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1 Introduction 

The content of e-Engineering was prepared before the first project meeting and delivered in 

milestone MS3.1 (M4). It consists of 23 tools in e-Engineering toolbox and 10 tools in e-Science 

toolbox summing total of 33 tools to be developed. The table of contents which was outlined in 

milestone MS3.1 is going to be used as a substructure for this deliverable. The content of the 

deliverable is formed from the toolΩǎ descriptions and realisation of them into the platform that are 

due in M14 as they deployed  up to now based on the template for the toolΩǎ description developed 

and presented as an annex in MS3.1. 

In the next Sections, a description of the tools in the e-Science toolbox that were delivered by M16 is 

provided. The description of the rest tools will be presented in D3.5.  

1.1 e-Science 

1.1.1 Property tools 

1.1.1.1 The Abel-Noble EOS to calculate CGH2 mass in a volume at particular pressure and 

temperature (UU) 

1.1.1.1.1 Introduction 

Note: Model description should appear upon pressing the appropriate button on the home screen of 

the tool. 

The ideal gas equation is not applicable to hydrogen storage pressures above 10 MPa when effects of 

non-ideal gas are essential. Whenever it comes to the calculation of the density of the gas or the 

volume or the tank at certain pressure and mass the Abel-Noble equation of state for real hydrogen 

gas can be applied instead. 

Use of the ideal gas law equation instead of the real gas equation has an important safety 

implications. The ideal gas law if applied for calculation of the mass stored at high pressure would 

give overestimated results for the mechanical energy and total mass as can be seen in Figure 1.  

This model allows to calculate the density, mass of the stored hydrogen, and volume of the tank 



7/30 Grant agreement no. FCH ς 2 JU ς 736648  

 
 

[D3.4 e-Science Toolbox 1st version v1.2.docx] 

 

Figure 1  ς Mechanical energy as a function of storage pressures in a tank of 72.4 L capacity: thin line e ideal gas, bold line - 
real gas (Molkov and Kashkarov, 2015). 

1.1.1.1.2 Nomenclature 

Parameter Symbol Unit 

Universal gas constant R J/(kmol K) 

Molecular mass  M=2.016 kg/kmol 

Hydrogen specific gas constant RH2 J/ (kg K) 

Hydrogen co-volume constant b=0.007691 m3/kg 

Pressure in reservoir p1 Pa 

H2 density in reservoir r1 kg/m3 

Temperature in reservoir T1 K 

Volume of reservoir V m3 

Hydrogen mass in reservoir mH2 kg 

1.1.1.1.3 Choice of the model 

When the tool is selected the screen with the choice should appear prompting to select the option. 

Please choose the option you want to calculate: 

 

 

Note: Example of the model choice is the Option (radio) Button. When checked the screen with 

appropriate input parameters should appear below, together with button to initiate calculation 

(choice of RUN, CALCULATE, START etc. to be uniform across the e-Laboratory).  
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1.1.1.1.4 Option 1: Input values 

Parameter name Symbol 
Input 

value 

Unit for 

calculation 

Limits (min-

max) 
Defaults 

Hydrogen pressure in 

reservoir 1p  20500000 Pa 
101325-

100000000 
20500000 

Hydrogen temperature in 

reservoir 
T1 288 K 230-330 288 

Volume of reservoir V 0.0724 m3 0.0001-10 0.0724 

1.1.1.1.5 Option 1: Calculation procedure 

Initial conditions 

1 Hydrogen pressure in 

reservoir 
1p  - user input Pa 

2 Hydrogen temperature in 

reservoir 

T1 - user input 
K 

3 Volume of reservoir V - user input m 

Calculation 

4 Universal gas constant  R=8314.47 J/K/kmol 

5 H2 molar mass  MH2=2.016 kg/kmol 

6 Hydrogen specific gas 

constant 

RH2=R/MH2 J/ (kg K) 

7 H2 co-volume constant  b= 0.007691   m3/kg 

8 H2 density in reservoir 

( )121

1
1

TRbp

p

H+
=r  

kg/m3 

9 H2 mass in reservoir mH2=r1V kg 

1.1.1.1.6 Option 1: Output values 

Parameter name Symbol Output value Unit 

Density in the reservoir, ” 15.237 kg/m3 

Hydrogen mass in reservoir mH2 1.1031 kg 

1.1.1.1.7 Option 2: Input values 

Parameter name Symbol 
Input 

value 

Unit for 

calculation 

Limits (min-

max) 
Defaults 

Hydrogen pressure in 

reservoir 1p  20500000 Pa 
101325-

100000000 
20500000 

Hydrogen temperature in 

reservoir 
T1 288 K 230-330 288 

Hydrogen mass in reservoir mH2 1.1031 kg   

1.1.1.1.8 Option 2: Calculation procedure 
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Initial conditions 

1 Hydrogen pressure in 

reservoir 
1p  - user input Pa 

2 Hydrogen temperature in 

reservoir 

T1 - user input 
K 

3 Hydrogen mass in reservoir mH2 - user input kg 

Calculation 

4 Universal gas constant  R=8314.47 J/K/kmol 

5 H2 molar mass  MH2=2.016 kg/kmol 

6 Hydrogen specific gas 

constant 

RH2=R/MH2 J/ (kg K) 

7 H2 co-volume constant  b= 0.007691   m3/kg 

8 H2 density in reservoir 

( )121

1
1

TRbp

p

H+
=r  

kg/m3 

9 Volume of reservoir V =mH2/r1 m3 

1.1.1.1.9 Option 2: Output values 

Parameter name Symbol Output value Unit 

Density in the reservoir, ” 15.237 kg/m3 

Volume of reservoir V 0.0724 m3 

1.1.1.1.10 References 

Molkov, V., Kashkarov, S., 2015. Blast wave from a high-pressure gas tank rupture in a fire: Stand-alone 
and under-vehicle hydrogen tanks. Int. J. Hydrog. Energy 40, 12581ς12603. 
https://doi.org/10.1016/j.ijhydene.2015.07.001 

 

1.1.2 Electrochemistry tools 

The energy conversion in the water electrolysis cells (electrical to chemical) and in 
hydrogen fuel cells (chemical to electrical) is based on reversible electrochemical reactions: 

2H2O = 2H2 +O2    (1) - in electrolysis cell (EC) 

2H2 + O2 = 2H2O   (2) ς in fuel cell (FC) 

The understanding of the working principal and performance efficiency of these hydrogen energy 

systems requires basic knowledge on fundamental electrochemistry.   

1.1.2.1 Faraday laws of electrolysis (IEES) 

1.1.2.1.1 Introduction 
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Lƴ мфǘƘ ŎŜƴǘǳǊȅ aƛŎƘŀŜƭ CŀǊŀŘŀȅ ŘƛǎŎƻǾŜǊŜŘ ǘƘŜ ŜƭŜŎǘǊƻƭȅǎƛǎ ŀƴŘ ŦƻǳƴŘ ŜƳǇƛǊƛŎŀƭƭȅ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ 

ǘƘŜ Ƴŀǎǎ ƻŦ ǘƘŜ ǊŜŀŎǘŀƴǘΣ ƛǘǎ ŎƘŜƳƛŎŀƭ ƴŀǘǳǊŜΣ ŀƴŘ ǘƘŜ ŜƭŜŎǘǊƛŎ ŎƘŀǊƎŜΣ ǊŜǉǳƛǊŜŘ ŦƻǊ ǇǊƻŎŜŜŘƛƴƎ ƻŦ 

ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ όƻȄƛŘŀǘƛƻƴκǊŜŘǳŎǘƛƻƴ ǊŜŀŎǘƛƻƴύΦ ¢Ƙƛǎ ǊŜƭŀǘƛƻƴǎƘƛǇ ǿŀǎ ǉǳŀƴǘƛŦƛŜŘ ƛƴ ǘƘŜ 

CŀǊŀŘŀȅΩǎ ƭŀǿ ƻŦ ǘƘŜ ŜƭŜŎǘǊƻƭȅǎƛǎΣ ōǊƻŀŘƭȅ ǳǎŜŘ ƛƴ ŜƭŜŎǘǊƻƎǊŀǾƛƳŜǘǊȅ όǘƻ ŎŀƭŎǳƭŀǘŜ ǘƘŜ ŀƳƻǳƴǘ ƻŦ 

ǎǳōǎǘŀƴŎŜ ŘŜǇƻǎƛǘŜŘ ŀǘ ŀƴ ŜƭŜŎǘǊƻŘŜύΣ ŎƻǳƭƻƳŜǘǊȅ όǘƻ ŦƛƴŘ ǘƘŜ ǘƻǘŀƭ ŀƳƻǳƴǘ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ǊŜǉǳƛǊŜŘ ŦƻǊ 

ŎƻƳǇƭŜǘŜ ŜƭŜŎǘǊƻƭȅǎƛǎ ƻŦ ŀ ŎƻƳǇƻǳƴŘύΣ ŀƴŘ ƴǳƳŜǊƻǳǎ ƻǘƘŜǊ ŀǇǇƭƛŎŀǘƛƻƴǎ ŦƻǊ ƛƴǎǘŀƴŎŜΣ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ 

ƴǳƳōŜǊ ƻŦ ŜƭŜŎǘǊƻƴǎ ǇŀǊǘƛŎƛǇŀǘƛƴƎ ƛƴ ŀƴ ŜƭŜŎǘǊƻƭȅǘƛŎ ǇǊƻŎŜǎǎΦ 

1.1.2.1.2 Nomenclature 

ΦtŀǊŀƳŜǘŜǊ {ȅƳōƻƭ ¦ƴƛǘ 

¢ƛƳŜ ƻŦ ŜƭŜŎǘǊƻƭȅǎƛǎ Ⱥǘ ǎ 

!ǇǇƭƛŜŘ ŎǳǊǊŜƴǘ Lŀ ! 

