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(57) Abstract: There is provided a method and arrangements for adjusting a charge voltage of a capacitor which is used as a power 
O back-up in a system having a required energy level. The method comprises adjusting the charge voltage of the capacitor based on a 

received capacitance value and a received value of the required energy level. The adjustment is performed such that an energy level 
stored in the capacitor is kept essentially constant. The invention is advantageous in that it extends the lifetime of the capacitor.
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ADJUSTMENT OF A CAPACITOR CHARGE VOLTAGE 

Technical field 

The present invention generally relates to the field of charging of 

capacitors in systems having a charging part and a discharging part. In 

5 particular, it relates to a method and arrangements for adjusting the charge 

voltage of a capacitor in such systems.  

Background 

Electrochemical double layer capacitors (EDLCs), also known as ultra 

10 capacitors or super capacitors, are often used as energy storage devices in 

electronic circuits. For example EDLCs may be used as a power back-up in a 

system.  

A problem with EDLCs is that they have a limited lifetime in that the 

capacitance and conductance decrease due to electrochemical reactions.  

15 The limited lifetime of the EDLCs is particularly problematic when the EDLCs 

are used in applications with requirements on long product lifetimes. The 

aging of the EDLCs is influenced by temperature and voltage. Increasing the 

voltage and temperature will exponentially accelerate the electrochemical 

reactions and thus leading to a decrease in capacitance and conductance.  

20 The lifetime of an EDLC may be defined as the time until capacitance has 

decreased to 50% of its initial value and the resistance has increased to 

300% of its initial value.  

One approach to compensate for the aging of the EDLCs has been to 

use a capacitor having a high initial capacitance. This approach is 

25 disadvantageous in that, initially, more energy is stored in the capacitor than 

needed. This approach is further disadvantageous in that large capacitors are 

expensive and that charging of large capacitors to a high voltage level 

requires a larger and more expensive power supply circuit. Further, the 

charging of a large capacitor is time consuming.  

30 JP2005117792A discloses an approach to extend the lifetime of 

EDLCs. More specifically, it discloses an apparatus for controlling a power 

which can increase the lifetime of an EDLC bank. A temperature sensor
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detects the element temperature. In response thereto, the apparatus for controlling 

power drives a cooling fan so that the internal element temperature becomes 500C or 

lower.  

The solution of cooling the EDLCs to extend the lifetime as disclosed in 

5 JP2005117792 is disadvantageous in that it requires a bulky fan. As a result, it may not 

be used in applications where the space is limited. Further, fans may not be used in 

harsh and dusty environments. Thus there is a need for other approaches to extend the 

lifetime of an EDLC.  

It is not admitted that any background information in this specification, including 

10 any prior art or discussion thereof, forms part of the common general knowledge, or that 

this prior art could reasonably be expected to have been understood, regarded as 

relevant, and/or combined with other pieces of prior art by a skilled person in the art.  

Summary of the invention 

In view of the above, it is thus an object of the present invention to provide a 

15 method and arrangements for adjusting a charge voltage of a capacitor. The method 

and/or arrangement may extend the lifetime of a capacitor. Such a capacitor may be 

used as a power back-up in a system.  

According to a first aspect of the invention, the above object is achieved by a 

method for adjusting a charge voltage of a capacitor in a system having a charging part 

?0 associated with the charge voltage and a discharging part having a required energy 

level Wneed, the charge voltage being related to an energy level Wstored stored in said 

capacitor, comprising: receiving a capacitance value of the capacitor; receiving a value 

of the required energy level Wneed; and adjusting the charge voltage of the capacitor 

based on said capacitance value and said value of the required energy level Wneed 
25 such that the energy level Wstored stored in said capacitor is kept essentially constant.  

The energy stored in a capacitor Wstored is proportional to the capacitance value 

and to the square of the voltage across the capacitor. Due to aging, the capacitance 

value decreases over time. Accordingly, if the charge voltage is kept constant, the 

energy stored in the capacitor Wstored decreases over time, and after a while the energy 

30 Wstored stored in the capacitor will be lower than the required energy level Wneed. With 

the method of the invention, however, the charge voltage is adjusted to compensate for 

the aging of the capacitor. The charge voltage is adjusted such that the energy level 

Wstored stored in the capacitor is kept essentially constant. Thus,
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as the capacitance decreases due to aging of the capacitor, the charge 

voltage will be increased and the energy level Wstored stored in the capacitor 

may be kept above the required energy level Wneed. The lifetime of the 

capacitor is thereby increased. Moreover, since the charge voltage at any 

5 time may be chosen to be as low as possible while still keeping the energy 

level stored in the capacitor at a level which exceeds the required energy 

level Wneed the aging of the capacitor is slowed down. Further, the time taken 

to charge the capacitor is in this way reduced.  

