
Mr. Greg Shafer, Director 
Division of Economics 

AUSLEY MCMULLEN 
ATTORNEYS AND COUNSELORS AT LAW 

123 SOUTH CALHOUN STREET 

P . O . BO X 3 91 ( ZIP 32302 ) 

TALLAHASSEE , FLORIDA 32301 

(850) 224-9115 FAX (850) 222-7560 

March 1, 2018 

VIA: ELECTRONIC MAIL 

Florida Public Service Commission 
Room 225E - Gerald L. Gunter Building 
2540 Shumard Oak Boulevard 
Tallahassee, FL 32399-0850 

Re: Tampa Electric Company's Summary 
of2017 DSM Program Accomplishments 

Dear Mr. Shafer: 

Enclosed for filing is Tampa Electric Company's Summary of 2017 Demand Side 
Management Program Accomplishments, including an Appendix A (DSM Energy Education and 
Awareness Activities of2017). 

Thank you for your assistance in connection with this matter. 

JDB/pp 
Enclosure 

cc: Paula K. Brown (w/o enc.) 

Sincerely, 

~~'---! 
James D. Beasley 





1

TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018



2

TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

3



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

4



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

5



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

6



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

7



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

8



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

9



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

10



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

11



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

12



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

13



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

14



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

15



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

16



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

17



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

18



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

19



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

20



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

21



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

22



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

23



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

24



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

25



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

26



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

27



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

28



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

29



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

30



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

31



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

32



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

33



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

34



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

35



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

36



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

37



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

38



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

39



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

40



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

41



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

42



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

43



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

44



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

45



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

46



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

47



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

48



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

49



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

50



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

51



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

52



TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018

53



54

TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018



55

TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018



Ta
m

pa
 E

le
ct

ric
’s 

El
ec

tri
c V

eh
icl

e 
& 

En
er

gy
 

Ed
uc

at
io

n 
Pr

og
ra

m

56

TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018



W
el

co
m

e 
to

 T
am

pa
 E

le
ct

ri
c’

s 
El

ec
tr

ic
 V

eh
ic

le
 a

nd
 E

ne
rg

y 
Ed

uc
at

io
n 

Pr
og

ra
m

 t
ha

t 
in

tr
od

uc
es

 s
tu

de
nt

s 
to

 t
he

 Pl
ug

-in
 E

le
ct

ric
 V

eh
ic

le
 S

tu
de

nt
 R

ea
di

ne
ss

 G
ui

de
  

Ta
m

pa
 E

le
ct

ric
 is

 p
ro

ud
 to

 b
e 

th
e 

fir
st

 e
le

ct
ric

 u
til

ity
 in

 th
e 

co
un

try
 to

 p
ar

tn
er

 w
ith

 
th

e 
U

ni
ve

rs
ity

 o
f S

ou
th

 F
lo

rid
a,

 th
e 

C
en

te
r f

or
 U

rb
an

 T
ra

ns
po

rta
tio

n 
Re

se
ar

ch
 a

nd
 

lo
ca

l h
ig

h 
sc

ho
ol

s 
to

 o
ffe

r t
he

 E
le

ct
ric

 V
eh

icl
e 

an
d 

En
er

gy
 E

du
ca

tio
n 

Pr
og

ra
m

, a
n 

in
no

va
tiv

e 
en

er
gy

-e
du

ca
tio

n 
pr

og
ra

m
 fo

cu
se

d 
on

 te
ac

hi
ng

 s
tu

de
nt

s 
ab

ou
t e

le
ct

ric
 

ve
hi

cle
 (E

V)
 te

ch
no

lo
gy

.  

Th
is 

Re
ad

in
es

s 
G

ui
de

 p
ro

vi
de

s 
st

ud
en

ts
 w

ith
 in

fo
rm

at
io

n 
ab

ou
t t

he
 v

ar
io

us
 ty

pe
s 

of
 E

Vs
 o

n 
th

e 
m

ar
ke

t, 
pu

bl
ic 

an
d 

pr
iv

at
e 

ch
ar

gi
ng

 o
pt

io
ns

 a
nd

 h
ow

 to
 m

ax
im

ize
 E

V 
m

ile
ag

e 
w

ith
 e

ac
h 

ch
ar

ge
 b

y 
dr

iv
in

g 
ef

fic
ie

nt
ly.

  I
n 

ad
di

tio
n,

 s
tu

de
nt

s 
w

ill 
le

ar
n 

ho
w

 
sa

vi
ng

 e
ne

rg
y 

ca
n 

be
ne

fit
 e

ve
ry

on
e 

by
 d

ef
er

rin
g 

or
 e

lim
in

at
in

g 
th

e 
ne

ed
 to

 b
ui

ld
 

co
st

ly
 p

ow
er

 p
lan

ts
 to

 s
at

isf
y 

a 
gr

ow
in

g 
de

m
an

d 
fo

r e
le

ct
ric

ity
.

1

57

TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018



Ta
m

pa
 E

le
ct

ric
’s 

El
ec

tri
c 

Ve
hi

cle
 a

nd
 E

ne
rg

y 
Ed

uc
at

io
n 

Pr
og

ra
m

 w
as

 a
pp

ro
ve

d 
by

 th
e 

Fl
or

id
a 

Pu
bl

ic 
Se

rv
ice

 C
om

m
iss

io
n 

(F
PS

C
) i

n 
M

ay
 2

01
7.

  F
or

 o
ve

r t
he

 p
as

t t
hr

ee
 d

ec
ad

es
, t

he
 F

PS
C

 h
as

 
en

co
ur

ag
ed

 u
tili

tie
s t

o 
pr

om
ot

e 
co

st-
ef

fe
ct

ive
 c

on
se

rv
at

io
n 

an
d 

th
e 

us
e 

of
 re

ne
w

ab
le

 e
ne

rg
y 

to
 

re
du

ce
 th

e 
us

e 
of

 fo
ss

il f
ue

ls 
an

d 
de

fe
r t

he
 n

ee
d 

fo
r n

ew
 p

ow
er

 p
lan

t c
on

str
uc

tio
n.

 T
he

 e
nd

 g
oa

l 
is 

to
 e

ns
ur

e 
ut

ilit
ie

s u
tili

ze
 a

 b
ala

nc
ed

 m
ix 

of
 e

ne
rg

y 
re

so
ur

ce
s t

ha
t e

na
bl

e 
th

em
 to

 p
ro

du
ce

 re
lia

bl
e 

an
d 

co
st-

ef
fic

ie
nt

 e
le

ct
ric

ity
 to

 m
ee

t t
he

 n
ee

ds
 o

f a
ll c

on
su

m
er

s. 
 

Th
e 

FP
SC

 re
co

gn
ize

s t
ha

t c
on

su
m

er
 

ch
oi

ce
 p

lay
s a

n 
im

po
rta

nt
 ro

le
 in

 
re

du
cin

g 
th

e 
gr

ow
th

 ra
te

s o
f e

le
ct

ric
al 

de
m

an
d 

an
d 

en
er

gy
 in

 F
lo

rid
a.

  
C

on
su

m
er

s s
up

po
rt 

el
ec

tri
c 

en
er

gy
 

co
ns

er
va

tio
n 

th
ro

ug
h 

a 
va

rie
ty

 o
f 

ac
tio

ns
 in

 a
dd

itio
n 

to
 e

ne
rg

y 
ed

uc
at

io
n 

of
 E

Vs
, s

uc
h 

as
 c

on
str

uc
tin

g 
sm

all
er

, 
m

or
e 

ef
fic

ie
nt

 h
om

es
, b

uy
in

g 
en

er
gy

-e
ffic

ie
nt

 a
pp

lia
nc

es
, i

ns
ta

llin
g 

en
er

gy
-e

ffic
ie

nc
y 

up
gr

ad
es

 to
 e

xis
tin

g 
ho

m
es

 a
nd

 in
sta

llin
g 

re
ne

w
ab

le
 

en
er

gy
 g

en
er

at
in

g 
sy

ste
m

s. 
 

Ta
m

pa
 E

le
ct

ric
 e

xp
ec

ts
 th

e 
fo

cu
s o

n 
co

ns
er

va
tio

n 
an

d 
re

ne
w

ab
le

 e
ne

rg
y 

to
 

co
nt

in
ue

 p
la

yi
ng

 a
n 

im
po

rt
an

t r
ol

e 
in

 
Fl

or
id

a’
s e

ne
rg

y 
fu

tu
re

.

2

58

TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018



I. 
In

tr
od

uc
ti

on
 ..

...
...

...
...

...
...

...
...

...
...

...
...

.4
H

ist
or

y 
of

 th
e 

El
ec

tr
ic

 C
ar

 ..
...

...
...

...
...

...
...

5

II
. E

le
ct

ri
c 

Ve
hi

cl
e 

B
as

ic
s 

...
...

...
...

...
...

...
7

Te
ch

no
lo

gy
 1

01
...

...
...

...
...

...
...

...
...

...
...

...
...

..7
Pl

ug
-in

 H
yb

rid
 E

le
ct

ric
 V

eh
ic

le
s 

(P
H

EV
s)

 8
A

ll-
El

ec
tr

ic
 V

eh
ic

le
s (

EV
s)

 ...
...

...
...

...
...

...
..1

0

II
I. 

EV
 E

ffi
ci

en
cy

 ..
...

...
...

...
...

...
...

...
...

...
...

11
D

riv
in

g 
Be

ha
vi

or
 to

 M
ax

im
iz

e 
EV

...
...

...
...

...
..  

Ra
ng

e 
an

d 
Ef

fic
ie

nc
y 

...
...

...
...

...
...

...
...

...
..1

1
Ra

ng
e 

A
nx

ie
ty

 ..
...

...
...

...
...

...
...

...
...

...
...

...
..1

4

IV
. O

pe
ra

ti
ng

 E
le

ct
ri

c 
Ve

hi
cl

es
 .

...
...

.1
7

EV
 D

riv
in

g 
Ex

pe
rie

nc
e 

...
...

...
...

...
...

...
...

...
19

EV
 S

af
et

y 
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
21

V.
 E

le
ct

ri
c 

Ve
hi

cl
e 

C
ha

rg
in

g 
...

...
...

...
..2

2
Ty

pe
s 

of
 C

ha
rg

in
g 

St
at

io
ns

 ..
...

...
...

...
...

...
.2

2
Le

ve
l 1

 C
ha

rg
in

g 
...

...
...

...
...

...
...

...
...

...
...

...
23

Le
ve

l 2
 C

ha
rg

in
g 

...
...

...
...

...
...

...
...

...
...

...
...

24
D

C
 F

as
t 

C
ha

rg
in

g 
...

...
...

...
...

...
...

...
...

...
...

.2
5

C
ha

rg
in

g 
C

os
ts

 .
...

...
...

...
...

...
...

...
...

...
...

...
.2

6
C

ha
rg

in
g 

an
 E

V 
at

 H
om

e 
...

...
...

...
...

...
...

..2
6

C
ha

rg
in

g 
Et

iq
ue

tt
e.

...
...

...
...

...
...

...
...

...
...

...
27

V
I. 

En
er

gy
 C

on
se

rv
at

io
n 

...
...

...
...

...
...

.2
9

V
II

. R
en

ew
ab

le
 E

ne
rg

y 
...

...
...

...
...

...
...

.3
2

V
II

I. 
Su

m
m

ar
y 

...
...

...
...

...
...

...
...

...
...

...
...

.3
5

Be
st

 P
ra

ct
ic

es
 .

...
...

...
...

...
...

...
...

...
...

...
...

...
35

K e
y 

Te
rm

s 
an

d 
D

ef
in

iti
on

s 
...

...
...

...
...

...
...

37

C
O

N
T

E
N

T
S

3

59

TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018



M
or

e 
EV

s 
ar

e 
be

in
g 

ad
de

d 
to

 t
he

 r
oa

dw
ay

s 
ev

er
y 

da
y.

 

N
ew

 st
ud

en
t d

riv
er

s n
ee

d 
to

 b
e 

fa
m

ilia
r w

ith
 re

co
gn

izi
ng

 a
nd

 u
nd

er
st

an
di

ng
 th

e 
ba

sic
s 

of
 th

es
e 

ve
hi

cle
s. 

Th
is 

gu
id

eb
oo

k 
pr

ov
id

es
 a

n 
in

tro
du

ct
io

n 
to

 th
es

e 
ve

hi
cle

s a
s w

el
l a

s 
an

 in
-d

ep
th

 o
ve

rv
ie

w
 o

f t
he

 e
ne

rg
y 

ef
fic

ie
nc

y 
be

ne
fit

s o
f d

riv
in

g 
el

ec
tri

c 
ve

hi
cle

s. 

Th
e 

gu
id

eb
oo

k 
is 

de
sig

ne
d 

to
 in

tro
du

ce
 n

ew
 st

ud
en

t d
riv

er
s t

o 
th

e 
ba

sic
s o

f e
le

ct
ric

 
ve

hi
cle

 te
ch

no
lo

gie
s, 

in
clu

di
ng

 th
e 

ve
hi

cle
s, 

ch
ar

gin
g 

eq
ui

pm
en

t, 
an

d 
im

po
rta

nt
 

co
ns

id
er

at
io

ns
 fo

r E
V 

dr
ivi

ng
 a

nd
 o

w
ne

rs
hi

p.
 P

ro
vid

ed
 in

 th
e 

in
st

ru
ct

or
’s 

m
an

ua
l a

re
 

be
st

 p
ra

ct
ice

s a
nd

 p
lan

ni
ng

 m
et

ho
ds

 fo
r E

V 
ow

ne
rs

.

At
 th

e 
en

d 
of

 th
is 

co
ur

se
, s

tu
de

nt
s 

w
ill 

un
de

rs
ta

nd
 th

e 
ba

sic
 c

om
po

ne
nt

s 
of

 E
Vs

, t
he

 d
iffe

re
nt

 ty
pe

s o
f c

ha
rg

in
g 

eq
ui

pm
en

t, 
w

ay
s t

o 
co

nc
ep

tu
ali

ze
 

th
e 

ef
fic

ie
nc

y 
of

 E
Vs

, a
nd

 
gu

id
el

in
es

 fo
r o

pe
ra

tin
g 

an
d 

m
ain

ta
in

in
g 

EV
s t

o 
m

ax
im

ize
 

en
er

gy
 e

ffic
ie

nc
y 

be
ne

fit
s. 

4

1.
 In

tr
od

uc
ti

on

60

TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018



T
he

 H
is

to
ry

 o
f t

he
 E

le
ct

ri
c 

C
ar

M
or

e 
th

an
 1

00
 y

ea
rs

 a
go

, E
V

s 
do

m
in

at
ed

 t
he

 r
oa

ds
!

D
ur

in
g 

th
e 

19
00

s, 
a 

se
rie

s o
f t

ec
hn

ol
og

ica
l d

ev
el

op
m

en
ts

, 
fro

m
 th

e 
ba

tte
ry

 to
 th

e 
m

ot
or

, l
ed

 to
 th

e 
fir

st
 e

le
ct

ric
 c

ar
s 

ap
pe

ar
in

g 
on

 th
e 

ro
ad

s. 
 

Th
e 

fir
st

 su
cc

es
sfu

l E
V 

w
as

 in
tro

du
ce

d 
in

 th
e 

U
ni

te
d 

St
at

es
 b

y 
ch

em
ist

 W
illi

am
 M

or
ris

on
 in

 
18

90
-9

1,
 w

ho
 d

es
ign

ed
 a

nd
 e

ng
in

ee
re

d 
a 

six
-p

as
se

ng
er

 v
eh

icl
e 

ca
pa

bl
e 

of
 tr

av
el

in
g 

at
 

14
 m

ile
s p

er
 h

ou
r. 

Ba
tte

ry
 te

ch
no

lo
gy

 a
nd

 st
or

ag
e 

ca
pa

bi
lit

y 
co

nt
in

ue
d 

to
 d

ev
el

op
 a

nd
 im

pr
ov

e 
af

te
r

M
or

ris
on

’s 
de

bu
t. 

By
 th

e 
tu

rn
 o

f t
he

 2
0t

h 
ce

nt
ur

y, 
EV

s a
ch

ie
ve

d 
m

as
s-

m
ar

ke
t a

pp
ea

l, 
co

m
pr

isi
ng

 a
bo

ut
 a

 th
ird

 
of

 a
ll p

as
se

ng
er

 c
ar

s o
n 

th
e 

ro
ad

.
Io

w
a 

ch
em

ist
 W

ill
ia

m
 M

or
ris

on
 b

ui
ld

s 
th

e 
fir

st
 s

uc
ce

ss
fu

l A
m

er
ic

an
 E

V.
5
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Ar
ou

nd
 th

e 
sa

m
e 

tim
e 

pe
rio

d,
 a

 n
ew

 ty
pe

 o
f v

eh
icl

e 
w

as
 in

tro
du

ce
d 

to
 th

e 
m

ar
ke

t 
th

at
 u

se
d 

liq
ui

d 
fu

el
, s

uc
h 

as
 g

as
ol

in
e 

or
 d

ie
se

l, 
to

 p
ow

er
 a

n 
in

te
rn

al 
co

m
bu

st
io

n 
en

gin
e 

(IC
E)

. U
nl

ike
 E

Vs
, t

he
se

 liq
ui

d 
fu

el
-p

ow
er

ed
 v

eh
icl

es
 w

er
e 

no
isy

, e
m

itt
ed

 
ex

ha
us

t a
nd

 re
qu

ire
d 

th
e 

dr
ive

r t
o 

m
an

ua
lly

 c
ha

ng
e 

ge
ar

s. 

C
om

pa
re

d 
to

 t
he

 n
ew

 g
as

ol
in

e-
po

w
er

ed
 c

ar
s,

 E
V

s 
w

er
e 

qu
ie

t,
 

em
is

si
on

-f
re

e 
an

d 
ea

sy
 t

o 
dr

iv
e.

 
O

w
ni

ng
 a

nd
 r

ec
ha

rg
in

g 
EV

s 
al

so
 

be
ca

m
e 

ea
si

er
 a

s 
ho

us
eh

ol
ds

 
ga

in
ed

 b
et

te
r 

ac
ce

ss
 t

o 
el

ec
tr

ic
it

y.

Ea
rly

 e
le

ct
ric

 v
eh

ic
le

 –
19

22
 D

et
ro

it 
El

ec
tr

ic
 A

ut
om

ob
ile

 

6
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Te
ch

no
lo

gy
 1

01

O
n 

th
e 

su
rfa

ce
, e

le
ct

ric
 c

ar
s 

to
da

y 
lo

ok
 li

ke
 g

as
ol

in
e-

po
w

er
ed

 c
ar

s,
 

bu
t i

ns
te

ad
 o

f p
ow

er
in

g 
an

 in
te

rn
al 

co
m

bu
st

io
n 

en
gi

ne
 w

ith
 g

as
ol

in
e 

or
 

di
es

el
 to

 m
ov

e 
th

e 
ve

hi
cle

, E
Vs

 ru
n 

on
 e

le
ct

ric
ity

 s
to

re
d 

in
 a

 b
at

te
ry

 s
ys

te
m

 
th

at
 p

ow
er

s 
th

e 
ve

hi
cle

s 
th

ro
ug

h 
el

ec
tri

c 
m

ot
or

s.
 

