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ABSTRACT: Energy price rate is a significant economical factor in the optimization searches. The 
energy price rate seems to be continuously available as the energy reserves of the world decreases. 
The possible increases in energy price rate will be unavoidable due to the reduction in the energy 
reserves. This is natural with respect to the main law of economics. Previous studies on the energy 
price rate are searched and discussed in the present work.  
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Nomenclature 
d Market discount rate in fraction,  
i Energy price rate in fraction, 
Ms Ratio of annual maintenance cost to first original cost, 
N Technical life of system, (yr) 
P1 Ratio of total life cycle net energy cost of system to first year’s cost, 
P2 Ratio of the life cycle expenditures incurred because of the additional capital investment to the 

initial investment, 
Rv Ratio of resale value into first original cost. 
 
1. Introduction 

Energy recovery projects will possibly be more and more economical in the next years as the 
energy prices increase further. Energy price rate is directly related to the economical view of the 
design of the thermal systems. Since the energy cost is a continuous type of expenditure throughout 
the life of the system it generally yields to get a more amount of value than the initial cost value. The 
most recent studies take the rate of energy price into account. Most researchers did not consider its 
value in the past. In the older studies neither energy price nor market discount rate had been 
considered. This is exactly correct that the energy price rate has a dominant effect on the optimum size 
of elements or systems. It is obvious that the energy crisis in 1970 affected the world’s economy 
seriously. Energy prices began to escalate after this crisis. Market discount rate is strongly related to 
the population rate and as the population affects the energy consumption, it can be concluded that the 
energy price rate would possibly be greater than the market discount rate in the future. For that reason, 
energy price rate must certainly be used in energy cost calculations. Results of economical output 
values in optimization studies change as the energy price rate is taken into consideration. The rate of 
energy price affects these results more or less due to the group of countries in the world of developed, 
developing and undeveloped types. The price of the energy is also related to its type, which are 
electricity, petroleum, natural gas, and coal mainly. The price and the rate of energy are both 
dependent on the natural abundance of the source of it.  

There exist several studies on energy price rate in the current literature. Results from a study 
with Austrian consumers on their possible responses to an increase in the price of energy are reported 
in Stix et al. (1999). Effect of energy price increases on energy usage and environmental protection is 
examined by Schurmann (1998). Effect of different price values of energy on the economic sectors is 
searched by Templet (2001). Variation of energy prices with the fiscal reforms in some countries was 
presented in Pangestu (2001). The possibility of extreme price movements increased the risk of trading 
in electricity market (Veron, 2000). Impact of energy price on the U. S. Economy is examined in detail 
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by DOE (2001). It was shown by DOE that the economy was no longer able to absorb the energy price 
risk and higher energy prices began to affect prices of other goods and services. World oil price 
projections up to year 2020 were presented in EIA (2000). Energy price escalation rate estimation for 
various energy sources is available in Fuller and Rushing (2002). The effect of energy prices on the 
feasibility of energy saving renovation measures in urban buildings and the acceptable payback 
criterion was searched by Papadopoulos et al. (2002). They used 12 % as an average electricity retail 
price rate in their study. The energy price rate was considered in the thermoeconomic calculations by 
Sekhar and Toon (1998). They used the energy price escalation values offered by DOE-2 (1994). 
Toffolo and Lazzaretto (2002) suggested how to perform a multiobjective optimization including the 
changes in energy market prices or in energy politics. Effects of large increases in the prices during the 
early to mid 1970’s on the amount of R&D performed by U. S. Manufacturing firms was investigated 
by Lichtenberg (1986). Amano and Norden (1998) suggested that oil prices might have been the 
dominant source of persistent real exchange rate of shocks. Inflation control by the energy prices is 
searched by Thoresen (1993) whereas the impact of higher energy prices on wage rates, return to 
capital, energy intensity and productivity is examined by Mountain (1986). Walls (1998) studied the 
dispersion of U. S. Energy prices for a specific period using a variety of metrics. The role played by 
imperfect competition in the response of markups to energy price and monetary changes was 
investigated by Ghosal (2000). Foster (2001) reported energy rate increase for California. Uri (1995) 
examined the effect of energy scarcity on economic growth. Higby (2002) analyzed the Iraq and the 
energy price crisis. Söylemez (1999) considered the energy price rate in his study using a well-known 
P1-P2 method (Duffie and Beckman, 1980). 
   
