirilmis giines enerjisi
teknolojisi senaryolarina deginilerek, 2020’den 2050’ye kadar elektrik iiretiminde
yogunlastirilmis giines enerjisi teknolojilerinin paymnin nasil artacagi konusu
tizerinde durulmustur.

Bunlara ek olarak; Diinya’daki ve Tiirkiye’deki kule tipi yogunlagtirilmis gilines
enerjisi santralleri hakkinda bilgi verilmistir. Yine dordiinci bolimde; uygulama
projesi olarak, bir kule tipi yogunlastirilmig giines enerjisi teknolojisi olan ST1 isimli
bir 6rnek santral ele alinmistir. Tespit edilen riskler; proje planinda hangi asamada
olduguna gore siniflandirilmig (kavramsal tasarim, sistem bilesenleri tasarimi, sistem
bilesenleri iiretim ve satin alinmasi, montaj, donanim ve yazilim entegrasyonu,
devreye alma ve sistem testleri) ve ayrica belirlenen riskler; teknik, sosyal, ekonomik
ve politik olmas1 durumuna gore de bir kategoriye ayrilmistir.

Sonrasinda; belirlenen teknik riskler ele alinarak; projedeki olasilik ve etki degerleri
belirlenmistir ve risk seviyeleri hesaplanmistir. Karsilastirmali olarak incelenmesi
i¢in de olasilik-etki matrisleri ve risk seviyesi grafikleri olusturlmustur. Sonug olarak
dordiincii boliimde; ST1 isimli 6rnek santralde karsilagilabilecek riskler tespit edilmis
ve teknik risklerin kalitatif analizleri yapilarak gerekli ¢iktilar ortaya konulmustur.

Sonu¢ boliimiinde ise yapilan c¢aligmaya dair c¢iktilar Ozetlenerek, bir sonraki
calismada yapilabilecek konular olan risk yanit planlama, risk izleme ve kontrolii
stirecleri iizerine durulmustur.

Bu tez caligmasi ile birlikte giines enerji projelerinde risk yonetiminin 6nemi ve
uygulanabilirligi kanitlanmistir.
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1. INTRODUCTION

The former technology and technological tools used in the production was simple.
Because of utilizing uncomplicated and simple technology, the solution of the
problem was not complicated and did not require expertise. Along with the
development of technology, innovations are being made in many areas of production.
Although benefiting from technology, humankind are faced with the complexity
brought by technological developments. Therefore, the complexity caused by the
uncertainties and risks become inevitable. This situation constitutes a major problem
for companies. In order to solve this problem companies have management plans

including risk management.

Risk management starts from the product design phase and includes all stages until it
is delivered to the client. It covers all about the risks: strategies and planning,
acceptable risk limits identification, evaluation, response planning, monitoring and

control.

Until recently, the companies evaluated risks only as financial risk. When it became
apparent that uncontrolled operations cause the financial risk, operational risks have

also started to be controlled.

Today mankind's energy dependence is indispensable and it is increasing with
rapidly rising world population and evolving technology. Besides having a reliable
energy sources, energy production technologies must be reliable. Inorder to have
sustainable energy production, risks must be controlled in the energy production
projects. Because of timing is also very important in energy projects, project must be
finished at expected time. Inorder to get effective results in limited time, risks that

may occur at each stages of the project should be kept under control.

In energy projects, risks must be well managed to be in the acceptable range and to
prevent the occurrence of undesirable results. Energy projects in which risk
management is neglected are both costly than estimated and energy sustainability is

compromised.



Generally in energy projects, the classical approach to risk management is as
follows: very time-consuming and showing the value of the project higher than
expected. Whereas risk management is performed in an efficient and effective
manner, it is understood that this point of view is completely wrong. The creation of
well-functioning risk management system will benefit to minimize surprises, make
more regular decision and planning, increase profitability and competitiveness, create

of value from uncertainities.

Not only conventional energy production methods but also renewable energy
projects (such as: solar, wind, hydro) have many risks. The risks of conventional
energy technologies can be predicted since this technology has been developed over
the years. However, renewable energy technologies contain more risk due to
technological uncertainties and discontinuous sources. In order to minimize these
uncertainities and risks in the renewable energy projects, the importance of risk

management are mostly understood.

Based on this reality, the necessity of risk management in renewable energy projects
and how to approach the implementation of project risk management in renewable
energy projects is focused in this study. Besides theoretical knowledge, with a case
study it is also aimed to consolidate the importance of risk management in renewable

energy projects for better understanding.

1.1 Purpose of Thesis

Scope of study has focused on project risk management. Although it is applied for
different sectors, generally the project risk management methodogies are similar.

The process began with the identification of risks and continues with risk analysis
and prioritization of risks, and then lasts with managing the risks. Energy projects
involve many different stages and the process is rather complicated. For clarity of
study, some assumptions and restrictions have been made. Project management was

assumed to be perfectly in all stages of the project.

The aim of this project is to emphasize the importance of risk management in
renewable energy projects and to demonstrate the feasibility of the project risk
management approach by analyzing the case study of an exemplary CSP Tower
Steam Production Plant called ST1.



This study is initiated to investigate the following issues: risk management studies in
the literature and risk management approach in the past.

In the second part, the required basic concepts have been mentioned to understand
risk management clearly. In addition, risk definitions and concepts mentioned in
various sources are explained. Besides, risk management described conceptually and
some valuable information is given about the importance of risk management for the

company and the implementation of risk management in renewable energy projects.

In the third part of the study, project risk management methodology admitted by
Project Management Institute (PMI) the world's leading not-for-profit professional
membership association for the project, program and portfolio management
profession, is examined under six main headings. These six headings, risk
management planning, risk identification, qualitative risk analysis, quantitative risk
analysis, risk response planning, risk monitoring and control, are discussed as

annotated.

Additionally, the fourth section includes case study. An exemplary CSP Tower
Steam Production Plant called ST1 is examined as case study. Risk management
planning and risk identification of ST1 Concentrated Solar Power (CSP) Tower
Project are evaluated in this section. Besides, the classes and categories of risk
assessment are specified. It is decided that risks in the project would be classified
according to the following headings: conceptual design, system components design,
production and supply of system components, assembly, hardware and software
integration, commissioning and system tests. The risks are also categorizes as

technical, social, economic and political.

Finally; in the conclusion part, the summary of the study and the topics to be studied

in the following work are mentioned in this section.

1.2 Literature Review

Looking at the history of risk management it is known that studies started after
World War Il. Some important historical events contributed to the development of
risk management. Companies gave importance to the insurance after 1955. They
started to evaluate the risks of the activities and the primitive risk management
methodology was created [1].



In 1967, Edward Lloyd has opened a coffee shop in London. This coffe shop was
used as the exchange center of shipping informations. Therefore, Lloyd's coffee shop
has evolved as the world's center of marine insurance. In addition, the financial risk
management was started to be considered after insurance. In 1970, the oil crisis was
also became a factor for the development of the risk management. The risk rating and
risk assessment consulting services began in these years. After ten years companies
were as familiar with the definitions such as ; credit risk, risk losses and market risk.
In 1990s, the definition of risk management was not only “minimizing damages” but
also “assessment of risks and the growth of companies”. In the twenty-first century
project risk management and enterprise risk management have been understood and

applied clearly [2].

In the literature there are several studies considering risk analysis in construction
projects. However, risk analysis in renewable energy projects, especially for solar
power plants, is very limited. In classical project risk analysis techniques, risk rating
values are calculated by multiplying impact and probability values. Most existing
risk analysis models, quantitative techniques, require numerical data. However,
information related to risk analysis is not numerical. Referring to recent publications

in the literature are as follows:

In 2011; Peter Burgherr, Petrissa Eckle and Stefan Hirschberg publised an article
about risk assessment. This study was partially performed within the Collaborative
Project SECURE (Security of Energy Considering its Uncertainty, Risk and
Economic implications). In this study they compared severe accident risks of fossil
energy chains.They are based on the historical experience contained in the
comprehensive database. Comparative risk assessment provides the basis to evaluate
expected risks and potential maximum credible consequences of accidents in the
energy sector on an objective and factual basis. The database with its worldwide
coverage over several decades was used to comprehensively analyze the historical
experience of severe accidents in fossil energy chains (coal,oil,naturalgas).
Generally, fatality rates are lowest for natural gas, intermediate for oil and highest for
coal [3].

Additionally; after 2 years (in 2013) Peter Burgherr, Petrissa Eckle and Stefan

Hirschberg publised another article about risk assessment. In this study they



evaluated risk assessment of severe accident in the energy sector. In this study they
also concerned the renewable energy technologies [4].

In parallel with risk analysis developments in the world, risk analysis studies has also
performed in Turkey. Serhat Kucukali has studied risk assessment of river-type
hydropower plants in 2011. He used fuzzy logic approach. In the study, a total of
eleven classes of risk factors were determined based on the expert interviews, field
studies and literature review. The risk factors are classifed as follows: site geology
(geotechnical properties of the construction site), land use and permits (right to use
of the land for the construction of hydropower scheme), environmental issues
(impact of the scheme on ecosystem), grid connection (connection to the power
system), social acceptance (impact of the scheme on local community who use the
river or the surrounding lands), macroeconomic (inflation and interest rate), natural
hazards (earthquake, flooding, storm and landslide), change of laws and regulations
(level of political stability), terrorism (human-made disasters), access to
infrastructure (road) and revenue (cash flow). A new methodology is proposed for
risk rating of river-type hydropower plant projects with this research. Applicability
of the proposed methodology was tested on a real case. Results of the case study
showed that the proposed methodology can easily be applied by the professionals to
quantify risk scores. The advantage of the this methodology is giving investors a
more rational basis to make decisions and preventing overcosts and schedule
changes. With the help of the fuzzy logic aproach tool, any decision maker could
forecast the measure of risk of a river-type hydropower plant [5].

According to the article written by ZOU Zongxian, WEI Yang, SUN Xiaofei and
ZENG Ming (2011), risk assessment of concentrating solar power has been evaluated
based on fuzzy comprehensive. The study creates the risk assessment model of
China’s CSP. The result of this study shows that the risk level of China’s CSP is
high. In addition, this model is also applicable to risk assessment in different regions
or different CSP technologies. Furthermore, this research provides some valuable

investment references of CSP in China [6].

Furthermore, Edinaldo and his friends published an article in 2013. They considered
Monte Carlo Method for risk assessment. They applied this method for renewable
energy power generation systems. In this study, the issue they considered is

economic parameters affecting investment decisions in energy sector by analyzing a



grid-connected photovoltaic system of 1.575 kWp, located on the roof top of the
laboratory building of the Grupo de Estudos e Desenvolvimento de Alternativas
Energéticas e GEDAE, at the Universidade Federal do Para e UFPA, Belém e Para e

Brazil, and operating since December 2007 [7].

Another article was published in this subject In 2012. Marion Hitzeroth and Andreas
Megerle studied on acceptance risks and their management in energy projects. The
case example analysis successfully demonstrated the importance of defining the
acceptance risk as a prerequisite for its management. In its framework, components
allowing to identify the risk groups to attitude changes as well as appropriate
management strategies were worked out [8].

As it is seen in the literature review, the studies on risk analysis in renewable energy
projects are almost performed in recent years. It is expected to increase the number

of studies with further understanding of the significance of the risk analysis.