Th
er

e 
ar

e 
di

ffe
re

nt
 ty

pe
s 

of
 E

Vs
, r

an
gi

ng
 fr

om
 th

os
e 

th
at

 s
up

pl
em

en
t a

n 
in

te
rn

al 
co

m
bu

st
io

n 
en

gi
ne

 w
ith

 a
n 

el
ec

tri
c 

m
ot

or
 to

 m
od

el
s 

th
at

 ru
n 

on
 

pu
re

 e
le

ct
ric

ity
.  

7

II.
 E

le
ct

ri
c 

Ve
hi

cl
e 

B
as

ic
s
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P
lu

g-
in

 H
yb

ri
d 

El
ec

tr
ic

 V
eh

ic
le

s 
(P

H
EV

s)

W
ha

t m
ak

es
 a

 p
lu

g-
in

 h
yb

rid
 e

le
ct

ric
 v

eh
icl

e 
(P

H
EV

) d
iff

er
en

t 
fro

m
 a

 re
gu

lar
 h

yb
rid

 is
 th

e 
ca

pa
bi

lit
y 

to
 c

ha
rg

e 
th

e 
ve

hi
cle

 
fro

m
 a

n 
el

ec
tr

ic 
po

w
er

 s
ou

rc
e.

 P
H

EV
s 

ha
ve

 a
n 

in
te

rn
al 

co
m

bu
st

io
n 

en
gi

ne
, w

hi
ch

 ru
ns

 o
n 

fu
el

, a
nd

 a
n 

el
ec

tr
ic 

m
ot

or
, w

hi
ch

 is
 c

ha
rg

ed
 b

y 
pl

ug
gi

ng
 th

e 
ve

hi
cle

 in
to

 a
n 

el
ec

tr
ic 

po
w

er
 s

ou
rc

e.
 P

lu
g-

in
 h

yb
rid

s 
ca

n 
be

 c
ha

rg
ed

 
w

ith
 a

 c
ha

rg
in

g 
st

at
io

n 
or

 a
 re

gu
lar

 w
all

 o
ut

le
t, 

by
 th

e 
in

te
rn

al 
co

m
bu

st
io

n 
en

gi
ne

, o
r b

y 
re

ge
ne

ra
tiv

e 
br

ak
in

g,
 

w
hi

ch
 a

llo
w

s 
th

e 
ve

hi
cle

 to
 re

ca
pt

ur
e 

so
m

e 
of

 th
e 

ca
r’s

 k
in

et
ic 

en
er

gy
 a

nd
 u

se
 it

 to
 re

ch
ar

ge
 th

e 
ba

tte
ry

. T
he

 e
xt

ra
 

en
er

gy
 is

 s
to

re
d 

in
 th

e 
ve

hi
cle

’s 
ba

tte
ry

 s
ys

te
m

 a
nd

 c
an

 b
e 

us
ed

 
to

 p
ro

vi
de

 a
dd

iti
on

al 
po

w
er

 d
ur

in
g 

st
ar

ts
 a

nd
 a

cc
el

er
at

io
n.

 
PH

EV
s 

us
e 

el
ec

tr
ici

ty
 a

s 
th

e 
m

ain
 s

ou
rc

e 
of

 p
ow

er
 u

nt
il 

th
e 

ba
tte

ry
 is

 c
om

pl
et

el
y 

de
pl

et
ed

, t
he

n 
th

e 
ve

hi
cle

 s
w

itc
he

s 
ov

er
 to

 ru
nn

in
g 

so
le

ly
 o

n 
th

e 
co

m
bu

st
io

n 
en

gi
ne

. 

Si
nc

e 
P

H
EV

s 
ty

pi
ca

lly
 h

av
e 

la
rg

er
 b

at
te

ri
es

 t
ha

n 
re

gu
la

r 
hy

br
id

s,
 t

he
y 

ca
n 

tr
av

el
 o

n 
pu

re
 e

le
ct

ri
ci

ty
 fo

r 
a 

 
lim

it
ed

 r
an

ge
 (

to
da

y’
s 

m
od

el
s 

av
er

ag
e 

10
 t

o 
40

 m
ile

s)
.
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9

By
 s

up
pl

em
en

tin
g 

w
ith

 
el

ec
tr

ic
ity

, P
H

EV
s 

he
lp

 to
 

re
du

ce
 h

ar
m

fu
l t

ai
lp

ip
e 

em
iss

io
ns

 a
nd

 p
et

ro
le

um
 

co
ns

um
pt

io
n,

 w
hi

ch
 

m
ak

es
 P

H
EV

s 
a 

m
or

e 
en

vi
ro

nm
en

ta
lly

 fr
ie

nd
ly

 
an

d 
en

er
gy

-e
ffi

ci
en

t c
ho

ic
e 

ov
er

 c
on

ve
nt

io
na

l f
ue

le
d 

co
m

bu
st

io
n 

ve
hi

cl
es

.
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A
ll-

El
ec

tr
ic

 V
eh

ic
le

s 
(E

V
s)

Al
l-e

le
ct

ric
 v

eh
icl

es
 –

 so
m

et
im

es
 c

all
ed

 b
at

te
ry

-e
le

ct
ric

  
ve

hi
cle

s –
 o

pe
ra

te
 o

n 
pu

re
 e

le
ct

ric
ity

 a
nd

 d
o 

no
t c

on
ta

in
 a

n 
in

te
rn

al 
co

m
bu

sti
on

 e
ng

in
e.

 In
ste

ad
, E

Vs
 h

av
e 

on
e 

or
 m

or
e 

el
ec

tri
c 

m
ot

or
s t

ha
t a

re
 p

ow
er

ed
 b

y 
en

er
gy

 st
or

ed
 in

 th
e 

 
ve

hi
cle

’s 
ba

tte
ry

.

Th
e 

ba
tte

ry
 p

ac
k 

is 
ch

ar
ge

d 
by

 p
lu

gg
in

g 
th

e 
ve

hi
cle

 in
to

 a
n 

ou
tle

t 
co

nn
ec

te
d 

to
 a

n 
el

ec
tri

c 
po

w
er

 so
ur

ce
. S

in
ce

 E
Vs

 h
av

e 
no

 in
te

rn
al 

co
m

bu
sti

on
 e

ng
in

e,
 th

ey
 d

o 
no

t e
m

it 
an

y 
ta

ilp
ip

e 
em

iss
io

ns
 a

nd
 

ar
e 

so
m

et
im

es
 re

fe
rr

ed
 to

 a
s z

er
o-

em
iss

io
n 

ve
hi

cle
s. 

An
 E

Vs
 ra

ng
e 

va
rie

s (
so

m
e 

of
 to

da
y’

s v
er

sio
ns

 a
ve

ra
ge

 b
et

w
ee

n 
 

10
0 

an
d 

25
0 

m
ile

s),
 d

ep
en

di
ng

 o
n 

th
e 

ve
hi

cle
 m

od
el

, t
he

 w
ay

 th
e 

 
ve

hi
cle

 is
 d

riv
en

 a
nd

 th
e 

dr
ivi

ng
 c

on
di

tio
ns

.

Pl
ug

-in
 h

yb
rid

 a
nd

 a
ll-

EV
s c

om
e 

in
 a

 v
ar

ie
ty

 o
f d

iffe
re

nt
 m

od
el

s: 
 

lo
w

-s
pe

ed
 u

tili
ty

 v
eh

icl
es

, c
om

pa
ct

 c
ar

s, 
se

da
ns

, t
ru

ck
s, 

tra
ns

it 
bu

se
s  

an
d 

ev
en

 h
igh

-p
er

fo
rm

an
ce

 sp
or

ts 
ca

rs
.
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D
ri

vi
ng

 B
eh

av
io

r 
to

 M
ax

im
iz

e 
EV

 R
an

ge
 a

nd
 E

ffi
ci

en
cy

Th
e 

di
sta

nc
e 

(in
 m

ile
s) 

th
at

 a
n 

EV
 c

an
 d

riv
e 

on
 a

 fu
ll b

at
te

ry
 c

ha
rg

e,
 re

fe
rr

ed
 to

 a
s E

V 
ra

ng
e,

 is
 lis

te
d 

on
 th

e 
EP

A 
fu

el
 

ec
on

om
y 

lab
el

 o
f t

he
 c

ar
. F

or
 th

e 
ve

hi
cle

 ra
ng

e 
te

st,
 E

Vs
 a

re
 te

ste
d 

on
 c

ity
 a

nd
 h

igh
w

ay
 d

riv
in

g 
co

nd
itio

ns
, a

ss
um

in
g 

th
at

 
th

e 
ty

pi
ca

l E
V 

w
ill 

ha
ve

 th
e 

ba
tte

ry
 c

ha
rg

ed
 o

nl
y 

to
 9

0 
pe

rc
en

t. 
Ju

st 
lik

e 
w

ith
 re

gu
lar

 liq
ui

d-
fu

el
ed

 c
om

bu
sti

on
 v

eh
icl

es
, t

he
 

ra
ng

e 
of

 a
n 

EV
 c

an
 v

ar
y 

sig
ni

fic
an

tly
 b

as
ed

 o
n 

ho
w

 th
e 

ve
hi

cle
 is

 d
riv

en
. 

Th
e 

sp
ee

d 
at

 w
hi

ch
 th

e 
ve

hi
cle

 is
 d

riv
en

 is
 a

n 
im

po
rta

nt
 fa

ct
or

 th
at

 a
ffe

ct
s 

th
e 

ra
ng

e 
of

 th
e 

ve
hi

cle
. V

eh
icl

e 
dr

ag
, o

r w
in

d 
re

sis
ta

nc
e,

 is
 p

ro
po

rti
on

al 
to

 
th

e 
sq

ua
re

 o
f v

el
oc

ity
 a

nd
 im

pa
ct

s a
 v

eh
icl

e’
s e

ffic
ie

nc
y. 

Ev
en

 a
 sl

igh
t i

nc
re

as
e 

in
 sp

ee
d 

re
su

lts
 in

 a
 si

gn
ific

an
t i

nc
re

as
e 

in
 d

ra
g,

 e
sp

ec
ial

ly 
at

 h
igh

er
 sp

ee
ds

. 
A 

ve
hi

cle
 n

ee
ds

 m
or

e 
en

er
gy

 to
 o

ve
rc

om
e 

ad
de

d 
w

in
d 

re
sis

ta
nc

e 
at

 h
igh

er
 

sp
ee

ds
. A

s a
 re

su
lt,

 fa
st 

dr
ivi

ng
 w

ill 
in

cr
ea

se
 e

ne
rg

y 
co

ns
um

pt
io

n 
an

d 
re

du
ce

 v
eh

icl
e 

ra
ng

e.
 T

he
 e

ne
rg

y 
ef

fic
ie

nc
y 

of
 a

n 
EV

 
us

ua
lly

 d
ec

re
as

es
 ra

pi
dl

y 
at

 sp
ee

ds
 a

bo
ve

 5
0 

m
ile

s p
er

 h
ou

r. 
Fo

r e
xa

m
pl

e,
 th

e 
ra

ng
e 

of
 a

n 
EV

 c
an

 d
ec

re
as

e 
by

 1
5%

 to
 

20
%

 ju
st 

by
 in

cr
ea

sin
g 

th
e 

sp
ee

d 
fro

m
 6

0 
to

 7
0 

m
ile

s p
er

 h
ou

r. 
So

 a
vo

id
in

g 
un

ne
ce

ss
ar

ily
 h

igh
 sp

ee
d 

ca
n 

he
lp

 e
xt

en
d 

th
e 

ra
ng

e 
of

 a
n 

EV
.  

 

Fa
st

 a
cc

el
er

at
io

n 
al

so
 in

cr
ea

se
s 

en
er

gy
 c

on
su

m
pt

io
n.

 
It 

ta
ke

s m
uc

h 
m

or
e 

m
om

en
tu

m
 a

nd
 e

ne
rg

y 
to

 a
cc

el
er

at
e 

th
e 

ca
r f

as
te

r t
ha

n 
it 

do
es

 to
 a

cc
el

er
at

e 
gr

ad
ua

lly
. T

he
re

fo
re

, 
fas

t a
cc

el
er

at
io

n 
in

cr
ea

se
s v

eh
icl

e 
en

er
gy

 c
on

su
m

pt
io

n 
an

d 
re

du
ce

s r
an

ge
 fo

r b
ot

h 
ga

so
lin

e 
an

d 
el

ec
tri

c 
ca

rs
. T

he
 u

se
 

of
 c

ru
ise

 c
on

tro
l t

o 
m

ain
ta

in
 a

 c
on

sta
nt

 sp
ee

d 
on

 th
e 

hi
gh

w
ay

 in
 m

os
t c

as
es

 w
ill 

als
o 

re
du

ce
 e

ne
rg

y 
co

ns
um

pt
io

n 
of

 th
e 

ve
hi

cle
. A

cc
el

er
at

in
g 

gr
ad

ua
lly

 a
nd

 m
ain

ta
in

in
g 

ste
ad

y 
sp

ee
d 

w
hi

le
 d

riv
in

g 
w

ill 
in

cr
ea

se
 th

e 
ra

ng
e 

of
 a

n 
EV

.

EV
 r

an
ge

 c
an

 d
ec

re
as

e 
by

 1
5%

 to
 2

0%
 ju

st
 b

y 
in

cr
ea

sin
g 

th
e 

sp
ee

d 
fr

om
 

60
 to

 7
0 

m
ile

s p
er

 h
ou

r!

11

III
. E

V 
Ef

fic
ie

nc
y
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A
ll 

EV
s 

ar
e 

eq
ui

pp
ed

 w
it

h 
re

ge
ne

ra
ti

ve
 b

ra
ki

ng
 s

ys
te

m
s.

W
he

n 
th

e 
br

ak
e 

pe
da

l is
 p

re
ss

ed
 o

n 
an

 E
V, 

a 
re

ge
ne

ra
tiv

e 
br

ak
in

g 
cir

cu
it 

sw
itc

he
s t

he
 e

le
ct

ric
 m

ot
or

 to
 o

pe
ra

te
 in

 
re

ve
rs

e 
of

 th
e 

di
re

ct
io

n 
of

 th
e 

w
he

el
s, 

th
us

 p
er

fo
rm

in
g 

in
 th

e 
sa

m
e 

m
an

ne
r a

s a
 p

ow
er

 g
en

er
at

or
 p

ro
du

cin
g 

el
ec

tri
c 

en
er

gy
.  

Th
e 

en
er

gy
 is

 u
se

d 
to

 re
ch

ar
ge

 th
e 

ve
hi

cle
 b

at
te

ry
 a

nd
 e

xt
en

d 
ve

hi
cle

 ra
ng

e.

In
 a

dd
itio

n 
to

 re
ge

ne
ra

tiv
e 

br
ak

es
, a

ll E
Vs

 h
av

e 
re

gu
lar

 
fri

ct
io

n 
br

ak
es

 a
s b

ac
ku

p.
 W

he
n 

th
e 

dr
ive

r b
ra

ke
s h

ar
d,

 th
e 

re
ge

ne
ra

tiv
e 

br
ak

in
g 

is 
no

t a
bl

e 
to

 st
op

 th
e 

ca
r f

as
t e

no
ug

h,
 so

 
th

e 
fri

ct
io

n 
br

ak
es

 a
re

 a
pp

lie
d 

as
 w

el
l. 

Fr
ict

io
n 

br
ak

es
 w

as
te

 a
ll 

th
e 

en
er

gy
 th

ey
 p

ro
du

ce
 in

 sl
ow

in
g 

th
e 

ve
hi

cle
 in

 th
e 

fo
rm

 o
f 

he
at

. T
he

re
fo

re
, b

ra
kin

g 
ha

rd
 in

 a
n 

EV
 re

du
ce

s t
he

 e
ffic

ie
nc

y 
of

 
th

e 
re

ge
ne

ra
tiv

e 
br

ak
in

g 
sy

ste
m

 a
nd

 re
du

ce
s p

ot
en

tia
l v

eh
icl

e 
ra

ng
e.

 T
o 

m
ax

im
ize

 th
e 

ef
fic

ie
nc

y 
of

 th
e 

re
ge

ne
ra

tiv
e 

br
ak

in
g 

sy
ste

m
 a

nd
 e

xt
en

d 
th

e 
ra

ng
e 

of
 th

e 
ca

r, 
dr

ive
rs

 sh
ou

ld
 c

oa
st 

to
 a

 st
op

 a
s m

uc
h 

as
 p

os
sib

le
 in

ste
ad

 o
f b

ra
kin

g 
ha

rd
. 

Ke
ep

in
g 

a 
ve

hi
cle

 w
el

l-m
ain

ta
in

ed
 is

 a
 sm

ar
t a

pp
ro

ac
h 

to
 im

pr
ov

e 
th

e 
se

rv
ice

 lif
e 

of
 th

e 
ve

hi
cle

, b
ut

 c
an

 a
lso

 e
xt

en
d 

ve
hi

cle
 ra

ng
e.

 F
or

 e
xa

m
pl

e,
 u

nd
er

-in
fla

te
d 

tir
es

 a
dd

 to
 ro

llin
g 

re
sis

ta
nc

e,
 re

qu
iri

ng
 m

or
e 

en
er

gy
 to

 b
e 

sp
en

t o
n 

m
ov

in
g 

th
e 

ve
hi

cle
 a

nd
 re

du
cin

g 
fu

el
 e

ffic
ie

nc
y 

an
d 

ve
hi

cle
 ra

ng
e.

 A
dd

itio
na

lly
, e

le
ct

ric
 c

ar
s w

ith
 a

 th
er

m
al 

m
an

ag
em

en
t s

ys
te

m
 

m
ay

 u
se

 c
oo

lan
t t

o 
co

ol
 th

e 
ba

tte
ry

. A
 lo

w
 c

oo
lan

t l
ev

el
 m

ay
 re

su
lt 

in
 th

e 
ba

tte
ry

 o
pe

ra
tin

g 
at

 a
 te

m
pe

ra
tu

re
 h

igh
er

 
th

an
 is

 re
qu

ire
d 

fo
r o

pt
im

al 
ba

tte
ry

 p
er

fo
rm

an
ce

. S
im

pl
y 

m
ain

ta
in

in
g 

pr
op

er
 ti

re
 in

fla
tio

n 
an

d 
ch

ec
kin

g 
flu

id
 le

ve
ls 

ca
n 

ex
te

nd
 v

eh
icl

e 
ra

ng
e 

by
 a

 fe
w

 m
ile

s e
ac

h 
ch

ar
ge

.  
  