¢ƻǘŀƭ ŜƭŜŎǘǊƛŎ ŎƘŀǊƎŜ ǇŀǎǎŜŘ v / 

aŀǎǎ ƻŦ ǘƘŜ ǎǳōǎǘŀƴŎŜ ǊŜŀŎǘŜŘ 

ƻƴ ǘƘŜ ŜƭŜŎǘǊƻŘŜ 

Ƴ Ǝ 

aƻƭŀǊ Ƴŀǎǎ ƻŦ ǎǳōǎǘŀƴŎŜ a ƎκƳƻƭ 

bǳƳōŜǊ ƻŦ ŜƭŜŎǘǊƻƴǎ ƛƴǾƻƭǾŜŘ 

ƛƴ ǘƘŜ  ǊŜŀŎǘƛƻƴ 

ƴ ŘƛƳŜƴǎƛƻƴƭŜǎǎ 

CŀǊŀŘŀȅ Ŏƻƴǎǘŀƴǘ 
C 

фспурΦоонуф /κƳƻƭ 

1.1.2.1.3 Model description 

ά
ὓ

ὲὊ
ὗ 

ά Ὅɝὸ π Ŏƻƴǎǘŀƴǘ ŎǳǊǊŜƴǘ 

ά ᷿ ὍὨὸ π ǘƛƳŜ ŘŜǇŜƴŘŜƴǘ ŎǳǊǊŜƴǘ ς ǎŜŜ !ǇǇŜƴŘƛȄ 

1.1.2.1.4 Input values 

tŀǊŀƳŜǘŜǊ {ȅƳōƻƭ LƴǇǳǘ ǾŀƭǳŜ ¦ƴƛǘ [ƛƳƛǘǎ 

όƳƛƴπƳŀȄύ 

5ŜŦŀǳƭǘǎ 

¢ƛƳŜ ƻŦ ŜƭŜŎǘǊƻƭȅǎƛǎ Ⱥǘ LƴŘŜǇŜƴŘŜƴǘ ǾŀǊƛŀōƭŜ ǎ ώлΣ Ҍқύ  

!ǇǇƭƛŜŘ ŎǳǊǊŜƴǘ Lŀ м ! όлΣ Ҍқύ  

aƻƭŀǊ Ƴŀǎǎ ƻŦ 

ǎǳōǎǘŀƴŎŜ 

a ƭƛƴƪ ǘƻ ǘƘŜ ǇŜǊƛƻŘƛŎ 

ǘŀōƭŜ ƻŦ ǘƘŜ ŜƭŜƳŜƴǘǎ 

ƎκƳƻƭ   

bǳƳōŜǊ ƻŦ ŜƭŜŎǘǊƻƴŜǎ 

ƛƴǾƻƭǾŜŘ ƛƴ ǘƘŜ  

ǊŜŀŎǘƛƻƴ 

ƴ м ŘƛƳŜƴǎƛƻƴƭ

Ŝǎǎ 

ώмΤнΤоϐ  

1.1.2.1.5 Calculation procedure 

{ǘŀƴŘŀǊŘ ŎŀƭŎǳƭŀǘƛƻƴ CόȄύΣ ǿƘŜǊŜ ɲȄ Җ лΦллмΤ   

Ƴόǘύ 



11/30 Grant agreement no. FCH ς 2 JU ς 736648  

 
 

[D3.4 e-Science Toolbox 1st version v1.2.docx] 

1.1.2.1.6 Output values 

tƭƻǘǎ ǿƘƛŎƘ ǘƘŜ ǳǎŜǊ Ŏŀƴ ŎƘƻǎŜΥ 

Ƴόǘύ ς ƻǇǘƛƻƴ ŦƻǊ ƳǳƭǘƛǇƭŜ Ǉƭƻǘǎ ƻƴ ǘƘŜ ǎŀƳŜ ƎǊŀǇƘ   

tŀǊŀƳŜǘŜǊ ƴŀƳŜ {ȅƳōƻƭ hǳǘǇǳǘ ǾŀƭǳŜ ¦ƴƛǘ 

Ƴŀǎǎ Ƴ Ǉƭƻǘ ƎΣ ƳƎΣ ƪƎ 

1.1.2.1.7 Conversion of input and output units  

{ǘŀƴŘŀǊŘ ǳƴƛǘǎ ŦƻǊ ŎŀƭŎǳƭŀǘƛƻƴ ŀƴŘ ǎǘƻǊŀƎŜ ƛƴ ŘŀǘŀōŀǎŜ όŀƭƭ ǾŀƭǳŜǎ ǿƻǳƭŘ ōŜ ǎǘƻǊŜŘ ŀƴŘ ǇǊƻŎŜǎǎŜŘ ƛƴ 

ǘƘŜǎŜ ǳƴƛǘǎύ 

Parameter name Standard unit 

name 

Symbol Unit 

¢ƛƳŜ ƻŦ ŜƭŜŎǘǊƻƭȅǎƛǎ ǎŜŎƻƴŘ Ⱥǘ ǎ 

!ǇǇƭƛŜŘ ŎǳǊǊŜƴǘ ŀƳǇŜǊŜ Lŀ ! 

¢ƻǘŀƭ ŜƭŜŎǘǊƛŎ ŎƘŀǊƎŜ ǇŀǎǎŜŘ ŎƻǳƭƻƳō v / 

aŀǎǎ ƻŦ ǘƘŜ ǎǳōǎǘŀƴŎŜ ŘŜǇƻǎƛǘŜŘ ƻƴ ǘƘŜ 

ŜƭŜŎǘǊƻŘŜ 

ƎǊŀƳ Ƴ Ǝ 

aƻƭŀǊ Ƴŀǎǎ ƻŦ ǎǳōǎǘŀƴŎŜ ƎǊŀƳ ǇŜǊ Ƴƻƭ a ƎκƳƻƭ 

bǳƳōŜǊ ƻŦ ŜƭŜŎǘǊƻƴǎ ƛƴǾƻƭǾŜŘ ƛƴ ǘƘŜ  ǊŜŀŎǘƛƻƴ ƛƴǘŜƎŜǊ ƴ ŘƛƳŜƴǎƛƻƴƭŜǎǎ 

CŀǊŀŘŀȅ Ŏƻƴǎǘŀƴǘ /ƻǳƭƻƳō ǇŜǊ Ƴƻƭ C фспурΦоонуф 

/κƳƻƭ 

 

 

1.1.2.1.8 Appendix 

Ὅὸ Ὅ ὍÃÏÓὸπ ǘƛƳŜ ŘŜǇŜƴŘŜƴǘ ŎǳǊǊŜƴǘΣ ǿƘŜǊŜ Lл ƛǎ ǘƘŜ ƳŀȄƛƳǳƳ ŎǳǊǊŜƴǘ 

ὗὸ ᷿ ὍὸŘǘҐὍὸ Ὅǎƛƴὸπ ǘƻǘŀƭ ŎƘŀǊƎŜ ŦƻǊ ƎƛǾŜƴ ǘƛƳŜ 

άὸ
ƴC
ὗὸ

ƴC
Ὅὸ Ὅǎƛƴὸπ ǘƻǘŀƭ Ƴŀǎǎ ŦƻǊ ƎƛǾŜƴ ǘƛƳŜ 
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1.1.2.2 9ƭŜŎǘǊƻƭȅǘƛŎ όƳƻƭŀǊύ ŎƻƴŘǳŎǘƛǾƛǘȅ όYƻƘƭǊŀǳǎŎƘΩǎ [ŀǿύ όIEES) 

1.1.2.2.1 Introduction 

!ŎŎƻǊŘƛƴƎ ǘƘŜ ƴƻƳŜƴŎƭŀǘǳǊŜ ƛƴǘǊƻŘǳŎŜŘ ōȅ CŀǊŀŘŀȅ ǘƘŜ ŜƭŜŎǘǊƻƭȅǘŜǎ ŀǊŜ ǎŜŎƻƴŘ Ŏƭŀǎǎ ŎƻƴŘǳŎǘƻǊǎ ƛƴ 

ǿƘƛŎƘ ǘƘŜ ŎƘŀǊƎŜ ŎŀǊǊƛŜǊǎ ŀǊŜ ƛƻƴǎΦ Lƴ ŎƻƴǘǊŀǎǘ ǘƻ ǘƘŜ ŎƻƴŘǳŎǘƛǾƛǘȅ ƻŦ ǘƘŜ ƳŜǘŀƭǎ όŦƛǊǎǘ Ŏƭŀǎǎ ŎƻƴŘǳŎǘƻǊǎύΣ 

ǘƘŜ ƳƻƭŀǊ όƛƻƴƛŎύ ŎƻƴŘǳŎǘƛǾƛǘȅ ƛǎ ǎƳŀƭƭŜǊΣ ƛƴŎǊŜŀǎŜǎ ǿƛǘƘ ǘƘŜ ƛƴŎǊŜŀǎŜ ƻŦ ǘŜƳǇŜǊŀǘǳǊŜΣ ŀƴŘ ƛǎ ƴƻǘ ŀ 

ƳŀǘŜǊƛŀƭ Ŏƻƴǎǘŀƴǘ ōǳǘ ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ ŎƻƴŎŜƴǘǊŀǘƛƻƴΦ Lƴ ŘƛƭǳǘŜ ŜƭŜŎǘǊƻƭȅǘŜǎ ƛǘ ƛǎ ŀ ƭƛƴŜŀǊ ŦǳƴŎǘƛƻƴ ƻŦ ǘƘŜ 

ŎƻƴŎŜƴǘǊŀǘƛƻƴ ƻōŜȅƛƴƎ ǘƘŜ YƻƘƭǊŀǳǎŎƘ ŜƳǇƛǊƛŎŀƭ ŜǉǳŀǘƛƻƴΣ ǿƘƛƭŜ ƛƴ ǎǘǊƻƴƎ ŜƭŜŎǘǊƻƭȅǘŜǎ ƛǘ ŘŜŎǊŜŀǎŜǎ ǿƛǘƘ 

ǘƘŜ ƛƴŎǊŜŀǎƛƴƎ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ŘǳŜ ǘƻ ŀƴ ƛƴŎǊŜŀǎŜ ƻŦ ǘƘŜ ƛƻƴπƛƻƴ ƛƴǘŜǊŀŎǘƛƻƴǎΦ 