The energy level Wstored stored in the capacitor is preferably larger than 

10 or equal to the required energy level Wneed.  

The capacitor may be an Electrochemical Double Layer Capacitor, 

EDLC.  

The method may further comprise receiving a conductance value of the 

capacitor, said conductance value being related to an ohmic voltage drop, 

15 and wherein said adjusting the charge voltage of the capacitor is further 

based on said conductance value to compensate for said ohmic voltage drop.  

This is particularly advantageous for applications requiring a long lifetime of 

the capacitor since the conductance decreases with time and the ohmic 

voltage drop thereby increases with time. By ohmic voltage drop is meant a 

20 drop in voltage caused by a voltage being generated across a resistive 

component in the capacitor when a current starts to flow from the capacitor to 

the discharging part of the system 

The method may further comprise iterating the steps of receiving a 

capacitance value of the capacitor, and adjusting the charge voltage of the 

25 capacitor based on the capacitance value and the value of the required 

energy level Wneed until the energy level Wstored stored in the capacitor is 

essentially equal to the required energy level Wneed. This is advantageous in 

that a non-linear dependence of the capacitance on the charge voltage may 

be taken into account.  

30 The acts of receiving a capacitance value, receiving a value of the 

required energy level Wneed, and adjusting the charge voltage may be 

performed in cycles. For example, the adjustment of the charge voltage may 

be performed once a day or once every second. This is advantageous in that
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the charge voltage may be adjusted periodically to ensure that the energy 

level stored in the capacitor is kept essentially constant.  

The method may further comprise receiving a temperature value of an 

ambient temperature, and determining a period of the cycles based on the 

5 temperature value. The temperature influences the aging of the capacitor.  

Thus, for high temperatures, the capacitance decreases rapidly and the 

adjustment is advantageously carried out more often than for low 

temperatures.  

The method may further comprise determining the capacitance value 

10 of the capacitor. In one embodiment, the act of determining the capacitance 

value of the capacitor may comprise: performing one of charging or 

discharging of the capacitor by providing a charging current to the capacitor, 

or connecting a load in parallel with the capacitor, such that thereby a 

discharging current is caused to flow from the capacitor, wherein the charging 

15 or discharging is initiated at a first time point; measuring a charge change of 

the capacitor during a time period when the capacitor is charged or 

discharged, wherein the time period occurs after the first time point; 

measuring a first voltage change across the capacitor during the same time 

period; and determining the capacitance value as a ratio between the 

20 measured charge change and the measured first voltage change. This is 

advantageous in that it enables an accurate capacitance value of the 

capacitance to be obtained by performing direct measurements on the 

capacitor.  

In case the charging current or the discharging current has a known 

25 current value at the first time point, the method may further comprise: 

measuring a second voltage change occurring at the first time point, the 

second voltage change being related to a voltage across a resistive 

component in the capacitor caused by the charging current or the discharging 

current; and determining a conductance value of the capacitor as the ratio 

30 between the known current value and the measured second voltage change.  

This is advantageous in that also the conductance value may be obtained by 

direct measurements so that the ohmic voltage drop may be taken into 

account when adjusting the charge voltage.
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The charging current or the discharging current may correspond to a 

constant current value, and the act of determining the capacitance value as a 

ratio may comprise determining a gradient of a measured voltage across the 

capacitor during charging or discharging of the capacitor. This is 

5 advantageous in that the determination of the capacitance value simplifies to 

determining a gradient of a measured voltage across the capacitor.  

In one embodiment, the act of receiving a capacitance value of the 

capacitor comprises receiving information pertaining to variation of the 

capacitance value as a function of time and/or temperature from a curve or a 

10 table; and determining the capacitance value of the capacitor as the 

capacitance value of the curve or table that corresponds to a current time 

and/or temperature. This is advantageous in that the capacitance value may 

be determined in a simple way using a low amount of processing power.  

