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Figure 1:  Market Dynamics Considering 
Customer Need and Technology
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Principal City State Cumulative Solar PV Capacity 

(MW)

Cumulative Solar PV 

Capacity Rank

Los Angeles CA 132 1

San Diego CA 107 2

Phoenix AZ 96 3

San Jose CA 94 4

Honolulu HI 91 5

San Antonio TX 84 6

Indianapolis IN 56 7

New York NY 33 8

San Francisco CA 26 9

Denver CO 25 10

New Orleans LA 22 11

Sacramento CA 16 12

Jacksonville FL 16 13

Albuquerque NM 16 14

Portland OR 15 15

Austin TX 13 16

Las Vegas NV 13 17

Newark NJ 13 18

Raleigh NC 12 19

Boston MA 12 20





 



o 

o 

 

 



 



 

 

 



 

opportunities for Community based DG to meet growing community 

electricity demands for rapid deployment: 

o Grid spurs to integrate renewable energy efforts can be difficult to permit and 

construct due to contract negotiation and environmental impact pressures. A 

renewable installation typically takes 1 year to develop, but grid integration can 

last delay startup for many more years with easement acquisition and transmission 

construction and upgrade, which indicates a need to engage project management 

on the grid development or permit activities. Acceleration of capacity through 

with DG adoption ensures faster convergence to potential sustainable energy 

solutions. 

o Grid transmission performance may benefit from Community migration from 

traditional, centralized delivery management by reducing line losses as benefit of 

this DG technology. 
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Figure 2:  Market Dynamics with the 
Triple Bottom Line Concept
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 

 

 

 



 



 

State

State Annual per Capita 

Electricity Consumption 

(kWh)

Variance from 

Average

(5133 kWh)

Arizona 5059.72 -1.4%

Oregon 4908.55 -4.4%

Texas 5431.47 5.8%







El Paso Phoenix Portland

Estimated System Size to Achieve 

7788 kWh per Year Output (kW)
4.7 4.8 7.7

Relative size to baseline (4.7 kW) 100% 103% 163%
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Metric 4:  Current Residential PV Market Opportunity in Watts

Actual Data and Sources:  El Paso Electric offset – Believe representative of El Paso, only but must be confirmed

This is the target 
offset demand –
~320 MW to 
maximize profit

1620 MW

20% offset = 
1300 MW



This is the target 
offset demand –
~1660 MW to 
maximize profit

8300 MW

20% offset = 
6640 MW



This is the target 
offset demand –
~460 MW to  
maximize profit

2300 MW

20% offset = 
1840 MW



 























Pollutant Natural Gas Oil Coal

Nitrogen Oxides 0.000142431 0.000693575 0.000707509

Sulfur Dioxide 1.54816E-06 0.001737034 0.004011279

Particulates 1.08371E-05 0.000130045 0.004248148

Mercury 0 1.08371E-08 2.47705E-08

Carbon Monoxide 6.19264E-05 5.10892E-05 0.000322017

Carbon Dioxide 0.18113458 0.253898044 0.322017031

Fossil Fuel Emission Levels
(Kilograms per kilowatt-hour)





Utility Plant Type of Gas Fired Units
Capacity 

(MW)

Assumed Average 

Water Consumption 

(gal/MWhe)

Weighted Average 

Water Consumption 

(gal/MWhe)

Data Source(s)

Arizona Public Service Redhawk Combined Cycle; Closed Loop 1060 190

Arizona Public Service West Phoenix

Combustion and Combined 

Cycle; Closed Loop 
1000

(190 + 510)/2 or 350

El Paso Electric Newman

Combustion and Combined 

Cycle; Closed Loop 732 (190 + 510)/2 or 350

El Paso Electric Rio Grande Combustion; Closed Loop 229 510

El Paso Electric Copper Combustion; Closed Loop 62 510

Portland General Electric Beaver Combined Cycle; Closed Loop 516 190

Portland General Electric Coyote Springs Combined Cycle; Closed Loop 231 190

Portland General Electric Port Westward Combined Cycle; Closed Loop 410 190

(APS 2013a)

(EPE 2013a) 

(Reuters 2013)

(PGE 2013b)        

(PGE 2013c)

268

396

190









Locality

Estimated Current 

Installation Market Price 

($/W)

Estimated System Size 

(PVWatts, kW)

Federally Published State 

Retail Unit Rate 

($USD/kWh)

Calculated Annual 

System Generation 

(kWh)

Calculated Investment 

Rate of Return (IRR) at 

Market Price

El Paso 3.50$                           4.7 0.1106$                            7788 5.7%

Phoenix 5.20$                           4.82 0.1036$                            7788 0.9%

Portland 6.00$                           7.65 0.0977$                            7788 -5.2%





 



 

 























Incentive El Paso Phoenix Portland

Federal Residential Renewable 

Energy Tax Credit

Personal Tax Credit (State) N/A N/A

PV: $2.10/W-DC at STC; PV, Fuel 

Cells and Wind Turbines: $6,000 

($1,500 per year for 4 years), up to 50% 

Sales Tax Exemption (%) N/A (State sales tax is 8.25%) 100% of sales tax on 100%

Utility Rebate

El Paso Electric coordinates an incentive 

of $0.75 per DC watt for residential 

projects with a maximum incentive of 

$7,500 with the available incentives of 

$212.5k already accounted - funding 

consumed for 2013 ($425,000)

Residential PV (up to 25 

kW): $0.10/watt-DC

Portland General Electric offers an 

incentive rate through the Energy Trust 

which enables residential investors to 

claim a financial incentive of $0.75/watt, 

up to a maximum of $5,000 with no 

apparent budget limit.