2. RISK AND RISK MANAGEMENT

2.1 Definition of Risk

Before explaining risk management methodology, risk must be defined clearly. In the
past, risk is defined as “losses”. However, definition of risk has changed and not only
negative but also positive meanings are considered in recent years as it can be seen in

Table 2.1. Risk can be defined in various ways as a basic concept.

Table 2.1 : Risk definition differences between traditional and new
perspective [9].

The Traditional View The New Perspective

Risk is a negative factor to be controlled Risk is an opportunity

Risk is managed in organizational silos. Risk is managed as a whole

Risk management is the responsibility of the  Risk management is the responsibility
delegates to the lower level. of top management.

The measurement of risk is subjective Risk can be measured

Unstructured and inconsistent risk Risk management for all corporate
management functions can be found management system is established.
There is a committee that oversees the The board is controlled by a risk
management board committee

According to “Basic Concepts of Risk Management and Risk Defined” book, the
most common definition of risk is the relationship between the probability of an
incident’s occurrence and the consequence of that occurrence [10]. It means risk has
two main components: probability (P) and consequence (C). In addition, risk can be

defined as the mathematical equation:
R=PxC (2.1)

In this thesis, the definition of risk will be addressed as PMBook: “A risk is an
uncertain event or condition that, if it occurs, has a positive or negative effect on a

project objective” [11].



In addition, risk definitions mentioned in various sources are as follows [12]:

Risk as Average Results: Insurance experts expressed the risks as expected results

of events. In other word, they are interested in realization of expected results.

Risk as Differences between Results: In this description, it is currently focused on
minimizing the potential difference between expectations and results as much as

possible.

Risk as Lost: The narrowest definition of risk is to consider the risk as lost.
According to this definition, risk is defined as the occurrence of events, which have
large negative effects, such as damages caused by customer, malpractice or problems

resulting from natural causes or human error.

Risk as Earning Potential Factor: Risk is used as a tool to gain. The meaning of
success in the business world is taking the risght risks at the right time and

converting these risks to a gain.

Risk according to Related Areas: When risks are classified according to their
relevant areas, several different types of risks can be categorized. Market risk, credit
risk, operational risk, legal risk, information risk, environmental risk, country risk,
risks related to the core business, inherent risks, control risks are some examples of
different risks. The most recognized risk classification methods are grouped under
four main headings: financial risks, operational risks, strategic risks and external

environmental risks.

Financial Risks: The risks that arise as a result of financial position and preferences

such as; credit, interest, cash, financial markets, commodity prices etc...

Operational Risks: The risks that prevent the fulfillment of an organization's core
business activities. Procurement, sales, product development, knowledge

management, law and brand management are some of risks in this category.

Strategic Risks: These risks are the structural risks that may prevent a company
from reaching their short, medium or long-term goals. Planning, business model,
business portfolio, corporate governance and market analysis are typical examples of

strategic risks.



External Environmental Risks: In this category, the risks arise of the company's
activities independently. However, they affect the company depending on the
preferences of the company. Legal regulations, customer trends, economic and
political changes, competitors and changes in the industry are examples of risk in this

category.

In this thesis project, risks are classified as Technical, Economic, Social and Political

according to the categories.

2.2 Risk Management

Risk management explanation in the PMBook is “Risk management is the systematic
process of identifying, analyzing and responding to project risk. It includes
maximizing the probability and consequences of positive events and minimizing the

probability and consequences of adverse events to project objectives ” [11].

The risk management process is changed according to the approaches. Differences
are due to the risk view of the organizations. Although they have different steps, the

main structures are the same in these approaches which can be seen in Figure 2.1.

Identify Risk Evaluate || Acceptable Assure Embed and

M_o_R |Framework | risks ownership risks risk level || Responses || effectiveness review

AS/NZS4360 Establish . Flil'sk' Fhskl R|skl Risk Momtor'mg

context identification analysis evaluation treatment and review

PRAM Define Focus ‘ Identification ‘ ‘ Assessment ‘ ‘ Plannin ‘ ‘ Management
project PRAM g g

PMBOK, ‘ Planning ‘ ‘ Identification Qualitative Quantitative Response Monitoring
Chapter 11 analysis analysis planning and control

Figure 2.1 : Benchmark of project risk management standarts [13].

Risk management is important in terms of both the company and project
management. The companies have recognised the importance of this issue. Then they
began to embrace the concept of enterprise risk management inorder to manage risks

in an integrated manner.



According to RIMS (The Risk Management Society), “Enterprise Risk Management
is a strategic business discipline that supports the achievement of an organization’s
objectives by addressing the full spectrum of its risks and managing the combined

impact of those risks as an interrelated risk portfolio. ’[14]

Additionally, risks are also important for each project of companies. Project risk
management is a part of project management. Project risk management involves a
long process. It starts from planning and continues to controlling of risks. In projects,
risks can be divided into two groups: foreseeable and unforeseen risks. Foreseeable
risks are determined and analyzed risks that could be planned. Unforeseen risks are
not managed in a proactive way. Thus, it is essantial that the project team has to

create a contingency plan for these risks.
The purpose of project risk management can be summarized as follows:

e To pinpoint the factors such as: scope, quality, time and cost that may affect the

project
e To measure the amount of the effect of each factor
e To determine boundry line to uncontrollable factors in the project

e To alleviate the potential impact by trying the impact on risk factors that can be

controlled in the project.
All standarts accept the risk management methodology as an iterative as seen in
Figure 2.2 and loop process, which starts from the identification and continues with
controls. In terms of monitoring and following risk management as a whole, some
tools listed below can be useful in this process [16]:
e WelcomRisk
e Pertmaster
e KLCI Project Self Assessment
e RiskTrak
e Risk Radar

e Active Risk Manager

e Rational Rose
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Risk

Management

Figure 2.2 : Risk management cycle [15].
2.2.1 Why risk management is needed?

There are many benefits of risk management for companies. Inorder to ensure
stability and reduce the threat, risk management becomes inevitable for companies.
The necessity of risk management can be summarized under the following headings
[12]:

Uninterrupted continuation of the company: Companies avoid incidents that
caused huge losses. After a loss, they want to continue normal business activities
with minimum delay. Despite the loss of many experienced events, by making the
necessary preparations in advance risk management ensures the continuity of

operations.

To minimize surprises: Uncertainties and surprises are not desirable situation for a

company. Therefore; risk management is gaining importance to reduce surprises.

Reducing the cost of losses: Risk management prevents potential losses due to
lower cost measures. Risks and the financial impact of risks could be controled in

risk management.

Income stability: Stability is very important for the continuity of companies.
Additionally, investors prefer a financially stable company. Risk management

reduces unwanted and unexpected changes in annual profits and income.

11



Sustainable growth: Another important concept for companies is the sustainability.
An effective risk management significantly contributes companies grow steadily.

Social responsibility: Investments related to measures of the environment and
employee health or radical changes with environmental health concerns in business
processes are within the scope of social responsibility. Risk management helps to
create a good image in the public.

Compliance with regulations: Risk management is an important tools enabling
compliance with legal and regulatory requirements. Activities which are against the

law are organized as part of risk management.

Above listed substances for companies are also applicable for projects. Maintaining
stability, sustainability, cost reduction, reducing adverse events are also desired and
important subjects for projects. Therefore, risk management is critical in terms of

meeting this requests for both companies and projects.

2.2.2 Risk management in renewable energy projects

Due to the nature of life there will always be risks arising from the unknowns. The
important thing is to discover and manage the uncertainities. Generally, when
starting a new project, risks of the project are evaluated and the projects containing
least risk are preffered. People who financed the project also consider following
aspects: cost, schedule, quality, safety and environment. This is also the same in
energy projects. Inorder to have sustainable, dispatchable and profitable energy

projects, risk management has an important role in these cases.

In addition to conventional energy production methods, renewable energy projects
(solar, wind, hydro...) have also many risks such as discontinuous sources, storage
problems, etc... Inorder to minimize these uncertainities and risks in the energy
projects, the importance of risk management are mostly understood. The goal of the
risk management approach is to identify, evaluate and control unknowns in
forthcoming projects. Standard project management approach is used for risk
management in conventional energy projects. Although the similar risk methodology
is applied for conventional and renewable energy projects, they differ mainly in the
market and technology. Risks of renewable energy projects must be dealt with more
precise. Additionally barriers and challenges of renewable energy projects can be

seen in Figure 2.3.
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As mentioned above, the standardized project risk management approach is
applicable for all type of energy project to identify, evaluateand manage the risk.

In this thesis, PMI risk management methodology is used.

“Challenges for assessing risks table (Figure 2.4)” shows the degree of risk according
to the type of technology. When solar thermal technologies are considered, many
risks must be evaluated such as; having a small number of suppliers, mechanical
parts failure, reflectivity error in mirrors, corrosiveness heat carrier fluid, mirrors
dusting, efficiency losses, operation costs etc... These risks may vary according to
the project. In the risk factors, risks related to public policy, implementation and grid
integration are able to be considered as high-risk.

Inherent barners of Inherent challenges of | External challenges in | Barners in the
Renewable Energy RES project the energy sector financial sector
sponsors (espedally in least
Cost: Capital cost Politics: regulatory and | developed countries)
intensive structure; Weak project policy issue which
developers and lack of | favor conventional Lack of funds and/or
Analysis: insufficient project experience,; energy types or improper financial
data for prudent hamper RES; insecure | conditions for
project analysis; Limited financial / legislation in the renewable energy with
managenal capacity; | energy sector ; regard to interest
Risk: High or unclear rates, collateral
nisk, including Limited credit- Energy market: requirements and debt
difficulties in worthiness, particularly | deficiencies in the maturities.
uaranteeing cash due to lack of financial, legal and
ow and no complementary own institutional framework | Local financial
enforceable securities. | funds. conditions as well as | institutions often lack
imperfections of the instruments to
Secuning operating market mechanism; stimulate renewable
power purchase Lack of reliable
contracts, partners for takeoff Lack of sector know-
environmental impact | contracts / feed in how and willingness to
assessments and laws. invest in renewable
contracts that mitigate energy due to
risks in the Public acceptance low level of awareness
construction and issues against projects | and understanding of
operational phase. implementation. renewable energy as
well as insufficient
information for prudent
investment analysis.

Figure 2.3 : Barriers for renewable energy systems [17].
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Figure 2.4 : Challenges for assessing risks [17].
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3. PROJECT RISK MANAGEMENT METHODOLOGY

In this study “Project Risk Management” will be analyzed as mentioned in PMBok
which is prepared by Project Management Institute (PMI), the world's leading non-

profit association for project, program and portfolio management.
According to PMBok project risk management is examined under six main headings:
¢ Risk management planning
e Risk identification
e Qualitative risk analysis
e Quantitative risk analysis
e Risk response planning
¢ Risk monitoring and control

In the following sections these main headings (shown in Figure 3.1) are explained in

details.

3.1 Risk Management Planning

Risk management planning is the first step of risk management. This proces must be
considered in the beginning of the project. At this stage, risk management approach
and activity plans are decided. It is very important to make planning clear and

understandable for smooth implementation of risk management.