According to a second aspect of the invention, the object is achieved 

15 by a control unit for adjusting a charge voltage of a capacitor in a system 

having a charging part associated with the charge voltage and a discharging 

part having a required energy level Wneed, the charge voltage being related to 

an energy level Wstored stored in said capacitor. The control unit comprises a 

receiver arranged to receive a capacitance value of the capacitor; and a value 

20 of the required energy level Wneed; a processing unit arranged to adjust the 

charge voltage of the capacitor based on said capacitance value and said 

value of the energy level Wneed such that the energy level Wstored stored in 

said capacitor is kept essentially constant; and a transmitter arranged to 

transmit a signal relating to the adjusted charge voltage.  

25 According to a third aspect of the invention, the object is achieved by 

an arrangement for adjusting a charge voltage of a capacitor in a system 

having a charging part associated with the charge voltage and a discharging 

part having a required energy level Wneed, the charge voltage being related to 

an energy level Wstored stored in said capacitor. The arrangement comprises a 

30 control unit according to the second aspect, and an adjustable voltage 

regulator which is arranged to receive the signal relating to the adjusted 

charge voltage from the control unit, and to apply a voltage level across the 

capacitor corresponding to the adjusted charge voltage.
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According to a fourth aspect of the invention, the object is achieved by 

a computer program product stored on a non-volatile computer-readable 

medium comprising computer program code portions adapted to perform the 

method according to the first method when loaded and executed on a 

5 computer.  

The second, third and fourth aspects may generally have the same 

features and advantages as the first aspect. It is further noted that the 

invention relates to all possible combinations of features unless explicitly 

stated otherwise.  

10 Generally, all terms used in the claims are to be interpreted according 

to their ordinary meaning in the technical field, unless explicitly defined 

otherwise herein. All references to "a/an/the [device, event, message, alarm, 

parameter, step etc.]" are to be interpreted openly as referring to at least one 

instance of said device, event, message, alarm, parameter, step etc., unless 

15 explicitly stated otherwise. The steps of any method disclosed herein do not 

have to be performed in the exact order disclosed, unless explicitly stated.  

Brief Description of the Drawings 

The above, as well as additional objects, features and advantages of 

20 the present invention, will be better understood through the following 

illustrative and non-limiting detailed description of preferred embodiments of 

the present invention, with reference to the appended drawings, where the 

same reference numerals will be used for similar elements, wherein: 

Fig. 1 is a schematic illustration of a system in which embodiments of 

25 the present invention may be used, 

Fig. 2 is a schematic illustration of internal components of a control unit 

according to embodiments, 

Figs 3-4 are schematic illustrations of arrangements for determining a 

capacitance value according to embodiments.  

30 Figs 5a-b are schematic graphs illustrating the capacitor voltage as a 

function of time during charging and discharging, respectively.  

Figs 6-7 are flow charts of methods according to embodiments.
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Detailed description of embodiments 

The present invention will now be described more fully hereinafter with 

reference to the accompanying drawings, in which currently preferred 

embodiments of the invention are shown. This invention may, however, be 

5 embodied in many different forms and should not be construed as limited to 

the embodiments set forth herein; rather, these embodiments are provided for 

thoroughness and completeness, and fully convey the scope of the invention 

to the skilled person.  

Fig. 1 illustrates a system 100 comprising a load 110 and a capacitor 

10 102. The system 100 may be used as a back-up system for powering the load 

110. Particularly, the capacitor 102 may be used as a back-up power source 

for the load 110. Normally, the load 110 is powered via a power net 118.  

However, if there is a power fail, the load may be connected to the backup

system comprising the capacitor 102, for example by means of a switch 116.  

15 The system 100 has a charging part 112 and a discharging part 114.  

The discharging part 114 is associated with a discharging mode of the 

capacitor 102. Particularly, in the discharging mode, the capacitor 102 is 

connected to the load 110 to power the load 110. The capacitor 102 may be 

connected to the load 110 via a voltage regulator 108.  

20 The charging part 112 is associated with a charging mode of the 

capacitor 102. In the charging mode, the capacitor 102 is disconnected from 

the load 110. When in the charging mode, the capacitor 102 is charged by 

means of a charging voltage which is applied across the capacitor 102. The 

charging voltage is provided by an adjustable voltage regulator 104. The 

25 adjustable voltage regulator 104 is powered by a power net 120.  

