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ABSTRACT
[bookmark: _Hlk184203946]            Solar energy projects are a clean and renewable source of electrical energy. Risk assessment of schedule for solar energy projects provides an improved decision-making process to meet the project’s deadline, taking into consideration every potential risk. This research aims to assess the risks of schedule for solar energy projects in Egypt. It was a result of brainstorming sessions and questionnaires made by experts, in addition to using Primavera software for risk analyzing, processing acquired data from experts, quantitative and qualitative analysis of data and risk assessment. This research study begins with the definition of risk, identifying probability, severity of impact and analysis. As a result of the proposed risk assessment methodology, the research prioritizes those risks according to their criticality. This research also reinforces the reference to the state's interest in risk management studies and applications for solar energy projects in Egypt, and the results highlighted the importance of managing the risks of these projects. These findings can be applied to solar and renewable energy projects such as wind projects. Also, the research methodology can be applied to any risk management process in construction, industry, research or other projects.
KEYWORDS:  Risk management, solar energy, threats, schedule risks, solar energy projects, Photovoltaics, solar ponds, solar panels, renewable energy.
1. INTRODUCTION
         The expansion of industries and growing population has increased the demand for energy [1] [2]. the world is rushing toward clean energy resources to cope with energy demands [3]. It is necessary for the sustainable development platform to include solar energy initiatives in order to protect public health, and the most potential unconventional source of energy today is solar electricity. Solar energy can be used in different ways, including solar sinks and photovoltaic applications [1], [2]. Solar energy projects have many benefits like scalability, improving electrical services, and ease of access in isolated areas, in addition to helping in redistributing population across the deserts of the east and west of Egypt [3].
         As mentioned in the research introduction, the importance and necessity of solar energy projects today, for using them in different ways.
The of solar projects are deemed vital to their success. Since today's business environment is dynamic, risks change rapidly, affecting the projects schedule and must be followed up at all stages, taking into account the risks that may appear suddenly leading to confusion, delay, project termination, or perhaps total collapse. The problem posed by this research put forward the following questions relating to the schedule of solar energy projects in Egypt:
· What are the potential risks?
· What tools and methods are used to identify risks?
· What are the methods of risk analysis?
· Which risks are prioritized?

1.1 Methods of research
The research aim can be summarized as follows:
· Identification of risks.
· Explain the technique used in identification of risks.
· Determine risk analysis methods.
design and setting of the study:
Using the case study, the risks of solar projects in Egypt were identified, then prioritized according to their analysis. Some studies show that most organizations do not conduct a risk analysis, for example, only 30% of organizations conduct a risk analysis in their projects.  [5] [6]
The importance of the research lies in the use of expert brainstorming techniques, questionnaire, analysis tools, and case study [4].
This research is a result of brainstorming sessions and questionnaires made by experts have experience between 10 and 20 years, in addition to using Primavera software for risk analyzing, processing acquired data from experts, quantitative and qualitative analysis of data and risk assessment.
2. Results of research
[bookmark: _Hlk146198958]The results of the prioritization of the five most important risks that have been previously responded to and have an impact on the schedule of  solar project due to risk sensitivity: S22 includes the absence of water resources and distance from highways, power networks, transmission and distribution, second S30 includes delays in acquiring the start-up signing contracts according to exchange rate change, inflation and various reasons like government policies changes, regulations, or economic conditions, and the third is for S6, which contains delays in obtaining local approvals from DEWA, the fourth is for S34, which is for silicon rooftop solar panels that cause environmental bottlenecks from air emissions during roof fires and from waste from uncontrolled units, and the fifth is for S7, which concerns delays in procurement of construction license. As for the prioritization of the five most important risks after responding to them later by reducing the average, and accepting the low, the results of the ranking of the five most important risks are: S36 comes in the first place, which is the potential impact of production and waste disposal processes on the environment and human health, and the second is S22, which represents the absence of water resources and distance from highways and networks. The third is S30 which is the delay of works and the delay of signing contracts according to the change of the exchange rate and other variables like government policies changes, regulations, or economic conditions, the fourth is S6 delay in obtaining local approvals, and the fifth is the delay of startup approvals S31.