1.1.2.2.2 Nomenclature 

tŀǊŀƳŜǘŜǊ {ȅƳōƻƭ ¦ƴƛǘ 

aƻƭŀǊ ŎƻƴŘǳŎǘƛǾƛǘȅ ɽƳ {ΦƳнΦƳƻƭπм 

aƻƭŀǊ ŎƻƴŘǳŎǘƛǾƛǘȅ ŀǘ ƛƴŦƛƴƛǘŜ 

Řƛƭǳǘƛƻƴ 

ɽл {ΦƳнΦƳƻƭπм 

9ƳǇƛǊƛŎŀƭ Ŏƻƴǎǘŀƴǘ Y ŘƛƳŜƴǎƛƻƴƭŜǎǎ 

aƻƭŀǊ ŎƻƴŎŜƴǘǊŀǘƛƻƴ / Ƴƻƭκ[ 

1.1.2.2.3 Model description 

ɤ ɤ ὑЍὅ 

1.1.2.2.4 Input values 

tŀǊŀƳŜǘŜǊ {ȅƳōƻƭ LƴǇǳǘ ǾŀƭǳŜ ¦ƴƛǘ [ƛƳƛǘǎ όƳƛƴπ

ƳŀȄύ 

5ŜŦŀǳƭǘǎ 

aƻƭŀǊ ŎƻƴŘǳŎǘƛǾƛǘȅ ŀǘ 

ƛƴŦƛƴƛǘŜ Řƛƭǳǘƛƻƴ 

ɽл лΦлн {ΦƳнΦƳƻƭπм ώлΦллмΣ 

лΦлпϐ 

 

9ƳǇƛǊƛŎŀƭ Ŏƻƴǎǘŀƴǘ Y лΦлр ŘƛƳŜƴǎƛƻƴƭŜǎǎ ώлΦллмΣ лΦмϐ  

aƻƭŀǊ ŎƻƴŎŜƴǘǊŀǘƛƻƴ / ƛƴŘŜǇŜƴŘŜƴǘ 

ǾŀǊƛŀōƭŜ 

Ƴƻƭκ[ όлΣ лΦмϐ  

1.1.2.2.5 Calculation procedure 
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{ǘŀƴŘŀǊŘ ŎŀƭŎǳƭŀǘƛƻƴ CόȄύΣ ǿƘŜǊŜ ɲȄ Җ лΦллм 

1.1.2.2.6 Output values 

tƭƻǘǎ ǿƘƛŎƘ ǘƘŜ ǳǎŜǊ Ŏŀƴ ŎƘƻƻǎŜΥ 

ɽƳ π ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ ǾŀƭǳŜǎ ŦƻǊ ɽл ŀƴŘ Y 

tŀǊŀƳŜǘŜǊ ƴŀƳŜ {ȅƳōƻƭ hǳǘǇǳǘ ǾŀƭǳŜ ¦ƴƛǘ 

aƻƭŀǊ ŎƻƴŘǳŎǘƛǾƛǘȅ ɽƳ Ǉƭƻǘ {ΦƳнΦƳƻƭπмΣ Ƴ{ΦƳнΦƳƻƭπм 

1.1.2.2.7 Conversion of input and output units 

{ǘŀƴŘŀǊŘ ǳƴƛǘǎ ŦƻǊ ŎŀƭŎǳƭŀǘƛƻƴ ŀƴŘ ǎǘƻǊŀƎŜ ƛƴ ŘŀǘŀōŀǎŜ όŀƭƭ ǾŀƭǳŜǎ ǿƻǳƭŘ ōŜ ǎǘƻǊŜŘ ŀƴŘ ǇǊƻŎŜǎǎŜŘ ƛƴ 

ǘƘŜǎŜ ǳƴƛǘǎύ 

Parameter name Standard unit name Symbol Unit 

aƻƭŀǊ ŎƻƴŘǳŎǘƛǾƛǘȅ ǎƛŜƳŜƴǎ ǎǉǳŀǊŜ ƳŜǘŜǊ ǇŜǊ Ƴƻƭ ɽƳ {ΦƳнΦƳƻƭπм 

aƻƭŀǊ ŎƻƴŘǳŎǘƛǾƛǘȅ ŀǘ ƛƴŦƛƴƛǘŜ Řƛƭǳǘƛƻƴ ǎƛŜƳŜƴǎ ǎǉǳŀǊŜ ƳŜǘŜǊ ǇŜǊ Ƴƻƭ ɽл {ΦƳнΦƳƻƭπм 

9ƳǇƛǊƛŎŀƭ Ŏƻƴǎǘŀƴǘ ŘƛƳŜƴǎƛƻƴƭŜǎǎ Y ŘƛƳŜƴǎƛƻƴƭŜǎǎ 

aƻƭŀǊ ŎƻƴŎŜƴǘǊŀǘƛƻƴ Ƴƻƭ ǇŜǊ ƭƛǘŜǊ / Ƴƻƭκ[ 

 

 

1.1.2.3 Electrochemical potential (IEES) 

1.1.2.3.1 Introduction 

¢ƘŜ ŦǊŜŜ Dƛōōǎ ŜƴŜǊƎȅ ƛǎ ŀ ǘƘŜǊƳƻŘȅƴŀƳƛŎ ŦǳƴŎǘƛƻƴ ǘƘŀǘ ŘŜǘŜǊƳƛƴŜǎ ǳƴŀƳōƛƎǳƻǳǎƭȅ ǘƘŜ ƳŀŎǊƻǎŎƻǇƛŎ 

ǎǘŀǘŜ ƻŦ ŀ ǎȅǎǘŜƳΦ Lǘ ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ ǇǊŜǎǎǳǊŜ ŀƴŘ ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ ǿƘŜƴ ƴƻǊƳŀƭƛȊŜŘ ǘƻ ƻƴŜ Ƴƻƭ ƻŦ 

ǎǳōǎǘŀƴŎŜΣ ƛǎ ŎŀƭƭŜŘ ƳƻƭŀǊ Dƛōōǎ ŜƴŜǊƎȅ ƻǊ ŎƘŜƳƛŎŀƭ ǇƻǘŜƴǘƛŀƭΦ CƻǊ ŀ ǎȅǎǘŜƳ ŎƻƴǘŀƛƴƛƴƎ ŜƭŜŎǘǊƛŎŀƭƭȅ 

ŎƘŀǊƎŜŘ ǎǇŜŎƛŜǎΣ ǘƘŜ Dƛōōǎ ŦǊŜŜ ŜƴŜǊƎȅ ŘŜǇŜƴŘǎ ŀƭǎƻ ƻƴ ǘƘŜ ŜƭŜŎǘǊƛŎŀƭ ǇƻǘŜƴǘƛŀƭ ŀƴŘ ǿƘŜƴ ƴƻǊƳŀƭƛȊŜŘ 

ǘƻ ƻƴŜ ƳƻƭΣ ƛǘ ƛǎ ŎŀƭƭŜŘ ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ǇƻǘŜƴǘƛŀƭΦ Lƴ ƻǘƘŜǊ ǿƻǊŘǎΣ ǘƘŜ ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ǇƻǘŜƴǘƛŀƭ ƛǎ ŀ 

ǘƘŜǊƳƻŘȅƴŀƳƛŎ ƳŜŀǎǳǊŜ ƻŦ ǘƘŜ ŎƘŜƳƛŎŀƭ ǇƻǘŜƴǘƛŀƭ ǘƘŀǘ ǘŀƪŜǎ ŀƭǎƻ ƛƴǘƻ ŀŎŎƻǳƴǘ ǘƘŜ ŜƴŜǊƎȅ ŎƻƴǘǊƛōǳǘƛƻƴ 

ƻŦ ǘƘŜ ŜƭŜŎǘǊƻǎǘŀǘƛŎǎΦ ¢ƘŜ ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ǇƻǘŜƴǘƛŀƭ ƻŦ ŀ ƎƛǾŜƴ ǇƘŀǎŜ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ǿƻǊƪ ƴŜŜŘŜŘ ŦƻǊ 

ǘǊŀƴǎŦŜǊǊƛƴƎ ƻŦ ƻƴŜ Ƴƻƭ ŎƘŀǊƎŜŘ ǇŀǊǘƛŎƭŜǎ ŦǊƻƳ ŀ ƎƛǾŜƴ ǊŜŦŜǊŜƴŎŜ ǎǘŀǘŜ ƛƴǘƻ Ƙƛǎ ǇƘŀǎŜ ƻǾŜǊŎƻƳƛƴƎ ōƻǘƘ 

ŎƘŜƳƛŎŀƭ ōƻƴŘƛƴƎ ŦƻǊŎŜǎ ŀƴŘ ŜƭŜŎǘǊƛŎŀƭ ŦƻǊŎŜǎΦ 
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1.1.2.3.2 Nomenclature 

tŀǊŀƳŜǘŜǊ {ȅƳōƻƭ ¦ƴƛǘ 

9ƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ǇƻǘŜƴǘƛŀƭ ƻŦ ǎǇŜŎƛŜǎ ƛ ɡȌ i  WκƳƻƭ 

/ƘŜƳƛŎŀƭ ǇƻǘŜƴǘƛŀƭ ƻŦ ǎǇŜŎƛŜǎ ƛ ɡi  WκƳƻƭ 

/ƘŀǊƎŜ ƻŦ ƛƻƴ ƻŦ ǘȅǇŜ ƛ zi  ŘƛƳŜƴǎƛƻƴƭŜǎǎόƛƴǘŜƎŜǊύ 

9ƭŜŎǘǊƛŎ ǇƻǘŜƴǘƛŀƭ ŀǘ ƎƛǾŜƴ Ǉƻƛƴǘ ᴧ ± 

CŀǊŀŘŀȅ Ŏƻƴǎǘŀƴǘ C фспурΦоонуф /κƳƻƭ 

1.1.2.3.3 Model description 

ʈ ʈ ᾀὊה 

ה ה ὼϳπ ǘƘƛǎ ŘŜǇŜƴŘŜƴŎŜ ƻŦ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ƛǎ ŦƻǊ ǎƛƳǇƭƛŎƛǘȅ ŀƴŘ ǎƘƻǳƭŘ ōŜ ǳǎŜŘ ƻƴƭȅ ŦƻǊ ŎŀƭŎǳƭŀǘƛƻƴΣ 