Further, the adjustable voltage regulator 104 is connected to a control 

unit 106. The control unit 106 is arranged to determine an adjusted charge 

voltage and to send a signal relating to the adjusted charge voltage to the 

adjustable voltage regulator 104.  

30 The capacitor 102 may be an EDLC. The capacitor 102 has a 

capacitance value C. The capacitor 102 may store an energy level Wstored 

which is related to the capacitance C and the voltage Vc across the capacitor 

102 according to the formula 

35 Wstore= C -V2.



WO 2013/107497 PCT/EP2012/050563 

8 

The load 110 is associated with a required energy level Wneed. The 

required energy level Wneed is the energy which is needed to back-up the load 

110 during a predetermined time period T1. More specifically, the required 

energy level Wneed is a product of the time T, and a constant power P required 

5 to drive the load 110. Thus, preferably, the energy Wstored stored in the 

capacitor 102 is larger than or equal to the required energy level Wneed which 

is needed to back-up the load 110.  

The capacitor 102 is further associated with a conductance G. More 

precisely, the capacitor 102 has an equivalent representation which 

10 comprises a capacitive part and a resistive part, the conductance G being the 

inverse of an equivalent series resistance (ESR) of the resistive part of the 

capacitor 102. The equivalent series resistance is due to imperfections within 

the material of the capacitor 102. The ESR is related to an ohmic voltage drop 

VESR of the capacitor. More precisely, as a current is flowing from the 

15 capacitor 102, there will according to Ohm's law be a voltage VESR across the 

capacitor being equal to the product of the equivalent series resistance and 

the current flowing from the capacitor 102. As a result of the ohmic voltage 

drop VESR of the capacitor 102, all of the energy stored in the capacitor Wstored 

may not be discharged to the load 110 when the capacitor is in discharging 

20 mode since there will be power losses in the resitive component in the 

capacitor . More precisely, the energy Wuseable which may be used to power 

the load 110 is given by 

Wuseable = Wstored - WESR, 

25 where WESR denotes the energy losses in the ESR of the capacitor 102. Due 

to aging of the capacitor 102, the capacitance C as well as the conductance 

decreases over time. Mainly two factors influence the aging of the capacitor 

102, namely temperature and voltage. Increasing the voltage Vc and 

temperature will exponentially accelerate electrochemical reaction and thus 

30 lead to a decrease in conductance and capacitance. Accordingly, the stored 

energy Wstored or the useable energy Wuseable decrease with time for a 
constant charge voltage.  

Fig. 2 shows internal components of the control unit 106. The control 

unit 106 comprises a receiver 202, a transmitter 204, a processing unit 206 

35 and a memory 208. The receiver 202 may for example be arranged to receive 

a capacitance value C of the capacitor 102 and a required energy level Wneed.
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The transmitter 204 may, for example, be arranged to transmit a signal 

pertaining to an adjusted charge voltage to the adjustable voltage regulator 

104. The processing unit 206 which may be a central processing unit is 

arranged to adjust a charge voltage of the capacitor 102 according to 

5 embodiments of the present invention. In particular, the memory 208 may 

store computer-readable instructions which, when loaded and read by the 

processing unit 106, causes the processing unit 106 to carry out a method 

according to embodiments of the invention.  

A method for adjusting a charge voltage of the capacitor 102 will now 

10 be described with respect to Fig. 6, Fig. 1 and Fig. 2.  

In step S1 02 a capacitance value C of the capacitor 102 is received.  

The capacitance value C may be received by the receiver 202 of the control 

unit 106. The capacitance value C may be determined based on 

measurements made on the capacitor 102 as is further described below.  

15 Alternatively, the capacitance value C may be received from a database. If 

so, the capacitance value may be determined based on information pertaining 

to the variation of the capacitance value C as a function of time and/or 

temperature.  

In step S106, a value of the required energy level Wneed is received.  

20 The required energy level Wneed may be received by the receiver 202. The 

required energy level Wneed may for example be received from a database or 

from a user input.  

In step S108 the charge voltage Vc of the capacitor 102 is adjusted. An 

appropriate charge voltage Vc may for example be determined by the 

25 processing unit 206 of the control unit 106. Further, a signal relating to the 

determined charge voltage Vc may be sent to the adjustable voltage regulator 

104, via transmitter 204 of the control unit 106. The adjustable voltage 

regulator 104 may apply a voltage level across the capacitor 102 

corresponding to the adjusted charge voltage. The charge voltage Vc is 

30 adjusted based on the capacitance value C received in step S102 and the 

value of the required energy level Wneed received in step S1 06.  

