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A study by simulation for voltage stabilization
associated with introduction of EV to SmartGrid

KEIko Karaisui™t and Masato OGUCHT!

Recently, the lack of natural resource and rapid increase of energy demand
have raised as the worldwide problems. In order to solve them, attention is

focused on SmartGrid could work efficiently in energy network. Object of our
study is EVO Electric Vehicle) expected to become chargeable and discharge-
able infrastructure. It is not only used as a vehicle but also is thought as
a power resource which could charge and discharge energy as necessary. As
energy is transferred between EV and power grid through charging and dis-
charging equipments, it will be possible to regulate energy on entire grid by
way of charge and discharge. In the future, with information technology, it will
also be possible to stabilize energy. However electric energy on grid varies in
wider range because each EV runs individually on the grid. As compared with
a case; storages is fixed, more complex control is needed. It has been a serious
problem. This research is a study for development of a simulation system to
evaluate these circumstance.

1. 0o00ano

ogobooooboooooooooboooooobooooooobOooooobboooooon
goooobooooooooooooooooobooooooooboooooobooObo0oOn
gooooooobooooobooobobooooboooooooobooooboobOoDon
ooooooooooooooobooooooOobooOooOo0ooobooooooobobooooboo
gooooooooooooooooooobooooooo0ooooooobOoooooDon
goboooooboooooboooooooobooooboooobooooooboooobooooooo
OO0O0O0EV (Electric Vehicle: 00000 )00000000000O00O0O0OOOOEVOO
goobooooooooooooobooooooooooooooobboobODbUooobooo
000000000000000000000000000000 V2G (Vehicle-to-Grid)
ogobooooboooood
gobodoboboobooboooboooooodoboooooooobooooobooooon
gobooooooobboooooobboobooooobooboooooooboooooooo
gooobooooooooobooooooboooboboooOoboooOoooOOOboOoOOooODon
gdooooooooooooboooooboobOobo00ooooooObooOooooboon
gobooouooboocooboocoooooboooooOoboOoboOooooboboOooboooboooo
Oo0o0o0oooooOOooo0o0ooooooOO EevOoOoOooooOoooO0o0oooooooo0no

t1 00000000
Ochanomizu Univercity



ocoooooooooooooooooooboobooOooOobOObOOObObOObOObOOODOOOOO
ocooooooooobOOoOoOoooOb0 EVOOOOOOOOOOOOOOOOOOOOO0O0
ocooboooooooboooooOobOOobooooOobOOOobOOoOo EvOoOOoOoooooooo
oooooooooooooooooooooooooooooobobO EvOoOoOooooon
goooobooooooobobooooobobooooooobooooooooooooboo
goboooobooooobod

gooobooooooooboooobooobo 200b0000O0O0b00o00o0ooooDooO0on
OO0 EVOOOO0OO0OO0OOOOOOOOCO 3000000000O0O000000000 40
ooooooooooooooooOOOOOOO0OO0O0OO0OO0OEVOOOOODOOOOOO
Oo0o0o00o0oooooOOobo0o0000 s0O00000000000 EVOOOOOOOO
goooobooooooooboooooOoOoboOoOooooboOboOoooobebObOoOobOoOoDOO
goboooobooooo

2. 00000

2.1 00000000

gobooboooooooooocoooboboOooOobOOoOObOO0OoOoOoOboOoOooooDoo
gooooooooooooooooobooOoboooboooOoooooboooboobOoooooDooo
goooobooooooooooobooooooooOoboooooooOoocoobOoooooDooboo
oooooooooooOooooooOooboOooooooooOobooO0oooooooooIrT
gobooooboooobooooboooooboooon

00000000000000D0 1000.01000Y00000000000000
oo oloooooopoooooooobOOITOOO0O0O0O0O0O0O0O0OOoObOOOOOO
gooooooooooooooooooobooooooboboobOooOoooooobooOoo
gooooboooooooobooooooboooooooooooooooooooDooboo
goooooooooooooobooooboooooobooOobooooooboooboDOoDbbOOo
gooooboooooooooboooooooboooboboooooooboobooooDoboo
cooooooobobooooooobobooOoobooooOoboboOoOoOo ITooooooboon
ocobooooooobooobOooooooobooOoboobooooooooOooooooboooDoooo
goooboooooooooooooboooooooboooooooooboooooooo
goboboboboooooooooboooooooboooooboooobooooooooooo