Ke
ep

in
g 

a 
ve

hi
cl

e 
w

el
l-

m
ai

nt
ai

ne
d 

ca
n 

im
pr

ov
e 

th
e 

se
rv

ic
e 

lif
e 

of
 th

e 
ve

hi
cl

e 
&

 
ca

n 
ex

te
nd

 v
eh

ic
le

 r
an

ge
!
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H
ea

ti
ng

 a
nd

 a
ir

 c
on

di
ti

on
in

g 
(A

/C
) 

sy
st

em
s 

re
qu

ir
e 

a 
lo

t 
of

 e
ne

rg
y,

 w
hi

ch
 c

an
 a

ffe
ct

 t
he

 
ra

ng
e 

of
 t

he
 v

eh
ic

le
. 

U
nl

ike
 a

 re
gu

lar
 g

as
ol

in
e 

ve
hi

cle
, w

he
re

 o
nl

y 
air

 c
on

di
tio

ni
ng

 a
ffe

ct
s f

ue
l e

ffic
ie

nc
y 

w
hi

le
 h

ea
t c

om
es

 “f
re

e”
, h

ea
tin

g 
in

 a
n 

EV
 d

ra
in

s t
he

 b
at

te
ry

 a
nd

 re
du

ce
s v

eh
icl

e 
ra

ng
e 

th
e 

sa
m

e 
w

ay
 a

s t
he

 A
/C

. W
ise

 u
se

 o
f c

lim
at

e 
co

nt
ro

l a
nd

 o
th

er
 v

eh
icl

e 
ac

ce
ss

or
ie

s t
ha

t r
un

 o
n 

el
ec

tri
cit

y 
(su

ch
 a

s t
he

 e
nt

er
ta

in
m

en
t s

ys
te

m
) c

an
 im

pr
ov

e 
ve

hi
cle

 e
ffic

ie
nc

y 
an

d 
ex

te
nd

 v
eh

icl
e 

ra
ng

e.
 F

or
 e

xa
m

pl
e,

 to
 e

xt
en

d 
th

e 
ra

ng
e 

of
  

th
e 

ve
hi

cle
, E

V 
dr

ive
rs

 sh
ou

ld
 a

vo
id

 d
riv

in
g 

in
 e

xt
re

m
e 

w
ea

th
er

 c
on

di
tio

ns
  

(if
 p

os
sib

le
), 

pr
e-

co
nd

itio
n 

or
 p

re
-h

ea
t t

he
 v

eh
icl

e 
ca

bi
n 

be
fo

re
 ta

kin
g 

a 
tri

p 
w

hi
le

 th
e 

ve
hi

cle
 is

 st
ill 

pl
ug

ge
d 

in
 (t

hi
s c

an
 b

e 
do

ne
 

by
 p

ro
gr

am
m

in
g 

th
e 

ve
hi

cle
 o

r t
hr

ou
gh

 a
 sm

ar
t-p

ho
ne

 a
pp

), 
an

d 
us

e 
se

at
 w

ar
m

er
s i

ns
te

ad
 o

f t
he

 c
ab

in
 h

ea
te

r (
w

hi
ch

 h
ea

ts 
th

e 
pa

ss
en

ge
rs

 m
or

e 
ef

fic
ie

nt
ly)

.  
 

M
od

er
n 

ve
hi

cle
s a

llo
w

 th
e 

dr
ive

r t
o 

sw
itc

h 
be

tw
ee

n 
se

ve
ra

l d
riv

in
g 

m
od

es
 th

at
 c

on
tro

l v
eh

icl
e 

dy
na

m
ics

 a
nd

 c
om

fo
rt 

fe
at

ur
es

. 
O

ne
 d

riv
in

g 
m

od
e 

m
ay

 m
ax

im
ize

 v
eh

icl
e 

pe
rfo

rm
an

ce
 –

 a
t t

he
 e

xp
en

se
 o

f f
ue

l c
on

su
m

pt
io

n 
– 

w
hi

le
 o

th
er

s c
an

 e
m

ph
as

ize
 ri

de
 

co
m

fo
rt,

 fu
el

 e
co

no
m

y, 
or

 o
th

er
 p

rio
rit

ie
s, 

at
 th

e 
ex

pe
ns

e 
of

 p
er

fo
rm

an
ce

. T
he

 d
riv

er
 c

an
 se

le
ct

 th
e 

de
sir

ed
 d

riv
in

g 
m

od
e 

fro
m

 
th

e 
ve

hi
cle

 se
tti

ng
s m

en
u 

or
 so

m
et

im
es

 w
ith

 th
e 

pr
es

s o
f a

 b
ut

to
n.

M
os

t E
Vs

 c
om

e 
w

ith
 a

n 
ec

on
om

y 
m

od
e 

or
 si

m
ila

r f
ea

tu
re

 th
at

 a
llo

w
s t

he
 d

riv
er

 to
 m

ax
im

ize
 fu

el
 e

co
no

m
y 

an
d 

ex
te

nd
 v

eh
icl

e 
ra

ng
e.

 U
nd

er
 th

is 
m

od
e,

 th
e 

ve
hi

cle
 lim

its
 a

cc
el

er
at

io
n 

ra
te

, t
on

es
 d

ow
n 

ga
s p

ed
al 

re
sp

on
se

, a
nd

 m
ay

 lim
it 

ot
he

r p
er

fo
rm

an
ce

 
fe

at
ur

es
 o

f t
he

 c
ar

 to
 sa

ve
 e

ne
rg

y. 
Ec

on
om

y 
m

od
e 

m
ay

 a
lso

 a
lte

r A
/C

 a
nd

 h
ea

te
r f

un
ct

io
ns

 to
 o

pt
im

ize
 fu

el
 c

on
su

m
pt

io
n.

  
If 

ex
te

nd
in

g 
ve

hi
cle

 ra
ng

e 
is 

th
e 

go
al,

 E
V 

dr
ive

rs
 sh

ou
ld

 c
on

sid
er

 u
sin

g 
th

e 
ec

on
om

y 
m

od
e 

as
 o

fte
n 

as
 p

os
sib

le
. 
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TA
M

PA
 ELEC

TR
IC
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O

M
PA

N
Y

U
N

D
O

C
K

ETED
D

SM
 A

C
C

O
M

PLISH
M

EN
TS

FILED
:  M

A
R

C
H

 1, 2018

Range Anxiety: 
· [reynj], [ang-zahy-i-tee] 

plural: anxieties noun 

1. Range anxiety is the fear of not 
having enough battery charge to 
reach a destination. 

•• 



W
hi

le
 g

as
ol

in
e 

ve
hi

cl
es

 a
lso

 h
av

e 
a 

lim
ite

d 
ra

ng
e,

  
ra

ng
e 

an
xi

et
y 

is 
us

ed
 p

ri
m

ar
ily

 in
 r

ef
er

en
ce

 t
o 

EV
s.

 

Ra
ng

e 
an

xie
ty

 is
 o

fte
n 

cit
ed

 a
s o

ne
 o

f t
he

 m
ajo

r o
bs

ta
cle

s t
o 

EV
 a

do
pt

io
n.

 W
hi

le
 E

Vs
 d

o 
ha

ve
 

lo
w

er
 ra

ng
e,

 re
qu

ire
 lo

ng
er

 re
ch

ar
gin

g 
tim

e 
an

d 
in

clu
de

 m
or

e 
un

ea
se

 a
bo

ut
 a

va
ila

bi
lity

 o
f 

ch
ar

gin
g 

in
fra

str
uc

tu
re

 th
an

 g
as

ol
in

e 
ve

hi
cle

s, 
m

an
y 

stu
di

es
 su

gg
es

t t
ha

t t
he

 a
nx

ie
ty

 o
ve

r E
V 

ra
ng

e 
is 

ov
er

-e
xa

gg
er

at
ed

. M
os

t o
f t

he
 p

er
so

na
l d

ail
y 

tri
ps

 in
 th

e 
U

.S
. c

an
 b

e 
ac

co
m

pl
ish

ed
 b

y 
th

e 
cu

rr
en

tly
 a

va
ila

bl
e 

EV
s o

n 
a 

sin
gle

 b
at

te
ry

 c
ha

rg
e,

 w
ith

ou
t a

 n
ee

d 
to

 re
ch

ar
ge

 th
e 

ve
hi

cle
s 

du
rin

g 
th

e 
da

y. 
 A

cc
or

di
ng

 to
 th

e 
N

at
io

na
l H

ou
se

ho
ld

 T
ra

ve
l S

ur
ve

y, 
an

 a
ve

ra
ge

 d
riv

er
 in

 th
e 

U
.S

. d
riv

es
 2

9 
ve

hi
cle

-m
ile

s p
er

 d
ay

.  
M

os
t E

Vs
 o

n 
th

e 
m

ar
ke

t t
od

ay
 h

av
e 

a 
ra

ng
e 

w
el

l a
bo

ve
 th

at
 n

um
be

r. 

Ra
ng

e 
an

xie
ty

 w
ill 

be
co

m
e 

le
ss

 o
f a

n 
iss

ue
 a

s c
ha

rg
in

g 
in

fra
str

uc
tu

re
 e

xp
an

ds
 a

nd
 b

at
te

ry
 te

ch
no

lo
gy

 im
pr

ov
es

 to
 e

xt
en

d 
th

e 
ra

ng
e 

of
 b

at
te

ry
-e

le
ct

ric
 c

ar
s.

EV
 d

ri
ve

rs
 c

an
 u

se
 t

he
 fo

llo
w

in
g 

tip
s 

to
 r

ed
uc

e 
th

e 
fe

ar
 o

f r
un

ni
ng

 o
ut

 o
f c

ha
rg

e 
–

Tr
ip

 p
la

nn
in

g:
 F

ul
ly 

ch
ar

ge
 th

e 
EV

 b
ef

or
e 

a 
tri

p;
 p

lan
 

th
e 

ro
ut

e 
m

in
di

ng
 tr

ip
 d

ist
an

ce
, r

eq
ui

re
d 

sto
ps

, a
nd

 th
e 

av
ail

ab
ilit

y 
an

d 
lo

ca
tio

n 
of

 c
ha

rg
in

g 
in

fra
str

uc
tu

re
 a

lo
ng

 
th

e 
ro

ut
e,

 if
 n

ee
de

d.
 

Le
ar

n 
to

 in
te

rp
re

t 
st

at
e 

of
 c

ha
rg

e 
in

fo
rm

at
io

n 
pr

ov
id

ed
 b

y 
th

e 
ca

r:
 A

ll e
le

ct
ric

 c
ar

s d
isp

lay
 d

yn
am

ic 
in

fo
rm

at
io

n 
on

 th
e 

ba
tte

ry
 st

at
e 

of
 c

ha
rg

e 
in

 th
e 

fo
rm

 
of

 a
n 

es
tim

at
ed

 ra
ng

e 
of

 th
e 

ve
hi

cle
 u

nd
er

 th
e 

cu
rr

en
t 

dr
ivi

ng
 c

on
di

tio
ns

. T
hi

s i
nf

or
m

at
io

n 
co

up
le

d 
w

ith
 ro

ut
e 

 

fam
ilia

rit
y 

ca
n 

pr
ov

id
e 

ad
eq

ua
te

 c
on

fid
en

ce
 to

 th
e 

dr
ive

r 
ab

ou
t t

he
 v

eh
icl

e’
s c

ap
ab

ilit
ie

s. 

U
se

 s
tr

at
eg

ie
s 

to
 m

ax
im

iz
e 

ve
hi

cl
e 

ra
ng

e:
 U

se
 

ac
ce

ss
or

ie
s w

ise
ly 

(A
/C

, h
ea

tin
g,

 e
nt

er
ta

in
m

en
t s

ys
te

m
, 

et
c.

); 
av

oi
d 

dr
ivi

ng
 in

 e
xt

re
m

e 
w

ea
th

er
 c

on
di

tio
ns

 if
 

po
ss

ib
le

; u
se

 e
co

no
m

y 
m

od
e;

 a
vo

id
 fa

st 
ac

ce
le

ra
tio

n 
an

d 
ha

rd
 b

ra
kin

g;
 d

o 
no

t d
riv

e 
un

ne
ce

ss
ar

ily
 fa

st;
 a

vo
id

 
ha

ul
in

g 
ca

rg
o 

on
 th

e 
ro

of
; r

em
ov

e 
ex

ce
ss

 w
ei

gh
t; 

an
d 

ot
he

r s
tra

te
gie

s d
isc

us
se

d 
ea

rli
er

.
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O
ne

 k
ey

 p
oi

nt
 t

o 
ke

ep
 in

 m
in

d 
ab

ou
t 

th
e 

bu
ilt

-in
 E

V
 r

an
ge

 d
isp

la
y 

is 
th

at
 t

he
 

di
sp

la
ye

d 
ra

ng
e 

re
pr

es
en

ts
 a

n 
es

tim
at

e.
 

Th
is 

es
tim

at
e 

is 
ca

lcu
lat

ed
 b

as
ed

 o
n 

a 
nu

m
be

r o
f f

ac
to

rs
 in

clu
di

ng
 b

at
te

ry
 c

ap
ac

ity
, c

lim
at

e 
co

nd
itio

ns
, t

er
ra

in
, 

ve
hi

cle
 d

yn
am

ics
 a

nd
 d

riv
in

g 
sty

le
. T

he
 e

sti
m

at
e 

m
ay

 le
ad

 to
 a

n 
in

ac
cu

ra
te

 p
re

di
ct

io
n,

 e
sp

ec
ial

ly 
if a

ny
 o

f t
he

 a
bo

ve
 

pa
ra

m
et

er
s c

ha
ng

e.
 

Fo
r e

xa
m

pl
e,

 th
e 

re
m

ain
in

g 
ra

ng
e 

of
 4

0 
m

ile
s o

n 
a 

le
ve

l r
oa

d 
m

ay
 n

ot
 b

e 
en

ou
gh

 to
 re

ac
h 

a 
de

sti
na

tio
n 

20
 m

ile
s 

aw
ay

 th
at

 is
 o

n 
th

e 
to

p 
of

 a
 st

ee
p 

hi
ll. 

H
ow

ev
er

, t
he

re
 is

 n
o 

re
as

on
 to

 lo
se

 c
on

fid
en

ce
 in

 th
e 

ve
hi

cle
 ra

ng
e 

es
tim

at
or

 
sim

pl
y 

be
ca

us
e 

of
 th

is 
“m

ist
ak

e”
 in

 ra
ng

e 
pr

ed
ict

io
n.

 K
no

w
in

g 
ho

w
 d

yn
am

ic 
ve

hi
cle

 ra
ng

e 
is 

es
tim

at
ed

 a
nd

 le
ar

ni
ng

 
to

 in
te

rp
re

t t
he

 in
fo

rm
at

io
n 

pr
ov

id
ed

 b
y 

th
e 

ve
hi

cle
 is

 e
ss

en
tia

l t
o 

ge
tti

ng
 th

e 
m

os
t o

ut
 o

f t
he

 E
V 

ch
ar

ge
.   
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Ve
hi

cl
e 

D
ri

ve
 C

om
po

ne
nt

s:
 E

V
 v

s.
 In

te
rn

al
 C

om
bu

st
io

n 
En

gi
ne

s

EV
s a

nd
 re

gu
lar

 liq
ui

d 
fu

el
-p

ow
er

ed
 c

om
bu

sti
on

 v
eh

icl
es

 d
iffe

r s
ign

ific
an

tly
 in

 th
e 

nu
m

be
r o

f m
ov

in
g 

pa
rts

. A
n 

el
ec

tri
c 

m
ot

or
 h

as
 o

nl
y 

on
e 

m
ov

in
g 

pa
rt,

 th
e 

sh
aft

, r
ot

at
ed

 b
y 

an
 e

le
ct

ric
 m

ag
ne

t a
nd

 re
qu

iri
ng

 lit
tle

 o
r n

o 
m

ain
te

na
nc

e.
 

An
 in

te
rn

al 
co

m
bu

sti
on

 e
ng

in
e,

 o
n 

th
e 

ot
he

r h
an

d,
 h

as
 h

un
dr

ed
s o

f m
ov

in
g 

pa
rts

 in
clu

di
ng

 p
ist

on
s, 

va
lve

s, 
a 

cr
an

ks
ha

ft,
 fa

n 
be

lts
, a

 ti
m

in
g 

be
lt,

 a
n 

oi
l p

um
p,

 a
 fu

el
 p

um
p,

 fu
el

 in
je

ct
or

s, 
a 

co
ol

in
g 

pu
m

p,
 a

 th
er

m
os

ta
t a

nd
 o

th
er

 
pa

rts
. N

on
e 

of
 th

os
e 

pa
rts

 a
re

 n
ec

es
sa

ry
 in

 a
n 

EV
.  

H
ow

ev
er

, t
he

 c
om

po
ne

nt
s o

f p
lu

g-
in

 v
eh

icl
es

 (t
he

 e
le

ct
ric

 sy
ste

m
 

in
clu

di
ng

 b
at

te
ry

, m
ot

or
, a

nd
 e

le
ct

ro
ni

cs
) w

ill 
re

qu
ire

 so
m

e 
m

ain
te

na
nc

e,
 w

hi
ch

 is
 d

isc
us

se
d 

in
 d

et
ail

 b
el

ow
.
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Re
gu

lar
 liq

ui
d 

fu
el

–p
ow

er
ed

 c
om

bu
sti

on
 v

eh
icl

es
 u

se
 m

ul
ti-

sp
ee

d 
tra

ns
m

iss
io

ns
 si

nc
e 

in
te

rn
al 

co
m

bu
sti

on
 e

ng
in

es
 

ge
ne

ra
te

 u
sa

bl
e 

to
rq

ue
 a

nd
 p

ow
er

 in
 a

 ra
th

er
 n

ar
ro

w
 sp

ec
tru

m
 o

f e
ng

in
e 

sp
ee

d.
 T

he
re

fo
re

, a
 m

ul
ti-

sp
ee

d 
tra

ns
m

iss
io

n 
w

ith
 v

ar
yin

g 
ge

ar
 ra

tio
s i

s r
eq

ui
re

d 
to

 k
ee

p 
th

e 
en

gin
e 

in
 it

s o
pt

im
al 

po
w

er
 b

an
d.

 E
le

ct
ric

 m
ot

or
s, 

on
 th

e 
ot

he
r h

an
d,

 g
en

er
at

e 
m

ax
im

um
 to

rq
ue

 a
t r

el
at

ive
ly 

lo
w

 sp
ee

ds
 a

nd
 h

av
e 

a 
m

uc
h 

w
id

er
 b

an
d 

of
 u

sa
bl

e 
po

w
er

. A
s a

 
re

su
lt,

 E
Vs

 o
fte

n 
ha

ve
 n

o 
ge

ar
bo

xe
s b

ut
 u

se
 a

 si
ng

le
 lo

w
er

in
g 

ge
ar

 ra
tio

. T
hi

s d
oe

s n
ot

 m
ea

n 
th

at
 e

le
ct

ric
 c

ar
s c

an
no

t 
ha

ve
 m

ul
tip

le
 g

ea
rs

; t
he

y 
ar

e 
sim

pl
y 

no
t n

ec
es

sa
ry

.
   

