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Abstract: This paper presents the correlation between the reliability and the weather scenario of Bangladesh Power System 

(BPS). Reliability of the power system is one of the major features of power quality. The variation of electrical demand above 

its base value is its common characteristic. The weather dependent variation of demand, especially where the weather is 

severe in nature, requires a significant reserve margin to ensure an acceptable level of reliability of the generation system. In 

Bangladesh, a significant difference in demands of winter and summer is generated due to weather variation. As a result the 

utility has to ensure an additional seasonal generation reserve capacity to maintain an acceptable level of reliability. This 

paper determines the correlation between the weather variables, namely temperature and relative humidity, and the reliability 

of Bangladesh Electricity Network. It also investigates the additional generation requirement during summer season to 

maintain an acceptable reliability level. 
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1. Introduction 

The basic function of a power system is to supply 

electrical energy to both large and small consumers as 

economically as possible and with an acceptable degree of 

reliability and quality. Reliability is the ability of a power 

system to provide service to consumers while maintaining 

the quality and price of electricity at an acceptable level. A 

significant portion of the electrical energy is consumed, 

especially in cold or hot countries, to mitigate the impact of 

weather on the daily life of human society [1]. In 

Bangladesh, industrial and commercial activities do not vary 

from winter to summer. Moreover, electrical devices are 

rarely used to get relieved from cold during winter. However, 

during summer electrical devices, fans and or air 

conditioners are invariably used. Therefore, the difference in 

demands of winter and summer is generated due to weather 

variation only. If the difference is significant then the utility 

has to ensure an additional seasonal generation reserve 

capacity to maintain an acceptable level of reliability. 

A survey of literature reveals the fact that there has been a 

considerable activity in the development and application of 

reliability techniques in electric power systems. Two kinds 

of methodologies are adopted to consider the effect of 

fluctuating weather on power system reliability [2]-[5]. 

Adverse weather such as hurricanes can have significant 

impact on power system reliability. The effect of adverse 

weather on the reliability parameters of system components 

is addressed in [6] and [7].  

Reliability issues are becoming increasingly important in 

modern distribution networks because of both social as well 

as economic implications. Several heuristic algorithms 

applied to find the optimal configuration of meshed 

distribution network is presented in [8]. Failures of reactive 

power sources in power system reliability evaluation are 

considered in [9]. To coordinate reliability and economy, an 

overall framework of optimal reliability algorithm for bulk 

power system based on total owning cost is proposed in [10]. 

Reliability enhancement of deregulated power systems 

considering demand-price elasticity is presented in [11]. In 

power system planning and operation procedures, bulk 

power system reliability assessment plays an important role. 

Bulk power system reliability assessment considering 

protection system hidden failures is illustrated in [12]. 

Power system reliability evaluation and quality assessment 

using fuzzy logic and genetic algorithm are presented in [13] 

and [14], respectively. 

The change of temperature and humidity during summer 

and winter is high in Bangladesh. Therefore, its effect on the 

load patterns can not be passed over. However, during 
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summer, the demand is significantly increased due to the 

high temperature. That is why BPS has to ensure an 

additional seasonal generation reserve capacity to maintain 

an acceptable level of reliability. This paper presents the 

correlation between the weather variables and the reliability 

of BPS. Reliability index, loss of load probability (LOLP) of 

BPS is evaluated using recursive algorithm for different 

months of last five years and its variation with the weather 

scenario of the country is investigated. It is observed that 

during winter season, reliability of BPS is relatively higher 

than that of summer season. 

2. Basic Data Analysis 

To identify the correlation between the weather variables 

and the reliability of BPS, the generation and the hourly 

demand of BPS of last five years is collected from its 

National Load Dispatch Centre (NLDC). The temperature 

and relative humidity data are collected from Bangladesh 

Meteorological department (BMD).  

Before evaluating the monthly LOLP, the available data 

are analyzed. Fig.1 and 2 depict the temperature and relative 

humidity variation of a typical summer and winter day, 

respectively. 

