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T
he 

E
lectricity 

Inno
vatio

n 
Lab

 
(e

-Lab
) 

b
ring

s 
together 

thought 
lead

ers 
and 

d
ecision 

m
akers 

from
 across the U

.S
. electricity sector to ad

d
ress 

c
ritic

a
l 

in
stitu

tio
n

a
l, 

re
g

u
la

to
ry, 

b
u

sin
e

ss, 
econom

ic, and technical b
arriers to the

 econom
ic 

d
ep

loym
ent of d

istrib
uted

 resources. 

In
 p

articular, e
-Lab 

w
orks 

to 
answ

er three
 key 

q
uestions:

•
 H

ow
 can w

e und
erstand

 and
 effectively 

com
m

unicate the costs and
 b

enefits of 
d

istrib
uted

 resources as p
art of the 

electricity system
 and

 create greater grid
 

flexib
ility?

•
 H

ow
 can w

e harm
onize regulatory 

fram
ew

orks, p
ricing structures, and

 
b

usiness m
od

els of utilities and
 d

istrib
uted

 
resource d

evelop
ers for greatest b

enefit to 
custom

ers and
 society as a w

hole?

•
 H

ow
 can w

e accelerate the p
ace of 

econom
ic d

istrib
uted

 resource ad
op

tion?

A
 m

ulti-year p
rogram

, e
-Lab

 regularly convenes 
its m

em
b

ers to
 id

entify, test, and sp
read

 p
ractical 

solutions 
to 

the
 

challenges 
inherent 

in
 

these 
q

uestions. 
e

-Lab 
has 

three 
annual 

m
eetings, 

coup
led w

ith ongoing p
roject w

ork, all facilitated
 

and 
sup

p
orted 

b
y R

ocky M
ountain

 Institute. e
-

Lab m
eetings allow

 m
em

b
ers to share learnings, 

b
est p

ractices, and analysis results; collab
orate 

around
 key issues or need

s; and cond
uct d

eep
-

d
ives into research and

 analysis find
ings.

W
H

AT
 IS

 e
-LA

B
?

The ob
jective of this e

-Lab
 d

iscussion d
ocum

ent is to assess w
hat is know

n and
 unknow

n 
ab

out the categorization, m
ethod

ological b
est p

ractices, and
 gap

s around
 the b

enefits 
and

 costs of d
istrib

uted
 p

hotovoltaics (D
P

V
), and

 to b
egin to estab

lish a clear found
ation 

from
 w

hich ad
d

itional w
ork on b

enefit/cost assessm
ents and

 p
ricing structure 

d
evelop

m
ent can b

e b
uilt.  

B
uild

ing on initial research cond
ucted

 as p
art of R

ocky M
ountain Institute’s (R

M
I) D

O
E

 
S

unS
hot fund

ed
 p

roject, Innovative S
olar B

usiness M
od

els, this e
-Lab

 w
ork p

rod
uct w

as 
p

rep
ared

 b
y R

M
I to sup

p
ort e

-Lab
 and

 ind
ustry-w

id
e d

iscussions ab
out d

istrib
uted

 energy 
resource valuation. e

-Lab
 is a joint collab

oration, convened
 b

y R
M

I, w
ith p

articip
ation from

 
stakehold

ers across the electricity ind
ustry. e

-Lab
 is not a consensus organization, and

 the 
view

s exp
ressed

 in this d
ocum

ent d
o not necessarily rep

resent those of any ind
ivid

ual e
-

Lab
 m

em
b

er or sup
p

orting organizations. A
ny errors are solely the resp

onsib
ility of R

M
I. 

e
-Lab

 m
em

b
ers and

 ad
visors w

ere invited
 to p

rovid
e inp

ut on this rep
ort. The assessm

ent 
greatly b

enefited
 from

 contrib
utions b

y the follow
ing ind

ivid
uals: S

tep
hen Frantz, 

S
acram

ento M
unicip

al U
tility D

istrict (S
M

U
D

); M
ason E

m
nett, Fed

eral E
nergy R

egulatory 
C

om
m

ission (FE
R

C
); E

ran M
ahrer, S

olar E
lectric P

ow
er A

ssociation (S
E

PA
); S

unil C
herian, 

S
p

irae; K
arl R

ab
ago, R

ab
ago E

nergy; Tom
 B

rill and
 C

hris Yunker, S
an D

iego G
as &

 
E

lectric (S
D

G
&

E
); and

 S
teve W

olford
, S

unverge.

TA
B

LE
 O

F C
O

N
TE

N
TS

O
B

JE
C

TIV
E

 A
N

D
 A

C
K

N
O

W
LE

D
G

E
M

E
N

TS

2

This report is a 2nd edition released in S
eptem

ber 2013. This second edition updates the original w
ith the inclusion of X

cel E
nergy's M

ay 2013 study, 
C

osts and B
enefits of D

istributed S
olar G

eneration on the P
ublic S

ervice C
om

pany of C
olorado, as w

ell as clarifies select descriptions and charts.
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The ad
d

ition of d
istrib

uted
 energy resources (D

E
R

s) onto the grid
 

creates new
 op

p
ortunities and

 challenges b
ecause of their uniq

ue 
siting, op

erational, and
 ow

nership
 characteristics com

p
ared

 to 
conventional centralized

 resources. 

Tod
ay, the increasingly rap

id
 ad

op
tion of d

istrib
uted

 solar 
p

hotovoltaics (D
P

V
) in p

articular is d
riving a heated

 d
eb

ate ab
out 

w
hether D

P
V

 creates b
enefits or im

p
oses costs to stakehold

ers 
w

ithin the electricity system
. B

ut the w
id

e variation in analysis 
ap

p
roaches and

 q
uantitative tools used

 b
y d

ifferent p
arties in 

d
ifferent jurisd

ictions is inconsistent, confusing, and
 freq

uently 
lacks transp

arency.

W
ithout increased

 und
erstand

ing of the b
enefits and

 costs of 
D

E
R

s, there is little ab
ility to m

ake effective trad
eoffs b

etw
een 

investm
ents.

O
B

JE
C

T
IV

E
 O

F T
H

IS
 D

O
C

U
M

E
N

T

The ob
jective of this e

-Lab
 d

iscussion d
ocum

ent is to assess 
w

hat is know
n and

 unknow
n ab

out the categorization, 
m

ethod
ological b

est p
ractices, and

 gap
s around

 the b
enefits and

 
costs of D

P
V, and

 to b
egin to estab

lish a clear found
ation from

 
w

hich ad
d

itional w
ork on b

enefit/cost assessm
ents and

 p
ricing 

structure d
esign can b

e b
uilt.

This d
iscussion d

ocum
ent review

s 16 D
P

V
 b

enefit/cost stud
ies b

y 
utilities, national lab

s, and
 other organizations. C

om
p

leted
 

b
etw

een 2005 and
 2013, these stud

ies reflect a significant range 
of estim

ated
 D

P
V

 value.

K
E

Y
 IN

S
IG

H
T

S
N

o stud
y com

p
rehensively evaluated

 the b
enefits and

 costs of 
D

P
V, although m

any acknow
led

ge ad
d

itional sources of b
enefit or 

cost and
 m

any agree on the b
road

 categories of b
enefit and

 cost. 
There is b

road
 recognition that som

e b
enefits and

 costs m
ay b

e 
d

ifficult or im
p

ossib
le to q

uantify, and
 som

e accrue to d
ifferent 

stakehold
ers. 

There is a significant range of estim
ated

 value across stud
ies, 

d
riven p

rim
arily b

y d
ifferences in local context, inp

ut 
assum

p
tions, and

 m
ethod

ological ap
p

roaches. 

Lo
cal co

ntext: E
lectricity system

 characteristics—
generation 

m
ix, d

em
and

 p
rojections, investm

ent p
lans, m

arket structures
—

vary across utilities, states, and
 regions. 

Inp
ut assum

p
tio

ns: Inp
ut assum

p
tions—

natural gas p
rice 

forecasts, solar p
ow

er p
rod

uction, p
ow

er p
lant heat rates—

can vary w
id

ely. 
M

etho
d

o
lo

g
ies: M

ethod
ological d

ifferences that m
ost 

significantly affect results includ
e (1) resolution of analysis 

and
 granularity of d

ata, (2) assum
ed

 cost and
 b

enefit 
categories and

 stakehold
er p

ersp
ectives consid

ered
, and

 (3) 
ap

p
roaches to calculating ind

ivid
ual values.

B
ecause of these d

ifferences, com
p

aring results across stud
ies 

can b
e inform

ative, b
ut should

 b
e d

one w
ith the und

erstand
ing 

that results m
ust b

e norm
alized

 for context, assum
p

tions, or 
m

ethod
ology.

W
hile d

etailed
 m

ethod
ological d

ifferences ab
ound

, there is 
general agreem

ent on overall ap
p

roach to estim
ating energy 

value and
 som

e p
hilosop

hical agreem
ent on cap

acity value, 
although there rem

ain key d
ifferences in cap

acity m
ethod

ology. 
There is significantly less agreem

ent on overall ap
p

roach to 
estim

ating grid
 sup

p
ort services and

 currently unm
onetized

 
values includ

ing financial and
 security risk, environm

ent, and
 

social value.
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IM
P

LIC
AT

IO
N

S
M

ethod
s for id

entifying, assessing and
 q

uantifying the b
enefits and

 
costs of D

P
V

 and
 other D

E
R

s are ad
vancing rap

id
ly, b

ut im
p

ortant 
gap

s rem
ain to b

e filled
 b

efore this typ
e of analysis can p

rovid
e an 

ad
eq

uate found
ation for p

olicym
akers and

 regulators engaged
 in 

d
eterm

ining levels of incentives, fees, and
 p

ricing structures for 
D

P
V

 and
 other D

E
R

s.

In any b
enefit/cost stud

y, it is critical to b
e transp

arent ab
out 

assum
p

tions, p
ersp

ectives, sources and
 m

ethod
ologies so that 

stud
ies can b

e m
ore read

ily com
p

ared
, b

est p
ractices d

evelop
ed

, 
and

 d
rivers of results und

erstood
.

W
hile it m

ay not b
e feasib

le to q
uantify or assess sources of b

enefit 
and

 cost com
p

rehensively, b
enefit/cost stud

ies m
ust exp

licitly 
d

ecid
e if and

 how
 to account for each source of value and

 state 
w

hich are includ
ed

 and
 w

hich are not.

W
hile ind

ivid
ual jurisd

ictions m
ust ad

ap
t ap

p
roaches b

ased
 on their 

local context, stand
ard

ization of categories, d
efinitions, and

 
m

ethod
ologies should

 b
e p

ossib
le to som

e d
egree and

 w
ill help

 
ensure accountab

ility and
 verifiab

ility of b
enefit and

 cost estim
ates 

that p
rovid

e a found
ation for p

olicym
aking.

The m
ost significant m

ethod
ological gap

s includ
e:

D
istrib

utio
n value: The b

enefits or costs that D
P

V
 creates in 

the d
istrib

ution system
 are inherently local, so accurately 

estim
ating value req

uires m
uch m

ore analytical granularity and
 

therefore greater d
ifficulty.  

G
rid

 sup
p

o
rt services value: There continues to b

e 
uncertainty around

 w
hether and

 how
 D

P
V

 can p
rovid

e or 
req

uire ad
d

itional grid
 sup

p
ort services, b

ut this could
 

p
otentially b

ecom
e an increasingly im

p
ortant value.

Financial, security, enviro
nm

ental, and
 so

cial values: These 
values are largely (though not com

p
rehensively) unm

onetized
 

as p
art of the electricity system

 and
 som

e are very d
ifficult to 

q
uantify.

LO
O

K
IN

G
 A

H
E

A
D

Thus far, stud
ies have m

ad
e sim

p
lifying assum

p
tions that 

im
p

licitly assum
e historically low

 p
enetrations of D

P
V. A

s the 
p

enetration of D
P

V
 on the electric system

 increases, m
ore 

sop
histicated

, granular analytical ap
p

roaches w
ill b

e need
ed

 
and

 the total value is likely to change.

S
tud

ies have largely focused
 on D

P
V

 b
y itself. B

ut a confluence 
of factors is likely to d

rive increased
 ad

op
tion of the full 

sp
ectrum

 of renew
ab

le and
 d

istrib
uted

 resources, req
uiring a 

consid
eration of D

P
V

’s b
enefits and

 costs in the context of a 
changing system

.

W
ith b

etter recognition of the costs and
 b

enefits that all D
E

R
s 

can create, includ
ing D

P
V, p

ricing structures and
 b

usiness 
m

od
els can b

e b
etter aligned

, enab
ling greater econom

ic 
d

ep
loym

ent of these resources and
 low

er overall system
 costs 

for ratep
ayers.

5
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A
 confluence of factors includ

ing rap
id

ly falling solar p
rices, sup

p
ortive 

p
olicies, and

 new
 ap

p
roaches to finance are lead

ing to a stead
ily increasing 

solar P
V

 m
arket. 

In 2012, the U
S

 ad
d

ed
 2 G

W
 of solar P

V
 to the nation’s generation m

ix, of 
w

hich ap
p

roxim
ately 50%

 w
ere custom

er-sited
 solar, net-m

etered
 

p
rojects. 1

S
olar p

enetrations in certain regions are b
ecom

ing significant. A
b

out 80%
 

of custom
er-sited

 P
V

 is concentrated
 in states w

ith either am
p

le solar 
resource and

/or esp
ecially solar-friend

ly p
olicies: C

alifornia, N
ew

 Jersey, 
A

rizona, H
aw

aii and
 M

assachusetts. 2

The ad
d

ition of D
P

V
 onto the grid

 creates new
 challenges and

 op
p

ortunities 
b

ecause of its uniq
ue siting, op

erational, and
 ow

nership
 characteristics 

com
p

ared
 to conventional centralized

 resources. The value of D
P

V
 is 

tem
p

orally, op
erationally and

 geograp
hically sp

ecific and
 varies b

y d
istrib

ution 
feed

er, transm
ission line configuration, and

 com
p

osition of the generation fleet.

U
nd

er tod
ay’s regulatory and

 p
ricing structures, m

ultip
le m

isalignm
ents along 

econom
ic, social and

 technical d
im

ensions are em
erging. For exam

p
le, in 

m
any instances p

ricing m
echanism

s are not in p
lace to recognize or rew

ard
 

service that is b
eing p

rovid
ed

 b
y either the utility or custom

er. 

E
lectricity sector stakehold

ers around
 the country are recognizing the 

im
p

ortance of p
rop

erly valuing D
P

V
 and

 the current lack of clarity around
 the 

costs and
 b

enefits that d
rive D

P
V

’s value, as w
ell as how

 to calculate them
.

To enab
le b

etter technical integration and
 econom

ic op
tim

ization, it is critical to 
b

etter und
erstand

 the services that D
P

V
 can p

rovid
e and

 req
uire, and

 the 
b

enefits and
 costs of those services as a found

ation for m
ore accurate p

ricing 
and

 m
arket signals. A

s the p
enetration of D

P
V

 and
 other custom

er-sited
 

resources increases, accurate p
ricing and

 m
arket signals can help

 align 
stakehold

er goals, m
inim

ize total system
 cost, and

 m
axim

ize total net value.

1. S
olar E

lectric P
ow

er A
ssociation. June 2013. 2012 S

E
PA

 U
tility S

olar R
ankings, W

ashington, D
C

.
2. Ib

id
.

P
hoto courtesy of S

hutterstock
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D
P

V
 IN

 TH
E

 B
R

O
A

D
E

R
 C

O
N

TE
XT O

F 
D

IS
TR

IB
U

TE
D

 E
N

E
R

G
Y

 R
E

S
O

U
R

C
E

S
 

D
IS

T
R

IB
U

T
E

D
 E

N
E

R
G

Y
 R

E
S

O
U

R
C

E
S

 (D
E

R
s): d

em
and

- and
 sup

p
ly-sid

e resources that can b
e d

ep
loyed

 throughout an electric d
istrib

ution system
 to m

eet 

the energy and
 reliab

ility need
s of the custom

ers served
 b

y that system
. D

E
R

s can b
e installed

 on either the custom
er sid

e or the utility sid
e of the m

eter.

T
Y

P
E

S
 O

F D
E

R
s:

E
fficiency

Technologies and
 b

ehavioral changes that red
uce the 

q
uantity of energy that custom

ers need
 to m

eet all of their 
energy-related

 need
s.

D
istrib

uted
 g

eneratio
n

S
m

all, self-contained
 energy sources located

 near the final 
p

oint of energy consum
p

tion. The m
ain d

istrib
uted

 
generation sources are:
•

S
olar P

V
•

C
om

b
ined

 heat &
 p

ow
er (C

H
P

)
•

S
m

all-scale w
ind

•
O

thers (i.e., fuel cells)

D
istrib

uted
 flexib

ility &
 sto

rag
e

A
 collection of technologies that allow

s the overall system
 

to use energy sm
arter and

 m
ore efficiently b

y storing it 
w

hen sup
p

ly exceed
s d

em
and

, and
 p

rioritizing need
 w

hen 
d

em
and

 exceed
s sup

p
ly. These technologies includ

e:
•

D
em

and
 resp

onse
•

E
lectric vehicles

•
Therm

al storage
•

B
attery storage

D
istrib

uted
 intellig

ence
Technologies that com

b
ine sensory, com

m
unication, and

 
control functions to sup

p
ort the electricity system

, and
 

m
agnify the value of D

E
R

 system
 integration. E

xam
p

les 
includ

e:
•

S
m

art inverters
•

H
om

e-area netw
orks

•
M

icrogrid
s

FU
T

U
R

E
 S

Y
S

T
E

M
/VA

LU
E

 C
O

N
S

T
E

LLAT
IO

N
:

T
W

O
-W

A
Y

 
P

O
W

E
R

 FLO
W

C
U

R
R

E
N

T
 S

Y
S

T
E

M
/VA

LU
E

 C
H

A
IN

:

O
N

E-W
A

Y PO
W

ER FLO
W

W
H

AT
 M

A
K

E
S

 D
E

R
s 

U
N

IQ
U

E
:

S
iting

S
m

aller, m
ore m

od
ular 

energy resources can b
e 

installed
 b

y d
isp

arate 
actors outsid

e of the 
p

urview
 of centrally 

coord
inated

 resource 
p

lanning.

O
p

eratio
ns

E
nergy resources on the 

d
istrib

ution netw
ork 

op
erate outsid

e of centrally 
controlled

 d
isp

atching 
m

echanism
s that control 

the real-tim
e b

alance of 
generation and

 d
em

and
.

O
w

nership
D

E
R

s can b
e financed

, 
installed

 or ow
ned

 b
y the 

custom
er or a third

 p
arty, 

b
road

ening the typ
ical 

p
lanning cap

ab
ility and

 
resource integration 
ap

p
roach.
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C
U

S
T

O
M

E
R

S

N
O

N
-D

E
R

 C
U

S
T

O
M

E
R

S
 

S
O

C
IA

L E
Q

U
IT

Y
If costs are incurred

 b
y D

E
R

 custom
ers 

that are not p
aid

 for, those costs w
ould

 
b

e allocated
 to the rest of custom

ers. 
C

onversely, D
E

R
 custom

ers also 
p

rovid
e b

enefits to other custom
ers and

 
to society.

B
E

N
E

FIT
 A

N
D

 C
O

S
T

 
R

E
C

O
G

N
IT

IO
N

 A
N

D
 

A
LLO

C
AT

IO
N

M
echanism

s are not in p
lace to 

transp
arently recognize or 

com
p

ensate service (b
e it 

m
onetized

 grid
 services like 

energy, cap
acity or b

alancing 
sup

p
ly and

 d
em

and
, or less 

consistently m
onetized

 values, 
such as carb

on em
issions 

savings) p
rovid

ed
 b

y the utility or 
the custom

er. To the utility, 
revenue from

 D
E

R
 custom

ers 
m

ay not m
atch the cost to serve 

those custom
ers. To the 

custom
er, b

ill savings or cred
it 

m
ay not m

atch the value 
p

rovid
ed

. 

service
$$

FLE
X

IB
ILIT

Y
 &

 P
R

E
D

IC
TA

B
ILIT

Y
P

rovid
ing reliab

le p
ow

er req
uires grid

 flexib
ility and

 
p

red
ictab

ility. P
ow

er from
 som

e d
istrib

uted
 

renew
ab

les fluctuate w
ith the w

eather, ad
d

ing 
variab

ility, and
 req

uire sm
art integration to b

est 
shap

e their outp
ut to the grid

. Legacy stand
ard

s 
and

 rules can b
e restrictive.

S
O

C
IA

L P
R

IO
R

IT
IE

S
S

ociety values the environm
ental and

 
social b

enefits that D
E

R
s could

 p
rovid

e, 
b

ut those b
enefits are often externalized

 
and

 unm
onetized

.

A
d

ap
ted

 from
 R

M
I, N

et E
nergy M

etering, Z
ero N

et E
nergy A

nd
 The D

istrib
uted

 E
nergy R

esource Future: A
d

ap
ting E

lectric U
tility B

usiness M
od

els For The 21st C
entury

S
TR

U
C

TU
R

A
L M

IS
A

LIG
N

M
E

N
TS

TO
D

AY, O
P

E
R

ATIO
N

A
L A

N
D

 P
R

IC
IN

G
 M

E
C

H
A

N
IS

M
S

 D
E

S
IG

N
E

D
 FO

R
 A

N
 H

IS
TO

R
IC

A
LLY

 C
E

N
TR

A
LIZ

E
D

 E
LE

C
TR

IC
ITY

 
S

Y
S

TE
M

 A
R

E
 N

O
T W

E
LL-A

D
A

P
TE

D
 TO

 TH
E

 IN
TE

G
R

ATIO
N

 O
F D

E
R

S
, C

A
U

S
IN

G
 FR

IC
TIO

N
 A

N
D

 IN
E

FFIC
IE

N
C

Y

U
T

ILIT
Y

/G
R

ID
 

LO
C

AT
IO

N
 &

 T
IM

E
Lim

ited
 feed

b
ack loop

 
to custom

ers that the 
costs or b

enefit of any 
electricity resource, 
esp

ecially D
E

R
s, vary 

b
y location and

 tim
e.
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 R

eview
 of S
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V

 B
enefit &

 C
ost S

tud
ies, 2nd

 ed
ition

S
TR

U
C

TU
R

A
L M

IS
A

LIG
N

M
E

N
TS

 IN
 P

R
A

C
TIC

E
TH

E
S

E
 S

TR
U

C
TU

R
A

L M
IS

A
LIG

N
M

E
N

TS
 A

R
E

 LE
A

D
IN

G
 TO

 IM
P

O
R

TA
N

T Q
U

E
S

TIO
N

S
, D

E
B

ATE
, A

N
D

 C
O

N
FLIC

T

VA
LU

E
 

U
N

C
E

R
TA

IN
TY...

...D
R

IV
E

S
 

H
E

A
D

LIN
E

S
...

...R
A

IS
IN

G
 K

E
Y

 
Q

U
E

S
TIO

N
S

W
H

AT
 IF A

 D
P

V
 C

U
S

T
O

M
E

R
 D

O
E

S
 N

O
T

 PA
Y

 FO
R

 

T
H

E
 FU

LL C
O

S
T

 T
O

 S
E

R
V

E
 T

H
E

IR
 D

E
M

A
N

D?

W
H

AT
 IF A

 D
P

V
 C

U
S

T
O

M
E

R
 IS

 N
O

T
 FU

LLY
 

C
O

M
P

E
N

S
AT

E
D

 FO
R

 T
H

E
 S

E
R

V
IC

E
 T

H
E

Y
 P

R
O

V
ID

E?

W
hat b

enefits can custom
ers 

p
rovid

e? Is the ab
ility of 

custom
ers to p

rovid
e b

enefits 
contingent on anything?

W
hat costs are incurred

 to 
sup

p
ort D

P
V

 custom
er need

s?

W
hat are the b

est p
ractice 

m
ethod

ologies to assess 
b

enefits and
 costs?

H
ow

 should
 externalized

 and
 

unm
onetized

 values, such as 
environm

ental and
 social 

b
enefits, b

e recognized
?

H
ow

 can b
enefits and

 costs b
e 

m
ore effectively allocated

 and
 

p
riced

?

T
R

A
D

ITIO
N

A
L 

C
O

S
T TO

 S
E

R
V

E

C
U

S
TO

M
E

R
 B

ILL

$/Y
E

A
R

C
O

S
T TO

 S
E

R
V

E

C
U

S
TO

M
E

R
 B

ILL

C
O

S
T TO

 S
E

R
V

E

C
U

S
TO

M
E

R
 B

ILL

C
ustom

er P
aym

ent
G

eneration C
ost

D
istrib

ution C
ost

Transm
ission C

ost
O

ther C
osts
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A
 R

eview
 of S

olar P
V

 B
enefit &

 C
ost S

tud
ies, 2nd

 ed
ition

S
E

TTIN
G

 TH
E

 S
TA

G
E

W
hen consid

ering the total value of D
P

V
 or any electricity resource, it is 

critical to consid
er the typ

es of value, the stakehold
er p

ersp
ective and

 the 
flow

 of b
enefits and

 costs–that is, w
ho incurs the costs and

 w
ho receives the 

b
enefits (or avoid

s the costs). 

For the p
urp

oses of this rep
ort, value is d

efined
 as net value, i.e. b

enefits 
m

inus costs. D
ep

end
ing up

on the size of the b
enefit and

 the size of the cost, 
value can b

e p
ositive or negative. 

A
 variety of categories of b

enefits or costs of D
P

V
 have b

een consid
ered

 or 
acknow

led
ged

 in evaluating the value of D
P

V.  B
road

ly, these categories are: 
energy, system

 losses, cap
acity (generation, transm

ission and
 d

istrib
ution), 

grid
 sup

p
ort services, financial risk, security risk, environm

ental and
 social. 

These categories of costs and
 b

enefits d
iffer significantly b

y the d
egree to 

w
hich they are read

ily q
uantifiab

le or there is a generally accep
ted

 
m

ethod
ology for d

oing so. For exam
p

le, there is general agreem
ent on overall 

ap
p

roach to estim
ating energy value and

 som
e p

hilosop
hical agreem

ent on 
cap

acity value, although there rem
ain key d

ifferences in cap
acity 

m
ethod

ology. There is significantly less agreem
ent on overall ap

p
roach to 

estim
ating grid

 sup
p

ort services and
 currently unm

onetized
 values includ

ing 
financial and

 security risk, environm
ent, and

 social value.