The charge voltage Vc is adjusted such that the energy level Wneed is 
kept essentially constant. More specifically, the charge voltage Vc may be 

determined by solving the inequality 

35 
VC > 2 Wnee -> V 2 Wnee 

Wstored ! Wne C C !WedC Wn~d 
2
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where it has been assumed that Vc is positive. In order to extend the lifetime 

of the capacitor 102 it is desired to keep the charging voltage as low as 

possible since the aging of the capacitor is accelerated by a high charge 

voltage. Thus, the charge voltage Vc is preferably adjusted according to 

5 

Vc=
2 Wneen VC rdC 

In order to compensate for power losses in the ESR of the capacitor 

102, i.e., to compensate for the ohmic voltage drop VESR which is due to the 

equivalent series resistance of the capacitor 102, the method may further 

10 comprise a step S1 04 of receiving a conductance value G of the capacitor 

102. The step S108 of adjusting the charge voltage Vc may further comprise 

adjusting the charge voltage based on the conductance value G. This is 

particularly useful for long lifetimes of the capacitor 102 since the 

conductance G decreases upon aging of the capacitor 102. The charge 

15 voltage Vc may for example be adjusted according to the solution of the 

inequality 

Wuseable = Wstored - WESR ;; Wneed.  

Preferably, the charge voltage Vc is determined as the solution to the 

20 equation 

Wstored - WESR = Wneed.  

In the above equation, Wneed is a known constant, and Wstored is a 

function of the charge voltage Vc. The charge voltage Vc may also be thought 

25 of as the initial voltage across the capacitor 102 prior to discharging. The 

energy losses WESR in the capacitor 102 depends on the discharge current, 
i(t) say, which flows from the capacitor 102 during discharging. The discharge 

current i(t) is a function of time since, as the voltage across the capacitor 102 

decreases during discharging, the discharge current i(t) increases such that a 

30 power P provided to the load 110 is kept constant. The energy losses WESR 

may be expressed as
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WESR 0 G dt.  

The discharge current i(t) may be calculated under the assumption that the 

power P provided to the load 110 is kept constant by solving the system of 

equations: 

5 

/ i(t) 
i (t) (V(t) G ] t 

i(t) = -C dV (t) 

where v(t) is the voltage across the capacitive part of the equivalent 

representation of the capacitor 102 during discharging, and v(0)=Vc. The 

above system of equations may for example be solved numerically.  

10 In the above, it is has been assumed that the capacitance value C 

does not depend on the charge voltage. However, the inventor has realized 

that the capacitance value C in fact is an increasing, non-linear, function of 

the charge voltage. As an effect, the adjusted charge voltage Vc may result in 

the energy Wstored stored in the capacitor 102 being larger than Wneed although 

15 the energy Vc was adjusted by equating Wstored=Wneed according to the above.  

In order to take the dependency of the capacitance C on the charge voltage 

Vc into account, the adjusted charge voltage may be determined by solving 

the equation 

1 
2C C c Wneed, 

20 

where C(Vc) denotes the capacitance as a function of charge voltage Vc. This 

is a highly non-linear equation which may be solved by an iterative algorithm.  

The method may thus further comprise iterating the steps of receiving a 

capacitance value C of the capacitor, and adjusting the charge voltage Vc 

25 based on the capacitance value C and the value of the require energy level 

Wneed. More specifically, a start capacitance Co may be received and a start 

value Vc,o of the charge voltage may be determined according to 

Vc. 0 = 2Weed 
vc~o
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The charge voltage may then be adjusted to the start value Vc,0. As the 

charge voltage is adjusted, the capacitance value C increases to 

C,=C(Vco)>Co since the capacitance value is an increasing function of the 

charge voltage. The method may therefore comprise receiving the new 

5 capacitance value C1. Based on the newly received capacitance value C, an 

adjusted charge voltage Vc,1 may be determined according to 

V - 2 Wmeea _ 
2 Wmeea 

c,1 1 FC(Vcw 

The above steps of receiving capacitance values may be iterated such that 

10 the charge voltage Vc,i determined in the i:th iteration is given by 

V 2 Wee_ 2 Wneed 
vc'i C, C(Vci1 

where Ci is the capacitance received during the i:th iteration. The iteration 

may be continued until the energy level Wstored stored in the capacitor is 

15 essentially equal to the required energy level Wneed. The iteration may be 

terminated when a predetermined criteria is met. For example the iteration 

may be continued until 

|WIored - Wneed| Ci1Vc2 i - Wneed < E, 2 1 

20 for some predetermined tolerance value E> 0. The above iterative algorithm 

may be carried out by the control unit 106.  

