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  Safety has been one of critical issues for large 

     scale BESS Systems.   

  Due to rapid increase of energy densities,  

     safety issues have become more serious.   

  Actually, sever-incidents happening  

     rapidly increases in recent years.   

  NLAB was constructed  

     for large-scale BESS  

     evaluation under “indoor”  

     stable conditions for realizing  

     effective regulations and standards.  

 

 In 2017 MRS, experimental results  

    listed below were reported.  

        - Gas concentration analysis 

        - Incident transient behavior observation      

 

This Work 

Experimental Evidence of Temperature-stability in NLAB LC 

Background 

Germany 

Korea 
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Kerosene burn-up experiment  

Exhaust System  

Operation Start  

Burning 

Start  

(H. Satake et al., 2017 MRS Fall Meeting, ES05.08.01) 

Motivation 

 Illumination changes drastically with and 

w/o  exhausting system.   



5 

0 960 

970 1920 

Time w/o Exhaust System (s) 

Time with Exhaust System (s) 

with Exhaust System 

w/o Exhaust System 

I
l
l
u

m
i
n

a
t
i
o
n

 
(
l
x

)
 

Kerosene burn-up experiment  

(H. Satake et al., 2017 MRS Fall Meeting, ES05.08.01) 

Symmetric Time-dependent Illumination 

Time-dependent changes of Illumination for with 

and w/o gas exhaust system are almost similar.  
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Gas Concentration 

Downward Flow w/o Gas Exhaust System 

Upward Flow with Gas Exhaust System 

(H. Satake et al., 2017 MRS Fall Meeting, ES05.08.01) 

(a) 

(b) 

(c) 

(a) 

(b) 

(c) 

Large Small 

Gas concentration decreases with nearly parallel 

distribution, with and w/o exhaust system.   
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Overview of NLAB 

Testing Facilities (TF) 

 Six types of separate laboratories 

 Controlled temperature (25±5 
O
C) 

 Independent smoke exhaust facility  

    for TF 

Large Chamber (LC) 

 “In-door” open space with dimensions of  

      30m-lengh, 18m-width, 16m-height 

 Constant temperature (25±5 
O
C) 

 Controlled wind velocity 

 Independent smoke exhaust facility  

    for LC 

Smoke/Gas Exhaust Facility  

 9 times/hour complete air-exchange 

of LC 

 Monitoring 6-kinds of poisonous-gas 

concentrations 

(H. Satake et al., 2017 ESS Safety &Reliability Forum) 

This Work 

   Space-symmetry Confirmation of Temperature 

   in NLAB   
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NLAB LC Interior Overview 

(H. Satake et al., 2017 ESS Safety &Reliability Forum) 

40 LED Lights 

2 Air Outlets  

 (on Ceiling) 

60 Air Inlets 

4 Monitoring Cameras 
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Imaged Temperature Distribution 
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Temperature Distribution Schematic View of NLAB LC 
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 In LC height direction, temperature distribution has 

a symmetric change for A-B cross section.    

Max. Height : 16 m 

https://illustimage.com/?dl=288
https://illustimage.com/?dl=288
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Temperature Measurement Set-up 

7.2 m 
4 m 
1 m 

16 m 
 
15m 
 
14m 

16 m 
 
15m 
 
14m 

16 m 
 
15m 
 
14m 

Lower-part in NLAB LC 

Position : Edge of Anti-fire Bricks Floor 

（Distance from Center of LC : 7.5 m） 

Measurement Height 

 1 m, 4 m, 7.2m 

Higher-part NLAB LC 

Position :  

  Center of LC 

  Directly under Gas Outlets 

Measurement Height 

 14 m, 15 m, 16 m 

Time-dependent temperature change in NLAB LC  

was measured by using thermocouples.   



Experiment # 

Oil Pan 

Space  

(m
2

) 

Fuel Volume  

(litters) 

1 2.56 46 

2 2.56 95 

3 5.79 197 
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Experiment 

#1 #2 #3 

Fuel :  Kerosene 

Pan Space : 2 Levels 

Fuel Volume : 3 Levels 

 Experiments #1 and #2 

       - Same size oil pan was utilized.       

 Experiments #2 and #3 

       - Fuel depth was settled at almost same value.     
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Temperature Distribution in Lower Region 
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Experiment #3 

 Drastic Behavior Change Independent of Height at Dashed 

Line 

    -> Single origin (Kerosene Burning)  dominates behavior.    
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Temperature at LC Center 
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 Ideal burning results were obtained in three 

experimental conditions.    

x 2 

Reaction Rate-determining Step 
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Measured Temperature Distribution 
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Symmetric temperature distribution was 

confirmed in NLAB LC.    
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Model Calculation 

1/exp(t) 

Temp = N
0
(1-exp(-a*t) )     (t<=t

0
) 

Temp = N
0
 / exp(b*(t-t

0
))     (t>t

0
) 
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t  

Simple Burning/Cooling Model 
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Comparison between Measurements and Calculations 
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Time, t (s) 

Temp = N
0
(1-exp(-a*t) )+C

0
     (t<=t

0
) 

Temp = N
0
 / exp(b*(t-t

0
))+C

0
     (t>t

0
) 

a=0.01 

b=0.003 

C
0
=20 

 Excellent agreement between experimental results and 

calculations was realized only by simple burning/cooling model.      
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0
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BESS Propagation Test 

 Burning Trigger : Overcharging for Target Single Module 

 Temperature Monitoring at 24 Positions 

Measured Temperature Behavior 

T
e

m
p
e

r
a
t
u
r
e

 

Time 

 Systematic measurement data was obtained by controlled 

evaluation environments.        
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Next Approach of NLAB Analysis(1/2) 

(W. Q. Walker, Fundamentals, Thermal Performance and Understanding 
Thermal Runaway, NASA Thermal Fluid and Analysis Workshop) 

Microscopic Understanding of Thermal Runaway (TR) 

 Basic understanding on TR has been essentially important,  

also in future safety investigations .         
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Complemental Analysis and Modeling for BESS Safety 

Next Approach of NLAB Analysis(2/2) 

Microscopic Understanding 

Macroscopic and Statistical 

            Understanding 

 “Multiple-paths Approach” will be a effective method 

for constructing safer BESS design.           
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Conclusion 

Temperature stability under testing condition  

   in NLAB LC was experimentally confirmed.   

 

We found that a simple burning and cooling  

   model can explain experimental results. 

Strict modeling of burning process of  

   large-scale BESS such as a cabinet size  

   battery system can be realized in NLAB LC. 

 

 It was found that controlled atmosphere   

   is critically important to understand BESS  

   incident phenomena. 

 



Thank you for your kind attention. 