coooooo ITooooooooooboooooOoOObObObObObObboOo

e B DT
TSRS

\ T

mm

KRBT,

Jﬁ%ﬁ%%ﬁ)f

‘mn,.-

*ﬁ%%%f)f ! v
R FEEPT EREWTE
e TRLFE—
KEBHFE TR g2

01 00000000000

22 Evi0i0000oooo

ooboooooooooboooO EVOOOOOOOOOODOOOOEVOOOOOOD
gooooooooooooooboooooboooooooooooooooooooon
cooboooooOoooooooOoboOoOoboOoObOOOOOOobO EVOOOOOOODOOO
oooboooobooooooooboOoooooOoboooboOoOooooooOoboOooOooDon
gooooooooooooooocooooboobobo0boooooooOobocOoOooooOoOoono
oooooOOOO0OO0O0000000000000D0OEVOOO0OO0O0O0OOOOOO000O
ooooOoO0o0o0oO0oooo0ooooooooboooooOODOObOboOoOoEVOOOOOOOO
goooooooobooocooooooooobOOooooOobOOoboOoboOooOonboooOooDoon
gooooboooooooooooboooooooboooboooooobooOoboOoOooOooooDoon
oobooooboooobooobooooobooooooooo

23 EvVOO00000O0
EvoOOooOooOOOOOOOOOOOoOooooooooooOoooooobooObODODOOn



coooooooooboooooooobooOobOOoObObObObOObOOObObOOOOOobooOOoo
cooooooooooobooobOOoOooboOoObOObOOOOOOObOObObOODOOO
ocoooooooboobOoboOoooooobooOooboOoOoOoOobobObOObOOoOoobobooOoDooOOon
gooooboooooooooboooooooooooobooooooooooooooo
goooboodooooboooooooooooooooooooooobooboooooooo
goooooo
gooooboboooooooooooooboooboooooobooooooooobooooDoboo
goooobobooooooobooooooobooooooOoocOoboOoooOobobbObboOoOobobo
ocooooOOoOoOoOoOooooOoOODOOO0O00O0O00O0OOOoOODOOOOEVOOOOOO
goboooobooooooboboooooo 2000.

HHEN) FE RN

HEVR ) v Rako
T AL X — B TR -

R Y

(AR IOFESE S T
(GSDEH77Em) G
- — 7 GHEEBEISIZ P
= - IR FE R B 2 LA )

111 )) AL
ITIZ X 2% il

02 EvVOO0O00OO0O0O000O000O0000000

A2

24 0000000000000 EV

gooooevOOOOOoOoOoOooOoooOoOoOODODOOOOOOOOODOOOODOOO
oooooooooobD eEvOoOooooon
gooboeEvoooooooooooooooooooooobooooboooooooo
Oo0oooo0ooooOo0oooooOoooOoOoooooooOo veGoooooooo
cooooooooooooobooobooooOEVOOOOOoOooooobobobobobobDOoooo
ocooooooboOoOoOoOoOoooooboooOoOoOODOOOOOEVOOOOODODOOOOO
ocooooooooboboooooooobocboOoUoOo EVOODOOOOOODOODOOOO
ooooooooooooooooooOobO0o0o EVvOODOOOOOOODOOOOOOOO

ocoooooooooooooooooooooooooon
coooooOoOOOOOO0OO0OO0O0OOOoOoobo ITOOoOOoOOOODOOOOOOOOO0OO0
ocoooooooooooboboboooooooeEvoOoooooooooooboooooon
gooooboooodoooooobooooobooooobooooooooodooooon
goooboboooooooboooooooboooboobooooooobooooooooon
goooboooooooooboooooboobobooboooboOoooooboooObboOooooDoo
ooobooooooooooooooo EvOoooooooooooooooooooon
oooO0oooooOO0ooO0ooooooOobO0O0o0o0obo0oooooooO0O0O0000o0O EVO
uoboooobbooooooboooobooOobooOo0oOobOOoOoOobOoOobooo