   
Be

ca
us

e 
of

 th
is,

 m
uc

h 
sim

pl
er

 d
riv

e-
tra

in
 d

es
ign

 
an

d 
fe

w
er

 m
ov

in
g 

pa
rts

, E
Vs

 ty
pi

ca
lly

 re
qu

ire
 le

ss
 

m
ain

te
na

nc
e 

th
an

 v
eh

icl
es

 w
ith

 in
te

rn
al 

co
m

bu
sti

on
 

en
gin

es
. S

in
ce

 e
le

ct
ric

 c
ar

s u
se

 re
ge

ne
ra

tiv
e 

br
ak

in
g,

 
th

e 
br

ak
es

 la
st 

m
uc

h 
lo

ng
er

 a
nd

 re
qu

ire
 le

ss
 

m
ain

te
na

nc
e 

on
 E

Vs
 th

an
 o

n 
re

gu
lar

 g
as

ol
in

e 
ve

hi
cle

s. 

Ba
tte

ry
 m

ain
te

na
nc

e 
in

 e
le

ct
ric

 c
ar

s m
ay

 v
ar

y 
ba

se
d 

on
 th

e 
sp

ec
ific

 c
el

l c
he

m
ist

ry
 a

nd
 d

es
ign

. S
om

e 
ve

hi
cle

 
m

an
uf

ac
tu

re
rs

 u
se

 liq
ui

d 
co

ol
in

g 
sy

ste
m

s t
o 

m
ain

ta
in

 a
n 

op
tim

al 
op

er
at

in
g 

te
m

pe
ra

tu
re

 fo
r t

he
 b

at
te

rie
s. 

Th
es

e 
co

ol
in

g 
sy

ste
m

s m
ay

 re
qu

ire
 re

gu
lar

 sc
he

du
le

d 
m

ain
te

na
nc

e.
 T

he
 b

at
te

rie
s u

se
d 

in
 E

Vs
 h

av
e 

a 
lim

ite
d 

nu
m

be
r o

f c
ha

rg
in

g 
cy

cle
s, 

aft
er

 w
hi

ch
 b

at
te

ry
 p

er
fo

rm
an

ce
 a

nd
 c

ap
ac

ity
 d

eg
ra

de
s s

ign
ific

an
tly

, h
ow

ev
er

 b
at

te
rie

s a
re

 g
en

er
all

y 
de

sig
ne

d 
to

 
las

t t
he

 e
xp

ec
te

d 
life

 o
f t

he
 v

eh
icl

e.
 S

ev
er

al 
m

an
uf

ac
tu

re
rs

 o
ffe

r b
at

te
ry

 w
ar

ra
nt

ie
s u

p 
to

 1
00

,0
00

 m
ile

s. 
If 

th
e 

ba
tte

ry
 

ne
ed

s t
o 

be
 re

pl
ac

ed
 o

ut
sid

e 
of

 w
ar

ra
nt

y, 
it 

w
ill 

lik
el

y 
be

 a
 si

gn
ific

an
t e

xp
en

se
.  

   
 

O
ve

ra
ll,

 E
Vs

 a
re

 si
m

pl
er

, h
av

e 
fe

w
er

 
m

ov
in

g 
pa

rt
s, 

ar
e 

m
or

e 
en

er
gy

-e
ffi

ci
en

t, 
an

d 
ar

e 
ty

pi
ca

lly
 lo

w
er

 in
 m

ai
nt

en
an

ce
. 18

74

TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018



In
 a

dd
iti

on
 to

 e
ne

rg
y 

ef
fic

ie
nc

y 
an

d 
en

vi
ro

nm
en

ta
l b

en
ef

its
, e

le
ct

ric
 

m
ot

or
s o

ffe
r a

 p
er

fo
rm

an
ce

 
ad

va
nt

ag
e 

ov
er

 in
te

rn
al

 
co

m
bu

st
io

n 
en
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In
te

rn
al

 c
om

bu
st

io
n 

en
gi

ne
s 

ha
ve

 a
 la

g 
in

 r
ea

ch
in

g 
m

ax
im

um
 e

ng
in

e 
ro

ta
tio

n.
 

W
he

n 
an

 a
cc

el
er

at
or

 in
 a

 g
as

-p
ow

er
ed

 v
eh

icl
e 

is 
pr

es
se

d 
(e

ve
n 

w
he

n 
it 

is 
flo

or
ed

), 
th

e 
en

gin
e 

sp
ee

d 
slo

w
ly 

ris
es

  
to

 it
s m

ax
im

um
 to

rq
ue

 th
re

sh
ol

d 
be

fo
re

 it
 c

an
 d

el
ive

r m
ax

im
um

 p
er

fo
rm

an
ce

 a
nd

 sp
ee

d 
up

 th
e 

ca
r. 

El
ec

tri
c 

m
ot

or
s, 

on
 th

e 
ot

he
r h

an
d,

 d
el

ive
r m

ax
im

um
 to

rq
ue

 a
t l

ow
 sp

ee
d 

an
d 

pr
ov

id
e 

no
 d

el
ay

 in
 to

rq
ue

 d
el

ive
ry

. D
ue

 to
 th

is 
 

lo
w

-e
nd

 to
rq

ue
 a

nd
 n

o 
lag

 in
 th

ro
ttl

e 
re

sp
on

se
, E

Vs
 a

cc
el

er
at

e 
ve

ry
 q

ui
ck

ly.
  

   
   

Sin
ce

 E
Vs

 d
o 

no
t t

yp
ica

lly
 u

se
 m

ul
ti-

sp
ee

d 
ge

ar
bo

xe
s, 

th
ey

 p
ro

vid
e 

a 
m

uc
h 

m
or

e 
ef

fic
ie

nt
 to

rq
ue

 d
el

ive
ry

  
(i.

e.
, w

ith
 le

ss
 to

rq
ue

 lo
ss

) f
ro

m
 th

e 
m

ot
or

 to
 th

e 
w

he
el

s. 
So

m
e 

cu
rr

en
t e

le
ct

ric
 d

riv
e 

sy
ste

m
s u

se
 se

ve
ra

l m
ot

or
s 

(tw
o 

to
 fo

ur
) t

ha
t a

re
 a

tta
ch

ed
 d

ire
ct

ly 
to

 th
e 

w
he

el
s. 

Th
is 

de
sig

n 
all

ow
s t

he
 e

lim
in

at
io

n 
of

 d
riv

e 
sh

aft
s a

nd
 

di
ffe

re
nt

ial
s, 

as
 w

el
l a

s m
in

im
ize

s t
he

 m
ec

ha
ni

ca
l lo

ss
es

 b
et

w
ee

n 
th

e 
m

ot
or

 a
nd

 th
e 

w
he

el
s. 

   
  

   
   El
ec

tr
ic

 m
ot

or
s 

al
so

 o
pe

ra
te

 m
uc

h 
qu

ie
te

r 
th

an
 t

he
ir

 IC
E 

co
un

te
rp

ar
ts

.

Th
e 

no
ise

 p
ro

du
ce

d 
by

 a
 m

ov
in

g 
ve

hi
cle

 is
 a

 c
om

bi
na

tio
n 

of
 e

ng
in

e,
 ti

re
 a

nd
 w

in
d 

pa
ss

ag
e 

no
ise

. W
hi

le
 E

Vs
 

pr
ac

tic
all

y 
el

im
in

at
e 

en
gin

e 
no

ise
, t

he
y 

sti
ll p

ro
du

ce
 ti

re
 a

nd
 w

in
d 

no
ise

, e
sp

ec
ial

ly 
at

 m
od

er
at

e 
an

d 
hi

gh
 sp

ee
ds

. 
H

ow
ev

er
, a

t l
ow

 sp
ee

d,
 E

Vs
 c

an
 b

e 
ex

tre
m

el
y 

qu
ie

t. 
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EV
 S

af
et

y

EV
s a

re
 so

 q
ui

et
 th

at
 in

 2
01

6 
th

e 
U

.S
. D

ep
ar

tm
en

t o
f T

ra
ns

po
rta

tio
n’

s N
at

io
na

l H
igh

w
ay

 T
ra

ffic
 S

afe
ty

 
Ad

m
in

ist
ra

tio
n 

(N
H

TS
A)

 re
qu

ire
d 

all
 n

ew
ly 

pr
od

uc
ed

 lig
ht

-d
ut

y 
an

d 
hy

br
id

 E
Vs

 to
 m

ak
e 

au
di

bl
e 

no
ise

 w
he

n 
tra

ve
lin

g 
fo

rw
ar

d 
or

 in
 re

ve
rs

e,
 a

t s
pe

ed
s u

p 
to

 1
9 

m
ile

s p
er

 h
ou

r. 
 T

hi
s l

aw
 is

 m
ea

nt
 to

 im
pr

ov
e 

pe
de

str
ian

 
sa

fe
ty

 d
ue

 to
 th

e 
in

cr
ea

se
d 

ris
k 

of
 p

ed
es

tri
an

s f
ail

in
g 

to
 h

ea
r a

n 
ap

pr
oa

ch
in

g 
EV

 d
ue

 to
 it

s 
lo

w
 n

oi
se

 le
ve

l.  

W
ith

 re
ga

rd
s t

o 
ot

he
r s

afe
ty

 c
on

sid
er

at
io

ns
, p

lu
g-

in
 v

eh
icl

es
 h

av
e 

to
 fo

llo
w

  
all

 th
e 

sa
m

e 
sa

fe
ty

 st
an

da
rd

s a
s c

on
ve

nt
io

na
l v

eh
icl

es
. I

n 
ad

di
tio

n 
to

 
th

os
e 

sta
nd

ar
ds

, m
an

uf
ac

tu
re

rs
 a

re
 re

qu
ire

d 
to

 c
om

pl
y 

w
ith

 
re

qu
ire

m
en

ts 
un

iq
ue

 to
 p

lu
g-

in
 c

ar
s, 

su
ch

 a
s m

ea
su

re
s t

o 
re

du
ce

 
ch

em
ica

l le
ak

s, 
pr

ot
ec

tin
g 

ba
tte

ry
 p

ac
ks

 in
 th

e 
ev

en
t o

f a
n 

ac
cid

en
t a

nd
 

se
pa

ra
tin

g 
th

e 
ch

as
sis

 –
 th

e 
ve

hi
cle

’s 
fra

m
e 

– 
fro

m
 th

e 
el

ec
tri

c 
sy

ste
m

 to
 

pr
ev

en
t t

he
 tr

an
sfe

r o
f e

le
ct

ric
 e

ne
rg

y 
to

 th
e 

pa
ss

en
ge

r o
r o

ut
sid

e 
th

ro
ug

h 
to

uc
hi

ng
 th

e 
bo

dy
 o

f t
he

 v
eh

icl
e.

 In
 th

e 
ev

en
t o

f a
n 

ac
cid

en
t i

nv
ol

vin
g 

a 
PH

EV
, 

th
e 

ve
hi

cle
s a

re
 m

an
uf

ac
tu

re
d 

w
ith

 fe
at

ur
es

 th
at

 a
ut

om
at

ica
lly

 sh
ut

 d
ow

n 
th

e 
hi

gh
-v

ol
ta

ge
 e

le
ct

ric
 sy

ste
m

 to
 e

ns
ur

e 
th

e 
sa

fe
ty

 o
f t

he
 p

as
se

ng
er

s a
nd

 e
m

er
ge

nc
y 

fir
st 

re
sp

on
de

rs
. 
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Ty
pe

s 
of

 C
ha

rg
in

g 
St

at
io

ns
EV

SE
 c

om
es

 in
 th

re
e 

di
ffe

re
nt

 le
ve

ls 
of

 c
ha

rg
in

g:
 

• 
Le

ve
l 1

• 
Le

ve
l 2

• 
D

ir
ec

t 
C

ur
re

nt
 (

D
C

) 
Fa

st
 C

ha
rg

er

Th
e 

di
ffe

re
nt

 c
ha

rg
in

g 
le

ve
ls 

ar
e 

de
te

rm
in

ed
 b

y 
th

e 
ra

te
 o

f c
ha

rg
in

g,
 o

r t
he

 ti
m

e 
it 

ta
ke

s 
to

 
ch

ar
ge

 th
e 

ve
hi

cle
’s 

ba
tte

ry
. C

ha
rg

in
g 

tim
es

 d
ep

en
d 

on
 a

 fe
w

 fa
ct

or
s,

 in
clu

di
ng

 th
e 

siz
e 

of
 th

e 
ba

tte
ry

, t
he

 ty
pe

 o
f b

at
te

ry
 a

nd
 le

ve
l o

f c
ha

rg
e.

Le
ve

l 1
 a

nd
 2

 c
ha

rg
in

g 
pr

ov
id

e 
alt

er
na

tin
g 

cu
rr

en
t e

le
ct

ric
ity

 to
 th

e 
ve

hi
cle

, a
nd

 th
e 

ve
hi

cle
’s 

on
 b

oa
rd

 c
ha

rg
er

 c
on

ve
rts

 th
at

 a
lte

rn
at

in
g 

cu
rr

en
t t

o 
D

C
, w

hi
ch

 is
 u

se
d 

to
 c

ha
rg

e 
th

e 
ba

tte
ry

 
sy

st
em

. D
C

 fa
st

 c
ha

rg
in

g 
us

es
 a

n 
in

ve
rte

r t
o 

fir
st

 c
on

ve
rt 

alt
er

na
tin

g 
cu

rr
en

t e
le

ct
ric

ity
 fr

om
 

th
e 

ut
ilit

y 
to

 d
ire

ct
 c

ur
re

nt
 th

at
 is

 th
en

 s
en

t d
ire

ct
ly

 to
 th

e 
ve

hi
cle

’s 
ba

tte
ry

. 

22

V.
 E

le
ct

ri
c 

Ve
hi

cl
e 

C
ha

rg
in

g

78

TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018



Le
ve

l 1
 C

ha
rg

in
g

Le
ve

l 1
 E

VS
E 

us
e 

a 
12

0-
vo

lt 
(V

) A
C

 p
lu

g,
 a

nd
 

m
os

t E
Vs

 w
ill 

co
m

e 
sta

nd
ar

d 
w

ith
 a

 L
ev

el
 1

 
co

rd
 se

t. 
A 

sta
nd

ar
d 

th
re

e-
pr

on
g 

ho
us

eh
ol

d 
pl

ug
 (a

 N
EM

A 
5-

15
 c

on
ne

ct
or

) i
s o

n 
th

e 
en

d 
of

 
th

e 
co

rd
, w

hi
ch

 is
 p

lu
gg

ed
 in

to
 th

e 
ou

tle
t. 

O
n 

th
e 

ot
he

r s
id

e 
of

 th
e 

co
rd

 is
 a

 J1
77

2 
sta

nd
ar

d 
co

nn
ec

to
r, 

w
hi

ch
 is

 u
se

d 
to

 p
lu

g 
in

to
 th

e 
EV

. 
Th

is 
lo

w
er

 le
ve

l o
f c

ha
rg

in
g 

ca
n 

be
 d

on
e 

fro
m

 
an

 o
rd

in
ar

y 
ho

us
eh

ol
d 

ou
tle

t, 
or

 c
om

pa
ra

bl
e 

ou
tle

t a
t a

 b
us

in
es

s o
r e

ve
n 

a 
m

ot
el

.

Le
ve

l 1
 c

ha
rg

in
g 

of
fe

rs
 th

e 
slo

w
es

t c
ha

rg
in

g 
ra

te
s, 

an
d 

is 
be

st 
su

ite
d 

fo
r o

ve
rn

igh
t c

ha
rg

in
g.

 W
hi

le
 d

iffe
re

nt
 fa

ct
or

s 
aff

ec
t t

he
 ra

te
 o

f c
ha

rg
in

g 
(in

clu
di

ng
 b

at
te

ry
 ty

pe
 a

nd
 v

eh
icl

e)
, L

ev
el

 1
 a

dd
s a

bo
ut

 2
 to

 5
 m

ile
s o

f r
an

ge
 to

 a
 p

lu
g-

in
 E

V 
pe

r h
ou

r o
f c

ha
rg

in
g 

tim
e.
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Le
ve

l 2
 C

ha
rg

in
g

O
n 

th
e 

ve
hi

cle
, t

he
re

 is
 n

o 
di

ffe
re

nc
e 

be
tw

ee
n 

th
e 

Le
ve

l 2
 a

nd
 L

ev
el

 1
 c

ha
rg

in
g 

eq
ui

pm
en

t c
on

ne
ct

or
. 

H
ow

ev
er

, L
ev

el
 2

 c
ha

rg
in

g 
eq

ui
pm

en
t u

se
s 2

40
 v

ol
ts 

or
 2

08
 v

ol
ts,

 w
hi

ch
 re

qu
ire

s a
 d

iffe
re

nt
 o

ut
le

t t
ha

n 
an

 
or

di
na

ry
 h

ou
se

ho
ld

 o
ut

le
t. 

D
ep

en
di

ng
 o

n 
th

e 
ty

pe
 o

f 
ba

tte
ry

, c
ha

rg
er

 st
ru

ct
ur

e,
 a

nd
 c

irc
ui

t c
ap

ac
ity

, L
ev

el
 2

 
ch

ar
gin

g 
in

pu
ts 

be
tw

ee
n 

10
 to

 2
0 

m
ile

s o
f r

an
ge

 to
 a

 
pl

ug
-in

 E
V 

pe
r h

ou
r o

f c
ha

rg
in

g 
tim

e.
 

Le
ve

l 2
 c

ha
rg

in
g 

is 
id

ea
l fo

r h
om

e,
 w

or
kp

lac
e,

 o
r p

ub
lic

 
ch

ar
gin

g,
 a

nd
 o

n 
av

er
ag

e 
ca

n 
fu

lly
 c

ha
rg

e 
a 

de
pl

et
ed

 
ba

tte
ry

 o
ve

rn
igh

t. 
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D
C

 F
as

t 
C

ha
rg

in
g

D
ire

ct
 c

ur
re

nt
 fa

st 
ch

ar
gin

g 
(D

C
FC

) e
qu

ip
m

en
t, 

w
hi

ch
 c

ha
rg

es
 th

ro
ug

h 
ei

th
er

 a
 2

08
- o

r 4
80

-v
ol

t i
np

ut
, a

llo
w

s 
fo

r v
eh

icl
es

 to
 c

ha
rg

e 
at

 a
 m

uc
h 

fas
te

r r
at

e 
th

an
 L

ev
el

 1
 o

r 2
 c

ha
rg

in
g.