Property Assessment Tax 

Incentive
100%

N/A (estimated at 0.5% 

increased value)
100%

30%
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 Arizona Goes Solar 2013)



Arizona Goes Solar 

(2013)

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 Grand Total

Total Installations 6 9 28 32 127 156 263 1137 2026 2252 4115 6038 16189

Year Installed





 about 2,000 solar energy systems installed in Portland. This includes commercial and residential 

PV, thermal and solar pool heating systems."(

Ms. Jacob's feedback is unclear regarding the level of residential photovoltaic adoption as she 

aggregates all installed residential technologies as contributors from the residential perspective in a 

single estimate of 2,000 installations. Based on the estimate, ambiguity, and need to establish clear 

residential photovoltaic adoption levels and rates, other resources were identified to establish the 

Portland adoption levels and rates. 





2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 (Est.) Grand Total

Total Installations 2 3 12 24 20 39 47 84 395 329 181 182 1318

Year









Zipcode State Size (kW DC) Cost Date Installed Latitude Longitude

85118 AZ 4.94 14700 6/10/2013 33.354767 -111.444192

85375 AZ 13.08 64092 12/31/2012 33.6587324 -112.3456985

85383 AZ 2.4 16980 12/31/2012 33.7868136 -112.28609

85373 AZ 9.75 53625 12/31/2012 33.6825711 -112.3039728

85383 AZ 7.2 34920 12/31/2012 33.7868136 -112.28609

85132 AZ 1.84 8510 12/31/2012 32.9191925 -111.1891151



Count of Date Installed

El Paso Zip Codes 2009 2010 2011 2012 Grand Total

79821 1 2 3

79901 6 1 7

79902 9 1 10

79903 2 2

79904 2 3 5

79905 6 6

79906 1 1

79907 1 2 3

79911 1 12 13

79912 9 28 12 49

79915 1 2 3

79922 4 2 6

79924 4 2 6

79925 3 4 3 10

79927 2 3 5

79928 1 1 5 7

79930 2 1 3

79932 3 8 4 15

79934 1 1 1 8 11

79935 1 1

79936 1 12 9 22

79938 5 9 14

Grand Total 1 21 96 84 202

Year Installed



2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 Grand Total

Annual Installations 1 8 23 62 239 248 383 1206 2014 3005 7468 14657

Year Installed



Portland Bureau of Planning and Sustainability, who was 

referenced earlier to state that "commercial and residential PV, thermal and solar pool heating systems" 

represent an estimated 2,000 total installations in Portland. The OpenPV data indicates 688 total 

photovoltaic installations with an installation rate (taken as an average of 2010-2012, assuming linear 

performance as indicated by the data) of 175 installations per year. The total level if applying the 

estimated installation rate for 2013, the total would be 688 + 175 systems or 863 installations. 

Ambiguity and general installation estimates in the direct Portland information support OpenPV data as 

a basis, which is used as the directional estimate for ISDMF application and analysis. 

 

 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 Grand Total

Annual Installations 2 1 1 11 24 20 36 51 17 163 201 161 688

Year Installed





E
le

ct
ri

ci
ty

 S
us

ta
in

ab
ili

ty
 M

et
ri

c

E
l P

as
o 

- 
E

P
E

P
ho

en
ix

 -
 A

P
S

P
or

tl
an

d 
- 

P
G

E

F
ra

m
ew

or
k

 D
et

er
m

in
ed

 f
or

 I
nd

iv
id

ua
l: 

C
om

m
un

it
y 

In
ve

st
or

R
ep

or
te

d 
Pe

r C
ap

ita
 A

nn
ua

l E
le

ct
ric

ity
 C

on
su

m
pt

io
n 

(k
W

h)
54

31
.4

7
50

59
.7

2
49

08
.5

5

A
ss

um
ed

 S
ys

te
m

 A
nn

ua
l P

ro
du

ct
io

n 
(k

W
h)

Es
tim

at
ed

 S
ys

te
m

 S
ize

 fo
r A

nn
ua

l P
ro

du
ct

io
n 

(P
V

W
at

ts
, k

W
)

4.
7

4.
82

7.
65

Pe
r W

at
t I

ni
tia

l P
ur

ch
as

e 
Pr

ic
e 

B
re

ak
 E

ve
n

5.
80

$ 
   

   
   

   
   

   
   

   
   

 
5.

80
$ 

   
   

   
   

   
   

   
   

  
3.

25
$ 

   
   

   
   

   
   

   
   

   
   

   

Es
tim

at
ed

 C
ur

re
nt

 In
st

al
la

tio
n 

M
ar

ke
t P

ric
e 

(N
ot

e:
 D

oe
s 

no
t i

nc
lu

de
 a

ny
 

su
bs

id
ie

s)
 ($

/W
)

3.
50

$ 
   

   
   

   
   

   
   

   
   

 
5.

25
$ 

   
   

   
   

   
   

   
   

  
6.

