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1 Event Description

Technischen Hoch- Schule Ostwestfalen-Lippe - University of Applied Sciences and Arts (TH-OWL)
from Germany conducted the workshop on 20%" of December 2021. The 2.5-hours workshop was
conducted via ZOOM and titled “Charge Transport in Batteries and Hydrogen Vehicles”.

The workshop started with a welcoming speech and an overview of the nature of the project, its
objectives and the partners working on it by the project coordinator, Prof. Ahmed Al-Salaymeh
from The University of Jordan.

e “Hydrogen Vehicles; State of the Art and Perspectives”, by: Prof. Salman Ajib, TH-OWL.

e “Charge Transport in Batteries”, by: Dr. Sabine Brunklaus, TH-OWL

A discussion panel was opened for participants.

2 PPTs
e ECO-CAR in brief:

https://fisjo-my.sharepoint.com/:p:/g/personal/eco-
car ju edu jo/EWolYs5mu31JowxxNaOWQhUBTHbxIL-vZIiOUSTXDExyEQ?e=XIOOkL

e Hydrogen Vehicles:

https://fisjo-my.sharepoint.com/:b:/g/personal/eco-
car ju edu jo/EV29EGsbnjRCgxplTYvM2KsBiCpXP JHdljHhpvc2MmR7A?e=Tcek9d
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3 Poster

ECO-CAR Workshop

TH q s Charge Transport in Batteries and Hydrogen Vehicles

INIVERSITY OF

0” L s Presented by: Technische Hochschule Ostwestfalen-LIPPE
(TH-OWL) - Germany

Monday, December 20, at 16:00 (Amman time)
15:45-16:00 : Registration

16:00-16:15: Welcoming Speech, by:
Prof. Ahmed Al-Salaymeh, General Project
Coordinatorat The University of Jordan

16:15-17:15: Hydrogen Vehicles; State of the Art
and Perspectives, by: Prof. Salman Ajib, TH-OWL

17:15-18:15 : Charge Transport in Batteries, by:
Dr. Sabine Brunklaus, TH-OWL

18:15-18:30: Discussion and Closing

Join us & Register here:
Erasmus+ Programme \
s L IL of the European Union https://blt.ly/3DuLvL|

Vocational Trameng Digloma on Dlectrical and Mytrid Vehulies
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4 ZOOM participants list