3.1.1 Inputs to risk management planning

Available project documents are utilized at the planning stage. Risk management
planning inputs are project charter, organization’s risk management policies, defined
roles and responsibilities, stakeholder risk tolerances, template for the organization’s
risk management plan ans work breakdown structure. By using these materials and

inputs, a successful planning can be done.
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PROJECT RISK

MANAGEMENT

111 Risk Management
Planning

A Inputs
.1 Pmject charter
.2 Omganization's risk
management policies
.3 Defined mles and
responsibilities
4 Stakeholder risk
tolerances
Template for the
organization's risk
management plan
6 Work breakdown
structure (WES)
.2 Tools and Technigues
.1 Planning meetings
3 Outputs
.1 Risk management plan

o

112 Risk Identification

1 Inputs
1 Rik management plan

.2 Project planning outputs

2 Risk categories

4 Historcal information
.2 Tools and Techniques

A Documentation eviews

.2 Infomation-gathering

techniques

2 Checklists

A Assumptions analysis
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3 Inputs to other processes
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Analysis
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3.1.2 Tools and techniques for risk management planning

Planning meetings is the best technic to create a risk management plan. The project
managers, the project team leader and responsible people for risk management are
the participants of the planning meetings. These people are responsible to prepare a
risk management plan by using above-mentioned inputs. In Figure 3.2, project
stakeholders are seen [11].

?N(;o\social 4

i je‘:( Technical‘?
7 Project Manager Fra awm— EgHiator

Figure 3.2 : Project stakeholders [17].
3.1.3 Outputs from risk management planning

The participants prepare the risk management plan because of several meeetings. The
plan gemerally includes methodology, roles and responsibilities, budget, timing,

scoring and interpretatiton, thresholds, reporting formats and tracking [11].

3.2 Risk Identification

In this stage, the risks, which affect the project, are indentified. Project team, risk
management manager, sponsor, customer and supplier determine the risks. Risk
assessment should be repeated at certain periods.

3.2.1 Inputs to risk identification

While identifying risks, risk management plan, project planning outputs (project

charter, resourse plan, assumption lists etc...), risk categories, historical information

related with project background or previous project can be used as inputs.
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3.2.2 Tools and techniques for risk identification

Determination of the risks can be started with a review of documentation. In
addition, information-gathering techniques are used. There are several information-
gathering techniques: brainstorming, delphi technique, interviewing and SWOT
analysis. Brainstorming is a common and efective way used in many stage of project
management. Another method is delphi technique which is a method utilized to make
predictions about the future. In delphi technique, face to face interview is not done.
Forms are sent to expert people and until consensus form exchange continues. It is
also possible to make an interview with expert people to identify the risks. Other
proposed technique is SWOT analysis. In SWOT analysis, cases are studied as their

strenghts, weaknesses, opportunities, threats [11].

Using checklists can be easy and pratic way for risk identification. Checklists are

prepared from previous similar projects and historical information related with cases.

Assumptions analysis allows to examine consistency, accuracy and errors of project

assumptions.

Diagramming techniques is also useful methods to identify risks. Ishikawa (fish
bone) diagram, process flow charts and influence diagrams are the most widely used
and effective methods in this stage.

3.2.3 Outputs from risk identification

As a result of risk identification, negative and positive risks and triggers, which

affect the project, are revealed.

After the preparation of the identified risks list, the another stage inorder to manage
the risks is risk analysis. More detailed information regarding the qualitative and

quantitative risk analysis is discussed in the next section [11].

3.3 Qualitative Risk Analysis

Qualitative risk analysis is concerned with the impact and probability of cases. High-
probability risks should be considered as priority. Probability and impact assessment
are very important for the risks related to time and cost. When there is unsufficient

informations for quantitative analysis, qualitative analysis can be performed.

18



3.3.1 Inputs to qualitative risk analysis

Inorder to perform qualitative risk analysis, risk management plan, identified risks
list, project status and type, data precision, scales of probability and impact and

assumptions are utilized as inputs [11].

3.3.2 Tools and techniques for qualitative risk analysis

The probability and impact are determined as low-medium-high for each of the
identified risks. Then probability/impact risk rating matrix technique can be
performed easily for analysis. In this matrix, acceptable and unacceptable risks
appear obviously. It can be prepared as literacy and numeracy. The risk score is
obtained by multipling probability and impact values. According to the risk score,
matrix is coloured. As it is seen in the matrix (Figure 3.3), the high risk score are red

and the colours of other scores are lighter [11].

Project assumptions testing is a good method for reviewing project assumptions.
While performing qualitative risk analysis, assumptions must be reviewed and if it is

necessary, new assumptions are accepted.

Data precision ranking is important in qualitative risk analysis. Qualitative data is
required to be accurate and impartial. This technique provides for examination of
data accuracy, quality, reliability and integrity [18].

3.3.3 Outputs from qualitative risk analysis

As a result of qualitative risk analysis, overall risk ranking for the project is carried
out. Moreover; list of prioritized risks, list of risks for additional analysis and
management, trends in qualitative risk analysis results are obtained [11].

After qualitative risk analysis, quantitative risk analysis can be performed.
3.4 Quantitative Risk Analysis

Quantitative risk analysis needs sufficient informations. If informations are not
enough, there is no need to make a quantitative analysis. Quantitative analysis aims

to express the impact and likelihood estimations in numerical values.
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Figure 3.3 : Numerical probability and impact matrix.

3.4.1 Inputs to quantitative risk analysis

Risk management plan, outputs from qualitative risk analysis (identified risks, list of
prioritized risks, list of risks for additional analysis and management), historical
information, expert judgment, other planning outputs (schedules, work break down

structure lists) are helpful to initialize the quantitative risk analysis [11].

3.4.2 Tools and techniques for quantitative risk analysis

Interviewing is one of methods for quantitative analysis. Project participants and

experts assign numerical values (temporal and monetary) for probability and impact

of risks during these interviews [11].
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Figure 3.4 : Decision tree analysis [11].
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Sensitivity analysis is used to estimate the risks that mostly affect the project.
Decision tree analysis is an analysis of the uncertain cases. In decision tree analysis,

it is obviously seen the results of different scenerios (example seen in the Figure 3.4).

Simulations are also used to evaluate the effects of uncertainties in the project. They

generally use the Monte Carlo technique which is real and stochastic simulation.

3.4.3 Outputs from quantitative risk analysis

By the help of quantitative risk analysis; prioritized list of quantified risks is updated,
probabilistic analysis of the project is done, probability of achieving the cost and
time objectives are evaluated, trends in quantitative risk analysis results are obtained
[11].

After risk analysis, risk response planning is the next stage in risk management.

3.5 Response Planning

In risk response planning stage, it is targeted to reduce the risks of threats and to
improve the opportunities. Responsible people for each risk responses are appointed
at this stage. Risk response planning must be realistic, understandable and effective

in terms of risk management.

3.5.1 Inputs to response planning

When planning risk responses; risk management plan, list of prioritized risks, risk

ranking of the project, prioritized list of quantified risks, probabilistic analysis of the
project, probability of achieving the cost and time objectives, list of potential
responses, risk thresholds, common risk causes, trends in qualitative and quantitative

risk analysis results are utilized as inputs [11].

3.5.2 Tools and techniques for response planning

Avoidance, transference, mitigation and acceptance are the most widely used
techniques for risk response planning. The first three ones are usually used for threats
(negative risks) but acceptance is usually used for both threats and opportunities
(positive risks). Changing the project plan to eliminate the influence of risk is a
sample of avoidance. Transference reduce the risk effect but does not eliminate the

risk totally. Thus, transferred cases or stage must be choosen carefully.
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Mitigation refers to reducing the likelihood and/or effect of a risk. In some cases all
of the threats can not be destroyed and in these cases acceptance is a technique for

risk response.

Additional budget, time and source can be shared to this kind of risks [11].

3.5.3 Outputs from response planning

As a risk response planning outputs, lists related with risk management are updated.
Residual and secondary risks, needed contingency reserve amounts are determined.

The project plan is also revised as a whole after risk reponse planning.

In risk management, monitoring and control is also important as well as planning.

Next section gives brief information about risk monitoring and control [11].

3.6 Risk Monitoring and Control

Inorder to manage the risks succesfully, monitoring and control stage play an
important role. This stage refers to monitoring and keeping existing risks under

control and discovering new project risks.

Additionally, in this process the validity of project assumptions are checked. As a
result of monitoring and control, records kept at a certain periods.

3.6.1 Inputs to risk monitoring and control

As mentioned previous steps, risk monitoring and control stage also has some inputs
such as: risk management plan, risk response plan, project communication plan,

additional risk identification and analysis and scope changes plan.

These documents and plans supports monitoring and control step [11].

3.6.2 Tools and techniques for risk monitoring and control

Some tools and techniques that can be used for risk monitoring and control are as
follows: re-evaluation of risks, risk audits, variance and trend analysis, technical

performance measurement, reserve analysis, status meetings [18].

Risk audits can be performed by meetings. Besides, performance measurement

techniques are compared with time schedule.
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3.6.3 Outputs from risk monitoring and control

At the end of this stage; project management plan, related project documents, risk
lists, organizational process assets, project change requests (taking corrective and

preventive actions into account) are updated [11].

23



24



4. CASE STUDY

Concentrated Solar Power (CSP) Tower System is one of the most promising solar
thermal power generating systems. They are non-polluting and long lasting power
systems. The system utilizes a large number of solar concentrating mirrors called

heliostats which focus the solar energy.

Cooling used purpose of high
-Process steam volume water distillation

-Industrial use
-Agricultural use Q-—\ ~ Receiver O

-Cooling -
-Heating 2 D N
Electiricity 2 ]

B

Figure 4.1 : CSP tower system scheme [19].

The system generally consists of the following components (shown in Figure 4.1):
e Heliostat Field
e Tower
e Solar receiver
e Turbine-generator

The working principle (shown in Figure 4.2) of the system is explained as follows:
The heliostats reflect the incoming solar rays towards the heat receiver mounted on

top of a tower.
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The receiver then turns the water into super-heated steam, which in turn is

transformed into electricity by a standard electric generator, connected directly to a

= “

Solar
Tower

Receiver
Solar
Fieid

Figure 4.2 : Working principle of CSP tower [20].

steam turbine.

A 4

Heliostats are highly polished glass mirrors, which are specialized for the operation.
They have a high reflection ratio and can track the Sun in dual axis.

The reflected solar radiation is kept constantly focused on the receiver by a tracking
device system that continuously turns the heliostats and directs them to the receiver,
following the sun along its annual and daily path. The receiver is a very important
stage for optimum efficiency design. The system is simple and it is based on keeping

receiver losses to a minimum and a high rate of efficiency energy collection.

The receiver absorbs the energy being reflected from the heliostats and transfers

them accordingly in producing the energy to create the super-heated steam (SHS).

The systems’ electrical output is directly proportional to the intensity of the solar
radiation, the size of the heliostat field, its optical and general efficiency and the
efficiency of the system as a whole, including the receiver, the steam generator and

the electric generator.

Solar radiation, an emission-free and inexhaustible supply of energy, it is the most
abundant of all known energy sources in the world. Utilizing solar technology and

other forms of renewable energy helps to reduce the reliance on fossil fuels for
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energy production, thus directly reducing CO, emissions, which contribute to climate

change and global warming.

According to “Energy Technology Perspectives 2008 report” of International Energy
Agency (IEA), CSP will be one of the pioneer technology that will help to reduce
CO; emissions. In this report some scenarios (shown in Figure 4.3) related to CSP
have been mentioned. In accordance with the ETP BLUE Map scenario, it is
expected that CSP will contribute 5% of the annual global electricity production in
2050.