00
$ 

   
   

   
   

   
   

   
   

   
   

   

A
ve

ra
ge

 S
ys

te
m

 In
st

al
la

tio
n 

C
os

t P
er

 T
es

t C
as

e 
($

)
16

,4
50

.0
0

$ 
   

   
   

   
   

   
 

25
,3

05
.0

0
$ 

   
   

   
   

   
  

45
,9

18
.0

0
$ 

   
   

   
   

   
   

   
   

N
et

 P
re

se
nt

 V
al

ue
 o

f A
ve

ra
ge

 S
ys

te
m

 In
ve

st
m

en
t (

$)
7,

60
5.

01
$ 

   
   

   
   

   
   

   
1,

80
4.

84
$ 

   
   

   
   

   
   

 
(1

5,
10

0.
85

)
$ 

   
   

   
   

   
   

   
  

C
al

cu
la

te
d 

In
ve

st
m

en
t R

at
e 

of
 R

et
ur

n 
(I

R
R

) (
or

 L
os

s)
 a

t M
ar

ke
t P

ric
e 

w
ith

 

30
%

 F
ed

er
al

 T
ax

 C
re

di
t (

IT
C

) R
ec

ov
er

ed
 in

 Y
ea

r 1
5.

7%
1.

0%
-5

.2
%

F
ra

m
ew

or
k

 D
et

er
m

in
ed

 f
or

 I
nd

iv
id

ua
l: 

U
ti

lit
y

Es
tim

at
ed

 P
ea

k 
G

en
er

at
io

n 
(M

W
)

16
20

83
00

23
00

A
ss

um
ed

 M
ar

gi
na

l L
os

s 
Tr

an
sit

io
n 

Po
in

t (
20

%
 o

f p
ea

k,
 M

W
)

13
00

66
40

18
40

Pe
ak

 G
en

er
at

io
n 

w
ith

 P
ot

en
tia

l M
ar

gi
na

l L
os

s 
(M

W
)

32
0

16
60

46
0

Es
tim

at
ed

 U
np

ro
fit

ab
le

 E
le

ct
ric

ity
 U

ni
ts

 (G
W

h/
Y

ea
r)

35
0

18
39

50
4

R
ep

re
se

nt
at

iv
e 

N
um

be
r o

f A
ve

ra
ge

 R
es

id
en

tia
l S

ys
te

m
s

44
94

1
23

61
33

64
71

5

Fe
de

ra
lly

 P
ub

lis
he

d 
St

at
e 

R
et

ai
l U

ni
t R

at
e 

($
U

SD
/k

W
h)

0.
11

06
$ 

   
   

   
   

   
   

   
   

0.
10

36
$ 

   
   

   
   

   
   

   
 

0.
09

77
$ 

   
   

   
   

   
   

   
   

   
  

R
et

ai
l R

at
e 

B
as

ed
 S

al
es

 V
al

ue
 o

f U
np

ro
fit

ab
le

 U
ni

ts
 ($

U
SD

 m
illi

on
/Y

ea
r)

38
.7

$ 
   

   
   

   
   

   
   

   
   

 
19

0.
5

$ 
   

   
   

   
   

   
   

   
49

.2
$ 

   
   

   
   

   
   

   
   

   
   

   

A
ve

ra
ge

 A
ss

um
ed

 M
ar

gi
na

l U
ni

t C
os

t P
en

al
ty

 to
 U

til
ity

 ($
/k

W
h)

Es
tim

at
ed

 A
ve

ra
ge

 P
ea

k 
U

ni
t G

en
er

at
io

n 
C

os
t  

($
U

SD
/k

W
h)

0.
13

06
$ 

   
   

   
   

   
   

   
   

0.
12

36
$ 

   
   

   
   

   
   

   
 

0.
11

77
$ 

   
   

   
   

   
   

   
   

   
  

Es
tim

at
ed

 P
ea

k 
Sa

le
s 

D
el

iv
er

y 
C

os
t (

$U
SD

 m
illi

on
/Y

ea
r)

45
.7

$ 
   

   
   

   
   

   
   

   
   

 
22

7.
3

$ 
   

   
   

   
   

   
   

   
59

.3
$ 

   
   

   
   

   
   

   
   

   
   

   

Es
tim

at
ed

 N
et

 L
os

s 
on

 T
ot

al
 P

ea
k 

El
ec

tri
ci

ty
 U

ni
ts

 ($
U

SD
 m

illi
on

/Y
ea

r)
7.

0
$ 

   
   

   
   

   
   

   
   

   
   

36
.8

$ 
   

   
   

   
   

   
   

   
  

10
.1

$ 
   

   
   

   
   

   
   

   
   

   
   

T
es

t 
C

as
e

77
88

$0
.0

2



E
le

c
tr

ic
it

y
 S

u
st

a
in

a
b

il
it

y
 M

e
tr

ic

E
l 

P
a

so
 -

 E
P

E
P

h
o

e
n

ix
 -

 A
P

S
P

o
rt

la
n

d
 -

 P
G

E

F
ra

m
e
w

o
rk

 D
e
te

rm
in

e
d

 C
o

o
p

e
ra

ti
v
e
 I

m
p

a
c
ts

 (
F

u
ll

 

Im
p

le
m

e
n

ta
ti

o
n

)

A
ss

um
ed

 A
ir
 Q

ua
lit

y 
In

st
al

le
d
 U

ni
t 
Im

p
ac

t 
(C

O
2
 r

ef
le

ct
ed

 h
er

e,
 a

d
d
iti

o
na

l 

d
et

ai
l i

n 
te

xt
) 

