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Electricity is one of the main driving forces of economic growth and improvements in 

quality of life. Although each country or region has its own specific limitations and 

opportunities, there are a number of common factors that affect electricity generation 

decisions everywhere. In this paper, critical issues and options in power generation is 

identified and analyzed. Then, using the Analytic Hierarchy Process, a decision support 

model is developed to prioritize options.  
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INTRODUCTION 

 

According to the International Energy Agency (IEA), in the “Baseline Scenario,” global 

electricity production would increase by 179% between 2005 and 2050, making electricity the 

fastest-growing component of total energy demand. Coal-based generation is forecast to be 

252% higher than in 2005. It accounts for 52% of all power generation. Gas-fired power 

generation increases from 20% today to 23% in 2050. Nuclear decreases to 8%, hydro 

decreases to 10%, and wind increases to 2.5% of all power generation [1]. 

Today, electricity production is responsible for about 32% of total global fossil fuel use 

and 41% of energy-related CO2 emissions [2]. Improving energy efficiency of electricity 

supply and demand system and increasing share of lower carbon fossil fuels such as natural 

gas, and increase use of renewable sources and nuclear power are necessary to reduce 

greenhouse gas emissions. 

In a broad term, the power sector is made up of three components: 

1- The power supply which includes fossil fuel generating stations, nuclear power plants and 

renewable energy sources such as solar and wind generating systems; 

2- Power transmission and distribution system; and 

3- End uses on the demand side such as motor system, lighting, appliances, and HVAC 

systems. 

The decision on future power plant construction is affected by many uncertainties, 

including cost of capital, future fuel costs, environmental regulations, security of fuel 

supplies, and technological advancements in both supply-side and demand-side of the power 

sector.  The primary purpose of this paper is to define these uncertainties and their 

interrelationships and to design a decision support model to prioritize power plant options. 
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CRITICAL UNCERTAINTIES 

 

Critical uncertainties in the power sector could be divided into five groups as shown in 

Fig.1. The following sections include a brief description of these uncertainties.  

 

Figure. 1 Critical uncertainties in the power sector 

1- Economic Uncertainties 

 

Investments in the power sector are long lived, have long lead times, and in most cases, 

they are irreversible. “Levelized Cost” of power generation is an acceptable measure of the 

overall competiveness of different generating technologies. According to IEA, “Levelized 

cost represents the present value of the total cost of building and operating a generating plant 

over an assumed financial life and duty cycle, converted to equal annual payments and 

expressed in terms of real dollars to remove the impact of inflation.” The average cost of 

electricity generation is expected to increase by 40% to 50% between today and 2050 [2]. 

Economic uncertainties of power generation include: 

- Increased capital costs; 

- Cost of financing;  

- Construction time, particularly for nuclear plants;  

- Fuel costs, particularly increased costs of fossil fuels; 

- Carbon price;  

- Demand uncertainties; and 

- National, regional, and global economic stability and growth. 

 

2- Political and Legal Uncertainties 

 

Political and legal uncertainties include: 

- Uncertainty in national regulatory policies, particularly possible future regulation of 

Greenhouse Gas (GHG) emissions. A carbon price would increase the cost of generation 

for all fossil fuel plants, particularly for coal-fired plants; and 

- Concerns for security of supply, particularly for natural gas plants. 
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3- Technological Uncertainties 

 

Technology development and innovation have a significant impact on both supply-side 

and demand-side of the power system. On the supply-side, it contributes to further 

development of renewable resources, clean coal technologies, and advanced nuclear 

technologies. It also contributes to the development of energy-storage and cost-effective CO2 

Capture and Storage (CCS). On the demand-side, it contributes to energy efficiency 

improvements in transmission and distribution and end use devices such as motors, lighting, 

HVAC system, and home appliances [6] 

Technological uncertainties include: 

- New generation of nuclear power plants with increased economic and safety performance.  

- Higher efficiency coal plants. Global average efficiency of coal-fired power plant is 34% 

today. 

- Technological advancement in renewable technologies, particularly wind energy and solar 

PV. 

- Technological advancements in Carbon Capture and Storage (CCS). 