3. Discussion
Creating risk management plan including: 
3.1 Risk Definition
A Risk is a potential positive incident which can have positive consequences (opportunity) or negative consequences (threats) [7]. A system risk is a combination of measuring (probability) associated with the risk (or threats) that can affect that system. Measuring this system's sensitivity to these threats reflects how it can be affected by them [8].
3.2 Risk Management Definition
Application of skills, knowledge, risk management tools and techniques of the enterprise to reduce and mitigate threats to an acceptable level while maximizing opportunities [9].

3.3 Identifying Risks
Identify and document all potential risks that can affect the project life cycle [10]. Identifying risks ultimately results in a list of project risks [9].

3.3.1 Risk identification tools and techniques (methods)
[bookmark: _Hlk184204209][bookmark: _Hlk184204334]Including historical information and records, checklists (formats and templates), brainstorming sessions, interviews, and flowcharts [10] include nominal group techniques, Delphi method, SWOT analysis, SOAR (Strengths, Opportunities, and state-effect graphs (Case-effect diagram) [11].

3.4 Risk Classification
Before starting a qualitative or quantitative analysis, standards must be established and a working knowledge of the mechanisms of these criteria and the extent to which they are applied over time and through other various risks. [12]

3.5 Risk Analysis and Assessment
Application of tools and techniques to determine which risks are most likely to harm or benefit the project [13], and prioritizing the risks using risk assessment methods such as simulation modeling or machine learning or other methods.

3.5.1 Qualitative risk analysis
This analysis aims to describe the qualitative magnitude of the risk, and assess probability and impact using qualitative/linguistic terms (low, high, etc.). Roles and responsibilities. Then, the risks are grouped or classified according to their priority to the project objectives.

3.5.2 Quantitative risk analysis
This analysis includes the quantitative description of the risk magnitude. It uses specific numerical values to shows the risk probability and its impact on activities. The initial output of this analysis is a quantitative priority list of project risks [14].

3.5.3 Risk response planning 
Develop strategies that determine how to deal with and manage risks (in advance or during). Not all risks require a response plan. It can be chosen to live with the outcome of a risky event if it occurs. This task involves determining what action to take to minimize threats to the project in that situation. Take action either: avoid, reduce, share, accept, transfer.


3.6 Risk monitoring and control
Monitor the evolution of risks as it implements an appropriate response plan for certain risks when they materialize [15]. It also includes evaluating risk response plans once they have been put into effect and making any necessary corrections. Ensure that appropriate risk management procedures are followed. Track and monitor identified risks, respond to them, deal with them as they occur, and identify and plan for new risks (with appropriate updates in accordance with emerging risks and policies for dealing with them [9].

3.7 Risk Audit and Review 
Conduct a risk audit such as documenting lessons learned after project completion [16].

3.8 Advantages of Risk Management 
Risk management represents a proactive approach to managing potential future issues that may be faced by projects. It determines the necessary measures for project protection. Risk management also provides guidelines on reasonable response actions (i.e. the amount to be paid for insurance premiums) and improving the quality of the product or service.

3.9 [bookmark: _Hlk129532637][bookmark: _Hlk129532590]Risk Management Obstacles/Constraints 
Some organizations do not accept discussing issues that do not yet exist. The expenses associated with activating the risk management program can also be high and must be paid in cash for risk response strategies. There are few projects that apply risk management as project managers do not apply risk management to all projects where there is a lack of support and participation of managers [9] Although decision-makers face different uncertainties and risks while making renewable energy investment decisions [11], managers use individual methodologies in applying risk management steps.
Managers often identify risks based solely on how they feel. A few organizations conduct surveys that focus directly on the contemporary application of project risk management [9]. The risk assessment process also uses expert judgments that contain hesitation and cognitive bias, and renewable energy investments may be relatively risky" due to long-term capital investment cycles with unexpected benefits.
Also, in brainstorming sessions conducted by experts, we find it difficult to gather all the experts at the same time according to their responsibilities and commitments, and we find it difficult according to their different points of view, bias, clinging to opinions, and sometimes rejecting the other opinion [11].