First Name Last Name Email Registration Time  Approval 51
Ahmad Algaderi Ahmadalgaderi93@gmail.com 16-12-21 11:19 approved
Mabeel Abu Shaban aboshabang5@yahoo.com 20-12-21 16:49 approved
Rawan Albattniji albattniji@yahoo.com 18-12-21 13:04 approved
Falah Al-Sarayrah f_saraireh@vyahoo.co.uk 20-12-21 16:00 approved
Eng. Yousef Okour yousef okour@htu.edu.jo 12-12-21 18:23 approved
Ayrnan Mansour mansour@ttu.edu.jo 16-12-21 18:41 approved
Yousef Altaharwah Yaltahar@nuct.edu. jo 16-12-21 10:35 approved
Samer Abusrour Samerferas87@gmail.com 15-12-21 15:18 approved
Dr. Aktham Yasin Ayasinf@gmail.com 16-12-21 11:46 approved
Dr. Loai Dabbour loai_dabbour@hotmail.com 20-12-21 16:01 approved
Jamal Al-Belbesi Jamalmehamad 13@ gmail.com 16-12-21 20:48 approved
Prof. Mohammad Hamdan mhamdan@ju.edu.jo 20-12-21 16:05 approved
Quisai Abusal gusalabosall@gmail.com 20-12-21 10:48 approved
Dr. Clio Vossou klvossou@mail.ntua.gr 13-12-21 11:21 approved
Zaid Maji zaidnaji427 @gmail.com 16-12-21 9:45 approved
Mica Kozik nico.kozlik@stud.th-owl.de 20-12-21 14:31 approved
Dr. Ali Alahmer A.alahmer @ttu.edu.jo 20-12-21 16:19 approved
Ahmad Taher ahmad?70g@gmail.com 20-12-21 15:58 approved
Mohammed Al-Mahmodi mohammedalhaj2023@gmail.com 14-12-21 13:52 approved
Samer As'ad Sasad @meu.edu.jo 16-12-21 10:35 approved
Balgees Al-bloush balgeesanour@gmail.com 14-12-21 22:59 approved
Majed Alsweiti majed_sweiti@yahoo.com 18-12-21 18:01 approved
Dr. Wail Adaileh Wadaileh@ttu.edu.jo 19-12-21 15:04 approved
Dr. Hanan Saleet h_saleet@asu.edu.jo 20-12-21 17:18 approved
Saleh Elayyan salehelayyan @gmail.cam 17-12-21 9:45 approved
Firew Tullu firewtullu@gmail.com 16-12-21 9:54 approved
Mohammed Alanati mohanati@yahoo.com 20-12-21 16:10 approved
Sultana Atti Sultanaattil2 @gmail.com 14-12-21 13:52 approved
Emad Qalaja galaja@mutah.edu.jo 17-12-21 15:13 approved
Dr. Hussam Khasawneh h.khasawneh@ju.edu.jo 17-12-21 21:26 approved
Waleed Hammad waleedhammad@hu.edu.jo 16-12-21 11:31 approved
Reham Ali Alhdayat Ralhdayat@gmail.com 16-12-21 9:56 approved
Daniel Hailu danielhailu3s0@gmail.com 20-12-21 15:45 approved
Mahed Farhoud nahedfarhod @gmail.com 20-12-21 15:56 approved
Mohammad Abu Sarhan Moh_3amerE7 @yahoo.com 16-12-21 16:47 approved
Hatem Elaydi helaydi@iugaza.edu.ps 20-12-21 16:31 approved
Dr. Mohammad  Almajali m_r_almajali@yahoo.com 20-12-21 15:58 approved
Dr. Bashar CQawasmeh b.gawasmeh@ju.edu.jo 20-12-21 12:32 approved
MNadir Djeddi ndy9160671@ju.edu.jo 14-12-21 17:20 approved
Mohammad Naser Mhm3 190004 @ju.edu. jo 14-12-21 15:59 approved
Hussam Fawarseh fawarsehh007 @gmail.com 14-12-21 13:51 approved
Eng. Mohamad Masad mmasad@ju.edu.jo 16-12-21 11:34 approved
Omran Ahmad Omranahmed103@yahoo.com 16-12-21 10:23 approved
Kuleni Diriba camkunil2@gmail.com 20-12-21 20:26 approved
Eng. Rasha Albaik Rashaalbaik93 @gmail.com 20-12-21 15:55 approved
Mesrin Talat n.talat@bau.edu.jo 20-12-21 17:08 approved
Leen Al-Rousan lyn8210306@ ju.edu.jo 15-12-21 12:58 cancelled b
Khalid Meohamad Samman2 000K @gmail.com 20-12-21 15:58 approved
Eng. Waleed Sunjug Waleed.sunjug@gmail.com 20-12-21 16:36 approved
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Prof. Rebhi Damseh rdamseh@yahoo.com 19-12-21 13:24 approved
Ahmad Badran ahmadbadran@hotmail.com 16-12-21 15:08 approved
Ra'ed Mayyas raidmayyas @yahoo.com 20-12-21 17:00 approved
Tuga Ahmad TgaD198309@ ju.edu.jo 14-12-21 18:43 approved
Prof. Hussein Al-Majali halmajali@mutah.edu. jo 20-12-21 16:12 approved
Maohammad Alshurbaji Muhammed . Alshorbaje98& hotmail.co 16-12-21 7:55 approved
Till Hirte till.hirte@stud th-owl.de 20-12-21 16:46 approved
Prof. Tarek Tutunji tarek tutunji@htu.edu.jo 13-12-21 11:15 approved
Alaa Shaker alaashaker199%@gmail.com 16-12-21 10:44 approved
Mais Manajreh mys8181188 @ju.edu.jo 14-12-21 22:00 approved
Abdallah Subih Abdallhsuboh2? @gmail.com 19-12-21 22:06 approved
Omar Khassawneh omarzaidoun7e@gmail.com 14-12-21 14:18 approved
Sabine Brunklaus sabine.brunklaus @th-owl.de 20-12-21 15:58 approved
Khalideh Alrawashdeh Khalideh19 @bau.edu.jo 19-12-21 22:00 approved
Mohamad Okour akourl23@gmail.com 19-12-21 22:17 approved
Bilal Jarrah bijarrah@nuct.edu.jo 20-12-21 16:23 approved
Dimitrios Koulecheris dbkoulva@mail.ntua.gr 20-12-21 16:34 approved
Muhammad Al-alawneh Moealawneh@yahoo.com 20-12-21 15:43 approved
ur. Feras Karan HEras. Kanan@ niu. eou.|o 14-12-41 14:1U approvea
Khaled Alawasa Kmalawasa@gmail.com 16-12-21 9:51 approved
Muhannad AlTarifi Muhannad.altarifi@htu.edu.jo 20-12-21 15:54 approved
MEDAL ABULEMDI lamdinidal@gmail.com 16-12-21 18:08 approved
Bilal Al-Ahmad b.alahmad@ju.edu.jo 14-12-21 14:23 approved
Yaser Ahmed Alsadeq Yaseralsadeq@yahoo.com 16-12-21 9:51 approved
Max Armemann max.arnemann@stud.th-owl.de 20-12-21 15:47 approved
Shahnaz Alkhalil eng.shahnaz@gmail.com 16-12-21 18:11 approved
Ali Alamaireh ali_alkaid@hotmail.com 16-12-21 9:49 approved
Dr. Hashem Alkhaldi h.alkhaldi@ju.edu.jo 20-12-21 16:45 approved

