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Abstract: Solar panels generate electricity using energy from the sun. Because the panels produce energy from daylight and 
not sunlight they still produce energy on cloudy days. The direct current produced by the panels is converted by the inverter 
to alternating current for use in the building. The electricity produced is either consumed directly by appliances in the 
building or if more power than required is generated it is exported to the grid. At night or when the system is not producing 
enough energy, power is supplied by the grid in the normal way. 
Solar PV works from daylight and not direct sunlight, but more power is produced on a sunny day as opposed to overcast or 
cloudy one. 
Shading is critical. Minor shading can result in significant loss of energy because the cell with the lowest illumination 
determines the operating current of the of the series string in which it is connected. It is therefore important to avoid the 
array facing into shade from trees, chimneys or other buildings. 
Our PV systems are entirely grid connected. If there is a power cut the system is automatically switched off as a safety 
measure to ensure power does not leak on to the grid in order to protect personnel working to restore the power supply. 
There will be no power to the building during the power cut. 
Reliability is a measure of how well a system performs or meets its design requirements. It is hence the prime concern of all 
scientists and engineers engaged in developing such a system.. In this paper we have taken  two types of failures (1) FSP-  
failure due to Solar penal (2) FSA-Failure due to effects of Shading and angle the panels are mounted. When the main unit 
fails then cold standby system becomes operative. Failure due to Solar penal and Failure due to effects of Shading and angle 
the panels are mounted cannot occur simultaneously in both the units. After failure the unit undergoes very   costly repair 
facility immediately. Applying the regenerative point technique with renewal process theory the various reliability 
parameters MTSF, Availability, Busy period, Benefit-Function analysis have been evaluated.    
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I. INTRODUCTION 
 
PV panels do not produce energy in the dark and so 
electricity is drawn from the grid in the normal way. 
There are two distinct solar systems: 
(i) Solar thermal - for hot water production  
(2) Solar PV—for the production of electricity 
The total installed cost of a system will depend on the 
size of the system and ease of installation and it is not 
possible to give a precise figure without viewing the 
property in question. However as a general guideline 
most homeowners install a system of between 2-
3kWp at an installed cost of around £4000-£5000(inc 
VAT) per kWp. 
There are five main factors that will affect how much 
energy a PV system will generate: 
 
(i)Total size of the PV array (2) Latitude of the 
location (3) Direction the panels face (iv) Angle the 
panels are mounted (v) Any shading 
As an example a south facing roof mounted 1.44kWp 
system mounted in the Midlands should generate 
around 1000kWh per year saving around £200 per 
year depending on your electricity tariff. 
 

 
It is a financial incentive backed by the Government 
and paid by your energy supplier to encourage you to 
create your own clean electricity. Every kWh 
generated earns a fixed income and additionally any 
electricity not consumed in property can be sold back 
to the grid.  
 
The payback period for a solar PV installation- 
We would expect that an average system will take 
roughly 10 to 12 years to pay for itself, after which it 
will make money for its owner for the remainder of 
the Feed in Tariff period of 25 years. 
PV panels work best when installed at an angle of 30 
to 40 degrees on a south facing roof. Panels can be 
installed at different angles on West or East facing 
roofs but will not produce as much power as an 
equivalent system on a South facing roof at optimal 
angle. A site survey will determine the best option for 
your property. 
Maintenance- Usually dust and dirt washes off when 
it rains, if the panels are installed at an angle of at 
least 15 degrees. In extreme cases, dirt may cause a 
power reduction of about 10%. 
Long do PV panels last- Dimplex  PV panels have a 
product warranty of 10 years, expected lifetime of 



International Journal of Advances in Science Engineering and Technology, ISSN: 2321-9009 Volume- 3, Issue-1, Jan.-2015 

 Cost-Benefit Analysis Of Two- Identical Cold Standby System Subject To Solar Penal Failure And Failure Due To Effects Of Shading And 
Angle The Panels Are Mounted 

 
21 

around 30 years and performance of 90% for10years 
and 80% for 25 years. 
 