ǎƘƻǳƭŘ ƴƻǘ ōŜ ǎƘƻǿƴ ǘƻ ǘƘŜ ǳǎŜǊ 

1.1.2.3.4 Input values 

tŀǊŀƳŜǘŜǊ {ȅƳōƻƭ LƴǇǳǘ ǾŀƭǳŜ ¦ƴƛǘ [ƛƳƛǘǎ όƳƛƴπƳŀȄύ 5ŜŦŀǳƭǘǎ 

/ƘŜƳƛŎŀƭ ǇƻǘŜƴǘƛŀƭ ƻŦ ǎǇŜŎƛŜǎ ƛ ɡi  πмлллл WκƳƻƭ ώπмлллллΣ 

млллллϐ 

 

/ƘŀǊƎŜ ƻŦ ƛƻƴ ƻŦ ǘȅǇŜ ƛ zi  м ƛƴǘŜƎŜǊ ώπпΣпϐ ƛƴǘŜƎŜǊǎ  

9ƭŜŎǘǊƛŎ  ǇƻǘŜƴǘƛŀƭ ŀǘ ȊŜǊƻ Ǉƻƛƴǘ ᴧ0 н ± ώπмллΣ мллϐ  

1.1.2.3.5 Calculation procedure 

{ǘŀƴŘŀǊŘ ŎŀƭŎǳƭŀǘƛƻƴ CόƎόȄύύ Σ ǿƘŜǊŜ ɲȄ  лΦллм 

1.1.2.3.6 Output values 

tƭƻǘǎ ǿƘƛŎƘ ǘƘŜ ǳǎŜǊ Ŏŀƴ ŎƘƻƻǎŜΥ 

 ŜŦŜŎǘ ƻŦ ŎƘŀǊƎŜ ƻŦ ƛƻƴǎ 

 ŜŦŜŎǘ ƻŦ ŎƘŜƳƛŎŀƭ ǇƻǘŜƴǘƛŀƭ 

 ŜŦŜŎǘ ƻŦ ŜƭŜŎǘǊƛŎ ǇƻǘŜƴǘƛŀƭ ŀǘ ȊŜǊƻ Ǉƻƛƴǘ 

tŀǊŀƳŜǘŜǊ ƴŀƳŜ {ȅƳōƻƭ hǳǘǇǳǘ ǾŀƭǳŜ ¦ƴƛǘ 

9ƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ǇƻǘŜƴǘƛŀƭ ɡ  Ǉƭƻǘ WκƳƻƭΣ ƪWκƳƻƭΣ aWκƳƻƭ 

1.1.2.3.7 Conversion of input and output units 

{ǘŀƴŘŀǊŘ ǳƴƛǘǎ ŦƻǊ ŎŀƭŎǳƭŀǘƛƻƴ ŀƴŘ ǎǘƻǊŀƎŜ ƛƴ ŘŀǘŀōŀǎŜ όŀƭƭ ǾŀƭǳŜǎ ǿƻǳƭŘ ōŜ ǎǘƻǊŜŘ ŀƴŘ ǇǊƻŎŜǎǎŜŘ ƛƴ 

ǘƘŜǎŜ ǳƴƛǘǎύ 

Parameter name Standard unit name Symbol Unit 

9ƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ǇƻǘŜƴǘƛŀƭ ƻŦ ǎǇŜŎƛŜǎ ƛ joul per mol  ɡȌ i  WκƳƻƭ 

/ƘŜƳƛŎŀƭ ǇƻǘŜƴǘƛŀƭ ƻŦ ǎǇŜŎƛŜǎ ƛ joul per mol  ɡi  WκƳƻƭ 

/ƘŀǊƎŜ ƻŦ ƛƻƴ ƻŦ ǘȅǇŜ ƛ dimensionless  zi  ƛƴǘŜƎŜǊ 

9ƭŜŎǘǊƛŎ  ǇƻǘŜƴǘƛŀƭ ŀǘ ƎƛǾŜƴ Ǉƻƛƴǘ volt  ᴧ ± 

Faraday Constant coulomb per mol F фспурΦоонуф /κƳƻƭ 
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1.1.2.4 Nernst equation (IEES) 

1.1.2.4.1 Introduction 

¢ƘŜ bŜǊƴǎǘ Ŝǉǳŀǘƛƻƴ ǊŜƭŀǘŜǎ ǘƘŜ ǊŜŘƻȄ ǇƻǘŜƴǘƛŀƭ ƻŦ ŀƴ ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ǊŜŀŎǘƛƻƴ όƘŀƭŦπŎŜƭƭ ƻǊ Ŧǳƭƭ ŎŜƭƭ 

ǊŜŀŎǘƛƻƴύ ǘƻ ǘƘŜ ǎǘŀƴŘŀǊŘ ŜƭŜŎǘǊƻŘŜ ǇƻǘŜƴǘƛŀƭΣ ǘŜƳǇŜǊŀǘǳǊŜΣ ŀƴŘ ŀŎǘƛǾƛǘƛŜǎ όƻŦǘŜƴ ŀǇǇǊƻȄƛƳŀǘŜŘ ōȅ 

ŎƻƴŎŜƴǘǊŀǘƛƻƴǎύ ƻŦ ǘƘŜ ŎƘŜƳƛŎŀƭ ǎǇŜŎƛŜǎ ǳƴŘŜǊƎƻƛƴƎ ǊŜŘǳŎǘƛƻƴ ƻǊκŀƴŘ ƻȄƛŘŀǘƛƻƴΦ Lƴ ƻǘƘŜǊ ǿƻǊŘǎ ƛǘ 

ǎƘƻǿǎ Ƙƻǿ ǘƘŜ ǊŜŀŎǘƛƻƴ ǎǇŜŎƛŜǎ ƛƴ ǘŜǊƳǎ ƻŦ ŎƘŜƳƛŎŀƭ ŀŎǘƛǾƛǘȅ όŎƻƴŎŜƴǘǊŀǘƛƻƴύ ŀƴŘ ǘƘŜ ǊŜŀŎǘƛƻƴ 

ǘŜƳǇŜǊŀǘǳǊŜ ƛƴŦƭǳŜƴŎŜ ǘƘŜ ŜƭŜŎǘǊƻŘŜ ǇƻǘŜƴǘƛŀƭΦ 

LŦ ŀ ǎȅǎǘŜƳ Ŧƻƭƭƻǿǎ ǘƘŜ bŜǊƴǎǘ Ŝǉǳŀǘƛƻƴ ƻǊ ŀƴ Ŝǉǳŀǘƛƻƴ ŘŜǊƛǾŜŘ ŦǊƻƳ ƛǘΣ ǘƘŜ ŜƭŜŎǘǊƻŘŜ ǊŜŀŎǘƛƻƴ ƛǎ 

ŎƻƴǎƛŘŜǊŜŘ ǘƘŜǊƳƻŘȅƴŀƳƛŎŀƭƭȅ ƻǊ ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭƭȅ ǊŜǾŜǊǎƛōƭŜ όbŜǊƴǎǘƛŀƴ ǊŜŀŎǘƛƻƴύΦ 

1.1.2.4.2 Nomenclature 

tŀǊŀƳŜǘŜǊ {ȅƳōƻƭ ¦ƴƛǘ 

9ƭŜŎǘǊƻŘŜ ǇƻǘŜƴǘƛŀƭ 9 ± 

9ǉǳƛƭōǊƛǳƳ ǇƻǘŜƴǘƛŀƭ 9Ŝǉ ± 

!ōǎƻƭǳǘŜ ǘŜƳǇŜǊŀǘǳǊŜ ¢ Y 

¦ƴƛǾŜǊǎŀƭ Ǝŀǎ Ŏƻƴǎǘŀƴǘ w уΦомппт WκYκƳƻƭ 

bǳƳōŜǊ ƻŦ ŜƭŜŎǘǊƻƴŜǎ ƛƴǾƻƭǾŜŘ ƛƴ ǘƘŜ ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ǊŜŀŎǘƛƻƴ ƴ ŘƛƳŜƴǎƛƻƴƭŜǎǎ 

