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Introduction

= Exponent was retained to characterize the charge and
discharge performance of EcoloCap’s 720 Ah battery

= Exponent performed a series of charge and discharge
tests to determine the energy (Ah) of the 720 Ah
battery at various charge/discharge currents at room
temperature

= Exponent also characterized the temperature of the
battery at selected locations on the battery enclosure
during the charge/discharge tests



Expmnent _' it !'i_ st ) '- ’& ” Yy s 3

1000435.000 AOF0 0310 PRO7

Introduction

= Exponent’s testing was limited to charge/discharge
currents up to 235 A (C/3.06)

= All tests were performed on a single battery received
for testing

= The tested battery did not contain a battery
management system for protection
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Battery Information

= Nominal Capacity: 720 Ah
= Number of cells: 3

= Cell Configuration: 3S1P
(3 series 1 parallel) -“:.,I x - Nann?nh.rBatt:y

9 Cells

= Nominal Voltage: 12.0V B = W
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Summary

* The measured battery energy (Ah) exceeded the
battery’s rating of 720 Ah under all test currents

= The battery was tested for charge/discharge currents up to
235 A (C/3.06)

= The peak battery temperature was recorded on the top
of the battery near the battery terminals

= The peak temperature was recorded at 53°C at a current of
235 A

= The peak battery post temperature was recorded at
75C
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summary

= The peak battery post temperatures were higher than
the peak temperatures measured on the battery
enclosure for all tests performed

= The battery posts (positive and negative) were observed to
have dislodged from their manufactured position during the
235 A charge test. This resulted in a lower overall efficiency
of the battery at a current of 235 A likely due to heat related
capacity losses

= This may have also resulted in variations in the peak battery
post temperatures measured during the tests
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Summary

The evaluation conducted by Exponent is documented in
this presentation. Should additional information become
available or should additional testing or analysis provide
further insight, Exponent reserves the right to amend these
conclusions.
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Instrumentation

= Battery Voltage
= Battery Current

= Battery Positive Terminal
Temperature (T Pos Term)

= Battery Negative Terminal
Temperature (T Neg Term)

= Battery Top Left Temperature (T
Top Left)

= Battery Top Right Temperature
(T Top Right)

= Battery Top Center Temperature
(T Top Ctr)
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Battery Front Top Temperature
(T Front Side Top)

Battery Front Center
Temperature (T Front Side Ctr)

Battery Left Side Center (T Left
Side Ctr)

Battery Rear Side Center (T Rear
Side Ctr)

Battery Back Side Top (T Back
Side Top)

Battery Back Side Center (T
Back Side Ctr)
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Instrumentation

= The temperature, voltage and current was recorded
using a Fluke Hydra Logger (Model NO. 2045)

= The data was recorded at a sampling frequency of 1 Hz

= The battery current was measured using a 2005-S LEM

current transducer

= Closed loop compensated current transducer based on the hall
effect

= 2000 A nominal, 3000 — A maximum, 100 kHz bandwidth

= A 0000 (4/0) AWG wire was used to connect the
battery to the power supply/electronic load during the
tests
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Thermocouple Locations
Top Left Top Right

Pos Term
Neg Term

Front
Side Top

Front Side
Center
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Right Side
Ctr

Back Side
Top

Back Side
Ctr

Left Side
Ctr
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Terminal Connections

\oltage
Measurement
Terminal
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Protocol

1. The battery was discharged at a constant current of
100 A until the battery voltage dropped to 9 V

2. The battery was then charged using a power supply
set for an open circuit voltage of 12.6 V and the test
charge current

= Charging was terminated once the charge current dropped
to7/0x5A

3. The battery was then discharged using the test
current until the battery voltage dropped to 9 V
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Test Runs

= Steps 1-3 of the test protocol (Slide 17) were performed
for the following currents:
=100 A
=150 A
=200 A
= 235A

= All tests were performed at an ambient temperature of
22 +3°C.
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Test Results

Current

(A)

100

150

200

235

Charge
Discharge
Charge
Discharge
Charge
Discharge
Charge

Discharge

Measured
Energy
(Ah)

152
739
750
135
135
124
760
124

Efficiency
(%)

98

98

98.5

95

Max/Min of Peak
Measured
Battery Surface
Temperatures
(C)
26/30
28/39
28/39
28/39
29/45
29/45
31/53

29/59

Peak
Positive
Post
Temperature
(C)
33
39
44
47
52
61
66

75
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Peak
Negative
Post
Temperature
('C)

32
34
43
40
54
45*
66
60

Ambient
Temperature
('C)

22
24
24
24
22
23
22

24
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Charge/Discharge Energy (Ah)
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Capacity {&h)

800

TOO

600

500 +

400 -

300 +

200

100 +

B Charge M Discharge

=&

750

ol

100A

735

724

150A

Current

200 A
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1arge Capamty/Charge Capacity)

Efficiency (%)