Stochastic behavior of systems operating under 
changing environments has widely been studied.  . 
Dhillon, B.S. and Natesan, J. (1983) studied outdoor 
power systems in fluctuating environment. Kan 
Cheng (1985) has studied reliability analysis of a 
system in a randomly changing environment. Jinhua 
Cao (1989) has studied a man machine system 
operating under changing environment subject to a 
Markov process with two states. The change in 
operating conditions viz.  fluctuations of voltage, 
corrosive atmosphere, very   low gravity etc.  may 
make a system completely inoperative. Severe 
environmental conditions can make the actual 
mission duration longer than the ideal mission 
duration. In this paper we have taken two types of 
failures (1) FSP-Failure due to solar penal (2) FSA-
Failure due to effects of Shading and angle the panels 
are mounted. When the main operative unit the cold 
standby system becomes operative. Failure due to 
solar penal and Failure due to effects of Shading and 
angle the panels are mounted cannot occur 
simultaneously in both the units and after failure the 
unit undergoes repair facility of very   high cost in 
case of FSP-failure due to solar panel immediately. 
The repair is done on the basis of first fail first 
repaired.  
 
Assumptions  
1.  F1(t) and F2(t)  are general failure time 

distributions due to  Failure due to solar penal 
and Failure due to effects of Shading and angle 
the panels are mounted. The repair is of two 
types -Type -I, Type-II with repair time 
distributions as G 1(t) and G 2(t) respectively. 

2. The Failure due to solar penal is non-
instantaneous and it cannot come simultaneously 
in both the units. 

3. Whenever Shading and angle the panels are 
mounted occur within specified limit of the unit, 
it works as normal as before. But as soon as there 
occurs Shading and angle the panels are mounted 
of magnitude byhond specified limit the 
operation of the unit stops automatically. 

4.  The repair starts immediately after the Shading 
and angle the panels are mounted of beyond 
specified limit of the unit are over and works on 
the principle first fail first repaired basis. 

5. The repair facility does no damage to the units 
and after repair units are as good as new. 

6. The switches are perfect and instantaneous. 
7. All random variables are mutually independent. 
8. When both the units fail, we give priority to 

operative unit for repair. 
9.  Repairs are perfect and failure of a unit is 

detected immediately and perfectly. 
10. The system is down when both the units are non-

operative. 

Symbols for states of the System  
F1(t)  and F2(t)  are the failure time distribution due to 
Solar penal failure and effects of Shading and angle 
the panels are mounted failure respectively  
G1(t), G2(t) – repair time distribution  Type -I, Type-
II due to  Solar penal failure and effects of Shading 
and angle the panels are mounted failure respectively 
Superscripts    O, CS, FSP, FSA 
Operative, Cold Standby, Failure due to solar penal 
failure, Failure due to Shading and angle the panels 
are mounted failure respectively 
Subscripts   nspf, nsaf, usaf, ur, wr, uR            
No Solar penal failure, no shading and angle the 
panels are mounted failure, under shading and angle 
the panels are mounted failure, under repair, waiting 
for repair, under repair continued from previous state 
respectively 
Up states – 0, 1, 2; Down states – 3, 4; regeneration 
point – 0,1,2 
Notations  
Mi (t) System having started from state I is up at time 
t without visiting any other regenerative state 
Ai (t) state is up state as instant t 
Ri ( t) System having started from state I is busy for 
repair at time t without visiting any other regenerative 
state. 
Bi (t) the server is busy for repair at time t. 
Hi (t) Expected number of visits by the server for 
repairing given that the system initially starts from 
regenerative state i 
By shading and angle the panels are mounted failure 
we mean shading and angle the panels are mounted 
failure beyond the specified limit. 
States of the System 
0(Onsaf, CSnsaf) 
One unit is operative and the other unit is cold 
standby and there is no shading and angle the panels 
are mounted failure in both the units. 
1(SOFSA usaf, ur , Onsaf)  
The operating unit fails due to shading and angle the 
panels are mounted is under repair immediately of 
very   costly Type- I and standby unit starts operating 
with no shading and angle the panels are mounted 
failure. 
2(FSP nsaf, nspf, ur , Onsaf) 
The operative unit fails due to solar penal failure 
undergoes repair of type II and the standby unit 
becomes operative with no shading and angle the 
panels are mounted failure.  
3(FSAusaf,uR , FSP nsaf ,nspf,wr) 
The first unit fails due to shading and angle the panels 
are mounted failure and under very   costly Type-I 
repair is continued from state 1 and  the other unit 
fails due to solar penal failure is waiting for repair of 
Type -II . 
4(FSA usa,uR , FSAusa,wr)  
The one unit fails due to shading and angle the panels 
are mounted failure is continues under repair of very   
costly Type - I  from state 1 and the other unit also 
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fails due to shading and angle the panels are mounted 
failure is waiting  for repair of very   costly Type- I. 
5(FSP nsaf, nspf, uR , FSP usa, wr)  
The operating unit fails due to solar penal failure is  
under repair of Type - II continues from the state 2 
and the other unit fails due to shading and angle the 
panels are mounted failure is waiting for repair of 
very costly Type- I. 
6(FSP nsaf,nspf,uR , FSP nsaf,nspf,wr) 
The operative unit fails due to solar penal failure is 
under repair continues from state 2 of Type –II and 
the other unit is also failed to due to solar penal  is 
waiting for repair of Type-II and there is no shading 
and angle the panels are mounted failure.          