Prof. Mehammad Hamdan Mashamdan@yahoo.com 20-12-21 16:03 approved
Hasan Adhami Hazsanjamalebd @gmall.com 16-12-21 12:13 approved
Dr. Hani Al-Rawashdeh  haniarawashdeh@ahu.edu.jo 20-12-21 16:41 approved
Ruba Dahiyat Rubakhaledl&8@outlook. com 15-12-21 0:11 approved
BELETE ERBELO beletegeni@gmail.com 16-12-21 13:23 approved
Otabeh Al-Oran aloran@energia.bme.hu 20-12-21 15:52 approved
Henrik Magnus Harmeling henrik.harmeling@stud.th-owl.de 20-12-21 16:42 approved
Sara Goitia sara.goitia@deusto.es 20-12-21 15:53 approved
Ayman Hamamreh aymanl&304@gmail.com 16-12-21 9:54 approved
Ehab Alshmaileh ehab@ju.edu.jo 20-12-21 17:51 approved
Moussa ALSAMRA moussalas? @gmail.com 20-12-21 17:22 approved
Eng. Eman Abdelhafez Eman_eng2006@yahoo.com 20-12-21 16:00 approved
Or. Ahmad Mostafa a.omar@ttu.edu.jo 20-12-21 16:24 approved
Praf. Salman Ajib salman.ajib@th-owl.de 20-12-21 15:49 approved
Dr. Malik Alamayreh malik.amaireh@zuj.edu.jo 16-12-21 10:07 approved
Salaheddin Abu Yahya seabuyahya@just.edu.jo 20-12-21 16:30 approved
Dr. Akram Musa akramusa@nuct.edu.jo 16-12-21 12:27 approved
Radi Al-Rashed radi.alrashed@htu.edu.jo 20-12-21 15:46 approved
Zaid Alomari omarizaid404@gmail.com 18-12-21 21:42 approved
Maohammed Aymar Hammad eng.hammad85@&@gmail.com 14-12-21 14:44 approved
Prof. Omer Maaitah Maaitah_noor@hotmail.com 20-12-21 16:09 approved
Mustafa Musleh m.musleh@ju.edu.jo 19-12-21 13:41 approved
Mahmoud Maher mahmoudmaheralhaibi4 @gmail.com 20-12-21 8:54 approved
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Ahmed Al-Salaymeh Sabine Brunklaus

Sara Tweissi % Muhammad ameen Al-alawneh

Hussein Al-Majali Mohammed Alanati

%’ Hussein Al-Majali % Mohammed Alanati Bashar Qawasmeh

N Z15PM
@ ® 5 Rain A T ) N6 0T BR

< C @ zoom.us/wc/d

| View Options v I

Vocational Training Diploma on Electrical and Hybrid
Vehicles/ ECO-CAR

Hydrogen vehicles

Prof. Dr.-Ing. habil. Salman Ajib (TH OWL)
In cooperation with

Ba.-Eng. Henrik Magnus Harmeling
Hoxter, 20th December 2021

¥ Sara Tweissi
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© Zoom Meeting E) ree View Options v - X

v Participants (36)