3. 0000

oooobooooooOooeEvoOoooooooooooooooooooooooon
oobodooboooooooooooboooooooboooobooooon
oooooooooooooooooOoOoOoboOo00oO0o EVvOOOOOOOOOOOOOO
gdooobooodooobooboooobooboOoboooboboboooobOOoOOboOoOobooboDo
ooobooooboooocoboooooboOooboOoooOobOOoOoOoOobOOoOobOoOobOOonn
goboooobboooboooooooooooooooboon
ooooboboooooooooooooOooooboobooooooobooOobooooooDoon
00000000 EvOoOoO0oOooooooO0o0oooooooOo00000o0o0o00000
gooboooooooboooboooboooooooobobolobooooobooboOoooonn
0oo00o000000ooooo EvO0O0o0oOooooooooooooobobooooooo

4. 0 00O

4.1 0000000 O0DDOOOOOO

0000000000000 0000000O0000 OpenDSSO Open Distribution Sys-
tem Simulator™ 0D 0000000000000 O0O0O0O0OOOOO0DODODOODOOOO
goboobooobboooboooboooobboboobobooboboobobooobuoooo
goobooobobooboboboooobooobbooobboobobbooboboo



4.2 0000

000000000000 0000000000000 OpenDSSOO0OOOOOOOOO
000000 IEEE PES(Power & Energy Society)s) 000000000 8500-Node Test
Feeder(O 3) 00000000 8OO0 CD00O0ODOOODO1I0015km] 000000000
goboboobobbooboobooboobooboboobobobboobobo
000 115kVO3000MVADD O 0000000 115[kV] - 7.2[kV] - 120/240[V]0 000
gobooboooboooboobooboooobooboboboobobobooboboo
OU00o0ooOoooooooool20/240VjDO0oUooooo30oooooouooo
OOo0oOgo0.006093.73kW]0 000000000 0UOOO0OOOOOOOD 10773[kW]
gooboooobobooobo 200000000000 bOoOOobDOO

ZEE]

{115kV 3000MVA

0 3 8500-Node Test Feeder

43 0000

420000000000000072kV]00000000O0O0O0O0O 2400kW]0O00O
oobooooooooboo

000120/240V]0 00000 2340000000000000000000O0OOODO
000 20%|0 EVOUOOUOoOoooooooooooooooouoooooooouoo
ooo0OO0O00000 EeEvOoOoOooOoOOO0OO0OO0OO0O0OOOOOO0OO00OO000O0OO00
gooobobooooooooooooboooooobooOooooobooooooooooDooboo
O0o0000000oooooooooooo 40000

RS FER

04 0OO0OO0OO0O

goboooooocooooooobooooobOboooooobooooooboobOooooon
gooobooooobooobooooooooboooooboobooooooob s000000n
000000000000000D0000000000000Y 00000000000
0000o000o0000o0o00oooo0 0% 00000000o0oonoooooooo
goooboooooooooooooooooooooobooooooboo0oOoOoEVOO
gooooooooooooboooooooobooboooooooobo0oooooooooDoon
goooooobooooboooo

100
90 =3

80 al
70 /

o Vi \
50 /

10 / \
30 4

o L N
10 /

0 T T T T

P PSSP
o Q" O O O O ¢
S 0 P 8

Power Output[%]

RO

Time

05 0O0O0O00D0OO0O0OO0OO0ODOOOOODOO



oooooooooooobooOoOoOoOooboOobOOoOoOoOoOobbooboOobOOoOobooOoODOOO
0000ooooo 7.2kV] - 120/240[V] 000000 11770000000000000
000000000 EVOOOO0OO0O0O00O000DO0O0000O00000 5kWj000
02kW|00000000000000000DO000OO

oooooooooooooooooOoOoo ITOo0oooObOO0O0ooObOoOo0oOooO0O0n
ocooooooooooooooooOoboo0ooooooooOobocboOo EVOOOOOOOO
oooooooooooooooooooooon

5. 0000

7.2[kV] ~ 120/240[V]0 0000 11770000000000000000 EVOOOO
0000000000000000000000000000000000000000
00000000000000000000000000EVODO00O000000000
00000000000000000000000000000000000-5V]000
000000000000 00000000D00000D000000000000000
0000000 100[V]0DO00000D0000 101[V]+ 6V]0O0DO0O0D0D000000
oooooooo

5.1 DO0O00OO0OO0O0OOoO0O0oO0oooboOoOoobOoOoooooboooono

gooooboooooooooooboooooooboooooobooDbooooooooDooD
0000o00o0oo0o00120/240V]000 11770 000000000000 0OOOOOO
ocoooooooooooooooooooooOoEVOOOOOOOOOOOOOOO