(k
g/

k
W

h)

P
ro

d
uc

tio
n 

A
ve

ra
ge

 C
O

2
 E

m
is

si
o
n 

fo
r 

T
es

t 
C

as
e 

fr
o
m

 E
P

A
 (

R
eg

io
na

l f
o
r 

U
til

ity
 a

nd
 A

ll 
S

o
ur

ce
s 

fo
r 

re
la

tiv
e 

co
m

p
ar

is
o
n)

 (
k
g 

/ 
k
W

h)
 (

E
P

A
 2

0
1
4
)

0
.5

7
1
0
4

0
.5

7
1
0
4

0
.4

0
8
6
2

O
p
tim

al
 F

ra
m

ew
o
rk

 A
p
p
lic

at
io

n 
C

O
2
 R

ed
uc

tio
n 

p
er

 Y
ea

r 
(m

ill
io

n 
k
g 

/ 

Y
ea

r)
6
3
.3

9
7
1
0
3

3
3
3
.1

0
6
4
9
2
6

9
1
.2

9
1
8
2
8
3
2

R
ep

re
se

nt
at

iv
e 

N
um

b
er

 o
f 
A

ve
ra

ge
 V

eh
ic

le
 E

q
ui

va
le

nt
 -

 A
ss

um
es

 5
.1

 

m
et

ri
c 

to
ns

 o
f 
C

O
2
 p

er
 c

ar
 p

er
 y

ea
r 

o
n 

av
er

ag
e 

(E
P

A
 2

0
1
1
)

1
2
4
3
1

6
5
3
1
5

1
7
9
0
0

W
at

er
 C

o
ns

er
va

tio
n 

- 
W

ei
gh

te
d
 A

ve
ra

ge
 W

at
er

 C
o
ns

um
p
tio

n 
O

ff
se

t 
w

ith
 

S
ys

te
m

 I
ns

ta
lla

tio
ns

 (
ga

llo
ns

 /
 M

W
h)

3
9
6

2
6
8

1
9
0

W
at

er
 C

o
ns

er
va

tio
n 

- 
T

o
ta

l E
st

im
at

ed
 A

nn
ua

l W
at

er
 R

ed
uc

tio
n 

w
ith

 F
ul

l 

Im
p
le

m
en

ta
tio

n 
(U

S
 li

q
ui

d
 g

al
lo

ns
)

1
3
8
6
0
0
0
0
0

4
9
2
8
5
2
0
0
0

9
5
7
6
0
0
0
0

W
at

er
 C

o
ns

er
va

tio
n 

- 
R

ed
uc

tio
n 

in
 A

cr
e 

F
ee

t 
(1

 g
al

lo
n 

=
 

0
.0

0
0
0
0
3
0
6
8
8
6
5
4
5
7
3
 A

cr
e*

F
o
o
t)

4
2
5

1
5
1
2

2
9
4

W
at

er
 C

o
ns

er
va

tio
n 

- 
R

ed
uc

tio
n 

in
 N

um
b
er

 o
f 
O

ly
m

p
ic

 P
o
o
ls

 (
A

ss
um

e 

6
6
0
,0

0
0
 g

al
lo

ns
 p

er
 p

o
o
l)

2
1
0

7
4
7

1
4
5

T
o
ta

l O
p
tim

al
 I

ns
ta

lla
tio

n 
C

o
st

 @
 C

ur
re

nt
 R

at
e 

($
)

7
3
9
,2

7
8
,3

7
6
.9

9
$
  
  
  
  
  

 
5
,9

7
5
,3

3
3
,2

0
4
.9

3
$
  
  
  

2
,9

7
0
,4

1
6
,0

2
4
.6

5
$
  
  
  
  
  
  

 

A
ct

ua
l I

nv
es

tm
en

t 
'O

ut
 o

f 
P

o
ck

et
' w

ith
 F

ed
er

al
 I

T
C

 S
ub

si
d
y 

at
 3

0
%

5
1
7
,4

9
4
,8

6
3
.8

9
$
  
  
  
  
  

 
4
,1

8
2
,7

3
3
,2

4
3
.4

5
$
  
  
  

2
,0

7
9
,2

9
1
,2

1
7
.2

6
$
  
  
  
  
  
  

 

In
cr

ea
se

 o
f 
C

ap
ita

l P
re

se
rv

ed
 in

 t
he

 C
o
m

m
un

ity
 (

co
ns

id
er

ed
 a

s 
lo

ca
lit

y 
jo

b
 

cr
ea

tio
n 

fu
nd

s)
2
2
1
,7

8
3
,5

1
3
.1

0
$
  
  
  
  
  

 
1
,7

9
2
,5

9
9
,9

6
1
.4

8
$
  
  
  

8
9
1
,1

2
4
,8

0
7
.4

0
$
  
  
  
  
  
  
  
  

