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Abstract— This report presents a study of reduction in 

battery stresses by using super capacitor (SC) in a 500 kVA 

rated uninterrupted power supply (UPS).In this investigation 

first, Super Capacitor model developed using 

MATLAB/Simulink is present and validated. Second, the 

architecture of the designed system that combines the Super 

Capacitor and Battery are shown. The Super capacitors are 

used as high power storage device to smooth the peak power 

applied to the battery during back up time and deliver full 

power during short grid outage. By charging SCs through 

battery at suitable rate, all impulse power demand would be 

satisfied by the SCs. 

Key words: Lead acid battery, super capacitor, 

uninterruptible power supply (UPS). 

NOMENCLATURE 

SC  Super Capacitor. 

Pload  Load Power. 

Pbat  Battery Power. 

Psc  Super Capacitor Power. 

Ceq Capacitance of the SCs pack. 

Csc Capacitance of one SC element. 

Np_sc       Number of SCs in parallel  branches. 

Ns_sc  Number of SCs in series branches. 

Wsc         Energy stored in one super capacitor. 

Ubat Battery voltage. 

Usc Super capacitor voltage. 

UM  Maximum SCs pack voltage. 

Um Minimum SCs pack voltage. 

PLm  Power Limit. 

I. INTRODUCTION 

Today we depends more and more electricity in our daily 

lives. All our comfort, home appliance as well as our 

commercial activities totally linked to the use of electricity. 

Only the lack of it brings us back of it brings us back to 

reality and its importance. In application, such as medical 

intensive care system, chemical plant process control, safety 

monitors or a major computer installation, where even a 

temporary loss of supply could have severe consequence, 

there is need to provide an Uninterruptible power supply 

which can maintain the supply under all conditions. During 

voltage sags or complete interruptions of the power supply, 

the energy has to be supplied by local energy storage 

systems (ESS). Conventional ESS for UPS is basically 

relying on the choice of good lead-acid batteries. However, 

there are many disadvantages associated with batteries such 

as low-power density and limited charge/discharge cycles. 

Moreover, extracting pulsed power instead of average power 

from the battery can decrease its lifespan. First, the current 

variations cause voltage transients that can be interpreted by 

the low voltage detection circuit as a discharged battery 

creating a premature shutdown. Second, the pulsed currents 

have a higher RMS value, which might cause increasing 

battery losses. Third, pulsating currents also reduce greatly 

the battery runtime. [4] A super capacitor is a double-layer 

electrochemical capacitor that can store thousand times 

more energy than a typical capacitor. It shares the 

characteristics of both batteries and conventional capacitors 

and has an energy density about 20% of a battery. 

Moreover, they have almost negligible losses and long 

lifespan. They can process a large number of charge and 

discharge cycles (several hundred thousand cycles) 

compared to only a few thousand cycles for lead-acid 

batteries, and can supply much higher currents than 

batteries. Batteries are mostly efficient when used to supply 

low, reasonably steady power levels. Super capacitors are 

very effective in storing charge for later use. Their leakage 

rate and series resistance are quite small.[7]  

The power sharing between super capacitors and 

batteries are improving system performance due to the 

dynamic behavior of the SCs and their long life. This 

combination was tested successfully in many applications 

like pure battery-powered electric vehicle (EV), hybrid 

electric vehicle and FC-based UPS systems. [4] 

In UPS applications, batteries usually provide 5–15 

min of backup power before a generator starts and is ready 

to accept the full load. Super capacitors can supply only 5–

20 s of backup at full power. This means that SCs could be a 

good battery replacement only when long runtime is not 

required because of their high price, their high size and mass 

Nowadays, it is better to combine traditional battery for 

higher energy UPS and SCs for higher power UPS. It is 

worth mentioning that super capacitors are experiencing 

high development and becoming more and more competitive 

in price. [1]. 

II. IMPLEMENTATION OF SC IN UPS 

On-line UPS topology is shown in Fig 1. It helps us to 

understand that a super capacitor can be built-in in two 

places. Directly to the DC bus (position A in Fig. 1) and 

through the DC/DC converter (position C in Fig.1) 

Combining these methods it is possible to get UPS with 

various properties. [10] 
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Fig. 1: Implementation of SC in UPS 

(1) Only super capacitor is directly connected to DC 

bus (position A in Fig. 1). Such UPS can be very 

powerful. But DC bus has high voltage. As the 

voltage of the super capacitor is above 1.5-3 volt, it 

is necessary to connect about 200-300 super 

capacitors in series. But serial connection of many 

capacitors causes some problems. The voltage 

distribution of super capacitors will not be equal, 

and that’s why their energy densities cannot be 

used at full. Secondly, voltage on the super 

capacitor depends on a degree of its charge. So it 

allows operating with a small part of stored energy, 

because the voltage drop of a super capacitor 

cannot be smaller than the output peak voltage. 