O050000000000000000000000000O0% ODO0D0DOOODOOOO
oooooroo00O 16:0000000000DOOOOOOOOOOOOOOOOOOO
ocoooooooOobOOOO0O0OO0OO0OO0OOobOObObooOoObOOOOOO0O000 600 150000

Voltage Difference[V]

iBScsitonsant
Voltage Difference[V]

B e =
EN8hébbonnand

0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
Node Node

06 7ooo00O0O0O0OOO 07 8poo0oOoOOO

Voltage Difference[V]
EBBhobbonrant

0 200 400 600 800 1000 1200
Node

Voltage Difference[V]

08 90ooO0O0OOODOO

Voltage Difference[V]

* L el 1 o,
3 . 1
0 o 3 . .& o’s‘n. e g :‘,.

v
bl

0 200 400 600 800 1000 1200
Node

Voltage Difference[V]

010 110000000000

Voltage Difference[V]
EBBhobbonrant

0 200 400 600 800 1000 1200
Node

012 130000000000

Voltage Difference[V]

200 400 600 800 1000
Node

013 140000000000

1200

Voltage Difference[V]

ENBebbbonsnnd

et
T Panioed IR
< 5t fxadit $uan
- o - -
-1
-1;
-1
0 200 400 600 800 1000 1200

Node

Voltage Difference[V]
EBBbobbbonnand

- ¢ o ®

o

200 400 600 800 1000
Node

1200

014 150000000000

015 160000000000




geb0 15000000000 DOO00OODOOOOD MO ODLOOOOOODDOO
000000 [Vjooooooooooooooooooooooooooooooooo
00000o00ooD0oooOoooOooo-5vVjooooooooooooooooooooo
gobooooooooooobobooobooboobooooooooooooboono
goboboodoooboboooobobednlsoooboobooobooooooooooon
ooooooooooooseoOols:oobobooObObOObObOOoEVOOOOOO0O0O0O0O
gooooooooooobooooocboboOoooboOobo0ooooooboobOoooooDooboo
goboodooboobooo11bo00on

01 00000000000000000000C0O00O000O0

B 700] 8:00] 500 10:00] 11:00] 12:00] 13:00| 14:.00] 15:00| 16:00

i\ EFEEMI
o7 2a| 1000 | 828 | 634 | 574 | 574 | 574 | 574 | 683 | 868 | 1000

5.2 EvVO0O0OODODOODOOO

ooooosaooooooooOoboOOOOOOOOO0OO EVOOOODODOOOOOO
ocooooooooobooooooooooobobooOoobO EVvOOOoOooooooooooo EV
gooobooboooooooboooooooobooboooobooooobooooooobooboOobo
ooooooooooooooooooooooo EvOoOoOooooooooooooon
gobodobooooooooboooboooooooboooobooboooo

o0000O0000O0000D000 EVOOO0OO0OD0O000O0O0ONational Household
Travel Survey(NHTS 2001%)0 Federal Highway Administration(FHWA®) 00000
goooboooooooobooooooboooooooobonbo e 1vO0O0O00ooooooo
gobooooboooboooooooooobooooooo

poooooooDi10o0oooooOoOObOO00O0bOOOoOoOOOO EVOOODOOOOoo
00000 1800000000000000000000 EVOOOOO00000000
Oo00EVOOODOOOOOOOOO0OO0OOODOOOOOO0O00O0 EVOOOOOOOO0O0
goboooooboooboooooboooboooooboooboooobooooooboboOooonosa
goboosoodisxxoo0bD0O0ooooooOooEVOOOOOOOOO0ODODOOOO0O0DOO
gooooooooboooooooobooooooboooooboooooobboooobooooOo eV
000 25kWh)0 0000000000000 O0OOO0OO0OOOOO

#
#

——1830
—=—2000

H #

Share of Sampled Vehicles
#

7

#
e

Last Trip Ending Time

R e
5 o o et
5 ;p’ﬁ.e"" .@"’@,\t’)@.\& Pty

g

......