 

Fig 1. Temperature of a typical summer and winter day 

 

Fig 2. Relative humidity of a typical summer and winter day 

In order to determine LOLP, the generating units and 

hourly loads have to be modeled .The following generator 

and load models are employed.  

2.1. Generator Model 

The simplest model for a generating unit for continuous 

operation is a “Run-Fail-Repair-Run” cycle that states that 

every generator has two states. They are– i) Unit availability 

and ii) Unit unavailability or forced outage rate (FOR). The 

unit availability means the long term probability that the 

generating unit will reside in on state and unit unavailability 

or FOR means the long term probability that the generating 

unit will reside in off state. Mathematically FOR can be 

defined as, 
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Where, 

λ = time to failure 

µ = time to repair 

m= mean time to failure =
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Unit availability of a generating unit can be defined as, 
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Using the above model, each generator of BPS is 

exemplified by its rated capacity and FOR.  

2.2. Load Model 

In order to develop the load model of BPS, hourly loads of 

a particular month are divided into several groups. The 

occurrence of each group is then counted for that specific 

month. The probability of occurrence of any group is 

calculated as, 

g
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=                                       (3) 

Where, 

Pg = Probability of occurrence of a group 

Ng = No. of occurring days of that group in observation 

period of 1 month 

Nt = Total no. of days in observation period 

Finally the average value of each group is taken and the 

corresponding probabilities reside for that average value of 

the load. 

3. The Recursive Algorithm  

The recursive expression for a state of X MW on forced 

outage after the addition of a generating unit of capacity C 

MW with FOR of u is given by, 

          (4) 
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Where, p(X) = Individual state probability.  

If X is less than C, 

                                         (5) 

After arranging all the states in ascending order, reserve of 

the power system is calculated using, 

Reserve = Installed capacity-Load                         (6) 

LOLP of a particular load is then calculated using, 

)Re( serveOutageyprobabilitLOLPload >=         (7) 

And finally, Total LOLP of the system is calculated using, 

∑= ).()( loadofprLOLPLOLP load                 (8) 

Where,  

Pr. of load = Occurrence probability of a particular load. 

4. Results and Discussions  

4.1. Correlation between the Temperature and the System 

Reliability  

Using the recursive algorithm, the monthly LOLP of BPS 

of last five years is evaluated. Table I to V show the LOLP 

and corresponding monthly average temperature and 

relative humidity (RH). 

Table I. Monthly LOLP of Year 2011 

Month Avg. Temperature (0C) Avg. RH (%) LOLP (%) 

January 18.50 69.41 0.91 

February 24.40 65.69 1.15 

March 27.20 54.33 1.48 

April 28.90 68.32 2.33 

May 29.50 73.12 2.54 

June 29.70 82.00 3.02 

July 30.25 80.43 3.75 

August 29.20 77.68 3.15 

September 28.90 81.17 3.20 

October 26.40 76.66 1.57 

November 23.90 68.70 1.02 

December 19.80 69.65 1.01 

Table II. Monthly LOLP of Year 2010 

Month Avg. Temperature (0C) Avg. RH (%) LOLP (%) 

January 18.92 68.25 0.94 

February 24.86 64.12 1.20 

March 27.42 58.70 1.50 

April 28.58 68.97 2.35 

May 29.07 74.01 2.60 

June 29.08 83.51 3.10 

July 29.48 79.85 3.80 

August 29.14 78.25 3.20 

September 29.20 80.74 3.30 

October 27.94 75.82 1.60 

November 24.26 66.37 1.10 

December 20.62 70.29 1.05 

Table III: Monthly LOLP of Year 2009 

Month Avg. Temperature (0C) Avg. RH (%) LOLP (%) 