E
q

ually im
p

ortant, the q
ualification of w

hether a factor is a b
enefit or cost 

also d
iffers d

ep
end

ing up
on the p

ersp
ective of the stakehold

er. S
im

ilar to the 
b

asic fram
ing of testing cost effectiveness for energy efficiency, the p

rim
ary 

stakehold
ers in calculating the value of D

P
V

 are: the p
articip

ant (the solar 
custom

er); the utility; other custom
ers (also referred

 to as ratep
ayers); and

 
society (taxp

ayers are a sub
set of society). 

12



A
 R

eview
 of S

olar P
V

 B
enefit &

 C
ost S

tud
ies, 2nd

 ed
ition

B
E

N
E

FIT &
 C

O
S

T C
ATE

G
O

R
IE

S

SO
C

IA
L

SEC
U

RITY

G
RID

 
SERV

IC
ES

EN
V

IRO
N

M
EN

TA
L

EN
ERG

Y
•

 energy
•

 system
 losses

C
A

PA
C

ITY
•

generation cap
acity

•
transm

ission &
 d

istrib
ution cap

acity
•

D
P

V
 installed

 cap
acity

G
RID

 SU
PPO

RT SERV
IC

ES
•

reactive sup
p

ly &
 voltage control

•
regulation &

 freq
uency resp

onse
•

energy &
 generator im

b
alance

•
synchronized

 &
 sup

p
lem

ental op
erating reserves

•
sched

uling, forecasting, and
 system

 control &
 d

isp
atch

SEC
U

RITY RISK
•

 reliab
ility &

 resilience

EN
V

IRO
N

M
EN

TA
L

•
carb

on em
issions (C

O
2 )

•
criteria air p

ollutants (S
O

2 , N
O

x , P
M

)
•

w
ater

•
land

SO
C

IA
L 

•
econom

ic d
evelop

m
ent (job

s and
 tax revenues)

FIN
A

N
C

IA
L

FIN
A

N
C

IA
L RISK

•
 fuel p

rice hed
ge

•
 m

arket p
rice resp

onse

For the p
urp

oses of this rep
ort, value is d

efi
ned

 as net value, i.e. b
enefi

ts m
inus co

sts. D
ep

end
ing up

on the size of the b
enefit and

 the size of the cost, 
value can b

e p
ositive or negative. A

 variety of categories of b
enefits or costs of D

P
V

 have b
een consid

ered
 or acknow

led
ged

 in evaluating the value of 
D

P
V.  B

road
ly, these categories are: 

13



A
 R

eview
 of S

olar P
V

 B
enefit &

 C
ost S

tud
ies, 2nd

 ed
ition

B
E

N
E

FIT &
 C

O
S

T C
ATE

G
O

R
IE

S
 D

E
FIN

E
D

0.004

0.002

EN
ERG

Y
E

nergy value of D
P

V
 is p

ositive w
hen the solar energy generated

 d
isp

laces the need
 to p

rod
uce energy 

from
 another resource at a net savings. There are tw

o p
rim

ary com
p

onents:

•
 A

vo
id

ed
 E

nerg
y - The cost and

 am
ount of energy that w

ould
 have otherw

ise b
een generated

 
to m

eet custom
er need

s, largely d
riven b

y the variab
le costs of the m

arginal resource that is 
d

isp
laced

. In ad
d

ition to the coincid
ence of solar generation w

ith d
em

and
 and

 generation, key 
d

rivers of avoid
ed

 energy cost includ
e (1) fuel p

rice forecast, (2) variab
le op

eration &
 

m
aintenance costs, and

 (3) heat rate. 

•
 S

ystem
 Lo

sses - The com
p

ound
ed

 value of the ad
d

itional energy generated
 b

y central p
lants 

that w
ould

 otherw
ise b

e lost d
ue to inherent inefficiencies (electrical resistance) in d

elivering 
energy to the custom

er via the transm
ission and

 d
istrib

ution system
. S

ince D
P

V
 generates 

energy at or near the custom
er, those losses are avoid

ed
. Losses act as a m

agnifier of value for 
cap

acity and
 environm

ental b
enefits, since avoid

ed
 energy losses result in low

er req
uired

 
cap

acity and
 low

er em
issions.

G
RID

 
SERV

IC
ES

C
A

PA
C

ITY 
C

ap
acity value of D

P
V

 is p
ositive w

hen the ad
d

ition of D
P

V
 d

efers or avoid
s m

ore investm
ent in 

generation, transm
ission, and

 d
istrib

ution assets than it incurs. There are tw
o p

rim
ary com

p
onents:

•
 G

eneratio
n C

ap
acity - The cost of the am

ount of central generation cap
acity that can b

e 
d

eferred
 or avoid

ed
 d

ue to the ad
d

ition of D
P

V. K
ey d

rivers of value includ
e (1) D

P
V

’s effective 
cap

acity and
 (2) system

 cap
acity need

s.

•
 Transm

issio
n &

 D
istrib

utio
n C

ap
acity - The value of the net change in T&

D
 infrastructure 

investm
ent d

ue to D
P

V. B
enefits occur w

hen D
P

V
 is ab

le to m
eet rising d

em
and

 locally, relieving 
cap

acity constraints up
stream

 and
 d

eferring or avoid
ing T&

D
 up

grad
es. C

osts occur w
hen 

ad
d

itional T&
D

 investm
ent is need

ed
 to sup

p
ort the ad

d
ition of D

P
V.
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A
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eview
 of S

olar P
V

 B
enefit &

 C
ost S

tud
ies, 2nd

 ed
ition

0.004

0.002

0.004

0.002

G
RID

 
SERV

IC
ES

G
RID

 SU
PPO

RT SERV
IC

ES
G

rid
 sup

p
ort value of D

P
V

 is p
ositive w

hen the net am
ount and

 cost of grid
 sup

p
ort services req

uired 
to b

alance sup
p

ly and
 d

em
and

 is less than w
ould

 otherw
ise have b

een req
uired

. G
rid

 sup
p

ort 
services, w

hich encom
p

ass m
ore narrow

ly d
efined

 ancillary services (A
S

), are those services req
uired

 
to enab

le the reliab
le op

eration of interconnected
 electric grid

 system
s. G

rid
 sup

p
ort services 

includ
e:

•
R

eactive S
up

p
ly and

 Vo
ltag

e C
o

ntro
l—

 G
eneration facilities used

 to sup
p

ly reactive p
ow

er 
and

 voltage control.

•
Freq

uency R
eg

ulatio
n

—
C

ontrol eq
uip

m
ent and

 extra generating cap
acity necessary to (1) 

m
aintain freq

uency b
y follow

ing the m
om

ent-to-m
om

ent variations in control area load
 

(sup
p

lying p
ow

er to m
eet any d

ifference in actual and
 sched

uled
 generation), and

 (2) to resp
ond

 
autom

atically to freq
uency d

eviations in their netw
orks. W

hile the services p
rovid

ed
 b

y 
regulation service and

 freq
uency resp

onse service are d
ifferent, they are com

p
lem

entary 
services m

ad
e availab

le using the sam
e eq

uip
m

ent and
 are offered

 as p
art of one service.

•
E

nerg
y Im

b
alance—

This service sup
p

lies any hourly net m
ism

atch b
etw

een sched
uled

 energy 
sup

p
ly and

 the actual load
 served

.

•
O

p
erating

 R
eserves—

S
p

inning reserve is p
rovid

ed
 b

y generating units that are on-line and
 

load
ed

 at less than m
axim

um
 outp

ut, and
 should

 b
e located

 near the load
 (typ

ically in the sam
e 

control area). They are availab
le to serve load

 im
m

ed
iately in an unexp

ected
 contingency. 

S
up

p
lem

ental reserve is generating cap
acity used

 to resp
ond

 to contingency situations that is 
not availab

le instantaneously, b
ut rather w

ithin a short p
eriod

, and
 should

 b
e located

 near the 
load

 (typ
ically in the sam

e control area).

•
S

ched
uling

/Fo
recasting

—
Interchange sched

ule confirm
ation and

 im
p

lem
entation w

ith other 
control areas, and

 actions to ensure op
erational security d

uring the transaction.

B
E

N
E

FIT &
 C

O
S

T C
ATE

G
O

R
IE

S
 D

E
FIN

E
D
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V
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enefit &

 C
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tud
ies, 2nd

 ed
ition

0.004

0.002

0.004

0.002

FIN
A

N
C

IA
L RISK

Financial value of D
P

V
 is p

ositive w
hen financial risk or overall m

arket p
rice is red

uced
 d

ue to
 

the ad
d

ition of D
P

V. Tw
o com

p
onents consid

ered
 in the stud

ies review
ed

 are:

•
 Fuel P

rice H
ed

g
e - The cost that a utility w

ould
 otherw

ise incur to guarantee that a 
p

ortion of electricity sup
p

ly costs are fixed
. 

•
 M

arket P
rice R

esp
o

nse - The p
rice im

p
act as a result of D

P
V

’s red
ucing d

em
and

 for 
centrally-sup

p
lied

 electricity and
 the fuel that p

ow
ers those generators, thereb

y 
low

ering electricity p
rices and

 p
otentially com

m
od

ity p
rices.

SEC
U

RITY RISK

B
E

N
E

FIT &
 C

O
S

T C
ATE

G
O

R
IE

S
 D

E
FIN

E
D

FIN
A

N
C

IA
L

SEC
U

RITY

S
ecurity value of D

P
V

 is p
ositive w

hen grid
 reliab

ility and
 resiliency are increased

 b
y (1) 

red
ucing outages b

y red
ucing congestion along the T&

D
 netw

ork, (2) red
ucing large-scale 

outages b
y increasing the d

iversity of the electricity system
’s generation p

ortfolio w
ith 

sm
aller generators that are geograp

hically d
isp

ersed
, and

 (3) p
rovid

ing b
ack-up

 p
ow

er 
sources availab

le d
uring outages through the com

b
ination of P

V, control technologies, 
inverters and

 storage.
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A
 R

eview
 of S

olar P
V

 B
enefit &

 C
ost S

tud
ies, 2nd

 ed
ition

0.004

0.002

EN
V

IRO
N

M
EN

TA
L

SO
C

IA
L 

E
nvironm

ental value of D
P

V
 is p

ositive w
hen D

P
V

 results in the red
uction of environm

ental or 
health im

p
acts that w

ould
 otherw

ise have b
een created

. K
ey d

rivers includ
e p

rim
arily the 

environm
ental im

p
acts of the m

arginal resource b
eing d

isp
laced

. There are four com
p

onents of 
environm

ental value:

•
 C

arb
o

n
 -  The value from

 red
ucing carb

on em
issions is d

riven b
y the em

ission intensity 
of d

isp
laced

 m
arginal resource and

 the p
rice of em

issions.

•
 C

riteria A
ir P

o
llutants - The value from

 red
ucing criteria air p

ollutant em
issions—

N
O

X , 
S

O
2 , and

 p
articulate m

atter—
is d

riven b
y the cost of ab

atem
ent technologies, the m

arket 
value of p

ollutant red
uctions, and

/or the cost of hum
an health d

am
ages.

•
 W

ater - The value from
 red

ucing w
ater use is d

riven b
y the d

iffering w
ater consum

p
tion 

p
atterns associated

 w
ith d

ifferent generation technologies, and
 is som

etim
es m

easured
 b

y 
the p

rice p
aid

 for w
ater in com

p
eting sectors.

•
 Land

 - The value associated
 w

ith land
 is d

riven b
y the d

ifference in the land
 footp

rint 
req

uired
 for energy generation and

 any change in p
rop

erty value d
riven b

y the ad
d

ition of 
D

P
V.

•
 A

vo
id

ed
 R

enew
ab

le P
o

rtfo
lio

 S
tand

ard
 co

sts (R
P

S
) - The value d

erived
 from

 m
eeting 

electricity d
em

and
 through D

P
V, w

hich red
uces total d

em
and

 that w
ould

 otherw
ise have to 

b
e m

et and
 the associated

 renew
ab

le energy that w
ould

 have to b
e p

rocured
 as m

and
ated

 
b

y an R
P

S
.

B
E

N
E

FIT &
 C

O
S

T C
ATE

G
O

R
IE

S
 D

E
FIN

E
D

The stud
ies review

ed
 in this rep

ort d
efined

 social value in econom
ic term

s. The social value of 
D

P
V

 w
as p

ositive w
hen D

P
V

 resulted
 in a net increase in job

s and
 local econom

ic d
evelop

m
ent. 

K
ey d

rivers includ
e the num

b
er of job

s created
 or d

isp
laced

, as m
easured

 b
y a job

 m
ultip

lier, as 
w

ell as the value of each job
, as m

easured
 b

y average salary and
/or tax revenue. 

EN
V

IRO
N

M
EN

TA
L

SO
C

IA
L 
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FLO
W

 O
F B

E
N

E
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 A
N

D
 C

O
S

TS

A
V

O
ID

E
D

 C
O

S
T 

S
A

V
IN

G
S

T
O

TA
L R

E
S

O
U

R
C

E
 C

O
S

T

O
TH

E
R

 C
U

S
TO

M
E

R
S

S
O

LA
R

 C
U

S
TO

M
E

R
S

S
O

LA
R

 P
R

O
V

ID
E

R

P
V

 C
ost

$

E
N

V
IR

O
N

M
E

N
TA

L B
E

N
E

FITS

E
LE

C
TR

IC
 G

R
ID

S
O

C
IE

TA
L C

O
S

T

U
T

ILIT
Y

 C
O

S
T

$

$ $

R
AT

E
 IM

PA
C

T

P
A

R
T

IC
IPA

N
T

 C
O

S
T

$
IN

TE
G

R
ATIO

N
 &

 
IN

TE
R

C
O

N
N

E
C

TIO
N

 
C

O
S

TS

IN
C

E
N

TIV
E, 

B
ILL S

A
V

IN
G

S

L
O

S
T R

E
V

E
N

U
E, 

U
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The C
alifornia S

tand
ard

 P
ractice M

anual estab
lished

 the general stand
ard

 for evaluating the flow
 of 

b
enefits and

 costs of energy efficiency am
ong stakehold

ers. This fram
ew

ork w
as ad

ap
ted

 to illustrate the 
flow

 of b
enefits and

 costs for D
P

V.
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S
TA

K
E

H
O

LD
E

R
 P

E
R

S
P

E
C

TIV
E

S

stakeho
ld

er p
ersp

ective
stakeho

ld
er p

ersp
ective

facto
rs affecting

 value

“I w
ant to have a p

red
ictab

le 
return on m

y investm
ent, and

 I 
w

ant to b
e com

p
ensated

 for  
b

enefits I p
rovid

e.”

B
enefits includ

e the red
uction in the custom

er’s utility b
ill, any incentive p

aid
 b

y the 
utility or other third

 p
arties, and

 any fed
eral, state, or local tax cred

it received
. C

osts 
includ

e cost of the eq
uip

m
ent and

 m
aterials p

urchased
 (inc. tax &

 installation), ongoing 
O

&
M

, rem
oval costs, and

 the custom
er’s tim

e in arranging the installation.

“I w
ant reliab

le p
ow

er at low
est 

cost.”

B
enefits includ

e red
uction in transm

ission, d
istrib

ution, and
 generation, cap

acity costs; 
energy costs and

 grid
 sup

p
ort services. C

osts includ
e ad

m
inistrative costs, reb

ates/
incentives, and

 d
ecreased

 utility revenue that is offset b
y increased

 rates.

“I w
ant to serve m

y custom
ers 

reliab
ly and

 safely at the low
est 

cost, p
rovid

e sharehold
er value 

and
 m

eet regulatory 
req

uirem
ents.”

B
enefits includ

e red
uction in transm

ission, d
istrib

ution, and
 generation, cap

acity costs; 
energy costs and

 grid
 sup

p
ort services.  C

osts includ
e ad

m
inistrative costs, reb

ates/
incentives, d

ecreased
 revenue, integration &

 interconnection costs.

“W
e w

ant im
p

roved
 air/w

ater 
q

uality as w
ell as an im

p
roved

 
econom

y.”

The sum
 of the b

enefits and
 costs to all stakehold

er, p
lus any ad

d
itional societal and

 
environm

ental b
enefits or costs that accrue to society at large rather than any ind

ivid
ual 

stakehold
er.

P
hotos courtesy of S

hutterstock
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O

C
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R
 (T
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1.1%
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 p
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(M

W
)

Vo
te S

o
lar 2005

unsp
ecified

 p
enetration level

N
R

E
L 2008 (U

.S
.)

(M
eta-analysis of stud

ies 
from

 across the U
.S

.)
U

nsp
ecified

 p
enetration level

R
. D

uke 2005
unsp

ecified
 p

enetration levelC
ro

ssb
o

rd
er (A

Z
) 2013

S
olar to b

e installed
 

2013-2015

A
P

S
 2009

0%
 16%

 annual energy 
(M

W
h) b

y 2025

A
P

S
 2013

4.5%
 -16%

 annual energy 
(M

W
h) b

y 2025

C
ro

ssb
o

rd
er (C

A
) 2013

5%
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eak load
 (M

W
)

C
P

R
 (N

J/PA
) 2012

15%
 utility p

eak load
 

(M
W

)

E
3 2012

<
 24%

 p
eak (M

W
)

A
E

/C
P

R
 2006

>
1%

 - 2%
 p

eak load
 

(M
W

)

C
P

R
 (N

Y
) 2008

2%
 - 20%

 annual 
energy (M

W
h)

E
3 2011

<
1%

 p
eak (M

W
)

S
tud

y Info
rm

atio
n

Level of solar 
p

enetration analyzed
 

in stud
y

K
ey: 

A
E

/C
P

R
 2012

<
0.5%

 b
y energy (M

W
h)

X
cel 2013

140 M
W

 installed
 b

y 
2014, ~

 2%
 p

eak load
 

(M
W

)
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*"The"LBN
L"study"only"gives"the"net"value"for"ancillary"services

**"E3's"DPV"technology"cost"includes"LCO
E"+"interconnecAon"cost

***"The"N
REL"study"is"a"m

etaDanalysis,"not"a"research"study."Custom
er"

Services,"defined"as"the"value to custom
er of a green op

tion, w
as only 

reflected"in"the"N
REL"2008"m

etaDanalysis"and"not"included"elsew
here"in"this"

report.
****Average"retail"rate"included"for"reference;"it"is"not"appropriate"to"
com

pare"the"average"retail"rate"to"total"benefits"presented"w
ithout"also"

reflecAng"costs""(i.e.,"net"value)"and"any"m
aterial"differences"w

ithin"rate"
designs"(i.e.,"not"average).
N
ote:"E3"2012"study"not"included"in"this"chart"because"that"study"did"not"

item
ize"results."See"page"47.
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U
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T
S

•
N

o stud
y com

p
rehensively evaluated

 the 
b

enefits and
 costs of D

P
V, although m

any 
acknow

led
ge ad

d
itional sources of b

enefit or 
cost and

 m
any agree on the b

road
 categories 

of b
enefit and

 cost.

There is a significant range of estim
ated

 value 
across stud

ies, d
riven p

rim
arily b

y d
ifferences 

in local context, inp
ut assum

p
tions, and

 
m

ethod
ological ap

p
roaches. 

B
ecause of these d

ifferences, com
p

aring 
results across stud

ies can b
e inform

ative, b
ut 

should
 b

e d
one w

ith the und
erstand

ing that 
results m

ust b
e norm

alized
 for context, 

assum
p

tions, or m
ethod

ology.

W
hile d

etailed
 m

ethod
ological d

ifferences 
ab

ound
, there is general agreem

ent on overall 
ap

p
roach to estim

ating energy value, 
although there rem

ain key d
ifferences in 

cap
acity m

ethod
ology. There is significantly 

less agreem
ent on overall ap

p
roach to 

estim
ating grid

 sup
p

ort services and
 currently 

unm
onetized

 values includ
ing financial and

 
security risk, environm

ent, and
 social value.

M
o

netized
M
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nsistently M
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P
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 C
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*For the full range of values ob
served

 see the ind
ivid

ual m
ethod

ology slid
es.
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y fuel p
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S
ystem

 losses range d
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y load
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granularity of m
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p

tion (m
arginal vs. average) 

G
eneration cap

acity range d
riven b

y 
tim

ing of p
eak d

em
and

 and
 the location of 

cap
acity need

s

T&
D

 cap
acity range d

riven b
y assessm

ent of 
D

P
V

’s ab
ility to d

efer p
lanned

 investm
ent

R
ange d

riven b
y assum

p
tion of D

P
V

’s ab
ility to p

rovid
e 

grid
 sup

p
ort services (jud

ged
 to b

e very low
 b

y m
ost 

stud
ies) vs. req

uirem
ent for ad

d
itional grid

 sup
p

ort

C
arb

on range d
riven b

y value of carb
on 

and
 assum

ed
 d

isp
laced

 fuel source (e.g. 
natural gas vs. coal)

C
riteria p

ollutant range d
riven b

y 
m

ethod
ology (m

itigation cost vs. health 
d

am
ages for criteria air p

ollutants)
E

nv range b
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 on w
hat environm

ental 
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 on d
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p

roaches to estim
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Fuel p
rice hed

ge range d
riven b

y 
assum

p
tions ab

out natural gas p
rice volatility

M
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onse range d
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y 

assum
p
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 long term
 

m
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 d
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S
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riven b
y estim
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cost of p
ow

er interrup
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S
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y 

variab
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 m
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X
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X
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A
ncillary services req

uired
 b

y the system
, 

such as op
erating reserves, voltage control, 

freq
uency regulation, energy b

alancing, and
 

sched
uling / forecasting services

The cost that interm
ittent resources 

ad
d

 to the overall cost of op
erating 

the p
ow

er sup
p

ly system

Lost retail rate revenues, D
G

 
incentives, and

 integration costs

A
ll relevant costs, includ

ing “infrastructure and 
op

erational exp
ense necessary to m

anage flow
 

of non-controllab
le solar energy generation 

w
hile continuing to reliab

ly m
eet d

em
and

.”

O
ther stud

ies (for exam
p

le E
3 2011) includ

e costs, b
ut results are not p

resented
 ind

ivid
ually in the stud

ies and
 so not includ

ed
 

in the chart ab
ove. C

osts generally includ
e costs of p

rogram
 reb

ates or incentives p
aid

 b
y the utility, p

rogram
 ad

m
inistration 

costs, lost revenue to the utility, strand
ed

 assets, and
 costs and

 inefficiencies associated
 w

ith throttling d
ow

n existing p
lants.
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V
 installed
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cost, the cost of land
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interconnection cost
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E
N

E
R

G
Y

VA
LU

E
 O

V
E

R
V

IE
W

E
nergy value is created

 w
hen D

P
V

 generates energy (kW
h) that d

isp
laces the need

 to p
rod

uce energy from
 another 

resource. There are tw
o com

p
onents of energy value: the am

ount of energy that w
ould

 have b
een generated

 eq
ual to 

the D
P

V
 generation, and

 the ad
d

itional energy that w
ould

 have b
een generated

 b
ut lost in d

elivery d
ue to inherent 

inefficiencies in the transm
ission and

 d
istrib

ution system
. This second

 category of losses is som
etim

es reflected
 

sep
arately as p

art of the system
 losses category.

A
P

P
R

O
A

C
H

 O
V

E
R

V
IE

W
There is b

road
 agreem

ent on the general ap
p

roach to calculating energy value, although num
erous d

ifferences in 
m

ethod
ological d

etails. E
nergy is freq

uently the m
ost significant source of b

enefit.

•
 E

nergy value is the avoid
ed

 cost of the m
arginal resource, typ

ically assum
ed

 to b
e natural gas.

•
 K

ey assum
p

tions generally includ
e fuel p

rice forecast, op
erating &

 m
aintenance costs, and

 heat rate, and
 

d
ep

end
ing on the stud

y, can includ
e system

 losses and
 a carb

on p
rice.

W
H

Y
 A

N
D

 H
O

W
 VA

LU
E

S
 D

IFFE
R

•
S

ystem
 C

o
ntext:

•
M

arket structure - S
om

e Ind
ep

end
ent S

ystem
 O

p
erators (IS

O
s) and

 states value cap
acity and

 energy 
sep

arately, w
hereas som

e IS
O

s only have energy m
arkets w

ithout cap
acity m

arkets. IS
O

s w
ith only energy 

m
arkets m

ay reflect cap
acity value in the energy p

rice.
•

M
arg

inal reso
urce characterizatio

n
 - S

tud
ies in regions w

ith IS
O

s m
ay calculate the m

arginal p
rice b

ased
 

on w
holesale m

arket p
rices, rather than on the cost of the m

arginal p
ow

er p
lant; d

ifferent resources m
ay b

e 
on the m

argin in d
ifferent regions or w

ith d
ifferent solar p

enetrations.
•

Inp
ut A

ssum
p

tio
ns:

•
Fuel p

rice fo
recast - S

ince natural gas is usually on the m
argin, m

ost stud
ies focus on natural gas p

rices. 
S

tud
ies m

ost often b
ase natural gas p

rices on the N
ew

 York M
ercantile E

xchange (N
Y

M
E

X
) forw

ard
 m

arket 
and

 then extrap
olate to som

e future d
ate (varied

 ap
p

roaches to this extrap
olation), b

ut som
e take a d

ifferent 
ap

p
roach to forecasting, for exam

p
le, b

ased
 on E

nergy Inform
ation A

d
m

inistration p
rojections.

•
P

o
w

er p
lant effi

ciency - The efficiency of the m
arginal resource significantly im

p
acts energy value; stud

ies 
show

 a w
id

e range of assum
ed

 natural gas p
lant heat rates.

•
Variab

le o
p

erating
 &

 m
aintenance co

sts - W
hile there is som

e d
ifference in values assum

ed
 b

y stud
ies, 

variab
le O

&
M

 costs are generally low
.

•
C

arb
o

n p
rice - S

om
e stud

ies includ
e an estim

ated
 carb

on p
rice in energy value, others account for it 

sep
arately, and

 others d
o not includ

e it at all.
•

M
etho

d
o

lo
g

ies:

•
S

tud
y w

ind
o

w
 - S

om
e stud

ies (for exam
p

le, A
P

S
 2013) calculate energy value in a sam

p
le year, w

hereas 
others (for exam

p
le, C

rossb
ord

er (A
Z

) 2013) calculate energy value as a levelized
 cost over 20 years.