Thirdly, if UPS with discharged super capacitor is 

turned on in mains, there will be a huge starting 

current. 

(2) Super capacitor is directly connected to DC bus 

and battery connected through the DC/DC 

converter (position A and B in Fig.1). 

Characteristics of such connection method are 

similar to the connection in the first case. 

Advantages of battery usage are in its larger energy 

density. Using batteries, UPS weight with same 

energy, will be smaller but also power will be 

smaller. 

(3) Replace battery with SC (position C in Fig. 1). 

Advantages of this method are that UPS becomes 

more powerful, needs less maintenance and has 

faster charge. Comparing to the first case there is a 

possibility to limit a charging current and 

accordingly to limit a starting current. The super 

capacitor and this method enable to use almost all 

stored energy of super capacitor. Power of UPS can 

be above ten times larger when using super 

capacitor which has the same weight as battery that 

is due to the fact that power density of batteries is 

200-400 W/kg, whereas power density of super 

capacitor may amount 10 kW/kg. Lifetime of super 

capacitor can be more then 10 years and super 

capacitor can perform for over one million 

discharge-recharge cycles, whereas batteries only 

1000 cycles. As a result of the fact that super 

capacitor charging time is very short, UPS 

preparation for repeated mains disconnection can 

be made within about 10 minutes. In UPS with 

batteries, charging time is above 4-6 hours. 

(4) Connect super capacitor parallel to battery 

(position B and 2B in Fig. 1). This is not good 

connection, because it is not possible to use all 

stored energy, since voltage of battery cannot fall 

lower of the fixed one in order not to damage 

battery. Advantage of this method is that super 

capacitor can supply large power but in short term 

and battery can supply small power but a longer 

period of time. 

(5) Connect super capacitor and battery through 

different DC/DC converters (position B and C in 

Fig. 1). This type of connection is similar to the 

fourth case, due to the, that the super capacitor is 

connected through the second DC/DC converter 

UPS disappears disadvantages that have fourth 

connection method. There is a possibility to charge 

and discharge the battery and super capacitor 

independently and accordingly to use super 

capacitor more efficiently. 

III. PRESENTATION OF THE STUDIED UPS 

A. Ups Specification 

The studied UPS has "Double Conversion On-Line" 

topology. Its main advantage is that an input voltage outage 

does not cause activation of the transfer switch, because the 

input AC is charging the backup battery source which 

provides power to the output inverter. Therefore, during an 

input AC power failure, on-line operation results in no 

transfer time. The main characteristics of the studied UPS 

are: 

(1) Rated power: 500 kVA, 

(2) Power factor: FP = 0.9, 

(3) Total efficiency: η = 95 %, 

(4) Nominal output voltage: Vac = 400 V, 

(5) Nominal power delivered by the battery: PN = 

480 kW, 

(6) Backup time: T = 10 mn, 

(7) DC-bus voltage: VDC = 400 V, 

(8) Nominal battery voltage: Vbal_nom = 480 V, 

(9) Operating temperature range: O°C to 40°C, 

The super capacitors must supply the full power Pload = 

PN during L1t = 10 s, the delivered energy is then about 4. 8 

MJ. 

The voltage outages considered have been identified as 

follows: 

(1) Short outages < l0 s: on average, 20/year for a good 

quality power grid and 200/year for a disrupted 

power grid, 

(2) Long outages > 10 s: on average, l/year for a good 

quality power grid and 10/year for a disrupted 

power grid.  
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Fig. 2: Topology of the 500kVA UPS. 

Fig.2 shows the block diagram of the studied UPS. 

Before adding the super capacitors (without the dotted part 

in Fig.2), in the case of interruption of the power grid from 

"Input", the battery supplies immediately the full power to 

the inverter during short and long outages. The period of 

autonomous operation is fixed to 10 minutes and it is 

required that the generator starts up and reaches its nominal 

functioning. 

IV. MODELLING OF SUPER CAPACITOR 

First, I present the approach to choose the type and the 

number of SC's in order to fulfil the UPS specifications. I 

have chosen that the super capacitors, added as high-power 

storage devices, must supply the full power Pload = PN 

during Δt = 10 s, the delivered energy is then estimated to be 

around 4.8 MJ [the total load power (PN = 480 kW)].The 

energy Esc stored at the voltage Usc of the SCs pack voltage 

can be expressed as follows: 
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Where: 

Ceq is the equivalent capacity of the SC's pack, 

Np _sc and Ns _sc are respectively the number of parallel 

branches and the number of SC’s series connections, 

Csc is the one SC capacity, 

Usc is the SC's pack voltage. 