\%) 3
S :
a Salman Ajib [+ N w ]
:“‘ Ahmed Al-Salaymeh (Co-host) % 04
5 Ahmed Al-Salaymeh (Co-host o
1. Introduction © st oo ok
How can WE tackle the net zero emission goal? ‘ alaa shaker LAz
1. Stop driving internal combustion engine vehicles (ICEV) 0 siisaran #
2. Technology shift : G ciovossou ¥ o
*iBiofuels . - @ Daniel Hailu % o

* Battery electric mobility (BEV) ,
* Fuel cell electric vehicles (FCEV) BR D oracham vasin LAz
m Dr. Ali Alahmer X A
B Eman Abdelhafez Z A
m Hussein Al-Majali ¥ A

Daniel Hailu
Jamal Al-Belbesi ¥ A

0.CAR Project o —
Muhannad AlTa... @ Khalid Mohamad ¥ oA
Muhannad AlTarifi Loai Dabbour ¥ A
a Loai Dabbour ¥ vA
e (ORI

425PM

® sF A« D) NG 1220201

EL0-Liqdie

4. State of the art worldwide

Buses over continents * 5290 of these buses are located
in China
* Major Original Equipment

Manufacturer (OEM): Aomed A Salymeh
* Foton AUV (China) i

» Zhengzhou Yutong Bus Co.,
Ltd. (China)

* Toyota (Japan)
* Hyundai (South Korea)

Sabine Brunklaus

m Europe ® North America Asia
Daniel Hailu

ERASMUS+ Programme — ECO-CAR Project Number: 618508-EPP-1-2020-1-JO-EPPKA2-CBHE-1P
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D ECO-CARWorkshop - Charge Tre X =+ W = e

¢« G @ zoomus/wc/97092458395/start ® % @O :

View Options ~

9. Security measures

* Use noncombustible materials for the buildings of the refuel station

* Install Hydrogen seniors at the exhaust of the tank station and the car
* Avoid ignition sources near the storage area

* If a fire or a leak is detected an automatic shutoff is activated

| ]

* Near the storage system classified electrical equipment should be o Ao
used

* Mechanical ventilation to decrease the likelihood of a flammable
mixture

ERASMUS+ Programme — ECO-CAR Project Number: 618509-EPP-1-2020-1-J0-EPPKA2-CBHE-IP

/O Type here to search H T ‘ 7°C Rain showers 7
@ ECO-CARWorkshop - Charge Te X + v = X
¢ C & zoomus/wc/97092458395/start 2 % » @ :

8 View Options v

ECO0-Ciqie

10. Total Cost of ownership hydrogen bus

PURCHASE COST

m Drive train Energymodule  ® Componentsmarkup M other components

5

Salman Ajib ;. 4 "!

SR 1%
| 6%
16%

o] eee Fr

] _ - 512PM
@ 7°C Rainshowers A T @ W3 Z D) NG 0 B
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B view
You are viewing Sabine Brunklaus's screen © e LR view

ELO-Liaid

Requirements: Batteries in Electrical Vehicles

* Energy density: > 750 Wh/L & > 350 Wh/kg for cells (currently: <)
* Cost: < $100/kwh for cells (currently: ~$200/kWh per pack)

+ Fast Charge
and Power: 80 % state of charge (ASOC) in 15 min (currently: hours)

* Life: 15 years

* Power capability: differs for vehicle type (compromise cost/energy density)

+ Performance: Minimum impact by environment

* Safety: No fire/flame/rupture/explosion
Reference: JieDenget al., Volume 4, Issue 3 (2020), Pages 511-515