•
M

arg
inal reso

urce characterizatio
n

 - S
tud

ies take one of three general ap
p

roaches: (1) D
P

V
 d

isp
laces 

energy from
 a gas p

lant, generally a com
b

ined
 cycle, (2) D

P
V

 d
isp

laces energy from
 one typ

e of p
lant 

(generally a com
b

ined
 cycle) off-p

eak and
 a d

ifferent typ
e of p

lant (generally a com
b

ustion turb
ine) on-p

eak, 
(3) D

P
V

 d
isp

laces the resource on the m
argin d

uring every hour of the year, b
ased

 on a d
isp

atch analysis.

E
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E
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E
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 C
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T
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* =
 value energy savings that result from

 avoid
ed

 energy losses

N
ote: B

enefits and
 costs are reflected

 sep
arately in chart. If only b

enefits are 
show

n, stud
y d

id
 not rep

resent costs.
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0
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4
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8
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N
atural G

as C
ost for P

ow
er P

lants (cents/M
b

tu)

E
lectric G

eneratio
n: 

N
atural G

as C
o

st S
ensitivity

H
eat R

ate
7,000 B

tu/kW
h

9,050 B
tu/kW

h
11,100 B

tu/kW
h

Value of Wholesale Energy 
(cents/kWh $2012)

M
a
rgin

al R
e

so
u

rce
 

C
h

a
racte

rizatio
n

P
ro

s
C

o
n

s

Single pow
er plant assum

ed to be 
on the m

argin (typically gas C
C

)
Sim

ple; often sufficiently accurate at low
 solar 

penetrations
N

ot necessarily accurate at higher 
penetrations or in all jurisdictions

Plant on the m
argin on-peak/plant 

on the m
argin off-peak

M
ore accurately captures differences in 

energy value reflected in m
erit-order dispatch

N
ot necessarily accurate at higher 

penetrations or in all jurisdictions

H
ourly dispatch or m

arket 
assessm

ent to determ
ine m

arginal 
resource in every hour

M
ost accurate, especially w

ith increasing 
penetration

M
ore com

plex analysis required; solar 
shape and load shape m

ust be from
 sam

e 
years

The resources that D
P

V
 d

isp
laces d

ep
end

s 
on the d

isp
atch ord

er of other resources, 
w

hen the solar is generated
, and

 how
 

m
uch is generated

.

More accurate, more complexLO
O

K
IN

G
 FO

R
W

A
R

D
A

s renew
ab

le and
 d

istrib
uted

 resource (not just D
P

V
) p

enetration increases, those resources w
ill start to im

p
act 

the und
erlying load

 shap
e d

ifferently, req
uiring m

ore granular analysis to d
eterm

ine energy value. 

IN
S

IG
H

T
S

 &
 IM

P
LIC

AT
IO

N
S

•
 A

ccurately d
efining the m

arginal resource that D
P

V
 d

isp
laces req

uires an increasingly sop
histicated

 
ap

p
roach as D

P
V

 p
enetration increases. 

•
 Taking a m

ore granular ap
p

roach to d
eterm

ining energy value also req
uires a m

ore d
etailed

 
characterization of D

P
V

’s generation p
rofile. It’s also critical to use solar and

 load
 p

rofiles from
 the sam

e 
year(s), to accurately reflect w

eather d
rivers and

 therefore generation and
 d

em
and

 correlation.

•
 In cases w

here D
P

V
 is d

isp
lacing natural gas, the N

Y
M

E
X

 natural gas forw
ard

 m
arket is a reasonab

le 
b

asis for a natural gas p
rice forecast, ad

justed
 ap

p
rop

riately for d
elivery to the region in q

uestion. It is not 
ap

p
arent from

 stud
ies review

ed
 w

hat the m
ost effective m

ethod
 is for escalating p

rices b
eyond

 the year in 
w

hich the N
Y

M
E

X
 m

arket end
s.
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S
ystem

 losses are a d
erivation of energy losses, the value of the ad

d
itional energy generated

 b
y central 

p
lants that is lost d

ue to inherent inefficiencies (electrical resistance) in d
elivering energy to the custom

er via
 

the transm
ission and

 d
istrib

ution system
. S

ince D
P

V
 generates energy at or near the custom

er, that 
ad

d
itional energy is not lost. E

nergy losses act as a m
agnifier of value for cap

acity and
 environm

ental 
b

enefits, since avoid
ed

 energy losses result in low
er req

uired
 cap

acity and
 low

er em
issions.

A
P

P
R

O
A

C
H

 O
V

E
R

V
IE

W
Losses are generally recognized

 as a value, although there is significant variation around
 w

hat typ
e of 

losses are includ
ed

 and
 how

 they are assessed
. Losses usually rep

resent a sm
all b

ut not insignificant 
source of value, although som

e stud
ies rep

ort com
p

aratively high values.

•
 E

nergy lost in d
elivery m

agnifies the value of other b
enefits, includ

ing cap
acity and

 environm
ent.

•
 C

alculate loss factor(s) (am
ount of loss p

er unit of energy d
elivered

) b
ased

 on m
od

eled
 or ob

served
 

d
ata.

W
H

Y
 A

N
D

 H
O

W
 VA

LU
E

S
 D

IFFE
R

•
S

ystem
 C

o
ntext:

•
C

o
ng

estio
n - B

ecause energy losses are p
rop

ortional to the inverse of current sq
uared

, the higher 
the utilization of the transm

ission &
 d

istrib
ution system

, the greater the energy losses.
•

S
o

lar characterizatio
n

—
The tim

ing, q
uantity, and

 geograp
hic location of D

P
V, and

 therefore its 
coincid

ence w
ith d

elivery system
 utilization, im

p
acts losses.

•
Inp

ut A
ssum

p
tio

ns:

•
Lo

sses - S
om

e stud
ies estim

ate losses b
y ap

p
lying loss factors b

ased
 on actual ob

servation, 
others d

evelop
 theoretical loss factors b

ased
 on system

 m
od

eling. Further, som
e utility system

s 
have higher losses than others.

•
M

etho
d

o
lo

g
ies:

•
Typ

es o
f lo

sses reco
g

nized
 - M

ost stud
ies recognize energy losses, som

e recognize cap
acity 

losses, and
 a few

 recognize environm
ental losses.

•
A

d
d

er vs. stand
-alo

ne value - There is no com
m

on ap
p

roach to w
hether losses are rep

resented
 

as stand
-alone values (for exam

p
le, N

R
E

L 2008 and
 E

3 2012) or as ad
d

ers to energy, cap
acity, and

 
environm

ental value (for exam
p

le, C
rossb

ord
er (A

Z
) 2013 and

 A
P

S
 2013), com

p
licating com

p
arison 

across stud
ies. 

•
Tem

p
o

ral &
 g

eo
g

rap
hic characterizatio

n
 - S

om
e stud

ies ap
p

ly an average loss factor to all 
energy generated

 b
y D

P
V, others ap

p
ly p

eak/off-p
eak factors, and

 others cond
uct hourly analysis. 

S
om

e stud
ies also reflect geograp

hically-varying losses.
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[Loss in energy from
 

T&
D

 across d
istance]

[Increase in electricity, 
cap

acity, T&
D

, enviro 
values]

[Loss in energy from
 

T&
D

 across d
istance]

[Increase in electricity, 
cap

acity, T&
D

, enviro 
values]

[Increase in electricity, 
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acity, T&
D

, enviro 
values]

[Increase in electricity, 
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acity, T&
D

, enviro 
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[Loss in energy from
 

T&
D

 across d
istance]

[Increase in energy, 
cap

acity, em
ission and

 
hed

ge values ] 

N
ote: B

enefits and
 costs are reflected

 sep
arately in chart. If only b

enefits are show
n, 

stud
y d

id
 not rep

resent costs.
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•
 A

ll relevant system
 losses—

energy, cap
acity, and

 environm
ent—

should
 b

e assessed
.

•
 B

ecause losses are d
riven b

y the sq
uare of current, losses are significantly higher d

uring p
eak p

eriod
s. 

Therefore, w
hen calculating losses, it’s critical to reflect m

arginal losses, not just average losses.

•
 W

hether or not losses are ultim
ately rep

resented
 as an ad

d
er to an und

erlying value or as a stand
-alone 

value, they are generally calculated
 sep

arately. S
tud

ies should
 d

istinguish these values from
 the und

erlying 
value for transp

arency and
 to d

rive consistency of m
ethod

ology.

S
om

e energy generated
 at a p

ow
er p

lant is lost as 
it travels through the transm

ission and
 d

istrib
ution 

system
 to the custom

er. A
s show

n in the grap
hic 

b
elow

, m
ore than 90%

 of p
rim

ary energy inp
ut into 

a p
ow

er p
lant is lost b

efore it reaches the end
 use, 

or stated
 in reverse, for every one unit of energy 

saved
 or generated

 close to w
here it is need

ed
, 10 

units of p
rim

ary energy are saved
. 

For the p
urp

oses of this d
iscussion d

ocum
ent, 

relevant losses are those d
riven b

y inherent 
inefficiencies (electrical resistance) in the 
transm

ission and
 d

istrib
ution system

, not those in 
the p

ow
er p

lant or custom
er eq

uip
m

ent. E
nergy 

losses are p
rop

ortional to the sq
uare of current, 

and
 associated

 cap
acity b

enefit is p
rop

ortional to 
the sq

uare of red
uced

 load
.  

LO
O

K
IN

G
 FO

R
W

A
R

D
Losses w

ill change over tim
e as the load

ing on transm
ission and

 d
istrib

ution lines changes d
ue to a 

com
b

ination of changing custom
er d

em
and

 and
 D

P
V

 generation. 
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G
eneration cap

acity value is the am
ount of central generation cap

acity that can b
e d

eferred
 or avoid

ed
 d

ue 
to the installation of D

P
V. K

ey d
rivers of value includ

e (1) D
P

V
’s effective cap

acity and
 (2) system

 cap
acity 

need
s.

A
P

P
R

O
A

C
H

 O
V

E
R

V
IE

W
G

eneration cap
acity value is the avoid

ed
 cost of the m

arginal cap
acity resource, m

ost freq
uently assum

ed
 

to b
e a gas com

b
ustion turb

ine, and
 b

ased
 on a calculation of D

P
V

 effective cap
acity, m

ost com
m

only 
b

ased
 on effective load

 carrying cap
ab

ility (E
LC

C
).

W
H

Y
 A

N
D

 H
O

W
 VA

LU
E

S
 D

IFFE
R

•
S

ystem
 C

o
ntext:

•
Lo

ad
 g

ro
w

th/g
eneratio

n cap
acity investm

ent p
lan

 - The ab
ility to avoid

 or d
efer generation 

cap
acity d

ep
end

s on und
erlying load

 grow
th and

 how
 m

uch ad
d

itional cap
acity w

ill b
e need

ed
, at 

w
hat tim

e.
•

S
o

lar characteristics - The tim
ing, q

uantity, and
 geograp

hic location of D
P

V, and
 therefore its 

coincid
ence w

ith system
 p

eak, im
p

acts D
P

V
’s effective cap

acity.
•

M
arket structure - S

om
e IS

O
s and

 states value cap
acity and

 energy sep
arately, w

hereas som
e 

IS
O

s only have energy m
arkets b

ut no cap
acity m

arkets. IS
O

s w
ith only energy m

arkets m
ay reflect 

cap
acity value as p

art of the energy p
rice. For C

alifornia, E
3 2012 calculates cap

acity value b
ased

 
on “net cap

acity cost”—
the annual fixed

 cost of the m
arginal unit m

inus the gross m
argins 

cap
tured

 in the energy and
 ancillary service m

arket.
•

Inp
ut A

ssum
p

tio
ns:

•
M

arg
inal reso

urce - M
ost stud

ies assum
e that a gas com

b
ustion turb

ine, or occasionally a gas 
com

b
ined

 cycle, is the generation cap
acity resource that could

 b
e d

eferred
. W

hat this resource is 
and

 its associated
 cap

ital and
 fixed

 O
&

M
 costs are a p

rim
ary d

eterm
inant of cap

acity value.
•

M
etho

d
o

lo
g

ies:

•
Fo

rm
ulatio

n o
f D

P
V

 effective cap
acity - There is b

road
 agreem

ent that D
P

V
’s effective cap

acity is 
m

ost accurately d
eterm

ined
 using an E

LC
C

 ap
p

roach, w
hich m

easures the am
ount of ad

d
itional 

load
 that can b

e m
et w

ith the sam
e level of reliab

ility after ad
d

ing D
P

V. There is som
e variation 

across stud
ies in E

LC
C

 results, likely d
riven b

y a com
b

ination of und
erlying solar resource p

rofile 
and

 E
LC

C
 calculation m

ethod
ology. The ap

p
roach to effective cap

acity is som
etim

es d
ifferent 

w
hen consid

ering T&
D

 cap
acity.

•
M

inim
um

 D
P

V
 req

uired
 to

 d
efer cap

acity - S
om

e stud
ies (for exam

p
le, C

rossb
ord

er (A
Z

) 2013) 
cred

it every unit of effective D
P

V
 cap

acity w
ith cap

acity value, w
hereas others (for exam

p
le, A

P
S

 
2009) req

uire a certain m
inim

um
 am

ount of solar b
e installed

 to d
efer an actual p

lanned
 resource 

b
efore cap

acity value is cred
ited

.
•

Inclusio
n o

f lo
sses - S

om
e stud

ies includ
e cap

acity losses as an ad
d

er to cap
acity value rather 

than as a stand
-alone b

enefit.

G
E
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 C
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* =
 value includ

es generation cap
acity savings that result from

 avoid
ed

 energy losses

N
ote: B

enefits and
 costs are reflected

 sep
arately in chart. If only b

enefits are show
n, 

stud
y d

id
 not rep

resent costs.
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•
 G

eneration cap
acity value is highly d

ep
end

ent on the correlation of D
P

V
 generation to load

, so it’s critical 
to accurately assess that correlation using an E

LC
C

 ap
p

roach, as all stud
ies review

ed
 d

o. H
ow

ever, varying 
results ind

icate p
ossib

le d
ifferent form

ulations of E
LC

C
.

•
 The value also d

ep
end

s on w
hether new

 cap
acity is need

ed
 on the system

, and
 therefore w

hether D
P

V
 

d
efers new

 cap
acity. It’s im

p
ortant to assess w

hat cap
acity w

ould
 have b

een need
ed

 w
ithout any ad

d
itional, 

exp
ected

, or p
lanned

 D
P

V.

•
 G

eneration cap
acity value is likely to change significantly as m

ore D
P

V, and
 m

ore renew
ab

le and
 

d
istrib

uted
 resources of all kind

s are ad
d

ed
 to the system

. S
om

e am
ount of D

P
V

 can d
isp

lace the m
ost 

costly resources in the cap
acity stack, b

ut increasing am
ounts of D

P
V

 could
 b

egin to d
isp

lace less costly 
resources. S

im
ilarly, the und

erlying load
 shap

e, and
 therefore even the concep

t of a p
eak could

 b
egin to 

shift.
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G
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C
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S
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 S
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 F
acin

g
 O
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n
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n

s
P

V
 W

e
st-F

acin
g

W
hile effective load

 carrying 
cap

acity (E
LC

C
) assesses D

P
V

’s 
contrib

ution to reliab
ility 

throughout the year, generation 
cap

acity value w
ill generally b

e 
higher if D

P
V

 outp
ut is m

ore 
coincid

ent w
ith p

eak. 

LO
O

K
IN

G
 FO

R
W

A
R

D
G

eneration cap
acity is one of the values m

ost likely to change, m
ost q

uickly, w
ith increasing D

P
V

 
p

enetration. K
ey reasons for this are (1) increasing D

P
V

 p
enetration could

 have the effect of p
ushing the 

p
eak to later in the d

ay, w
hen D

P
V

 generation is low
er, and

 (2) increasing D
P

V
 p

enetration w
ill d

isp
lace 

exp
ensive p

eaking resources, b
ut once those resources are d

isp
laced

, the cost of the next resource m
ay b

e 
low

er. B
eyond

 D
P

V, it’s im
p

ortant to note that a shift tow
ard

s m
ore renew

ab
les could

 change the und
erlying

 
concep

t of a d
aily or seasonal p

eak.
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The transm
ission and

 d
istrib

ution (T&
D

) cap
acity value is a m

easure of the net change in T&
D

 infrastructure as a 
result of the ad

d
ition of D

P
V.  B

enefits occur w
hen D

P
V

 is ab
le to m

eet rising d
em

and
 locally, relieving cap

acity 
constraints up

stream
 and

 d
eferring or avoid

ing transm
ission or d

istrib
ution up

grad
es. C

osts are incurred
 w

hen 
ad

d
itional transm

ission or d
istrib

ution investm
ent are necessary to sup

p
ort the ad

d
ition of D

P
V, w

hich could
 

occur w
hen the am

ount of solar energy exceed
s the d

em
and

 in the local area and
 increases need

ed
 line cap

acity.

A
P

P
R

O
A

C
H

 O
V

E
R

V
IE

W
The net value of d

eferring or avoid
ing T&

D
 investm

ents is d
riven b

y rate of load
 grow

th, D
P

V
 configuration and

 
energy p

rod
uction, p

eak coincid
ence and

 effective cap
acity. G

iven the site sp
ecific nature of T&

D
, esp

ecially 
d

istrib
ution, there can b

e significant range in the calculated
 value of D

P
V. H

istorically low
 p

enetrations of D
P

V
 has 

m
eant that stud

ies have p
rim

arily focused
 on analyzing the ab

ility of D
P

V
 to d

efer transm
ission or d

istrib
ution 

up
grad

es and
 have not focused

 on p
otential costs, w

hich w
ould

 likely not arise until greater levels of p
enetration. 

S
tud

ies typ
ically d

eterm
ine the T&

D
 cap

acity value b
ased

 on the cap
ital costs of p

lanned
 exp

ansion p
rojects in 

the region of interest. H
ow

ever, the granularity of analysis d
iffers.

W
H

Y
 A

N
D

 H
O

W
 VA

LU
E

S
 D

IFFE
R

•
S

ystem
 C

o
ntext:

•
Lo

catio
nal characteristics - Transm

ission and
 d

istrib
ution infrastructure p

rojects are inherently site-
sp

ecific and
 their age, service life, and

 use can vary significantly. Thus, the need
, size and

 cost of 
up

grad
es, rep

lacem
ent or exp

ansion corresp
ond

ingly vary. 
•

P
ro

jected
 lo

ad
 g

ro
w

th/T
&

D
 cap

acity investm
ent p

lan
 - E

xp
ected

 rate of d
em

and
 grow

th affects the 
need

, scale and
 cost of T&

D
 up

grad
es and

 the ab
ility of D

P
V

 to d
efer or offset anticip

ated
 T&

D
 

exp
ansions. The rate of grow

th of D
P

V
 w

ould
 need

 to keep
 p

ace w
ith the grow

th in d
em

and
, b

oth b
y 

ord
er of m

agnitud
e and

 sp
eed

.
•

S
o

lar characteristics - The tim
ing of energy p

rod
uction from

 D
P

V
 and

 its coincid
ence w

ith system
 p

eaks 
(transm

ission) and
 local p

eaks (d
istrib

ution) d
rive the ab

ility of D
P

V
 to contrib

ute as effective cap
acity that 

could
 d

efer or d
isp

lace a transm
ission or d

istrib
ution cap

acity up
grad

e.
•

T
he leng

th o
f tim

e the investm
ent is d

eferred
 -The length of tim

e that T&
D

 can b
e d

eferred
 b

y the 
installation of D

P
V

 varies b
y the rate of load

 grow
th, the assum

ed
 effective cap

acity of the D
P

V, and
 D

P
V

’s 
correlation w

ith p
eak. The cost of cap

ital saved
 w

ill increase w
ith the length of d

eferm
ent.

•
Inp

ut A
ssum

p
tio

ns:

•
T

&
D

 investm
ent p

lan characteristics - D
ep

end
ing up

on d
ata availab

le and
 d

ep
th of analysis, stud

ies 
vary b

y the level of granularity in w
hich T&

D
 investm

ent p
lans w

ere assessed
–p

roject b
y p

roject or b
road

er 
generalizations across service territories.

•
M

etho
d

o
lo

g
ies:

•
A

ccrual o
f cap

acity value to
 D

P
V

 - O
ne of the m

ost significant m
ethod

ological d
ifferences is w

hether 
D

P
V

 has increm
ental T&

D
 cap

acity value in the face of “lum
p

y” T&
D

 investm
ents (see im

p
lications and

 
insights).

•
Lo

sses - S
om

e stud
ies includ

e the m
agnified

 b
enefit of d

eferred
 T&

D
 cap

acity d
ue to avoid

ed
 losses 

w
ithin the calculation of T&

D
 value, w

hile others item
ize line losses sep

arately.

T
&

D
 C

A
PA

C
IT

Y
 B

E
N

E
FIT

 A
N

D
 C

O
S

T
 

E
S

T
IM

AT
E

S
 A

S
 R

E
P

O
R

T
E

D
 B

Y
 R

E
V

IE
W

E
D

 
S

T
U

D
IE

S

TR
A

N
S

M
IS

S
IO

N
 &

 D
IS

TR
IB

U
TIO

N
 

C
A

PA
C

ITY

* =
 value includ

es T&
D

 cap
acity savings that result from

 avoid
ed

 energy losses

N
ote: B

enefits and
 costs are reflected

 sep
arately in chart. If only b

enefits are show
n, 

stud
y d

id
 not rep

resent costs.

0
3

6
9

12

X
cel, 2013

A
P

S
, 2013

C
rossb

ord
er (A

Z
), 2013

C
P

R
 (TX

), 2013

C
rossb

ord
er (C

A
), 2013

C
P

R
 (N

J/PA
), 2012

E
3, 2012

A
E

/C
P

R
, 2012

A
P

S
, 2009

N
R

E
L, 2008

A
E

/C
P

R
, 2006

Vote S
olar, 2005

(cents/kW
h $2012)

31



A
 R

eview
 of S

olar P
V

 B
enefit &

 C
ost S

tud
ies, 2nd

 ed
ition

TR
A

N
S
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S
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N
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TR
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N
 

C
A

PA
C

ITY
 (C

O
N

T’D
)

IN
S

IG
H

T
S

 &
 IM

P
LIC

AT
IO

N
S

•
S

trategically targeted
 D

P
V

 d
ep

loym
ent can relieve T&

D
 cap

acity constraints b
y p

rovid
ing p

ow
er close 

to d
em

and
 and

 p
otentially d

eferring cap
acity investm

ents, b
ut d

isp
ersed

 d
ep

loym
ent has b

een found
 

to p
rovid

e less b
enefit. Thus, the ab

ility to access D
P

V
’s T&

D
 d

eferral value w
ill req

uire p
roactive 

d
istrib

ution p
lanning that incorp

orates d
istrib

uted
 energy resources, such as D

P
V, into the evaluation.

•
The values of T&

D
 are often group

ed
 together, b

ut they are uniq
ue w

hen consid
ering the p

otential 
costs and

 b
enefits that result from

 D
P

V. 

•
W

hile the ab
ility to d

efer or avoid
 transm

ission is still locational d
ep

end
ent, it is less so than 

d
istrib

ution. Transm
ission aggregates d

isp
arate d

istrib
ution areas and

 the effects of ad
d

itional 
D

P
V

 at the d
istrib

ution level typ
ically req

uire less granular d
ata and

 analysis. 

•
The d

istrib
ution system

 req
uires m

ore geograp
hically sp

ecific d
ata that reflects the site sp

ecific 
characteristics such as local hourly P

V
 p

rod
uction and

 correlation w
ith local load

. 

•
There are significantly d

iffering ap
p

roaches on the ab
ility of D

P
V

 to accrue T&
D

 cap
acity d

eferm
ent or 

avoid
ance value that req

uire resolution:

•
H

ow
 should

 D
P

V
’s cap

acity d
eferral value b

e estim
ated

 in the face of “lum
p

y” T&
D

 investm
ents? 

W
hile A

P
S

 2009 and
 A

P
S

 2013 p
osit that a m

inim
um

 am
ount of solar m

ust b
e installed

 to d
efer 

cap
acity b

efore cred
it is w

arranted
, C

rossb
ord

er (A
Z

) 2013 cred
its every unit of reliab

le cap
acity 

w
ith cap

acity value. 

•
W

hat stand
ard

 should
 b

e ap
p

lied
 to estim

ate P
V

’s ab
ility to d

efer a sp
ecific d

istrib
ution 

exp
ansion p

roject? W
hile m

ost stud
ies use E

LC
C

 to d
eterm

ine effective cap
acity, A

P
S

 2009 and
 

A
P

S
 2013 use the level at w

hich there is a 90%
 confid

ence of that am
ount of generation.

LO
O

K
IN

G
 FO

R
W

A
R

D
A

ny d
istrib

uted
 resources, not just D

P
V, that can b

e installed
 near the end

 user to red
uce use of, and

 
congestion along, the T&

D
 netw

ork could
 p

otentially p
rovid

e T&
D

 value. This includ
es technologies that allow

 
energy to b

e used
 m

ore efficiently or at d
ifferent tim

es, red
ucing the q

uantity of electricity traveling through 
the T&

D
 netw

ork (esp
ecially d

uring p
eak hours).

LO
C

AT
IO

N
A

L C
O

N
S

ID
E

R
AT

IO
N

S
 AT

 T
H

E
 

D
IS

T
R

IB
U

T
IO

N
 LE

V
E

L

A
d

ap
ted

 from
 C

od
d

ington, M
. et al, U

p
d

ating 
Interconnection S

creens for P
V

 S
ystem

 Integration

U
tility sub

statio
n

Feed
er 1

Feed
er 2

Feed
er 3

P
enetratio

n 
allo

w
ance zo

nes fo
r 

fast ap
p

ro
val o

f P
V

 
system

s

U
p

 to
 

40%
U

p
 to

 
25%

U
p

 to
 

15%
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G
rid

 sup
p

ort services, also com
m

only referred
 to as ancillary services (A

S
) in w

holesale energy m
arkets, are 

req
uired

 to enab
le the reliab

le op
eration of interconnected

 electric grid
 system

s, includ
ing op

erating reserves, 
reactive sup

p
ly and

 voltage control; freq
uency regulation; energy im

b
alance; and

 sched
uling. 

