TYPE 72: ELECTROLYZER�PRIVATE ��





General Description


This component models an alkaline electrolyzer.  The electrolyzer is described by two I�V curves, one for low temperature and one for a high temperature.  It is also necessary to give a maximal operating temperature for the electrolyzer when cooling has to occur to prevent overheating.  There are two modes for the electrolyzer that gives you the opportunity to either give the current as input or the voltage.  This mode can be switched during the simulation (the mode is an input) and as this might help to get convergence.





Nomenclature


	A	�	Surface area of electrolyzer


	Aref	�	reference area on test electrode


	Cmass	�	Specific heat capacity multiplied with electrolyzer mass


	)t	-	Time step in simulation


	f	�	Area of each electrode


	Iely	�	Current through the electrolyzer


	iloss	-	Loss of current through the electrolyzer without production of hydrogen per volt over one cell.


	Iltmax	�	Maximal electrolyzer current at low temp.


	Imax	�	Maximal electrolyzer current at maximal operating temperature.  This parameter is used to scale up and down the parameters that are dependent on size.


	Imin	-	Minimum current allowed through electrolyzer


	ITmax	�	Maximal current allowed through the electrolyzer at the given temperature


	lud	�	logical number of input file


	Mely	-	H2�Mass flow from  the electrolyzer


	mloss	-	Loss of hydrogen to oxygen side in percent of minimal allowed current


	mode	�	Mode for calculations, 0 = Current is calculated, 1 = Voltage is calculated


	nely	�	Number of the selected electrolyzer from data file


	0el	�	Electric efficiency of  the electrolyzer


	0eff	-	Total efficiency of the electrolyzer


	Pely	�	Electric power to the electrolyzer


	Puse0	�	Power consumption of electrolyzer when not in use.


	Puse1	�	Power consumption of electrolyzer when in use.


	qenv	�	Heat loss to the environment


	qrem	�	Heat that has to be removed


	qtemp	�	Heat loss to heat the electrolyzer


	qtot	�	Total amount of heat developed in the electrolyzer


	rht	�	Resistance of electrolyte


	rlt	�	Resistance of electrolyte


	sht	�	Parameter for overvoltage on electrode


	slt	�	Parameter for overvoltage on electrode.


	Tely	�	Temperature of  the electrolyzer in this time step


	Tenv	�	Surrounding temperature of the electrolyzer


	Thigh	�	Temperature for high temperature  I�U curve


	tht	�	Parameter for overvoltage on electrode


	Tlow	�	Temperature for low temperature  I�U curve


	tlt	�	Parameter for overvoltage on electrode


	Tmax	�	Maximal allowed electrolyzer temperature


	Told	-	Temperature of electrolyzer in the last time step 


	Tstart	�	Temperature of electrolyzer at the beginning of the simulation


	U0	�	Minimal voltage for reaction to occur


	Uely	�	Voltage over one electrolyzer cell


	Uloss	�	Heat loss coefficient


	yely	�	Control function (Switch)


	zs	�	Number of cells in series











Mathematical Description


This subroutine models an alkaline electrolyzer after /1/ and /2/.  An I�V curve is the equation that models the electrolyzer, and the equation for the electrolyzer is taken from /2/.  The equation for the I�V curve for one specific temperature is:





	�
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To find the parameters for the working state of the electrolyzer, two I�V�curves must be given.  The voltage is calculated by a linear interpolation from the two I�V curves parameters, for example:
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Two main efficiencies are calculated, the electric efficiency and the total efficiency.  The reason for calculating two efficiencies is that it is only the electric efficiency that will heat up the electrolyzer.  The total efficiency also includes the loss of hydrogen which will not heat up the electrolyzer (the electric efficiency and the total efficiency will be very close at normal or high production, but will differ at a very low production rate).
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The calculation of the mass of hydrogen produced includes both electric losses and hydrogen loss:
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The new temperature of the electrolyzer is based on the temperature from the last time step and is calculated from heat produced and energy lost to the environment.:
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When the electrolyzer reaches maximal allowed temperature, the heat that has to be removed is calculated:
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This subroutine can calculate either the current from a given voltage (mode=0) or the voltage from a given current (mode=1).  Both calculations are based on iterations.  The temperature of the electrolyzer is calculated by the assumptions that all the energy loss is transformed to heat.  The value of the heat loss factor and heat capacity can be found from the temperature curves for the electrolyzer.  The hydrogen mass flow is hourly averaged.  A warning is printed if the maximal current through the electrolyzer is exceeded, but the current is not limited in this subroutine (This means that you can send as much current as you want through the electrolyzer, the only thing that happens is that a warning is issued!!).  The limitations has to be done in the controller (as in a real system).





The data in the data file for the electrolyzer is for a specific size of the electrolyzer.  It is possible to use this data  for a different sized electrolyzer by changing Ielym.  The data will be scaled up automatically (the scaling of the parameters is an approximation and should not be used if data for the simulated size is available!) .  The data that is scaled is Puse0, Puse1, A, Cmass, Iltmax, Imax, Imin and iloss.  A is scaled in the power of 2/3.  The others are assumed linear with the size of the electrodes.