100

o0

B0

70 A

60

50

40

30 4

20

10 4

o 4

100A

1504

Curre

200A 235A

nt (A)
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Temperature Data Summary

W Battery Temperature B Peak Post Temperature B Ambient Temperature

BO

70

60

50

10

Temperature {C)

30+

20 A

10 4

100A 1504 200A 2354 ‘4.0)
k

Current (A)




BATTERY POST (POSITIVE
TERMINAL) AFTER THE 235 A
TEST
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100 A Charge — Voltage, Current & Temperature

Woltage (), Temperature (°C)

—\/ Battery Tambient ——TPosTerm ——TMNegTerm ——TTop Rt
=—T Top Ctr =T Top Left =T Rt Side Ctr T Rear Side Cir T LeftSide Cir
T Front Side Top =T Front Side Ctr =—— | Charge
35
[ ]
e i g
= o E—I"-: .
P i —
30 e
i
"
s
25
- ot - et " -
20
N
15
h,
kW
10 i
5
4]

0:00:00 0:33:20 1:06:40 1:40:00 2:13:20 2:46:40 3:20:00 3:53:20 4:26:40 5:00:00 5:33:20 6:06:40 6:40:00 7:13:20

Time (h:m:s)

200

180

160

140

120

100

B0

&0

40

20

Current (&)

F¥(40)



1000435.000 AOF0 0310 PRO7

100 A Charge — Voltage, Current & Capacity

Voltage ()

—1 Battery =—ICharge Capacity
1400 800
e
Z
— 4 - 700
12.00
p—
/z'f - 500
10.00 l
i
/ - 500
8.00 /!
r/
W
7 - 400
>
/’/
6.00
f'/,
,J' - 300
.
A
4.00 /“
- 200
2.00 ,/
- 100
S
0.00 a
0-00:00 1:12:00 2:24:00 3:36:00 4:45:00 6:00:00 7:12:00 &:24:00

Time (h:m:s)

Current (A), Capacity (Ah)
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100 A Discharge — Voltage, Current & Temperature

Voltage (V),Temperature ("C)

—\/ Battery Tambient ——TPosTerm ——TMNegTerm ——TTop Rt
=—T Top Ctr =T Top Left =T Rt Side Ctr T Rear Side Cir T LeftSide Cir
T Front Side Top =T Front Side Ctr = Discharge
45
40 i
M ;H
R Fi |
35 -—’.._..egia'— Ilql
Fd
j", ﬁ-P-"_E-“
30 j'-lf_
‘! F = e
pui— :":-'
i
| p——
25 - e |
———— -
20
15
10 )
5 o
a
0:00:00 0Q:33:20 1:06-40 1:40:00 2:13:20 2:46:40 3:20:00 3:53:20 4:26:40 5:00:00 5:33:20 6:06:40 6:40:00 7:13:20

Time (h:mm:ss)

200

180

160

140

120

100

B0

&0

40

20

Current (&)
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100 A Discharge — Voltage, Current & Capacity

Voltage (V)

——V Battery ———IDischarge Capacity
14.00 800
P
prd
- 700
12.00 L ”
—
- 600
10.00
/ - 500
8.00 wa
f/
L/
) - 400
"
P
/f
6.00
P
- 300
N
4.00 /"/
- 200
200
’l . - 100
000 ]
0:00:00 1:12:00 2:24:00 3:36:00 4:48:00 6:00:00 7:12:00 B:24:00

Time [(h:m:s)

Current (&), Capaicty (&h)
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150 A Charge — Voltage, Current & Temperature

F*(40)

——TTop Rt

——TPosTerm ——TMeg Term

Tambient

—V Battery

——T Left Side Ctr

——T Top Left ——T Rt Side Ctr ———T Rear 5ide Ctr

—T Top Ctr

| Charge

T Front Side Ctr

T Front Side Top

() wannn
/ /
4
/ /
/ /
7/ \ﬁ
N
)
i \
d 4
)
(e
\_ N
,...”.,..,.m.... _ \
|

(9.) aunjeadwa) (p) aFeyon

COETS
ST50'5
BEBS T
TF IS
Fa vt
LOBEW
0ETE W
EEFT i
9F LT
65 0T
AN
STLSE
BENSE
TSERE
FOLEE
LTOEE
DEETE
EFOTE
9560E
GOEDE
C295E
SE6rE
BFZk'Z
TO8EE
FLeCE
[ AT AT
0FSTE
ESEBOE
90Z0iE
61551
CEBRFT
SFITFT
BSIFE'T
TTECT
FETCT
LEFTT
05 L4007
EQTOT
ST F50
GEZLFD
Zoro
SSEEWD
BOLT0
TZocio
FEETD
LFa0i0
00000