CŀǊŀŘŀȅ Ŏƻƴǎǘŀƴǘ C фспурΦоонуф /κƳƻƭ 

/ƘŜƳƛŎŀƭ ŀŎǘƛǾƛǘȅ ƻŦ ǘƘŜ ǊŜŘǳŎŜŘ ŦƻǊƳ ŀwŜŘ ƳƻƭκƳо 

/ƘŜƳƛŎŀƭ ŀŎǘƛǾƛǘȅ ƻŦ ǘƘŜ ƻȄƛŘƛȊŜŘ ŦƻǊƳ ŀhȄ ƳƻƭκƳо 

1.1.2.4.3 Model description 
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1.1.2.4.4 Input values 

tŀǊŀƳŜǘŜǊ {ȅƳōƻƭ LƴǇǳǘ 

ǾŀƭǳŜ 

¦ƴƛǘ [ƛƳƛǘǎ όƳƛƴπ

ƳŀȄύ 

5ŜŦŀǳƭǘǎ 

9ǉǳƛƭōǊƛǳƳ ǇƻǘŜƴǘƛŀƭ 9Ŝǉ мΦно ± ώπнΣ нϐ мΦно 

!ōǎƻƭǳǘŜ ǘŜƳǇŜǊŀǘǳǊŜϝ ¢ нфу Y ώмллΣмнллϐ нфу 

bǳƳōŜǊ ƻŦ ŜƭŜŎǘǊƻƴŜǎ ƛƴǾƻƭǾŜŘ ƛƴ 

ǘƘŜ ŜƭŜŎǘǊƻŘŜ ǊŜŀŎǘƛƻƴ 

ƴ м ŘƛƳŜƴǎƛƻƴƭŜǎǎ ώмΤнΤоϐ м 

/ƘŜƳƛŎŀƭ ŀŎǘƛǾƛǘȅ ƻŦ  ǊŜŘǳŎŜŘ 

ŦƻǊƳ 

ŀwŜŘ  ƳƻƭκƳо ώлΦлллмΣ лΦмϐ лΦллм 

/ƘŜƳƛŎŀƭ ŀŎǘƛǾƛǘȅ ƻŦ  ƻȄƛŘƛȊŜŘ 

ŦƻǊƳ 

ŀhȄ  ƳƻƭκƳо ώлΦлллмΣ лΦмϐ лΦллм 

1.1.2.4.5 Calculation procedure 

{ǘŀƴŘŀǊŘ ŎŀƭŎǳƭŀǘƛƻƴ CόȄύ  Σ ǿƘŜǊŜ ɲȄ Җ лΦллм 

5ƛŦŦŜǊŜƴǘ ƛƴŘŜǇŜƴŘŜƴǘ ǾŀǊƛŀōƭŜǎΥ 

 9ό¢ύΣ ƭƴόŀhȄκŀwŜŘύ Ґ ŎƻƴǎǘΣ 

 9όƭƴόŀhȄκŀwŜŘύ ύΣ ¢ Ґ Ŏƻƴǎǘ 

1.1.2.4.6 Output values 

tƭƻǘǎ ǿƛŎƘ ǘƘŜ ǳǎŜǊ Ŏŀƴ ŎƘƻƻǎŜ Υ 

 9ό¢ύΣ  ƭƴόŀhȄκŀwŜŘύ ς ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ ǾŀƭǳŜǎ Σ  Ǉƭƻǘ ƻƴ ƻƴŜ ƎǊŀǇƘ 

 9όƭƴόŀhȄκŀwŜŘύ ύΣ ¢ ς ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ ǾŀƭǳŜǎ Σ  Ǉƭƻǘ ƻƴ ƻƴŜ ƎǊŀǇƘ 

tŀǊŀƳŜǘŜǊ ƴŀƳŜ {ȅƳōƻƭ hǳǘǇǳǘ ǾŀƭǳŜ ¦ƴƛǘ 

9ƭŜŎǘǊƻŘŜ ǇƻǘŜƴǘƛŀƭ 9 Ǉƭƻǘ ±Σ Ƴ± 

1.1.2.4.7 Conversion of input and output units 

{ǘŀƴŘŀǊŘ ǳƴƛǘǎ ŦƻǊ ŎŀƭŎǳƭŀǘƛƻƴ ŀƴŘ ǎǘƻǊŀƎŜ ƛƴ ŘŀǘŀōŀǎŜ όŀƭƭ ǾŀƭǳŜǎ ǿƻǳƭŘ ōŜ ǎǘƻǊŜŘ ŀƴŘ ǇǊƻŎŜǎǎŜŘ ƛƴ 

ǘƘŜǎŜ ǳƴƛǘǎύΦ 

Parameter name Standard unit name Symbol Unit 

Temperature kelvin T K 

Faraday Constant Coulomb per mol F фспурΦоонуф /κƳƻƭ 

¦ƴƛǾŜǊǎŀƭ Ǝŀǎ Ŏƻƴǎǘŀƴǘ Ƨƻǳƭ ǇŜǊ ƪŜƭǾƛƴ ǇŜǊ Ƴƻƭ w уΦомппт WκYκƳƻƭ 

Electrode Potential volt E V 

Equilibrium Potential volt Eeq V 

/ƘŜƳƛŎŀƭ ŀŎǘƛǾƛǘȅ ƻŦ  ǊŜŘǳŎŜŘ ŦƻǊƳ mol per cubic meter ared mol/m3 

Chemical activity of oxidized form mol per cubic meter aOx mol/m3 
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!ƭǘŜǊƴŀǘƛǾŜ ǳƴƛǘǎ ŦƻǊ ǳǎŜǊ ƛƴǇǳǘǎ ŀƴŘ ƻǳǘǇǳǘǎ 

Parameter 

name 

Unit name Symbol Unit Conversion from 

standard unit 

Conversion to 

standard unit 

Temperature degree Celsius T C T(K) - 273.15 T(C) + 273.15 

Temperature degree 

Fahrenheit 

T F T(K) * 9/5 ς 459.67 (T(F) + 459.67) * 5/9 
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1.1.2.5 Butler-Volmer equation (IEES) 

1.1.2.5.1 Introduction 

¢ƘŜ ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ǊŜŀŎǘƛƻƴǎ ŀǊŜ ƘŜǘŜǊƻƎŜƴŜƻǳǎ ǎǳǊŦŀŎŜ ǊŜŀŎǘƛƻƴǎ ǇǊƻŎŜŜŘƛƴƎ ƻƴ ǘƘŜ ǇƘŀǎŜ ōƻǳƴŘŀǊȅ 

ŜƭŜŎǘǊƻŘŜ όŦƛǊǎǘ Ŏƭŀǎǎ ŎƻƴŘǳŎǘƻǊύ κ ŜƭŜŎǘǊƻƭȅǘŜ όǎŜŎƻƴŘ Ŏƭŀǎǎ ŎƻƴŘǳŎǘƻǊύΦ ¢ƘŜƛǊ ǊŀǘŜ ƛǎ ǇǊƻǇƻǊǘƛƻƴŀƭ ǘƻ ǘƘŜ 

ŘŜƴǎƛǘȅ ƻŦ ǘƘŜ ŜƭŜŎǘǊƛŎ ŎǳǊǊŜƴǘ ǇŀǎǎƛƴƎ ǘƘǊƻǳƎƘ ǘƘƛǎ ǇƘŀǎŜ ōƻǳƴŘŀǊȅΦ Lƴ ǎƛƳƛƭŀǊƛǘȅ ǘƻ ǘƘŜ ŎƘŜƳƛŎŀƭ 

ǊŜŀŎǘƛƻƴǎΣ ǘƘŜ ǊŀǘŜ ƻŦ ŀƴ ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ǊŜŀŎǘƛƻƴ όǊŜǎǇŜŎǘƛǾŜƭȅΣ ǘƘŜ ŎǳǊǊŜƴǘ ŘŜƴǎƛǘȅύ ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ 

ǊŜŀŎǘŀƴǘ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ŀƴŘ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜΦ ! ǳƴƛǉǳŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎ ƻŦ ǘƘŜ ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ǊŜŀŎǘƛƻƴǎ 

ƛǎ ǘƘŜ ŘŜǇŜƴŘŜƴŎŜ ƻŦ ǘƘŜ ǊŀǘŜ ƻƴ ǘƘŜ ŜƭŜŎǘǊƻŘŜ ǇƻǘŜƴǘƛŀƭΦ 9ŀŎƘ ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ǊŜŀŎǘƛƻƴ ǇǊƻŎŜŜŘǎ 

ǘƘǊƻǳƎƘ ǎŜǾŜǊŀƭ ǎǘŜǇǎ ŀǎ ǘƘŜ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ŀǊŜ ǘƘŜ ǘǊŀƴǎŦŜǊ ƻŦ ŜƭŜŎǘǊƛŎ ŎƘŀǊƎŜǎ ǘƘǊƻǳƎƘ ǘƘŜ ǇƘŀǎŜ 

ōƻǳƴŘŀǊȅ ŀƴŘ ǘƘŜ Ƴŀǎǎ ǘǊŀƴǎŦŜǊ ƻŦ ǘƘŜ ǊŜŀŎǘŀƴǘǎ ǘƻκŦǊƻƳ ǘƘŜ ŜƭŜŎǘǊƻŘŜΦ ¢ƘŜ ǎƭƻǿŜǎǘ ǊŜŀŎǘƛƻƴ ǎǘŜǇ ƭƛƳƛǘǎ 

ǘƘŜ ǊŀǘŜ ƻŦ ǘƘŜ ǿƘƻƭŜ ǊŜŀŎǘƛƻƴΦ LŦ ǘƘŜ ǎƭƻǿŜǎǘ ǎǘŜǇ ǇǊƻŎŜŜŘǎ ǳƴŘŜǊ ƪƛƴŜǘƛŎκŀŎǘƛǾŀǘƛƻƴ ŎƻƴǘǊƻƭ όǘƘŜ ŎƘŀǊƎŜ 

ǘǊŀƴǎŦŜǊ ƛǎ ǘƘŜ ƭƛƳƛǘƛƴƎ ǎǘŜǇύΣ ǘƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ǘƘŜ ŎǳǊǊŜƴǘ ŘŜƴǎƛǘȅ ŀƴŘ ǘƘŜ ŜƭŜŎǘǊƻŘŜ ǇƻǘŜƴǘƛŀƭ 

ƛǎ ǉǳŀƴǘƛŦƛŜŘ ōȅ ǘƘŜ .ǳǘƭŜǊπ±ƻƭƳŜǊ Ŝǉǳŀǘƛƻƴ ǿƘƛŎƘ ƛǎ ǘƘŜ ōŀǎƛǎ ƻŦ ǘƘŜ ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ƪƛƴŜǘƛŎǎΦ Lǘ ǎƘƻǿǎ 

ǘƘŀǘ ǘƘŜ ƳŜŀǎǳǊŜŘ ŎǳǊǊŜƴǘ ŘŜƴǎƛǘȅ ƻŦ ŀƴ ŜƭŜŎǘǊƻŘŜ ǊŜŀŎǘƛƻƴ ƛǎ ŀ ŦǳƴŎǘƛƻƴ ƻŦ ŜƭŜŎǘǊƻŘŜ ƻǾŜǊ ǇƻǘŜƴǘƛŀƭΣ 