A
P

P
R

O
A

C
H

 O
V

E
R

V
IE

W
There is significant variation across stud

ies on the im
p

act D
P

V
 w

ill have on the ad
d

ition or red
uction in the need

 
for grid

 sup
p

ort services and
 the associated

 cost or b
enefit. M

ost stud
ies focus on the cost D

P
V

 could
 incur in 

req
uiring ad

d
itional grid

 sup
p

ort services, w
hile a m

inority evaluate the value D
P

V
 could

 p
rovid

e b
y red

ucing load
 

and
 req

uired
 reserves or the A

S
 that D

P
V

 could
 p

rovid
e w

hen coup
led

 w
ith other technologies. W

hile 
m

ethod
ologies are inconsistent, the ap

p
roaches generally focus on m

ethod
s for calculating changes in necessary 

op
erating reserves, and

 less p
recision or rules of thum

b
 are ap

p
lied

 to the rem
aind

er of A
S

, such as voltage 
regulation. O

p
erating reserves are typ

ically estim
ated

 b
y d

eterm
ining the reliab

le cap
acity for w

hich D
P

V
 can b

e 
counted

 on to p
rovid

e cap
acity w

hen d
em

and
ed

 over the year.

W
H

Y
 A

N
D

 H
O

W
 VA

LU
E

S
 D

IFFE
R

•
S

ystem
 C

o
ntext:

•
R

eliab
ility stand

ard
s and

 m
arket rules - The stand

ard
s and

 rules for reliab
ility that govern the 

req
uirem

ents for grid
 sup

p
ort services and

 reserve m
argins d

iffer. These stand
ard

s d
irectly im

p
act the 

p
otential net value of ad

d
ing D

P
V

 to the system
.

•
A

vailab
ility o

f ancillary services m
arket - W

here w
holesale electricity m

arkets exist, the estim
ated

 value 
is correlated

 to the m
arket p

rices of A
S

. 
•

S
o

lar characteristics - The tim
ing of energy p

rod
uction from

 D
P

V
 and

 it’s coincid
ence w

ith system
 

p
eaks d

iffers locationally.  
•

P
enetratio

n o
f D

P
V

 - A
s P

V
 p

enetrations increase, the value of its reliab
le cap

acity d
ecreases and

, und
er 

stand
ard

 reliab
ility p

lanning ap
p

roaches, w
ould

 increase the am
ount of system

 reserves necessary to 
m

aintain reliab
le op

erations. 
•

S
ystem

 g
eneratio

n m
ix - The p

erform
ance characteristics of the existing generation m

ix, includ
ing the 

generators ab
ility to resp

ond
 q

uickly b
y increasing or d

ecreasing p
rod

uction, can significantly change the 
sup

p
ly value of ancillary services and

 the value.
•

M
etho

d
o

lo
g

ies:

•
E

ffective cap
acity o

f D
P

V
 - The d

egree that D
P

V
 can b

e d
ep

end
ed

 on to p
rovid

e cap
acity w

hen 
d

em
and

ed
 has a d

irect effect on the am
ount of op

erating reserves that the rest of the system
 m

ust 
sup

p
ly. The higher the “effective cap

acity,” the less op
erating reserves necessary. 

•
C

o
rrelating

 red
uced

 lo
ad

 w
ith red

uced
 ancillary service need

s - C
rossb

ord
er (A

Z
) 2013 calculated

 a 
net b

enefit of D
P

V
 b

ased
 on 1) load

 red
uction &

 red
uced

 op
erating reserve req

uirem
ents; 2) p

eak d
em

and
 

red
uction and

 utility cap
acity req

uirem
ents.

•
P

o
tential o

f D
P

V
 to

 p
ro

vid
e g

rid
 sup

p
o

rt w
ith techno

lo
g

y co
up

ling
 - W

hile the p
rim

ary focus across 
stud

ies w
as the im

p
act D

P
V

 w
ould

 have on the need
 for ad

d
itional A

S
, N

R
E

L 2008 &
 A

E
/C

P
R

 2006 b
oth 

noted
 that D

P
V

 could
 p

rovid
e voltage regulation w

ith sm
art inverters w

ere installed
. 

G
R
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 S
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P
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R
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 S
E

R
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E
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E
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T
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E
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O
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T
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Y
 

R
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V
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W
E

D
 S

T
U

D
IE
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-1
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1
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C
rossb

ord
er (A

Z
) 2013

C
rossb

ord
er (C

A
) 2013

LB
N

L 2012

E
3 2012

N
R

E
L 2008

A
P

S
 2009

(cents/kW
h $2012)

[D
ecreased

 op
erating &

 
cap

acity reserve 
req

uirem
ent]

[B
ased

 on C
A

IS
O

 
2011 M

arket Values]

[M
arket value of non-

sp
inning reserves, sp

inning 
reserves, and

 regulation]

[1%
 of avoid

ed
 

energy value]

[M
eta-analysis]

N
ote: B

enefits and
 costs are reflected

 sep
arately in chart. If only b

enefits are 
show

n, stud
y d

id
 not rep

resent costs.
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G
rid

 S
up

p
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rt S
ervices

T
he p

o
tential fo

r D
P

V
 to

 
p

ro
vid

e g
rid

 sup
p

o
rt 

services (w
ith techno

lo
g

y 
m

o
d

ifi
catio

ns)

R
E

A
C

TIV
E

 S
U

P
P

LY
 A

N
D

 
V

O
LTA

G
E
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O

N
TR

O
L

(+
/-)

P
V

 w
ith an ad

vanced
 inverter can 

inject/consum
e VA

R
s, ad

justing to 
control voltage

FR
E

Q
U

E
N

C
Y

 
R

E
G

U
LATIO

N

(+
/-)

A
d

vanced
 inverters can ad

just outp
ut 

freq
uency; stand

ard
 inverters m

ay 

E
N

E
R

G
Y

 IM
B

A
LA

N
C

E

(+
/-)

If P
V

 outp
ut <

 exp
ected

, im
b

alance 
service is req

uired
. A

d
vanced

 inverters 
could

 ad
just outp

ut to p
rovid

e 
im

b
alance

O
P

E
R

ATIN
G

 R
E

S
E

R
V

E
S

(+
/-)

A
d

d
itional variab

ility and
 uncertainty 

from
 large p

enetrations of D
P

V
 m

ay 
introd

uce op
erations forecast error and

 
increase the need

 for certain typ
es of 

reserves; how
ever, D

P
V

 m
ay also 

red
uce the am

ount of load
 served

 b
y 

central generation, thus, red
ucing 

need
ed

 reserves.

S
C

H
E

D
U

LIN
G

 / 
FO

R
E

C
A

S
TIN

G

(-)
The variab

ility of the solar resource 
req

uires ad
d

itional forecasting to 
red

uce uncertainty

IN
S

IG
H

T
S

 &
 IM

P
LIC

AT
IO

N
S

•
A

s w
ith large scale renew

ab
le integration, there is still controversy over d

eterm
ining the net 

change in “ancillary services d
ue to variab

le generation and
 m

uch m
ore controversy regard

ing 
how

 to allocate those costs b
etw

een sp
ecific generators or load

s.” (LB
N

L 2012)

•
A

reas w
ith w

holesale A
S

 m
arkets enab

le easier q
uantification of the p

rovision of A
S

. R
egions 

w
ithout m

arkets have less stand
ard

 m
ethod

ologies for q
uantifying the value of A

S
.

•
O

ne of the m
ost significant d

ifferences in review
ed

 m
ethod

ological ap
p

roaches is w
hether the 

necessary am
ount of op

erating reserves, as sp
ecified

 b
y req

uired
 reserve m

argin, d
ecreases b

y 
D

P
V

’s cap
acity value (as d

eterm
ined

 b
y E

LC
C

, for exam
p

le).  C
rossb

ord
er (C

A
) 2013, E

3 2012 
and

 Vote S
olar 2005 note that the ad

d
ition of D

P
V

 red
uces load

 served
 b

y central generation, 
thus allow

ing utilities to red
uce p

rocured
 reserves. A

d
d

itional analysis is need
ed

 to d
eterm

ine 
w

hether the req
uired

 level of reserves should
 b

e ad
justed

 in the face of a changing system
.

•
S

tud
ies varied

 in their assessm
ents of grid

 sup
p

ort services. A
P

S
 2009 d

id
 not exp

ect D
P

V
 

w
ould

 contrib
ute significantly to sp

inning or op
erating reserves, b

ut p
red

icted
 regulation 

reserves could
 b

e affected
 at high p

enetration levels.

LO
O

K
IN

G
 FO

R
W

A
R

D
Increasing levels of d

istrib
uted

 energy resources and
 variab

le renew
ab

le generation w
ill b

egin to shift 
b

oth the need
 for grid

 sup
p

ort services as w
ell as the typ

es of assets that can and
 need

 to p
rovid

e 
them

. The ab
ility of D

P
V

 to p
rovid

e grid
 sup

p
ort req

uires technology m
od

ifications or ad
d

itions, such 
as ad

vanced
 inverters or storage, w

hich incur ad
d

itional costs. H
ow

ever, it is likely that the net value 
p

rop
osition w

ill increase as technology costs d
ecrease and

 the op
p

ortunity (or req
uirem

ents) to 
p

rovid
e these services increase w

ith p
enetration.
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D
P

V
 p

rod
uces roughly constant-cost p

ow
er com

p
ared

 to fossil fuel generation, w
hich is tied

 to p
otentially 

volatile fuel p
rices. D

P
V

 can p
rovid

e a “hed
ge” against p

rice volatility, red
ucing risk exp

osure to utilities and
 

custom
ers. 

A
P

P
R

O
A

C
H

 O
V

E
R

V
IE

W
M

ore than half the stud
ies review

ed
 acknow

led
ge D

P
V

’s fuel p
rice hed

ge b
enefit, although few

er q
uantify it 

and
 those that d

o take d
ifferent, although concep

tually sim
ilar, ap

p
roaches.

•
 In future years w

hen natural gas futures m
arket p

rices are availab
le, using those N

Y
M

E
X

 p
rices to d

evelop
 

a natural gas p
rice forecast should

 includ
e the value of volatility.

•
 In future years b

eyond
 w

hen natural gas futures m
arket p

rices are availab
le, estim

ate natural gas p
rice 

and
 volatility value sep

arately. D
iffering ap

p
roaches includ

e:

•
 E

scalating N
Y

M
E

X
 p

rices at a constant rate, und
er the assum

p
tion that d

oing so w
ould

 continue to
 

reflect hed
ge value (C

rossb
ord

er (A
Z

) 2013); or
•

 E
stim

ating volatility hed
ge value sep

arately as the value or an op
tion/sw

ap
, or as the actual p

rice 
ad

d
er the utility is incurring now

 to hed
ge gas p

rices (C
P

R
 (N

J/PA
 2012), N

R
E

L 2008).

W
H

Y
 A

N
D

 H
O

W
 VA

LU
E

S
 D

IFFE
R

•
S

ystem
 C

o
ntext:

•
M

arg
inal reso

urce characterizatio
n

 - W
hat resource is on the m

argin, and
 therefore how

 m
uch 

fuel is d
isp

laced
 varies.

•
E

xp
o

sure to
 fuel p

rice vo
latility - M

ost utilities alread
y hed

ge som
e p

ortion of their natural gas 
p

urchases for som
e p

eriod
 of tim

e in the future. 
•

M
etho

d
o

lo
g

ies:

•
A

p
p

ro
ach to

 estim
ating

 value - W
hile m

ost stud
ies agree that N

Y
M

E
X

 futures p
rices are an 

ad
eq

uate reflection of volatility, there is no largely agreed
 up

on ap
p

roach to estim
ating volatility 

b
eyond

 w
hen those p

rices are availab
le.
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•
 N

Y
M

E
X

 futures m
arket p

rices are an ad
eq

uate reflection of volatility in the years in w
hich it op

erates.
•

 B
eyond

 that, volatility should
 b

e estim
ated

, although there is no ob
vious b

est p
ractice. Further w

ork is 
req

uired
 to d

evelop
 an ap

p
roach that accurately m

easures hed
ge value.
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N
ote: B

enefits and
 costs are reflected

 sep
arately in chart. If only b

enefits are show
n, 

stud
y d

id
 not rep

resent costs.
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The ad
d

ition of D
P

V, esp
ecially at higher p

enetrations, can affect the m
arket p

rice of electricity in a p
articular 

m
arket or service territory. These m

arket p
rice effects sp

an energy and
 cap

acity values in the short term
 and

 long 
term

, all of w
hich are interrelated

. B
enefits can occur as D

P
V

 p
rovid

es electricity close to d
em

and
, red

ucing the 
d

em
and

 for centrally-sup
p

lied
 electricity and

 the fuel p
ow

ering those generators, thereb
y low

ering electricity 
p

rices and
 p

otentially fuel com
m

od
ity p

rices. A
 related

 b
enefit is d

erived
 from

 the effect of D
P

V
’s contrib

ution at 
higher p

enetrations to reshap
ing the load

 p
rofile that central generators need

 to m
eet. D

ep
end

ing up
on the 

correlation of D
P

V
 p

rod
uction and

 load
, the p

eak d
em

and
 could

 b
e red

uced
 and

 the m
arginal generator could

 b
e 

m
ore efficient and

 less costly, red
ucing total electricity cost. H

ow
ever, these b

enefits could
 p

otentially b
e red

uced
 

in the longer term
 as energy p

rices d
ecline, w

hich could
 result in higher d

em
and

. A
d

d
itionally, d

ep
ressed

 p
rices in 

the energy m
arket could

 have a feed
b

ack effect b
y raising cap

acity p
rices.

A
P

P
R

O
A

C
H

 O
V

E
R

V
IE

W
W

hile several stud
ies evaluate a m

arket p
rice resp

onse of D
P

V, d
istinct ap

p
roaches w

ere em
p

loyed
 b

y E
3 2012, 

C
P

R
 (N

J/P
N

) 2012, and
 N

R
E

L 2008.

W
H

Y
 A

N
D

 H
O

W
 VA

LU
E

S
 D

IFFE
R

•
M

etho
d

o
lo

g
ies:

•
C

o
nsid

ering
 m

arket p
rice effects o

f D
P

V
 in the co

ntext o
f o

ther renew
ab

le techno
lo

g
ies - E

3 2012 
incorp

orated
 m

arket p
rice effect in its high p

enetration case b
y ad

justing d
ow

nw
ard

 the m
arginal value of 

energy that D
P

V
 w

ould
 d

isp
lace. H

ow
ever, for the p

urp
oses of the stud

y, E
3 2012 d

id
 not ad

d
 this as a 

b
enefit to the avoid

ed
 cost b

ecause they “assum
e the m

arket p
rice effect w

ould
 also occur w

ith alternative 
ap

p
roaches to m

eeting [C
A’s] R

P
S

.” 
•

Inco
rp

o
rating

 cap
acity effects - 

•
E

3 2012 rep
resented

 a p
otential feed

b
ack effect b

etw
een the energy and

 cap
acity b

y assum
ing an 

energy m
arket calib

ration factor. That is, it assum
es that, in the long run, the C

C
G

T's energy m
arket 

revenues p
lus the cap

acity p
aym

ent eq
ual the fixed

 and
 variab

le costs of the C
C

G
T. Therefore, a 

C
C

G
T w

ould
 collect m

ore revenue through the cap
acity and

 energy m
arkets than is need

ed
 to cover 

its costs, and
 a d

ecrease in energy costs w
ould

 result in a relative increase in cap
acity costs.

•
C

P
R

 (N
J/PA

) 2012 incorp
orates m

arket p
rice effect “b

y red
ucing d

em
and

 d
uring the high p

riced
 hours 

[resulting in] a cost savings realized
 b

y all consum
ers.” They note “that further investigation of the 

m
ethod

s m
ay b

e w
arranted

 in light of tw
o argum

ents...that the m
ethod

ology d
oes ad

d
ress ind

uced
 

increase in d
em

and
 d

ue to p
rice red

uctions, and
 that it only ad

d
resses short-run effects (ignoring the 

im
p

act on cap
acity m

arkets).”

IN
S

IG
H

T
S

 &
 IM

P
LIC

AT
IO

N
S

•
The m

arket p
rice red

uction value only assesses the initial m
arket reaction of red

uced
 p

rice, not 
sub

seq
uent m

arket d
ynam

ics (e.g. increased
 d

em
and

 in resp
onse to p

rice red
uctions, or the im

p
act on the 

cap
acity m

arket), w
hich has to b

e stud
ied

 and
 consid

ered
, esp

ecially in light of higher p
enetrations of D

P
V.

LO
O

K
IN

G
 FO

R
W

A
R

D
Technologies p

ow
ered

 b
y risk-free fuel sources (such as w

ind
) and

 technologies that increase the efficiency of 
energy use and

 d
ecrease consum

p
tion w

ould
 also have sim

ilar effects.
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N
ote: B

enefits and
 costs are reflected

 sep
arately in chart. If only b

enefits are show
n, 

stud
y d

id
 not rep

resent costs. A
lso, E

3 2012 is not includ
ed

 in this chart b
ecause 

this stud
y d

id
 not p

rovid
e an item

ized
 value for m

arket p
rice resp

onse, 
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The grid
 security value that D

P
V

 could
 p

rovid
e is attrib

utab
le to three p

rim
ary factors, the last of w

hich w
ould 

req
uire coup

ling D
P

V
 w

ith other technologies to achieve the b
enefit:

1)
The p

otential to red
uce outages b

y red
ucing congestion along the T&

D
 netw

ork. P
ow

er outages and 
rolling b

lackouts are m
ore likely w

hen d
em

and
 is high and

 the T&
D

 system
 is stressed

.
2)

The ab
ility to red

uce large-scale outages b
y increasing the d

iversity of the electricity system
’s 

generation p
ortfolio w

ith sm
aller generators that are geograp

hically d
isp

ersed
.

3)
The b

enefit to custom
ers to p

rovid
e b

ack-up
 p

ow
er sources availab

le d
uring outages through the 

com
b

ination of P
V, control technologies, inverters and

 storage.

A
P

P
R

O
A

C
H

 O
V

E
R

V
IE

W
W

hile there is general agreem
ent across stud

ies that integrating D
P

V
 near the p

oint of use w
ill d

ecrease 
stress on the b

road
er T&

D
 system

, m
ost stud

ies d
o not calculate a b

enefit d
ue to the d

ifficulty of 
q

uantification. C
P

R
 2012 and

 2011 d
id

 rep
resent the value as the value of avoid

ed
 outages b

ased
 on the 

total cost of p
ow

er outages to the U
.S

. each year, and
 the p

erceived
 ab

ility of D
P

V
 to d

ecrease the incid
ence 

of outages.
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•
The value of increased

 reliab
ility is significant, b

ut there is a need
 to q

uantify and
 d

em
onstrate how

 
m

uch value can b
e p

rovid
ed

 b
y D

P
V. R

ules-of-thum
b

 assum
p

tions and
 calculations for security 

im
p

acts req
uire significant analysis and

 review
. 

•
O

p
p

ortunities to leverage com
b

inations of d
istrib

uted
 technologies to increase custom

er reliab
ility are 

starting to b
e tested

. The value of D
P

V
 in increasing sup

p
ling p

ow
er d

uring outages can only b
e 

realized
 if D

P
V

 is coup
led

 w
ith storage and

 eq
uip

p
ed

 w
ith the cap

ab
ility to island

 itself from
 the grid

, 
w

hich com
e at ad

d
itional cap

ital cost. 

LO
O

K
IN

G
 FO

R
W

A
R

D
A

ny d
istrib

uted
 resources that can b

e installed
 near the end

 user to red
uce use of, and

 congestion along, the 
T&

D
 netw

ork could
 p

otentially red
uce transm

ission stress. This includ
es technologies that allow

 energy to b
e 

used
 m

ore efficiently or at d
ifferent tim

es, red
ucing the q

uantity of electricity traveling through the T&
D

 
netw

ork (esp
ecially d

uring p
eak hours). A

ny d
istrib

uted
 technologies w

ith the cap
ab

ility to b
e island

ed
 from

 
the grid

 could
 also p

lay a role. 
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isrup
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easure of the d

am
ages from

 outages and
 p
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uality 
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ased
 on the increased

 p
rob

ab
ility of these events occurring w

ith 
increasing electricity consum

p
tion.

N
ote: B

enefits and
 costs are reflected

 sep
arately in chart. If only b

enefits are show
n, 

stud
y d

id
 not rep

resent costs.
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The b
enefits of red

ucing carb
on em

issions includ
e (1) red

ucing future com
p

liance costs, carb
on taxes, or 

other fees, and
 (2) m

itigating the heath and
 ecosystem

 d
am

ages p
otentially caused

 b
y clim

ate change. 

A
P

P
R

O
A

C
H

 O
V

E
R

V
IE

W
B

y and
 large, stud

ies that ad
d

ressed
 carb

on focused
 on the com

p
liance costs or fees associated

 w
ith future 

carb
on em

issions, and
 conclud

e that carb
on red

uction can increase D
P

V
’s value b

y m
ore than tw

o cents p
er 

kilow
att-hour, d

ep
end

ing heavily on the p
rice p

laced
 on carb

on. W
hile there is som

e agreem
ent that carb

on 
red

uction p
rovid

es value and
 on the general form

ulation of carb
on value, there are w

id
ely varying 

assum
p

tions, and
 not all stud

ies includ
e carb

on value.

C
arb

on red
uction b

enefit is the am
ount of carb

on d
isp

laced
 tim

es the p
rice of red

ucing a ton of carb
on. The 

am
ount of carb

on d
isp

laced
 is d

irectly linked
 to the am

ount of energy d
isp

laced
, w

hen it is d
isp

laced
, and

 the 
carb

on intensity of the resource b
eing d

isp
laced

.

W
H

Y
 A

N
D

 H
O

W
 VA

LU
E

S
 D

IFFE
R

•
S

ystem
 C

o
ntext:

•
M

arg
inal reso

urce characterizatio
n - D

ifferent resources m
ay b

e on the m
argin in d

ifferent regions 
or w

ith d
ifferent solar p

enetrations. C
arb

on red
uction is significantly d

ifferent if energy is d
isp

laced
 

from
 coal, gas com

b
ined

 cycles, or gas com
b

ustion turb
ines.

•
Inp

ut A
ssum

p
tio

ns:

•
Value o

f carb
o

n red
uctio

n
 - S

tud
ies have w

id
ely varying assum

p
tions ab

out the p
rice or carb

on. 
S

om
e stud

ies b
ase p

rice on rep
orted

 p
rices in E

urop
ean m

arkets, others on forecasts b
ased

 on 
p

olicy exp
ectations, others on a com

b
ination. The increased

 uncertainty around
 U

.S
. Fed

eral carb
on 

legislation has m
ad

e p
rice estim

ates m
ore d

ifficult.
•

H
eat rates o

f m
arg

inal reso
urces - The assum

ed
 efficiency of the m

arginal p
ow

er p
lant is d

irectly 
correlated

 to am
ount of carb

on d
isp

laced
 b

y D
P

V.
•

M
etho

d
o

lo
g

ies:

•
A

d
d

er vs. stand
-alo

ne value - There is no com
m

on ap
p

roach to w
hether carb

on is rep
resented

 as a 
stand

-alone value (for exam
p

le, N
R

E
L 2008 and

 E
3 2012) or as an ad

d
er to energy value (for 

exam
p

le, A
P

S
 2013).

•
M

arg
inal reso

urce characterizatio
n

 - Just as w
ith energy (w

hich is d
irectly linked

 to carb
on 

red
uction), stud

ies take one of three general ap
p

roaches: (1) D
P

V
 d

isp
laces energy from

 a gas p
lant, 

generally a com
b

ined
 cycle, (2) D

P
V

 d
isp

laces energy from
 one typ

e of p
lant (generally a com

b
ined

 
cycle) off-p

eak and
 a d

ifferent typ
e of p

lant (generally a com
b

ustion turb
ine) on-p

eak, (3) D
P

V
 

d
isp

laces w
hatever resource is on the m

argin d
uring every hour of the year, b

ased
 on a d

isp
atch 

analysis.
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N
ote: B
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arately in chart. If only b

enefits are 
show

n, stud
y d

id
 not rep

resent costs.
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•
 Just as w

ith energy value, carb
on value d

ep
end

s heavily on w
hat the m

arginal resource is that is b
eing 

d
isp

laced
. The sam

e d
eterm

ination of the m
arginal resource should

 b
e used

 to d
rive b

oth energy and
 

carb
on values.

•
 W

hile there is little agreem
ent on w

hat the $/ton p
rice of carb

on is or should
 b

e, it is likely non-zero. 
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The am
ount of carb

on D
P

V
 d

isp
laces 

d
ep

end
s on the d

isp
atch ord

er of other 
resources, w

hen the solar is generated
, 

and
 how

 m
uch is generated

.
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K
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G
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W

A
R

D
W

hile there has b
een no fed

eral action on clim
ate over the last few

 years, lead
ing to greater uncertainty 

ab
out p

otential future p
rices, m

any states and
 utilities continue to value carb

on as a reflection of assum
ed

 
b

enefit. There ap
p

ears to b
e increasing likelihood

 that the U
.S

. E
nvironm

ental P
rotection A

gency w
ill take 

action to lim
it em

issions from
 coal p

lants, p
otentially p

rovid
ing a m

ore concrete ind
icator of p

rice.
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In ad
d

ition to carb
on, D

P
V

 has several other environm
ental b

enefits (or p
otentially costs) that, w

hile com
m

only acknow
led

ged
, are includ

ed
 in only a few

 of the stud
ies review

ed
 

here. That said
, there is a significant b

od
y of thought for each outsid

e the realm
 of D

P
V

 cost/b
enefit valuation, som

e of w
hich is referenced

 b
elow

.

C
R

ITE
R

IA
 A

IR
 

P
O

LLU
TA

N
TS

S
U

M
M

A
R

Y: C
riteria air p

ollutants (N
O

X , S
O

2 , and
 p

articulate m
atter) released

 
from

 the b
urning of fossil fuels can p

rod
uce b

oth health and
 ecosystem

 d
am

ages. 
The econom

ic cost of these p
ollutants is generally estim

ated
 as:

1. The com
p

liance costs of red
ucing p

ollutant em
issions from

 p
ow

er p
lants, or 

the ad
d

ed
 com

p
liance costs to further d

ecrease em
issions b

eyond
 som

e 
b

aseline stand
ard

; and
/or

2. The estim
ated

 cost of d
am

ages, such as m
ed

ical exp
enses for asthm

a 
p

atients or the value of m
ortality risk, w

hich attem
p

ts to m
easure w

illingness to 
p

ay for a sm
all red

uction in risk of d
ying d

ue to air p
ollution.