In
cr

ea
se

 o
f 
C

o
m

m
un

ity
 D

is
p
o
sa

b
le

 I
nc

o
m

e 
(N

et
 P

re
se

nt
 V

al
ue

 o
f 
S

ys
te

m
 

P
ur

ch
as

e 
b
as

ed
 o

n 
U

til
ity

 B
ill

 O
ff
se

t)
 (

is
 c

o
ns

er
va

tiv
e 

as
 it

 o
nl

y 
co

ns
id

er
s 

ec
o
no

m
ic

 im
p
ro

ve
m

en
t 
o
f 
re

si
d
en

tia
l p

ho
to

vo
lta

ic
 in

ve
st

o
rs

) 
(N

et
 F

ut
ur

e 

V
al

ue
 c

o
m

p
ar

ed
 t
o
 C

en
tr

al
iz

ed
 G

en
er

at
io

n 
(S

ta
tu

s 
Q

uo
))

3
4
1
,7

7
6
,2

5
8
.3

5
$
  
  
  
  
  

 
4
2
6
,1

8
1
,4

0
2
.1

6
$
  
  
  
  

 
(9

7
6
,8

6
7
,6

0
8
.0

4
)

$
  
  
  
  
  
  
  

 

E
le

ct
ri
ci

ty
 E

ff
ic

ie
nc

y 
G

ai
n 

(D
em

an
d
 S

id
e 

O
ff
se

t 
th

ro
ug

h 
E

d
uc

at
io

n 
an

d
 

A
w

ar
en

es
s,

 o
ff
er

in
g 

b
ill

 r
ed

uc
tio

n 
o
p
p
o
rt

un
ity

 t
o
 r

es
id

en
tia

l i
nv

es
to

rs
 a

nd
 

en
ha

nc
ed

 lo
ad

 le
ve

lin
g 

to
 u

til
iti

es
)

T
e
st

 C
a

se

0
.1

8
1
1
3
4
5
8

F
ut

ur
e 

W
o
rk

 O
p
p
o
rt

un
ity

 -
 A

ss
um

e 
no

 b
eh

av
io

ra
l s

us
ta

in
ab

ili
ty

 im
p
ac

t.



Electricity Sustainability Metric

El Paso - EPE Phoenix - APS Portland - PGE

Current State - Adoption By Source (as of 12/31/2013)

Population Considered* (U.S. Census Bureau 2012) 827,398 1,488,750 603,106

Current Estimated Grid-Tied Residential Adoption Level - Utility Driven

Provides incentive 

performance, not totals

Provides incentive 

performance, not totals No direct data found

Current Estimated Grid-Tied Residential Adoption Rate (dynamic, 

installations per year) - Utility Driven

Provides incentive 

performance, not totals

Provides incentive 

performance, not totals No direct data found

Current Estimated Grid-Tied Residential Adoption Level - Community 

source                                  193                           16,189                                   1,318 

Current Estimated Grid-Tied Residential Adoption Rate (dynamic, 

installations per year) - Community source                                    48                             6,038                                      182 

Current Estimated Grid-Tied Residential Adoption Level - OpenPV                                  293                           22,157                                      863 

Current Estimated Grid-Tied Residential Adoption Rate (dynamic, 

installations per year) - OpenPV                                    91                             7,500                                      175 

Rate Tendency Linear Exponential Linear - Decreasing

Registered Start Year, Earliest within the Databases 2010 2002 2001

Estimated Per Capita Installation Level (% of Population) 0.023% 1.087% 0.219%

Adoption Legend - Colors indicate relative confidence level of data:  
 Best Found, and Applied 

to Study. 

 Questionable, but 

available (Used for 

Comparative Purposes). 

Some data available, but can 

not be used to quantify 

adoption metrics.

Current State - Progress Toward Sustainability 

Solution Based on Adoption

Estimated Total Installation Cost Paid by Community  $                    3,174,850  $              409,662,645  $                      60,519,924 

Estimated Net Present Value of Installations Paid by Community  $                    1,467,766  $                29,218,568  $                     (19,902,926)

Retail Rate Based Sales Value of Unprofitable Units ($USD/Year) 1,503,084$                    126,079,932$              10,264,584$                       

Utility Loss Avoidance on Unprofitable Units ($USD/Year) 30,062$                         2,521,599$                  205,292$                            

Annual CO2 Generation Avoidance (kg/Year) 272,260                         22,837,436                  1,859,271                           

Representative Number of Average Vehicle Equivalent - Assumes 5.1 

metric tons of CO2 per car per year on average (EPA 2011) 53                                  4,478                           365                                     

Water Conservation - Total Estimated Annual Water Reduction Attributed 

to Current Adoption Level (US liquid gallons) 595221 33789422 1950271

Water Conservation - Reduction in Acre Feet (1 gallon = 

0.0000030688654573 Acre*Foot) 2 104 6

Water Conservation - Reduction in Number of Olympic Pools (Assume 

660,000 gallons per pool) 1 51 3

Increase of Capital Preserved in the Community at Current Adoption 

(considered as locality job creation funds) 952,455$                       122,898,794$              18,155,977$                       

Increase of Community Disposable Income (Net Present Value of System 

Purchase based on Utility Bill Offset) (is conservative as it only considers 

economic improvement of residential photovoltaic investors) (Net Future 

Value compared to Centralized Generation (Status Quo)) 1,467,766$                    29,218,568$                (19,902,926)$                      

Installation Progress Toward Framework Determined Optimal (Current 

Adoption as a % of Framework Determined Optimum) 0.4295% 6.8559%

Not Applicable (PV Erodes 

Community Prosperity)

Test Case





 



 









 





 

NASF Process Number 

(Underlined Numbers)

General Framework Element

NASF 

Steps for 

Topic

NASF 

Sustainability 

Element Gap?