 

 
 
Transition Probabilities 
Simple probabilistic considerations yield the 
following expressions: 

p01 =  ,      

p02 =  

p10 =  ,      

p13 =p11
(3)= p11

(4)=  

p25 = p22
(5)= p22

(6) =  

clearly 
p01 +   p02  = 1,   
p10  +   p13 =(p11

(3) ) + p14 = ( p11
(4))  = 1,    

p20  + p25 = (p22
(5)) + p26 =(p22

(6)) = 1    (1) 
 
And mean sojourn time is  
µ0  = E(T) =     (2) 
 

 Mean Time To System Failure  
Ø0(t) = Q01(t)[s] Ø1(t) + Q02(t)[s] Ø2(t) 
Ø1(t) = Q10 (t)[s] Ø0(t) + Q13(t) + Q14(t) 
Ø2(t) = Q20 (t)[s] Ø0(t) + Q25(t) + Q26(t)     (3-5) 
 
We can regard the failed state as absorbing                                                    
Taking Laplace-Stiljes transform of eq. (3-5) and 
solving for  

ø0
*(s)     =   N1(s)  /  D1(s)              (6)                                     

                                                                        
Where  
  N1(s) = Q01

*[ Q13 
* (s) + Q14 

* (s) ] + Q02
*[ Q25 

* (s) + 
Q26 

* (s) ] 
  D1(s) = 1  - Q01

*   Q10
* - Q02

*   Q20
* 

Making use of relations (1) & (2) it can be shown that 
ø0

*(0)  =1 , which implies that ø0
*(t)  is a proper 

distribution. 

MTSF = E[T] =       (s)       
                                                    s=0       
  =      (D1

’(0) - N1
’(0))  /  D1 (0)  

  =     ( +p01    + p02  ) / (1  - p01 p10   - p02 
p20 )                    
where     

 = 1  +  2 ,    1=  0 + 3 + 4 

+ +  
 
Availability analysis 
Let Mi(t) be the probability of the system having 
started from state I is up at time t without making any 
other regenerative state . By probabilistic arguments, 
we have  
The value of  M0(t), M1(t), M2(t) can be found easily. 
The point wise availability Ai(t) have the following 
recursive relations  
 
A0(t) = M0(t) + q01(t)[c]A1(t) + q02(t)[c]A2(t)  
A1(t) = M1(t) + q10(t)[c]A0(t) + q11

(3)(t)[c]A1(t)+ 
q11

(4)(t)[c]A1(t) ,   
A2(t) = M2(t) + q20(t)[c]A0(t) + [q22

(5)(t)[c]+ q22
(6)(t)] 

[c]A2(t)                                                                                        
Taking Laplace Transform of eq.  
(7-9) and solving for                                      
      =      N2(s) / D2(s)        (10)                                                                                                                       
   where               
N2(s) =  0(s)(1 -  11

(3)(s) -  11
(4)(s)) (1-  22

(5)(s)- 

 22
(6)(s)) +   (s) 

1(s)[ 1-  22
(5)(s)-  22

(6)(s)] + 02(s)  2(s)(1- 
11

(3)(s) -  11
(4)(s)) 

D2(s) = (1 -  11
(3)(s)-  11

(4)(s)) { 1 -    22
(5)(s) - 

22
(6)(s)  )[1-( 01(s)  10 (s))(1-   11

(3)(s)-  11
(4)(s))]   

The steady state availability 
A0 =    =   = 

 

  Using L’ Hospitals rule, we get 
A0 =    =          (11) 

The expected up time of the system in (0,t] is  
(t) =        So that  

       (12)                                               