TRNSYS Component Configuration





	PARAMETER NO.			DESCRIPTION


	1	zs	�	Number of cells in series


	2	f	�	Area of each cell


	3	u0	�	Minimal voltage for reaction to occur


	4	Imax	�	Maximal electrolyzer current at maximal operating temperature.  This parameter is used to scale up and down the parameters that are dependent on size.


	5	Uloss	�	Heat loss coefficient


	6	Tenv	�	Surrounding temperature of the electrolyzer


	7	Tstart	�	Temperature of electrolyzer at the beginning of the simulation


	8	nely	�	Number of the selected electrolyzer from data file


	9	lud	�	logical number of input file








	INPUT NO.			DESCRIPTION


	1	mode	�	Mode for calculations, 0 = Current is calculated, 1 = Voltage is calculated


	2	Uely	�	Voltage over the electrolyzer or


      		Iely	�	Current through the electrolyzer


	3	yely	�	Control function (Switch)














	OUTPUT NO.			DESCRIPTION  


	1	Uely	�	Voltage over the electrolyzer


	2	Iely	�	Current through the electrolyzer


	3	Pely	�	Electric power to the electrolyzer


	4	Zely	�	Voltage efficiency of  the electrolyzer


	5	mely	-	H2�Mass flow from  the electrolyzer


	6	Tely	�	The temperature of  the electrolyzer


	7	qrem	�	Heat that has to be removed


	8	qtot	�	Total heat production in  the electrolyzer


	9	qenv	�	Heat loss to the environment


	10	qtemp	�	Heat loss to heat the electrolyzer


	11	Puse0	�	Power consumption of electrolyzer when not in use.


	12	Puse1	-	Power consumption of electrolyzer when in use.


	13	ITmax	�	Maximal current allowed through the electrolyzer at current temperature.


Informational Flow Diagrams


�








Data file input





The data for the I�V curves to the electrolyzer and some other specific data has to be given in a separate file.  The first line in this file will give the number of electrolyzer given in the file.  The for each different electrolyzer will have two lines; the first line will give the number of the electroyzer in the file, the second line  will give the data for the electrolyzer.  The data file for the electrolyzer will be like this (the third line (P1�P19) should not be in the file, but are included here to show which data means what):





1,Electrolyzer1


20 0.00004333 0.02319 0.1769 80 0.00004094 0.03984 0.0638 4.51 30000 80 12 61 5500 5500 0. 0.01 110


P1 P2          P3      P4     P5  P6         P7      P8      P9   P10   P11P12 P13 P14 P15 P16  P17  P18





 P1 = LT	:	Temperature of Low�Temperature I�V�curve for electrolyzer[C]


 P2 = Rlt	:	Resistance in the electrolyzer at low temperature[Ohm*m2]


 P3 = Tlt	:	Parameter for over�voltage in electrolyzer at low temperature[m2/A]


 P4 = Slt	:	Parameter for over�voltage in electrolyzer at low temperature[V]


 P5 = HT	:	Temperature of High�Temperature I�V�curve for electrolyzer[C]


 P6 = Rht	:	Resistance in the electrolyzer at high temperature[Ohm*m2]


 P7 = Tht	:	Parameter for over�voltage in electrolyzer at high temperature[m2/A]


 P8 = Sht	:	Parameter for over�voltage in electrolyzer at high temperature[V]


 P9 = Area	:	Area of the surface of the electrolyzer[m2]


 P10= Cmass	:	Heat capacity of electrolyzer[J/K]


 P11= Thmax	:	Maximum operating temperature of electrolyzer[C]


 P12= Puse0	:	Power consumption of electrolyzer when the electrolyzer is not used[W]


 P13= Puse1	:	Power consumption of electrolyzer when the electrolyzer is used[W]


 P14= Ielymlt	:	Maximum allowed current at low temperature [A/m2]


 P15= Ielymht	:	Maximum allowed current at high temperature [A/m2]


 P16= curloss	:	Loss of current in electrolyzer (Current that passes through the electrolyzer without producing hydrogen)[A/V]


 P17= hydloss	:	Loss of hydrogen over to the oxygen side in percent related to production at minimum allowed current


 P18= Ielymin	:	Minimum allowed current[A]








 OUTPUT to the listing file can for example look like this:





  Parameter from file to Electrolyzer, unit 42:


  lt     =  2.0000E+01  rlt    =  4.3330E�05  tlt    =  2.3190E-02


  slt    =  1.7690E�01  ht     =  8.0000E+01  rht    =  4.0940E�05


  tht    =  7.9680E+02  sht    =  6.3800E�02  area   =  4.5100E+00


  cmass  =  3.0000E+04  thmax  =  8.0000E+01  puse0  =  1.2000E+01


  puse1  =  6.1000E+01  Ielymlt=  5.5000E+03  Ielymht=  5.5000E+03


  curloss=  0.0000E+00  hydloss=  1.0000E�02  Ielymin=  1.1000E+02








References


1. F. Steinhardt, Photovoltaische Energieversorgung f9r ein Wohnhaus, Studienarbeit, FhG�ISE Freiburg, 1988





2. F. Sigmund, Konzeption und Optimierung der elektrischen Regelung eines Hydridspeichers f9r ein energieautarkes Solarhaus, Diplomarbeit, FhG�ISE Freiburg, 1989





�











 





 