CPC N A
58 8
P o b A
[

Fiz 2 Home amival time distribution

016 000DDO0OO0OO0ODDOOO 017 00O0ODOOOOODDOO
100 =0 PY
g2 \ o
< 8
[Fri, Y ¥
3 0 \ b.d
B 50 \ r 4
S a0 A .
8 30 LSOV -
- 20
G 10
0 LN B e s s s s s s s s s s
O P & H S &
& &S G@NNSP&‘@ ,&@ @-@ 0—9“
Time

018 0O0O0O0OO0OO0OOOCODOOOO EVOOO

5.21 0 EVOOOD 2(kW]000

00000000EVOODOO0O0O000 2kW]000000000000000000
0000000000000000000000000000120/240[V]000 117700
0000000000000000000000000000000 EVOO 520000
0000000000000000000000000 EVOOOOO000000000
5100000008:00015:000000000000000000000000000
000000000000000 1900 260000



Voltage Difference[V]

0

600

Node

+ without EV.
with EV

Voltage Difference[V]

0

+ without EV

with EV

019 gOooOoOoOOooOGOO

020 90000000000

-

Voltage Difference[V]
EBBbdbbonsand

T IVRL, X

0

& e S P By

AWML Y ag;m
e 3° 3%

*

600
Node

+ without EV
with EV.

bhbbonvbsan®O

Voltage Difference([V]

P
[ ~i=)

0

+ without EV/

with EV

021 100000000000

022 110000000000

-

Voltage Difference[V]
i Ssbhbbonnond

+ without EV
with EV

Voltage Difference[V]

0

« without EV
with EV

023 120000000000

024 130000000000

Voltage Difference[V]

B B S
Saat JelfR

e
- *

s ahe e sets
Gk § hd

0

600
Node

+ without EV
with EV

o bMONBO®EO

Voltage Difference[V]

[
BERB

0

+ without EV

with EV

025 140000000000

026 150000000000

0100 200000000000000000000 NN770000oO0O0O0O0O0O0O
0000000 [vVjoooooooooOooooooooUooooooooooooooo
00o00o000oo0oo0oooOoooo-5vV]000o0oo0ooooooooooooo
goooodoosibooooooooobooooboooboooooooooooon
ooooooobo evooooooooooooooooboboooooooooooono
uoboooooboooooo

oooooooobOObOOEvOOOOOOOOOOODOOOOOOOOOOOOOOODOD
ocooo0O0o0o0o0ooobOo00ooooooooooOOOoOoOoOoOooooOooODO EVOOO
oobooooboboooboooobooooboooobOoOoboOoOoOobooboOooo

5.2.2 0EVOOOO5KW]O000

0000000O0EVOOODOOOOOD 5kW]000000000000000000
0000000000000000000000000000120/240[V]000 117700
00000000000000005200000000000000000000000
00 EVOOODOOOOO0OO0ODO0O0O0O00 EVOOOODO00000000
510000000800015:000000000000000000000000000
000000000000000 2700 3400000 2700 3400000000000
000000000 11770 00000000000000000 [V]0OOO000000
0000000000000000000000000000000000000000
0-5V]0000D00000000D0000000000000000510000000
0000000000000 0000000000000D00000D EVODOOOO00O0
00000000000D0000000000000000000000005.21000
0000000000000 0000000000000000000000000000
0000000000D0000000000000000000000000000000
00000000000 0000000000000000000 EVOODOOO0O000
0000000000000 000000000000000000005.2100000
0 EVOOODOOOO0OO0OO00000000000000000000000EVOOOO0
000000000000000000000



Voltage Difference[V]

5.3 0O O
o000 eEvooooooooooooooooooooooooooboooooon

Voltage Difference[V]

2R e Higmn | R 00000000000 20000
o v e I a6 ade 1 a0 with with
~ES e e e 02 EvV0O0O0OOOODOOOOOOODOOOODOOOOOOODOOOOODO
0 200 400 600 800 1000 1200 B3R 500 85001000 11:00{ 1200 1300 14:00( 15:00
Node S 829 | 634 | 574 574 574 574 5583 968
027 s0000000000 028 90000000000 B2 [kin]) 845 | 656 | 604 | 607 | 618 | 622 | 15| 897
Evi(5 Chin]) 937 | 702 | 618 | 620 | 636 | 645 | 794 | 1000