ŜȄŎƘŀƴƎŜ ŎǳǊǊŜƴǘ ŘŜƴǎƛǘȅ ŀƴŘ ŀƴƻŘƛŎκ ŎŀǘƘƻŘƛŎ ǘǊŀƴǎŦŜǊ ŎƻŜŦŦƛŎƛŜƴǘǎΦ 

1.1.2.5.2 Nomenclature 

tŀǊŀƳŜǘŜǊ {ȅƳōƻƭ ¦ƴƛǘ 

¢ƻǘŀƭ ŎǳǊǊŜƴǘ ŘŜƴǎƛǘȅ Ƨ !κƳн 

!ƴƻŘƛŎ ŎǳǊǊŜƴǘ ŘŜƴǎƛǘȅ Ƨŀ !κƳн 

/ŀǘƘƻŘƛŎ ŎǳǊǊŜƴǘ ŘŜƴǎƛǘȅ ƧŎ !κƳн 

9ȄŎƘŀƴƎŜ ŎǳǊǊŜƴǘ ŘŜƴǎƛǘȅ Ƨл !κƳн 

9ƭŜŎǘǊƻŘŜ ǇƻǘŜƴǘƛŀƭ 9 ± 

9ǉǳƛƭōǊƛǳƳ ǇƻǘŜƴǘƛŀƭ 9Ŝǉ ± 

!ōǎƻƭǳǘŜ ǘŜƳǇŜǊŀǘǳǊŜ ¢ Y 

¦ƴƛǾŜǊǎŀƭ Ǝŀǎ Ŏƻƴǎǘŀƴǘ w уΦомппт WκYκƳƻƭ 

bǳƳōŜǊ ƻŦ ŜƭŜŎǘǊƻƴŜǎ ƛƴǾƻƭǾŜŘ ƛƴ ǘƘŜ ŜƭŜŎǘǊƻŘŜ ǊŜŀŎǘƛƻƴ ƴ ŘƛƳŜƴǎƛƻƴƭŜǎǎ 

¢ǊŀƴǎŦŜǊ ŎƻŜŦŦƛŎƛŜƴǘ  h ŘƛƳŜƴǎƛƻƴƭŜǎǎ 

CŀǊŀŘŀȅ Ŏƻƴǎǘŀƴǘ C фспурΦоонуф /κƳƻƭ 

hǾŜǊǇƻǘŜƴǘƛŀƭ  ́ ± 

1.1.2.5.3 Model description 

Ὦ Ὦ Ὡz  

 Ὦ Ὦ Ὡz
ƴhC

w¢  

ƧҐƧҌƧ 

ʹҐ9 ὉŜǉ 

1.1.2.5.4 Input values 
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tŀǊŀƳŜǘŜǊ {ȅƳōƻƭ LƴǇǳǘ ǾŀƭǳŜ ¦ƴƛǘ [ƛƳƛǘǎ όƳƛƴπ
ƳŀȄύ 

5ŜŦŀǳƭǘǎ 

9ȄŎƘŀƴƎŜ ŎǳǊǊŜƴǘ ŘŜƴǎƛǘȅ Ƨл р !κƳн όлΣ млϐ р 

9ƭŜŎǘǊƻŘŜ ǇƻǘŜƴǘƛŀƭ 9 ƛƴŘŜǇŜƴŘŜƴǘ 
ǾŀǊΦ 

± ώπнΣ нϐ  

9ǉǳƛƭōǊƛǳƳ ǇƻǘŜƴǘƛŀƭ 9Ŝǉ мΦно ± ώπнΣ нϐ мΦно 

!ōǎƻƭǳǘŜ ǘŜƳǇŜǊŀǘǳǊŜϝ ¢ нфу Y /ƻƴǎǘŀƴǘ нфу 

bǳƳōŜǊ ƻŦ ŜƭŜŎǘǊƻƴǎ ƛƴǾƻƭǾŜŘ 
ƛƴ ǘƘŜ ŜƭŜŎǘǊƻŘŜ ǊŜŀŎǘƛƻƴ 

ƴ н ŘƛƳŜƴǎƛƻƴƭŜǎǎ ώмΤнϐ н 

¢ǊŀƴǎŦŜǊ ŎƻŜŦŦƛŎƛŜƴǘ  h лΦр ŘƛƳŜƴǎƛƻƴƭŜǎǎ όлΣмύ лΦр 

1.1.2.5.5 Calculation procedure 

{ǘŀƴŘŀǊŘ ŎŀƭŎǳƭŀǘƛƻƴ CόȄύ  Ґ CмόȄύҌCнόȄύΣ ǿƘŜǊŜ ɲȄ  лΦллм 

 Ƨό́ύ Ґ ƧŀόʹύҌƧŎόʹύ 

1.1.2.5.6 Output values 

tƭƻǘǎ ǿƘƛŎƘ ǘƘŜ ǳǎŜǊ Ŏŀƴ ŎƘƻƻǎŜΥ 

 Ƨό́ύΣ ƧŀόʹύΣ ƧŎόʹύ ς ƻǇǘƛƻƴ ŦƻǊ ƳǳƭǘƛǇƭŜ Ǉƭƻǘǎ ƻƴ ǘƘŜ ǎŀƳŜ ƎǊŀǇƘ 

 Ƨό́ύκƧлΣ ƧŀόʹύκƧлΣ ƧŎόʹύ κƧлς ƻǇǘƛƻƴ ŦƻǊ ƳǳƭǘƛǇƭŜ Ǉƭƻǘǎ ƻƴ ǘƘŜ ǎŀƳŜ ƎǊŀǇƘ 

tŀǊŀƳŜǘŜǊ ƴŀƳŜ {ȅƳōƻƭ hǳǘǇǳǘ ǾŀƭǳŜ ¦ƴƛǘ 

¢ƻǘŀƭ ŎǳǊǊŜƴǘ ŘŜƴǎƛǘȅ Ƨ Ǉƭƻǘ !κƳнΣ !κŎƳнΣ Ƴ!κŎƳн 

!ƴƻŘƛŎ ŎǳǊǊŜƴǘ ŘŜƴǎƛǘȅ Ƨŀ Ǉƭƻǘ !κƳнΣ !κŎƳнΣ Ƴ!κŎƳн 

/ŀǘƘƻŘƛŎ ŎǳǊǊŜƴǘ ŘŜƴǎƛǘȅ ƧŎ Ǉƭƻǘ !κƳнΣ !κŎƳнΣ Ƴ!κŎƳн 

1.1.2.5.7 Conversion of input and output units  

{ǘŀƴŘŀǊŘ ǳƴƛǘǎ ŦƻǊ ŎŀƭŎǳƭŀǘƛƻƴ ŀƴŘ ǎǘƻǊŀƎŜ ƛƴ ŘŀǘŀōŀǎŜ όŀƭƭ ǾŀƭǳŜǎ ǿƻǳƭŘ ōŜ ǎǘƻǊŜŘ ŀƴŘ ǇǊƻŎŜǎǎŜŘ ƛƴ 

ǘƘŜǎŜ ǳƴƛǘǎύ 

Parameter name Standard unit name Symbol Unit 

Temperature kelvin T K 

Current Density ampere per square meter j A/m2 

!ƴƻŘƛŎ ŎǳǊǊŜƴǘ ŘŜƴǎƛǘȅ ampere per square meter Ƨŀ !κƳн 

/ŀǘƘƻŘƛŎ ŎǳǊǊŜƴǘ ŘŜƴǎƛǘȅ ampere per square meter ƧŎ !κƳн 

9ȄŎƘŀƴƎŜ ŎǳǊǊŜƴǘ ŘŜƴǎƛǘȅ ampere per square meter Ƨл !κƳн 

Faraday Constant Coulomb per mol F фспурΦоонуф /κƳƻƭ 

¦ƴƛǾŜǊǎŀƭ Ǝŀǎ Ŏƻƴǎǘŀƴǘ Ƨƻǳƭ ǇŜǊ ƪŜƭǾƛƴ ǇŜǊ Ƴƻƭ w уΦомппт WκYκƳƻƭ 

Electrode Potential volt E V 

Equilibrium Potential volt Eeq V 

Overpotential volt  ́ V 

 

!ƭǘŜǊƴŀǘƛǾŜ ǳƴƛǘǎ ŦƻǊ ǳǎŜǊ ƛƴǇǳǘǎ ŀƴŘ ƻǳǘǇǳǘǎ 
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Parameter 

name 

Unit name Symbol Unit Conversion from 

standard unit 

Conversion to 

standard unit 

Temperature degree Celsius T C T(K) - 273.15 T(C) + 273.15 

Temperature degree 

Fahrenheit 

T F T(K) * 9/5 ς 459.67 (T(F) + 459.67) * 5/9 

 

1.1.2.6 Tafel equation (IEES) 

1.1.2.6.1 Introduction 

¢ƘŜ ¢ŀŦŜƭ Ŝǉǳŀǘƛƻƴ Ŏŀƴ ōŜ ŘŜǊƛǾŜŘ ŦǊƻƳ ǘƘŜ .ǳǘƭŜǊπCƻƭƳŜǊ Ŝǉǳŀǘƛƻƴ ŦƻǊ ŎŀǎŜǎ ǿƘŜƴ ǘƘŜ ŜƭŜŎǘǊƻŘŜ 

ƻǾŜǊǇƻǘŜƴǘƛŀƭ ƛǎ ŦŀǊ ŦǊƻƳ ŜǉǳƛƭƛōǊƛǳƳΦ Lǘ ǉǳŀƴǘƛŦƛŜǎ ǘƘŜ ŘŜǇŜƴŘŜƴŎŜ ƻŦ ŎǳǊǊŜƴǘ ŘŜƴǎƛǘȅ ƻƴ ǘƘŜ ŜƭŜŎǘǊƻŘŜ 

ǇƻǘŜƴǘƛŀƭ ŦƻǊ ŀ ƘƛƎƘƭȅ ǇƻƭŀǊƛǎŜŘ όŀƴƻŘƛŎŀƭƭȅ ƻǊ ŎŀǘƘƻŘƛŎŀƭƭȅύ ŜƭŜŎǘǊƻŘŜΦ ¢ƘŜ Ǉƭƻǘ ƻŦ ǘƘŜ ƻǾŜǊǇƻǘŜƴǘƛŀƭ 

