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Abstract- Solar energy is radiant light and heat from the sun harnessed using a range of ever-evolving technologies such as 
solar heating, solar photovoltaic, solar thermal electricity, solar architecture and photosynthesis. Solar technologies are 
broadly characterized as either passive solar or active solar depending on the way they capture, convert and distribute solar 
energy. Active solar techniques include the use of photovoltaic panels and solar thermal collectors to harness the energy. 
Passive solar techniques include orienting a building to the Sun, selecting materials with favorable thermal mass or light 
dispersing properties, and designing spaces that naturally circulate air. In Solar System the sunlight plays an important and 
vital role. The non-conventional renewable solar energy which is cheap and readily available for use in institutions, 
hospitals, industries and all sort of equipments and places where energy is required. But for solar energy Sun is the prime 
source from where solar energy can be generated. During rainy and winter seasons the sun is under the cover of clouds 
regularly resulting solar penal cells are unable to receive sunlight which causing   failure of the system. In this paper we have 
taken failure which is caused due to  non-availability of solar energy(NASE)  by sun  and open failure mode due to human 
error. When the main unit fails then cold standby system becomes operative. Availability of solar energy by sun cannot 
occur simultaneously in both the units and after failure the unit undergoes repair immediately. 
 
 
I. INTRODUCTION 
 
Solar energy refers primarily to the use of solar 
radiation for practical ends. However, all renewable 
energies, other than geothermal and tidal, derive their 
energy from the sun. Solar technologies are broadly 
characterized as either passive or active depending on 
the way they capture, convert and distribute sunlight. 
Active solar techniques use photovoltaic panels, 
pumps, and fans to convert sunlight into useful 
outputs. Passive solar techniques include selecting 
materials with favorable thermal properties, 
designing spaces that naturally circulate air, and 
referencing the position of a building to the Sun. 
Active solar technologies increase the supply of 
energy and are considered supply side technologies, 
while passive solar technologies reduce the need for 
alternate resources and are generally considered 
demand side technologies. 
 
In 2011, the International Energy Agency said that 
"the development of affordable, inexhaustible and 
clean solar energy technologies will have huge 
longer-term benefits. It will increase countries’ 
energy security through reliance on an indigenous, 
inexhaustible and mostly import-independent 
resource, enhance sustainability, reduce pollution, 
lower the costs of mitigating climate change, and 
keep fossil fuel prices lower than otherwise. These 
advantages are global. Hence the additional costs of 
the incentives for early deployment should be 
considered learning investments; they must be wisely 
spent and need to be widely shared". 
 
In this paper we have taken failure caused due to 
non- availability of solar energy by sun and open 

failure due to human errors. When the main operative 
unit fails then cold standby system becomes 
operative. Availability of solar energy by sun cannot 
occur simultaneously in both the units and after 
failure the unit undergoes repair immediately. 
 
Assumptions 

1. The failure and repair time distributions are 
all assumed to be negative exponential. 

2. The repair starts immediately upon failure of 
units. 

3. The switches are perfect and instantaneous. 
4. All random variables are mutually 

independent. 
5. When both the units fail, we give priority to 

operative unit for repair. 
6. The other failure due to some human errors. 
7. Repairs are perfect and failure of a unit is 

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

operative. 
9. After repair, the units works like a new one. 

Symbols for states of the System 
 
λ1,   λ2   - failure rate due to non-availability of solar 
energy through sun(FNASE)  and failure due to 
human errors(FHE) 
G1(t), G2(t) – repair time distribution due to type I, II 
respectively 
Superscripts    O, CS, FNASE, FHE 
Operative, Cold Standby, failure due to non-
availability of solar energy through sun, failure due to 
human errors respectively 
Subscripts   nase, ase, he,ur, wr, uR            
No availability of solar energy by sun, availability of 
solar energy by sun, human errors, under repair, 
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waiting for repair, under repair continued from 
previous state respectively 
Up states – 0, 1,  2;   
Down states – 3,4,5,6 
regeneration point – 0,1,2 
States of the System 
0(Oase, CSnase) 
One unit is operative due to availability of solar 
energy through sun  and the other unit is cold standby 
with non- availability of solar energy through sun in  
the other unit. 
1(FNASEnase, ur , Oase)  
The operating unit fails due to FNASE mode caused 
by non-availability of solar energy by sun and is 
under repair immediately of type I and standby 
becomes operative starts operating with availability 
of solar energy by sun. 
 
2(FHE nase, he, ur, Oase) 
The operative unit fails due to human errors (open 
failure mode) and undergoes repair of type II and the 
standby unit becomes operative due to availability of 
solar energy by sun.  
 
3(FNASEnase, uR , FHE nase, he,wr) 
The first unit fails due to non-availability of solar 
energy by sun and under repair is continued from 
state 1 and the other unit fails due to human error and 
is waiting for repair of type II and there is non-
availability of solar energy by sun. 
 
4(FNASE nase, uR , FNASE nase, wr) 
The one unit fails due to non-availability of solar 
energy by sun is continues under repair of type I  
from state 1 and the other unit  also fails due to 
FNASE is waiting  for repair of type I. 
 
5(FHE nase, he, uR, FNASE nase, wr)  
The operating unit fails due to human error (open 
failure mode) and under repair of type I continue 
from the state 2 and there is non- availability of solar 
energy by sun and the other unit fails due to FNASE 
is waiting for repair of type-II. 
 
6(FHE nase, he, uR, FHE nase, he, wr) 
The operative unit fails due to human error  and 
under repair continues from state 2 of type –I and the 
other unit is also failed due to human error and is 
waiting for repair of type-I and there is non- 
availability of solar energy by sun. 
           
Transition Probabilities 
Simple probabilistic considerations yield the 
following expressions : 
p01  +   p02  = 1,   
p10  +   p11

(3)  + p11
(4)  = 1,    

p20  + p22
(5) + p22

(6) = 1                (1) 
And mean sojourn time are  
  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-Stiltjes 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] =    

d/ds 
 ø0

*(s)        

                                               s=0       
         =      (D1

’(0) - N1
’(0))  /  D1 (0) 

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

 = 1  +  2 ,     =  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 belonging to E. 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)                                                                                                 
(7-9)                                                                                           
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)) +  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 -    22
(5)(s) - 22

(6)(s) 

) – (( 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    
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                    (12)                                              

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

             (13) 
The expected busy period of the server when there is 
short circuit failure due to availability of solar energy 
by sun 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 availability 
of solar energy by sun in (0,t] is  

(t) =     So that   
The expected Busy period of the server when there is 
human error 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) =  u2(t) + q02(t)[c] B2(t) + [q22
(5)(t)+ q22

(6)(t)] 
[c]B2(t) 
u2(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 different 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 function of the system considering 
mean up-time, expected busy period of the system 
under availability of solar energy by sun when the 
units stops automatically, expected busy period of the 
server for repair of unit , expected number of visits 
by the repairman for unit failure. 
 
The expected total cost-benefit incurred in (0,t] is  
C(t) = Expected total revenue in (0,t]  - expected total 
repair cost in (0,t] due  to FNASE under availability 
of solar energy by sun when the  units automatically 
stop in (0,t]  
 - expected total repair cost due to human error for 
repairing the units in (0,t ]   
-    expected number of visits by the repairman for   
repairing of 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 due to availability of 
solar energy by sun rate and failure rate due to human 
error increases, the MTSF and steady state 
availability decreases and the cost function decreased 
as the failure increases. 
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