)R+, - )#F .01 K213 # + .04 2
#4, [-*).)- 16/ # 0O .

#1). 5

*) ) 5/3) I* ) -)*)- 41%)44)- )/I- !
|
), . ).
(%% % $8" $%$’ ( 9 . $ 7" & ( ( 79%$'
$(%$ % "t& ™ $M"9 9 %% $ & <™ (% 7% $9%;"
$ % $&w ( (: & ( "' $ 7 ( & $8% ("
$ $ (%< 9 :<( $: 9% $%; & 7 ; (7 9 "T7T"9
<(%$ 7" & $% <7 &% IS (: % % &9 $" &9<( (
$& (% " D7 & $T9 (%% $8" (
%3$%s $ S S %S98y 2 9 : $7 ( %$< # $ '%%N'9 ( "
(29 : %" " &89 % # $%% ( & & $ ( %
% S # (: 8 & $; %SNS (: &% TSNS & % &
)$ ( $% w $% &3 $"S $%S$’ "9=
>/+6! - " # g
% +#11&
% % % & %
# ' 3 7 D
(& % & )& " 6 7 +"™61&6 % %
% "$
% & *& % +: &)< 9
+,-.0)IO, & )IN1& &)I()1&
2 %
% %
% &! 3 % +1"1
% %% %% % % %
&# =
% & 4 = % > % 7
% %% % % &
+5 7 % ? >
& )I(1& % %
% + (@ ABO
6 4C 0! &)((1&
7 % & 8 '
% %
& 8 % %
% % % 3 &D %
& % +4"$1
% % % & %
%
% & % % &6 %
% %% &6 %
% & 6 5 | 9
! " &6 .
% & 6 % % 2
% % %
+911& 4

# %S & (3



5I3) ) - Y- ) *+, ) #5 .0/ 11 *LI21

3)# + 4 2 #1). 52

% % &6 % % % ) ($ $89%" 29
2 % D 6 E% E % =
+2 &)/((0 (@AB1& e E EE 2
% % %% % %
% % &
"$ 3 6 % +"'$1
M % & % %
# "$ % % & 6 3
% &D % %%
% % % 6
& % &!
% % & % 7
) % % % [ & 3 %
* % % % % %
% % & & D& (
"o %
%" $; # 29 % + 0
% )I@1&
s & #
3 % %
&

<1% penetration of PV into the

utility grid

_| 5-10% penetration of PV into the

utility grid possible

Net-metering for residential PV

h 4

customers

Net-metering caps exceeded,
time-of-use and demand rates for
residential PV customers

Distributed generation provides
off-grid operation during utility

combined heat and power

¥

outages and/or

New micro-grids seamlessly
provide power to the utility or
operate independently

h

¥

Distributed generation providing
much of nation’s increased
generating capacity

| Local control of DG resources

———] Local control of DG resources

Local anti-islanding control -

under IEEE 1547

Anti-islanding un|der interactive
utility control

Advanced Metering Infrastructure

Significant portions of
distribution system modernized
to accept DG

Utility interactive control of DG
resources and loads common -
includes anti-islanding

Implemented :
/
Smart appliances and building ,f’f
|Uti|ity-dispatch of customer Ioadsl—b energy management systems
become commonplace
Plug-in hybrid vehicles mass- | Increasing use of electricity for
marketed ) transportation
2000 2010 2020 2030
1& ( 8"$%: $;,29 : ' & (
# D& ("$ % %
% A=(/F  )*& D % & # = % "$
ll$ %
& # = = %

%




5/3) /) - JiI- ) *+, =) #5 J#.07 11 #1120

3)# +.04 2 #11). 5?
& # 7
= 7 % 3 (A-& 6
% % 7
% 7 & # "$
% % % : 3%
& # % = D&* D&*
"$ 9l %
% &6
& + & )IGO 2 & % "$ & %
)(-1& 9! % % & #
# # % % % & 4
040, |
% 3 % A]/OO/O/ 9 % +H 9.—< " &
D &)& % % 7 %% 070 PP -
YI@1&
’ . _- EWh
PV Array p—> Inveters  L_s| Services |g 3 5
E quipm ent eler
Loads Power Grid
18 (% %$ 929 : (
Power Grid
v DC Isolator .
Consumer Unit
AC Isolator — -
l.l | Meter - \ AC Isolator
_'_'_' == ,I
) s
1& (7 "$ 29
6 +71)1 3
% % & D %
>