- Technological advancements in electric cars which would increase demand for electricity. 

- “Smart grids” development. Smart grids will be able to connect increasingly disconnected 

consumption and production sites, particularly renewable sources making these resources 

more competitive. 

- Technological development on the demand-side of the power sector such as lighting, 

HVAC, and motive power. 

 

4- Resource Availability 

 

Resource availability includes availability and accessibility of energy resources in each 

location, including fossil fuels, nuclear fuel, and availability of adequate renewable resources 

such as wind, solar energy, and biomass. 

 

5- Demand-Side Uncertainties 

 

Electricity demand determines how much generating capacity is needed and when it is 

needed. Demand uncertainties include: 

- Changes in consumer preferences and demand. 

- Advancement of demand-side technologies. 

- Smarter electricity grids which can improve degree of demand response. 

- Consumers as power generators through distributed generation from solar PV, wind, 

fuel cells, and other emerging technologies. 

 

POWER SUPPLY OPTIONS 

 

Choice of a specific portfolio of power generation technologies varies in each region. It 

depends on the existing resources, specific power technology, financing costs, fuel and carbon 

prices, as well as the energy policy of the region.  

The following sections briefly explain strengths and weaknesses of each generation 

technology. 
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1- Nuclear Power 

 

Advantages:  

- It is almost emissions-free 

- Stable operating cost 

- Long life 

- High capacity factor (0.9) 

Disadvantages:  

- High capital cost (from 1, 556 to  5, 863 USD/kWe) 

- Long construction lead time (from 4 to 27 years) 

- Waste management issues 

- Decommissioning costs 

- Safety and security issues 

 

2- Coal-Fired Power Plants 

 

Advantages:  

- Low capital and fuel costs (overnight investment costs ranging between 900 and 2,800 

USD/kWe for plants without carbon capture and from 3,223 to 6 268 USD/kWe with 

carbon capture. 

- Available in most regions of the world 

- A reliable resource of fuel 

- High capacity factor (0.87) 

Disadvantages 

- Adverse environmental impacts, particularly CO2 emissions 

 

3- Gas-Fired Power Plants 

 

Advantages:  

- Low capital cost (overnight construction costs from 520 to 1,800 USD/kWe) 

- Low CO2 emissions 

- High operating flexibility 

- Short construction time  (from 2 to 3 years) 

Disadvantages 

- Security of supply 

- Price volatility 

 

4- Renewable power 
 

4.1 Hydro Power 
  

Advantages:  

- It is almost emissions-free 

- No fuel cost 

Disadvantages:  

- High capital cost (1,160 to 19,330 USD/kWe with a mean value of 4,678 USD/kWe) 

- Variable generation 

- Adverse social and environmental impacts 
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- Low capacity factor (0.51) 

 

4.2 Wind Power 

Advantages:  

- It is almost emissions-free 

- No fuel cost 

Disadvantages:  

- High capital cost (for onshore wind power plants, the specific overnight construction 

costs are from 1,900 to 3,700 USD/kWe) 

- Variable generation 

- Low capacity factor (0.334).  

 

4.3 Solar Power 

Advantages:  

- It is a clean and abundant renewable energy source 

- No fuel cost 

Disadvantages:  

- High capital cost (from 2,921 to 7,381 UDS/kWe with a mean value of 5,013 

USD/kWe) 

- Higher cost of electricity generated ((Levelized costs of solar-generated electricity is 

from  215 to 333 USD/MWh ) 

- Low capacity (0.217). For solar PV, the load factors reported vary from 10% to 25%.  

For solar thermal plants, the load factor is from 24% to 32%. 

 

5- Other Sources 

 

Other sources which are location specific are geothermal energy, biomass, and tidal. 

 

ANALYSIS OF THE CRITICAL UNCERTAINTIES  

USING SYSTEM DYNAMICS 

 

Critical uncertainties in the power sector are not independent variables. Most of these 

uncertainties are interrelated resulting in a complex web of interactions and, as a result, 

greater complexity of power sector planning. To determine interrelationships and interactions 

of the uncertainties in a more manageable way, we use system dynamics. The Structure® 

software program developed by the author is used for this analysis (See Fig. 2). For more 

detailed descriptions of the Structure® software, visit author’s web site at 

www.nezhadpmd.com . 