The above iterative approach also applies mutatis mutandis to the case 

where the equivalent series resistance ESR is taken into account.  

The adjusting of the charge voltage may be performed in cycles. More 

25 specifically, the steps S1 02, S1 06, S108 and S104, where applicable, may be 

carried out periodically, such as once every day. The cycles may have a 

predetermined period. In one embodiment the period of the cycles is between 

about 1 second and about 24 hours.  

Since the aging of the capacitors depends on the temperature the 

30 period of the cycles may be determined based on the temperature. More
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precisely, the control unit 106 may receive, for example via the receiver 202, 
a temperature value of ambient temperature. The control unit 106 may then 

determine a period of the cycles based on the received temperature value.  

The determination may be carried out by the processing unit 206.  

5 The method may further comprise determining the capacitance value C 

of the capacitor 102. Fig. 3 illustrates an arrangement 300 which may be used 

to determine the capacitance value C. The arrangement 300 comprises a 

capacitor 102 which is connected to a power net via an adjustable voltage 

regulator 104. A control unit 106 is connected to the adjustable voltage 

10 regulator 104 and is arranged to transmit a signal relating to an adjusted 

charge voltage to the adjustable voltage regulator 104.  

The control unit 106 is further wired or wirelessly connected to a 

database 302. The database 302 may comprise information pertaining to 

variation of the capacitance value C as a function of time and/or temperature.  

15 In particular, the information may pertain to the decrease of the capacitance 

value C due to aging. For example, the information may be stored in a table 

or in the form of a graph or curve. The information may be based on 

calibration experiments which previously have been performed on capacitors.  

In this way, the control unit 106 is arranged to receive information pertaining 

20 to variation of the capacitance value C as a function of time and/or 

temperature from a curve or a table.  

The control unit 106 may further be connected to a time measuring 

means 306 and a temperature gauge 304. The time measuring means 306 

may for example provide the control unit 106 with a current time and the 

25 temperature gauge 304 may provide the control unit 106 with a current 

temperature. Based on the current time and/or temperature and on the 

received information from the database 302, the control unit 108 may 

determine the capacitance value C of the capacitor 102 as the capacitance 

value of the curve or table that corresponds to a current time and/or 

30 temperature.  

The arrangement of Fig. 3 may mutatis mutandis be used to determine 

a conductance value G of the capacitor.  

Fig. 4 shows an alternative arrangement 400 which may be used to 

determine the capacitance value C of the capacitor 102. The arrangement 

35 comprises a capacitor 102 which is connected to a power net via an 

adjustable voltage regulator 104. A control unit 106 is connected to the 

adjustable voltage regulator 104 and may transmit a signal relating to an
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adjusted charge voltage to the adjustable voltage regulator 104 as previously 

disclosed. The control unit 106 is further arranged to send a signal to the 

adjustable voltage regulator 104 instructing the adjustable voltage regulator 

104 to provide a charge current to the capacitor 102. The control unit 106 is 

5 further arranged to measure a voltage across the capacitor 102.  

The arrangement 400 may further comprise a load 402 such as a 

resistive load or an active current sink, being connected in parallel to the 

capacitor 102. The load 402 is arranged to be turned on and off. For example, 
the control unit 106 may be arranged to turn the load 402 on and off via a 

10 switch.  

Further the arrangement 400 may comprise an arrangement 404 for 

measuring a charge current. The charge current measuring arrangement 404 

may be arranged in the circuit between the adjustable voltage regulator 104 

and the capacitor 102. Further, the arrangement 404 may be connected to the 

15 control unit 106. Similarly, the arrangement 400 may comprise an 

arrangement 406 for measuring a discharge current. The discharge current 

measuring arrangement 406 is preferably connected in series with the load 

402. The arrangement 406 is further connected to the control unit 106. For 

example the current measuring arrangements 404 and 406 may comprise a 

20 high precision resistor and the current may be measured by measuring the 

voltage across the high precision resistor. The measuring of the voltage 

across the high precision resistor may be carried out by the control unit 106.  