 M
an

y 
all

-E
V 

m
od

el
s a

re
 e

qu
ip

pe
d 

w
ith

 th
e 

ca
pa

bi
lity

 to
 c

ha
rg

e 
w

ith
 D

C
 fa

st 
ch

ar
gin

g,
 w

hi
ch

 m
ak

es
 it

 e
as

y 
to

 a
dd

 si
gn

ific
an

t r
an

ge
 to

 a
n 

EV
 in

 a
 sh

or
t a

m
ou

nt
 

of
 ti

m
e.

 B
ec

au
se

 D
C

FC
 a

llo
w

s f
or

 ra
pi

d 
ch

ar
gin

g,
 D

C
FC

 st
at

io
ns

 a
re

 ty
pi

ca
lly

 fo
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Project Tasks 
The current project includes the followings Tasks: 

1. Task 1- Battery Selection: USF will assist TECO in the selection of Batteries for Electric storage. 
a. Review literature  
b. Select type of batteries commercially used 
c. Comparison of batteries based on performance/cost (capital and life cycle). 
d. Environmental impact 
e. Ambient conditions 
f. Maintenance requirements vs. TECO’s expected participation 
g. Risk tolerance 
h. Intended system lifetime beyond study period 
i. Load profile impact on power vs. capacity tradeoffs 
j. Battery cycling tolerance, particularly as related to flexible operational demands 

2. Task 2- Identify a commercial facility for testing Battery Energy Storage- USF will assist TECO to identify a 
commercial facility for testing 

a. Develop criteria for customer selection 
b. Recommend load types best suited for battery storage 
c. Evaluate economic impacts of potential operational modes on target facilities in conjunction with 

TECO Resource Planning 
d. USF will do economic evaluation for the customer side; TECO will do economic evaluation on the 

utility side 
3. Task 3- Vendor Selection for Installation of Battery energy Storage system- 

a. Develop conceptual design, incorporating high level components, operational modes, power 
quality controls and battery performance requirements 

b. Assist with EPC (Engineering, Procurement, and Construction) contractor discussions of 
technology and battery system constraints 

c. Conceptual design of the system 
4. Task 4- Performance Testing of Storage system  

a. Assist with acceptance testing of system 
b. Develop tests to verify system performance  

5. Task 5 - Operational modes and mode switching  
a. The modes of battery charging and discharging will be determined in consultation with TECO on 

the basis of past data and future planned power production. 
b. Charging and discharging will be based on Peak and off-peak timings. 

6. Task 6- Data collection and Analysis of Data- USF will specify a data acquisition system at the selected 
facility and will collect and analyze the data. USF will be responsible for developing the software package 
for this project. 

7. Task 7- Quarterly reports 
a. Real vs. expected dispatch of battery system 
b. Changes in facility demand (peak loads and energy consumption)  
c. Battery specific status, e.g. depth of discharges, expected remaining cycle life, expected 

remaining service days 
d. Stakeholder comments (e.g. facility manager and TECO grid operator) 
e. Lessons learned, deviations from planned system operation/use, general comments over 

reporting period 
f. Performance report 
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The following sections provide a progress report of Task 1. 

Introduction 
 Approximately 40% of the electricity demand in the U.S. is consumed by residential and commercial 
buildings[1]. This presents an opportunity for energy storage. Depending on the nature of a building’s electricity 
demand, its load profile and the availability of on-site renewables, different forms of energy storage can be 
appropriate. Air conditioning loads, for example, are generally best handled by thermal energy storage in the form 
of ice or chilled water. Non-thermal loads such as electric motors and lighting, on the other hand, are most efficiently 
supplied by battery storage systems. 

 This report will focus on battery storage (BES) systems, including a summary of the benefits to various 
stakeholders, a review of basic principles, descriptions of various battery chemistries, calculations on the life cycle 
costs and recommendations of which battery chemistry is best suited for a given situation. 

Benefits to Stakeholders 
 
 Battery storage is a value-adding product that can benefit every stakeholder in the electricity market. Both 
the electric utility and the energy consumer can derive economic benefit from proper use of electricity storage. 

Electric Utility 
 
 On the utility end, battery storage can provide one or more of several services. They can be used for 
frequency regulation, where they act as both a power source and sink to adjust to grid conditions. In fact, with 
switching times on the order of 10-100 milliseconds, they can be even more effective than thermal power plants for 
maintaining a constant grid frequency[2]. 

 In combination with solar power using photovoltaics (PV), battery storage systems can mitigate PV’s 
negative effect on power quality (i.e. they can prevent voltage spikes and drops caused by fast-moving clouds that 
cause solar production to change quickly).  If the storage system is properly sized, then the solar fluctuation can be 
absorbed by the battery charging system and discharged at a controlled rate, preventing negative impacts on the 
grid. 

Even when solar power is not used, battery energy storage can improve the utilization of base- and 
intermediate-load thermal power plants while reducing the need for peak power plants. By allowing the customer 
to charge their batteries during periods of low demand, utility equipment utilization is improved during off-peak 
periods; meanwhile, discharging during periods of high demand reduces the peak load that the utility must meet.  
This reduces the risk of brownouts/blackouts on the grid scale, while also reducing the customer’s energy bill (by 
charging the system using solar, or at night when energy is inexpensive, and discharging the batteries when demand 
is high rather than buying electricity at peak-demand prices). 

Finally, because battery storage can be located at the point of use, the utility can derive economic benefit 
by deferring upgrades to generation, transmission and distribution[2]. For example, a congested distribution node 
can be decongested by meeting a portion of the peak demand with the batteries instead of directly through the grid. 
 

Electric Power Consumer 
Selection of battery storage technology for buildings depends on variables that include the energy and 

power demands during different days of the year and storage autonomy needed for the system. The type of buildings 
that are under consideration in this project include office buildings, schools, hospitals, and hotels. As each of these 
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buildings has different electric power demand profiles during their operation hours, the design of a battery storage 
system depends on the type of building chosen. USDOE has defined reference buildings for different types of 
structures with their representative power demand profiles. Using the DOE reference buildings data, a 
representative power demand profile for each of the types of buildings under consideration is presented for winter 
and summer work days in Figure 1 and Figure 2. A large office building shows the biggest demand difference between 
day and night due to the nature of activities, while a hotel shows two peaks during both the seasons. As the type of 
application and the nature of the building demand influences the battery storage system (BESS) selection, the actual 
electricity use and demand profile will be criteria for selecting the project building. 

 

 

Figure 1. Demand during a typical winter work day in Tampa 

 

Figure 2. Demand during a typical summer work day in Tampa 
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The benefits of battery energy storage to the electric consumer are quite simple, but they rely on the use 
of specific rate structures, specifically the Time of Use (TOU) rates (Figure 3). By charging the battery system during 
off-peak times when electric rates are lower (approximately $0.04/kWh) and discharging during peak times 
($0.065/kWh), the cost of energy consumption during peak times can be reduced by approximately 50%. These 
benefits are even larger when adding the reduction for demand charges: if a facility’s billing demand normally takes 
place during peak hours, then a total of $10.25/kW is paid. If the billing demand is kept the same, but the peak billing 
demand is reduced by 50% by shifting that load onto off-peak times, then demand charges can be reduced by about 
30%. 

 

 

Figure 3. Two-season peak pricing window for Tampa 

 As an example, consider a facility with an average demand of 100 kW and a billing demand of 200 kW that 
coincides with utility peaks and lasts for 4 hours each day. Monthly energy consumption is about 24,000 kWh during 
peak hours and 48,000 kWh during nonpeak hours, for a total of 72,000 kWh per month. Billing demand is 200 kW, 
and peak billing demand is also 200 kW. Electric costs for this facility are $1530, $1932, and $2050 for peak energy, 
nonpeak energy, and demand charges, respectively, for a total of $5512 per month. 

 Now consider the same facility with 100 kW of battery storage. Billing demand is still 200 kW, but peak 
billing demand is now only 100 kW. Monthly energy consumption is now 12,000 kWh during peak hours and 61,300 
kWh during nonpeak hours, totaling 73,300 kWh per month (note that the 1300 kWh increase in total energy 
consumption is due to efficiency losses within the battery).  Electric costs for this modified facility are $765, $2468, 
and $1371 for peak energy, nonpeak energy, and demand charges. The total monthly electricity cost of $4604 for 
the modified facility represents a 16.5% reduction in overall cost.  

Battery Basic Principles 
 
 Batteries use a reversible chemical reaction to convert electrical energy into chemical energy for storage 
and back into electrical energy for consumption. This reaction is not perfectly reversible, however, which leads to 
degradation of system performance over the course of its life cycle. The exact nature of this irreversibility varies with 
battery chemistry, but the general concept can easily be illustrated with the example of a lead acid battery. 

 In a lead acid battery, there are two electrode plates (one positive and one negative) flooded with sulfuric 
acid as an electrolyte. As shown in Figure 4(a), in the fully discharged state, both electrode plates consist of lead 
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sulfate (PbSO4), while the electrolyte is diluted into nearly-pure water. During the charging process [Figure 4(b)], the 
negative electrode plate consists of pure lead, the positive electrode consists of lead oxide (PbO2), and the 
electrolyte is sulfuric acid[3]. 

 

 

          (a)                           (b) 

Figure 4. (a) Lead acid battery in fully discharged state; (b) fully charged state[3] 

 

 During each discharge portion of the charge/discharge cycle, the electrode plates react with sulfuric acid to 
produce lead sulfate. However, in the process, a small portion of the lead sulfate tends to crystallize into tree-shaped 
dendrites of metallic lead[3], these crystalline dendrites being less prone to losing electrons and recombining with 
the electrolyte. As these dendrites grow, there is progressively less electrolyte material available for the reaction, 
which reduces the storage capacity. In addition, if the dendrites grow long enough to connect the positive and 
negative electrolytes, then the cell can be shorted out and permanently disabled. More advanced lead acid batteries 
use a glass or carbon matrix to limit dendrite growth, which increases their cycle life. 

Battery Types and Descriptions 
 
 The five commercially-available battery technologies best suited to a small-scale (50-250 kW, 2-8 hour) 
stationary energy storage system are: lead acid, lithium ion, nickel metal hydride, flow, and sodium sulfur batteries.  
Each technology has its advantages and disadvantage, which will be described below. Specifications provided for 
each battery technology are based on an average of a selection of commercial products; cost figures are based on 
rough quotes obtained from manufacturers and distributors, where available. Spec sheets from products used to 
generate these averages are provided in the Appendix. 

It is important to note that the price quotes are based on the price of the battery only; auxiliary equipment such as 
charge controllers, thermal management, and inversion/rectification will increase the cost.  

 

Lead Acid 
 

 Lead acid batteries are the most common batteries used today. They are inexpensive, robust units, capable 
of withstanding large swings in temperature and humidity with minimal loss of performance. Because lead acid 
batteries have been used for a century, there is an established recycling infrastructure, lead acid batteries being 
almost 100% recyclable[3]. 
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 However, lead acid batteries have many disadvantages for commercial electricity storage. Their basic 
materials (lead and sulfuric acid) are toxic and can be dangerous if mishandled. The batteries have a rather low 
energy density, which means that systems are large and heavy compared to other technologies. They also cannot 
be discharged nearly as far as other batteries: only about 50% of the total storage capacity can be utilized without 
causing significant performance degradation. Finally, basic models have significantly shorter cycle lives than other 
technologies currently available. 

 Although lead acid batteries have been in commercial use since the late 1800s, only recently have there 
been significant advances in the technology. Some of the advanced models currently available have significantly 
increased cycle life, but their cost is significantly higher as well. In fact, some models of advanced lead acid batteries 
can withstand upwards of 15,000 cycles, provided that the DOD is kept low (< 10%). The cycle lives provided below 
assume depths of discharge of 50-60%. 

 
Nickel Metal Hydride 
 
 Nickel metal hydride (NiMH) was the third major battery technology to become commercially available. 
Early cell phones and laptop computers generally used NiMH (or its predecessor, nickel cadmium) batteries. NiMH 
is another robust storage chemistry, featuring a wide range of operating temperatures and good tolerance to over- 
and under-charging (a strong possibility in systems where battery storage is coupled with solar PV). It has a better 
cycle life than lead acid. The main draw of NiMH, however, is the incredibly high sustained charging/discharging 
rates of 5C (that is, charging from 0% to full in 12 minutes) and the high energy density[8,9,10]. 

 The primary disadvantages of NiMH lie with its storage capabilities. It is well-known for having a memory 
effect; that is, repeated partial charges can cause the battery to “forget” about the top portion of its capacity. It also 
features a high rate of self-discharge (about 15% per month at room temperature, and higher at elevated 
temperatures) and relatively low efficiency[8,9,10]. 

Lithium Ion 
 
 After lead acid, lithium ion is the most prevalent battery type in modern society. Lithium ion batteries can 
be found in every mobile phone, laptop computer, and hybrid/electric vehicle. Lithium ion batteries come in a variety 
of chemistries, each with their own advantages and disadvantages. In stationary storage applications, the most 
common chemistry is lithium iron phosphate (LiFePO4, or “LiFe”), which has better safety characteristics but lower 
power density than the lithium cobalt oxide (LiCoO2) typically used in mobile applications. 

 LiFe batteries have numerous advantages for stationary storage systems. They have long cycle lives of 
5000+ cycles, high energy and current density, high efficiency, high depth of discharge, low self-discharge, and no 
memory effect. However, they tend to be quite expensive (though the price is dropping rapidly), and their 
temperature sensitivity often requires thermal management that can be moderately expensive to run; additionally, 
they’re currently not recyclable, and proven reserves of lithium are somewhat limited, which means that in the long-
term there may be supply issues[11]. 

 

 

 

 

 

105

TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018



9 / 49 
 

Table 1 - Battery Average Specifications 

  

  

PbA 
(basic) 

PbA 
(advanced) 

NiMH* Li-ion Flow NaS NaNiCl 

Power Mass Density 180 W/kg 250-1000 
W/kg[10] 

1800 W/kg N/A 150 W/kg[4] 140 W/kg 

Energy Mass Density 30-40 Wh/kg 30-80 
Wh/kg 

160 Wh/kg 500 
Wh/kg 

150-760 
Wh/kg[5] 

280 Wh/kg 

Energy Volume 
Density 

60-70 Wh/L 140-300 
Wh/L 

270 Wh/L 50-167 
Wh/L[6] 

151 Wh/L[5] Up to 290 
Wh/L[7] 

DOD limit 50% 60% 90% 80% 100% 80-100% 80% 

Efficiency 91% 91% 65% 93% 71% 87-92% ~90% 

Cycle life(cycles) 1200 2700 3000 6675 15000 2500 at 
100% DOD, 
4500 at 
80% DOD 

>3000 at 
80% DOD 

Upfront Cost 
($/kWh)*** 

$126 $431 $250 $650 $500 >$400** >$400** 

 
* Unlike other battery chemistries, specifications presented here are approximate figures obtained from online sources instead 
of spec sheets from specific products. 
**Sodium sulfur and sodium nickel chloride battery costs provided are estimated based on qualitative descriptions found in 
online sources. 
***Upfront costs listed here are based on the cost of batteries only. Actual installation costs are likely 50-100% higher after 
accounting for power conversion, charge control, and thermal management systems as well as labor and EPC costs. Also, costs 
are approximate based on estimates provided by manufacturers and distributors at EES-NA 2017; actual costs should be 
negotiated by TECO and will likely be different. 
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Flow 
 
 Flow batteries are the newest chemistry on the market. A number of chemistries fall under the banner of 
flow battery, such as the vanadium redox, iron redox, zinc bromine, and zinc iron batteries. In each case, the battery 
consists of two tanks of liquid electrolytes, which are pumped to a membrane where a chemical reaction stores or 
releases electrical energy[12]. 

 The primary advantage of the flow battery is its very high cycle life, which leads to a low cycle cost over the 
lifespan of the product despite the relatively high upfront cost and relatively low storage efficiency. While flow 
batteries do have more moving parts than other chemistries, the battery materials themselves degrade less over 
time, so overall maintenance costs are likely to be lower than other battery types. 

 The other main advantage of flow batteries is their high degree of customizability. Energy capacity can be 
increased by using larger electrolyte tanks, while power capacity can be increased by adding more membrane stacks 
and increasing fluid flow rates; these two capacities can be sized independently to meet project requirements 
ranging from 30 minutes to 8 hours of storage.  

 The primary disadvantage of flow batteries, however, is the low energy density. For example, the ViZn GS-
200 zinc/iron redox battery requires ten 40-foot shipping containers (ignoring spacing between containers, this is a 
total volume of 27,000 ft3, or roughly the size of a 2000 sq. ft. single-story house with vaulted ceilings and an attic) 
for 1 MW / 3 MWh of storage capacity. Assuming that volume is directly proportional to capacity, then a 250 kW / 
750 kWh unit would occupy a volume of approximately 6750 ft3, approximately the size of a studio apartment. 

 Due to the novel nature of the flow battery, there are generally only a handful of products within each 
chemistry type. Thus, the values in Table 1 are based on a mix of products from several flow chemistries: iron redox, 
zinc bromine, and zinc iron. 

 

Sodium Batteries 
 
 Sodium batteries, such as sodium sulfur and sodium nickel chloride, are unique in that they operate at high 
temperatures of approximately 300 °C. They use abundant materials, which may give them a lower installation cost 
than other batteries (note: at the time of writing, no cost estimates could be obtained from manufacturers for these 
batteries). Because they operate at high temperatures, there is no need for thermal management systems. 

 

Sodium Sulfur (NaS) 
 

Sodium Sulfur batteries are primarily manufactured by NGK in Japan. Approximately 35 MW of battery 
capacity was installed in partnership with TEPCO; however, a battery fire in 2011 led to a temporary cessation of 
manufacturing. Other challenges associated with NaS batteries include their low tolerance to moisture and the 
increased maintenance requirements due to the possibility of cell leaks. 

 

Sodium Nickel Chloride (NaNiCl) 
 
 Sodium nickel chloride batteries have many of the same advantages as NaS (specifically the high 
temperature and abundant raw materials); however, like NaS, they also are quite limited in terms of choice of 
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manufacturers. The primary difference between NaNiCl and NaS is that a NaNiCl system operates at a slightly lower 
temperature, which reduces the amountof thermal loss due to elevated operating temperatures. It should also be 
noted that the FIAMM SoNick (the main NaNiCl on the market) claims that optimal performance is achieved at 
discharge rates of 1/12 C, or full discharge in 12 hours.  