The super capacitor considered is 

Maxwell/BCAP3000 type, rated 3000F, 2.7 V 

Since the energy stored in the SC's pack is 

proportional to the square of the voltage, a drop of the 

voltage from UM = 300 V to Um = 150 V permits a release of 

75 % of the stored energy. Further, the internal losses in the 

SC's should be taken into account. Every elementary SC is 

then discharged from an initial voltage Vsci = 2.7 V to a        

final voltage Vscf = 1.35 V. Further, the internal losses in 

the SCs may be taken into account through the efficiency 

coefficient k =0.9. 

The following relation can be written as 
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This leads, by considering an energy of 4.8 MJ, to a 

SCs pack having an equivalent capacitance Ceq = 158 F. 

Referring to the initial voltage of the SCs pack, we obtain 

Ns_ sc = 112 and Np_sc = 6. 

 
Fig. 3: SC simplified circuit: two branches model 

The main capacitance C1 (differential capacitance) 

depends on the voltage v1. It consists of a constant capacity 

C0 (in F) and a constant parameter Cv (in F/V) and it is 

written as C1 = C0 + Cv v1. The R1C1 branch determines the 

immediate behaviour of the super capacitor during rapid 

charge and discharge cycles in a few seconds. The R2C2 cell 

is the slow branch. It completes the first cell in long time 

range in order of a few minutes and describes the internal 

energy distribution at the end of the charge (or discharge). 

The equivalent parallel resistance Rf represents the leakage 

current and can be neglected during fast charge/discharge of 

the super capacitor [1] [2]. 

The simulation circuit with MATLAB\Simulink of 

the super capacitors pack is illustrated in Fig: 3 

 
 

Fig.4. MATLAB simulation model of Super capacitors pack 

This circuit is based on the following equations 

(leakage current of super capacitor is neglected): 
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With: 

(1) Usc and Isc are the SCs pack voltage and 

current,respectively;       

(2) vsc and isc are the elementary super capacitor voltage 

and current, respectively. 

The voltage v2 in the secondary capacity C2 is given by 
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Let Q2 the instantaneous charge of C2 

                            ∫                                    (5) 

The current in C1 is given by 

                                                     (6) 

i1 is expressed in terms of the instantaneous charge 

Q1 and C1  as 
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The charge Q1 is 

                          
 

 
    

     (8) 

The one SC element is fully charged initially then 

Vsci=v1i=v2i=2.7V. The initial values are then 

               Q2i=C2v2i                      (9) 

               Q1i=C0v1i+
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(10) gives the relation between v1 and Q1 that is 

function f(u) in fig:4  it is given by 
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The instantaneous energy Wsc stored in the main branch of 

the one super capacitor is give by 

                ∫     ∫                                    (12) 

The capacitor differential charge dq is given by 

                                         (13) 

The total energy stored in the super capacitor pack is given 

by: 
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The SCs voltage element drops from an initial 

value Vsci =2.7Vto a final value Vscf=1.35V, the difference 

between initial energy Esci and final energy Escf of the SCs 

pack multiplied by the efficiency coefficient k is equal to 5.6 

MJ. This means that the SCs pack sizing is in good 

concordance with the energy PNΔt = 4.8 MJ specified 

previously. 

V. DESIGN OF BATTERY–SUPER CAPACITOR COMBINATION 

A.  Combination Without Control System 

Combination without control system means, Super capacitor 

will not recharge through battery. Block diagram is shown 

in fig-5.[1] [2] 

 
Fig.5. Block diagram of UPS without control system 

In this configuration Super capacitor and battery 

are connected in parallel to the DC to DC converter without 

control system as shown in Fig.5. The Dc to Dc converter 

and AC to DC converter are to be considered as ideal 

without losses. The DC bus voltage VDC=400 V. Initial 

Super capacitors voltage is approximately consider as 560 

V. Each SC initial voltage is 2.7 V. So total number of SCs 

in series Ns_sc=205 and Np_sc = 4. 

Back up time of UPS is 10 minute. In this Super 

capacitor will not charge through battery. So SCs supply for 

200 sec only.  

B. Combinations With Control System 

Controlled SCs Battery combination means Super capacitor 

will charge through battery. In this configuration power 

sharing system is present in Fig: 6.Two DC to DC converter 

is used which is connected to control system or power 

sharing system. Without control system SCs supply for 

200sec only .If controls system is present SCs will recharge 

through battery and SCs will supply for 600 sec. The 

purpose of the combination between SCs and the battery is 

to make the SCs supply the power transients and to smooth 

the high-power demands applied to the battery during 

autonomous operation. Fig: 6 show the new UPS topology 

counting the control system for power sharing between SCs 

and the battery. 

Fig. 6: Block diagram with Control System 

The dc/dc converters are supposed to be without 

losses and modeled as dc ideal bidirectional transformers. 

The input currents of the converters associated with the 

battery and the SCs pack, respectively ibat bus and isc bus are 

controlled by the power-sharing system. This control system 

performs according to SCs pack and to the shape of the load 

power. Power sharing between super capacitor and battery is 

shown in next section. 