3.10  Risk Assessment of schedule Framework
[bookmark: _Hlk99190791]The flowchart of the risk assessment framework affecting the schedule of solar projects begins with the identification of the main risks affecting them. The study used these identified risks to exchange views in brainstorming sessions and fill out questionnaires." The experts are from the NREA. The experience of experts ranges from twelve to twenty years. Experts estimated the potential for risks and their impact on the schedule of solar energy projects in Egypt. The researchers fed data into the Primavera risk management program by defining the risk, then qualitative and quantitative analyzing risk, deducing the risk matrix, and prioritizing those risks in focus. If emerging risks are identified for the solar project, we will require the identification, analysis, assessment, and formulation of a response strategy when needed.
3.11  Guides for creating a risk matrix that affects the schedule of solar projects 
[bookmark: _Hlk184204661]The language variables that were agreed upon in the brainstorming sessions are: : VH risk probability, H , M , L , and VL. Table (1) shows the rules for creating a risk matrix containing linguistic variables, the probability of risk (%), the scope of probability of occurrence, the impact of risks on the schedule, and the scope of their impact. Table (2) shows the values of the risk matrix. Dark red represents a VH risk, red means H risk, olive is M risk, yellow is a L risk, and green is the VL risk.
[bookmark: _Hlk104131521]Using Primavera Risk Analysis software, the researchers determined the percentage of probabilities and levels of risk impact on the schedule, as well as the risk matrix and its different scores.
Table 1: Rules for Constructing a Risk Matrix Affecting the Schedule of Solar Energy Projects
	Language Variable
	Probability 
	Probability Extent
	Impact on schedule (%)
	Impact on schedule

	V.H
	>70%
	71-100
	>40%
	41-100

	H
	>50%
	51-70
	>20%
	21-40

	Medium
	>31%
	30-50
	>10%
	11-20

	L
	>10%
	11-20
	>5%
	6-9

	V.L
	≤10%
	0-10
	≤5%
	1-5



Table 2: Matrix of values for risks affecting the schedule of solar energy projects
[image: ][image: ]
3.12 Project case study schedule data (KOM OMBO photovoltaic project)
The case study project is a simulation of the 26MW KOM OMBO photovoltaic project. The project is the construction of a power generation facility using photovoltaic technology with a capacity of 26 MW DC and its discharge by an underground line connected to a future substation close to the plot. A project contract is a turnkey contract. Project tasks as in Table (3) below:
Table 3: Case Study Project Activities Information
	Activity Code
	Activity
	(Day) Duration
	Start
	End
	Impact on Schedule

	A1
	Contracting
	2
	02-4-2018
	03-4-2018
	From S1 to S40

	A2
	Studies and engineering investigation
	48
	04-4-2018
	29-5-2018
	

	A3
	Procurement for supplies
	148
	30-5-2018
	18-11-2018
	

	A4
	Site mobilization
	15
	16-4-2018
	2-5-2018
	

	A5
	Civil work
	45
	30-5-2018
	21-7-2018
	

	A6
	Mechanical work
	85
	10-7-2018
	16-10-2018
	

	A7
	Photovoltage modules
	60
	16-8-2018
	24-10-2018
	

	A8
	Electrical work
	110
	03-7-2018
	07-11-2018
	

	A9
	Various (monitoring system, weather station, security system)
	14
	25-10-2018
	10-11-2018
	

	A10
	Operation and commission
	30
	29-10-2022
	26-12-2022
	


3.13 Risk Definition
[bookmark: OLE_LINK1]Table (4) illustrates the risks of the schedule of solar energy projects in Egypt according to the following:
	Risk Code
	Risks affecting the schedule 
	[bookmark: OLE_LINK2]Risk Code
	Risks affecting the schedule Table 4: schedule risks data of solar energy projects in Egypt


	[bookmark: _Hlk128571785]S1
	Inflation.
	S21
	Lack of open spaces for installation.