D &G




5I3) ) - Y- ) *+, ) #5 .0/ 11 *LI21

%
"$ & 6 7
% & 6
%
& 6 $
&
6 % %%
% &
# %
||$ %%
% &
% % %
% & % %
&
%
&
ll$
% .
% &
ll$
+(1
J J
%
1 &I .( ;I
! %
&#!" %
%% @/F& 6
%
*AF
GAF &
4 |

" $; #

3)# + 4 2 #1). 52

+< 9 & )0 < 9
)01&
, #e7 * $< # 0
8
%%
% +"1 &
! % !
% % K
K
& 6
%
+!
&)l@o4 C ' &)((1&
6 %
7 %
% & 2
% &2
% &6
%% %% %
%
% % &6 !"%
D& . %
+H#7 )I-1&
'&
% & # =
& # %
%
& +#7 )II-0 4
I &)I((1&



5/3) 1) - )il- YR, ) #5011 FLI2IBY # + /4 2 # 1) 5 ?

6 % 2 #%97 ) ( ' :$ ")
o :
' 6 %% % "$
+)1 % 1" %
% & 2
% % "$ D &*&
"o % % + < 9
&)00< 9 &)I01&

1& . %$%S$ (97 %$< ' $ "

D &
% % % % '
&4 % % % 1
\ -
T o)
/ 1
P' 13|r |
b a 4|
B | _c]
- N
4
/\\ 1
L5 /\]\
18&' (($9: 9"$ (97 2 # 9
6 %
% %% % % ' " 3 %
% &
% %
6 o % & " o %
8
&D % & % %
% "$ > % & /
6 % %
&! 3 6 %
: %
% % % & 1

n ||$ !u N

& 4 +Al



5/3) ) - Y- ) *+, ) #5 0] 11 *LI2!

M6 !

% % %
%
&

# #30 !

% %
%%
% % & "$ %
" 7
&6 % "$ !

%

1111 #/

#7 )I-& E6 R
9 5% E
< YI-&
%%&( . ).=)B5 &

4cC 0! D& )((& E8%

! N " 41

< 9 2 7

+921E o "

! +g (.G
%%&( G A=B % &

| &58&0 7 58& #0
E = =
$= O<=
% 1"=% E

9 Y@ 1< |
"5 % %%&( (()@=*5 &

&0 # 5&0 &0 ))&
E 9 % % %
% " 8% E
9 <
+19<1 /() !
& & %%&(-B=(B) G=B &
5 4 8

< &)I& N
| G-& *A&

(@AB&
&2 ;7 &

< 9

& & 8% "

, D&& $ 7 5&9& 4 9& 5 6&
, &9& ! 6&"& < &5&

&8 )I@&

3)# 44 2 #1).5?

+G1 4 "& MN& # #%%
" %
2 D &
& < 9 5& # & 4 HC
& & & & ))& E 6
%
9 % P
D ! 6 &
& & 2 1& & & #7 &
7 5&4 H& H&
&)((& Q#
I#
" < o
! #%% P "
6
9 %
"< ! &
&0 & )@& E9
"$ E
" % ! +'$11
i@ *. %UN&/INA() IHTAG -=()
5 &
2 &05% 1&04 77 #&0" #& ) 1(*&
E % D
=: 7 "%
7 7 E" %
! +'$11 )+ *@
%%&/-@) I-@G (G=)(5 &
&0 # &0 "&0 %
&0 < 9& )IIG& E "$
< =l "$ E
6 &A*
&. %UN&(IGG (/-* 5 &
(&
! ! !
(=(
5&
;19 &IN& #
%
% 6 @& @AKG*&
H =<"0 4 =7 50 ;=87 !0
< =4 ! NI@& E"
*7 - "$
E 6
! JI@& 26,! )I@&
*( %%&( A (B=)) 8 &