Time h:mm:ss
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150 A Charge — Voltage, Current & Capacity

F¥(40)

Capacity (Ah)

—— Battery ———ICharge

() wauny
[=} =] [=} =] [=} =] [=] =] [=} =] [=] [=1 [=} =1 [=]
[=1 A =1 A =1 A =1 o =] A =1 I =1 A =1 =]
@ [ = w =3 u o] =+ =+ ] o] o & — — u o
L 4 1 1 1 1 1 1 1 1 1 L
b T
h,
b
Y
A
%
A
h
N
h
N
A
.
o o [=} [=} [=} [=} =] [=} [=} [=} =] =] =] =] o
Q Q Q Q Q Q Q Q Q Q Q Q Q < Q
=+ Ll o = o o @ = o i = L] ] - o
— — — — —
(n) aeyon

0915
0zZE0:5
0000
0F 15t
0T EF ¥
00SEw
0F9Er
08T ¥
000t
0F 10
DZESE
00:5kE
OF8EE
NZ8TE
00i0g:E
0 T1TE
DEEDE
0055
08k E
NZ8\ET
00:0EE
V] o) AT
NZETE
00:500E
095 T
0ZEFT
00:0F:T
0FTET
0ZET'T
DoisTiT
080T
02850
00050
OF:TF:0
DZEEND
0050
0810
0zZ:E0:0
00000

Time h:mm:ss
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150 A Discharge — Voltage, Current & Capacity

Voltage (V)

——V\/ Battery =~ ——IDischarge 100 A Capacity (Discharge)
14.00 200
750
=t
7
700
12.00
1
650
v
N
600
10.00
550
[ |
h |
500
8.00 7 450
e
400
6.00 = 350
Zz
A
- 300
-
250
4.00
d
—* 200
7
”
- 150
2.00 2
100
&
—* 50
,J
0.00 1]
0:00:00 0:43:12 1:26:24 2:09:36 2:52:4§ 3:36:00 4:19:12 5:02:24 5:45:36

Time (h:m:s)

Current (&), Capacity (Ah)
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200 A Charge — Voltage, Current & Temperature

—\/ Battery T ambient —T Pas Term —T Neg Term ——TTop Rt
— T Top Ctr —— T Top Left T Rt Side Ctr T Rear Side Ctr T LeftSide Ctr
~——T Front Side Top — T Front Side Ctr ——ICharge
&0 400
M ~ - 350
50 ‘r- " N,
/L A
/ AN - 300
/ By N
7 ==
o 40 [ — o
B o
= -’ NS \ - 250
@ M
: ot N
1 s 2
-
E 30 - — 200 §
- L =
3 =
= N ~
& . \
= —— L \T- - 150
= 20 "'\“
- 100
e
10 ==
- 50
4] o]

0:00:00 0:28:48 0:57:36 1:26:24 1:55:12 2:24:00 2:52:48 3:21:36 3:50:24 -Fx( )
40

Time(h:m:s)
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200 A Charge — Voltage, Current & Capacity

Voltage (V)

-/ Battery ———ICharge Capacity
1400 200
- 750
-1

o - 700

12.00
,‘- - 650

i

- 600

10,00
',-"/ - 550

,/
'j - 500
&.00 - 450
.
P
',-" - 400
Va
6.00 - 350
- 300
r’r

/| - 250

4.00
. o [ 200

pd e

/, ™ - 150

2.00
- 100

f'/ ~
P - 50
0.00 a

0:00:00 0:28:48 0:57:36 1:26:24 1:55:12 2:24:00 2:52:48 3:21:36 3:50:24 4:19:12

Time (h:m:s)

Current (A), Capacity (Ah)
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200 A Discharge — Voltage, Current & Temperature

40)

——TPos Term ——T Neg Term ——TTop Rt

T ambient

—\/ (Battery)

——T LeftSide Ctr

—T Top Left ———T Rt Side Ctr ———T Rear Side Ctr

—T Tap Cir

=T Front Side Top =T Front Side Ctr =——|(Discharge)

250

200

() uauna

150
- 100

50

——

o
e .l:-l. =

70

60

50

!
=] =]
= 2]

{n.) sumyesadway ‘{ p) adeyop

20 =

10

ZlFFE
SFEFE
BfFEE
TSITEE
FSiLEE
L9TEE
00:8TE
EETE
S0EB0E
GOEEDE
ZTB5:E
STESE
BTEFC
TLERL
FLBEL
LTEEND
0EBEE
EEESL
QEBTE
GEETE
ZFE0E
SFEDNL
BFEST
TSEST
FSEFT
L9ERT
00eE:T
E0FET
90ieE:T
GOFET
21T T
STFTT
BTw0:T
ToF0T
FZie5:0
L2F5:0
0E:et:0
EE w0
SEREN
GEFED
ZFeZ:
StiFE0
BfF6T:0
T9F1:0
FSie0:0
L9010
00:00:0