Cost Calculations 
 

 

Figure 5. CapEx cost drivers for Energy Storage Systems (ESS) for various storage durations[13] 

 
Installation Cost 
 
 Installation costs were calculated under the assumption that 500 kWh of useable capacity (that is, 500 kWh 
could be discharged per cycle after accounting for efficiency losses and depth of discharge limitations). Based on 
Figure 5 for 2 hours of storage duration, costs were calculated with the assumption that 70% of the project cost was 
due to the battery itself, while the other 30% was for auxiliary systems, permitting fees, and EPC fees. Figure 6 shows 
the installation costs for a variety of battery chemistries. Costs were calculated as follows: 
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Figure 6. Installation cost for various battery chemistries, 500 kWh of initial daily cycle capacity 

 

Levelized Cost 
 
 Based on Figure 5 for 2 hours of storage, levelized costs of storage (LCOS) were also calculated under the 
assumption that 70% of project cost was due to the battery while 30% was due to auxiliary systems, permitting, and 
EPC fees. A discount rate of 10% was assumed, while it was assumed that energy would be purchased from the grid 
during off-peak hours at a rate of $0.05/kWh. One cycle was defined as starting from 0% DOD (i.e. full charge), 
discharging to the chemistry’s maximum DOD (e.g. 50% for basic lead acid or 80% for lithium ion), then recharging 
to full charge. It was assumed that the system would run at one cycle per day until the battery reached its maximum 
cycle life. To account for capacity degradation throughout the cycle life, the degradation was assumed to be linear 
from 100% of initial capacity at start of life to 80% of initial capacity at end of life; storage capacity was reduced to 
90% of initial capacity to account for this degradation. Maintenance and thermal management costs were not 
accounted for due to incomplete availability of data. 

Figure 7 shows the levelized cost of storage for a variety of battery chemistries. Costs were calculated as follows: 
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Figure 7. Levelized energy cost for various battery chemistries over their cycle life 

 

 Note that the cost of storage above includes the cost of electricity purchases. The added cost of using the 
battery system over simply purchasing electricity from the utility would be the above figures minus $0.05/kWh. 

 

Levelized Cost for Fixed System Life (with Replacement) 
 

It is useful to consider the effect of battery replacement on the overall LCOS. The following subsections demonstrate 
the overall LCOS for battery storage systems with fixed system lifetimes of 20, 10, and 5 years. When a given battery 
technology reaches its maximum cycle life before the end of the project life, it is assumed to be replaced; for 
simplicity of calculation, this replacement is assumed to be instantaneous with no effect on annual cycling. 
Replacement costs are based on the cost of the batteries only, with the assumption that each technology will reduce 
in price at a rate of 10% per year. 

$0.00

$0.10

$0.20

$0.30

$0.40

$0.50

$0.60

PbA basic PbA advanced Li-ion Flow NiMH NaS NaNiCl

Levelized Energy Cost ($/kWh)

110

TAMPA ELECTRIC COMPANY
UNDOCKETED
DSM ACCOMPLISHMENTS
FILED:  MARCH 1, 2018



14 / 49 
 

Figures 8, 9, and 10 show the LCOS for 20, 10, and 5-year project lives, respectively. Note how the LCOS increases 
as the project lifespan decreases; this effect is particularly pronounced for lithium ion and flow batteries, largely 
because the shorter project lifespans are considered to end long before the battery reaches its end of life. 

 

 

Figure 8. Levelized energy cost for 20-year battery storage project, with battery replacement as needed 

 

 
Figure 9. Levelized energy cost for 10-year battery storage project, with battery replacement as needed 
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Figure 10. Levelized energy cost for 5-year battery storage project, with battery replacement as needed 

 

Summary and Recommendations 
 
 Depending on the intended application, a variety of battery chemistries may be appropriate. Table 2 
summarizes the key characteristics of each battery type, with consideration to the power and energy capacities, 
installation cost, safety, and lifespan of each product, ranked on a 1-5 scale with 5 being the best.  

 These general recommendations were developed based on basic characteristics of various battery 
chemistries and on economic calculations based on vendor cost estimates. Battery specs were obtained primarily 
from data sheets of commercially available products, but in some cases approximate specifications were obtained 
from online sources such as Wikipedia and Battery University. Calculations were performed to estimate the 
installation cost of a battery energy storage project with 500 kWh of daily cycling capacity, after accounting for 
efficiency losses and depth of discharge limitations; and to estimate the levelized cost of storage for a battery 
project, both over a single cycle life and over fixed project duration (with battery replacement as necessary). 

It is very important to remember that battery selection is driven by the specific building, load profile, and 
application for which it will be used. Some battery chemistries are well suited for long-duration storage but have low 
energy density and large volumes, others perform well when high discharge rates are required but store relatively 
little energy, while others offer a compromise between these two extremes. Depending on the exact project 
requirements, a battery can be selected according to the following general recommendations: 

 For cases where the absolute lowest cycle cost over a 20-year lifespan is required, regardless of physical 
size, then flow batteries are the best option. If physical space is constrained, then the lowest cycle cost comes from 
lithium ion. If extremely high charging/discharging rates are required (e.g. for frequency regulation applications), 
then NiMH performs best, with advanced lead acid being a decent alternative. Finally, if a storage system is required 
for a short duration but upfront cost is the primary constraint, then basic lead acid batteries make the most sense.  
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Table 2 – Battery characteristics summary 

Chemistry Energy 
Density 

Power 
Density 

Installation 
Cost 

Safety Lifespan Notes 

Basic Lead 
Acid 

2 5 5 4 1 Cheap to install but short lifespan 
gives high cycle cost 

Advanced 
Lead Acid 

2 5 3 4 3 Very high lifespan with low-DOD 
cycles 
 
Medium lifespan with 50%-DOD 
cycles  

Nickel Metal 
Hydride 

4 5 4 5 3 Well suited to projects requiring very 
high charge/discharge rates 

Lithium Ion 
(LiFePO4)  

5 4 3 5 4 Other chemistries with different 
performance characteristics 

Flow 2 2 5 5 5 Variety of chemistries 
 
Highly customizable 

Sodium Sulfur 4 3 5 4 3 High maintenance costs due to cell 
leakage;  
 
Few manufacturers 

Sodium 
Nickel 
Chloride 

4 3 5 4 3 Few manufacturers 
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GS BATTERY (U.S.A .) INC. 

ENERGY STORAGE SOLUTIONS 
The GS Battery SLX250.12 is part of GS Battery's complete 

line of rechargeable batteries and energy storage systems. 

These industry leading solutions include batteries In a variety 

of voltages Including 2 volt, 4 volt, and 12 volt models to suit 

every energy storage application. 

In addition, GS Battery's energy storage solutions Include a 
variety of battery chemistries including deep cycle Lead-Acid, 

advanced lead-Carbon, robust and reliable Nickel-Cadmium 

and versatile Lithium-ion. Energy storage solutions from GS 

Battery are designed and manufactured according to the 

most r igorous Japanese quality control standards to deliver 

extraordinary performance and exceptional long service life. 

ABOUT GS BATIERY (U.S.A.) INC. 

AGM 
DEEP CYCLE BATTERY 

For Energy Storage Applications 

SLX250-12 

CYCLE LIFE 
The GS Battery SLX2S0.12 Is deSI&ned for the hl&h cycle life 
rl!qulremel:'lts of entfgy stor:~ge synems. This battery !s rated at 
lSOO cyciH at 50% Depth of Discha~&e (DOO). 

CHEMISTRY 
The GS B•nery SLX25().12 is Valve Regulated Lead Add (VRLA) 
banery and features Absorbed Glass Mat (AGMJ technOioBY. These 
long-life, leod·ocld baneries ~rovlde ext111ordmary ..... ~llty, 
rellebility • nd performance at a value prlce. 

COMPLIANCE 
The GS Bittery SlX2SO·l2 is a Ul recosnl~ systems component 
and is classified as a "Non·SpiJiable Barter'(' fortranspon. (Complies 
with DOT HMR491 Non-Hazardous Materials.) 

MAINTENANCE FREE 
The GS Battery SlX250·12 Is virtually maln~_nanu frM and never 
requ1re watenng. Thes• ba:nel'ies minimize enetgy stordge system 
maintenance expenses and inc.rease svstem value. 

SAFETY 
The GS Battery SLX2SO-l2 is an Inherently safe tMI'IV SIOI'lllt 
technology. These baneries are non-spillable, do not generate 
hazardous 8CISses with normal use and are constructed from Oame 
reurdant ABS (UL9• V·Ol. 

ENVIRONMENTALLY FRIENDLY 
The GS Battery SLX2S().l2 is an environmentally friendly energy 
storace tecl\nolocy. !16!6 of lead add barterlos are recycled_, A typical 
tead·add battery contains 6()-.80% recyded lead and p1astit. 

WARRANTY 
The GS Battery SlX2SO.l2 Is designod to deliver sup<rior 
performan.ce and long life in the field and tarnesa .l·yearwarranty 

GS BATTERY (U.S.A.) INC. is a global leader in energy storage. Our batteries are manufactured 
to the highest standards and deliver high quality, long lite ~nd superior performance in a wide 
variety of mission critical applications. GS Battery's products deliver reliable battery powf"t for 

Telecommunications, Energy Stornge, Renewable Energy. Uninterruptible Power Supply (UPS), 

.., 
"' 0 
2 ... 
::> 
0 
0 
z 
u: 

. II Emergency Ughting, Power Sports, and Automotive industries. / 

~SYUASA GroupCompany 

.. . 
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cPGs 
CYCLE LIFE vs. DEPTH OF DISCHARGE (+2S°C/77°F) 
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GS BATTERY (U.S.A .) INC. 

ENERGY STORAGE SOlUTIONS 
The GS Battery SLRl000-2 is part of GS Battery's complete 

line or rechargeable batteries and energy storage systems. 

These industry leading solutions include batteries in a variety 

of voltages including 2 volt, 4 volt, and 12 volt models to suit 

every energy storage application. 

In addition, GS Battery's energy storage solutions include a 

variety of battery chemistries including deep cycle Lead-Acid, 

advanced Lead-Carbon, robust and reliable Nickel-Cadmium 

and versatile Lithium-ton. Energy storage solutions from GS 

Battery are designed and manufactured according to the 

most rigorous Japanese Quality control standards to deliver 

extraord inary performance and exceptional long service life. 

ADVANCED LEAD 
DEEP CYCLE BATTERY 

For Energy Storage Applications 

SLRl000-2 

CYCLE LIFE 
The GS Battery SLRl000-2 is designed for the high cycle life 
requirements of energy storage systems. This battery is rated at 
5000 cvcles at 10% Depth of Dlscha11e (DOD). 

CHEMISTRY 
The GS Battery SLRl000-2 is a Valve Regulated Lead Acid (VRLA) 
battery and features Absorbed Glass Mat (AGM) technology. These 
long-lite, lead-acid batteries provide extraordinary versatility, 
rellabllty and performance at a value price. 

COMPLIANCE 
The GS Battery SLRl000-2 Is a UL recocnlzed systems component 
and is classified as a • Non-Spiflable Battery• for transport. (Complies 
with DOT HMR49, Non-Hazarde>us Materials.) 

MAINTENANCE FREE 
The GS Battery SLRl000-2 is virtually maintenance free and never 
requires watering. These baneries minimize energy storage system 
maintenance expenses and Increase system value. 

SAFETY 
The GS Battery SLRl000-2 is an inherently safe energy storace 
technology. These batteries are ne>n-spillable, do not generate 
hazardous sasses with normal use and are constructed from Oame 
retardant ABS (UL94 V·O). 

ENVIRONMENTALLY FRIENDLY 
The GS Battery SLRl000-2 Is an environmentally friendly energy 
storage technology. 96% of lead acid batteries are recycled. A typical 
lead-acid battery contains 60-80% recycled lead and plas~c. 

WARRANTY 
The GS Battery SlRl000-2 is designed to deliver superior 
performance and long life in the field and carries a lO..yea r limited 
watranty. 
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GS BATTERY (U.S.A.) INC. 
ENERGY STORAGE SOLUTIONS 
The GS Battery SLRS00-2 is part of GS Battery's complete l ine 

of rechargeable batteries and energy storage systems. These 

industry leading solutions include batteries in a variety of 

voltages including 2 volt, 4 volt, and 12 volt models to suit 

every energy storage application. 

In addition, GS Battery's energy storage solutions Include a 

variety of battery chemistries including deep cycle Lead-Acid, 

advanced Lead-Carbon, robust and reliable Nickel-Cadmium 

and versatile Lithium-ton. Energy storage solutions from GS 

Battery are designed and manufactured according to the 

most rigorous Japanese quality control standards to deliver 

extraordinary performance and exceptional long service li fe. 

ADVANCED LEA 
DEEP CYCLE BATTERY 

For Energy Storage Applications 

SLRS00-2 

CYCLE LIFE 
The GS Battery SLRSOO-~ is designed for the high cycle life 
requirements of energy storage svstems. This battery Is rated at 
5000 ~les at 70% O@pth of Discha'le (DOD). 

CHEMISTRY 
The GS Battery SLRS00-2 Is a Valve Regulated lead Acid (VRLA) 
battery and features Absorbed Glass Mat (AGM) technology. These 
long.Jife, lead-acid batteries provide extraordinary versatility, 
rellabiHty and ~rformance at a value prite. 

COMPLIANCE 
The GS Battery SLRS00-2 is a UL recognized systems component 
and Is dasslfied as a "Non-Spillable Battery" for transport. (Complies 
with DOT HMR49, Non-Hazardous Materials.) 

MAINTENANCE FREE 
The GS Battery SLRS00-2 is vjrtually maintenanc;e free and never 
requires watering. These batteries minimize energy storage system 
mainte1ance expenses and Increase system value. 

SAFETY 
The GS Battery SLRS00-2 is an Inherently safe energy storage 
technology. These batteries are non-spillable, do not generate 
ha<ardous gasses with normal use and are constructed from flam~ 
retardant ASS (UL94 v-o). 

ENVIRONM ENTAllY FRIENDLY 
The GS Battery SLRS00-2 is an environmentally friendly energy 
storage technology. 96% of le~d acid batteries are r~led. A typical 
lead-acid battery contains 60·80% recycled lead and plastic. 

WARRANTY 
The GS Battery SLRS00-2 Is designed to deliver superior 
perfornance and long life in the field and carries a to-year limited 
warra~. 
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CYCLE LIFE vs. DEPTH OF DISCHARGE (+25°C/77°F) 
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ecoult 
enefVV i-~09• totubOftS 

Ultra FLEX 
PRODUCT FACT SHEET 

UltraFlex 48 V 
Plug ·n· Play 
Energy Storage 

With the introduction of the Ultra Flex 48 V. 
Ecoult is making its proven UltraBatte~ 
technology available for commercial and 
residential applications. 

With 17 kWh of usable store~ at l:O% ra~ of charge, and 20 kW 
of peak power, the highocyding, energy-effiCient Ultra Flex 48 V 
is sale and simple to deploy, operate and maintain, making it 
the plug 'n' play energy storage device of choice for a range of 
<:tpplic.ations and environ menu, including: 

• Residential 

• Small and medium commercial 

• Agriculture 
• Disttibuted infrastnuclure such as mobile telecoms and utilities 

• Rugged and remote locatiOns. 

ntegrated EVttery >O•ll on 
The Ultra Flex 48 V offers both high power and energy. 
Each Ultra Flex uM compnses: 

• 16x Ult,..,Banery 12 V monoblocs w•th integrated Monitors 

• System Monitoring and Control 

• Over-current pr-otection on a&ch string. 

Renewables Integration 

+ Smoothing: Smoothing of renewable energy power sources 

+ Fe.d·in management and ramP'rate control: Distributed 
mana~ent of renewable energy sources feeding into the 
electnc1ty gnd 

Ole•ol ond Off..Grid 
+ Hybrid energy systems: Downsizing of diesel/fossil· fuel 

generators and reduction of generator use, greatly 
lowering costs and fuel consumption and reducing CO, and 
other emiss1ons 

+ Remote area power supply: Reliable off-grid renewable power 
soluttons 

Energy Shifting/Cost Control 

+ Poak lopplng/JMak demand management Shifting of energy 
availab'lity to CQ\Ief demand peaks 

+ Energy arbitrage: Stora~ of off-peak energy for use during 
peak charge timES 

Revenue Generation 
+ Frequency regulation: Provision of d;stribvted grid ancillary 

services or demand response 

Any other partial-s:ate-of-charge (PSoC) use 

Where bane<ies may need to charge and diSCharge rapidly 
and frequently. 
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r 
I 
I 
I 
I 

I 
I 
I 
I 

Data cable to UltraFiex 
compatible inverter 

I 
I --:-----­! 

UltraFlex 

Monitors & 12UB700 monoblocs 

L-
_ ... 

Single nne diagram of UltraFiex (induded components are 
shown within dotted gfey line) 

Power and Energy Data 

Continuous power 
rating"" 

Capacity for 
regular cycling 

1·hour rate 

1 0-hour rata 

Nominal apacity (100%) 

Usable capacity 
(60% range of charge) 

Capacity for emer9ency Usablo capacity 
(90% range of charge 

reserve events 
at 1 0-hour rato) 

20.0 kW 

2.8kW 

28.2 kWh 

16.9kWh 

25.4 kWh 

•Chargo rote to pored :o a voltage limit at the top of the range of charge. 

Cabinet Specifications 

Nominal Voltage 48V 

Asse mbly Weight 1190 kg 

Indoor Ultra Fiex Dimensions rN x D x H) 1 x0.6x2m 

Data subject 10 change without notice. Based on ambient temper&tuJe of 25° C. 

4SVDC 
cable to 
Ultra Flex 
compatible 
inverter 

E 
E 
0 -0 
N 

UlttaFiex sys.tem dimens•ons 

rv ....., 
V1 

3 
3 
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System Features 

Key features BQneflts 

Modular Design 

1, 2. 3 & 4 x 48 V string configurations possible, with up to 
16 x 12V monoblocs p~r cabinet 

Plug 'n' Play Solution 

Availabl~ pr~-installed or pre-wired for integration on-site, 
d~pending on site accessibility 

Small Footprint 
Offers 20 kW power at 1-hour discharge rate with a 1 m x 0.6 m 
footprint 

Passive Thermal De sign 
Maximizes battery life by channeling airflow to promote 
operation within optimum temperature bands 

UltraBattery Monitoring 
Provides access to state of charge and other vital information 
to assist with operating the system within its optimal 
performance range 

Over..:urrent Protection 
Protects the system from excessive current and faults 

System Specifications 

Operating Temp9rature 

Watt-hour Roundtrip Efficiency 

Battery Monitoring System (BMS) Communications 

Interface 

User Interface 

Over..:urrent Protection 

Recyclablllty 

• See Ecoult Use Rules for detailed temperature allowances 

Fle>Oble sizing for different power and energy requirements 

Reduced on-site labour and accelerate installation t ime 

Fewer batteries required, so space on-site is optimized 

Maximizes your business case and return or> investment by 
reducing diverging effects of temperature on UltraBattery cells 

Enables management of Ultra Battery system to achieve 
greatest longevity, and monitoring of each individual 

monobloc remotely to diagnose issues before going to site 

Maximizes safety and longevity with application-specific rated 
breakers or switch fuses; breakers can also be tripped by the 
battery control system to ensure the batteries operate within 
performance limits 

10'C-50'C• 

Greater than 91% DC-DC for rates below 0.4 C1 (8 kW) 

Modbus via ethernet or R$485 

Web-based HMI 

Fuses or optional circuit breakers per string 

Recovery of 95%+ of battery components for production of 
new batteries in a tnue dosed· loop manufacturing process 
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Behind the Scenes 

UltraBattery Technology in Partial State of Charge Use 

Ult ra Battery is a new d imension in lead-acid technology: a hybrid, long-life lead-acid energy 
storage device containing both an ultracapacitor and a battery in a common electrolyte. 