The expected down time of the system in (0,t] is  



International Journal of Advances in Science Engineering and Technology, ISSN: 2321-9009 Volume- 3, Issue-1, Jan.-2015 

 Cost-Benefit Analysis Of Two- Identical Cold Standby System Subject To Solar Penal Failure And Failure Due To Effects Of Shading And 
Angle The Panels Are Mounted 

 
23 

        (t) = t-  (t)       So that  
           (13) 

   
The expected busy period of the server when there 
is FSP-failure due to solar penal failure in (0,t] 
R0(t) =  q01(t)[c]R1(t) + q02(t)[c]R 2(t)  
R1(t) = S1(t) + q01(t)[c]R1 (t) + [q11

(3)(t) + 
q11

(4)(t)[c]R1(t) ,    
 R2(t) =  q20(t)[c]R0(t) + [q22

(6)(t)+q22
(5)(t)][c]R2(t) 

                                                                   (14-16)                                                                                                                                   
Taking Laplace Transform of eq. (14-16) and solving 
for                                      
      =  N3(s)  / D3(s)                       (17)                                           
 where 
N 3(s) =  01(s)  1(s)  and   
D 3(s)= (1 -  11

(3)(s)-  11
(4)(s)) – 01(s)  is already 

defined. 

In the long run,  R0   =                       (18) 

The expected period of the system under FSA- 
shading and angle the panels are mounted failure   
resulting from shading and angle (0,t] is  

(t) =     So that  

 
 
The expected Busy period of the server when there 
is shading and angle the panels are mounted 
failure in (0,t] 
B0(t) =  q01(t)[c]B1(t) + q02(t)[c]B2(t)  
B1(t) =  q01(t)[c]B1(t) + [q11

(3)(t)+ q11
(4)(t)] [c]B1(t) ,   

B2(t) =  T2(t) + q02(t)[c] B2(t) + [q22
(5)(t)+ q22

(6)(t)] 
[c]B2(t) 
T2(t) = e- λ

1
t  G2(t)                   (19- 21)                                                                            

 Taking Laplace Transform of eq.  
(19-21) and solving for                                        
    =  N4(s) / D2(s)    (22) 
Where 
N4(s) =  02(s)  2(s))     
And D2(s) is already defined. 

In steady state, B0 =                 (23)                       

 The expected busy period of the server for repair in 
(0,t] is  

(t) =        So that  

      (24) 
 
The expected number of visits by the repairman 
for repairing the identical units in (0,t] 
H0(t) = Q01(t)[s][1+ H1(t)]  + Q02(t)[s][1+ H2(t)]  
H1(t) = Q10(t)[s]H0(t)] + [Q11

(3)(t)+ Q11
(4)(t)] [s]H1(t) ,  

 H2(t) = Q20(t)[s]H0(t) + [Q22
(5)(t) +Q22

(6)(t)] [c]H2(t)          
(25-27) 

Taking Laplace Transform of eq.  
(25-27) and solving for      
        =    N6(s) /  D3(s)       (28)                       

In the long run , H0 =              (29 )              

Cost-Benefit  Analysis 
The Cost-Benefit analysis of the system considering 
mean up-time, expected busy period of the system 
under shading and angle the panels are mounted 
failure when the units stops automatically, expected 
busy period of the server for repair of unit under solar 
penal failure, expected number of visits by the 
repairman for unit failure. 
The expected total Benefit-Function incurred in (0,t] 
is  
C(t) = Expected total revenue in (0,t]   
- expected total repair cost repairing the units when 
failure due to solar penal failure in (0,t ]   
- expected busy period of the system under shading 
and angle the panels are mounted failure when the 
units automatically stop in (0,t]   
-    expected number of visits by the repairman for 
repairing of identical the units in (0,t]  
The expected total cost per unit time in steady state is  
C =   =  
    = K1A0  -  K 2R0   - K 3B0  -  K 4H0    
Where  
K1 - revenue per unit up-time,  
K2  - cost per unit time for which the system is under 
repair of type- I 
K3  -    cost per unit time for which the system is 
under  repair of type-II 
K4 -    cost per visit by the repairman for units repair. 
 
CONCLUSION 
 
After studying the system, we have analyzed 
graphically that when the failure rate due to solar 
penal failure and shading and angle the panels are 
mounted failure increases, the MTSF and steady state 
availability decreases and the Cost-Benefit function 
decreased as the failure increases. 
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