Additionally, in the Advanced scenario of CSP Global Outlook 2009, estimated by,
the European Solar Thermal Electricity Association, the IEA SolarPACES
programme and Greenpeace, global CSP capacity wil reach at 1500 GW in 2050.
Another estimation has done by the German Aerospace Center (DLR) for the
renewable energy potential in the Middle East/North Africa region. According to this
study, it is estimated that CSP plants would produce nearly half of the region’s

electrical production, from a total capacity of 390 GW [15].
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Figure 4.3 : Growth of CSP production under four scenarios (TWh/y)[21].

Furthermore; in this report, electricity production around the world will increase
significantly by 2050 shown in Figure 4.3. For example, Australia, Central Asia
countries, Chile, India, Mexico, South Africa will reach 40% electricity as shares of
total electricity consumption from CSP plants. Additionally, electricity from CSP
plants as shares of total electricity consumption table can be seen in Table 4.1[21].

When considering regional rise in CSP; North America, Africa, India are estimated

three regions with the maximum CSP electricity production by 2050 (shown in
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Figure 4.4). And the least three CSP production is expected in EU countries+Turkey,
Pacific and China [21].

Table 4.1 : Electricity from CSP plants as shares of total electricity consumption
[21].

Countries 2020 2030 2040 2050

Australia, Central Asia (including Afghanistan, Kazakhstan,

Kyrgyzstan, Pakistan, Tajikistan, Turkmenistan, and

Uzbekistan), Chile, India (Gujarat, Rajasthan), Mexico, 0 0 0 0
Middle East, North Africa, Peru, South Africa, United States 5% 12% 30% 40%
(Southwest)

United States 3% 6% 15% 20%

Europe, Turkey 30 6%  10%  15%
Africa, Argentina, Brazil, India 1% 504 8%  15%
Indonesia 05% 15% 3% 7%
China, Russia 05% 15% 3% 4%

By consider these scenarios, countries such as; USA, Spain, Germany and China
have acted actively and they have already begun to develop CSP Tower technology

in advance.
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4000 Pacific
3500 B China .
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1500 | M Africa
1000 W Nprth America
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0 —
2010 2020 2030 2040 2050
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Figure 4.4 : Growth of CSP production by region (TWh/y) [21].

As CSP Tower Plants coud be installed in large power capacity, they could also be
erected to develop these technology components. There are a few companies
working in this field. USA and Spain are one of the pioneers in this technology. The
list of operational CSP Tower Power Stations can be seen in Table 4.2. USA has
already finished 370-MW Ivanpah project (shown in Figure 4.5) in California with
water-steam at 565°C and 29% efficiency [16].
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Current installed CSP Tower capacity in Spain includes the PS10, PS20 (Figure 4.6)
and Gemasolar plants. The capacity of PS10 and PS20 are 11 MW and 20 MW,

respectively.

Table 4.2 : Operational CSP tower power stations [22].

Capasity (MW) Name Country Location
Ivanpah Solar Power San Bernardino
392 Facility USA County, California
20 PS20 solar power tower Spain Seville
. Fuentes de
19,9 Gemasolar Spain Andalucia (Seville)
11 PS10 solar power tower Spain Seville
10 Delingha Solar Power China Delingha
Plant
5 Sierra SunTower USA Lancaster,
California
25 Acme Solar Thermal India India
Tower
1,5 Jiilich Solar Tower Germany Jiilich
15 Beijing Badaling Solar China Beijing
Tower
Yanging Solar Power . .
1 Station China Yanging County
Crescent Dunes Solar Nye County,
10 Energy Project USA Nevada
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Figure 4.5 : Ivanpah project in California [23].
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Figure 4.6 : PS10 and PS 20, Spain [24].

Gemasolar (Figure 4.7) is also important project for Spain, 19-MW molten salt-based

ST plant with a 15-hour molten salt storage sytem [25].

Figure 4.7 : Gemasolar, Spain [26].

In addition; some oil-rich countries in the Arabian Peninsula such as: Saudi Arabia,
Qatar, the United Arab Emirates and Kuwait, have also started to work on this issue
due to the progressive reduction of fossil resources. Saudi Arabia has published the
targeted electricity production until 2023 from solar thermal energy as 35 GW [27].

Likewise, Qatar and Kuwait also announced that they would provide incentives for

the solar electricity production.
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This technology is important not only for the production of electricity but also for the
production of drinking (sea water desalination). For this reason, Arabic countries are

aiming to increase the share of solar thermal energy in their future energy policies.

Figure 4.8 : Mersin project, Turkey [20].

In Turkey, studies in this field are carried out with a pilot project established in
Mersin. The first project has completed in Toroslar/Mersin in 2013. With this project
steam is produced by concentrating solar energy. Power block integration will be
completed in the third quarter of 2014. Mersin Project’s capacity is 5SMWy, (Figure
4.8). The output of the system is super heated steam. The field (Figure 4.9) has 508
heliostats. Each heliostats (Figure 4.10) track the sun in two axes by the help of a

special control card.

-

Figure 4.9 : Mersin project, Turkey [20].
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The components of the system are designed in a Lego type construction kit in order
to be transported and reassembled easily and quickly to any given location around

the world, thus reducing time and labor costs.

Figure 4.10 : Heliostat in Mersin project [20].

In addition, all communications are done by Secure Wireless System in Mersin
project. Because of this feature, Mersin project (Figure 4.11) is the world's first CSP

Tower Plant including wireless communication system.

Figure 4.11 : Mersin field [20].
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In the following section, project risk analysis has been performed for an exemplary
CSP Tower Steam Production Plant called ST1. Project risk analysis is evaluated

until steam production phase.

During this study, risks related to power block unit (turbine, generator, etc..) and

electricity production process have not been considered.

4.1 Risk Management Planning of ST1 Project

In accordance with the prepared project plan (given in App.A) for ST1 CSP Tower
plant, project process and schedule have determined. It is assumed that after several
meetings, responsibilities have been assigned; probability and impact assessment

forms have been prepared.

It is decided that risks in the project would be classified according to the following

headings:

Conceptual design

System components design

Production and supply of system components

Assembly

YV V VYV VY V¥V

Hardware and software integration
» Commissioning and system tests

It is also decided to categorize risks as technical, social, economic and political. The
templates of documents used for risk analysis have been created. It is additionally
assumed that the planning team has decided the analysis to be performed within the

scope of risk analysis.

The following draft tables are documentations prepared to keep risk analysis in an

orderly manner.

In “Risk Identification Table (Figure 4.12)”, risks are assessed by categories and

according to the stage of the project phase.

After risk identification table, in order to perform qualitative risk analysis “Risk

Probability-Impact-Risk Level table (Figure 4.13)” is used to have a numerical result.
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Technical

Social

Economic

Political

Figure 4.12 : Risk identification table draft.

Figure 4.13 : Risk probability-impact-risk level table of technical risks.

5
(Very High)

Impact

Figure 4.14 : Risk matrix.
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Furthermore; in the risk management planning stage, risk matrix (Figure 4.14) is also
determined in accordance with probability and impact. By the help of this matrix,
risk level could be identified by numerically (form 1 to 25) and severity (low,

medium and high).

Moreover, probability and impact matrix draft (Figure 4.15) is perpared to evaluate

risks in the qualitative risk analysis

Probability and Impact Matrix

Probability

0 1 2 3 4 5
Impact

Figure 4.15 : Probability and impact matrix table.
Consequently, in this stage project risk analysis is completed and required draft
documents are created for project risk analysis. After that, risk identification is

performed for ST1 project.

4.2 Risk Identification of ST1 Project

It is assumed that project team firstly determine the risks at the regular meetings by
reviewing of the following documents: risk management plan, resourse plan,
assumption lists, project charter etc... Then they apply suitable tools and techniques
for risk identification: brainstorming, delphi technique, interviewing and SWOT

analysis.
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The most widely used method is brainstorming for this project. Team members
identify the risks by brainstorming in the meetings. In this stage risk breakdown

structure (RBS) is also formed (given in App. D).

During ST1 project risk identification (given in App. C.); risks are categorized
according to the project stages: conceptual design, system components design,
production and supply of system components, assembly, hardware and software

integration, commisioning and system tests.
As a result, ninety-one (91) risks have been found.
In Figure 4.16 shows “Risk shares according to project stages (Figure 4.16)”.

Thus, six percent (6%) of the identified risks are found in conceptual design stage of
the project; seven percent (7%) of identified risks are in the system component
design phase; twenty-one percent (21%) of identified risks are in the production and
supply of system componens stage; twenty-six percent (26%) of identified risks are
in the stage of assembly; again seven percent (7%) of identified risks are in the
hardware and software integration phase; and thirty-three percent (33%) of identified

risks are found in commisioning and system test stages.

The largest number risks (thirty-five risks) are determined in the “commisioning”

stage of the project.

The second and third risky part of the project are “assembly” (twenty- Seven risks)

and “production and supply of system components” (twenty-two risks) stages.

The stages containing the least risk are as follows: “conceptual design” (six risks),
“system components design” (seven risks) and “hardware and software integration”

(seven risks).

These risks are also categorized as technical, social, economic and political. The
number of technical, social, economic and political risks are sixty- two (62), thirteen
(13), thirteen (13) and three (3) in this order.

During the risk identification stage, risk breakdown structure (Table 4.3) is also
created. In the Table 4.3, risk breakdown structure is shown up to the second level.

Additionally, full risk breakdown structure could be found in Appendix D.
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Risk Shares According to Project Stages
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Figure 4.16 : Risk shares according to project stages.
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Figure 4.17 : Risk categories according to project plan.
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Table 4.3 : Risk breakdown structure (2nd Level).

RBS Level 0

RBS Level 1

RBS Level 2

CSP Tower Project

1. Conceptual Design

2. System Components Design

3. Production and Supply of
System Components

4. Assembly

5. Hardware and Software
Integration

6. Commisioning and System
Tests

1.1.

1.2.
1.3.

2.1.
2.2.

2.3.
2.4,

3.1

3.2
3.3.

4.1.

4.2.
4.3.

5.1.

Field settlement plan

Proces flow diagram
System modelling and simulation

Heliostat design
Tower design

Receiver&Thermal equipments design
Software design

Heliostat components Production

Tower
Receiver and Thermal equipments

Heliostat erection

Tower erection
Receiver&Thermal equipments placement

Heliostat hardware and software

integration

5.2.

Receiver&Thermal proces hardware and

software integration

5.3.

6.1.
6.2.
6.3.
6.4.
6.5.
6.6.

6.7.
6.8.

Integration with central software

Concentration tests
Reflection tests
Temperature test
Pressure tests

Trial production
Thermal efficiency tests

Hot cycle efficiency analysis
Total system test

As it is mentioned above, risk distribution according to project plan and categories

can be shown in the following figure (Figure 4.17), briefly. At all stages of project,

technical risks are seen as the most risk.

In addition, risks are evaluated according to technical, social, political and economic

categories.

In Technical Risks category (Figure 4.18) ; the numbers of identified risks are

respectively as follows: conceptual design (4 risks), system components design (6

risks), production and supply of system components (13 risks), assembly (13 risks),

hardware and software integration (6 risks), commisioning and system test (24 risks).
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Technical Risks

B Conceptual Design

B System Components
Design

B Production and Supply of
System Components

B Assembly

Figure 4.18 : Distribution of technical risks.

In Socail Risks category (Figure 4.19); the numbers of identified risks are
respectively as follows: conceptual design (1 risk), system components design (1
risk), production and supply of system components (1 risk), assembly (10 risks),
hardware and software integration (1 risk), commisioning and system test (5 risks).