VA
LU

E
: C

rossb
ord

er (A
Z

) 2013 estim
ated

 the value of criteria air p
ollutant 

red
uctions, b

ased
 on A

P
S

’s Integrated
 R

esource P
lan, as $0.365/M

W
h, and

 N
R

E
L 

2008 as $0.2-14/M
W

h (2012$). C
P

R
 (N

J/PA
) 2012 and

 A
E

/C
P

R
 2012 also 

acknow
led

ged
 criteria air p

ollutants, b
ut estim

ate cost b
ased

 on a com
b

ined
 

environm
ental value.

R
E

S
O

U
R

C
E

S
:

E
p

stein, P., B
uonocore, J., E

ckerle, K
. et al., Full C

ost A
ccounting for the Life C

ycle of C
oal, 

2011.

M
uller, N

., M
end

elsohn, R
., N

ord
haus, W

., E
nvironm

ental A
ccounting for P

ollution in the U
S

 
E

conom
y. A

m
erican E

conom
ic R

eview
 101, A

ug. 2011. p
p

. 1649 - 1675.

N
ational R

esearch C
ouncil. H

id
d

en C
osts of E

nergy: U
np

riced
 C

onseq
uences of E

nergy 
P

rod
uction and

 U
se, 2010.

AV
O

ID
E

D
 R

E
N

E
W

A
B

LE
 

P
O

R
TFO

LIO
 S

TA
N

D
A

R
D

 (R
P

S
) 
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S
U

M
M

A
R

Y: Investm
ents in D

P
V

 can help
 the utility m

eet a state R
enew

ab
le 

P
ortfolio S

tand
ard

s (R
P

S
) / R

enew
ab

le E
nergy S

tand
ard

s (R
E

S
) in tw

o w
ays: 

1. A
s D

P
V

 is installed
 and

 energy use from
 central generation corresp

ond
ingly 

d
ecreases, the am

ount of renew
ab

le energy the utility is req
uired

 to p
urchase 

to m
eet an R

P
S

/R
E

S
 d

ecreases. 

2. D
ep

end
ing on the R

P
S

/R
E

S
 req

uirem
ents, custom

er investm
ent in D

P
V

 can 
translate into d

irect investm
ents in renew

ab
les that utilities d

o have to m
ake if 

they are ab
le to receive cred

it, such as through R
enew

ab
le E

nergy C
ertificates 

(R
E

C
s). 

VA
LU

E
: C

rossb
ord

er (A
Z

) 2013 estim
ated

 the avoid
ed

 R
P

S
 cost, b

ased
 on the 

d
ifference b

etw
een the revenue req

uirem
ents for a b

ase scenario and
 a high 

renew
ab

les scenario in A
P

S
’s Integrated

 R
esource P

lan, as $45/M
W

h. C
rossb

ord
er 

(C
A

) estim
ated

 the avoid
ed

 R
P

S
 cost, b

ased
 on the cost d

ifference forecast 
b

etw
een R

P
S

-eligib
le resources and

 the w
holesale m

arket p
rices, at $50/M

W
h.

R
E

S
O

U
R

C
E

S
:

B
each, R

., M
cG

uire, P., The B
enefits and

 C
osts of S

olar D
istrib

uted
 G

eneration for 
A

rizona P
ub

lic S
ervice. C

rossb
ord

er E
nergy M

ay, 2013.

B
each, R

., M
cG

uire, P., E
valuating the B

enefits and
 C

osts of N
et E

nergy M
etering for 

R
esid

ential C
ustom

ers in C
alifornia. C

rossb
ord

er E
nergy, Jan. 2013.
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In ad
d

ition to carb
on, D

P
V

 has several other environm
ental b

enefits (or p
otentially costs) that, w

hile com
m

only acknow
led

ged
, are includ

ed
 in only a few

 of the stud
ies 

review
ed

 here. That said
, there is a significant b

od
y of thought for each outsid

e the realm
 of D

P
V

 cost/b
enefit valuation, som

e of w
hich is referenced

 b
elow

.

W
ATE

R
LA

N
D

S
U

M
M

A
R

Y: C
oal and

 natural gas p
ow

er p
lants w

ithd
raw

 and
 consum

e w
ater 

p
rim

arily for cooling. A
p

p
roaches to valuing red

uced
 w

ater usage have focused
 

on the cost or value of w
ater in com

p
eting sectors, p

otentially includ
ing 

m
unicip

al, agricultural, and
 environm

ental/recreational uses.

S
U

M
M

A
R

Y: D
P

V
 can im

p
act land

 in three w
ays:

1) C
hange in p

rop
erty value w

ith the ad
d

ition of D
P

V,
2) Land

 req
uirem

ent for D
P

V
 installation, or

3) E
cosystem

 im
p

acts of D
P

V
 installation.

R
E

S
O

U
R

C
E

S
:

R
E

S
O

U
R

C
E

S
:

Tellinghulsen, S
., E

very D
rop

 C
ounts. W

estern R
esources A

d
vocates, Jan. 2011.

Fthenakis, V., H
yungl, C

., Life-cycle U
se of W

ater in U
.S

. E
lectricity G

eneration. R
enew

ab
le and

 
S

ustainab
le E

nergy R
eview

 14, S
ep

t. 2010. p
p

.2039-2048.

W
AT

E
R

 C
O

N
S

U
M

P
T

IO
N

 B
Y

 T
E

C
H

N
O

LO
G

Y

VA
LU

E
: The only stud

y review
ed

 that exp
licitly values w

ater red
uction is 

C
rossb

ord
er (A

Z
) 2013, w

hich estim
ates a $1.084/M

W
h value b

ased
 on A

P
S

’s 
Integrated

 R
esource P

lan.

VA
LU

E
: N

one of the stud
ies review

ed
 exp

licitly estim
ate land

 im
p

acts. 

0
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E
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Y
 T

E
C

H
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O
LO

G
Y

(acres/MW)
S

ource: Fthenakis
S

ource: G
ood

rich

G
ood

rich et al. R
esid

ential, C
om

m
ercial, and

 U
tility S

cale P
hotovoltaic (V

) S
ystem

 P
rices in the 

U
nited

 S
tates: C

urrent D
rivers and

 C
ost-R

ed
uction O

p
p

ortunities. N
R

E
L. Feb

ruary 2012. P
ages 

14, 23—
28
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S
O

C
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L: E
C

O
N

O
M

IC
 D

E
V

E
LO

P
M

E
N

T

VA
LU

E
 O

V
E

R
V

IE
W

The assum
ed

 social value from
 D

P
V

 is b
ased

 on any job
 and

 econom
ic grow

th b
enefits that D

P
V

 b
rings to 

the econom
y, includ

ing job
s and

 higher tax revenue. The value of econom
ic d

evelop
m

ent d
ep

end
s on 

num
b

er of job
s created

 or d
isp

laced
, as m

easured
 b

y a job
 m

ultip
lier, as w

ell as the value of each job
, as 

m
easured

 b
y average salary and

/or tax revenue. 

A
P

P
R

O
A

C
H

 O
V

E
R

V
IE

W
 

Very few
 stud

ies review
ed

 q
uantify em

p
loym

ent and
 tax revenue value, although a num

b
er of them

 
acknow

led
ge the value. C

P
R

 (N
J/P

N
) 2012 calculated

 job
 im

p
act b

ased
 on enhanced

 tax revenues 
associated

 w
ith the net job

 creation for solar vs conventional p
ow

er resources. The 2011 stud
y includ

ed
 

increased
 tax revenue, d

ecreased
 unem

p
loym

ent, and
 increased

 confid
ence for b

usiness d
evelop

m
ent 

econom
ic grow

th b
enefits, b

ut only q
uantified

 the tax revenue b
enefit.

IM
P

LIC
AT

IO
N

S
 A

N
D

 IN
S

IG
H

T
S

•
There is significant variab

ility in the range of job
 m

ultip
liers.

•
M

any of the job
s created

 from
 P

V, p
articularly those associated

 w
ith installation, are local, so there can

 
b

e value to society and
 local com

m
unities from

 grow
th in q

uantity and
 q

uality of job
s availab

le. The 
locations w

here job
s are created

 are likely not the sam
e as w

here job
s are lost. W

hile there could
 b

e a 
net b

enefit to society, som
e regions could

 b
ear a net cost from

 the transition in the job
 m

arket.

•
W

hile em
p

loym
ent and

 tax revenues have not generally b
een q

uantified
 in stud

ies review
ed

, E
3 2011 

recom
m

end
s an inp

ut-outp
ut m

od
eling ap

p
roach as an ad

eq
uate rep

resentation of this value.

S
ources: W

ei, 2010

Job-year/GWh

E
C

O
N

O
M

IC
 D

E
V

E
LO

P
M

E
N

T
 B

E
N

E
FIT

 
A

N
D

 C
O

S
T

 E
S

T
IM

AT
E

S
 A

S
 R

E
P

O
R

T
E

D
 

B
Y

 R
E

V
IE

W
E

D
 S

T
U

D
IE

S

0
1

2
3

4
5

C
P

R
 (N

J/PA
) 2012

N
R

E
L 2008

(cents/kW
h $2012)

0
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Solar

EE
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Small Hydro

Jo
b

 M
ultip

liers b
y Ind

ustry

R
E

S
O

U
R

C
E

S
:

W
ei, M

., P
atad

ia, S
., and

 K
am

m
en, D

., P
utting R

enew
ab

les and
 E

nergy E
fficiency to W

ork: H
ow

 M
any Job

s C
an the E

nergy Ind
ustry 

G
enerate in the U

S
? E

nergy P
olicy 38, 2010. p

p
. 919-931.

B
rookings Institute, S

izing the C
lean E

conom
y: A

 N
ational and

 R
egional G

reen Job
s A

ssessm
ent, 2011.

N
ote: B

enefits and
 costs are reflected

 sep
arately in chart. If only b

enefits are show
n, 

stud
y d

id
 not rep

resent costs.
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S
T

U
D

Y
 C

H
A

R
A

C
T

E
R

IS
T

IC
S

S
T

U
D

Y
 C

H
A

R
A

C
T

E
R

IS
T

IC
S

S
T

U
D

Y
 O

B
JE

C
T

IV
E

A
 b

rief overview
 of the stated

 p
urp

ose of the stud
y

G
E

O
G

R
A

P
H

IC
 F

O
C

U
S

G
eograp

hic region analyzed

S
Y

S
T

E
M

 C
O

N
T

E
X

T
R

elevant characteristics of the electricity system
 analyzed

LE
V

E
L O

F
 S

O
LA

R
 A

N
A

LY
Z

E
D

S
olar p

enetrations analyzed
, b

y energy or cap
acity

S
TA

K
E

H
O

LD
E

R
 P

E
R

S
P

E
C

T
IV

E
S

takehold
er p

ersp
ectives analyzed

 (e.g., p
articip

ant, ratep
ayer, 

society)

G
R

A
N

U
LA

R
IT

Y
 O

F
 A

N
A

LY
S

IS

Level of granularity reflected
 in the analysis as d

efined
 b

y:
•

 S
olar characterization - H

ow
 the solar generation p

rofile is 
estab

lished
 (e.g., actual insolation d

ata v. m
od

eled
, tim

e 
correlated

 to load
)

•
 M

arginal resource/losses characterization - W
hether the 

m
arginal resources and

 losses are calculated
 on a m

arginal 
hourly b

asis v. average
•

 G
eograp

hic granularity - A
p

p
roach to estim

ating locationally-
d

ep
end

ent b
enefits or costs (e.g., d

istrib
ution feed

ers)

T
O

O
LS

 U
S

E
D

K
ey m

od
eling tools used

 in the analysis

H
ig

hlig
hts

0 5 10 15 20

E
nergy

G
en C

ap
T&

D
 C

ap
Total

(cents/kWh $2012)

A
V

E
R

A
G

E
 V

A
LU

E
S

 F
R

O
M

 S
T

U
D

Y

K
E

Y
 C

O
M

P
O

N
E

N
TS

 IN
C

LU
D

E
D

 IN
 E

A
C

H
 S

TU
D

Y
 O

V
E

R
V

IE
W

The H
ighlights section includ

es key ob
servations ab

out 
the stud

y’s ap
p

roach, key d
rivers of results, and

 find
ings.

The chart ab
ove d

ep
icts the average values 

b
y category exp

lored
 in each stud

y. 

The O
verview

 of Value C
ategories section 

includ
es b

rief assessm
ents of the stud

y’s 
ap

p
roach, relevant assum

p
tions, and

 
find

ings for each value category includ
ed

. 

O
V

E
R

V
IE

W
 O

F VA
LU

E
 C

AT
E

G
O

R
IE

S



E
nerg

y: E
nergy p

rovid
es the largest source of value to the A

P
S

 system
. Value is 

calculated
 b

ased
 on a P

R
O

M
O

D
 hourly com

m
itm

ent and
 d

isp
atch sim

ulation. D
P

V
 

red
uces fuel, p

urchased
 p

ow
er req

uirem
ents, line losses, and

 fixed
 O

&
M

. The natural 
gas p

rice forecast is b
ased

 on N
Y

M
E

X
 forw

ard
 p

rices w
ith ad

justm
ent for d

elivery to 
A

P
S

’s system
.

G
eneratio

n C
ap

acity: There is little, b
ut som

e, generation cap
acity value. G

eneration 
cap

acity value d
oes not d

iffer b
ased

 on the geograp
hic location of solar, b

ut 
generation cap

acity investm
ents are “lum

p
y”, so a significant am

ount of solar is 
need

ed
 to d

isp
lace it. 

C
ap

acity value includ
es b

enefits from
 red

uced
 losses. C

ap
acity value is d

eterm
ined

 b
y 

com
p

aring D
P

V
’s d

ep
end

ab
le cap

acity (d
eterm

ined
 as the E

LC
C

) to A
P

S
’s generation 

investm
ent p

lan.

T
&

D
 C

ap
acity: There is very little d

istrib
ution cap

acity value, and
 w

hat value exists 
com

es from
 targeting sp

ecific feed
ers. S

olar generation p
eaks earlier in the d

ay than 
the system

’s p
eak load

, D
P

V
 only has value if it is on a feed

er that is facing an 
overload

ed
 cond

ition, and
 D

P
V

’s d
ep

end
ab

le cap
acity d

im
inishes as solar p

enetration 
increases. D

istrib
ution value includ

es cap
acity, extension of service life, red

uction in 
eq

uip
m

ent sizing, and
 system

 p
erform

ance issues.

There is little, b
ut som

e, transm
ission cap

acity value since value d
oes not d

iffer b
ased

 
on the geograp

hic location of solar, b
ut transm

ission investm
ents are “lum

p
y”, so a 

significant am
ount of solar is need

ed
 to d

isp
laced

 it. Transm
ission value includ

es 
cap

acity and
 p

otential d
etrim

ental im
p

acts to transient stab
ility and

 sp
inning resources 

(i.e., ancillary services).

T&
D

 cap
acity value includ

es b
enefits from

 red
uced

 losses, m
od

eled
 w

ith a 
com

b
ination of hourly system

-w
id

e and
 feed

er-sp
ecific m

od
eling. T&

D
 cap

acity value 
is d

eterm
ined

 b
y com

p
aring D

P
V

’s d
ep

end
ab

le cap
acity to A

P
S

’s T&
D

 investm
ent 

p
lan. For T&

D
, as com

p
ared

 to generation, d
ep

end
ab

le cap
acity is d

eterm
ined

 as the 
level of solar outp

ut that w
ill occur w

ith 90%
 confid

ence d
uring the d

aily five hours of 
p

eak d
uring sum

m
er m

onths.

R
W
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C
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R
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S
T
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H
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R
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C
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S

S
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H
A

R
A

C
T

E
R
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T
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S

S
T

U
D

Y
 O

B
JE

C
T

IV
E

T
o d

eterm
ine the p

otential value of D
P

V
 for A

rizona P
ub

lic S
ervice, and

 to 
und

erstand
 the likely op

erating im
p

acts.

G
E

O
G

R
A

P
H

IC
 F

O
C

U
S

A
rizona P

ub
lic S

ervice territory

S
Y

S
T

E
M

 C
O

N
T

E
X

T
Vertically integrated

 IO
U

, 15%
 R

P
S

 b
y 2025 w

ith 30%
 d

istrib
uted

 resource 
carveout

LE
V

E
L O

F
 S

O
LA

R
 A

N
A

LY
Z

E
D

0-16%
 b

y 2025 (b
y energy)

S
TA

K
E

H
O

LD
E

R
 P

E
R

S
P

E
C

T
IV

E
R

atep
ayers

G
R

A
N

U
LA

R
IT

Y
 O

F
 A

N
A

LY
S

IS

•
S

olar characterization - H
ourly TM

Y
 d

ata, d
eterm

ined
 to b

e good
 

ap
p

roxim
ation of calend

ar year d
ata in a com

p
arison

•
M

arginal resource/losses characterization - C
alculated

 b
ased

 on hourly 
P

R
O

M
O

D
 sim

ulation; theoretical hourly loss analysis; actual A
P

S
 

investm
ent p

lan
•

G
eograp

hic granularity - S
creening analysis of sp

ecific feed
ers; exam

p
le 

constrained
 area and

 greenfield
 area analyzed

T
O

O
LS

 U
S

E
D

S
A

M
 2.0; A

B
B

’s Feed
er-A

ll; E
P

R
I’s D

istrib
ution S

ystem
 S

im
ulator; 

P
R

O
M

O
D

O
V

E
R

V
IE

W
 O

F VA
LU

E
 C

AT
E

G
O

R
IE

S

H
ig

hlig
hts

•
Value w

as m
easured

 increm
entally in 2010, 2015, and

 2025. The stud
y ap

p
roach com

b
ined

 
system

 m
od

eling, em
p

irical testing, and
 inform

ation review
, and

 rep
resents one of the m

ore 
technically rigorous ap

p
roaches of review

ed
 stud

ies. 

•
A

 key m
ethod

ological assum
p

tion in the stud
y is that generation, transm

ission, and
 d

istrib
ution 

cap
acity value can only b

e given to D
P

V
 w

hen it actually d
efers or avoid

s a p
lanned

 investm
ent. 

The im
p

lications are that a certain m
inim

um
 am

ount of D
P

V
 m

ust b
e installed

 in a certain tim
e 

p
eriod

 (and
 in a certain location for d

istrib
ution cap

acity) to create value. 

•
The stud

y d
eterm

ines that total value d
ecreases over tim

e, p
rim

arily d
riven b

y d
ecreasing cap

acity 
value. Increasing levels of D

P
V

 effectively p
ushes the system

 p
eak to later hours.

•
The stud

y acknow
led

ged
 b

ut d
id

 not q
uantify a num

b
er of other values includ

ing job
 creation, a 

m
ore sustainab

le environm
ent, carb

on red
uction, and

 increased
 w

orker p
rod

uctivity.

0 5 10 15 20

E
nergy

G
en C

ap
T&

D
 C

ap
Total

(cents/kWh $2012)

11.75

A
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A
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E
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O
M
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U
D
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*this chart rep
resents the p

resent value of 2025 increm
ental value, not a levelized

 cost
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E
nerg

y: E
nergy p

rovid
es the largest source of value to the A

P
S

 system
. Value is 

calculated
 b

ased
 on a P

R
O

M
O

D
 hourly com

m
itm

ent and
 d

isp
atch sim

ulation. D
P

V
 

red
uces fuel, p

urchased
 p

ow
er req

uirem
ents, line losses, and

 fixed
 O

&
M

. The natural 
gas p

rice forecast is b
ased

 on N
Y

M
E

X
 forw

ard
 p

rices w
ith ad

justm
ent for d

elivery to 
A

P
S

’s system
. E

nergy losses are includ
ed

 as p
art of energy value, and

 unlike the 
2009 rep

ort, are b
ased

 on a record
ed

 average energy loss.

G
eneratio

n C
ap

acity: G
eneration cap

acity value is highly d
ep

end
ent on D

P
V

’s 
d

ep
end

ab
le cap

acity d
uring p

eak. G
eneration cap

acity value is b
ased

 on P
R

O
M

O
D

 
sim

ulations, and
 results in the d

eferral of com
b

ustion turb
ines. B

enefits from
 avoid

ed
 

energy losses are includ
ed

 as p
art of cap

acity value, and
 unlike the 2009 rep

ort, are 
b

ased
 on a record

ed
 p

eak d
em

and
 loss. Like the 2009 stud

y, generation cap
acity 

value is b
ased

 on an E
LC

C
 calculation.

T
&

D
 C

ap
acity:  The stud

y conclud
es that there are an insufficient num

b
er of feed

ers 
that can d

efer cap
acity up

grad
es b

ased
 on non-targeted

 solar P
V

 installations to 
d

eterm
ine m

easurab
le cap

acity savings. D
istrib

ution cap
acity savings can only b

e 
realized

 if d
istrib

uted
 solar system

s are installed
 at ad

eq
uate p

enetration levels and
 

located
 on sp

ecific feed
ers to relieve congestion or d

elay sp
ecific p

rojects, b
ut solar 

ad
op

tion has b
een geograp

hically d
isp

ersed
. D

istrib
ution value includ

es red
uced

 
losses, cap

acity, extend
ed

 service life, and
 red

uced
 eq

uip
m

ent sizing.

Transm
ission cap

acity value is highly d
ep

end
ent on D

P
V

’s d
ep

end
ab

le cap
acity 

d
uring p

eak. N
o transm

ission p
rojects can b

e d
eferred

 m
ore than one year, and

 none 
p

ast the target years. A
s w

ith the 2009 stud
y, D

P
V

 d
ep

end
ab

le cap
acity for the 

p
urp

oses of T&
D

 b
enefits is calculated

 b
ased

 on a 90%
 confid

ence of generation 
d

uring p
eak sum

m
er hours. B

enefits from
 avoid

ed
 energy losses are includ

ed
.

S
A

IC
 FO

R
 A

R
IZ

O
N

A
 P

U
B

LIC
 S

E
R

V
IC

E, 2013
 

2013
 U

P
D

ATE
D

 S
O

LA
R

 P
V

 V
A

LU
E

 R
E

P
O

R
T 

S
T

U
D

Y
 C

H
A

R
A

C
T

E
R
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T
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S

S
T

U
D

Y
 C

H
A

R
A

C
T

E
R
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T
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S

S
T

U
D

Y
 O

B
JE

C
T

IV
E

To up
d

ate the valuation of future D
P

V
 system

s in the A
rizona P

ub
lic 

S
ervice (A

P
S

) territory installed
 after 2012.

G
E

O
G

R
A

P
H

IC
 F

O
C

U
S

A
rizona P

ub
lic S

ervice territory

S
Y

S
T

E
M

 C
O

N
T

E
X

T
Vertically integrated

 IO
U

, 15%
 R

P
S

 b
y 2025 w

ith 30%
 d

istrib
uted

 resource 
carve out, p

eak extend
s p

ast sunset

LE
V

E
L O

F
 S

O
LA

R
 A

N
A

LY
Z

E
D

4.5-16%
 b

y 2025 (b
y energy)

S
TA

K
E

H
O

LD
E

R
 P

E
R

S
P

E
C

T
IV

E
R

atep
ayers

G
R

A
N

U
LA

R
IT

Y
 O

F
 A

N
A

LY
S

IS

•
S

olar characterization - H
ourly 30-year TM

Y
 d

ata; coup
led

 w
ith 

p
rod

uction characteristics of actual installed
 system

s
•

M
arginal resource/losses characterization - C

alculated
 b

ased
 on hourly 

P
R

O
M

O
D

 sim
ulation and

 A
P

S
 investm

ent p
lan as in 2009 stud

y; average 
energy loss and

 system
 p

eak d
em

and
 loss factors as record

ed
 b

y A
P

S
•

G
eograp

hic granularity - S
creening analysis of existing feed

ers w
ith 

>
10%

 P
V; b

ased
 on that, d

eterm
ination of num

b
er of feed

ers w
here P

V
 

could
 red

uce p
eak load

 from
 ab

ove 90%
 to b

elow
 90%

T
O

O
LS

 U
S

E
D

P
V

W
atts; E

P
R

I’s D
S

S
 D

istrib
ution Feed

er M
od

el; P
R

O
M

O
D

H
ig

hlig
hts

•
Value w

as m
easured

 increm
entally in 2015, 2020, and

 2025.

•
D

P
V

 p
rovid

es less value than in A
P

S
’s 2009 stud

y, d
ue to changing p

ow
er m

arket and
 system

 
cond

itions. E
nergy generation and

 w
holesale p

urchase costs have d
ecreased

 d
ue to low

er natural 
gas p

rices. E
xp

ected
 C

O
2  costs are significantly low

er d
ue to d

ecreased
 likelihood

 of fed
eral 

legislation. Load
 forecasts are low

er, m
eaning red

uced
 generation, d

istrib
ution and

 transm
ission 

cap
acity req

uirem
ents.

•
The stud

y notes the p
otential for increased

 value (p
rim

arily in T&
D

 cap
acity) if D

P
V

 can b
e 

geograp
hically targeted

 in sufficient q
uantities. H

ow
ever, it notes that actual d

ep
loym

ent since the 
2009 stud

y d
oes not show

 significant clustering or targeting.

•
Like the 2009 stud

y, cap
acity value is assum

ed
 to b

e b
ased

 on D
P

V
’s ab

ility to d
efer p

lanned
 

investm
ents, rather than assum

ing every installed
 unit of D

P
V

 d
efers cap

acity.

*this chart rep
resents the p

resent value of 2025 increm
ental value, not a levelized

 cost
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E
nerg

y: A
void

ed
 energy costs are the m

ost significant source of value. A
P

S
’s long-

term
 m

arginal resource is assum
ed

 to b
e a com

b
ustion turb

ine in p
eak m

onths and
 a 

com
b

ined
 cycle in off-p

eak m
onths, and

 avoid
ed

 energy is b
ased

 on these resources. 
The natural gas p

rice forecast is b
ased

 on N
Y

M
E

X
 forw

ard
 m

arket gas p
rices, and

 the 
stud

y d
eterm

ines that it ad
eq

uately cap
tures the fuel p

rice hed
ge b

enefit. K
ey 

assum
p

tions: $15/ton carb
on ad

d
er, 12.1%

 line losses includ
ed

 in the energy value.