ISDMF 

Process 

Number

ISDMF 

Steps for 

Topic

1 Prior Knowledge and Visioning A,B,C,D,E No 1 A,B

2 Establish Resource, Scope and Players E,F No 1 B,C

3

Characterize Metrics to Quantify Vision and 

Goal Progress E No 1 D

4 Define Current State I,Q Yes 2 E,F,G

5 Scoping, Options, and Player Identification F,J No 2,3,4 E - L

6 Options Assessment K No 2,3,4 E - L

7

Assess Potential Outcomes (Archetype 

theory) L No 3 H

8 Decision Taken and Implemented M,N No 4,5 J,K,L,M

9

Evaluation of Outcomes (Determine and 

Implement Corrective Action Strategies) P,O Yes 4,5 J,K,L,M

NASF ISDMF

Unique Process Steps 17 13

Summarized Framework Segments 9 5
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El Paso - Manually accumulated

Phoenix - Arizona Goes Solar

Portland - ESRI tool

Innovator to Early Adopter Interface

Year 2008 2009 2010 2011 2012 2013

El Paso - Manually accumulated 0.00% 0.00% 0.13% 0.24% 0.32% 0.43%

Phoenix - Arizona Goes Solar 0.26% 0.74% 1.60% 2.56% 4.30% 6.86%

Portland - ESRI tool 0.23% 0.36% 0.97% 1.48% 1.76% 2.04%

El Paso - Manually accumulated 0.00% 0.13% 0.10% 0.09% 0.11%

Phoenix - Arizona Goes Solar 0.48% 0.86% 0.95% 1.74% 2.56%

Portland - ESRI tool 0.13% 0.61% 0.51% 0.28% 0.28%

El Paso    

Phoenix    

Portland    Ndr

Legend:   = No detailed reporting, indicating market data is not readily available

= Timely and transparent data is available, but does not provide detail

= Timely, transparent, detailed data available and provided by the Utility

ERSI

Normalized Installations toward Sustainability Level (Cumulative)

Ndr

C2HMHill

No detailed reporting (Ndr)

Arizona Goes Solar - Utility Managed

Installation Measurement / Transparency Tool In Place

Annual Growth toward Sustainability Level (Yearly)
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Phoenix - Arizona Goes Solar

Portland - ESRI tool

Year 2008 2009 2010 2011 2012 2013

El Paso - Manually accumulated 0.00% 0.13% 0.10% 0.09% 0.11%

Phoenix - Arizona Goes Solar 0.48% 0.86% 0.95% 1.74% 2.56%

Portland - ESRI tool 0.13% 0.61% 0.51% 0.28% 0.28%

Annual Growth toward Sustainability Level (Yearly)





2008 2009 2010 2011 2012 2013

El Paso    

Phoenix    

Portland    

Legend:   = No detailed reporting, indicating market data is not readily available

= Timely and transparent data is available, but does not provide detail

= Timely, transparent, detailed data available and provided by the Utility

* Note: No detailed reporting tools observed in test cases prior to 2008.

NdrC2HMHill ERSI

Ndr

No detailed reporting (Ndr)

Arizona Goes Solar - Utility Managed

Installation Measurement / Transparency Tool In Place*
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Arizona Solar Map http://arizonagoessolar.org/SolarMap.aspx

http://arizonagoessolar.org/UtilityIncentives/ArizonaPublicService.aspx
http://www.aps.com/_files/various/ResourceAlt/2012ResourcePlan.pdf
http://www.aps.com/en/residential/renewableenergy/renewableenergyincentives/Pages/incentive-levels.aspx
http://www.aps.com/en/residential/renewableenergy/renewableenergyincentives/Pages/incentive-levels.aspx


http://www.portlandoregon.gov/bps/article/446449


http://www.dsireusa.org/summarytables/finre.cfm
http://www.dsireusa.org/incentives/index.cfm?re=0&ee=0&spv=0&st=0&srp=1&state=AZ
http://www.dsireusa.org/incentives/index.cfm?re=0&ee=0&spv=0&st=0&srp=1&state=OR
http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=TX107F&re=1&ee=1


http://www.epelectric.com/files/html/Montana_Power_Plant/EPE_Montana_Power_Station_Presentation_12-2012.pdf
http://www.epelectric.com/files/html/Montana_Power_Plant/EPE_Montana_Power_Station_Presentation_12-2012.pdf
http://www.ercot.com/content/cdr/html/loadForecastVsActualCurrentDay.html
http://energytrust.org/library/meetings/board/Draft_Budget_Corrected_2013v3.pdf
http://energytrust.org/residential/incentives/solar-electric/SolarElectric/
http://air-quality.findthedata.org/compare/32-784-897/Maricopa-County-vs-Multnomah-County-vs-El-Paso-County
http://air-quality.findthedata.org/compare/32-784-897/Maricopa-County-vs-Multnomah-County-vs-El-Paso-County




http://www.nrel.gov/rredc/pvwatts/changing_parameters.html


http://www.nrel.gov/docs/fy11osti/49930.pdf
https://openpv.nrel.gov/


http://hollis.harvard.edu/?itemid=%7Clibrary/m/aleph%7C000132706


http://www.portlandgeneral.com/renewables_efficiency/generate_power/home/costs_incentives.aspx
http://www.portlandgeneral.com/renewables_efficiency/generate_power/home/costs_incentives.aspx




http://www.sandia.gov/energy-water/docs/121-RptToCongress-EWwEIAcomments-FINAL.pdf
http://www.sandia.gov/energy-water/docs/121-RptToCongress-EWwEIAcomments-FINAL.pdf


http://apps1.eere.energy.gov/states/compare_states.cfm
http://www.eia.gov/analysis/studies/fuelelasticities/pdf/eia-fuelelasticities.pdf
http://www.eia.gov/analysis/studies/fuelelasticities/pdf/eia-fuelelasticities.pdf




Model Category Application Benefits Limitations Observed Use 

Pictorial

Present visual relationships to 

describe high level sustainability 

concepts.