	S2
	Solar energy price changes.
	S22
	Absence of water resources and distance from highways, electricity networks, transmission and distribution [17].

	S3
	Unproviding tax exemptions or tax deductions.
	S23
	Any inaccurate site data considering risk.

	S4
	Low efficiency of solar cell or solar pond.
	S24
	Shortage of material resources consider risk, for example, lack of many types of silicone and other materials.

	S5
	Changes of energy policies.
	S25
	The expenses of choosing the wrong photovoltaic panel as well as the expenses of the wrong solar tracker.

	S6
	Delays in obtaining local body approvals.
	S26
	[bookmark: OLE_LINK22]Increase capital expenditures.

	S7
	Delays in procurement of construction license.
	S27
	Delays in capital expenditures.

	S8
	Delays in obtaining the Environmental Impact Statement.
	S28
	The scarcity and high cost of climatic plants present some difficulties in determining the potential of solar energy for some specific regions.

	S9
	Development of new photovoltaic systems to support energy systems
	S29
	Measurements of solar resources, accurate weather data, and the development and operation of a solar farm are essential. But accurate meteorological data is scarce in some areas. [18]

	S10
	Inaccurate information on net renewable electricity consumption.
	S30
	Delays in acquiring the start-up and signing of contracts according to exchange rate change, inflation and various reasons like government policies changes, regulations, or economic conditions

	S11
	Lack of feed-in tariffs and regulations for sustainable construction.
	S31
	Delays in approval for a start-up operation.

	S12
	Number of scientific publications.
	S32
	Legal changing risks.

	S13
	The high installation cost of solar panels.
	S33
	Thefts, vandalism and social consequences of land tenure [19].

	S14
	Used solar panels may need repair or replacement.
	S34
	Silicon solar panels mounted on roofs may create significant environmental bottlenecks from air emissions during roof fires and from uncontrolled module waste. The design of the unit reduces fire emissions as well as efficient waste collection and recycling plans to alleviate these bottlenecks. [28]

	S15
	Poor revenues estimation based on solar radiation time.
	S35
	Significant environmental emissions and safety threats for saltwater storage and handling  of solar ponds,  [28].

	S16
	Solar cells are location-sensitive, and can be difficult to use efficiently.
	S36
	Production and disposal processes may have an impact on the environment and human health. (28)

	S17
	Difficulty of relying solely on solar electricity, in many cases.
	S37
	Financial debt to equity ratio
(Cost of Debt and Cost of Equity)

	S18
	The solar power plant is highly seasonal.
	S38
	Carbon dioxide emissions from energy consumption posing serious threats.

	S19
	Installing solar panels on old homes can be difficult due to unique old building style and shades.
	S39
	Extreme weather-related damage from hail, lightning, falling trees and defective panels [20].

	S20
	Geographical conditions.
	S40
	Inability to install panels in unoccupied lands.




3.14  Risk identification tools and techniques
Researchers used a brainstorming session for experts, exchanged views and filled out the questionnaire to determine the risks of the schedule for solar energy projects according to Figure (1):
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Figure 1: Experts brainstorming session
3.15 [bookmark: _Hlk105881256] Quantitative Analysis
Table (5) shows the weights of experts according to the number of years of experience by placement to the first expert (years of experience 32 years)
(1)


: Expert weight
Example: expert (2) weight= , expert (3) weight=
It shows average score with level for probability and impact of the questionnaire survey. Using these equations:(2)

                                      
P.R: Probability Range
X1: minimum of the probability, X2: maximum of the probability(3)


N.P.R: No. of probability range.(4)


A.P: Average probability, P: Probabilities
The same calculation method is used to calculate the average of the schedule.
The average levels of probability and impact in Table (5) according to Table (1).
Table 5: Expert Judgment on Variables from First Expert to Tenth Expert
[bookmark: _Hlk105507507][image: ]
3.16  Quantitative Analysis
The results of the questionnaire and the brainstorming of the experts were formulated in tables (4), (5). Table (6) shows the average level of probability and severity of the impact of the risks affecting the schedule of solar energy projects. From which the average score, the level of probability and the level of severity of the impact on the schedule of each risk were obtained.
The average individual score of each expert was formulated using equation (1) to calculate the average score of probability and severity of the impact, separately [21]:

[bookmark: _Hlk107576672]where λa is the average score (rounded to one digit); βi is the severity score determined by the expert multiplied by the expert's weight relative to his experience, and N is the number of experts. From the average score, we get the average score for probability and severity of the effect according to table (6), and get Average level of probability and severity of impact on the schedule according to table (7).
Table 6 Average score of probability and severity of impact extracted from the questionnaire
	[bookmark: _Hlk129082768]Average score for probability level
	Average Probability "Numerically"
	Number of probability range
	Probability range
	Impact on time
	Number of the severity of impact on time
	Average level of impact on time numerically
	Average score for the severity of impact on time

	V.L.
	5
	11
	0 - 10
	0 - 5
	6
	2.5
	V.L.

	L.
	20
	19
	11 - 29
	6 - 9
	4
	7.5
	L.

	M.
	40
	21
	30 - 50
	10-20
	9
	15
	M.

	H.
	60.5
	20
	51 - 70
	21-40
	20
	30.5
	H.

	V.H.
	85.5
	30
	71 - 100
	41-100
	60
	70.5
	V.H.


[bookmark: _Hlk184210623]
Table 7: Average level of probability and severity of impact on the schedule of solar energy projects in Egypt extracted from the questionnaire
	[bookmark: _Hlk146192647]Risk
	Average probability
	Average Impact
	Level
	Risk
	Average probability
	Average Impact
	Level

	S1
	M
	L
	M
	S21
	L
	VL
	L

	S2
	M
	L
	M
	S22
	L
	H
	H

	S3
	L
	L
	L
	S23
	L
	M
	M

	S4
	L
	L
	L
	S24
	L
	L
	L

	S5
	L
	L
	L
	S25
	L
	M
	M

	S6
	M
	H
	H
	S26
	L
	M
	M

	S7
	L
	H
	M
	S27
	L
	H
	H

	S8
	L
	L
	L
	S28
	VL
	M
	L

	S9
	L
	L
	L
	S29
	VL
	M
	L

	S10
	M
	VL
	L
	S30
	M
	H
	H

	S11
	VL
	L
	L
	S31
	L
	H
	M

	S12
	L
	L
	L
	S32
	L
	M
	M

	S13
	L
	L
	L
	S33
	L
	H
	M

	S14
	L
	L
	L
	S34
	L
	H
	M

	S15
	L
	L
	L
	S35
	L
	M
	M

	S16
	L
	L
	L
	S36
	M
	M
	M

	S17
	M
	L
	M
	S37
	VL
	L
	L

	S18
	L
	M
	M
	S38
	L
	M
	M

	S19
	L
	L
	L
	S39
	L
	M
	M

	S20
	L
	M
	M
	S40
	L
	M
	M


3.17  Risk Matrix Affecting the Schedule of Solar Energy Projects in Egypt:
Using Primavera risk analysis software, the researchers constructed the risk analysis matrix and classified the risks (without response, and later response) based on this matrix regarding tables (8) and (9). There are no severe risks (catastrophic) in the red color and the yellow one represent medium risks up to the point of suspending the project until negotiation, and the green color area reflects low risk.

3.18  Risk sensitivity
It helps to identify the risks that will have the greatest potential impact on the schedule of the project. A project's sensitivity to risk illustrates how its objectives vary proportionally to uncertainty variables [22].
Pre-mitigated risk is the current exposure to risk assuming that the risk is acceptable without specific actions taken to respond to it, but the risk that will be mitigated later is the current exposure to risk assuming that certain authorized actions will be implemented to respond to it later [23]. The authorized action is to respond to risks by avoiding, sharing, transferring, or accepting. After processing the expert data through the definition of risks and qualitative and quantitative analysis of them, the outputs of the Primavera Risk Analysis Program are shown in table (10) Prioritization of top 20 risks that have been previously responded to and have an impact on the schedule of the solar project and table (11) Prioritization of top 20 risks that have later response and an impact on the schedule of the solar project. We respond by reducing medium risks and accepting low and very low ones.
[bookmark: _Hlk146196912]table 8: Risk analysis matrix using primavera risk analysis software without response
	[bookmark: _Hlk146194091]
	Very low
	Low
	Medium
	High
	Very High