Social Risks

B Conceptual Design

5% 5%

B System Components
Design

B Production and Supply of

59 System Components
0
B Assembly

B Hardware and Software
Integration

Figure 4.19 : Distribution of social risks.

In Political Risks category (Figure 4.20); the numbers of identified risks are
respectively as follows: conceptual design (1 risk), production and supply of system

components (1 risk), commisioning and system test (1 risk).

In system components design, assembly and hardware and software integration

stages, political risks are not found.
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Political Risks

B Conceptual Design

B System Components
Design

B Production and Supply of
System Components

B Assembly

B Hardware and Software
Integration

Figure 4.20 : Distribution of political risks.

When identified risks are evaluated according to economic category (Figure 4.21);
the numbers of identified risks are respectively as follows: production and supply of
system components risks (7), assembly (4), commisioning and system test (5). In
conceptual design, system components design and hardware and software

integration, political risks are not found.

Economic Risks

B Conceptual Design

B System Components
Design

B Production and Supply of
System Components

B Assembly

Figure 4.21 : Distribution of economic risks.

Accordingly, identified risks are evaluated by categories and by project phase. In this
section, a summary of the risks according to their classification has been made with
graphics and explanations. In the following section qualitative risk analysis has
performed for identified technical risks.
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4.3 Risk Analysis of ST1 Project

Qualitative analyzes were carried out within the scope of this thesis. In the following
part (4.3.1), qualitative risk analysis has performed for “Technical” risk category of
ST1 CSP Tower Project (given in App. E).

4.3.1 Qualitative risk analysis

For this project, qualitative risk analysis has performed for technical risks under the

following headings of the project management stage:

= Conceptual design

= System components design

» Production and supply of system components

=  Assembly

= Hardware and software integration

= Commisioning and system test

The impact and probability values of risks has emerged (given in App. F). According
to these values risk levels of risks and risk matrix are prepared.

4.3.1.1 Risk analysis in conceptual design

When risk analysis has performed for the conceptual design stage, totally six (6)
risks are identified. Sixty seven percent (67%) of the risks are technical, seventeen
percent of risks (17%) are political and sixteen percent (16%) of risks are social

risks.

Technical risk category includes the maximum number of risks in conceptual design

stage of the project. Also percetages can be seen in Figure 4.22.

In Table 4.4, it is shown that impact and probability as numerical values. According
to these values, risk levels are also calculated. As it can be understood from the table,
in conceptual design phase includes low and medium levels of risk. In the conceptual
design stage, despite the high efficacy of the risks, there is no risk level more than
twelve which is medium risk level due to their low probability.
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Risks in Conceptual Design

B Technical ™ Social ® Political m Economic

Figure 4.22 : Risk distribution of conceptual design stage.
This could be seen from the probability and impact matrix of the conceptual design

risks (Figure 4.23).

Conceptual Design P_I Matrix

Probability

Impact

Figure 4.23 : Probability and impact matrix of conceptual design risks.
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Table 4.4 : Technical risks of conceptual design.

Risk Numerical Risk
number Risks Impact Probability Risk Level
in RBS Level

Miscalculation in field

1.1.1. settlement 5 1 5 Low

1.1.2.  Shadow effect 4 1 4 Low

121 Incorre_ct drawing in proces 4 1 4 Low

flow diagram

131 Error in modelling and 4 3 12 Medium

simulation programmes

The severity of the risks in conceptual design stage could be seen from the figure of
risk levels (Figure 4.24) .

Risk Levels of Conceptual Design

Risk Levels

Figure 4.24 : Risk levels of conceptual design stage.

As a result, conceptual design phase does not include high risks. Because this is the
first step of the project and the risks in the beginning can be easily determined and

taken precautions for these risks.

4.3.1.2 Risk analysis in system components design

The second phase of the project is system component design. It is important that the
design of the system components have to be designed correctly because the correct
design affects the energy system efficiency directly. This phase includes (Figure

4.25) only technical (6 risks) and social risks (1 risk).
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Risks in System Components Design

B Technical ™ Social ® Political M Economic

Figure 4.25 : Risk distribution of system components design stage.

When technical risks are considered in this phase according to their numercal values
of impact and probability, the risk levels can be observed in low and medium levels,

as a numerical value between 5 and 12 (shown in Table 4.5).

Table 4.5 : Technical risks of system components design.

Risk Numerical  Risk
number Risks Impact Probability Risk Level Level
in RBS

2.1.1. Faulty Heliostat design 5 1 5 Low

2.2.1.  Wrong tower design 5 1 5 Low

Design error in 5 Low

2:3.1. Receiver&Thermal equipments S !

2.4.1. Design error in software 5 2 10 Medium

519  Unproper heliostat concrete 4 3 12 Medium

reinforcement

213 Revision need for wrong 3 3 9 Medium

designed components

In the figure 4.26, the probability and impact values of the risks at this stage can be

seen comparetively.
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System Components Design
P-1 Matrix

Probability

Impact

Figure 4.26 : Probability and impact matrix of system components design risks.

The risk levels of system components design stage are between 5 and 12 as

numerical value as shown in Figure 4.27.

Risk Levels of
System Component Design

Risk Levels

Figure 4.27 : Risk levels of system components design stage.

In conclusion, system component design stage, one of the most important step for the

project, contains six technical risks with low and medium risk level.
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4.3.1.3 Risk analysis in production and supply of system components

After system component design, “production and supply of system components”
stage follows. This phase is also one of the important part affecting the success of the
project. Also it involves more risks from the previous stages. Total number of the
risk is twenty-two (22) which includes thirteeen technical, one social, one political,
seven economic risks (Figure 4.28).

Risks in Production and Supply of System
Components

M Technical ™ Social Political m Economic

Figure 4.28 : Risk distribution of production and supply of system components
stage.

As it is seen in the technical risk table (Table 4.6), most of risks (8 risks) are medium
level, three of them are low level and one is high risk level. In this stage, by
assessing the level of risks, project steps to be condisered can be identified. For
example, in this phase insufficient quality control of the system components can
cause high risk so this step must be done carefully.
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Table 4.6 : Technical risks of production and supply of system components.

Risk Numerical

number Risks Impact Probability Risk LR(;\S/:I
in RBS Level
3.1.2. Backlash in gearbox 4 1 4 Low
313, Errqr while pr_oducmg interface in 4 1 4 Low
desired precision
314 !Error \_Nhlle prqd_ucmg torque tube 4 2 8 Medium
in desired precision
Problem in the press when .
3.15. producing composite arms 4 2 8 Medium
316 Produqtlon error in t_he desired 4 2 8 Medium
reflection ratio of mirrors
317 Eg;(lure in production of control 4 3 12 Medium
3.2.1. Oscillation in the tower 4 2 8 Medium
3.3.1. Improper installation of pumps 5 2 10 Medium
3.3.2.  Improper installation of valves 5 2 10 Medium
3.1.7.  Failure in water treatment unit 4 2 8 Medium
3.3.10. Failures in production patterns 3 2 6 Low
3.3.11. Inadequate quality control 5 3 15 High

According to probability and impact matrix of production and supply of system
components stage (Figure 4.29), the maximum value for the probability is 3 and for

impact is five for this stage.

Production and Supply of System
Components P-l Matrix

Probability

Impact

Figure 4.29 : Probability and impact matrix of production and supply of system
components risks.
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When considering the level of risk (Figure 4.30), the values vary from the range of

four (4) and fifteen (15). The value of most of risk levels are eight (8).

Consequently, production and supply of system components stage is risky stage for
the projects. Many risks in this stage have the greatest impact but their probabilities
are not more than three (3). Thus these risks have controllable (low and medium) risk

levels.

Risk Levels of
Production and Supply of System Components

25

20

[EEN
(93]

Risk Levels

[EEN
o

0

Figure 4.30 : Risk levels of production and supply of system components stage.
4.3.1.4 Risk analysis in assembly

When risk analysis has performed for assembly stage, totally twenty-seven (27) risks
are identified. Forty-eight percent (48%) of the risks are technical, thirty-seven
percent of risks (37%) are social risks and fifteen percent (15%) of the risks are
economic risks (Figure 4.31). Technical risk category includes the maximum number

of risks in assembly stage of the project.
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Risks in Assembly

B Technical ™ Social Political ™ Economic

Figure 4.31 : Risk distribution of assembly stage.

Installation of system components is also important stage as the design stage in the
project. At this stage, risks have high effects. The risks in this phase are more critical

because of their medium and high risk levels (shown in Table 4.7).

Table 4.7 : Technical risks of assembly.

Risk Numerical

number Risks Impact Probability Risk I_Rel\s;lgl
in RBS Level
4.3.1. Improper boiler installation 5 2 10 Medium
4.3.2. Improper piping installation 5 2 10 Medium
4.3.3. Insufficient insulation 5 2 10 Medium
4.3.4. Improper fittings installation 5 2 10 Medium
43.20. Incorrect placement of the 3 2 5 Low
condenser
4.1.1. Improper heliostat erection 5 3 15 High
4.2.1. High tower construction problem 5 3 15 High
438, Bad weather condition during 4 3 12 Medium
construction
439 Detgnoratlon_of the heliostat 3 3 9 Medium
carrier crane in the assembly area
4.3.11. Failure of assembly instruments 4 2 8 Medium
4.3.11. Material loss during installation 3 3 9 Medium
4216 Wrong welding in tower 4 2 8 Medium

construction
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Assembly P-l1 Matrix

Probaility

Impact

Figure 4.32 : Probability and impact matrix of assembly risks.

In the Figure 4.32, the probability and impact values of the risks at this stage can be

seen comparetively.

In the assembly stage, the majority is medium level risks. The issues related with

heliostat and tower erection have greatest risk with fifteen (15) risk level value

(Figure 4.33).

Risk Levels of Assembly

25

20

[
(2]

Risk Levels
)

Figure 4.33 : Risk levels of assembly stage.
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Accordingly, assembly stage includes important risks related to components
installation. The levels of risks are between 6 and 15, most of them have medium risk

level.

4.3.1.5 Risk analysis in hardware and software integration

The fifth phase of the project is hardware and software integration. This phase
includes only technical (6 risks) and social risks (1 risk) (Figure 4.34).

When technical risks are considered in this phase according to their numercal values
of impact and probability, the risk levels can be observed in high and medium levels,

as a numerical value between 10 to 25 (Table 4.8).

Hardware and Software Integration stage is one of the most risky part of the project
due to its technical risks. The impact of the identified risks is maximum value: five
(5) for all risks. The probability of risks are also high (Figure 4.35).

Risks in Hardware and Software Integration

M Technical ™ Social Political m Economic

Figure 4.34 : Risk distribution of hardware and software integration stage.

Table 4.8 : Technical risks of hardware and software integration.

Risk Numerical Risk
number Risks Impact Probability .
. Risk Level Level
in RBS
Wireless communication .
>1.L problems of heliostats S S 25 High
5190 Connection problems with main 5 5 10 Medium
software
513 Communlcatlon-problems of 5 4 20 High
receiver and heliostats
5.2.1. Problem of receiver otomation 5 2 10 Medium
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Hardware and Software
Integration P-I Matrix

Probability

Figure 4.35 : Probability and impact matrix of hardware and software integration
risks.

These higher probability and impact values result high risk level. As it is seen in the
Figure 4.36, two of risks have high risk levels, one has medium and one has low risk

level.

Risk Levels of
Hardware and Software Integration

25 |
20
15
10
1.
5
0

Figure 4.36 : Risk levels of hardware and software integration stage.