Highly approachable and 

effective tools to communicate 

importance of decision steps 

and factors

While they illustrate 'grand 

schemes' and develop general 

philosopy, clear solutions are not 

provided.

General Communication of 

Sustainability Theory.

Triple Bottom Line

A specific pictorial 

representation of the interaction 

of environment, economics, and 

social justice.  Nearly all models 

use this approach as a basis for 

development.

Widely publicized and accepted 

pictorial representation of core  

relationships within the 

Sustainability Community.  

Offers essential criteria for high 

level assessment of a 

sustainable nexus.

Unless incorporated with other 

models or knowledge, this 

pictorial model stimulates 

sustainability thinking but does 

not clearly illustrate action.

Very broad - This model is 

applied to serve as a starting 

point for nearly all models 

assessed for this study.

Quantitative

Generally a resource specific, 

numerically driven assessment 

individual, localized 

requirements and subsequent 

contribution to sustainability of 

given resource.

Incorporates measurements and 

numerical study to establish 

sustainability plans.  Often 

incorporate substantial planning 

and team efforts based on high 

initial model costs.

Often these models are nested 

within the approaches of select 

groups, and may not be 

approachable by the larger 

community which limits effects.

Applied by select organizations 

to document theories based on 

physical observation.

Quantitative and Goal 

Setting

An extension of Quantitative 

methods, where identified 

sustainability factors have 

reduction or transition to 

alternative resource delivery 

methods are prescribed to meet 

defined goals

Provides participants with 

objective sustainability goals.  

Often these efforts result in 

conservation and innovation 

adoption to achieve enhanced 

sustainability when percieved as 

demanded by a controlling 

entity.

Goal setting implies that defined 

objectives are well founded.  

The limitation is that if 

governing bodies do not fully 

realize sustainable concepts, the 

resultant goal setting is not well 

founded and may not best 

promote sustainable action.

An extension of quantitative 

application to set metrics for a 

group to strive toward impact 

within their respective scope of 

influence.

Physical

Based on measurement  of 

physical resources to quantify 

'real world' potential causes and 

reduce uncertainty in theoretical 

models to understand trends of 

sustainability assessment.  

These approaches are 

fundamental to all approaches 

as they provide physical 

observation and analyses to 

justify investment in future 

outcomes.

Physical models are limited to 

the scope of measurement 

capability, and when considering 

resource limitations are 

governed by considerations of 

the investigation entity.  

Accordingly, these models are 

limited by 'stovepiping' of 

consideration related to the 

investigators, and are 

challenged to engage the larger 

public involvement.

These models are applied to 

consider limited local 

investigation that provides 

focused assessment of 

sustainability.  As was 

mentioned, often they set 

sustainability performance as a 

measured output, but do not 

clearly identify root causes and 

solutions.

Conceptual

These models are linked to 

humanity's waking up to the 

limits of its natural environment 

and the negative impacts that 

population and its development 

have been having on it. 

These models are very 

effective at presenting 

concerning attributes of larger 

scale implications of individual 

behaviors.  They offer 

inference to larger scale 

impacts of each participant's 

behavior, and how wide scale 

extrapolation of these behaviors 

can affect the larger whole.

Conceptual consideration is 

subject to assumptions as 

determined by their developers.  

They face scrutany, and unless 

combined with physical and 

quatitative models to clearly 

establish effects, are subject to 

scrutany.

Conceptual models are typically 

applied to project negative 

sustainability outcomes in an 

effort to engage a given 

community through fear.  They 

generally consider key 

sustainability factors and project 

catastrophic outcomes if 

community members do not 

embrace prescribed behavioral 

actions to create desired 

outcomes.























Maricopa County, AZ - 

Standard ZIP Codes 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 Pending Grand Total