January 18.20 69.85 0.89 

February 24.10 65.28 1.12 

March 26.40 55.87 1.47 

April 28.20 69.30 2.32 

May 29.70 75.25 2.47 

June 30.10 82.53 3.01 

July 29.90 80.28 3.12 

August 30.10 77.28 3.58 

September 28.85 81.27 3.15 

October 26.20 74.95 1.52 

November 22.15 65.54 1.01 

December 18.90 69.24 0.99 

Table IV: Monthly LOLP of Year 2008 

Month Avg. Temperature (0C) Avg. RH (%) LOLP (%) 

January 19.10 71.24 1.05 

February 25.60 63.85 1.25 

March 27.40 52.47 2.40 

April 28.90 71.24 2.80 

May 30.10 77.05 3.10 

June 30.20 81.25 3.70 

July 31.20 80.12 4.50 

August 29.90 76.46 3.90 

September 27.40 82.08 3.70 

October 25.50 75.01 1.70 

November 21.50 66.30 1.40 

December 19.30 58.74 1.06 

Table V: Monthly LOLP of Year 2007 

Month Avg. Temperature (0C) Avg. RH (%) LOLP (%) 

January 18.70 70.29 0.98 

February 24.90 65.75 1.10 

March 26.70 54.58 2.20 

April 27.90 72.15 2.40 

May 30.50 78.57 2.90 

June 30.80 82.03 3.20 

July 31.70 81.54 4.10 

August 29.80 77.15 3.90 

September 27.20 81.90 3.80 

October 25.10 75.62 1.60 

November 22.10 65.24 1.50 

December 18.90 59.63 1.02 

The above results clearly reveal that in BPS, there is a 

strong correlation between the system reliability and the 

weather variables. In Bangladesh, summer spans from April 

to   October when the temperature of the country is high. 

From November to March, the temperature of the country is 

relatively low and these months can be included in winter 

season.  

From Table I to V, the average summer LOLP is 2.82% 

and that of winter is 1.21%, which is shown in Fig. 3. 

During summer, LOLP has a high value, that is, the 

reliability of the system is low and in winter, LOLP is 

relatively low, that is, the reliability of the system is high. 

During summer electrical devices, fans and or air 

conditioners are invariably used and as a consequence the 

system demand increases but due to limitation in resources, 

0)( =−′ CXp
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the generation can not be increased with the same rate as of 

demand. As a result the reliability of the system becomes 

low during summer period. 

 

Fig 3. Average summer and winter LOLP 

4.2. Effect of the Additional Summer Generation on the 

System Reliability  

In order to improve the reliability of BPS during summer 

season, additional generation is added to the system and the 

system is simulated again. Table VI shows the simulation 

results. 

It is observed from Table VI that due to 25% of additional 

generation during summer season, LOLP improves to 1.25% 

which is close to average winter LOLP of 1.21%. If 

generation is increased further, system reliability will 

improve but cost due to additional generation will increase 

by a considerable amount. That is why 25% of additional 

generation is set as the maximum increment margin. 

Table VI: Effect of Additional Summer Generation  

Additional  

generation 

Summer LOLP 

with additional 

generation (%) 

Summer LOLP with out 

additional generation (%) 

5% 2.62 

2.82 

10% 2.35 

15% 1.97 

20% 1.74 

25% 1.25 

5. Conclusion 

This paper presents the correlation between the weather 

variables and the reliability of BPS. It also investigates the 

additional generation requirement during summer season to 

improve the reliability of the system. In Bangladesh, 

electrical devices are rarely used to get relieved from cold 

during winter. But during summer electrical devices like 

fans and air conditioners are extremely used and as a result 

demand during summer period increase by a considerable 

margin that results in lower system reliability than that of 

winter.  

The simulation results show that the average summer 

LOLP of BPS is 2.82% and that of winter is 1.21%. Since the 

difference in demands of summer and winter is significant, 

BPS has to ensure an additional seasonal generation reserve 

capacity to maintain an acceptable level of reliability. The 

results clearly reveal that BPS requires an arrangement of 

additional 25% of generation capacity to ensure an 

acceptable level of reliability during summer. 
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