Risk Levels
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As a result, because of communication and connection between hardware and

software of the system, this stage has more high level risks.

4.3.1.6 Risk analysis in commissioning and system test

After hardware and software integration stage, “commissioning and system test”

stage follows. This is the stage that contains the highest number of risk..

Additionally, this phase is the last step of the project, involving mostly medium risks.
Total number of the risk is thirty-five (35) which includes twenty-four (24) technical,

five (5) social, one (1) political and five (5) economic risks (Figure 4.37).

Risks in Commisioning and System Test

M Technical ™ Social Political m Economic

Figure 4.37 : Risk distirbution of commisioning and system test stage.

In Table 4.9, it is shown that impact and probability of risks as numerical values.
According to these values, risk levels are also calculated and evaluated whether it is

high, medium or low risk.

According to this analysis, technical risks of commisioning and system test stage
includes 4 high, 17 medium and 3 low risks. Most of the medium risks has 10 risk
level value as shown in Figure 4.38. The most critical risk is “problem in signaling in

abnormal cases” in this stage.
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Table 4.9 : Technical risks of commisioning and system test.

Risk

Numerical

number in Risks Impact Probability Risk Ifeel\s/lgl

RBS Level

6.11 Deforma_ltlon of receiver 5 5 10 Medium
due to high temperature
Deformation of receiver .

6.1.2. due to high pressure 5 2 10 Medium
Insufficient gas

6.8.1. purification in deaerator 3 2 6 Low
unit

651 Too low or too high inlet 5 9 10 Medium
steam flow rate
Too low or too high inlet .

6.3.2. steam temperature 5 2 10 Medium

6.4 Too low or too high inlet 5 5 10 Medium
steam pressure

652  100lowortoo high 5 2 10 Medium
exhaust vapor flow rate

633 oo lowortoo high 5 2 10 Medium
exhaust vapor temperature

6.43 100 lowortoo high 5 2 10 Medium
exhaust vapor pressure
Heliostat concentration .

6.1.3. oroblem 3 3 9 Medium

6.1.4. Mirror reflection failure 4 1 4 Low
Excessive heating in

6.6.1. thermal system 5 2 10 Medium
components

6.3.4.  lemperature sensor 5 2 10 Medium
problem

6.4.4. Pressure sensor problem 5 2 10 Medium
Flow rate measurement .

6.5.3. equipment problem 5 2 10 Medium

6.35 Increasing cooling water 5 5 10 Medium
temperature

6.8.8. Lower yield 5 2 10 Medium

6.8.9. Difficult acces to site (like 4 4 16 High
desert area)

6.8.10.  -ailure of measuring 4 3 12 Medium
instruments

6.8.11. Problem in signaling in 5 5 25 High
abnormal cases

6.8.12.  Corruption of the 5 1 5 Low
calibration device

6.5 ~ CXcessiveduston 4 5 20 High
reflective mirror
Erosion of the surface

6.7.1. paint of thermal 4 4 16 High
components

6.8.16. Missing grounding in 4 2 8 Medium

electrical equipment
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Commisioning and System Test
P-1 Matrix

Probability

Impact

Figure 4.38 : Probability and impact matrix of commisioning and system tests risks.

As it can be understood from the Figure 4.39, in commisioning and system test phase

includes mostly high and medium levels of risk.

When technical risks are considered in this phase according to their numerical
values, risk levels can be observed in low, medium and high levels, starting from 4

and goes to 25 value.

In conclusion; commisioning and system tests, the last and risky stage of the project,
contains totally 24 technical risks. Many risks in this stage have the greatest impact.

The levels of risks changes between 4 and 25, most of them have medium risk level.

In summary, technical risks of the project are evaluated according to their
probability, impact and risk level. Each stage of the project is studied separately. The
stage containing the most risk is the last stage, commisioning and system tests with
24 risks.
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Risk Levels of Commisioning and System
Tests

Risk Levels

Figure 4.39 : Risk levels of commisioning and system tests stage.
4.3.2 Quantitative risk analysis

Precise information is required for quantitative risk analysis. In this study, because of
the unprecise outputs of foreseeable risks, the effect of risk in terms of time and

money (temporal and monetary) will not be calculated for all risks.

For example; if we look at the risk numbered 6.1.5. in the risk breakdown structure
“Excessive dust on reflective mirror”, in order to evaluate this risk based on the
quantitative risk analysis, the answer of the following questions as numerically must
be known: “how often they are getting dirty?”, “how the dirtiness affect the
reflection efficiency of the mirror?”, “which method (water or dry washing) is used
to clean the mirrors?”, “how many people can clean the mirror?”, “how much water
is used to clean the mirror?”, “what is the cleaning cost per mirror?”. Even for only
one risk; accurate and numerical information is needed for quantitative risk anlysis.

Thus; quantitative risk analysis is outside the scope of this thesis.

4.4 Risk Response Planning and Risk Control for ST1 Project

Detailed risk response plan preparation and risk control are outside the scope of this
thesis. However, risks could be prioritized according to identified risk level as shown
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in Figure 4.40. Risk response and control priority is as follows: high, medium and
low risks. The first-priority risks are the high-risk levels, which have risk levels
between fifteen (15) and twenty-five (25). The second priority risks are medium level
risks, which have risk levels between eight (8) and twelve (12). The third priority
risks are low risk levels, which have risk levels between one (1) and six (6)

according to risk level matrix.

By using strategies such as risk avoidance and risk reduction, probability and impact
of risks can be reduced. Until risk is brought up to acceptable limits; work can be
stopped, controls can be increased, monitoring and measurement plan is made and
records are kept an also as much as possible improvements must be followed,

monitored and reported to management.

5 5 10
4 4 8
3 3 6
2 2 4 6 8 10
1 1 2 3 4 5
Probability | 1 2 3 4 5
Risk
Levels [

Figure 4.40 : Risk level priority.
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5. CONCLUSION

Along with these study, it has been approved the applicability of risk management to
renewable energy projects. The energy of the future is sustainable, renewable energy
sources. Inorder to utilize these renewable energy sources in an efficient manner,

potential risks must be identified and managed.

Risk management has a great importance in terms of both increasing quality and cost

reduction. Risks must be managed firmly to achieve the objectives of the project.

In this thesis, the case of an exemplary CSP tower steam production plant project
called ST1 is studied. After preparation of project plan (App. A) and time table
(App.B), risk analysis is decided to be according to the project stages.

Project risk analysis has been evaluated for this case. Consequently, the risks are
identified as follows (App. C): conceptual design stage: six (6) risks, system
components design stage: seven (7) risks, production and supply of system
components: twenty-two (22) risks, assembly: twenty- seven (27) risk, hardware and
software integration: seven (7) risks, commisioning and system test: thirty-five (35)
risks. Additionally; these identified risks are evaluated as following categories. The
number of technical, social, economic and political risks are sixty- two (62), thirteen
(13), thirteen (13) and three (3) in this order.

After all of the project risks are identified, technical risks are analyzed qualitatively.
According to this analysis; the number of technical risks are in each project stage as
follows (App. E): in conceptual design stage: four (4); in system components design
stage: six (6); in production and supply of system components stage: thirteen (13); in
assembly stage: (13); in hardware and software integration stage: six (6); in

commisioning and system test stage:twenty-four (24).

Also technical risks are analyzed in terms of probability and impact values (App. F).
The first-priority risks are the high-risk levels (risk level value between 15 and 25).

The second priority risks are medium level risks (risk level value between 8 and 12).
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The third priority risks are low risk levels (risk level value between land 6)

according to risk level matrix.

According to qualitative risk analysis, technical risks have fourteen (14) low level

risks, thirty-nine (39) medium level risks and nine (9) high level risks. As it is seen

from the results, most of risks are medium level risks. The stage containing the most

risk is the last stage, commisioning and system tests with twenty-four (24) risks.

After this study, future work suggestions are as follows:

Identified uncertainities must be evaluated as risks and they have to be managed,
The project management plans associated with risks need to be updated,
Project plan and time table should be reevaluated considering the identified risks,

If accurate information (temporal and monetary) exists, quantitative risk analysis

can be performed,
Probabilities and impacts of risks can be reevaluated,

Until risk is brought up to acceptable limits; work can be stopped, controls can be
increased, monitoring and measurement plan is made and records are kept an also
as much as possible improvements must be followed, monitored and reported to

management,

Risk management cycle should be continued.

This is the overview of this master thesis. Risk analysis is not limited to this study.

with more numerical risk data, more comprehensive study can be done for future

study.
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APPENDIX A

Table A.1: Project plan.

1. Conceptual 2. System 3. Production and 5. Hardware and 6. Commisionin
C P Components Supply of System 4. Assembly Software : g
Design - - and System Tests
Design Components Integration
5.1. Heliostat
1.1. Field 2.1. Heliostat 3.1. Heliostat 4.1. Heliostat ~ hardware and 6.1. Concentration
settlement plan  design components Production  erection software tests
integration
5.2.
1.2. Proces . 3.1.1. Heliostat Concrete  4.2. Tower Receiver&Thermal 6.2. Reflection
. 2.2. Tower design : - proces hardware
flow diagram Reinforcement erection tests
and software
integration
2.3. Receiver& 4.3. Receiver& .
1.3. System 5.3. Integration
modelling and ;:rhjirmn?énts 3.1.2. Heliostat Anchor Zhjimr]:énts with central '?egt Temperature
simulation quip quip software
design placement
é;.igsr?ftware 3.1.3. Gearbox System 6.4. Pressure tests

3.1.4. Interface

3.1.5. Torque tube

3.1.6. Composite support

3.1.7. Linear actuator

3.1.8. Reflective mirror

3.1.9. Control box
3.2. Tower

3.3. Receiver and

Thermal equipments

3.3.1. Receiver
3.3.2. Boiler
3.3.3. Pumps

3.3.4. Piping

3.3.5. Water treatment

unit

3.3.6. Insulation
3.3.7. Fittings
3.3.8. Condenser

3.3.9. Deaerator

6.5. Trial
production

6.6. Thermal
efficiency tests
6.7. Hot cycle
efficiency analysis
6.8. Total system
test
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APPENDIX B

Table B.1: Project time table.

PROJE ADI : ST1 CSP Tower Project

1st year

2nd year

NO

Project Time Table

DURATION

Month1 Month
and2 3and4

Month5 Month
and 6

Month ~ Month
7and8 9and10 11and12

Month
land?2

Month  Month  Month ~ Month ~ Month
3and4 5and6 7and8 9and10 1land 12

CONCEPTUAL DESIGN

2 MONTH

X X X X

11
12
13

Field Settlement Plan
Process Flow Diagram
System Modelling and Simulation

SYSTEM COMPONENTS DESIGN

4 MONTHS

21
22
23
24

Heliostat Design

Tower Design

Receiver&Thermal Equipments Design
Software Design

PRODUCTION AND SUPPLY OF SYSTEM
COMPONENTS

10 MONTHS

XXX XXXXXXXX XXX

X X

31
311
312
313
314
315
3.16
317
318
319

32

331
332
333
334
335
336
337
338
339

Heliostat components Production
Heliostat Concrete Reinforcement
Heliostat Anchor

Gearbox System

Interface

Torque tube

Composite support

Linear actuator

Reflective mirror

Control box

Tower

Receiver and Thermal equipments
Receiver

Boiler

Pumps

Piping

Water treatment unit

Insulation

Fittings

Condenser

Deaerator

ASSEMBLY, HARDWARE AND SOFTWARE
INTEGRATION

12 MONTHS

XXX XXXXXXXX XXX

XXXXXXXXXX

4.1
4.2
43
4.4

45
4.6

Heliostat erection

Tower erection

Receiver&Thermal equipments placement
Heliostat hardware and software integration
Receiver&Thermal proces hardware and software
integration

Integration with central software

COMMISIONING AND SYSTEM TESTS

12 MONTHS

5.1

53
54
55
5.6
5.7
58

Concentration tests
Reflection tests
Temperature test

Pressure tests

Trial production

Thermal efficiency tests
Hot cycle efficiency analysis
Total system test
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APPENDIX C

Table C.1: Risk identification table.