A method for determining the capacitance value C of the capacitor 102 

will now be described with respect to Fig. 7 and Figs 4 and 5.  

25 In a step S202 one of charging and discharging of the capacitor 102 is 

performed. The charging may be performed by providing a charging current to 

the capacitor 102. For example, the control unit 106 may instruct the 

adjustable voltage regulator 104 to provide a charging current to the capacitor 

102. The discharging may be performed by turning on the load 402 being 

30 connected in parallel with the capacitor 102. The load 402 may for example 

be turned on by the control unit 106. Upon activation of the load 402, a 

discharging current is caused to flow from the capacitor 102 through the load 

402.  

Figs 5a and 5b illustrate the voltage across the capacitor 102 during 

35 charging and discharging, respectively. The charging or discharging is 

initiated at a first time point to. At the first time point to, a charging current or a 

discharging current starts to flow to or from the capacitor 102. As a
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consequence, there will be a jump AV 2 in the voltage across the capacitor 102 

at the first time point to. This is due to an ohmic voltage drop caused by the 

ESR in the capacitor 102 when a charging or discharging current starts to 

flow to or from the capacitor 102.  

5 As time goes by, the charge of the capacitor 102 increases or 

decreases depending on if the capacitor is charged or discharged. The 

charge change AQT of the capacitor during a time period T is given by the 

integral of the current to or from the capacitor 102 during the time period T.  

The time period T is assumed to occur after time to. Further, the voltage 

10 across the capacitor 102 increases or decreases after time to depending on 

whether the capacitor 102 is being charged or discharged. In particular, there 

is a first voltage change AV, across the voltage during the time period T.  

In a step S204, the charge change AQT during the time period T is 

measured. The charge change AQT may for example be measured by the 

15 control unit 106 via the charge current measuring arrangement 404 or the 

discharge current measuring arrangement 406. More specifically, the charge 

change AQT may be measured by measuring and integrating the charge or 

discharge current during the time period T.  

In a step S206, the first voltage change AV, across the voltage during 

20 the time period T is measured. The first voltage change AV, may for example 

be measured by the control unit. In principle, the time period T may be any 

time period of charging or discharging occurring after time to. Preferably, the 

time period T is as long as possible to minimize measurement uncertainty.  

In a step S208, the capacitance value C of the capacitor 102 is 

25 determined as a ratio between the measured charge change AQT and the 

measured first voltage change AV 1 , viz.  

AQr 

In case the charging current or the discharging current has a known 

30 current value at the first time point, the method may further comprise a step 

S21 0 of measuring a second voltage change corresponding to the jump AV 2 

in the voltage across the capacitor 102 at the first time point to. The 

measuring may be performed by the control unit 106.  

In a step S212, the conductance value G of the capacitor 102 may be 

35 determined as the ratio between the known current value and the measured
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second voltage change AV 2 . The conductance value G may be determined by 

the control unit 106.  
In case the charging current or the discharging current corresponds to 

a constant current value, the voltage across the capacitor 102 increases or 

5 decreases linearly as a function of time during charging or discharging, as 

illustrated in Figs. 5a and 5b. If so, the rate of increase or decrease of the 

voltage across the capacitor 102 corresponds to the capacitance value C. In 

this case, the step 208 of determining the capacitance value C simplifies to 

determining a gradient of the voltage across the capacitor 102 during 

10 charging or discharging. The determination and the measuring of the voltage 

across the capacitor 102 may be performed by the control unit 106.  

It will be appreciated that a person skilled in the art can modify the 

above-described embodiments in many ways and still use the advantages of 

the invention as shown in the embodiments above. For example, the 

15 embodiments for determining the capacitance disclosed with respect to Figs 

3-4 may be combined such that the capacitance and/or conductance 

sometimes is determined by measuring on the capacitor and sometimes 

determined based on information received from a database. Thus, the 

invention should not be limited to the shown embodiments but should only be 

20 defined by the appended claims.
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CLAIMS 

1. A method for adjusting a charge voltage of a capacitor in a system 

having a charging part associated with the charge voltage and a discharging 

5 part having a required energy level Wneed, the charge voltage being related to 

an energy level Wstored stored in said capacitor, comprising 

receiving a capacitance value of the capacitor; 

receiving a value of the required energy level Wneed; and 

adjusting the charge voltage of the capacitor based on said 

10 capacitance value and said value of the required energy level Wneed such that 

the energy level Wstored stored in said capacitor is kept essentially constant.  

