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Background of Lithium-ion Battery
Energy Storage System
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ESS roles for grid

Solar&
Wind
farms



Largest lithium-ion battery energy storage system (In total and single container)

largest ESS project in Total capacity

Name Type
Capacity

Country Location Year
MWh MW hrs

Oss Landing Energy Storage 
Facility

Battery, 
lithium-ion

1,200 300 4 United States
Moss Landing, 

California
2020

Red Sea Project
Battery, 

lithium-ion
1300 400 3 Saudi NEOM On-going

Mohammed bin Rashid Al 
Maktoum Solar Park by DEWA

Battery, 
lithium-ion

8.61 1.21 7 UAE Abu Dhabi On-going

11 kV Nuaija station
Battery, 

lithium-ion
4 1 4 Qatar Doha 2020

It can store 250kWh-
5.4MWh of energy in 
transferable 20ft / 40ft 
/ 53ft ISO containers

largest BESS in single container

https://en.wikipedia.org/wiki/Moss_Landing_Power_Plant#Vistra_500_kV
https://en.wikipedia.org/wiki/Moss_Landing_Power_Plant#Vistra_500_kV
https://en.wikipedia.org/wiki/Moss_Landing,_California
https://en.wikipedia.org/wiki/Moss_Landing,_California


Qatar demonstration study on large-
scale PV-storage system
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Reference: Cen Z, Kubiak P, López C M, et al. Demonstration study of hybrid solar

power generation/storage micro-grid system under Qatar climate conditions[J]. Solar

Energy Materials and Solar Cells, 2018, 180: 280-288.



250 kW/500 kWh Li-ion battery at the OTF

QEERI Outdoor facilities



QEERI Outdoor facilities

OTF BESS Time-Shift User Case Simulation



• Cell chemistry:  LiFePO4 cathode, Graphite anode

• Cell nominal voltage: 3.2 V

• Cell charge cut-off voltage: 3.8 V

• Cell discharge cut-off voltage: 2.0 V

• Cell nominal capacity: 195 Ah

• Cell nominal energy: 614 Wh

Maximal capacity: 722 kWh

Nominal capacity: 500 kWh 

250 kW/500 kWh Li-ion BESS spec

500kWh Lithium-ion BESS



Remote Control Center View for 500kW/500kWh PV-storage System



Key technology 1 - Online monitoring for BESS battery and PV parameters

Technical Challenges:
1)1176 cells unit(electrical and thermal parameters) need to be measured;
2)Industrial measurement devices capability limit(step time interval>1s, Max 100 channels);
3)7*24 Continuous data recording and the data can be exported as excel file in different resolution for  research.



Key technology 1 - Online monitoring for BESS battery and PV parameters

Technology merits:
1) Solution for massive and high-resolution data acquisition in all levels;
2) low-latency for BESS sensing and control;
3) Support historical data storage and export
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Key technology 2 - Safety control and remote surveillance system

Risks:
High-current, High-voltage, danger of leaking components, risk of fire and/or explosion.
Solutions:
Safety management policy/procedure + state of the art unmanned surveillance based on both SCADA and video surveillance 

Safety control system 

Safety access procedure SCADA emergency controlVideo surveillance

SCADA Safety automatic control logic:

If(SOC>95% or SOC< 10% or Cell Max T>35 C or THD>10% )

{ /////==========shutdown ESS=========== /////  }



Key technology 3 - Smart power generation/storage management

1. Open-Loop power control-programed ESS automatic charging/discharging;
Contributions: 
1) Unmanned control and remote monitoring; 2) control step time interval <sec; 3) control power error<1kW

2. Close-Loop power control-Constant power feeding to grid against PV generation variations

Challenges: 

1) measurement error and latency against controller stability and accuracy; 2) effective robust and fault-tolerant control

ESS power 

control

PV power Power to grid+



Key technology 3 - Results for BESS fast response use case

discharging

charging

Fast response(sec level) and 

switching between 

charging/discharging 



250 kW/500 kWh Li-ion battery at the OTF  3 consecutive days interaction with PV 
Constant power (50kW) to load

Key technology 3 – Results for BESS fast response use case



Key technology 3 - Results



Key technology 4 – Remote-Integration with World-Wide Unilab Multi-Energy Micro-grid

21

PV integrated Smart-grid Worldwide Multi-Energy Micro-grid 

Micro-grid demo by partners Micro-grid demo by partners

QEERI integrated  Micro-grid Full functional Micro-grid  by  partners



Reliability Study on the 500kWh BESS
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Reference:

1. Kubiak P, Cen Z, López C M, et al. Calendar aging of a 250 kW/500 kWh Li-ion

battery deployed for the grid storage application[J]. Journal of Power Sources, 2017,

372: 16-23.

2. Cen Z, Kubiak P. Lithium‐ion battery SOC/SOH adaptive estimation via simplified

single particle model[J]. International Journal of Energy Research, 2020, 44(15): 12444-

12459.



Repair, training and setup maintenance program

ESS fatal problems before QEERI team 
access: 
1) never be used (One week running 

only), grid-on mode is dead; 
2) key parts such as AC, UPS, cooling 

pump, fan, and Alarm system  are not 
working; 

3) ESS Communication and grid 
integration functions are missing and 
unfinished by green-gulf. 