In which phase(s) does the risk cause concern?

= p] c G i< ® | £EE
2g|e8g|S2c8 |2 EEB S8,
. K=z L 5.2 a8 5 e = © K2R
Number | Category Risk 82| 1283|2588 | 3|B85 Emﬁ
§8|#EC|BSAE B | So 2| EE
© S |xg & Ts=|83%
1 Technical | Miscalculation in field settlement X
2 Technical | Shadow effect
3 Technical chorrect drawing in proces flow X
diagram
4 Technical Error in modelling and simulation X
programmes
5 Technical | Faulty Heliostat design X
6 Technical | Wrong tower design X
. Design error in
! Technical Receiver&Thermal equipments X
8 Technical | Design error in software X
9 Technical Upproper heliostat concrete X X
reinforcement
10 Technical | Backlash in gearbox X
1 Technical Error while pr_oducmg interface in X
desired precision
12 Technical Error \_Nhlle prqd_ucmg torque tube X
in desired precision
13 Technical Problem in the press when X
producing composite arms
. Production error in the desired
14 Technical reflection ratio of mirrors X
15 Technical Failure in production of control
box
16 Technical | Oscillation in the tower X
17 Technical D_eformatlon of receiver due to X
high temperature
. Deformation of receiver due to
18 Technical high pressure X
19 Technical | Improper boiler installation X
20 Technical | Improper installation of pumps X
21 Technical | Improper installation of valves X
22 Technical | Improper piping installation X
23 Technical | Failure in water treatment unit X
24 Technical | Insufficient insulation X
25 Technical | Improper fittings installation
26 Technical Incorrect placement of the
condenser
27 Technical Insufficient gas purification in %
deaerator unit
28 Technical Too low or too high inlet steam X
flow rate
29 Technical Too low or too high inlet steam X
temperature
30 Technical Too low or too high inlet steam X
pressure
31 Technical Too low or too high exhaust X
vapor flow rate

66




Table C.1 (continued)

Too low or too high exhaust

32 Technical vapor temperature X
33 Technical Too low or too high exhaust X
vapor pressure
34 Technical | Improper heliostat erection
35 Technical | High tower construction problem
. Wireless communication
36 Technical problems of heliostats
37 Technical Connection problems with main
software
38 Technical Corr]munlcatlon_problems of
receiver and heliostats
39 Technical | Problem of receiver otomation
40 Technical | Heliostat concentration problem X
41 Technical | Mirror reflection failure X
42 Technical Excessive heating in thermal X
system components
43 Technical | Temperature sensor problem X
44 Technical | Pressure sensor problem X
. Flow rate measurement
45 Technical equipment problem X
46 Technical Increasing cooling water X
temperature
47 Social | Irregularity in the assembly bands
48 Social | Irregular cabling
. Marking of high pressure and
49 Social high temperature equipments
. Leaving open the electrical
50 Social cabinet doors X
. The lack of security alerts in the
51 Social assembly area
. Not using safety equipment when
52 Social working on towers
The lack of security alerts in the
53 Social | tower and thermal equipment X
field
54 Economic The excessive increase in
material prices
55 political Decline in government incentives X
for solar energy
56 Economic | Extreme weather condition X
57 Economic Long term solar irradiation X
decrease
58 political Procedu_rel d_elay of electricity X
production licence
59 Economic Delay_m procurement of )
materials from overseas supplier
60 Economic Delay in production of heliostat
components
61 Political | Possible delay in construction
Strict regulation on custom while
62 Economic | procurement of imported
equipments
63 Economic Hellostat_ mirror damage while
transferring
64 Economic | Partner bankruptcy X
65 Social | Skilled labour anavailability X X
66 Technical | Lower yield X
67 Technical Difficult acces to site (like desert X

area)
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Table C.1 (continued)

Bad weather condition during

68 Technical construction
. Deterioration of the heliostat
69 Technical - .
carrier crane in the assembly area
70 Economic Loss of manpower from any
cause
71 Technical | Failure of measuring instruments
72 Technical | Failure of assembly instruments
73 Technical | Failures in production patterns
74 Technical | Inadequate quality control
75 Technical | Material loss during installation
76 Economic | Field floor distortion
77 Technical Re\{lsmn need for wrong
designed components
78 Technical Problem in signaling in abnormal
cases
79 Social Lack of training of technical
employees
80 Technical Corruption of the calibration
device
. Excessive dust on reflective
81 Technical mirror
. Erosion of the surface paint of
82 Technical thermal components
. Insufficiently ventilated indoor
83 Social assembly places
. Wrong welding in tower
84 Technical construction
. Personel training about health and
85 Social safety
86 Economic Nurnbe( of missing fire
extinguisher
87 Economic | Natural disasters
88 Technical Missing grounding in electrical
equipment
. Personal protective equipment
89 Social usage by employees
Lack of Information about the
90 Social | harm of used chemicals in water
treatment unit
91 Economic The warranty period constraints

of purchased products
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APPENDIX D

1. Conceptual

Table D.1: Full risk breakdown structure.

2. System Components

3. Production and

5. Hardware and

6. Commisioning

Design Design LRI @A | 2, AL Softwarg and System Tests
Components Integration
n n 5.1. Heliostat
1.1 Field 3.1. Heliostat g q
Settlement 2.1 Heliostat Design components :}i clt-:(e)lr:ostat sgfr?v‘\,/\;?'ree e ?eslt sConcentratlon
Plan Production : -
integration
111 5.1.1 Wireless .
Miscalculation | 2.1.1 Faulty heliostat géllitl)sg??:?nezite 4.1.1 Improper communication g'flrgc?is/g:rmfglt(z) "
in field design reinforeement heliostat erection problems of high temperature
settlement heliostats 9 P
1.1.2 Shadow | 2.1.2 Unproper heliostat | 3.1.2 Backlash in 4.1.2 Irregularity in Biee Conne_ctlon g D_eformatlon
3 problems with of receiver due to
effect concrete reinforcement gearbox the assembly bands . .
main software high pressure
5.1.3
2.1.3 Revision need for 3.1.3 Error while 4.1.3 The lack of Communication 6.1.3 Heliostat
1.2 Process - S . . .
Flow Diagram wrong designed produ_cmg |nte|_'che security alerts in prob_lems of concentration
components in desired precision | the assembly area | receiver and problem
heliostats
1.2.1 Incorrect 3.1.4 Error while
drawing in 2.1.4 Skilled labour producing torque 4.1.4 Irregular 5.1.4 Skilled labour | 6.1.4 Mirror
proces flow anavailability tube in desired cabling anavailability reflection failure
diagram precision
1.3 System S il Bl I 42 4.1.5 Heliostat - 6.1.5 Excessive
modelling and | 2.2 Tower Design press V\{hen .. | mirror damage 243 lef_lcult dust on reflective
. ; : producing composite - . acces to site .
simulation arms while transferring mirror
1.3.1 Error in 3.1.6 Production 5.1.6 Missing
modelling and | 2.2.1 Wrong Tower error in the desired 4.1.6 Skilled labour | grounding in .
simulation Design reflection ratio of anavailability electrical B2, el eban s
programmes mirrors equipment
. 5.2.
1.3.2 Decline . . . . .
in government 2.2.2 Revision need for 3.1.7 Failure in 4.1.7 Difficult Receiver&Thermal | 6.2.1 Deformation

incentives for
solar energy

wrong designed
components

production of control
box

acces to site

proces hardware
and software
integration

of receiver due to
high temperature

1.3.3 Skilled
labour
anavailability

2.2.3 Skilled labour
anavailability

3.1.8 Delay in
production of
heliostat components

4.1.8 Bad weather
condition during
construction

5.2.1 Problem of
receiver otomation

6.3. Temperature
test

2.3 Receiver&Thermal
equipments design

3.1.9 The excessive
increase in material

4.1.9 Deterioration
of the heliostat
carrier crane in the

5.2.2 Connection
problems with

6.3.1 Deformation
of receiver due to

prices assembly area main software high temperature
; 523
2.3.1 Design error in S kYT 4.1.10 Loss of Communication 6.3.2 Too low or
. procurement of e
Receiver&Thermal materials from manpower from problems of too high inlet steam
equipments overseas supplier any cause Liﬁ?éZf;tsnd temperature

2.3.2 Revision need for
wrong designed
components

3.1.11 Possible delay
in construction
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4.1.11 Failure of
assembly
instruments

5.2.4 Skilled labour
anavailability

6.3.3 Too low or
too high exhaust
vapor temperature




Table D.1 (continued)

3.1.12 Strict
regulation on custom

4.1.12 Material

2.3.3 Skilled labour hil eES G 5.2.5 Difficult 6.3.4 Temperature
anavailability while procurement 0SS auring acces to site sensor problem
of imported installation
equipments
n 5.2.6 Missing n
2.4 Software design r3n|1rr103; E:rlrllgs?tlvhile ALIFEG ey | Gt ) gé)?slsir:n?/:/?iﬁlrng
’ 9 amag distortion electrical 9
transferring . temperature
equipment

2.4.1 Design error in

3.1.14 Partner

4.1.14 Lack of
training of

5.3. Integration

software bankruptcy technical \S/\gmer:tral e (ARSI (B st
employees
2.4.2 Revision need for . 4'1'15. . 5.3.1 Connection 6.4.1 Deformation
- 3.1.15 Skilled labour | Insufficiently - .

wrong designed
components

anavailability

ventilated indoor
assembly places

problems with
main software

of receiver due to
high pressure

2.4.3 Skilled labour
anavailability

3.1.16 Failures in
production patterns

4.1.16 Personel
training about
health and safety

5.3.2
Communication
problems of
receiver and
heliostats

6.4.2 Too low or
too high inlet steam
pressure

3.1.17 Inadequate

4.1.17 Natural

5.3.3 Skilled labour

6.4.3 Too low or
too high exhaust

quality control disasters anavailability
vapor pressure
4.1.18 Personal
SRR e iy protective 5.3.4 Difficult 6.4.4 Pressure

period constraints of
purchased products

equipment usage
by employees

acces to site

sensor problem

3.2. Tower

4.2 Tower erection

5.3.5 Missing
grounding in
electrical
equipment

6.5. Trial
production

3.2.1 Oscillation in
the tower

4.2.1 High tower
construction
problem

3.2.2 The excessive
increase in material
prices

4.2.2 Not using
safety equipment
when working on
towers

3.2.3 Delay in
procurement of

4.2.3 Skilled labour

materials from anavailability
overseas supplier
3.2.4 Possible delay | 4.2.4 Difficult

in construction

acces to site

3.2.5 Strict
regulation on custom
while procurement

4.2.5 Bad weather
condition during

of imported construction
equipments

4.2.6 Deterioration
3.2.6 Partner of the heliostat
bankruptcy carrier crane in the

assembly area

3.2.7 Skilled labour
anavailability
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4.2.7 Loss of
manpower from
any cause