ŀƎŀƛƴǎǘ ǘƘŜ ŘŜŎŀŘƛŎ ƭƻƎŀǊƛǘƘƳ ƻŦ ǘƘŜ ŀōǎƻƭǳǘŜ ǾŀƭǳŜ ƻŦ ǘƘŜ ŎǳǊǊŜƴǘ ŘŜƴǎƛǘȅ ȅƛŜƭŘǎ ǘƘŜ ǎƻ ŎŀƭƭŜŘ ά¢ŀŦŜƭ 

Ǉƭƻǘέ ŦǊƻƳ ǿƘƛŎƘ ǘƘŜ ¢ŀŦŜƭ Ŏƻƴǎǘŀƴǘǎ όŀ ŀƴŘ ōύ Ŏŀƴ ōŜ ŘŜǘŜǊƳƛƴŜŘΦ ¢ƘŜǎŜ Ŏƻƴǎǘŀƴǘǎ ŀǊŜ ŦǳǊǘƘŜǊ ǳǎŜŘ ǘƻ 
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ŎŀƭŎǳƭŀǘŜ ǘƘŜ ƪƛƴŜǘƛŎ ǇŀǊŀƳŜǘŜǊǎ ŜȄŎƘŀƴƎŜ ŎǳǊǊŜƴǘ ŘŜƴǎƛǘȅΣ ƧлΣ ŀƴŘ ǘǊŀƴǎŦŜǊ ŎƻŜŦŦƛŎƛŜƴǘΣ a, which 

ŎƘŀǊŀŎǘŜǊƛǎŜ ǘƘŜ ŎƘŀǊƎŜ ǘǊŀƴǎŦŜǊ ǊŜŀŎǘƛƻƴ ǳƴŘŜǊ ǎǘǳŘȅΦ 

1.1.2.6.2 Nomenclature 

ΦtŀǊŀƳŜǘŜǊ {ȅƳōƻƭ ¦ƴƛǘ 

!ǇǇƭƛŜŘ ŎǳǊǊŜƴǘ ŘŜƴǎƛǘȅ Ƨŀ Ƴ!κŎƳн 

CƛǊǎǘ ¢ŀŦŜƭ /ƻƴǎǘŀƴǘ 

ό ¢ŀŦŜƭ ƛƴǘŜǊŎŜǇǘύ 

ŀ Ƴ± 

 

{ŜŎƻƴŘ ¢ŀŦŜƭ /ƻƴǎǘŀƴǘ 

ό ¢ŀŦŜƭ ǎƭƻǇŜύ 

ō Ƴ±ΦŎƳнκƳ!   

Ƴ±κŘŜŎ ς ƭƻƎ ǎŎŀƭŜ 

hǾŜǊǇƻǘŜƴǘƛŀƭ  ́ Ƴ± 

1.1.2.6.3 Model description 

ʂ ὥ ὦz ὰὫȿὮȿ 

CƻǊ ŀƴƻŘƛŎ ǊŜŀŎǘƛƻƴǎΥ 

ὥ
ὙὝ

ρ ɻὊ
ὰὫὭὦ

ρ ɻὊ

ςȢσὙὝ
 

CƻǊ ŎŀǘƘƻŘƛŎ ǊŜŀŎǘƛƻƴǎΥ 

ὥ
ὙὝ

ɻὊ
ὰὫὭὦ

ɻὊ

ςȢσὙὝ
 

1.1.2.6.4 Input values 

tŀǊŀƳŜǘŜǊ {ȅƳōƻƭ LƴǇǳǘ ǾŀƭǳŜ ¦ƴƛǘ [ƛƳƛǘǎ όƳƛƴπ

ƳŀȄύ 

5ŜŦŀǳƭǘǎ 

!ǇǇƭƛŜŘ ŎǳǊǊŜƴǘ 

ŘŜƴǎƛǘȅ 

Ƨŀ ƛƴŘŜǇŜƴŘŜƴǘ 

ǾŀǊΦ 

Ƴ!κŎƳн ώмΣ рллϐ  

¢ŀŦŜƭ ƛƴǘŜǊŎŜǇǘ ŀ πмлл Ƴ± ώπоллΣ оллϐ млл 

¢ŀŦŜƭ ǎƭƻǇŜ ō млл Ƴ±ΦŎƳнκƳ! 

 

ώπоллΣ оллϐ млл 

1.1.2.6.5 Calculation procedure 

{ǘŀƴŘŀǊŘ ŎŀƭŎǳƭŀǘƛƻƴ CόȄύ Σ ǿƘŜǊŜ ɲȄ  лΦллм 

 ʹόƧŀύ 

 ʹόƭƎόƧŀύύ 

 ʹόƧŎύ 

 ʹόƭƎόƧŎύύ 

1.1.2.6.6 Output values 

tƭƻǘǎ ǿƘƛŎƘ ǘƘŜ ǳǎŜǊ Ŏŀƴ ŎƘƻƻǎŜΥ 

 ʹόƧŀύ  ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ ǾŀƭǳŜǎ ŦƻǊ ŀ ŀƴŘ ō 

 ʹόƭƎόƧŀύ  ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ ǾŀƭǳŜǎ ŦƻǊ ŀ ŀƴŘ ō 

 ʹόƧŎύ  ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ ǾŀƭǳŜǎ ŦƻǊ ŀ ŀƴŘ ō 

 ʹόƭƎόƧŎύ  ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ ǾŀƭǳŜǎ ŦƻǊ ŀ ŀƴŘ ō 
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tŀǊŀƳŜǘŜǊ ƴŀƳŜ {ȅƳōƻƭ hǳǘǇǳǘ ǾŀƭǳŜ ¦ƴƛǘ 

hǾŜǊǇƻǘŜƴǘƛŀƭ  ́ Ǉƭƻǘ Ƴ± 

1.1.2.6.7 Conversion of input and output units 

{ǘŀƴŘŀǊŘ ǳƴƛǘǎ ŦƻǊ ŎŀƭŎǳƭŀǘƛƻƴ ŀƴŘ ǎǘƻǊŀƎŜ ƛƴ ŘŀǘŀōŀǎŜ όŀƭƭ ǾŀƭǳŜǎ ǿƻǳƭŘ ōŜ ǎǘƻǊŜŘ ŀƴŘ ǇǊƻŎŜǎǎŜŘ ƛƴ 

ǘƘŜǎŜ ǳƴƛǘǎύ 

Parameter name Standard unit name Symbol Unit 

Applied Current Density ampere per square meter j mA/cm2 

CƛǊǎǘ ¢ŀŦŜƭ /ƻƴǎǘŀƴǘ 

ό ¢ŀŦŜƭ ƛƴǘŜǊŎŜǇǘύ 

ƳƛƭƭƛǾƻƭǘǎ ŀ Ƴ± 

 

{ŜŎƻƴŘ ¢ŀŦŜƭ /ƻƴǎǘŀƴǘ 

ό ¢ŀŦŜƭ ǎƭƻǇŜύ 

ƳƛƭƭƛǾƻƭǘǎ ǇŜǊ ƳƛƭƭƛŀƳǇŜǊŜǎ ō Ƴ±ΦŎƳнκƳ! 

Overpotential millivolt  ́ mV 
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1.1.2.7 Levich equation (IEES) 

1.1.2.7.1 Introduction 

¢ƘŜ ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ǊŜŀŎǘƛƻƴǎ ǇǊƻŎŜŜŘ ǿƛǘƘ ǘǊŀƴǎŦŜǊ ƻŦ ŎƘŀǊƎŜǎ ǘƘǊƻǳƎƘ ǘƘŜ ŜƭŜŎǘǊƻŘŜκŜƭŜŎǘǊƻƭȅǘŜ 

ƛƴǘŜǊŦŀŎŜ ŀƴŘ ǘǊŀƴǎŦŜǊ ƻŦ ǎǳōǎǘŀƴŎŜ όǊŜŀŎǘŀƴǘǎ ŀƴŘ ǊŜŀŎǘƛƻƴ ǇǊƻŘǳŎǘǎύ ǘƻ ŀƴŘ ŦǊƻƳ ǘƘŜ ŜƭŜŎǘǊƻŘŜΦ LŦ ǘƘŜ 

Ƴŀǎǎ ǘǊŀƴǎǇƻǊǘ ƛǎ ǘƘŜ ǎƭƻǿŜǎǘ ǊŜŀŎǘƛƻƴ ǎǘŜǇΣ ǘƘŜ ŜƭŜŎǘǊƻŘŜ ǊŜŀŎǘƛƻƴ ǇǊƻŎŜŜŘǎ ǳƴŘŜǊ Ƴŀǎǎ ǘǊŀƴǎǇƻǊǘ 

ŎƻƴǘǊƻƭ ŀƴŘ ǘƘŜ ǊŜŀŎǘƛƻƴ ǊŀǘŜ ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ƎǊŀŘƛŜƴǘΦ Lƴ ǎǳŎƘ ŎŀǎŜǎ ǘƘŜ ƳŀǘƘŜƳŀǘƛŎŀƭ 

ǘǊŜŀǘƳŜƴǘ ƻŦ ǘƘŜ ŜƭŜŎǘǊƻŘŜ ǊŜŀŎǘƛƻƴ ƛƴǾƻƭǾŜǎ ǊŜƭŀǘƛƻƴǎƘƛǇǎ ōŜǘǿŜŜƴ ǘƘŜ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎΣ ǘƘŜƛǊ ƎǊŀŘƛŜƴǘǎΣ 

ŀƴŘ ǘƘŜ ŎǳǊǊŜƴǘ ŘŜƴǎƛǘƛŜǎ όǊŜǎǇŜŎǘƛǾŜƭȅΣ ǘƘŜ ǊŀǘŜ ƻŦ ǘƘŜ ǇǊƻŎŜǎǎŜǎ ƻŎŎǳǊǊƛƴƎ ŀǘ ǘƘŜ ŜƭŜŎǘǊƻŘŜκŜƭŜŎǘǊƻƭȅǘŜ 