85003 1 2 4 3 2 4 3 2 21

85004 1 1 1 3 2 2 1 11

85006 3 1 2 4 7 10 6 5 38

85007 3 1 3 1 6 10 9 1 4 38

85008 1 1 3 1 1 2 9

85009 1 3 2 4 5 2 17

85012 1 2 3 7 3 2 1 2 21

85013 1 2 3 2 7 5 8 3 2 33

85014 1 3 1 1 5 20 6 14 10 10 71

85015 1 3 4 3 5 4 20

85016 2 7 4 2 3 3 21

85017 1 1

85018 2 1 1 1 2 2 9

85020 1 2 7 3 5 19 33 16 32 11 10 139

85021 2 3 3 7 6 11 9 3 2 46

85022 1 1 3 8 24 41 39 72 20 22 231

85023 1 6 19 21 14 26 7 15 109

85024 2 14 20 28 43 20 9 136

85027 3 2 15 21 19 37 16 13 126

85028 2 1 1 9 4 6 22 41 39 52 22 12 211

85029 1 1 2 1 9 14 20 30 17 10 105

85032 1 1 3 4 23 39 31 54 34 15 205

85034 1 1

85039 1 1

85040 1 1

85044 1 1

85050 1 3 7 25 24 32 18 12 122

85051 2 1 2 5 3 4 17

85053 2 2 11 20 22 37 14 13 121

85054 1 2 5 2 5 4 2 21

85083 1 4 5 16 35 51 63 28 18 221

85085 1 1 2 1 9 23 35 58 25 18 173

85086 1 1 1 2 6 9 55 64 115 222 75 47 598

85087 1 2 1 5 8 20 14 38 21 15 125

85119 1 1

85202 1 1

85204 1 1

85206 1 1

85207 1 1 2

85225 2 8 7 16 4 5 42

85233 2 2 7 7 10 5 4 37

85234 2 1 4 1 6 5 2 21

85250 1 1 1 1 2 3 7 5 2 4 1 28

85251 2 2 4 6 1 3 1 1 20

85253 2 7 5 9 24 35 26 29 5 12 154

85254 3 3 7 12 27 61 49 63 31 9 265

85255 2 2 2 5 5 39 54 61 65 26 24 285

85256 1 1

Year Installed



Maricopa County, AZ - 

Standard ZIP Codes 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 Pending Grand Total

85258 1 1 1 4 3 10 21 15 20 9 9 94

85259 3 2 7 14 34 27 25 11 7 130

85260 2 4 10 25 22 38 49 21 10 181

85262 2 1 3 2 9 22 24 27 22 7 5 124

85266 2 2 1 7 39 31 33 38 12 6 171

85281 1 1 2 4 5 5 6 5 1 30

85284 1 1

85295 1 1

85296 2 3 7 5 10 2 3 32

85301 5 8 7 3 23

85303 2 2

85304 2 2 3 7 12 4 4 34

85305 1 1

85306 5 2 4 11 17 15 29 10 13 106

85307 1 2 1 2 1 7

85308 2 6 7 27 50 83 112 50 30 367

85310 5 5 13 34 21 28 15 14 135

85322 4 1 5

85323 1 3 3 1 3 11

85326 1 1 1 1 4 10 27 86 152 61 39 383

85331 2 1 4 8 5 39 61 88 84 39 23 354

85335 1 1 1 4 15 10 31 29 20 112

85337 1 1 3 4 1 10

85338 2 1 2 32 59 60 155 81 48 440

85340 2 2 7 4 24 40 44 89 37 26 275

85342 1 1 4 3 2 6 1 18

85343 1 1

85345 2 2 1 6 16 17 20 10 8 82

85351 1 2 8 6 7 25 47 56 119 43 33 347

85353 1 1 2

85354 1 1 1 1 3 6 11 3 9 3 2 41

85355 1 2 1 7 14 20 34 21 18 118

85361 1 1 2 1 4 5 8 21 6 10 59

85363 2 5 7

85373 2 2 2 16 32 21 83 45 31 234

85374 3 7 8 43 170 132 300 156 66 885

85375 1 2 3 7 6 49 94 133 368 141 54 858

85378 7 17 9 3 36

85379 4 2 1 15 27 43 133 66 38 329

85381 2 4 3 7 1 3 20

85382 1 2 3 12 32 31 73 43 23 220

85383 1 3 4 1 8 56 105 127 230 141 68 744

85387 1 1 7 42 90 77 135 51 33 437

85388 1 1 6 16 34 106 60 39 263

85390 2 1 6 22 22 19 12 6 90

85392 1 1 2 6 14 23 15 8 70

85395 1 5 4 36 128 147 128 242 105 55 851

85396 1 1 14 50 104 225 116 39 550

Grand Total 6 9 28 32 127 156 263 1137 2026 2252 4115 1892 1127 13170

Year Installed



Count of Date Installed

Portland Zip codes: 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 Grand Total

97034 2 2 2 3 9

97035 1 4 5

97080 1 9 18 28

97086 2 10 12 24

97201 1 1 1 4 1 8

97202 2 1 5 5 7 2 1 8 7 38

97203 1 1 1 6 1 10

97204 1 1

97205 1 1 2

97206 1 4 5 14 5 29

97210 1 1 4 1 7

97211 1 3 3 1 41 9 11 69

97212 1 1 2 2 4 6 42 12 4 74

97213 1 3 3 1 28 13 10 59

97214 1 1 1 1 3 1 3 1 8 20

97215 1 1 1 2 1 1 3 5 15

97216 1 1 5 2 9

97217 1 2 2 3 2 10 9 29

97218 2 1 4 1 4 4 2 18

97219 2 3 2 5 1 2 4 1 20

97220 1 4 5 8 18

97221 1 2 4 1 1 2 3 2 16

97222 1 3 8 6 18

97223 1 2 1 19 2 25

97225 1 1 2 5 3 12

97227 1 2 2 5

97229 2 3 8 24 23 60

97230 1 1 4 3 5 14

97231 1 2 1 1 5

97232 8 3 11

97233 2 1 3

97236 5 5

97239 2 3 2 1 1 9

97266 1 1 5 6 13

Grand Total 2 1 1 11 24 20 36 51 17 163 201 161 688

Year Installed
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