Ultra Battery is a hybrid, long-life lead-acid energy storage device. It combines the fast charging 
rates and longevity of ultra capacitor technology with the 12ncrgy storage potential of lead-acid 
battery technology in a hybrid device with a single common electrolyte. 

UltraSattery is highly efficient on continuous partial-state-of-charge (PSoQ operation: neither 
totally full nor totally empty. 

Every UltraBattery;. fully monitored, with browse•-based teporting. 

Conventional valve-regulated lead-acid 
(VRLA) batteries, when used for renewable 
support, are typically operated in a top-of­
range cycling pattern and can prematurely 
fail if operated in the PSoC range for 
exte1>ded periods. Ultr.Battery technology 
was created to m<ploit the perform•nce 
benefrts of the PSoC band. 

During lead-acid battery operation, lead 
sulphate crystals grow on the negative 
electrode during discharge and fully dissolve 
at full charge. At PSoC some crystals can 
become permanen~ increasing the battery's 
internal resistance and cleo easing its power, 
capacity and efficiency. UlttaBattery chemistry 
inhibits the sulfation, allowing the battery to 
operate with high efficiency at PSoC. 

The outcome: Ultra Battery processes more 
energy in PSoC applications. 

Ultra Battery is a game changer in the 
lead-acid family. Lead-acid batteries are 
the world's most ubiquitous chemical 
storage chemistry, favored for their reliable 
performance in demanding conditions and 
their ability to deliver high power and energy. 

Proc.,;ses developed over the past century 
suppon the recycling of old lead-acid 
batteries into new ones, making the ir 
production the world's most sustainable 
industry. 

With Ultra Battery, lead-acid becomes a 
fully monitored, fast-cycling, partiakharge 
technology suited to almost any energy­
storage application. 

To find ovt more about UltraFiex 
including its availability, contact Ecoult 

Ultra Flex was developed with the support 
of funding received from Australian 
Renewable Energy Agency (ARENA) under 
its Emerging Renewables Program. 

~. ecoult U!llt1=Mi&·i¥ ·n.~'$10f09·~ 

03'1017 T +61 2 9241 3(X)1 E info@ecoult.com ml Ecoult www.ecoult.com www.ultrabattery.com 
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, 11--CKawasaki 
Powering your potential 

Energy lndustnal Equipment Leisure Corporate Info 

Specifications 

Nominal voltage(V) 

Rated Capaclty(Ah) 
( * 1) 

Energy capacity( kWh) 

Maximum 
output(kW) 
( *2) 

0.1sec 

10sec 

Outline dimensions(mm) 
l X W X H(*3) 

Volume(L) 

Weight( kg) 

Energy density per unit volume(Wh/L) 

Energy density per unit welght(Wh/ kg) 

* Specifications may change without notice. 

36 

150 

5.4 

161 

96 

1375x223x345 

106 

240 

51 

23 

* 1 Recommended capacity wil l depend on operating conditions. 

* 2 Calculated from results of an I-V test o' 0.1 sec discharge(0.6V/ cell ) 

* 3 Mounting hardware not included. 

Battery Energy Storage 
v System 

v About GIGACELL 

Features 

Structure 

, Specifications 

> Characteristics 

> Applicat ions 

> Brochures -GIGACELL-

> Movie Gallery 

> Frequently Asked 
Quest ions 
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Powcrpacks Grid Interface 
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Powerpacks 

Powerpacks house lhe wOIId's most sophisticated batteries. Each 
Powerpack is a DC energy storage dev1ce containing 16 individual battery 
pods, a lhermal rontJol system and hundreds of sensors that monitor and 
report Dn cell level pertDrmance 

Overall System Specs 

ACV~e 

COf'M'lJflica1ioos 

Sc3!e~tle lnvertar F'awar 

Depth of Di•ohilll• 

Oimi11s1011:i 

~0 to 4SOV. 3 phose; 

Modbu> TCP/1?: ON?3 

f/JW{ (AC) por PoV""P><k 

(rom 50i:VA to625kVA (>< 480V) 

100% 

Powerpack 

Leng1h: 1 ,Joe mm (51.5') 

Vold!h: 822 mm (32.4') 

He.gm: 2,185 mm (S6'~ 

We;gh<: 1522 kg (M751oo) 

lndu<triallnvorto< 

Lengih; U14 rrrn (JQ.G") 

Vold!h: 1254 mm (49.4') 

He.ght: 21112 mm (~.3') 

Weight: 1200 kg (255() lbs) 

Grid Interface 

• B~Directional Inverter 

• PDWerpack CDntroller 

• SDfll'lare 

Learn More 

Energy Ca,paoi!y 

Operatrng Temperaiuro 

Sy.:•m Eif.cioncy (AC) • 

Cerlincation• 

210 kVvl1 (AC) per P ... 'OIPOCk 

·22'Flo 122'F f .JO'Cro 50'C 

Pod>: lf'e7 

Pow•rp!ck: IPlYIEMA 3R 

lnv~r...r. IPWtiEMI\ 4 

88% round-trip (2 hour sy;:om) 

SQ% ro'Jndotrip (4 hour sy;tom) 

Nafional!y accredited cenifications to 

ir.temation~l sa:ery, EMC, u'!ility .and 

enwonmentallegisla!ioo. 

• NQt Energy d<!liver<!d., 25'C (77'F) ..Went temporatuna llCiuoog thermal control 
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LIMSOEN SERIES 
lithium-len Battery 

RELIABILITY AND HIGH PERFORMANCE VERSATILE LITHIUM-ION 
MODULES FOR THE DEMANDS OF RENEWABLE ENERGY STORAGE PROJECTS 

ABOUT THE LIMSOEN SERIES 
The LIMSOEN SERIES from GS Yuasa Is a premium rechargeable 
Lithium·lon battery module. These modules are manufactured 
in Japan using the highest quality components and under 
rigorous Japanese quality control standards. These long service 
life, high cycle life batteries are designed to deliver excellent 
performance in high-power applications where high charge 
and discharge rates are required. 

The LIMSOEN SERIES battery module is ideally engineered for 
the requirements of a wide variety of industrial energy storage 
applications including; Renewable Energy, Smart Grid Energy 
Storage and Automated Guided Vehicles (AGV). The high 
performance UMSOEN SERIES from GS Yuasa is an excellent 
choice for any energy storage application requiring extremely 
reliable performance and high power delivery capability. 

ABOUT GS BATIERY (U.S.A.) INC. 

• 
• 

HIGH CYCLE LIFE 
Engi£leeted to deliver high c.ycle life and high power. These batteries 
ore rated for 10,000 cycles @!>0% DOD, 6, 700 cycles@ 80% DOD . 

EXCELLENT HIGH CURRENT CHARGE/ 
DISCHARGE CAPABILITY 
Desi0ned for high specific power density and peak charge and 
discharge rates up to 6C. 

PARTIAL STATE OF CHARGE 
PERFORMANCE 
Not effected by partial state of charge IPSOC) operation. The 
fol'mation of sulf~te crystals that causes early failure in other 
battery chemistries is not a factor in this battery. 

RAPID CHARGING 
Engineeted to accept a chatge exttemely rapidly. These batteries 
can charge to 70% of rated capacity in 30 minutes. 

HIGH EFFICIENCY 
Very low energy conversion losses and delivers ~:reater than 95% 
•ound trip efficiency during each charge and discharge cyde. 

INTEGRATED BATIERY MANAGEMENT 
SYSTEM (BMS) 
lncfv:fes an integfated SMS which actively balances cells and 
mon~ors cell voltage. tempera.ture, state of charge (SOC). ove•· 
currEnt, over-charge and provides fault detection via CANbus or 
RS48S. 

GS BATTERY (U.S.A.) INC. is a global leader in energy storage. Our batteries are manufactured 
to the highest standards and deliver high quality, long life and superior performance in a wide 
variety of mission critical applications. GS Battery's products deliver reliable battery power for 
Telecommunications, Energy Storage, Renewable Energy, Unintcrruptible Power Supply (UPS), 

w 
0:: 
0 
2 ... 
::> 
0 
0 
2 
;:;: II . 

Emergency Ughting, Power Sports, and Automotive industries. / 

~SYUASA GroupCompany 

. 
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/ 
~SYUASA 

CYClE liFE vs. DEPTH OF DISCHARGE (+2SC/77F) 
20.000 

lS,OOO 

"' 
~ 10,000 
v 

~.ooo 

50% 70% ~ 

DEPTH OF DISCHARGE 

DISCHARGE CHARACTERISTICS {+2SC/77F) ..• 
4.0 

3.S 

3.0 
- 0,2CA - tCA - 2CA -4CA, 

DISCHARGE CAPACITY(%) 

LIMSOEN SERIES 

l: 
0 

~ 
w 
~ 
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t 

lithium-lon Battery 

The data is for r~ference purpose~. ~ctual ~rform~e~rl!!_~-~~dlrton. 

CHARGE RETENTION 

100 ~---------------------------------, .. 
80 

"' .. 
so .. 
¥> ,. 
10 
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NUMBER OF MONTHS 

CYCLE LIFE PERFORMANCE BY BATTERY TEMPERATURE 
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so 

"' 
"' ,. 

25 lO 

BATTERYTEMPERATURE (' C) 
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.. 
SPECIFICATIONS 

MODEL 
NUMBER 
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SIMPLIPHI YOUR POWER W ITH 
to a fully integrated energy storage and 
management solution 

• AccESS power security with safe, reliable, 
non-hazardous and efficient energy storage 

• AccESS any power generation source with 
Intelligent management 

• AccESS your own power when and where you 
need it - inside or outside your home or business 

lff.~'llf\edrn l.lcb.xboPOI'II'l.!ll'Mill.Mnc. ar~self~o~,o!~Jri'l' 

ll':trr.altanl"'!llt<flllllo.~at<aitt~tomltr:gndd.•"'Jil0'4"QAI9l'\¥'.d 
"UI'IIII~ilYIIOI><I!liUlli<o!Wu.~ 