Time (h:m:s)
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200 A Discharge — Voltage, Current & Capacity

Voltage (V)

—f (Battery) —=—I(Discharge] ———Capacity
14.00 200
- 750
12.00 r 700
R r,,
™ - 650
o
- Y - 600
10.00 v ~ -
d - 550
- 500
L
8.00 = i
’j, 450
W
- 400
rd
.00 2 - 350
rj,
Vd - 300
- 250
4.00 ,‘/
{ - 200
- 150
2.00
[ o - 100
P
- 50
0.00 o]
0:00:00 0:28:48 0:57:36 1:26:24 1:55:12 2:24:00 2:52:48 3:21:36 3:50:24 4:19:12

Time (h:m:s)

Current (&), Capacity (Ah)
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235 A Charge — Voltage, Current & Temperature

F¥(40)

——TTopRt

——TMNeg Term

—T Pos Term

Tambient

—V/ (Battery)

T Left Side Ctr

—T Top Left ——— T Rt Side Ctr ——T Rear Side Ctr

=T Tap Ctr

=T Front Side Top =T Front Side Ctr =—({Charge)

500

- 450

400

() wauny

- 350
300
- 250
200

- 150

100

30

T

FZ:atiE

QE0F:E

QESEE
ZFi0EE

Bfiad:
50

-

o0atT:

Z1a0:

B0

£
£
£
QOiTTE
£
£
FZia5:z

DEITSE

QEGtZ
[ SN ol

B9
FSITEE

ool
LAY

21T

BLET:
Lo

(o]

nEZo:
9EILS

[ A=y

BFiir
FoiZr:

Time (h:m:s)

00iBE
Q0iEE

[ =T
BTIED

FZBT

DEET
9EED

ZFiED
BiES

FoiES

i

o0ie
anit

e~
ol
il
i

Z16E:
BTFE

FZiae:

DEWFE
QERT:

[
Bfa0:

—

FSiv0

SO0 S 0008088088 A M e A N

ooioo:

70

&0

o =]
=+ 5]

(0.} sumpesadway ) afeyop

50

0

10
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235 A Charge — Voltage, Current & Capacity

Voltage (V)

— (Battery] =——I(Charge) -——— Capacity
14.00 200
] - 750
.-":,
] - 700
12.00 - e, -
y - 650
.
- 800
10.00
= - 550
- 500
8.00 - 450
- 400
6.00 4 - 350
/ - 300
7
- 250
4.00
)74 - 200
/
/,/ M - 150
M
200 A e
‘, - 100
pd ™
J/ - 50
pd
r
Q.00 a
0:00:00 0:258:48 0:57:36 1:26:24 1:55:12 2:24:00 2:52:48 3:21:36 3:50:24 4:19:12

Time (h:m:s)

Current (&), Capacity (&h)
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235 A Discharge — Voltage, Current & Temperature

F%(40)

—TPos Term =T Meg Term ——TTop Rt

T ambient

—\/ Battery

T LeftSide Ctr

=T Rt Side Ctr ——— T Rear Side Ctr

T Top Left

—T Top Ctr

| Discharge

T Front Side Ctr

——T Front Side Top

(%) Wwaun)
] )
)}
e -
ol I
’H - 1 ‘ | |
) \
WL \
™ )
.
> -
i
y |
\
l \ gy_ *
paninal
SERA
, )
|
! _1_
1A .,__J||
f
NN \(
e SO g
TT1] |
3 R 2 R 2 B ] =

(3,) aunyeaadwia) (p) afeyon

C90EE
NESTE
BOZTE
A L0E
FEENE
c0e5'E
[1] )
BL0SC
95:5%F ¢
FETRC
CTLEE
05282
BEBIE
90T E
F6eTE
ZZaTE
00iTTE
BEMGDE
STiZ0E
FoiLS T
CEEST
0TekT
BFRT
90T
FOMSET
CFTET
0zLeT
BT
SEETT
FLFTT
9T
0Es0T
BOTOT
9950
A=
ZOERD
Ot Ef0
BTBED
959:FED
FEOED
fil =l |
05 TE0
BZULTO
S0ET0
FiE0:0
cZwnin
00:00:0

Time h:mm:ss
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235 A Discharge — Voltage, Current & Capacity

Voltage (')

——V/ Battery =———|Discharge Capacity
14.00 800
12.00 [ a0
R y
Vs
. - e
/
/ - 500
10.00 o
- 500
8.00
- 400
6.00
- 300
4.00 = —
F 200
200 /
7 - 100
/
0.00 / o
Q:00:00 0:28:48 0:57:36 1:26:24 1:55:12 2:24:00 2:52:48 3:21:36 3:50:24

Time (h:m:s)

Current (A), Capacity (&h)
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