	Very High
	
	
	
	
	

	High
	
	
	
	
	

	Medium
	S10
	S1, S2, S17
	S36
	S6,
S30
	

	Low
	S21
	S3, S4, S5, S8, S9, S12, S13, S14, S15, S16, S19, S24
	S18, S20, S23, S25, S26, S32, S35, S38, S39, S40
	S7, S22, S27, S31, S33, S34
	

	Very Low
	
	S11, S37
	S28, S29
	
	


table 9: Risk analysis matrix using primavera risk analysis software later response
	
	Very low
	Low
	Medium
	High
	Very High

	Very High
	
	
	
	
	

	High
	
	
	
	
	

	Medium
	S10
	S1, S2, S17
	S6, S30, S36
	
	

	Low
	S21
	S3, S4, S5, S8, S9, S12, S13, S14, S15, S16, S18, S19, S20, S23, S24, S25, S26, S32, S38, S39, S40
	S7, S22, S27, S31, S33, S34, S35
	
	

	Very Low
	
	S11, S37
	S28, S29
	
	


[bookmark: _Hlk146198083][bookmark: _Hlk184207069]Table 10: Prioritization of top 20 risks that have been previously responded to and have an impact on the schedule of the solar project 
	[bookmark: _Hlk146197045]Code
	Risks affecting the schedule
	Rank
	Code
	Risks affecting the schedule
	Rank

	S22
	Absence of water resources and distance from highways
	24%
	S40
	Inability to install panels in unoccupied lands.
	4%

	S30
	Delays in acquiring the start-up and signing the contracts
	24%
	S28
	The scarcity and high cost of climatic plants.
	3%

	S6
	Delays in obtaining local body approvals
	24%
	S4
	Low efficiency of solar cell or solar pond.
	3%

	S34
	Silicon solar panels mounted on roofs may create significant environmental bottlenecks 
	20%
	S15
	Poor revenues estimation based on solar radiation time.
	3%

	S7
	Delays in obtaining local body approvals.
	19%
	S13
	The high installation cost of solar panels.
	2%

	[bookmark: _Hlk146197718]S27
	Delays in capital expenditures.
	19%
	S29
	accurate meteorological data is scarce in some areas.
	1%

	S31
	Delays in approval for a start-up operation.
	17%
	S19
	Installing solar panels on old homes can be difficult 
	1%

	S33
	Thefts, vandalism and social consequences of land tenure
	15%
	S9
	Development of new photovoltaic systems 
	1%

	S11
	Lack of feed-in tariffs and regulations for sustainable construction.
	5%
	S39
	Extreme weather-related damage from hail, lightning, etc.
	1%

	S36
	Production and disposal processes may impact on the environment and human health
	4%
	S3
	Unproviding tax exemptions or tax deductions.
	0%


[bookmark: _Hlk184207156]table 11: Prioritization of top 20 risks that have later response and an impact on the schedule of the solar project
	 Code
	Risks affecting the schedule
	Rank
	 Code
	Risks affecting the schedule
	Rank

	S36
	Production and disposal processes may impact on the environment and human health
	18%
	S4
	Low efficiency of solar cell or solar pond.
	8%

	S22
	Absence of water resources and distance from highways
	17%
	S11
	Lack of feed-in tariffs and regulations for sustainable construction.
	6%

	S30
	Delays in acquiring the start-up and signing the contracts
	14%
	S29
	Accurate meteorological data is scarce in some areas.
	4%

	S6
	Delays in obtaining local body approvals
	13%
	S35
	Poor revenues estimation based on solar radiation time
	4%