2. Mathematical Formulation Concerning the Energy Price Rate, i 
The effect of the energy price rate on the overall cost throughout the life cycle period of a system can 
be estimated by the P1-P2 method. The values of P1 and P2 are as follows. If i = d economic parameter 
P1 can be evaluated as: (Duffie and Beckman, 1980) 

(1) 
Or whether i # d then the value of the P1 is calculated by the following formula: (Duffie and Beckman, 
1980) 

(2) 
P2 is defined by the following equation: (Duffie and Beckman, 1980) 
 

         N
VS dRMPP  )1.(.1 12     (3) 

 
3. Results and Discussions 

The value of energy price rate, i, is a very important parameter in determining the value of P1 
which depends upon the values of N and d together with i. Variation of P1 as a function of i and d are 
depicted in Figure 1 and 2. These figures explain the importance of energy price rate. The values are 
also available in Table 1. It is seen from this table that the value of P1 increases from 8.51 to 52.28, 
which is about six times as compared for the maximum and the minimum energy price rates.  
 
Table 1. Variation of P1 with i and d for N=20. 

i and d d = 0.0 d = 0.02 d = 0.04 d = 0.06 d = 0.08 d = 0.10 
i = 0.0 20.00 16.35 13.59 11.47 9.82 8.51 

i = 0.02 24.28 19.61 16.09 13.42 11.35 9.74 
i = 0.04 29.78 23.73 19.23 15.84 13.25 11.24 
i = 0.06 36.79 28.96 23.18 18.87 15.60 13.08 
i = 0.08 45.76 35.61 28.18 22.67 18.52 15.36 
i = 0.10 52.28 44.09 34.51 27.44 22.17 18.18 
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On the other hand for a sample optimization problem available in Söylemez (1999), optimum 
insulation thickness values are determined and presented for these various P1 values in Figs. 3 and 4. 
Optimum insulation thickness values are listed in Table 2 also. Value of optimum insulation thickness 
increases from 44.2 mm to 120.1 mm, which is approximately three times from minimum to maximum 
energy price rate values. 
 
Table 2. Variation of Optimum Insulation Thickness in mm with i and d for N=20. 

i and d d = 0.0 d = 0.02 d = 0.04 D = 0.06 d = 0.08 d = 0.10 
i = 0.0 71.5 64 57.7 52.4 48 44.2 

i = 0.02 79.6 70.8 63.4 57.3 52.1 47.8 
i = 0.04 88.9 78.6 70 62.9 56.9 51.8 
i = 0.06 99.6 87.6 76.6 69.3 62.3 56.5 
i = 0.08 111.9 97.9 86.3 76.6 68.6 61.8 
i = 0.10 120.1 109.7 96.2 85 75.7 67.9 

  
4. Conclusion 

Following conclusions were drawn from the present review that the rate of energy price is a 
significant factor for the energy cost estimation. It must be used to obtain more realistic results. The 
energy price rate will possibly be greater in the next years depending upon the reduction in the energy 
reserves. Either energy saving projects or application of alternative energy systems might be much 
more desirable economically as the energy price rate is considered. Utilization of alternative energy 
source may be enhanced as soon as the energy price rate increases further. Energy price rate must not 
be greater than the rate of the reduction of the energy reserves naturally. Energy saving projects may 
prevent the rate of reduction of available energy reserves and so the rate of energy price also. 
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Appendix:  

Figure 1. Variation of P1 with i and d for N=20. 
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Figure 2. Variation of P1 with i and d for N=20. 
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Figure 3. Variation of Optimum Insulation Thickness with i and d for N=20. 
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Figure 4. Variation of Optimum Insulation Thickness with i and d for N=20. 

Effects of i and d on insulation value
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