Contribution by QEERI Team for recovery of 
the ESS 
1) Trouble-shooting
2) Repairing and make it work in grid-on mode; 
3) Fully maintenance and cleaning
4) practical operations and training for staffs 

and technicians



Qatar Climate challenges of heat and dust 

Challenges

Dust issue



Qatar Climate challenges of heat and dust 

Challenges

250 kW/500 kWh Li-ion battery at OTF  Challenge
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SoiIing impact on PV-Storage Sizing

Soiling and PV performance fading
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Impact on Automatic Circuit Breaker(ACB) tripping faults

Battery breaker tripping

• Grid AC power phase unbalance and disturbance (it 
could from grid or local disturbance) 

• Total Harmonic Distortion issue due to PV 
fluctuations.

• Wrong protection action from breaker or connector 
due to inefficient insulation by sand particles in air.

• PV Inverter degradation due to dust and cooling.
• Battery Inverter degradation due to dust and cooling

10 12 14

-100

0

100

P
o

w
e

r 
(k

W
)

Time of the day

 power

 esspower

 pvpower



Battery ACB intermittent tripping fault troubleshooting



Battery ACB tripping failure trouble-shooting



Battery breaker stripping failure trouble-shooting

Temprature measurement 
failure due to power-supply 

IC burned



Experience and lessons 

• High temperature needs high-efficient cooling system for power
converter-Water cooling is not suitable for Qatar weather conditions;
• Air conditioning for the battery container need to be strengthened;
•Dust cleaning is mandatory, and cleaning program need to be
optimized based on Qatar weather conditions;
• Annual maintenance is mandatory for BESS safety;
• Trouble-shootings rely on powerful SCADA system and site
investigation



Research On Air-Conditioner Cooling 
Optimization Control 
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Reference:

1.Al-Azba, Mohammed, et al. "Air-Conditioner Group Power Control Optimization for

PV integrated Micro-grid Peak-shaving." Journal of Industrial and Management

Optimization 17.6 (2020): 3165-3181.

2. Al-Azba, M., Cen, Z., Remond, Y., & Ahzi, S. (2020). An optimal air-conditioner on-

off control scheme under extremely hot weather conditions. Energies, 13(5), 1021.
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QATAR ENVIRONMENT AND ENERGY RESEARCH INSTITUTE

AC Group Control
System Architecture

Group control flow
chart

Optimization target- PV-Cooling dynamic balancing

Alterative Storage Solution for Grid-connected PV-Storage-Air Conditioning System 

40 AC Units



QATAR ENVIRONMENT AND ENERGY RESEARCH INSTITUTE

Optimization target- PV-Cooling dynamic balancing

Individual AC power control logic for PV 
peak shaving scenario

Alterative Storage Solution for Grid-connected PV-Storage-Air Conditioning System 



QATAR ENVIRONMENT AND ENERGY RESEARCH INSTITUTE

Optimization target- PV-Cooling dynamic balancing

PV side Peak-shaving

Indoor temperature profiles under On-off Control

Outdoor Temperature in One day 
measured in Qatar

Air-Conditioner Group Control as virtual storage
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Research for alterative energy storage
solutions and Qatar ESS market

opportunities

78

Reference:
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Qatar Solar Development Status

Solar PV development in Qatar

Qatar Solar PV development is blooming, BESS opportunities is on the way.

800MW Al Kharsaah solar farm(on-going)
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Background for Alterative storage solution research



QATAR ENVIRONMENT AND ENERGY RESEARCH INSTITUTE

Qatar Demand Profile 

Bayram, Islam Safak. "Smart grids and load profiles in the gcc region." EAI Endorsed Transactions on 

Smart Cities 2.5 (2017).
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Qatar case study for One typical day in Oct of 2017 

Energy storage is still expensive, new solutions 
for replace battery or reduce battery size is 

needed. 

Standalone Solar-Storage-Air Conditioner system
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Optimization Solution 1-Thermal inertial based

Indoor Comfort zone for 
Air-Conditioned room

15% energy storage capacity is saved 
by heat inertia control 

Optimization-1 for Battery Storage Size reduction
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Standalone Solar Air Conditioner

Battery storage is removed but comfort for one short time
duration is scarified.

Optimization Solution 2-PV generation adaptation

PV Inverter based P control for generation
output

Optimization-2 for Battery Storage Size reduction
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Optimization Solution 3-additional cooling storage

15% energy storage capacity is saved 
by heat inertia control 

Possible solutions:
1)Water based

cooling storage and
control

2)Ice based cooling
storage and control

Optimization-2 for Battery Storage Size reduction



QATAR ENVIRONMENT AND ENERGY RESEARCH INSTITUTE

Conclusions

1. Qatar climate conditions require storage and other storage solutions for PV-AC
cooling balance issue, while battery storage is still costive ;

2. AC can work as virtual storage roles and support reactive power control by
efficient converter control, which is promising for Qatar Air-Conditioning
application use-cases;

3. By On-OFF control of PV output, day-time cooling demand can be meet in Autumn
and Spring with acceptable COP

4. Water storage cooling or Ice cooling storage could be future solutions

Alterative Storage Solution Benefit
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Thanks for your attention！
Email: zhaohui.cen@tii.ae
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