	S31
	Delays in approval for a start-up operation.
	13%
	S39
	Extreme weather-related damage from hail, lightning, etc.
	3%

	S7
	Delays in procurement of construction license.
	12%
	S25
	The expenses of choosing the wrong photovoltaic panel, wrong solar tracker.
	2%

	S34
	Silicon solar panels mounted on roofs may create significant environmental bottlenecks
	12%
	S8
	Delays in obtaining the Environmental Impact Statement.
	0%

	S27
	Delays in capital expenditures.
	11%
	
	
	

	S28
	The scarcity and high cost of climatic plants.
	9%
	
	
	

	S33
	Thefts, vandalism and social consequences of land tenure
	9%
	
	
	

	
	


4. [bookmark: _Hlk107565865][bookmark: _Hlk114575869]Conclusions
In recent years, there has been a trend in linking project management, risk and various business activities, construction, improvement and development. Also, the trend for solar projects as a clean and renewable source of electricity generation is the current trend. In light of Egypt's interest in climate change and the use of clean energy, this paper applies to the schedule of solar energy projects in Egypt.
As a result of the research presented, we can add the following contributions to the risk assessment of the schedule of solar projects in Egypt:
1- Risk management study cannot be done individually (it cannot be conducted by an individual decision of the project manager or any responsible individual), risk management is carried out at the level of the organization as a whole and can be outsourced when needed.
2- Regarding identifying risks, we applied qualitative risk analysis using the method of combining filling out the questionnaire with a brainstorming session, which allows the exchange of opinions during filling out the questionnaire without experts influencing each other in the opinion, and the checklist can be combined with the email method to fill out the questionnaire, also various methods can be combined.
3- For the purposes of risk analysis, we applied quantitative analysis by assessing the probability and impact severity of the risk.
4- We suggest using the appropriate tools and techniques with the support of risk management programs, for example, the Primavera Risk Analysis software, in addition to different risk analysis programs that can be used, such as the Risky project and the Crystal ball program.
Risk management plays a role in managing solar projects. The main reason why projects fail to start, terminate or fail in general is mis appliance, under-application or non-application of risk management on projects. Whereas project risk management allows early identification and management of threats that may arise during project implementation quickly, effectively and efficiently. The application of solar project risk management also leads to the completion of the project in the required time or reduces the time and minimizes financial losses that may affect the success of the project, affect its quality, or lead to its failure.
The results of this research study aim to raise awareness of the role and importance of risk management and highlight the need to apply risk management to managers and support the risk management process and integrate it into the company's culture as a strategic tool. This will protect the project during the life cycle of solar projects.
The scope of this research is focusing on managing risks affecting the schedule of the solar projects. The results are valuable for solar project risk management research, and the research methodology can be used for other projects of various types of service, investment or research. The main research contribution lies in data analysis and evaluation using the proposed approach based on brainstorming session, filling out questionnaires, identifying risks, analyzing and evaluating them, creating a risk matrix and ranking risks according to their priority in taking care of using Primavera risk management software.
The results came out promising as this method will help predict the priority of risks to be considered when formulating the schedule for these projects. Overall, this paper develops an integrated framework through an expert brainstorming session, filling out the questionnaire to define and manage the risks of solar projects in Egypt, and to manage them using the Primavera Risk Management Program. In general, this framework supports risk management decision-making for this type of project. Experts are objective and rely on their experience in brainstorming and filling out the questionnaire.
The finding also provides a basis for further solar project risk management research. Future studies should look at the current state of risk management of solar projects at all stages of their life cycle. The application of risk management to other renewable energy projects such as wind projects should be considered to develop a renewable project risk management process.

List of abbreviations
	
	

	SWOT
	Strength, Weakness, Opportunity, Threat

	SOAR
	Strengths, Opportunities, Aspirations and Results

	NREA
	Renewable Energy Authority of Egypt

	VH
	Very high

	H
	high

	M
	medium

	L
	low

	VL
	very low

	EXP
	Expert

	P
	Probability of risk

	I
	Impact of risk

	S
	Risk
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