As shown in Fig. 2 and Fig. 3, the most independent driving force is the Technology 

Advancements (variable 3) followed by Political/Legal uncertainties (variable 2). Also, the 

most dependent variable is naturally Demand for Electricity (Variable 5). 
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Figure 2. Interrelationships of uncertainties of the power sector for Minnesota by 2035 

Note: In the Graph, green lines represent negative relationships and red lines represent positive 

relationships among variables. 

 

 

Figure 3. The level of dependency of uncertainties for the power sector for Minnesota by 2035. 

 

ANALYSIS OF OPTIONS USING DECIDE 2000® 

 

Decide 2000®, is a decision support system developed by the author. It uses the 

Analytic Hierarchy Process (AHP) developed by Thomas Saaty [7, 8, 9]. It is a valuable tool 

for structuring and solving complex decision problems, and is particularly effective when 

dealing with semi-structured or unstructured decision problems.  
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Figure 4. Power Supply Options for Minnesota by 2035: A Hierarchical Model 

 

Fig. 4 is a hierarchical representation of the power supply decision model for the State 

of Minnesota by 2035. This hierarchy consists of three levels. Level one is the objective of the 

model (Power Supply Decision). Level two consists of the five critical uncertainties as were 

explained earlier in this paper. For a more detailed analysis of critical uncertainties, these 

factors could be broken down into sub-factors. Level three shows the power supply options. It 

must be emphasized that this model is only for demonstration purpose. For each decision 

situation, both the uncertainties and options should be modified to meet the requirements of 

the situation under study. For more detailed descriptions of the hierarchical model, visit 

author’s web site at www.nezhadpmd.com . 

As shown in Fig. 5, the most important decision factor for Minnesotans is resource 

availability followed closely by Levelized cost. 

 

 
 

Figure 5. Priorities of criteria for Minnesota in 2035 

 

Fig. 6 shows that the most desirable power supply options for Minnesota by 3035 are 

biomass, followed by wind power and nuclear energy. 
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Figure 6. Priorities of power-supply option for Minnesota in 2035 

 

CONCLUSIONS 
 

This paper illustrated applications of two powerful methodologies-System Dynamics, 

and the Analytic Hierarchy Process- in power sector decisions. System Dynamics is a useful 

tool for analyzing critical uncertainties in the power sector. The Analytic Hierarchy Process 

(AHP) is a valuable tool for analyzing power plant options. 

 

REFERENCES 
 

[1] International Energy Agency, “Energy Technology Perspectives 2012- Pathways to a 

Clean Energy System”,  Paris, France, (2012). 

[2] International Energy Agency, “Projected Costs of Generating Electricity”, Paris, France, 

(2010).  

[3] International Energy Agency, “IEA Statistics: Electricity Information 2012,” Paris, 

France, (2012). 

[4] International Energy Agency, “World Energy Outlook 2012”, Paris, France, (2012). 

[5] Nezhad, H.G., “How to Make Decisions in a Complex World.” Lexington, MA: Ginn and 

Co., 1st ed. (1986); 2nd ed. (1989). 

[6] Nezhad, H.G., “World Energy Scenarios to 2050: Issues and Options.” Available on the 

author’s web site: www.nezhadpmd.com 

[7] Nezhad, H.G., and T.L. Saaty, “High-Level Nuclear Waste Management: Analysis of 

Options.” Journal of Environment and Planning B: Planning and Design 9: 181–196, 

(1982). 

[8] Nezhad, H.G., and T.L. Saaty, “A Desired Energy Mix for the United States in the Year 

2000: An Analytic Hierarchy Approach.” International Journal of Policy Analysis and 

Information Systems 6, no. 1: 47–64, (1982). 

[9] Saaty, T.L., “The Analytic Hierarchy Process”, New York: McGraw-Hill, (1980).  

[10] U.S. Energy Information Administration “Levelized Cost of New Generation Resources 

in the Annual Energy Outlook 2012.” Washington, DC: March (2012). 

 