G
eneratio

n C
ap

acity: G
eneration cap

acity value is calculated
 as D

P
V

 d
ep

end
ab

le 
cap

acity (b
ased

 on D
P

V
’s near-term

 E
LC

C
 from

 A
P

S
’s 2012 IR

P
) tim

es the fixed
 costs 

of a gas com
b

ustion turb
ine. E

very installed
 unit of D

P
V

 receives that cap
acity value, 

b
ased

 on the assum
p

tion that, w
hen coup

led
 w

ith efficiency and
 d

em
and

 resp
onse, 

cap
acity w

ould
 have otherw

ise b
een need

ed
 b

efore A
P

S
’s p

lanned
 investm

ent.

T
&

D
 C

ap
acity: T&

D
 cap

acity value is calculated
 as D

P
V

 d
ep

end
ab

le cap
acity (E

LC
C

) 
tim

es A
P

S
’s rep

orted
 costs of T&

D
 investm

ents. Like generation cap
acity, every 

installed
 unit is cred

ited
 w

ith T&
D

 cap
acity, w

ith the assum
p

tion that 50%
 of 

d
istrib

ution feed
ers can see d

eferral b
enefit. The stud

y notes that A
P

S
 could

 take a 
p

roactive ap
p

roach to targeting D
P

V
 d

ep
loym

ent, thereb
y increasing d

istrib
ution value.

G
rid

 S
up

p
o

rt (A
ncillary S

ervices): D
P

V
 in effect red

uces load
 and

 therefore red
uces 

the need
 for ancillary services that w

ould
 otherw

ise b
e req

uired
, includ

ing sp
inning, 

non-sp
inning, and

 cap
acity reserves.

E
nviro

nm
ental: D

P
V

 effectively red
uces load

 and
 therefore red

uces environm
ental 

im
p

acts that w
ould

 otherw
ise b

e incurred
. Low

er load
 m

eans red
uced

 criteria air 
p

ollutant em
issions and

 low
er w

ater use (carb
on is includ

ed
 as an ad

d
er to energy 

value).

R
enew

ab
le Value: D

P
V

 help
s A

P
S

 m
eet its R

enew
ab

le E
nergy S

tand
ard

, thereb
y 

low
ering A

P
S

’s com
p

liance costs.

S
o

lar C
o

st: S
ince the stud

y takes a ratep
ayer p

ersp
ective, costs includ

ed
 are lost 

retail rate revenues, incentive p
aym

ents, and
 integration costs.
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H
A

R
A

C
T

E
R

IS
T

IC
S

S
T

U
D

Y
 C

H
A

R
A

C
T

E
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S
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U
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B
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C
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To d
eterm

ine how
 d

em
and

-sid
e solar w

ill im
p

act A
P

S
’s ratep

ayers; a 
resp

onse to the A
P

S
 2013 stud

y.

G
E

O
G

R
A

P
H

IC
 F

O
C

U
S

A
rizona P

ub
lic S

ervice territory

S
Y

S
T

E
M

 C
O

N
T

E
X

T
Vertically integrated

 IO
U

, 15%
 R

P
S

 b
y 2025

LE
V

E
L O

F
 S

O
LA

R
 A

N
A

LY
Z

E
D

D
P

V
 likely to b

e installed
 b

etw
een 2013-2015; estim

ated
 here to b

e 
ap

p
roxim

ately 1.5%

S
TA

K
E

H
O

LD
E

R
 P

E
R

S
P

E
C

T
IV

E
R

atep
ayers

G
R

A
N

U
LA

R
IT

Y
 O

F
 A

N
A

LY
S

IS

•
S

olar characterization - N
ot stated

•
M

arginal resource/losses characterization - For energy, exp
ected

 
op

erating cost of a C
T in p

eak m
onths and

 C
C

 in non-p
eak m

onths; for 
cap

acity, fixed
 costs of a C

T; m
arginal line loss factor from

 A
P

S
 2009

•
G

eograp
hic granularity - A

ssum
p

tion that d
istrib

ution investm
ent can 

b
e d

eferred
 on 50%

 of feed
ers, b

ased
 on A

P
S

 2009 conclusion that 
50%

 of feed
ers show

 p
otential for red

ucing p
eak d

em
and

T
O

O
LS

 U
S

E
D

S
econd

ary analysis b
ased

 on S
A

IC
 and

 A
P

S
 d

etailed
 m

od
eling

H
ig

hlig
hts

•
The b

enefits of D
P

V
 on the A

P
S

 system
 exceed

 the cost b
y m

ore than 50%
. K

ey m
ethod

ological 
d

ifferences b
etw

een this stud
y and

 the A
P

S
 2009 and

 2013 stud
ies includ

e: 

•
D

eterm
ining value levelized

 over 20 years, as com
p

ared
 to increm

ental value in test years.
•

C
red

iting cap
acity value to every unit of solar D

G
 installed

, rather than req
uiring solar D

G
 to b

e 
installed

 in “lum
p

y” increm
ents. 

•
U

sing E
LC

C
 to d

eterm
ine d

ep
end

ab
le cap

acity for generation, transm
ission, and

 d
istrib

ution 
cap

acity values, as com
p

ared
 to using E

LC
C

 for generation cap
acity and

 a 90%
 confid

ence 
d

uring p
eak sum

m
er hours for T&

D
 cap

acity.
•

Focusing on solar installed
 over next few

 years years, rather than exam
ining w

hether there is 
d

im
inishing value w

ith increasing p
enetration.

•
The stud

y notes that D
P

V
 m

ust b
e consid

ered
 in the context of efficiency and

 d
em

and
 resp

onse—
together they d

efer generation, transm
ission, and

 d
istrib

ution cap
acity until 2017. 

O
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E
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G
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C
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C
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G
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S

up
p

ort
E

nviro
A

void
ed

 
R

P
S

S
olar 

C
ost

N
et

Total
B

enefits
Total

6.67
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E
nerg

y: C
osts are calculated

 on a m
arginal b

asis using P
roS

ym
 hourly com

m
itm

ent and
 

d
isp

atch sim
ulation using the TM

Y
2 d

ata set. The variab
le costs includ

e fuel, variab
le 

O
&

M
, and

 generation unit start costs. P
roS

ym
 sim

ulation im
p

lies D
P

V
 tend

s to p
rim

arily 
d

isp
lace generation that is b

lend
 of an efficient C

C
 unit (7 M

M
B

tu/M
W

h) and
 a less 

efficient C
T (10 M

M
B

tu/M
W

h) through 2035. It is noted
 that, through 2017, D

P
V

 d
isp

laces 
a m

ix of gas-fired
 and

 coal-fired
 generation (b

efore coal is retired
 in 2017).

S
ystem

 Lo
sses: A

void
ed

 T&
D

 lines losses w
ere assum

ed
 to achieve savings in energy, 

em
issions, fuel hed

ge value and
 generation cap

acity. D
istrib

ution line losses w
ere 

estim
ated

 using actual hourly feed
er load

 d
ata for the 58 feed

ers that rep
resent 55%

 of 
D

P
V

 generation, and
 using an estim

ated
 value for the rem

aind
er.  A

verage d
istrib

ution 
losses w

ere used
 to estim

ate savings from
 energy, em

ission &
 hed

ge value, and
 on a p

eak 
b

asis for generation cap
acity. Transm

ission line losses, b
ased

 on annual, D
P

V
 generation-

w
eighted

 values, w
ere used

 to calculate energy, em
issions, and

 hed
ge value, w

hereas 
avoid

ed
 generation cap

acity w
as b

ased
 on losses incurred

 across top
 50 load

 hours. 

G
eneratio

n C
ap

acity:  A
void

ed
 generation cap

acity costs are b
ased

 on the m
arket p

rice 
of cap

acity until 2017, and
 after that (b

ecause of increm
ental need

) b
ased

 on the 
econom

ic carrying charge of a generic C
T’s cap

ital and
 fixed

 O
&

M
 costs. The avoid

ed
 

generation cap
acity cost is cred

ited
 to D

P
V

 b
ased

 on a  E
LC

C
 stud

y (historical system
 

load
 and

 solar generation p
atterns for 2009 and

 2010).

T
&

D
 C

ap
acity: D

P
V

 is assum
ed

 to d
efer d

istrib
ution feed

er cap
ital investm

ent b
y 1 to 2 

years only if the existing feed
er’s p

eak load
 is at or near the feed

er’s cap
acity and

 the 
feed

er’s p
eak load

 is d
ecreased

 b
y ~

10%
.

Fuel P
rice H

ed
g

e Value: W
hile the stud

y notes the ap
p

roach taken in other b
enefit/ cost 

stud
ies to estim

ate fuel p
rice hed

ge value from
 N

Y
M

E
X

 fuel p
rice forecasts, it is not 

exp
licitly stated

 how
 the fuel p

rice hed
ge w

as ultim
ately estim

ated
.

C
arb

o
n: A

nnual tons of C
O

2  em
issions avoid

ed
 b

y D
P

V
 as calculated

 b
y the P

roS
ym

 
avoid

ed
 cost case sim

ulations. C
hange in m

arginal em
issions over tim

e d
riven b

y p
lanned

 
changes in generation fleet (p

rim
arily retirem

ent of 1,300 M
W

 coal in 2017).

S
o

lar C
o

st: D
efined

 as “Integration C
osts,” or “costs that D

P
V

 ad
d

s to the overall cost of 
op

erating the P
ub

lic S
ervice p

ow
er sup

p
ly system

 b
ased

 on inefficiencies that arise w
hen 

the actual net load
 d

iffers from
 the d

ay-ahead
 forecasted

 net load
.” These costs are 

com
p

osed
 of electricity p

rod
uction costs levelized

 over 20 years. 
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O
V

E
R

V
IE

W
 O

F VA
LU

E
 C

AT
E

G
O

R
IE

S

H
ig

hlig
hts

•
The stud

y conclud
es that the m

ost significant avoid
ed

 cost from
 D

P
V

 (>
90%

) is from
 

avoid
ed

 energy costs. 

•
E

nergy value w
as calculated

 b
y com

p
aring P

roS
ym

 sim
ulations w

ith and
 w

ithout D
P

V, and
 

the results w
ere highly sensitive to assum

ed
 natural gas p

rice forecasts. To estim
ate 

annual avoid
ed

 energy costs, P
roS

ym
 m

od
eling used

 a single TM
Y

2 generation p
rofile 

(w
eighted

 b
y d

istrib
ution of P

V
 across P

S
C

O
’s system

), w
hich w

as non-serially correlated
 

w
ith system

 load
 d

ata. 

•
For the stud

y, X
cel up

d
ated

 its E
LC

C
 calculations that are used

 to estim
ate cap

acity cred
it 

for D
P

V. In com
p

arison to its p
revious 2009 E

LC
C

 stud
y, the up

d
ated

 cap
acity cred

it for 
D

P
V

 across the four solar zones used
 is roughly 30%

 low
er. The cap

acity cred
its range 

from
 27%

-32%
 for fixed

 installations and
 40%

-46%
 for tracking P

V. 
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E
nergy

Losses
G

en
C

ap
T&

D
 

C
ap

Fuel
H

ed
ge

C
arb

on
S

olar 
C

ost
N

et
Total

B
enefits
Total

8.39

S
T

U
D

Y
 C

H
A

R
A

C
T

E
R

IS
T

IC
S

S
T

U
D

Y
 C

H
A

R
A

C
T

E
R

IS
T

IC
S

S
T

U
D

Y
 O

B
JE

C
T

IV
E

To d
eterm

ine the costs and
 b

enefits of D
P

V
 on the P

ub
lic S

ervice 
C

om
p

any of C
olorad

o's electric p
ow

er sup
p

ly system
 at current 

p
enetration levels and

 p
rojections for near-term

 p
enetration levels.

G
E

O
G

R
A

P
H

IC
 F

O
C

U
S

P
ub

lic S
ervice C

om
p

any of C
olorad

o’s territory

S
Y

S
T

E
M

 C
O

N
T

E
X

T
Vertically integrated

 IO
U

, 30%
 R

P
S

 b
y 2020 (includ

es D
G

 stand
ard

)

LE
V

E
L O

F
 S

O
LA

R
 A

N
A

LY
Z

E
D

2012 D
P

V
 solar cap

acity: 59 M
W

; E
st p

enetration in 2014: 140 M
W

 
installed

 b
y 2014

S
TA

K
E

H
O

LD
E

R
 P

E
R

S
P

E
C

T
IV

E
S

ystem
 (exclud

es p
articip

ant exp
enses (P

V
 cost), solar p

rogram
 

ad
m

inistration costs, or p
rogram

 incentive p
aym

ents) 

G
R

A
N

U
LA

R
IT

Y
 O

F
 A

N
A

LY
S

IS

•
S

olar characterization - S
ingle TM

Y
2 hourly generation p

rofile 
w

eighted
 to rep

resent entire 59 M
W

 of D
P

V
 on P

S
C

O
’s system

 used
 

to calculate avoid
ed

 energy costs &
 certain com

p
onents of 

d
istrib

ution system
 analysis; H

istorical m
eter d

ata from
 9 P

V
 system

s 
in 2009, 14 system

s in 2010 (each >
250 kW

) used
 to estim

ate D
P

V
 

cap
acity cred

it
•

M
arginal resource/losses characterization - C

alculated
 b

ased
 on 

hourly P
R

O
M

O
D

 sim
ulation; theoretical hourly loss analysis

•
G

eograp
hic granularity - H

ourly feed
er level d

ata from
 sm

all sub
set of 

feed
ers extrap

olated
 to system

T
O

O
LS

 U
S

E
D

P
roS

ym
; N

R
E

L’s TM
Y

2 d
ata sets using P

V
 W

atts



This stud
y assesses overall cost-effectiveness b

ased
 on five cost tests (p

articip
ant 

cost test, ratep
ayer im

p
act m

easure, p
rogram

 ad
m

inistrator cost, total resource cost, 
and

 societal cost) as d
efined

 in the C
alifornia S

tand
ard

 P
ractices M

anual, and
 

p
resents total rather than item

ized
 results. Therefore, ind

ivid
ual results are not show

n 
here in a chart.

E
nerg

y: H
ourly w

holesale value of energy m
easured

 at the p
oint of w

holesale energy 
transaction. N

atural gas p
rice is b

ased
 on N

Y
M

E
X

 forw
ard

 m
arket and

 then on a 
long-run forecast of natural gas p

rices.

S
ystem

 Lo
sses: Losses b

etw
een the d

elivery location and
 the p

oint of w
holesale 

energy transaction. Losses scale w
ith energy value, and

 reflect changing losses at 
p

eak p
eriod

s.

G
eneratio

n C
ap

acity: Value of avoid
ing new

 generation cap
acity (assum

ed
 to b

e a 
gas com

b
ustion turb

ine) to m
eet system

 p
eak load

s, includ
ing ad

d
itional cap

acity 
avoid

ed
 d

ue to d
ecreased

 energy losses. D
P

V
 receives the full value of avoid

ed
 

cap
acity after the resource b

alance year. Value is less in the short-run (b
efore the 

resource b
alance year) b

ecause of C
A

IS
O

’s sub
stantial p

lanning reserve m
argin.

T
&

D
 C

ap
acity: Value of d

eferring T&
D

 cap
acity to m

eet p
eak load

s.

G
rid

 S
up

p
o

rt S
ervices (A

ncillary S
ervices): Value b

ased
 on historical ancillary 

services m
arket p

rices, scaled
 w

ith the p
rice of natural gas. Ind

ivid
ual ancillary 

services includ
ed

 are regulation up
, regulation d

ow
n, sp

inning reserves, and
 non-

sp
inning reserves, and

 value is b
ased

 on how
 a load

 red
uction affects the 

p
rocurem

ent of each A
S

.

A
vo

id
ed

 R
P

S
: Value is the increm

ental avoid
ed

 cost of p
urchasing renew

ab
le 

resources to m
eet C

alifornia’s R
P

S
.

E
nviro

nm
ental:  Value of C

O
2  red

uction, w
ith $/ton p

rice b
ased

 on a m
eta-analysis of 

forecasts. U
np

riced
 externalities (p

rim
arily health effects) w

ere valued
 at $0.01-0.03/

kW
h b

ased
 on second

ary sources.

S
o

cial: The stud
y acknow

led
ges that custom

ers w
ho install D

P
V

 m
ay also install 

m
ore energy efficiency, b

ut d
oes not attem

p
t to q

uantify that value. The stud
y also 

acknow
led

ges p
otential b

enefits associated
 w

ith em
p

loym
ent and

 tax revenues and
 

suggests that an inp
ut-outp

ut m
od

el w
ould

 b
e an ap

p
rop

riate ap
p

roach, although 
these b

enefits are not q
uantified

 in this stud
y.

E
N

E
R

G
Y

 A
N

D
 E

N
V

IR
O

N
M

E
N

TA
L E

C
O

N
O

M
IC

S, IN
C. (E

3), 2011
 

C
A

LIFO
R

N
IA

 S
O

LA
R

 IN
ITIATIV

E
 C

O
S

T-E
FFE

C
TIV

E
N

E
S

S
 E

VA
LU

ATIO
N

S
T

U
D

Y
 C

H
A

R
A

C
T

E
R

IS
T

IC
S

S
T

U
D

Y
 C

H
A

R
A

C
T

E
R

IS
T

IC
S

S
T

U
D

Y
 O

B
JE

C
T

IV
E

“To p
erform

 a cost-effectiveness evaluation of the C
alifornia S

olar Initiative 
(C

S
I) in accord

ance w
ith the C

S
I P

rogram
 E

valuation P
lan.”

G
E

O
G

R
A

P
H

IC
 F

O
C

U
S

C
alifornia

S
Y

S
T

E
M

 C
O

N
T

E
X

T
S

tud
y: C

S
I p

rogram
, retail net m

etering
C

A
: 33%

 R
P

S
, IS

O
 m

arket

LE
V

E
L O

F
 S

O
LA

R
 A

N
A

LY
Z

E
D

1,940 M
W

 p
rogram

 goal (<
1%

 of 2016 p
eak load

)

S
TA

K
E

H
O

LD
E

R
 P

E
R

S
P

E
C

T
IV

E
P

articip
ants (D

P
V

 custom
ers), R

atep
ayers, P

rogram
 A

d
m

inistrator, Total 
R

esource, S
ociety

G
R

A
N

U
LA

R
IT

Y
 O

F
 A

N
A

LY
S

IS

•
S

olar characterization - H
ourly P

V
 outp

ut p
rofiles b

ased
 on m

etered
 and

 
sim

ulated
 P

V
 outp

ut d
ata

•
M

arginal resource/losses characterization - E
nergy: historical hourly d

ay-
ahead

 m
arket p

rice shap
es (C

A
IS

O
); C

ap
acity: fixed

 cost of a new
 C

T less 
net energy, A

S
 revenues (see O

verview
 b

ox); E
nergy loss factors b

y TO
U

 
p

eriod
, season; C

ap
acity loss factors at p

eak p
eriod

s
•

G
eograp

hic granularity - M
ajor clim

ate zones for each IO
U

; costs from
 

utility rate case filings used
 as p

roxy for long-run m
arginal cost T&

D
 

investm
ent avoid

ed

T
O

O
LS

 U
S

E
D

E
3 A

void
ed

 C
ost C

alculator (2011)

H
ig

hlig
hts

•
The stud

y conclud
es that D

P
V

 is not exp
ected

 to b
e cost-effective from

 a total resource or rate 
im

p
act p

ersp
ective d

uring the stud
y p

eriod
, b

ut that p
articip

ant econom
ics w

ill not hind
er C

S
I 

ad
op

tion goals. P
rogram

 incentives sup
p

ort p
articip

ant econom
ics in the short-run, b

ut D
P

V
 is 

exp
ected

 to b
e cost-effective for m

any resid
ential custom

ers w
ithout p

rogram
 incentives b

y 2017. 
The stud

y suggests that the value of non-econom
ic b

enefits of D
P

V
 should

 b
e exp

lored
 to 

d
eterm

ine if and
 how

 they p
rovid

e value to C
alifornia.

•
The stud

y focuses on seven b
enefits includ

ing energy, line losses, generation cap
acity, T&

D
 

cap
acity, em

issions, ancillary services, and
 avoid

ed
 R

P
S

 p
urchases. It focuses on costs includ

ing 
net energy m

etering b
ill cred

its, reb
ates/incentives, utility interconnection, costs of the D

G
 system

, 
net m

etering costs, and
 p

rogram
 ad

m
inistration. 

•
The stud

y assesses hourly avoid
ed

 costs in each of C
alifornia’s 16 clim

ate zones to reflect varying 
costs in those zones, and

 calculates b
enefits and

 costs as 20-year levelized
 values. It uses E

3’s 
avoid

ed
 cost m

od
el.

O
V

E
R

V
IE

W
 O

F VA
LU

E
 C

AT
E

G
O

R
IE

S
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E
nerg

y: E
stim

ate of hourly w
holesale value of energy ad

justed
 for losses b

etw
een 

the p
oint of w

holesale transaction and
 d

elivery. A
nnual forecast b

ased
 on m

arket 
forw

ard
s that transition to annual average m

arket p
rice need

ed
 to cover the fixed

 
and

 op
erating costs of a new

 C
C

G
T, less net revenue from

 d
ay-ahead

 energy, 
ancillary service, and

 cap
acity m

arkets. H
ourly forecast d

erived
 b

ased
 on historical 

hourly d
ay-ahead

 m
arket p

rice shap
es from

 C
A

IS
O

’s M
R

TU
 system

. 

S
ystem

 Lo
sses: Losses b

etw
een the d

elivery location and
 the p

oint of w
holesale 

energy transaction. Losses scale w
ith energy value, and

 reflect changing losses at 
p

eak p
eriod

s.

G
eneratio

n C
ap

acity: In the long-run (after the resource b
alance year), generation 

cap
acity value is b

ased
 on the fixed

 cost of a new
 C

T less exp
ected

 revenues from
 

real-tim
e energy and

 ancillary services m
arkets. P

rior to resource b
alance, value is 

b
ased

 on a resource ad
eq

uacy value.

T
&

D
 C

ap
acity: Value is b

ased
 on the “p

resent w
orth” ap

p
roach to calculate 

d
eferm

ent value, incorp
orating investm

ent p
lans as rep

orted
 b

y utilities.

G
rid

 S
up

p
o

rt S
ervices (A

ncillary S
ervices): Value b

ased
 on the value of avoid

ed
 

reserves, scaling w
ith energy.

C
arb

o
n: Value of C

O
2  em

issions, b
ased

 on an estim
ate of the m

arginal resource and
 

a m
eta-analysis of forecasted

 carb
on p

rices.

S
o

lar C
o

st -The installed
 system

 cost, the cost of land
 and

 p
erm

itting, and
 the 

interconnection cost

H
ig

hlig
hts

•
Local D

P
V

 is d
efined

 as P
V

 sized
 such that its outp

ut w
ill b

e consum
ed

 b
y load

 on the feed
er or 

sub
station w

here it is interconnected
. S

p
ecifically, the generation cannot b

ackflow
 from

 the 
d

istrib
ution system

 onto the transm
ission system

.

•
The p

rocess for id
entifying sites includ

ed
 using G

IS
 d

ata to id
entify sites surround

ing each of 
ap

p
roxim

ately 1,800 sub
stations in P

G
&

E
, S

D
G

&
E

 and
 S

C
E

. The stud
y com

p
ared

 hourly load
 

that the ind
ivid

ual sub
station level to p

otential D
P

V
 generation at the sam

e location.

•
C

ost of local d
istrib

uted
 D

P
V

 increases significantly w
ith Investm

ent Tax C
red

it (ITC
) exp

iration 
in 2017.

•
W

hen D
P

V
 is p

rocured
 on a least net cost b

asis, op
p

ortunities m
ay exist to locate in areas w

ith 
high avoid

ed
 costs. In 2012, a least net cost p

rocurem
ent ap

p
roach results in net costs that are 

ap
p

roxim
ately $65 m

illion low
er assum

ing avoid
ed

 transm
ission and

 d
istrib

ution costs can b
e 

realized
. These b

enefits carry through to 2016 for the m
ost p

art, b
ut d

isap
p

ear b
y 2020, w

hen 
all p

otential has b
een realized

 regard
less of cost.
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E
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O
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R
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O
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A
L D

IS
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O
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V
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 C
A
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R

N
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S
T

U
D

Y
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H
A

R
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C
T

E
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S
T

U
D

Y
 C

H
A

R
A

C
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S
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U
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B
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C
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To estim
ate the technical p

otential of local D
P

V
 in C

alifornia, and
 the 

associated
 costs and

 b
enefits.

G
E

O
G

R
A

P
H

IC
 F

O
C

U
S

C
alifornia

S
Y

S
T

E
M

 C
O

N
T

E
X

T
C

alifornia’s 3 investor-ow
ned

 utilities (IO
U

): P
G

&
E

, S
D

G
&

E
, S

C
E

LE
V

E
L O

F
 S

O
LA

R
 A

N
A

LY
Z

E
D

<
 24%

 system
 p

eak load

S
TA

K
E

H
O

LD
E

R
 P

E
R

S
P

E
C

T
IV

E
Total resource cost (TR

C
)

G
R

A
N

U
LA

R
IT

Y
 O

F
 A

N
A

LY
S

IS

•
S

olar characterization - S
im

ulated
 hourly P

V
 outp

ut for each configuration 
(horizontal, fixed

 tilt, tracking) for each sub
station b

ased
 on 2010 w

eather
•

M
arginal resource/losses characterization - E

nergy: historical hourly d
ay-

ahead
 m

arket p
rice shap

es (C
A

IS
O

); C
ap

acity: fixed
 cost of a new

 C
T 

less net energy, A
S

 revenues (see O
verview

 b
ox); E

nergy loss factors b
y 

TO
U

 p
eriod

, season; C
ap

acity loss factors at p
eak p

eriod
s

•
G

eograp
hic granularity - C

om
p

ared
 hourly load

 at the ind
ivid

ual 
sub

station level to p
otential P

V
 generation at the sam

e location at 1,800 
sub

stations

T
O

O
LS

 U
S

E
D

E
3 A

void
ed

 C
ost C

alculator

*E
3’s com

p
onents of electricity avoid

ed
 costs includ

e generation energy, line losses, system
 cap

acity, 
ancillary services, T&

D
 cap

acity, environm
ent.