&

£ Type here to search

© ECO-CAR Workshop - Charge Tr- X M Inbox (13) - saratws.st@gmail.cc X | M Inbox (2) - eco20car@gmailcom X & My Drive - Google Drive X  + 4 S X
¢« C @ zoom.us/wc/97092458395/start My Drive - Google Drive 2 % @ :

drive.google.com

Diffusion overvoltage

If the reaction steps are fast, the reaction can still be slow due to high diffusion times to the
electrodes.
Even with well-mixed (stirred) electrolytes: stationary boundary layer of a thickness of 10-100
um does not move Diffusion barrier
For deposition of cations at an electrode the following applies:

-dw/dt =D adc/dx =D a (c-c,)/5 (diffusion equation)
D: diffusion coefficient of the cations, a: area, c¢: Concentration of solution, cO: Concentration
of electrode surface, w: Amount of cation deposited, t: Time, d : Thickness of the bouLhdary
layer

Current flow to the cathode: : 15= -n Fdw/dt=nFDa % n: Charge number

Potential difference before and after boundary layer
Concentration or diffusion overvoltage: 17, = RT/(nF) In (co/c)

Leave

; = - 5:31PM
‘ 7°C Rainshowers A O ¥ 7 Q) ENG 1272072021 =3
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© ECO-CAR Workshop - Charge T X M Inbox (13) - saratws.st@gmailcc X | M Inbox (2) - eco2Ocar@gmailcom X | & My Drive - Google Drive

¢« C @ zoom.us/wc/97092458395/start e % » @ :

> 5 B vi
View Options v e
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| on mo b | | |ty Table 9.2 lonic mobilities in water at 298 K,

uf(10°m’s'v)

* Wwis high for an ion that is: Cations Anions
* highly charged = oH
* in a solution of low viscosity Li F
- [ N cl
* of small radius r o o
* r = hydrodynamic radius Rb’ : 'CO —
" = A Cs ] ; ine Brunklaus
(including water ligands) Mg’ NO;
* Grotthus conduction mechanism S
for H* i 1 { i 1 "
NH4
DI PPN YL
’ [N(CH3)4]
0, WO P P, P, 1 [N(CaHs)d]
6 Leave
P Type here to search i = @ 7°C Rain showers G % 7 Q) ENG 725/:;;/;:;/;1 =3
@ ECO-CAR Workshop - Charge Tr= X M Inbox (13) - saratws.st@gmailcc X | M Inbox (3) - eco20car@gmail.com X | & My Drive - Google Drive x| + v = X
¢ C @ zoom.us/wc/97092458395/start 2 % » @ :

W view

Co-funded by the

Sabine Brunklaus

®

Leave
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© ECO-CAR Workshop - Charge - X M Inbox (13) - saratws.st@gmailce X | M Inbox (3) - eco20car@gmailcom X | & My Drive - Google Drive

& C @ zoom.us/wc/97092458395/start e % » 0O

| View Options - |

Principle of the lithium-ion battery

CHARGE DISCHARGE ' "
ELECTROLYTE ELECTROLYTE Intercalation o
SEPARATOR ANGDE () SEPARATOR ANODE () lithium-ions

COPPER CURRENT COPPER CURRENT
CATHODE (+) COLLECTOR — CATHODE(H) _ COLLECTOR (yellow spheres)

ALUMINIUM CURRENT ALUMINIUM CURRENT

COLLECTOR COLLECTOR > into the anode
and cathode
matrices upon
charge and
discharge

CARBON

UmETaL  LLTHIUMION LI-METAL
(XIDES OXIDES

©
Leave
. 5 = = 543 PM
R Type here to search 7°C Rainshowers A~ O« %0 7 ) ENG 12/20/2021 §15
) ECO-CAR Workshop - Charge Tr: X Mi Inbox (13) - sara.tws.st@gmail.cc X M Inbox (4) - eco20car@gmailcom X | & My Drive - Google Drive X + v - X
g 9 9 Y 9!
<« C @ zoom.us/wc/97092458395/start e % » 0O

" Ehab AlShmaileh Majed Alsweiti
A &

Ahmed Al-Salaymeh Salman Ajib % Sabine Brunklaus . % Ehab AlShmaileh Y Majed Alsweiti

Bilal Jarrah
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) ECO-CAR Workshop - Charc: X M Inbox (13) - saratwsst@gme X | M Inbox (4) - eco2Ocar@gmail. X | & MyDrive - Google Drive X | @ WhatsApp x| +
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