C. Power Sharing Between Battery and Super Capacitor 

 
Fig.7. Power Sharing Between SC and Battery 

Pload is the load power, Pbat is the battery power, 

Psc is the SCs pack power, PLm is the limit load power, and 

Pi is the initial value of the battery power. 

(1) At time t1, the battery is subjected to a rising 

power requested by the load. A low-pass filter is 

applied to the load current diverting sudden 

power variation to the super capacitors. 

The equations of this first phase can be written as             

follows: 

                       *     ( 
 

   
)+         (15) 
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The super capacitor power is given by  

                                                     (16) 

(2) The constant Tau characterizes the dynamic of 

the low pass filter. It is adjustable and can act 

on the discharge time of the SCs especially on 

the smoothing degree of the peak power applied 

to the battery. 

(3) At time t2, Pload < Pbat, the battery supplies a 

full load power and the low-pass   filter 

operation is cancelled. 

(4) At time t3, the load power Pload is less than a 

load power limit PLm, the battery supplies both 

the load and the SCs pack with energy intended 

to recharge the super capacitors. 

(5) At time t4, the SCs voltage reaches its maximal 

tolerated value, the deterioration of super 

capacitors is avoided by stopping the recharge 

process. 

(6) At time t5, a new power demand occurs and the 

low pass filter is applied again, the SCs pack is 

now fully charged and has sufficient energy to 

meet again the power impulses. 

(7) At time t6, the SCs are discharged at a rate of 

75% and their voltage has reached its minimum 

value of 150 V. The SCs pack is stopped and 

the full power is transferred to the battery. 

The flowchart in Fig: 7 summarize the principle of 

power distribution between the battery and the super 

capacitors.  

 
Fig. 8: Flow Chart of the SCs & battery combination system 

VI. SIMULATION OF CONTROL STRATEGY 

A. Programming For Control Strategy 

Pload = input (' The value of load power='); 

Usc=input (' The value of SC Voltage='); 

Um=150; 

UM=300; 

Pbat= input (' The value of load power='); 

Plm=0.8*10^5; 

if Pload>=Pbat  & Usc>=Um 

     Psc=Pload-Pbat;  

elseif Pload>=Pbat  & Usc<Um 

        Usc=Um;  

        Pbat=Pload; 

        Psc=0; 

elseif Pload<Pbat & Pload>=Plm 

        Pbat=Pload; 

        Psc=0; 

elseif Pload<Pbat & Pload<Plm & Usc<UM 

       Psc=Pload-Pbat; 

elseif Pload<Pbat & Pload<Plm & Usc>=UM 

        Pbat=Pload; 

        Psc=0; 

end 

fprintf ('\n the value of Pbat is %5.2f',Pbat); 

fprintf ('\n the value of Psc is %5.2f',Psc); 

By putting different value of Load Power, Battery 

Power, we can get different value of Super Capacitor Power 

and Super Capacitor voltage. Using this parameters Wave 

form of Load profile can be formed. 

 
Fig. 9: Wave Form of Control Strategy 

From the output waveform, we can conclude that 

from t=0 to 10 sec the load power is 4.8*10^5 and SC 

voltage is300V mans SC is fully charged .So at that time 

battery and SC both supply power to the load.SC supply 

3.0*10^5W power and remaining power 1.8*10^5 W is 

supplied by battery.  

At t=10 sec SC is discharged. From t = 10 to 20 sec 

when Load Power is above the Plm ,SC will not charged so 

battery power and load Power become same.SC power is 

zero. 

At t= 20 to 30 sec SC is discharged and 

Usc=Un=150 so full load power is supplied by the battery. 

At t= 30 to 40 sec when Load Power is 0.5*10^5 W below 

the Plm = 0.8*10^5 W so battery will supply Load as well 

as SC. Super Capacitor will charge and Usc become 300 V 

means SC is fully charged and Usc=UM=300. In this case 

Pbat=Pload+Psc. 

At t= 40 to 50 sec SC is charged Load Power is 

below the Plm. So Load power is supplied by battery only 

and Psc=0. From t= 50 to 60 sec Pload is above the Plm, SC 

is fully charged so SC and battery both will supply to Load. 

This cycle is repeated. 

VII. CONCLUSION 

Super capacitor has higher power density. So it can be used 

in UPS to fulfill high power demand which is not possible 

by the battery. Super capacitor has much faster charge and 

discharge rate compare to battery. So it is possible to charge 

the super capacitor using battery. By supplying pulsating 
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current, super capacitor increase the lifespan of battery. As 

per control strategy super capacitor will charge through 

battery when load power is below the lower power limit 

Plm. Super Capacitor will supply to the load when Pload is 

above the Plm. 
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