6.5.1 Too low or
too high inlet steam
flow rate

6.5.2 Too low or
too high exhaust
vapor flow rate

6.5.3 Flow rate
measurement
equipment problem

6.5.4 Lack of
Information about
the harm of used
chemicals in water
treatment unit

6.6. Thermal
efficiency tests

6.6.1 Excessive
heating in thermal
system components

6.6.2 The lack of
security alerts in the
tower and thermal
equipment field




Table D.1 (continued)

3.2.8 Failures in
production patterns

4.2.8 Failure of
assembly
instruments

3.2.9 Inadequate
quality control

4.2.9 Material loss
during installation

6.7. Hot cycle
efficiency analysis

3.2.10 The warranty
period constraints of
purchased products

4.2.10 Field floor
distortion

6.7.1 Erosion of the
surface paint of
thermal
components

4.2.11 Lack of

6.8. Total system
test

3.3. Receiver and training of

Thermal equipments | technical
employees
4212

3.3.1 Improper Insufficiently

installation of pumps

ventilated indoor
assembly places

6.8.1 Insufficient
gas purification in
deaerator unit

3.3.2 Improper
installation of valves

4.2.13 Personel
training about
health and safety

6.8.2 Leaving open
the electrical
cabinet doors

6.8.3 Extreme
weather condition

6.8.4 Long term
solar irradiation
decrease

3.3.3 Failure in 4.2.14 Natural
water treatment unit | disasters
3.3.4 The excessive 4.2.15 I_:’ersonal
increase in material prot_ectlve
- equipment usage

prices

by employees
3.3.5 Delay in 4.2.16 Wrong

procurement of
materials from
overseas supplier

welding in tower
construction

6.8.5 Procedurel
delay of electricity
production licence

3.3.6 Possible delay
in construction

4.3
Receiver&Thermal
equipments
placement

6.8.6 Partner
bankruptcy

3.3.7 Strict
regulation on custom
while procurement

4.3.1 Improper
boiler installation

6.8.7 Skilled labour
anavailability

of imported

equipments

3.3.8 Partner 4.3.2 Improper
bankruptcy piping installation

6.8.8 Lower yield

3.3.9 Skilled labour
anavailability

4.3.3 Insufficient
insulation

6.8.9 Difficult
acces to site

3.3.10 Failures in
production patterns

4.3.4 Improper
fittings installation

6.8.10 Failure of
measuring
instruments

3.3.11 Inadequate
quality control

4.3.5 Irregular
cabling

6.8.11 Problem in
signaling in
abnormal cases

3.3.12 The warranty
period constraints of
purchased products

4.3.6 Skilled labour
anavailability

6.8.12 Corruption
of the calibration
device

71

4.3.7 Difficult
acces to site

6.8.13 Personel
training about
health and safety

6.8.14 Number of
missing fire
extinguisher
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Table D.1
(continued)
4.3.8 Bad weather

condition during
construction

4.3.9 Deterioration
of the heliostat
carrier crane in the
assembly area

6.8.15 Natural
disasters

4.3.10 Loss of
manpower from
any cause

6.8.16 Missing
grounding in
electrical
equipment

4.3.11 Failure of
assembly
instruments

4.3.12 Material
loss during
installation

4.3.13 Field floor
distortion

4.3.14 Lack of
training of
technical
employees

4.3.15
Insufficiently
ventilated indoor
assembly places

4.3.16 Personel
training about
health and safety

4.3.17 Natural
disasters

4.3.18 Personal
protective
equipment usage
by employees

4.3.19 Marking of
high pressure and
high temperature
equipment

4.3.20 Incorrect
placement of the
condenser




APPENDIX E

Table E.1: Risk breakdown structure number of identified technical risks.

Number RBS Technical Risks Probability  Impact Risk
number Level

1 1.1.1. Miscalculation in field settlement 1 5 5

2 1.1.2. Shadow effect 1 4 4

3 121 Ir)correct drawing in proces flow 1 4 4
diagram

4 131 Error in modelling and simulation 3 4 12
programmes

5 2.1.1. Faulty Heliostat design 1 5 5

6 2.2.1. Wrong tower design 1 5 5

7 231 Des_lgn error in Receiver&Thermal 1 5 5
equipments

8 2.4.1. Design error in software 2 5 10

9 219 Upproper heliostat concrete 3 4 12
reinforcement

10 3.1.2. Backlash in gearbox 1 4 4

11 313, Errqr while pr_oducmg interface in 1 4 4
desired precision

12 314 Err(_)r while pr_oducmg torque tube in 5 4 8
desired precision

13 315 Problem_ in the press when producing 5 4 8
composite arms

14 316 Produqtlon error in t_he desired 5 4 8
reflection ratio of mirrors

15 3.1.7. Failure in production of control box 3 4 12

16 3.2.1. Oscillation in the tower 2 4 8

17 6.11 Deformation of receiver due to high 9 5 10
temperature

18 6.12. Deformation of receiver due to high 9 5 10
pressure

19 4.3.1. Improper boiler installation 2 5 10

20 3.3.1.  Improper installation of pumps 2 5 10

21 3.3.2.  Improper installation of valves 2 5 10

22 4.3.2. Improper piping installation 2 5 10

23 3.1.7. Failure in water treatment unit 2 4 8

24 4.3.3. Insufficient insulation 2 5 10

25 4.3.4. Improper fittings installation 2 5 10

26 4.3.20. Incorrect placement of the condenser 2 3 6

97 6.8.1 Insufficient gas purification in 9 3 6
deaerator unit

28 651 :‘;c;: low or too high inlet steam flow 2 5 10

29 6.3.2. Too low or too high inlet steam 5 5 10
temperature

30 6.4 Too low or too high inlet steam 5 5 10

pressure
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Table E.1 (continued)

32

33

34
35

36

37

38

39
40
41

42

43
44

45

46
66

67

68

69

71
72
73
74
75

77

78

80
81

82
84
88

6.3.3.

6.4.3.

41.1.
4.2.1.

5.1.1.

5.1.2.

5.1.3.

5.2.1.
6.1.3.
6.1.4.

6.6.1.

6.3.4.
6.4.4.

6.5.3.

6.3.5.
6.8.8.

6.8.9.

4.3.8.

4.3.9.

6.8.10.
4.3.11.
3.3.10.
3.3.11.
4.3.11.

2.1.3.

6.8.11.
6.8.12.

6.1.5.
6.7.1.

4.2.16.
6.8.16.

Too low or too high exhaust vapor
temperature

Too low or too high exhaust vapor
pressure

Improper heliostat erection

High tower construction problem
Wireless communication problems of
heliostats

Connection problems with main
software

Communication problems of receiver
and heliostats

Problem of receiver otomation
Heliostat concentration problem
Mirror reflection failure

Excessive heating in thermal system
components

Temperature sensor problem
Pressure sensor problem

Flow rate measurement equipment
problem

Increasing cooling water temperature
Lower yield

Difficult acces to site (like desert
area)

Bad weather condition during
construction

Deterioration of the heliostat carrier
crane in the assembly area

Failure of measuring instruments
Failure of assembly instruments
Failures in production patterns
Inadequate quality control

Material loss during installation
Revision need for wrong designed
components

Problem in signaling in abnormal
cases

Corruption of the calibration device
Excessive dust on reflective mirror
Erosion of the surface paint of
thermal components

Wrong welding in tower construction
Missing grounding in electrical
equipment
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APPENDIX F

Table F.1: Probability, impact and risk level values of technical risks.

In which phase(s) does the risk cause

75

concern?
> 0
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o o
1 111 Miscalculation in field X 1 5 5
settlement
2 1.1.2. | Shadow effect X 1 4 4
3 121 Incorrect dravylng in X 1 4 4
proces flow diagram
4 131 Error in modelling and X 3 4 12
simulation programmes
5 2.1.1. | Faulty Heliostat design X 1 5 5
6 2.2.1. | Wrong tower design X 1 5 5
Design error in
7 2.3.1. | Receiver&Thermal X 1 5 5
equipments
8 2.4.1. | Design error in software X 2 5 10
9 912, Unproper h_ellostat X X 3 4 12
concrete reinforcement
10 3.1.2. | Backlash in gearbox X 1 4 4
Error while producing
11 3.1.3. | interface in desired X 1 4 4
precision
Error while producing
12 3.1.4. | torque tube in desired X 2 4 8
precision
Problem in the press
13 3.1.5. | when producing X 2 4 8
composite arms
Production error in the
14 3.1.6. | desired reflection ratio X 2 4 8
of mirrors
15 317 Failure in production of X 3 4 12
control box
16 3.2.1. | Oscillation in the tower X 2 4 8
17 611 Deformgtlon of receiver X 2 5 10
due to high temperature
18 612, Deformgtlon of receiver X 2 5 10
due to high pressure
Improper boiler
19 4.3.1. | installation X 2 5 10
20 331 Improper installation of X 9 5 10
pumps
21 332 Improper installation of X ? 5 10
valves
22 | 432 |mproper piping X 2 5 10
installation




Table F.1 (continued)

Failure in water

23 3.L7. treatment unit 8

24 4.3.3. | Insufficient insulation 10

25 434 _Imprope_r fittings 10
installation

2% | 43.20. Incorrect placement of 6
the condenser
Insufficient gas

27 6.8.1. | purification in deaerator 6
unit

28 651 Too low or too high 10
inlet steam flow rate

29 6.3.2. Too low or too high 10
inlet steam temperature

30 6.4.2. Too low or too high 10
inlet steam pressure

3 6.52. Too low or too high 10
exhaust vapor flow rate
Too low or too high

32 6.3.3. | exhaust vapor 10
temperature

33 6.43. Too low or too high 10
exhaust vapor pressure

34 411 Imprpper heliostat 15
erection

35 421 High tower construction 15
problem
Wireless

36 5.1.1. | communication 25
problems of heliostats

37 512 Cpnnect_lon problems 10
with main software
Communication

38 | 5.1.3. | problems of receiver 20
and heliostats

39 521 Probler_n of receiver 10
otomation

40 613 Heliostat concentration 9
problem

41 6.1.4. | Mirror reflection failure 4
Excessive heating in

42 6.6.1. | thermal system 10
components

43 6.34. Temperature sensor 10
problem

44 6.4.4. | Pressure sensor problem 10

45 653, FIO\_N rate measurement 10
equipment problem

46 6.35. Increasing cooling water 10
temperature

66 6.8.8. | Lower yield 10

67 6.8.9. D_|ff|cult acces to site 16
(like desert area)

68 438 Bad_ weather con_dltlon 12
during construction
Deterioration of the

69 4.3.9. | heliostat carrier crane in 9
the assembly area

1 |es10. Fallure of measuring 12
instruments

72 |a311 Fallure of assembly 8
instruments
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Table F.1 (continued)

Failures in production

73 3.3.10. 6
patterns

74 |3311 Inadequate quality 15
control

75 | 4311 !\/Iaterlal_ loss during 9
installation
Revision need for

77 2.1.3. | wrong designed X 9
components

78 |6811 Problem in signaling in 25
abnormal cases

80 |6812 Corrupt_lon of the 5
calibration device

81 6.15. Excesglve dl_Jst on 20
reflective mirror
Erosion of the surface

82 6.7.1. | paint of thermal 16
components

84 | 4216 Wrong wgldmg in tower 8
construction

88 | 6816 Missing grounding in 8

electrical equipment
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