ƛƴǘŜǊŦŀŎŜύΦ ¢ƘŜ Ƴŀǎǎ ǘǊŀƴǎǇƻǊǘ ƛƴ ŀƴ ŜƭŜŎǘǊƻƭȅǘŜ Ŏŀƴ ƻŎŎǳǊ ōȅ ǘƘǊŜŜ ŘƛŦŦŜǊŜƴǘ ƳŜŎƘŀƴƛǎƳǎΥ ƳƻƭŜŎǳƭŀǊ 
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ŘƛŦŦǳǎƛƻƴ όǘƘŜ ŘǊƛǾƛƴƎ ŦƻǊŎŜ ƛǎ ǘƘŜ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ƎǊŀŘƛŜƴǘ ƻǊ ǘƘŜ ƎǊŀŘƛŜƴǘ ƻŦ ŎƘŜƳƛŎŀƭ ǇƻǘŜƴǘƛŀƭ ƻŦ ǘƘŜ 

ŜƭŜŎǘǊƻƭȅǘŜ ǎǇŜŎƛŜǎύΤ ƳƛƎǊŀǘƛƻƴ όǘƘŜ ŘǊƛǾƛƴƎ ŦƻǊŎŜ ƛǎ ǘƘŜ ƎǊŀŘƛŜƴǘ ƻŦ ŜƭŜŎǘǊƛŎ ŦƛŜƭŘ ǊŜǎǳƭǘƛƴƎ ŦǊƻƳ 

ƳƻǾŜƳŜƴǘ ƻŦ ŎƘŀǊƎŜŘ ǎǇŜŎƛŜǎ ŀƴŘ ǘƘŜ ŀǊƛǎƛƴƎ ƻƘƳƛŎ ŘǊƻǇύΣ ŀƴŘ ŎƻƴǾŜŎǘƛƻƴ όǘǊŀƴǎǇƻǊǘ ƻŦ ǎǇŜŎƛŜǎ ƛƴ ŀ 

ŦƭǳȄύΦ 

¢ƘŜ [ŜǾƛŎƘ Ŝǉǳŀǘƛƻƴ ǊŜŦŜǊǎ ǘƻ ŜƭŜŎǘǊƻŘŜ ǊŜŀŎǘƛƻƴǎ ƻŎŎǳǊǊƛƴƎ ǳƴŘŜǊ ŎƻƴŘƛǘƛƻƴǎ ƻŦ ŎƻƴǾŜŎǘƛƻƴΦ ¢ƘŜ 

ŎƻƴǾŜŎǘƛƻƴ ŀǎǎƛǎǘǎ ǘƘŜ ǘǊŀƴǎǇƻǊǘ ƻŦ ǘƘŜ ǊŜŀŎǘŀƴǘǎ ǘƻ ǘƘŜ ŜƭŜŎǘǊƻŘŜ ǎǳǊŦŀŎŜ ōǳǘ ƛƴ ǘƘŜ ǾƛŎƛƴƛǘȅ ƻŦ ǘƘŜ 

ŜƭŜŎǘǊƻŘŜ ǘƘŜ ƎƻǾŜǊƴƛƴƎ Ƴŀǎǎ ǘǊŀƴǎǇƻǊǘ ƳŜŎƘŀƴƛǎƳ ƛǎ ǘƘŜ ŘƛŦŦǳǎƛƻƴΦ ¦ǎƛƴƎ ŀ ǊƻǘŀǘƛƴƎ Řƛǎƪ ŜƭŜŎǘǊƻŘŜ 

[ŜǾƛŎƘ ǎǳŎŎŜŜŘǎ ǘƻ ǉǳŀƴǘƛŦȅ ǘƘŜ ŘŜǇŜƴŘŜƴŎŜ ƻŦ ǘƘŜ ŎǳǊǊŜƴǘ ŘŜƴǎƛǘȅ ƻƴ ǘƘŜ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ƻŦ ǘƘŜ 

ǊŜŀŎǘŀƴǘǎΦ IŜ ƛƴǘǊƻŘǳŎŜǎ ǘƘŜ ǉǳŀƴǘƛǘȅ ƭƛƳƛǘƛƴƎ ŎǳǊǊŜƴǘ ŘŜƴǎƛǘȅΣ ǿƘƛŎƘ ƛǎ ǇǊƻǇƻǊǘƛƻƴŀƭ ǘƻ ǘƘŜ ǎǉǳŀǊŜ Ǌƻƻǘ 

ƻŦ ǘƘŜ ŀƴƎǳƭŀǊ ǊŀǘŜ ƻŦ ǘƘŜ ǊƻǘŀǘƛƴƎ ŜƭŜŎǘǊƻŘŜΦ 

¢ƘŜ ǊƻǘŀǘƛƴƎ Řƛǎƪ ŜƭŜŎǘǊƻŘŜ Ƙŀǎ ƴǳƳŜǊƻǳǎ ŀǇǇƭƛŎŀǘƛƻƴǎ ƛƴ ǘƘŜ ŀƴŀƭȅǘƛŎŀƭ ŎƘŜƳƛǎǘǊȅ ŀƴŘ ŜƭŜŎǘǊƻŎƘŜƳƛǎǘǊȅ 

ǎǳŎƘ ŀǎ ǉǳŀƴǘƛǘŀǘƛǾŜ ŀƴŀƭȅǎƛǎ ƻŦ ŘƛŦŦŜǊŜƴǘ ƛƻƴǎΣ ŘŜǘŜǊƳƛƴŀǘƛƻƴ ƻŦ ǘƘŜ ŘƛŦŦǳǎƛƻƴ ŎƻŜŦŦƛŎƛŜƴǘǎ ƻŦ ǎǳōǎǘŀƴŎŜǎΣ 

ŜǾŀƭǳŀǘƛƻƴ ƻŦ ǘƘŜ ƴǳƳōŜǊ ƻŦ ŜƭŜŎǘǊƻƴǎ ǇŀǊǘƛŎƛǇŀǘƛƴƎ ƛƴ ǘƘŜ ŜƭŜŎǘǊƻŘŜ ǊŜŀŎǘƛƻƴΣ ŜǘŎΦ [ŜǾƛŎƘ ǘƘŜƻǊȅ ƛǎ ŀ 

ǇƻǿŜǊŦǳƭ ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ǘƻƻƭ ŦƻǊ ƛƴǾŜǎǘƛƎŀǘƛƻƴ ƻŦ ǘƘŜ ƳŜŎƘŀƴƛǎƳ ƻŦ ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ǊŜŀŎǘƛƻƴǎ ŀƴŘ 

ŘŜǘŜǊƳƛƴŀǘƛƻƴ ƻŦ ǘƘŜ ƭƛƳƛǘƛƴƎ ǊŜŀŎǘƛƻƴ ǎǘŜǇΦ 

1.1.2.7.2 Nomenclature 

tŀǊŀƳŜǘŜǊ {ȅƳōƻƭ ¦ƴƛǘ 

[ŜǾƛŎƘ ŎǳǊǊŜƴǘ L[ ! 

9ƭŜŎǘǊƻŘŜ ǎǳǊŦŀŎŜ ! ŎƳн 

5ƛŦŦǳǎƛƻƴ ŎƻŜŦŦƛŎƛŜƴǘ 5 ŎƳнκǎ 

!ƴƎǳƭŀǊ Ǌƻǘŀǘƛƻƴ ǊŀǘŜ ƻŦ ǘƘŜ ŜƭŜŎǘǊƻŘŜ ɮ ǊŀŘκǎ 

YƛƴŜƳŀǘƛŎ ǾƛǎŎƻǎƛǘȅ ɢ ŎƳнκǎ 

aƻƭŀǊ ŎƻƴŎŜƴǘǊŀǘƛƻƴ / ƳƻƭκŎƳо 

bǳƳōŜǊ ƻŦ ŜƭŜŎǘǊƻƴŜǎ ƛƴǾƻƭǾŜŘ ƛƴ ǘƘŜ ŜƭŜŎǘǊƻŘŜ ǊŜŀŎǘƛƻƴ ƴ ŘƛƳŜƴǎƛƻƴƭŜǎǎ 

CŀǊŀŘŀȅ Ŏƻƴǎǘŀƴǘ C фспурΦоонуф /κƳƻƭ 

 

1.1.2.7.3 Model description 

Ὅ ᾀὊὃὈ
ὅ ὅ

ρȢφρὈϳʉϳʖϳ
 

²ƘŜƴ ŀƴ ŜƭŜŎǘǊƻŘŜ ǊŜŀŎǘƛƻƴ ƛǎ ƎƻǾŜǊƴŜŘ ƻƴƭȅ ōȅ Ƴŀǎǎ ǘǊŀƴǎŦŜǊΣ ǘƘŜ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ƻŦ ǘƘŜ ŜƭŜŎǘǊƻŀŎǘƛǾŜ 

ƛƻƴ ŀǘ ǘƘŜ ǎǳǊŦŀŎŜ ƻŦ ǘƘŜ ŜƭŜŎǘǊƻŘŜ ƛǎ ȊŜǊƻ /ǎҐ лΣ ŀƴŘ ǘƘŜ Ŝǉǳŀǘƛƻƴ ƭŜŀŘǎ ǘƻ ǘƘŜ [ŜǾƛŎƘ Ŝǉǳŀǘƛƻƴ ƻŦ ƭƛƳƛǘƛƴƎ 

ŎǳǊǊŜƴǘΥ 

Ὅ πΦснлƴC!5ϳ’ ϳ/̟ ϳ  

1.1.2.7.4 Input values 

tŀǊŀƳŜǘŜǊ {ȅƳōƻƭ LƴǇǳǘ ǾŀƭǳŜ ¦ƴƛǘ [ƛƳƛǘǎ 

όƳƛƴπƳŀȄύ 

5ŜŦŀǳƭǘǎ 

9ƭŜŎǘǊƻŘŜ ǎǳǊŦŀŎŜ ! м ŎƳн ώлΦрΣ рϐ  