Mloor Q:!drl'OOw:ftJOl~~~~ ;lalkl:L~ 

.lo-l'Pbd!l<6 .. .o-a JJAXlqclt / l}ty c:a::21t1 

ti\rcanl il1> llbll:• 

~~~11\'...0tliOO"IefCfll".o!litd!fu«!! 

lllremat~r~ll<l!td'R 

lt.....,..,~l!l!!moJilln 

! 

lfl phi 

! 

• 

SlmpiiPht Power designs and manufactures efficient, non-toxic and endunng energy 
storage and management systems that utilize lithium ferro phosphate (LFP). Based In 
California, SlmpliPhi combines non-hazardous LFP chemistry With its proprietary cell and 
battery archttecture, power electronics, battery management system (BMS) and assembly 
methods to create safe. reliable, durable and highly scalable on-demand power solutions. 
Available for the residential, commercial. military and emergency response markets, 
S1mpltPhi Power storage solut1ons have been rigorously tested and passed operational 
performance requirements by the U.S. Army and Manne Corp. Integral to all S1mpliPhi 
Power solut1ons IS a proprietary management system that further optimizes the life-cycle, 
round-trip effic1ency rate, performance and durability of tts batteries. SimpliPhi Power 
storage system components are UL certtfted and the PHI 3.4 kWh 24V and 48V 60 Amp 
batteries are ETL Certtfied, UL 1973 Standard. 

Tetms.,. 

(p simr' phi . .. rcetn 
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SIMPLIPHI YOUR POW ER W ITH 

SJA (Stand3rtllnterconl\\~l1011 Agreement) 
wslom~ ESS ollOWI fot solar fio/ P<lWet to 
be self·<O!Wiled, rurta~l•ng PV productror. 
to pre-.-enl tne e~port or power to tilt grid. 
Compat,ble wah both ~ring mverters and 
ffii(Jo-inl'erle~. 

Size 

Weight 
Environment 
Operating Temperature 
Mounting 
Inverter 
Schneider Electric 
Application 
AC Connections 
ACOutput 
Rated I Peak Power 
Max Charge Rate 
CEC Weighted Efficiency 
Battery 

SimpliPhi Power 

UL Rating 
Capacity 
Max Depth·Of·Discharge 
Round Trip Efficiency 
Cycle Life 
Wauanty Period 
Solar (select models) 

to a fully integrated energy storage and 
management solut ion 

NEH (Net Energy Meteti!lg) <US1omEr> ~d 
slandbv power and peak·sl-.at~ng to a new 
or ex1SI1ng neHllEiered so'ill i!lray 

H 72 x D 16 x W 28 in (w/feet) 
(H 183 X D 40.7 X W 71.2 em) 

10.2 kWh • 701.3 lb I 318.10 kg 
NEMA 3R Outdoor rated 
·4 to 122 •F I ·20 to so •c 
F'ree·standing or pad·mounted 

Conext XW+ 6848 NA 
On / OffGrid 
1 Grid Port, 1 Generator Port 
30 A. 120/240 V AC. 60 Hz 
6.8 I 8.5 kW (10.2 kWh Model) 
60 A AC. 7.2 kW 
92.SO% 

Otf·grid wston~e~~; ESS with 4.8 kW Soi.Jr 
r-IPPI cotnbines powetgeneraltOO and 
ene!9Y managernent1n a Single pat~age 

H 72 x D 16 x w 28 in (w/feetl 
(H 183 X 0 40.7 X W 71.2 em) 
6.8 kWh • 701.3 lb I 318.1 kg 
NEMA 3R Outdoor rated 
·4 to 122 •F 1 · 20 to so •c 
F'ree-standlng or pad-mounted 

Conext XW+ 6848 NA 
On/OftGrid 
1 Grid Port, 1 Generator Port 
30 A. 120/240 V AC, 60 Hz 
5.5 I 7 kW (6.8 kWh Mode!) 
60 A AC. 7.2 kW 
92.50% 

PHI 3.4 kWh 48VOC 60 Amp (x3) PHI 3.4 kWh 48VDC 60 Amp (x2) 
ETL Certified UL 1973 Standard ETL Certified UL 1973 Standard 
10.2 kWh 6.8 kWh 
100% 100% 
98% r-1 98% 
10,000 Q ""(0 I,> PDP 10,000 

10 years 10 years 

Schneider Electric Charge Controller Conext MPPT 80 600 Conext MPPT 80 600 
4.8kW Output Power. Max 4.8kW 

Chilrge Current, Max 80 A DC 
PV Array Voltage. Operating 195 to 550 V DC 
PV Array Voltage. Max Open Circuit 600 V DC 
Options 
Schneider Electric 

Wireless Gateway 

Conext AGS 
Conext ComSox 

Power. On Your Terms.TM 

80ADC 
195 to S50 V DC 
600V DC 

Conext AGS 
Conext ComBox 

(J) simpliP.hi 420 Sryont C•rclo Ojol. CA 93023. U~A •1 (805) 640·6700 -"'"''·· .. ,~ ... 
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NA 

NA 

U1 

NA 

NA 

24 

27 

DIN 

31 

DIN 

8D 
8D 

NA 

NA 

NA 

5 

10 

20 

3S 

40 

so 
75 

eo 

eo 

100 

100 

200 
300 

100 

200 
300 

12 64 
24 128 

48 256 

84 448 

90 512 

120 640 

1eo 960 

192 1024 

192 1024 

240 1280 

240 1280 

480 2560 
720 3840 

240 5120 

480 10240 
720 -~,5360:-:-:-

10 

20 

3S 

40 

so 
75 

80 

80 

100 

100 

100 
100 

100 

200 
100 

10 

20 

40 

70 

eo 

100 

1SO 

160 

160 

200 
200 

200 
200 

200 
2SO 

200 

5.9(151) 2.6 (65) 3.9('191 2.0(0.9) 

5.9 (151) 3.9(98) 4.0 (101) 3.6 (1.65) 

7.1 (1 81) 3.0(76) 6.7 (169) 5.6 (2.55) 

7.8 (195) 52 (131) 6.7 (171) 11 (4.8) 

7.8 (197) 6.5 (166) 6.8 (173) 12 (5.4) 

7.8 (197) 6.5 (166) 6.8 (173) 15 (6.7) 

10.2 !260) 6.6 (168) 8.6(218) 24 (10.7) 

12.0 (305) 6.6(168) 8.6 (219) 25 (11 .3) 

13.2 [335) 6.9(174) 7.5(191) 25 (11 .3) 

13.0 [329) 6.8(172.!._ 8.8(223) 30(13.5) 

13.2 [335) 6.9(174) 7.5 (191) 30(13.7) 

20.5 [520) 10.5(267) 9.0 (228) 61 (27.7) 

20.5 (520) 10.5 (267) 9.0(228) 83 (37.5) 

22.8(578) 16. I (410) 7.8 (197) 154 (70) 

34. 1(867) 14.1 (358) 15.5(393) 265 (120) 

29. I (740) 19.9 (506) 16. I (408) 359 (163) 

F2 
F2 
M6 

M8 

M8 

M8 

M8 

M8 

M8 

M8 

M8 

M8 
M8 

M10M 

M10M 

M10M 
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INTRODUCING THE £) GRIDBANK GB35 & GBSO 

THE FIRST NON-FLAMMABLE LI-ION ESS FOR C&l APPLICATIONS 

lhe GB35/GBSO mini Alevo ESS GridBo"ks •• ore the most advanced Energy 

Storage Systems for the Commercial and Industrial Markets, offering the highest level of 

~ety, Robustness, ReliobiliiY and the lowest leveli2ed cost of storage (LCOS). At the heart of 

the 35 ond 50 kWh systems is Alcvolyte •• - Alevo's patented proprietary inorganic electrolyte. 

Alevolyte's properties make Alevo batteries oon-ilommable and capable of e<trerne long life 

(50,000 ~ cycles), while facilitating ~'e GB35/GBSO to continue to provide their nameplate high 

power output (70 & 1 00 kW respectively). 

The GB35/GBSO ore workhor.oes that ore best used to insure reliability for must-run cri tical 

loads hospitals, datu centers, sensitive mochi11ery, continuous rnonufoduring processes, hotels1 

island resorts, mines and microgrids. The GB3S/GBSO ore perte<:t for DC fast charging stations 

tor EVs due to their high power and non-flammability. 

Alevo c...on ptovide o custom needs osse~sment and develop on energy storogl:! solution 

that best suits your needs. Get the conversotio•' storted ot www.olevo.com/gridbonk/RFP. 

COMMERCIAL & INDUSTRIAL 

Pcok Shovl"9 
(o..mond Chorgo Mit;gotion) 

Renewobles lntegrotion 
Bockup~ 

UTIUTIES 

Sub.,otlon Boclwp A:>w<.r 

Voltogo Support 
T&D DefettOI 
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ENERGY STORAGE SYSTEM DETAILS 

A EVOLYTE Att,.,hcortottoeh ~ -
l l • ~ ~. ESS isAI..o'• 
l""'gonlc olocttolyto whkh connor butn 0< 

~·· See for youtMtf at www.ol•vo.(onVdemo. 

r~GRIDBANK GB35 

35 kWh / 70 kW 

4 Modulrs ~r Tmy 

uGRIDBANKGBSO 

8ATTtRYctU 

• Multiple ESS con be stocked to meat copoclty needs 

• Con be configured to meet vorious voltage needs 

• Compatible with domestic and lnternotlonol voltage 

• Battery management system included 

TECHNICAL SPECIFICATIONS 

Extemot Am!Ment 
Temperotu~ Range 

lntemol 
R.lorivoHumldify 

lntemoiSt<><Oge 
Tempe.otureRongo 

.;w-e 4S"C 
(-4'F- IIJ'F) 

IO'C 30"C 
(5CM' - 86'F) 

IO'C SO'C 
(50'F- 122'F) 

IW x 35S x 35 5' (GillS) 
toe· x 35.5' x 3SY (GB$0) 

Roct.OC-., 800-II$0 VDC 

2C Cho'l)<l- 89 A-- 30 mlns 

4C ~-178Aovomge 15mlns 

;; .. 
GJOrl 

UOEFINING ENERGY 

www.olevo.com 
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THE ALEVO GRIDBANK STORAGE SYSTEM 
The GridBonk is o fully integrated ond vertically engineered storoge system. Alevo's GridBonk storage system contains 22 seporote rock 

doors ond is designed to be easily mointoined with direct occ:ess to individual battery rocks. By accessing isolated rocks from outside 

the container, servicing o Grid8onk by qualified technicians is possible without turning off the entire system, ensuring more uptime and 

increased operator sofcty. 

When fully loaded, eoc.h GndBonk storage system c.ontains 2 MW / 1 MWh. Grid Bonks ore o scoloble solution which con olso be installed 

without on enclosure using specialized rocks tho\ con be housed in existing structures or custom builds. 

'"' (_ .,) EACH 2MW GRIDBANK CONTAINS: 

14,080 Battery Cells 

1,760 Battery Modules 

440 Battery Trays 

~ I 

220 Shelves 

22 Rocks 

per GridBonk 

8 Cells per Module 

Designed & Engineered for Maximum Uptime 

8A.TTERYC£U. 
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GRIDSTAR• LITH IUM-ION ENERGY STORAGE SYSTEM 
Tum-key enei'JY storage for commercial, 
industrial, and util ty applications 

• Demand Charge Reduction 
• Renewables Integration 
• Transmission and Distribution Investment Deferral 
• Frequency and Voltage Regulation 
• Mlcrogrld Support 

Complete solution. Compact package. 

Offering you: 

Ease of Installation and compact footprint 
• Flexibility - modular In 100-375 kW A£ and 

2()()-600 kWh" increments 
• Scalabilit y - simple to sc;,ic up to MW·class applications 
• AC·coupllng of multiple energy storage units 
• Full Lockheed Martin warranty 

.. ,,,, ... ~ 
•• • 

GridStar"' U-lon Energy Storage Unit Specifications 

M.lXImum AC Power 

Maximum Energy C .. pac1ty 

Round Trip Ellieiency 
Footprint 

Weoght 

Storage TYP" 
Powet l nterrac~t 
Control Interrace 

Control 

Warranty 

Am brent Ope<3nng Temp 
Cnelosure 

Certifications 
System 

'"""""' B.'lneryCell 

Turn ~ outdoor· rated O<lefiY storage system 
oncludoog AC/OC protec~on. power cooversoon, energy 
stor•a•. thcrm•l manoacmcnt, and controls 

100 lt!N to 375 lt!N conflgur.>nons 

200 to 600 lt!Nh AC; bogonning of life -----­
>90!6 
S' Dxl7'lx8' H 

<17,000 lbs (7,711 kg) 

L•thium·ion 

480VAC. 3·phase 3·wire standard (4-wire op~onal) 

RS-485 / Mod bus, Ethernet/ Modbus TCP 

Compa~ble woth Lockheed Mao ton or 
3od paoty provoded 

3·year standard, l O·yr opMn avaolable 
·22'to 122'F (·30 to SO'C) 

NCMA4X 

UL 9540 des gn 
UL174l, IEEE 1547 
Ul1&42 

.... .. -~-...... ~--· 
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TrinaCommercial 
Trinabess .. , . 

Solely Mufti.funcHon 

• Posses strict sototy regutalfoniUL. CE. RoHS) • Reduces ctectrlcity bills by reducing conkaCted power 

• Antl-lslonding protection • Acts as a valuable asset for Ene~gy Arbitrage 

• 10-yeor warranty • Frequency regulation 
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Dimension 

Specifica tions 

Olmcnslon(W• H•D) 

Weight 

Cooling 

Certiflct;~te 

Battery Pocks 

lott~ry Copo~lty 

Nomlnol Voltog• 

DOD 

Cycle life 

Dlmension(w•tt"o) 

Communieo«on 

Certlflcqte 

IP Protection Clou 

System 

I ,., 

J 

Unll:(mmJ 

4SOKG 

SO~Wtl, IOOtWh, ISO~Wh 

772.5V 

On Grid Mode 

SSQKG 

Forced Air Cooing 

Ul 1741 , lEfE t547;UL?540 

772.5V 

90%, 

>8000 

600' 2160'800mm 

Elhernel. CAN 2.0. RS485 

Ull642. Ul 1973 . 

f' 21 

Trinabess 

772.5V 

--------~-~·~--~~~~~----------------------~~--~~--~~~--~--~~~ Worronty 

Operating Temperature Range 
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SYSTEM DIAGRAM 

TECHNICAL DATA 

Model 
Energy Storage 

Pow., ROfl!lil (kW) 

AC VoHoge (V) ----­

Cold "•quency (Hr) 

1HD 

Opefollng tempecoture Ionge ( C) 

01menslon(mm) 

500kWh~2MWh 
COQCk tv k~ ...... 

15Minutes~4+ Hours 

APPLICATION 

·~ .... 

·. 
•.· -- ~~-···... ,.. 

.... . ._.-.._. 

· ~­·-­· ~-c.-
· .. 

'··-.. 

Trinabess 

TrinoMego 
2 MWh I Container 

:,00/2.000 

400 

IP$4 

12.192' 2 438' 2 896(40' HO) 

~881. 
S'(l'.,l'IOMCV t.AC A.C: 

' 

Fost Sub-second 
te1i'Of'ISO llme 

--.· 

:=.:;:--~··· -... . 8888 ........ .. aa aa ----· 
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E s s~ 
(NtkGY SIOkAGl SYHUU 50kW/400kWh Energy Warehouse"· 

THE MOST SUSTAINABLE LONG-DURATION 
STORAGE CAPACITY AT THE LOWEST LCOS 

ENERGY STORAGE FOR CRITICAL PROJECTS 
Utilizing earth·abundant iron. salt aoo water lor rts electrolyte. and srrnple materrals 

for battery components, the Iron Flow Battery UFBl from ESS Inc. iS a durable, 

environmentally-safe. long-duration storage solution that is ideally suited for: 

• time-shining renewable energy on a daily basis, 

• managing a facility's demaoo or TOU charges, and 

• smoothrng the rntermrttency of renewables on a constrained grid. 

The IFB has a lffespan that exceeds 20,000 cycles. has low maintenance 
requrrements. and an energy capacity of oY1l( 5 hours. tt matches well with the 

25-year life span of sctar and wind pro,ects. supporting 1110se appllr.auons· low 

levelized cost of energy (LCOE) requirements. 

Concurrent with serving these applicatioos, the IFB's inherent quicl<-respoose 

power eleCtronics can perform ancillary services such as voltage and frequency 

support on microgrids and utilily-scale applications. 

TECHNOLOGY 
All-iron redox (reduction-Qxidation) llow battery technology by ESS is based on 

the elegant simplicity of the eleCtrochemrcal ferrousllfon plahng reactron on the 

negative side and the feuouslfenrc redox reaction on the battery's positive side. 

Negative side- plating side Positive side - redox Side 

ALL-IRON FLOW BATIERY 

£ad! ESS 11oo fil>< 8at1efy syslfm rs budt"' a 40' looi 17t 9'6" h~ w- siiOPCline 
cootain« lnlsillg.Separatecoolainerscan be staclrediDI>lOsefVe~ 

FEATURES AND BENEFITS 
• Cost-effective, made of Earth's basic elements 

• Environmentally safe. non-toxic electrolyte 

• Non·flammable • No corrosive acids 

• No halardous materials • No noxious fumes 

• lcng-duration storage (ovet6 hours) smoothes renewables 

Oltput, and reduces demand charges. 

• Provides flexibility for power and energy use cases 

• Long life, >20.000 cycles, low maintenance 

• Transports preassemble<! anywhere worldwide 

• The electrolyte can be hydrated onsite 
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SPECIFICATIONS - , FEATURt DATA 

Eleclrical 
Power 50kW (AC) 

Energy Capacity 400kWh 

AC Interface 480 VAC. 3-phase 

Communications Remote Monlteting 
31d Par1y Oata/controt 

Mechanical 

Enclosed ISO Container 
Oimens10ns 40'l X 8'W X 9' 6"H 

Werghl (D<y) 12,700kg 

Wetght iWetl 33.200kg 

Environmental 
Battery Recyclable components 

Electrolyte FeC12. KCI, H20 

Operating Temperature ·5'C to +50'C 

Warranty ComP<ehensrve 20-Year 

Certilrcatioo NRTL F~eld Cet1iflcahon 
UL 

Performance 

>20,000 cycles 

AC/AC Peak Roundtrip Efficiency >70% 

Response Tune Full power in <I sec. 

Nom 

100% avarlable 

Proprietary lnter1ace 
Modbus interface 

Turn key AC system 

------

Noo-flammable. non-cetrosive 

Can extend range Wllh achve 
temperature cooJrOI 

Wrlh conbnuous extended 
Service Agreement 

Meets AHJ requuements 
Pending 

To 100% DOD 

80% DOD cycles 

From standby. invertet hmited 

Each troo f lOw Battery and its At; etectrooic 
components are housed in a shipping 
container let transi)O(labrllty and protection 
from Ill<! elements. 

For more information, contact: 

ESS, Inc. 
SW Upper Boones Ferry Rd. 
Portland, Oregon 97224 

Tel: (855) 423·9920 
Email : info@essinc.com 

www.essinc.com 

~020l6D$, 1rw;.Aiflt'G~. 
~oonsf'l\illy~·N'lbcklltO!ct.IFB~l7 
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ViZn GS200 PRODUCT SHEET 
ENERGY, 

Engineered for Safety. Non-toxic, non-explosive, non-flammable, the GS200 Energy 
Storage System is self-contained, mcxfular storage system delivering the most cost effective 
and safest energy storage on the market The Zinc/Iron redox flow incorporates the most 

efficient and worry free non-acid chemistry available tcxfay. The flexibleGS200 mcxfules 
can be interconnected for higher power and energy requirements. 

+ Hjgh power, short duration: Quick respons~ and millisecond (ms) switching 
between charge and discharge cydes make the GS200 suitable for rapid response 
applications such as frequency and voltage regulations requiring high power. 

+ High capacny.long duratiOn: High endurance redc>x design provfdes flexible Stat<r 
of-charge (SOC) ootput o~n durtng the most punishing dulY cydes wilhoot SOC 
limits or capadty fade. Greater than eight hours discharge at nominal rated power 
output, and 2.4 hours continuous discharge at maximum rated powef output. 

+ State of Charge access: The GS-200 process allows for 100% dynamic range of 
the SoC. This access to full capacf\Y of the batt..-y without damage gives the G5200 
significantly more useable output !han compotitl~ batteries. 

+ Heavy·duty cyckt: vtzn·s flow battery can cyde at high frequency and at high power 
several Um~s per day withovt the ill eff~ts of overheating which enables it to 
support simultaneow revenue grade applications without reducing the battery life. 

+ ~foty·Vi7n Row h.lttorio~ ;uo ~nufMtllrQci with nnn-tnvir, nnn-oxplnc;ivo .lnci 

noo-flammable materials. The batted~ do not po~ a risk to people, communities or 
the environmMt. 

+ Value: The unique comblnallon oflong cyde life. plus high powe< and high capaci\Y 
in the ViZn flow battery offers the best value for utility, micro1Jrids and commerCial 
& industrial applications 

Batte<y stacks 
Designed using abundant, 
Inexpensive materials 

Low cost alkaline chemistry 
InherentlY safe. non-toxic, non­
llammable, non-explosive 

High quality seamless tanks 
Rotomolded high strength 
polypropylene 

RapldROI 
LowO&M, 
20-year life, multi-use 
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ViZn GS200 SPECIFICATION 
ENERGY._ 

GS200 I MW 1.0 MWfll) MWh (5 units) 

G5:ilJO Nomml """"""' Maxinum Enetgy 
flo/IN) -~ -II<Wl 
1.0 340 1,000 

1.2 400 1,200 

1.4 470 1,400 

ESU B.ECTRICAl (TYPICAl 1 MW INSTAUAllON) 

Ufe-tlme 

Maximum powe-r 

Energy 

Duration at maximum power 

Nominal power 

Duration at nominal power 

Olarge to Dlsdlarge switching time 

DC voltage range (nominal mfNmax) 

OCcurrent range (nominal min/max) 

Max OCcurrent 

ESU eNiclency • AC/AC 

ESU efficiency· OCJOC 

Auxiliary power required 

ESU MEOIANICAlfll>l) ()~>~;RATING 

Communication 

ertemal opoo~tlng temperature 

Internal amblent te-mperature 

ESU weight power module 

ESU weight energy chemistry module dry/Wet 

Safely/Regulatory 

~ 

3,000 

3,600 

4,200 

GSlOO IAMW/42 MWh t1 units) 

tK11WrunOC ...,._DC li>ws • HaulS. 
v.bgo v.bgo Madnwm~ Non'Onol-

400 625 2.4 

480 750 2.4 

560 875 2.4 

10,000 cycles @ 100% DOD· 20 years 

l.ooOkW 

3,000kWh 

2.4 hours 

340 kW 

8.8 hours 

<2Sms 

400/62SVOC 

470fl00A 

2.400A 

74% at nominal power 

90% at nominal power 

480 VAC. 60Hz. 3 Phase 

USB, 485, Modbus Ethernet 

·10'Cto4S'C (14' Fto 113'F) 

IO'CtoSO'C!SOoFto 122•F) 

18,900 lbs (8,573 kg) 

5,000 lbs/1 20,000 lbs {2.270 kg/54,431 kg) 

Compliant with UL, CSA and C£ requirements 

8.8 

8.8 

8.8 
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PRIMUS 
POWER. 

LONG DURATION ENERGY STORAGE 

Multi-hour duration. full powPr 

Multi·decadt Me 

No electrodt>~tack rPplacE'm~nt 

No fore usk 
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ENERGY POD. 2 

• Peak shaving 
• Bulk energy shifting 
• Renewables lnrcgraiton 
• Smart grid support 

• Islanding/black start 

• Cold wPathEr pnck•'9" 
• Hot weather package 
• Black start 
• Hybrid Aex flow 
• Primus Energy Management System 

(PEMS) 
• Multiple front cover color optoon< 

Aflnpttcrr park'lqed .v11111tJ ft"''•lo;-Pnd '''l' I, \ttl# 

#. PRIMUS 
' POWER. 

( t_.o, I -ct"\ .... f 

TECHNOLOGY 

Bottcry type 

Electrodes 

Cell archotecture 

Flow architecture 

PERFORMANCE 

Rated power 

Rated disd1orgc> c>ncrgy 
Ar rilrf'<l pl);·.;e• 

Zinc bromide flow battery 

Titanium 

No >eparator/membrane 

Single tan~. single pump. single flow loop 

25kW 

12SkWh 

EnerqyPod efficiency 70% 
R •mdtr1p ()' ,n I i'!U~lli,m,.s iH ]-; ·( .lmht.-f1t 

Depth of discharge 100% 

PHYSICAL 

Dimensions 

Mass 

Handling/transport 

COMMUNICATIONS 

Supported protocols 

ENVIRONMENTAL 

Ambient temperature 
Wtrllh.JI • ('.;I J,'f<J• 

Ambient temperature 
~"'och opr•onJf <ol11 Jnd I rJ wt:athet P.K ldgt:"'> 

Humidity 

Enclosure 

Seismic 

STANDARDS 

1.8x2.1x2.2m 

4.200 kg 

Forklift. pallet jack. crane. 
standard ISO shipping container 

TCPJI P. Modbus over TCP(IP or 
R$485, DNP3. SCADA. O~n ADR. 
CAN Open and OPC Server 

-s'Cto4o·c 

· 30' C to so·c 

Non·co~dens<ng 

IP54/N( M/\ :;$ 

IEI:l: 693 

Designed to comply with: UL 9540. Uli9n. NFPA 70.IEEE 6n 

l9G7 Trust Way 
Haywi,d. CA 9~)4$ USA 

Phone: "1510 J-42 7600 
Fi1J: +1 SlO 'S421699 
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Primus EnergyPods use non-flammable zinc bromide electrolyte with safety risks lower 

than most other batteries 

Health flammability 

• C.nc•v,. • WtlltiOt 
Primus Energyl'o<l ,..,. .... 

bvm 0 
injvty 

·~ 
. , .... _ 

Ulon lrCto 2 
9l"C 

• C.ncww • Will no• 
vanadium flow --· 2 

National Fire Protection Association injury """' 
Halard Ratings 

·~· 
0 •lowest hazard level Wllnoc 

4 • highest hazard level Sodium sulfur bvm 2 . :=:: ··~~-lead acid :Ire to 
lnJ ..... 9:r<: 

IM131bllity 

SUble 

--w.,.. .. 
fiiChTcwP 

.......,,,.,.... 
d'l-'n~.n 

hi&hTorP 

--· ct\1,..,,. 
¥TorP 

c.n-
urut.tble •t 
l'll&f\TorP 

SpedflcHo..,., 

COR 

w 

COR 

w 

COR 

COftCMM 

l't•rts .......... 
..m-~ 

Corrosh<t 

--wtthw•• 

......... 

Ill PRMUS 
' " PCWlR 
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