O
V

E
R

V
IE

W
 O

F VA
LU

E
 C

AT
E

G
O

R
IE

S

E
nergy

G
en

C
ap

T&
D

C
ap

Total
S

olar 
C

ost
Losses

G
rid

 
S

up
p

ort
G

rid
 

S
up

p
ort

C
arb

on

A
V

E
R

A
G

E
 V

A
LU

E
S

 F
R

O
M

 S
T

U
D

Y

B
enefits
Total

-50

-38

-25

-13 0 13 25

(cents/kWh $2012)

-18.34
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E
nerg

y: W
holesale value of energy ad

justed
 for losses b

etw
een the p

oint of the 
w

holesale transaction and
 the p

oint of d
elivery. C

rossb
ord

er ad
justed

 natural gas 
p

rice forecast and
 greenhouse gas p

rice forecast.

S
ystem

 Lo
sses: The loss in energy from

 transm
ission and

 d
istrib

ution across 
d

istance.

G
eneratio

n C
ap

acity:  The cost of b
uild

ing new
 generation cap

acity to m
eet system

 
p

eak load
s. C

rossb
ord

er d
oes not use E

3’s “resource b
alance year” ap

p
roach, w

hich 
m

eans that generation cap
acity value is b

ased
 on long-run avoid

ed
 cap

acity costs.

T
&

D
 C

ap
acity: The costs of exp

and
ing transm

ission and
 d

istrib
ution cap

acity to 
m

eet p
eak load

s.

G
rid

 S
up

p
o

rt S
ervices (A

ncillary S
ervices): The m

arginal cost of p
rovid

ing system
 

op
erations and

 reserves for electricity grid
 reliab

ility. C
rossb

ord
er up

d
ated

 assum
ed

 
ancillary services revenues.

C
arb

o
n: The cost of carb

on d
ioxid

e em
issions associated

 w
ith the m

arginal 
generating resource.

A
vo

id
ed

 R
P

S
: The avoid

ed
 net cost of p

rocuring renew
ab

le resources to m
eet an 

R
P

S
 P

ortfolio that is a p
ercentage of total retail sales d

ue to a red
uction in retail 

load
s.

C
R

O
S

S
B

O
R

D
E

R
 E

N
E

R
G

Y
 FO

R
 V

O
TE

 S
O

LA
R

 IN
ITIATIV

E, 2013
 

E
VA

LU
ATIN

G
 TH

E
 B

E
N

E
FITS

 A
N

D
 C

O
S

TS
 O

F N
E

T E
N

E
R

G
Y

 M
E

TE
R

IN
G

 IN
 C

A
LIFO

R
N

IA

S
T

U
D

Y
 C

H
A

R
A

C
T

E
R

IS
T

IC
S

S
T

U
D

Y
 C

H
A

R
A

C
T

E
R

IS
T

IC
S

S
T

U
D

Y
 O

B
JE

C
T

IV
E

“To exp
lore recent claim

s from
 C

alifornia's investor-ow
ner utilities that the 

state's N
E

M
 p

olicy causes sub
stantial cost shifts b

etw
een energy 

custom
ers w

ith S
olar P

V
 system

s and
 non-solar custom

ers, p
articularly in 

the resid
ential m

arket.”

G
E

O
G

R
A

P
H

IC
 F

O
C

U
S

C
alifornia

S
Y

S
T

E
M

 C
O

N
T

E
X

T
33%

 R
P

S
, retail net m

etering, increasing solar p
enetration, IS

O
 m

arket

LE
V

E
L O

F
 S

O
LA

R
 A

N
A

LY
Z

E
D

U
p

 to 5%
 of p

eak (b
y cap

acity)

S
TA

K
E

H
O

LD
E

R
 P

E
R

S
P

E
C

T
IV

E
R

atep
ayers

G
R

A
N

U
LA

R
IT

Y
 O

F
 A

N
A

LY
S

IS

•
S

olar characterization - U
sed

 P
V

W
atts to p

rod
uce hourly P

V
 outp

uts at 
rep

resentative locations
•

M
arginal resource/losses characterization - B

ased
 on E

3 avoid
ed

 cost 
m

od
el (S

ep
t 2011), w

hich d
eterm

ines hourly energy m
arket values and

 
cap

acity b
ased

 on C
T (since resource b

alance year not used
 in this stud

y)
•

G
eograp

hic granularity - M
ajor clim

ate zones for each IO
U

; costs from
 

utility rate case filings used
 as p

roxy for long-run m
arginal cost T&

D
 

investm
ent avoid

ed

T
O

O
LS

 U
S

E
D

E
3 A

void
ed

 C
ost C

alculator (2011), P
V

W
atts

H
ig

hlig
hts

•
The stud

y conclud
es that “on average over the resid

ential m
arkets of the state’s three b

ig IO
U

s, 
N

E
M

 d
oes not im

p
ose costs on non-p

articip
ating ratep

ayers, and
 instead

 creates a sm
all net 

b
enefit.” This conclusion is d

riven b
y “recent significant changes that the C

P
U

C
 has ad

op
ted

 in 
IO

U
s’ resid

ential rate d
esigns” p

lus “recognition that [D
P

V
]...avoid

 other p
urchases or renew

ab
le 

p
ow

er, resulting in a significant im
p

rovem
ent in the econom

ics of N
E

M
 com

p
ared

 to the C
P

U
C

’s 
2009 E

3 N
E

M
 S

tud
y.”

•
The stud

y focused
 on seven b

enefits: avoid
ed

 energy, avoid
ed

 generation cap
acity, red

uced
 cost 

for ancillary services, low
er line losses, red

uced
 T&

D
 investm

ents, avoid
ed

 R
P

S
 p

urchases, and
 

avoid
ed

 em
issions. The stud

y’s analysis reflects costs to other custom
ers (ratep

ayers) from
 “b

ill 
cred

its that the utility p
rovid

es to solar custom
ers as com

p
ensation for N

E
M

 exp
orts, p

lus any 
increm

ental utility costs to m
eter and

 b
ill N

E
M

 custom
ers.” These costs are not q

uantified
 and

 
levelized

 ind
ivid

ually in the rep
ort, so they are not reflected

 in the chart to the right.

•
The stud

y b
ases its D

P
V

 value assessm
ent on E

3’s avoid
ed

 cost m
od

el and
 ap

p
roach. It up

d
ates 

key assum
p

tions includ
ing natural gas p

rice forecast, greenhouse gas allow
ance p

rices, and
 

ancillary services revenues, and
 exclud

es the resource b
alance year ap

p
roach (the year in w

hich 
avoid

ed
 costs change from

 short-run to long-run). The stud
y view

s the resource b
alance year as 

inconsistent w
ith the m

od
ular, short lead

-tim
e nature of D

P
V. The stud

y only consid
ered

 the value of 
the exp

orts to the grid
 und

er the utility’s N
E

M
 p

rogram
.

O
V

E
R

V
IE

W
 O

F VA
LU

E
 C

AT
E

G
O

R
IE

S

E
nergy

Losses
G

en 
C

ap
Total

A
void

ed
R

P
S

C
arb

on
G

rid
 

S
up

p
ort

T&
D

C
ap
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(cents/kWh $2012)

20.07

A
V

E
R

A
G

E
 V

A
LU

E
S

 F
R

O
M

 S
T

U
D

Y



E
nerg

y: A
void

ed
 fuel and

 variab
le O

&
M

. N
atural gas fuel p

rice m
ultip

lied
 b

y 
assum

ed
 heat rate of p

eaking p
ow

er p
lant (9360 M

M
B

tu/kW
h). A

ssum
ed

 value 
of consum

ab
les such as w

ater and
 am

m
onia to b

e ap
p

roxim
ately 0.5 cents/

kW
h. For non-p

eak, average heat rates of existing fleet of natural gas p
lants 

w
ere used

 for each electric utility's service area. A
ssum

ed
 heat rates: P

G
&

E
: 

8740 M
M

B
tu/kW

h, S
C

E
 - 9690 M

M
B

tu/kW
h, S

D
G

&
E

 – 9720 M
M

b
tu/kW

h.

S
ystem

 Lo
sses: S

olar assum
ed

 to b
e d

elivered
 at second

ary voltage. The 
sum

m
er p

eak and
 the sum

m
er should

er loss factors are used
 to calculate the 

ad
d

itional b
enefit d

erived
 from

 solar p
ow

er system
s b

ecause of their location 
at load

.

G
eneratio

n C
ap

acity:  C
ost of installing a sim

p
le cycle gas turb

ine p
eaking 

p
lant m

ultip
lied

 b
y D

P
V

’s E
LC

C
 and

 a cap
ital recovery factor, converted

 into 
costs p

er kilow
att hour b

y exp
ected

 hours of on-p
eak op

eration.

T
&

D
 C

ap
acity: O

ne stud
y area w

as selected
 for each utility to calculate the 

value of solar electricity in avoid
ing T&

D
 up

grad
es. To sim

p
lify the analysis the 

need
 for T&

D
 up

grad
es w

as assum
ed

 to b
e d

riven b
y grow

th in d
em

and
 d

uring
 

5%
 of the hours in a year. The 50%

 E
LC

C
 w

as used
 used

 in calculating the 
value of avoid

ed
 T&

D
 up

grad
es. 

C
arb

o
n: A

ssum
ed

 to b
e the avoid

ed
 air em

issions, C
O

2  and
 N

O
x, created

 from
 

m
arginal generator (natural gas). C

O
2  =

 $100/ton; N
O

x =
 $.014/kW

h

H
ig

hlig
hts

•
The stud

y conclud
ed

 that the value of on-p
eak solar energy in 2005 ranged

 from
 $0.23 - 0.35 /kW

h. 

•
The analysis looks at avoid

ed
 costs und

er tw
o alternative scenarios for the year 2005. The tw

o scenarios 
vary the cost of d

evelop
ing new

 p
ow

er p
lants and

 the p
rice of natural gas.

•
S

cenario 1 assum
ed

 new
 p

eaking generation w
ill b

e b
uilt b

y the electric utility at a cost of cap
ital of 

9.5%
 w

ith cost recovery over a 20 year p
eriod

; the p
rice of natural gas is b

ased
 on the 2005 sum

m
er 

m
arket p

rice (average gas p
rice)

•
S

cenario 2 assum
ed

 new
 p

eaking generation w
ill b

e b
uilt b

y a m
erchant p

ow
er p

lant d
evelop

er at a 
cost of cap

ital of 15%
 w

ith cost recovery over a 10 year p
eriod

; the p
rice of natural gas is b

ased
 on the 

average gas p
rice in C

alifornia for the p
eriod

 of M
ay 2000 through June 2001 (high gas p

rice – 24%
 

higher)

•
W

hile num
erous unq

uantifiab
le b

enefits w
ere noted

, five b
enefits w

ere q
uantified

: 
1)

D
eferral of investm

ents in new
 p

eaking p
ow

er cap
acity 

2)
A

void
ed

 p
urchase of natural gas used

 to p
rod

uce electricity 
3)

A
void

ed
 em

issions of C
O

2  and
 N

O
x  that im

p
act glob

al clim
ate and

 local air q
uality 

4)
R

ed
uction in transm

ission and
 d

istrib
ution system

 p
ow

er losses 
5)

D
eferral of transm

ission and
 d

istrib
ution investm

ents that w
ould

 b
e need

ed
 to m

eet grow
ing load

s.

•
The stud

y assum
ed

 that, “in C
alifornia, natural gas is the fuel used

 b
y p

ow
er p

lants on the m
argin b

oth for 
p

eak d
em

and
 p

eriod
s and

 non-p
eak p

eriod
s. Therefore it is reasonab

le to assum
e the solar electric 

facilities w
ill d

isp
lace the b

urning of natural gas in all hours that they p
rod

uce electricity.”
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E
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G
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C

ap
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T&
D

 
C

ap
C

arb
on

S
T

U
D

Y
 C

H
A

R
A

C
T

E
R
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T
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S

S
T

U
D

Y
 C

H
A

R
A

C
T

E
R

IS
T

IC
S

S
T

U
D

Y
 O

B
JE

C
T

IV
E

To p
rovid

e a q
uantitative analysis of key b

enefits of solar energy for C
alifornia.

G
E

O
G

R
A

P
H

IC
 F

O
C

U
S

C
alifornia

S
Y

S
T

E
M

 C
O

N
T

E
X

T
C

alifornia’s 3 investor-ow
ned

 utilities (IO
U

): P
G

&
E

, S
D

G
&

E
, S

C
E

LE
V

E
L O

F
 S

O
LA

R
 A

N
A

LY
Z

E
D

U
nsp

ecified

S
TA

K
E

H
O

LD
E

R
 P

E
R

S
P

E
C

T
IV

E
U

tility, ratep
ayer, p

articip
ant, society

G
R

A
N

U
LA

R
IT

Y
 O

F
 A

N
A

LY
S

IS

•
S

olar characterization - A
ssum

ed
 average solar P

V
 E

LC
C

 to b
e 50%

 from
 range 

of 36%
-70%

 d
erived

 from
 N

R
E

L stud
y

1

•
M

arginal resource/losses characterization - A
ssum

ed
 natural gas generation p

lant 
on m

argin b
oth for p

eak d
em

and
 and

 non-p
eak p

eriod
s

•
G

eograp
hic granularity - N

ot consid
ered

 in this stud
y

T
O

O
LS

 U
S

E
D

S
p

read
sheet analysis

V
O

TE
 S

O
LA

R
 IN

ITIATIV
E, 2005

Q
U

A
N

TIFY
IN

G
 T

H
E

 B
E

N
E

FITS
 O

F S
O

LA
R

 P
O

W
E

R
 F

O
R

 C
A

LIFO
R

N
IA

O
V

E
R

V
IE

W
 O

F VA
LU

E
 C
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E

G
O

R
IE

S

33.93

1 "S
olar R

esource-U
tility Load

-M
atching A

ssessm
ent," R

ichard
 P

erez, N
ational R

enew
ab

le E
nergy 

Lab
oratory, 1994
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E
nerg

y: E
nergy value is b

ased
 on the m

arginal resource on-p
eak (gas com

b
ustion 

turb
ine) and

 off-p
eak (inefficient gas in C

alifornia, and
 coal in Illinois). Fuel p

rices are 
b

ased
 on E

nergy Inform
ation A

d
m

inistration p
rojections, and

 levelized
.

S
ystem

 Lo
sses: E

nergy losses are assum
ed

 to b
e 7-8%

 off-p
eak, and

 up
 to tw

ice 
that on-p

eak. Losses are only includ
ed

 as energy losses.

G
eneratio

n C
ap

acity: G
eneration cap

acity value is b
ased

 on the assum
p

tion that the 
m

arginal resource is alw
ays a gas com

b
ustion turb

ine. E
ffective cap

acity is b
ased

 on 
an E

LC
C

 estim
ate from

 second
ary sources.

Fuel P
rice H

ed
g

e Value: H
ed

ge value is estim
ated

 b
ased

 on the m
arket value to 

utilities of a fixed
 natural gas p

rice for up
 to 10 years b

ased
 on m

arket sw
ap

 d
ata. The 

hed
ge is assum

ed
 to b

e ad
d

itive since E
IA

 gas p
rices w

ere used
 rather than N

Y
M

E
X

 
futures m

arket.

C
riteria A

ir P
o

llutants: C
riteria air p

ollutant red
uction value is b

ased
 on avoid

ed
 

costs of health im
p

acts, estim
ated

 b
y second

ary sources.

C
arb

o
n: C

arb
on value is the p

rice of carb
on (estim

ated
 b

ased
 on E

urop
ean m

arket 
p

rojections) tim
es the am

ount of carb
on d

isp
laced

.

R
IC

H
A

R
D

 D
U

K
E, E

N
E

R
G

Y
 P

O
LIC

Y, 2005
 

A
C

C
E

LE
R

ATIN
G

 R
E

S
ID

E
N

TIA
L P

V
 E

X
PA

N
S

IO
N: D

E
M

A
N

D
 A

N
A

LY
S

IS
 FO

R
 C

O
M

P
E

TITIV
E

 E
LE

C
TR

IC
ITY

 M
A

R
K

E
TS

S
T

U
D

Y
 C

H
A

R
A

C
T

E
R

IS
T

IC
S

S
T

U
D

Y
 C

H
A

R
A

C
T

E
R
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T

IC
S

S
T

U
D

Y
 O

B
JE

C
T

IV
E

To q
uantify the p

otential m
arket for grid

-connected
, resid

ential P
V

 electricity
 

integrated
 into new

 houses b
uilt in the U

S
.

G
E

O
G

R
A

P
H

IC
 F

O
C

U
S

C
alifornia and

 Illinois

S
Y

S
T

E
M

 C
O

N
T

E
X

T
C

alifornia: 33%
 R

P
S

, m
ostly gas generation; Illinois: m

ostly coal generation

LE
V

E
L O

F
 S

O
LA

R
 A

N
A

LY
Z

E
D

not stated
; assum

ed
 low

S
TA

K
E

H
O

LD
E

R
 P

E
R

S
P

E
C

T
IV

E
S

ystem

G
R

A
N

U
LA

R
IT

Y
 O

F
 A

N
A

LY
S

IS

•
S

olar characterization - S
ingle estim

ated
 insolation for tw

o states 
analyzed

•
M

arginal resource/losses characterization - For energy, m
arginal resource 

is a natural gas p
lant in C

alifornia and
 a cola p

lant in Illinois. For cap
acity, 

m
arginal resource is a gas turb

ine in b
oth states. Losses b

ased
 on 

average and
 p

eak loss factors estim
ated

 in second
ary sources.

•
G

eograp
hic granularity - Transm

ission and
 d

istrib
ution system

 im
p

acts 
not accounted

 for since they are site sp
ecific

T
O

O
LS

 U
S

E
D

H
igh level, largely b

ased
 on second

ary analysis

H
ig

hlig
hts

•
Total value varies significantly b

etw
een the tw

o regions stud
ied

 largely d
riven b

y w
hat the off-p

eak 
m

arginal resource is (gas vs coal). C
oal has significantly higher air p

ollution costs, although low
er 

fuel costs.

•
The stud

y notes that true value varies d
ram

atically w
ith local cond

itions, so p
recise calculations at 

a high-level analysis level are im
p

ossib
le. A

s such, transm
ission and

 d
istrib

ution im
p

acts w
ere 

acknow
led

ged
 b

ut not includ
ed

.

*C
hart d

ata only reflects C
alifornia assessm

ent for com
p

arison
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E
nerg

y: E
nergy value d

ecreases at high p
enetrations b

ecause the m
arginal resource 

that D
P

V
 d

isp
laces changes as the system

 m
oves d

ow
n the d

isp
atch stack to a low

er 
cost generator. E

nergy value is b
ased

 on the short-run p
rofit earned

 in non-scarcity 
hours (those hours w

here m
arket p

rices are und
er $500/M

W
h), and

 generally 
d

isp
laces energy from

 a gas com
b

ined
 cycle. Fuel costs are b

ased
 on E

nergy 
Inform

ation A
d

m
inistration p

rojections. 

G
eneratio

n C
ap

acity: G
eneration cap

acity value is b
ased

 on the p
ortion of short-run 

p
rofit earned

 d
uring hours w

ith scarcity p
rices (those hours w

here m
arket p

rice 
eq

uals or exceed
s $500/M

W
h). E

ffective D
P

V
 cap

acity is b
ased

 on an im
p

lied
 

cap
acity cred

it as a result of the m
od

el’s investm
ent d

ecisions, rather than a d
etailed

 
reliab

ility or E
LC

C
 analysis.

G
rid

 S
up

p
o

rt (A
ncillary S

ervices): A
ncillary services value is the net earnings from

 
selling ancillary services in the m

arket as w
ell as p

aying for increased
 ancillary 

services d
ue to increased

 short-term
 variab

ility and
 uncertainty.

L
A

W
R

E
N

C
E

 B
E

R
K

E
LE

Y
 N

ATIO
N

A
L L

A
B, 2012

 

C
H

A
N

G
E

S
 IN

 TH
E

 E
C

O
N

O
M

IC
 V

A
LU

E
 O

F V
A

R
IA

B
LE

 G
E

N
E

R
ATIO

N
 AT H

IG
H

 P
E

N
E

TR
ATIO

N
 L

E
V

E
LS: A

 

P
ILO

T C
A

S
E

 S
TU

D
Y

 O
F C

A
LIFO

R
N

IA

S
T

U
D

Y
 C

H
A

R
A

C
T

E
R

IS
T

IC
S

S
T

U
D

Y
 C

H
A

R
A

C
T

E
R

IS
T

IC
S

S
T

U
D

Y
 O

B
JE

C
T

IV
E

To q
uantify the change in value for a sub

set of  econom
ic b

enefits (energy, 
cap

acity, ancillary services, D
A

 forecasting error) that results from
 using 

renew
ab

le generation technologies (w
ind

, P
V, C

S
P, &

 Therm
al E

nergy 
S

torage) at d
ifferent p

enetration levels.

G
E

O
G

R
A

P
H

IC
 F

O
C

U
S

Loosely b
ased

 on C
alifornia

S
Y

S
T

E
M

 C
O

N
T

E
X

T
33%

 R
P

S
, IS

O
 m

arket

LE
V

E
L O

F
 S

O
LA

R
 A

N
A

LY
Z

E
D

U
p

 to 40%
 (b

y energy)

S
TA

K
E

H
O

LD
E

R
 P

E
R

S
P

E
C

T
IV

E
S

ystem

G
R

A
N

U
LA

R
IT

Y
 O

F
 A

N
A

LY
S

IS

•
S

olar characterization - H
ourly satellite d

erived
 insolation d

ata from
 

N
ational S

olar R
esearch D

atab
ase, 10 km

 x 10 km
 granularity, N

R
E

L S
A

M
 

m
od

el
•

M
arginal resource/losses characterization - For energy and

 cap
acity, 

m
od

eled
 hourly m

arket p
rices, reflecting d

ay-ahead
, real-tim

e, and
 

ancillary services
•

G
eograp

hic granularity - N
ot consid

ered
 in this stud

y

T
O

O
LS

 U
S

E
D

C
ustom

ized
 m

od
el that evaluates long-run investm

ent d
ecisions and

 short-
term

 d
isp

atch and
 op

erations

H
ig

hlig
hts

•
The m

arginal econom
ic value of solar exceed

s the value of flat b
lock p

ow
er at low

 p
enetration 

levels, largely attrib
utab

le to generation cap
acity value and

 solar coincid
ence w

ith p
eak.

•
The m

arginal value of D
P

V
 d

rop
s consid

erab
ly as the p

enetration of solar increases, initially, d
riven

 
b

y a d
ecrease in cap

acity value w
ith increasing solar generation. A

t the highest renew
ab

le 
p

enetrations consid
ered

, there is also a d
ecrease in energy value as D

P
V

 d
isp

laces low
er cost 

resources.

•
The stud

y notes that it is critical to use an analysis fram
ew

ork that ad
d

resses long-term
 

investm
ent d

ecisions as w
ell as short-term

 d
isp

atch and
 op

erational constraints.

•
S

everal costs and
 im

p
acts are not consid

ered
 in the stud

y, includ
ing environm

ental im
p

acts, 
transm

ission and
 d

istrib
ution costs or b

enefits, effects related
 to the lum

p
iness and

 irreversib
ility 

of investm
ent d

ecisions, uncertainty in future fuel and
 investm

ent cap
ital costs, and

 D
P

V
’s cap

ital 
cost.

O
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Total
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E
nerg

y: Fuel and
 O

&
M

 cost savings. P
V

 outp
ut p

lus loss savings tim
es m

arginal energy cost, sum
m

ed
 

for all hrs of the year, d
iscounted

 over P
V

 life (30 years). M
arginal energy costs are b

ased
 on fuel and

 
O

&
M

 costs of the generator m
ost likely op

erating on the m
argin (assum

ed
 to b

e a com
b

ined
 cycle gas 

turb
ine). A

ssum
ed

 natural gas p
rice forecast: N

Y
M

E
X

 futures years 0-12; N
Y

M
E

X
 futures p

rice for year 
12 x 2.33%

 escalation factor. E
scalation rate assum

ed
 to b

e the sam
e as the rate of w

ellhead
 p

rice 
escalation from

 1981-2011.

G
eneratio

n C
ap

acity: C
ap

ital cost of d
isp

lace generation tim
es P

V
's effective load

 carrying cap
ab

ility 
(E

LC
C

), taking into account loss savings. 

T
&

D
 C

ap
acity: E

xp
ected

 long-term
 T&

D
 system

 cap
acity up

grad
e cost, d

ivid
ed

 b
y load

 grow
th, tim

es 
financial term

, tim
es a factor that rep

resents m
atch b

etw
een P

V
 system

 outp
ut (ad

justed
 for losses) and

 
T&

D
 system

 load
. In this stud

y, T&
D

 values w
ere b

ased
 on utility-w

id
e average load

s, w
hich m

ay 
ob

scure higher value areas.

Fuel P
rice H

ed
g

e Value: C
ost to elim

inate the fuel p
rice uncertainty associated

 w
ith natural gas 

generation through p
rocurem

ent of com
m

od
ity futures. The value is d

irectly related
 to the utility's cost of 

cap
ital.

M
arket P

rice R
ed

uctio
n: Value to custom

ers of the red
uced

 cost of w
holesale energy as a result of P

V
 

installation d
ecreasing the d

em
and

 for w
holesale energy. Q

uantified
 through an analysis of the sup

p
ly 

curve and
 red

uction in d
em

and
, and

 the accom
p

anying new
 m

arket clearing p
rice.

S
ecurity E

nhancem
ent Value: A

nnual cost of p
ow

er outages in the U
.S

. tim
es the p

ercent (5%
) that are 

high-d
em

and
 stress typ

e that can b
e effectively m

itigated
 b

y D
P

V
 at a cap

acity p
enetration of 15%

.

S
o

cial (E
co

no
m

ic D
evelo

p
m

ent Value): Value of tax revenues associated
 w

ith net job
 creation for solar 

vs conventional p
ow

er generation. P
V

 hard
 and

 soft cost /kW
 tim

es p
ortion of each attrib

uted
 to local 

job
s, d

ivid
ed

 b
y annual P

V
 system

 energy p
rod

uced
, m

inus C
C

G
T cost/kW

 tim
es p

ortion attrib
uted

 to 
local job

s d
ivid

ed
 b

y annual energy p
rod

uced
. Levelized

 over the 30 year lifetim
e of P

V
 system

, ad
justed

 
for lost utility job

s, m
ultip

lied
 b

y tax rate of a $75K
 salary, m

ultip
lied

 b
y ind

irect job
 m

ultip
lier. 