Voltage Difference[V]
EEBoobbonnrand

n

bhbLONBEO®O

000000000000 U0OEVOOOUOOOUOOOEVOOOOD 2kW)O0O0OO
O0OEVOOOUOO 5kW|000000 30000000000000O0O0OOOUDOO

b ¥ S AN sadn
+ without EV -#Qbf'": 53 st SLRNGTON, + without EV
s

Voltage Difference[V]

— I oMy s e 00000000000 0000000000000000000 EVOOOOOOOO0
Eg LR 000000000000 0000000000000000000000000EVOO0

P CTT e 0000000000000 000000000000000000000000

0 20 100000000000 0 30 110000000000 0000000000000000000000000000000000000000

Oo00o0oooooooooo EvOOOOOOOO0OOOOOOOO0OO0O0OODOOOOO0O0

-

Voltage Difference[V]
SBhbbtlonsans

0005220 000000000 EVOO0O0O0O0O0O0OO0OOOOOOOOCOOOOOEVO
gooobooooooooboooooooboooooooooobooboboboobooooooDoon

Voltage Difference[V]

* without &0 * without ev gobooooboooooooboooobooooobooboobD EVOOODOOOODOO
54 - s & - gooooooooobo eEvobooDOoOoOoOooooOoOOoOoOoooooDobOoooooDon
To w0 w0 o s 000 1200 To w0 w0 w0 w0 0 1200 coooooooooooooo
ose tose oboobooooobooooooobobooooooooOobOo EVOOOOOOOoOoOOD
031 120000000000 032 130000000000

goboodoobooooooboooooobbooobooooooobooooooooo

o

bhblbonBO®O

ocobooooooboooO0o0o EvOoooooooOoooooooOoOoooooOobOboOooo 10
gooooooboooobooooooobooooooboboOobboooooobooooooon

obrbNONBO®O

P08 L .| | eSSl AN D0D00000000000000000000000000000000000000
Bi L einaen I E TRV e DO00000000000000000000000000000000000 EVOO
g g D0D000EVOOOODOO000000000000000000000000000
T T T T T T T DODOEVOOO00O0 2% 0000000000 EVOODDO00000000000
083 140000000000 084 150000000000 D0DD00000000000000000000000000000000000000

goooobooooooooobooooOOOOO0OoOooboOOoOoOooooDooOobOoOoooOoDon
gobooooboooobooooboooooOoooooooboooobooobooOoobbooooo



6. ogooaood

goobooooooooooobooboboobo IToooooobOoDbOobOoboboo
ocooooooooooooooooOoOoLoLOOoOUOoo EVOOOOODOOOOOOOEY
goooobooooooooooooooooooooooooobooooooobooboOoOoo
gooooboobooboooooooooboobooooboboOooooboboooboooooDooo
ocoooooooooooooOooOOooobOO0O0oooOoDOOOOboOObOO0O0O EVOO
goooobooodoboouooooobooooobooOoboOooooooobOoboOobOoOoooOoDoo
ocoooooevOOoOoOoooooooooooOoOOOOboooooOOODOOOOOOn
oobooobooooo

oooO00o eEvOOOOOOOOOOO0OOOOOOOOOOOOOOOOOOOODOOO
goooooooooooooobooobooooobobOooOooooooOoboOooooDoo
gooooooooooobooooobooooooobooooooooooooboooooooboo
goboooobooobooooooooooboooooo

goooooooooooooooooboobooooooobooo EvoOooooooooo
gooooooooooooooooooobooooooobooboOoooooooooooDooo
gooooooooooooooooobooboooooooboooooooooooooDooo
goooboooooooooooooooobooooobbooooooobooooDboboo
gooooooooooooooboooooobooooobbooooobbooooooobo
gooo

g U

0000000000000 000000000 ITO0000O Onur Altintas 00O
00000000000 SekyungHanOOOOOOOOOOOO

o o 0O 0

1) 0ODo00o0ooooU0oOoooUoUooooUoOoooooUoOoooooUo
o000 boobooooooobooboboobaoto

2) OpenDSS http://sourceforge.net/projects/electricdss/

3) IEEE PES http://www.ieee-pes.org/

4) D0000oO0U0Oo0oO0oOoU UooooooOooooog
http://unit.aist.go.jp/rcpvt/ci/index.html

5) National Household Travel Survey http://nhts.ornl.gov/

6) Federal Highway Administration http://www.fhwa.dot.gov/