2. The method according to claim 1, wherein the capacitor is an 

Electrochemical Double Layer Capacitor, EDLC.  

15 

3. The method according to claim 1, further comprising 

receiving a conductance value of the capacitor, said conductance 

value being related to an ohmic voltage drop, 

wherein said adjusting the charge voltage of the capacitor is further 

20 based on said conductance value to compensate for said ohmic voltage drop.  

4. The method according to claim 1, wherein the energy level Wstored 

stored in the capacitor is larger than or equal to the required energy level 

Wneed.  

25 

5. The method according to claim 1, further comprising 

iterating the steps of receiving a capacitance value of the capacitor, 

and adjusting the charge voltage of the capacitor based on the capacitance 

value and the value of the required energy level Wneed until the energy level 

30 Wstored stored in the capacitor is essentially equal to the required energy level 

Wneed.
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6. The method according to claim 1, wherein the acts of receiving a 

capacitance value, receiving a value of the required energy level Wneed, and 

adjusting the charge voltage are performed in cycles.  

5 7. The method according to claim 6, further comprising 

receiving a temperature value of an ambient temperature, and 

determining a period of the cycles based on the temperature value.  

8. The method according to claim 1, further comprising 

10 determining the capacitance value of the capacitor.  

9. The method according to claim 8, wherein the act of determining the 

capacitance value of the capacitor comprises 

performing one of charging or discharging of the capacitor by 

15 providing a charging current to the capacitor, or 

connecting a load in parallel with the capacitor, such that 

thereby a discharging current is caused to flow from the capacitor, 

wherein the charging or discharging is initiated at a first time point, 

measuring a charge change of the capacitor during a time period when 

20 the capacitor is charged or discharged, wherein the time period occurs after 

the first time point, 

measuring a first voltage change across the capacitor during the same 

time period, and 

determining the capacitance value as a ratio between the measured 

25 charge change and the measured first voltage change.  

10. The method according to claim 9, wherein the charging current or the 

discharging current has a known current value at the first time point, the 

method further comprising: 

30 measuring a second voltage change occurring at the first time point, 

the second voltage change being related to a voltage across a resistive 

component in the capacitor caused by the charging current or the discharging 

current, and
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determining a conductance value of the capacitor as the ratio between 

the known current value and the measured second voltage change .  

11. The method according to claim 9, wherein the charging current or the 

5 discharging current corresponds to a constant current value, and wherein the 

act of determining the capacitance value as a ratio comprises determining a 

gradient of a measured voltage across the capacitor during charging or 

discharging of the capacitor.  

10 12. The method according to claim 8, wherein the act of receiving a 

capacitance value of the capacitor comprises 

receiving information pertaining to variation of the capacitance value as 

a function of time and/or temperature from a curve or a table, 

determining the capacitance value of the capacitor as the capacitance 

15 value of the curve or table that corresponds to a current time and/or 

temperature.  

13. A control unit for adjusting a charge voltage of a capacitor in a system 

having a charging part associated with the charge voltage and a discharging 

20 part having a required energy level Wneed, the charge voltage being related to 

an energy level Wstored stored in said capacitor, comprising 

a receiver arranged to receive a capacitance value of the capacitor; 

and a value of the required energy level Wneed; 

a processing unit arranged to adjust the charge voltage of the capacitor 

25 based on said capacitance value and said value of the energy level Wneed 

such that the energy level Wstored stored in said capacitor is kept essentially 

constant; and 

a transmitter arranged to transmit a signal relating to the adjusted 

charge voltage.  

30 

14. An arrangement for adjusting a charge voltage of a capacitor in a 

system having a charging part associated with the charge voltage and a
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a control unit according to claim 13, and 

an adjustable voltage regulator which is arranged to receive the signal 

5 relating to the adjusted charge voltage from the control unit, and to apply a 

voltage level across the capacitor corresponding to the adjusted charge 

voltage.  

15. A computer program product stored on a non-volatile computer

10 readable medium comprising computer program code portions adapted to 

perform the method according to any of claims 1-12 when loaded and 

executed on a computer.  

15
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