E
nviro

nm
ental: E

nvironm
ental cost of a d

isp
laced

 conventional generation technology tim
es the p

ortion 
of this technology in the energy generation m

ix, rep
eated

 and
 sum

m
ed

 for each conventional generation
 

sources d
isp

laced
 b

y P
V. E

nvironm
ental cost for each generation source b

ased
 on costs of G

H
G

, S
O

x / 
N

O
x em

issions, m
ining d

egrad
ations, ground

-w
ater contam

ination, toxic releases and
 w

astes. etc...as 
calculated

 in several environm
ental health stud

ies.
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S
T
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R
A

C
T

E
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S

S
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U
D
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B
JE

C
T
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E

To q
uantify the cost and

 value com
p

onents p
rovid

ed
 to utilities, 

ratep
ayers, and

 taxp
ayers b

y grid
-connected

, D
P

V
 in P

ennsylvania 
and

 N
ew

 Jersey.

G
E

O
G

R
A

P
H

IC
 F

O
C

U
S

7 cities across PA
 and

 N
J

S
Y

S
T

E
M

 C
O

N
T

E
X

T
P

JM
 IS

O

LE
V

E
L O

F
 S

O
LA

R
 A

N
A

LY
Z

E
D

15%
 of system

 p
eak load

, totaling 7 G
W

 across the 7 utility hub
s

S
TA

K
E

H
O

LD
E

R
 P

E
R

S
P

E
C

T
IV

E
U

tility, ratep
ayers, taxp

ayer

G
R

A
N

U
LA

R
IT

Y
 O

F
 A

N
A

LY
S

IS

•
S

olar characterization - H
ourly estim

ates b
ased

 on S
olarA

nyw
here 

(satellite-d
erived

 irrad
iance d

ata and
 sim

ulation m
od

el w
ith a 10 

km
 x 10 km

 p
ixel resolution)

•
M

arginal resource/losses characterization - For energy and
 

cap
acity, m

arginal resource assum
ed

 to b
e C

T; M
arginal loss 

savings calculated
, although m

ethod
ology unclear

•
G

eograp
hic granularity - Locational m

arginal p
rice nod

e

T
O

O
LS

 U
S

E
D

C
lean P

ow
er R

esearch’s D
istrib

uted
 P

V
 Value C

alculator; S
olar 

A
nyw

here, 2012

H
ig

hlig
hts

•
The stud

y evaluated
 10 b

enefits and
 1 cost. E

valuated
 b

enefits includ
ed

: Fuel cost savings, 
O

&
M

 cost savings, security enhancem
ent, long term

 societal b
enefit, fuel p

rice hed
ge, 

generation cap
acity, T&

D
 cap

acity, m
arket p

rice red
uction, environm

ental b
enefit, econom

ic 
d

evelop
m

ent b
enefit. The cost evaluated

 w
as the solar p

enetration cost.

•
The analysis rep

resents the value of P
V

 for a “fleet” of P
V

 system
s, evaluated

 in 4 orientations, 
each at 7 locations (P

ittsb
urgh, PA

; H
arrisb

urg, PA
; S

cranton, PA
; P

hilad
elp

hia, PA
; 

Jam
esb

urg, N
J; N

ew
ark, N

J; and
 A

tlantic C
ity, N

J), sp
anning 6 utility service territories, each 

d
iffering b

y: cost of cap
ital, hourly load

s, T&
D

 loss factors, d
istrib

ution exp
ansion costs, and

 
grow

th rate.

•
The total value ranged

 from
 $256 to $318/M

W
h. O

f this, the highest value com
p

onents w
ere 

the M
arket P

rice R
ed

uction (avg $55/M
W

h) and
 E

conom
ic D

evelop
m

ent Value (avg $44/M
W

h).

•
The m

od
erate generation cap

acity value is d
riven b

y a m
od

erate m
atch b

etw
een D

P
V

 outp
ut 

and
 utility system

 load
. The effective cap

acity ranges from
 28%

 to 45%
 of rated

 outp
ut (in line 

w
ith the assigned

 P
JM

 value of 38%
 for solar resources).

•
Loss savings w

ere not treated
 as a stand

-alone b
enefit und

er the convention used
 in this 

m
ethod

ology. R
ather, the loss savings effect is includ

ed
 sep

arately for each value com
p

onent.
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R
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-10 0 10 20 30 40

(cents/kWh $2012)

E
nergy

G
en 

C
ap

T&
D

 
C

ap
E

nviro
Total

Fuel 
H

ed
ge

S
olar 

C
ost

M
kt 

P
rice 

R
ed

uct
S

ecurity
S

ocial
B

enefits 
Total

24.9
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E
nerg

y: The stud
y show

s high energy value com
p

ared
 to other stud

ies, d
riven b

y 
using E

IA’s “ad
vanced

 gas turb
ine” w

ith a high heat rate as the m
arginal resource. 

The natural gas p
rice forecast is b

ased
 on N

Y
M

E
X

 forw
ard

 m
arket gas p

rices, then 
escalated

 at a constant rate. E
nergy losses are includ

ed
 in energy value, and

 are 
calculated

 on an hourly m
arginal b

asis.

G
eneratio

n C
ap

acity: G
eneration cap

acity value is D
P

V
’s effective cap

acity tim
es the 

fixed
 costs of an “ad

vanced
 gas turb

ine”, assum
ed

 to b
e the m

arginal resource. 
E

ffective cap
acity b

ased
 on E

LC
C

; the rep
orted

 E
LC

C
 is significantly higher than 

other stud
ies. E

very installed
 unit of D

P
V

 is given generation cap
acity value.

T
&

D
 C

ap
acity: The stud

y takes a tw
o step

 ap
p

roach: first, an econom
ic screening to 

d
eterm

ine exp
ansion p

lan costs and
 load

 grow
th exp

ectations b
y geograp

hic area, 
and

 second
, an assessm

ent of the correlation of D
P

V
 and

 load
 in the m

ost p
rom

ising 
locations.

Fuel P
rice H

ed
g

e: The stud
y estim

ates hed
ge value as a com

b
ination of tw

o 
financial instrum

ents, risk-free zero-coup
on b

ond
s and

 a set of natural gas futures 
contracts, to rep

resent the avoid
ed

 cost of red
ucing fuel p

rice volatility risk.

E
nviro

nm
ental: The stud

y q
uantified

 environm
ental value, as show

n in the chart 
ab

ove, b
ut d

id
 not includ

e it in its final assessm
ent of b

enefit since the stud
y w

as 
from

 the utility p
ersp

ective. 

C
LE

A
N

 P
O

W
E

R
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E
S

E
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H
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LA
R

 S
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N
 A

N
TO

N
IO

, 2013
 

T
H

E
 V

A
LU

E
 O

F D
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TR
IB

U
TE

D
 S

O
LA

R
 E

LE
C

TR
IC

 G
E

N
E

R
ATIO

N
 TO

 S
A

N
 A

N
TO

N
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S
T

U
D
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H
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R
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C
T

E
R
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S
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C
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S
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U
D
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B
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C
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E

To q
uantify the value p

rovid
ed

  b
y grid

-connected
, D

P
V

 in S
an A

ntonio 
from

 a utility p
ersp

ective.

G
E

O
G

R
A

P
H

IC
 F

O
C

U
S

C
P

S
 E

nergy territory

S
Y

S
T

E
M

 C
O

N
T

E
X

T
M

unicip
al utility

LE
V

E
L O

F
 S

O
LA

R
 A

N
A

LY
Z

E
D

1.1-2.2%
 of p

eak load
 (b

y cap
acity)

S
TA

K
E

H
O

LD
E

R
 P

E
R

S
P

E
C

T
IV

E
U

tility

G
R

A
N

U
LA

R
IT

Y
 O

F
 A

N
A

LY
S

IS

•
S

olar characterization - H
ourly estim

ates b
ased

 on S
olarA

nyw
here 

(satellite-d
erived

 irrad
iance d

ata and
 sim

ulation m
od

el w
ith a 10 km

 x 
10 km

 p
ixel resolution) to p

rovid
e tim

e- and
 location-correlated

 P
V

 
outp

ut w
ith utility load

s
•

M
arginal resource/losses characterization - For energy and

 cap
acity, 

m
arginal resource assum

ed
 to b

e an “ad
vanced

 gas turb
ine”; losses 

calculated
 on m

arginal b
asis

•
G

eograp
hic granularity - N

ot sp
ecified

T
O

O
LS

 U
S

E
D

C
lean P

ow
er R

esearch’s S
olarA

nyw
here, P

V
S

im
ulator, D

G
Valuator

H
ig

hlig
hts

•
The stud

y conclud
es that D

P
V

 p
rovid

es significant value to C
P

S
 E

nergy, p
rim

arily d
riven b

y 
energy, generation cap

acity d
eferm

ent, and
 fuel p

rice hed
ge value. The stud

y is b
ased

 solely on 
p

ub
licly-availab

le d
ata; it notes that results w

ould
 b

e m
ore rep

resentative w
ith actual financial and

 
op

erating d
ata. Value is a levelized

 over 30 years.

•
The stud

y notes that value likely d
ecreases w

ith increasing p
enetration, although higher 

p
enetration levels need

ed
 to estim

ate this d
ecrease w

ere not analyzed
.

•
The stud

y acknow
led

ged
 b

ut d
id

 not q
uantify a num

b
er of other values includ

ing clim
ate change 

m
itigation, environm

ental m
itigation, and

 econom
ic d

evelop
m

ent.

O
V

E
R

V
IE

W
 O

F VA
LU

E
 C

AT
E

G
O

R
IE

S

0 5 10 15 20

E
nergy

G
en C

ap
T&

D
 C

ap
Fuel H

ed
ge

E
nviro

Total

(cents/kWh $2012)

17.16
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A
U

S
TIN

 E
N

E
R

G
Y

 &
 C

LE
A

N
 P

O
W

E
R

 R
E

S
E

A
R

C
H, 2006

T
H

E
 V

A
LU

E
 O

F D
IS

TR
IB

U
TE

D
 P

H
O

TO
V

O
LTA

IC
S

 IN
 A

U
S

TIN
 E

N
E

R
G

Y
 A

N
D

 TH
E

 C
ITY

 O
F A

U
S

TIN

E
nerg

y: P
V

 outp
ut p

lus loss savings tim
es m

arginal energy cost. M
arginal energy 

costs are b
ased

 on fuel and
 O

&
M

 costs of the generator m
ost likely op

erating on 
the m

argin (typ
ically, a com

b
ined

 cycle gas turb
ine). 

S
ystem

 Lo
sses: C

om
p

uted
 d

ifferently d
ep

end
ing up

on b
enefit category. For all 

categories, loss savings are calculated
 hourly on the m

argin.

G
eneratio

n C
ap

acity: C
ost of cap

acity tim
es P

V
's effective load

 carrying 
cap

ab
ility (E

LC
C

), taking into account loss savings. 

Fuel p
rice H

ed
g

e: C
ost to elim

inate the fuel p
rice uncertainty associated

 w
ith 

natural gas generation through p
rocurem

ent of com
m

od
ity futures. Fuel p

rice 
hed

ge value is includ
ed

 in the energy value.

T
&

D
 C

ap
acity: E

xp
ected

 long-term
 T&

D
 system

 cap
acity up

grad
e cost, d

ivid
ed

 
b

y load
 grow

th, tim
es financial term

, tim
es a factor that rep

resents m
atch 

b
etw

een P
V

 system
 outp

ut (ad
justed

 for losses) and
 T&

D
 system

 load
. 

E
nviro

nm
ental: P

V
 outp

ut tim
es R

E
C

 p
rice—

the increm
ental cost of offsetting a 

unit of conventional generation.

H
ig

hlig
hts

•
The stud

y evaluated
 7 b

enefits–energy p
rod

uction, line losses, generation cap
acity, T&

D
 cap

acity, 
reactive p

ow
er control (grid

 sup
p

ort), environm
ent, natural gas p

rice hed
ge (financial), and

 d
isaster 

recovery (security). 

•
The analysis assum

ed
 a 15 M

W
 system

 in 7 P
V

 system
 orientations, includ

ing 5 fixed
 and

 2 single-axis. 

•
A

void
ed

 energy costs are the m
ost significant source of value (ab

out tw
o-third

s of the total value), 
w

hich is highly sensitive to the p
rice of natural gas.

•
D

istrib
ution cap

acity d
eferral value w

as relatively m
inim

al. A
E

 p
ersonnel estim

ated
 that 15%

 of the 
d

istrib
ution cap

acity exp
ansion p

lans have the p
otential to b

e d
eferred

 after the first ten years 
(assum

ing grow
th rates rem

ain constant). Therefore, the stud
y assum

ed
 that currently b

ud
geted

 
d

istrib
ution p

rojects w
ere not d

eferrab
le, b

ut the ad
d

ition of P
V

 could
 p

ossib
ly d

efer d
istrib

ution 
p

rojects in the 11th year of the stud
y p

eriod
.

•
Tw

o stud
ied

 values w
ere exclud

ed
 from

 the final results:
•

W
hile reactive p

ow
er b

enefits w
as estim

ated
, the value ($0-$20/kW

) w
as assum

ed
 not to justify the 

cost of the inverter that w
ould

 b
e req

uired
 to access the b

enefit (estim
ated

 cost not includ
ed

).
•

The value of d
isaster recovery could

 b
e significant, b

ut m
ore w

ork is need
ed

 b
efore this value can b

e 
exp

licitly cap
tured

.
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*E
LC

C
 w

as evaluated
 from

 0%
-20%

; how
ever, the E

LC
C

 estim
ate for 2%

 
p

enetration w
as used

 in final value. 
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To q
uantify the com

p
rehensive value of D

P
V

 to A
ustin E

nergy (A
E

) in 2006 and
 

d
ocum

ent m
ethod

ologies to assist A
E

 in p
erform

ing analysis as cond
itions 

change and
, to ap

p
ly to other technologies

G
E

O
G

R
A

P
H

IC
 F

O
C

U
S

A
ustin, TX

S
Y

S
T

E
M

 C
O

N
T

E
X

T
M

unicip
al utility

LE
V

E
L O

F
 S

O
LA

R
 A

N
A

LY
Z

E
D

>
1%

 - 2%
* system

 p
eak load

S
TA

K
E

H
O

LD
E

R
 P

E
R

S
P

E
C

T
IV

E
U

tility, ratep
ayer, p

articip
ant, society

G
R

A
N

U
LA

R
IT

Y
 O

F
 A

N
A

LY
S

IS

•
S

olar characterization - H
ourly P

V
 outp

ut sim
ulated

 for select P
V

 configurations 
using irrad

iance d
ata from

 hourly geostationary satellites; Valid
ated

 using 
ground

 d
ata from

 several clim
atically d

istinct locations includ
ing A

ustin, TX
•

M
arginal resource/losses characterization - E

nergy: b
ased

 on internal m
arginal 

energy cost p
rovid

ed
 b

y A
E

; 
•

G
eograp

hic granularity - P
V

 cap
acity value (E

LC
C

) estim
ated

 system
 w

id
e; 

Inform
ed

 d
istrib

ution avoid
ed

 costs w
ith area-sp

ecific d
istrib

ution exp
ansion 

p
lans "b

roken d
ow

n b
y location and

 b
y the exp

end
iture category" 

T
O

O
LS

 U
S

E
D

C
lean P

ow
er R

esearch internal analysis; satellite solar d
ata; P

V
FO

R
M

 4.0 for solar 
sim

ulation; A
E

’s load
 flow

 analysis for T&
D

 losses

O
V

E
R

V
IE

W
 O

F VA
LU

E
 C

AT
E

G
O

R
IE

S

0

3.75

7.50

11.25

15.00

(cents/kWh $2012)

E
nergy

Losses
G

en 
C

ap
Total

T&
D

 
C

ap
E

nviro

12.26
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A
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A
U

S
TIN

 E
N

E
R

G
Y

 &
 C

LE
A

N
 P

O
W

E
R

 R
E

S
E

A
R

C
H, 2012

D
E

S
IG

N
IN

G
 A

U
S

TIN
 E

N
E

R
G

Y'S
 S

O
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R
 T

A
R

IFF U
S
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G

 A
 D
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TR
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U

TE
D

 P
V

 C
A

LC
U

LATO
R
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To d
esign a resid

ential solar tariff b
ased

 on the value of solar energy 
generated

 from
 D

P
V

 system
s to A

ustin E
nergy

G
E

O
G

R
A

P
H

IC
 F

O
C

U
S

A
ustin, TX

S
Y

S
T

E
M

 C
O

N
T

E
X

T
M

unicip
al utility w

ith access to IS
O

 (E
R

C
O

T)

LE
V

E
L O

F
 S

O
LA

R
 A

N
A

LY
Z

E
D

A
ssum

ed
 to b

e 2012 levels of p
enetration (5 M

W
) 1 <

 0.5%
 p

enetration b
y 

energy
2

S
TA

K
E

H
O

LD
E

R
 P

E
R

S
P

E
C

T
IV

E
U

tility

G
R

A
N

U
LA

R
IT

Y
 O

F
 A

N
A

LY
S

IS
A

ssum
ed

 to rep
licate granularity of A

E
/C

P
R

 2006 stud
y

T
O

O
LS

 U
S

E
D

C
lean P

ow
er R

esearch’s D
istrib

uted
 P

V
 Value C

alculator; S
olar A

nyw
here, 

2012

E
nerg

y: D
P

V
 outp

ut p
lus loss savings tim

es m
arginal energy cost. M

arginal energy 
costs are b

ased
 on fuel and

 O
&

M
 costs of the generator m

ost likely op
erating on the 

m
argin (typ

ically, a com
b

ined
 cycle gas turb

ine). 

S
ystem

 Lo
sses: C

om
p

uted
 d

ifferently d
ep

end
ing up

on b
enefit category. For all 

categories, loss savings are calculated
 hourly on the m

argin.

G
eneratio

n C
ap

acity: C
ost of cap

acity tim
es P

V
's effective load

 carrying cap
ab

ility 
(E

LC
C

), taking into account loss savings. 

Fuel P
rice H

ed
g

e Value: C
ost to elim

inate the fuel p
rice uncertainty associated

 w
ith 

natural gas generation through p
rocurem

ent of com
m

od
ity futures. Fuel p

rice hed
ge 

value is includ
ed

 in the energy value. 

T
&

D
 C

ap
acity: E

xp
ected

 long-term
 T&

D
 system

 cap
acity up

grad
e cost, d

ivid
ed

 b
y 

load
 grow

th, tim
es financial term

, tim
es a factor that rep

resents m
atch b

etw
een P

V
 

system
 outp

ut (ad
justed

 for losses) and
 T&

D
 system

 load
. 

E
nviro

nm
ental: P

V
 outp

ut tim
es R

enew
ab

le E
nergy C

red
it (R

E
C

) p
rice—

the 
increm

ental cost of offsetting a unit of conventional generation.

S
ources: 

1) http
://w

w
w

.austinenergy.com
/A

b
out%

20U
s/N

ew
sroom

/R
ep

orts/
solarG

oalsU
p

d
ate.p

d
f

2) http
://w

w
w

.austinenergy.com
/A

b
out%

20U
s/N

ew
sroom

/R
ep

orts/
2012A

nnualP
erform

anceR
ep

ortD
R

A
FT.p

d
f

H
ig

hlig
hts

•
The stud

y focused
 on 6 b

enefits–energy, generation cap
acity, fuel p

rice hed
ge value (includ

ed
 in 

energy savings), T&
D

 cap
acity, and

 environm
ental b

enefits–w
hich rep

resent “a ‘b
reak-even’ value...at 

w
hich the utility is econom

ically neutral to w
hether it sup

p
lies such a unit of energy or ob

tains it from
 

the custom
er.” The ap

p
roach, w

hich b
uild

s on the 2006 C
P

R
 stud

y, is “an avoid
ed

 cost calculation at 
heart, b

ut im
p

roves on [an avoid
ed

 cost calculation]... b
y calculating a uniq

ue, annually ad
justed

 value 
for d

istrib
uted

 solar energy.”

•
The fixed

, south-facing P
V

 system
 w

ith a 30-d
egree tilt, the m

ost com
m

on configuration and
 

orientation in A
E

’s service territory of ap
p

roxim
ately 1,500 D

P
V

 system
s, w

as used
 as the reference 

system
. 

•
A

s w
ith the A

E
/C

P
R

 2006 stud
y, avoid

ed
 energy costs are the m

ost significant source of value, w
hich 

is very sensitive to natural gas p
rice assum

p
tions.

•
The levelized

 value of solar w
as calculated

 to total $12.8/kW
h.

•
Tw

o sep
arate calculation ap

p
roaches w

ere used
 to estim

ate the near term
 and

 long term
 value, 

com
b

ined
 to rep

resent the “total b
enefits of D

P
V

 to A
ustin E

nergy” over the life tim
e of a D

P
V

 system
. 

•
For the the near term

 (2 years) value of D
P

V
 energy, A

 P
V

 outp
ut w

eighted
 nod

al p
rice w

as used
 to 

try to cap
ture the relatively good

 correlation b
etw

een P
V

 outp
ut and

 electricity d
em

and
 (and

 high 
p

rice) that is not cap
tured

 in the average nod
al p

rice.
•

To value the D
P

V
 energy p

rod
uced

 d
uring the m

id
 and

 long term
–through the rest of the 30-year 

assum
ed

 life of solar P
V

 system
s–the typ

ical value calculator m
ethod

ology w
as used

.

O
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E
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V
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E
nerg

y: E
nergy value is fuel cost tim

es the heat rate p
lus O

&
M

 costs for the m
arginal 

p
ow

er p
lant, generally assum

ed
 to b

e natural gas.

S
ystem

 Lo
sses: A

void
ed

 loss value is the am
ount of loss associated

 w
ith energy, 

generation cap
acity, T&

D
 cap

acity, and
 environm

ental im
p

act, tim
es the cost of that loss.

G
eneratio

n C
ap

acity: G
eneration cap

acity value is the cap
ital cost of the m

arginal 
p

ow
er p

lant tim
es the effective cap

acity (E
LC

C
) of D

P
V.

T
&

D
 C

ap
acity: T&

D
 cap

acity value is T&
D

 investm
ent p

lan costs tim
es the value of 

m
oney tim

es the effective cap
acity, d

ivid
ed

 b
y load

 grow
th, levelized

.

G
rid

 S
up

p
o

rt S
ervices (A

ncillary S
ervices): A

ncillary services includ
e VA

R
 sup

p
ort, 

load
 follow

ing, op
erating reserves, and

 d
isp

atch and
 sched

uling. D
P

V
 is unlikely to b

e 
ab

le to p
rovid

e all of these.

Financial (Fuel P
rice H

ed
g

e, M
arket P

rice R
esp

o
nse): H

ed
ge value is the cost to 

guarantee a p
ortion of electricity costs are fixed

. R
ed

uced
 d

em
and

 for electricity 
d

ecreases the p
rice of electricity for all custom

ers and
 creates a custom

er surp
lus. 

S
ecurity: C

ustom
er reliab

ility in the form
 of increased

 outage sup
p

ort can b
e realized

, 
b

ut only w
hen D

P
V

 is coup
led

 w
ith storage.

E
nviro

nm
ent (C

riteria A
ir P

o
llutants, C

arb
o

n): Value is either the m
arket value of 

p
enalties or costs, or the value of avoid

ed
 health costs and

 shortened
 lifetim

es. C
arb

on 
value is the em

ission intensity of the m
arginal resource tim

es the value of em
issions.

C
usto

m
er: Value to custom

er of having green op
tion, as ind

icate b
y their w

illingness to 
p

ay.

S
o

lar co
st: C

osts includ
e cap

ital cost of eq
uip

m
ent p

lus fixed
 op

erating and
 

m
aintenance costs.

N
A

V
IG

A
N

T C
O

N
S

U
LTIN

G
 FO

R
 N

R
E

L, 2008
 

P
H

O
TO

V
O

LTA
IC

S
 VA

LU
E

 A
N

A
LY

S
IS

S
T

U
D

Y
 C

H
A

R
A

C
T

E
R

IS
T

IC
S

S
T

U
D

Y
 C

H
A

R
A

C
T

E
R

IS
T

IC
S

S
T

U
D

Y
 O

B
JE

C
T

IV
E

To sum
m

arize and
 d

escrib
e the m

ethod
ologies and

 range of values for 
the costs and

 values of 19 services p
rovid

ed
 or need

ed
 b

y D
P

V
 from

 
existing stud

ies.

G
E

O
G

R
A

P
H

IC
 F

O
C

U
S

S
tud

ies review
ed

 reflected
 varying geograp

hies; case stud
ies from

 TX
, 

C
A

, M
N

, W
I, M

D
, N

Y, M
A

, and
 W

A

S
Y

S
T

E
M

 C
O

N
T

E
X

T
n/a

LE
V

E
L O

F
 S

O
LA

R
 A

N
A

LY
Z

E
D

n/a

S
TA

K
E

H
O

LD
E

R
 P

E
R

S
P

E
C

T
IV

E
P

articip
ating custom

ers, utilities, ratep
ayers, society

G
R

A
N

U
LA

R
IT

Y
 O

F
 A

N
A

LY
S

IS
This stud

y is a m
eta-analysis, so reflects a range of levels of granularity.

T
O

O
LS

 U
S

E
D

C
ustom

-d
esigned

 E
xcel tool to com

p
are results and

 sensitivities

H
ig

hlig
hts

•
There are 19 key values of d

istrib
uted

 P
V, b

ut the stud
y conclud

es that only 6 have significant 
b

enefits (energy, generation cap
acity, T&

D
 costs, G

H
G

 em
issions, criteria air p

ollutant em
issions, 

and
 im

p
licit value of P

V
).

•
D

ep
loym

ent location and
 solar outp

ut p
rofile are the m

ost significant d
rivers of D

P
V

 value.

•
S

everal values req
uire ad

d
itional R

&
D

 to estab
lish a stand

ard
ized

 q
uantification m

ethod
ology.

•
Value can b

e p
roactively increased

.

O
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V
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