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Ab o u t
A u t o c a s e ™  ( c r e a t e d  b y  I m p a c t  I n f r a s t r u c t u r e )  i s  a
t e a m  o f  p r o f e s s i o n a l s  a c r o s s  N o r t h  A m e r i c a  t h a t
h a v e  d e v e l o p e d  b e s t - p r a c t i c e  c o s t - b e n e f i t  a n a l y s i s
a p p r o a c h e s  a n d  t o o l s  w h i l e  b e i n g  i n v o l v e d  i n  a l l
f a c e t s  o f  i n f r a s t r u c t u r e  d e v e l o p m e n t .

T h e  f i r m  h a s  w o r k e d  w i t h  c o r p o r a t i o n s  a n d  a l l
l e v e l s  o f  g o v e r n m e n t  t o  s u p p o r t  d e c i s i o n  m a k i n g ,
p r o j e c t  p r i o r i t i z a t i o n ,  a n d  s t a k e h o l d e r  o u t r e a c h .
O u r  p r i m a r y  g o a l  i s  t o  c r e a t e  a  s t a n d a r d i z e d  s u i t e
o f  b u s i n e s s  c a s e  a n a l y s i s  t o o l s  t o  p r o m o t e  t h e
d e v e l o p m e n t  o f  m o r e  s u s t a i n a b l e  a n d  r e s i l i e n t
c o m m u n i t i e s .  T h e  f i r m ’ s  p r o f e s s i o n a l  e c o n o m i s t s
c o n d u c t  r i g o r o u s  e c o n o m i c  a s s e s s m e n t s  t o  h e l p
d e c i s i o n  m a k e r s  p r i o r i t i z e  w o r t h y  b u t  c o m p e t i n g
p r o j e c t s  b a s e d  o n  m a x i m u m  e c o n o m i c ,
e n v i r o n m e n t a l  a n d  c o m m u n i t y  b e n e f i t s .

T h e  c l i m a t e  a c t i o n  p o l i c i e s  p r i o r i t i z e d  w i t h i n  t h e
p l a n  a r e  m u l t i - f a c e t e d ,  a n d  t h e  u n d e r l y i n g
m o d e l i n g  t o  v a l u e  t h e  n u m e r o u s  e c o n o m i c  i m p a c t s
a r e  c o m p l e x .  A s  s u c h ,  t h i s  E x e c u t i v e  S u m m a r y
a i m s  t o  c a t e r  t o  a  g e n e r a l  r e a d e r ’ s  u n d e r s t a n d i n g
b y  p r e s e n t i n g  h i g h  l e v e l  c o n c e p t u a l  o v e r v i e w s  o f
h o w  e a c h  i m p a c t  ( b e n e f i t  a n d  c o s t )  i s  c a l c u l a t e d ,
a l o n g  w i t h  t h e i r  l i f e t i m e  p r e s e n t  v a l u e ,  d e f i n e d  a s
t h e  d i s c o u n t e d  s u m  o f  f u t u r e  c a s h  f l o w s .  

A  T e c h n i c a l  A p p e n d i x  i s  a l s o  a v a i l a b l e  t o  p r o v i d e
i n t e r e s t e d  r e a d e r s  w i t h  a  c o m p r e h e n s i v e  a n d
t r a n s p a r e n t  u n d e r s t a n d i n g  o f  t h e  d e t a i l e d
m e t h o d o l o g i e s ,  d a t a ,  a n d  s o u r c e s .  A  m o r e  d e t a i l e d
s e t  o f  i n p u t s  a r e  a l s o  p r e s e n t e d  i n  t h e  T e c h n i c a l
A p p e n d i x ,  a l o n g  w i t h  s t r u c t u r e  a n d  l o g i c  d i a g r a m s
t o  i l l u s t r a t e  t h e  m o d e l i n g  c o n c e p t s  u s e d  i n  t h i s
a n a l y s i s .   
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A s  o n e  o f  t h e  f a s t e s t  g r o w i n g  c i t i e s  i n  t h e  U S ,  t h e  C i t y  o f  S a n  A n t o n i o
f a c e s  a  n u m b e r  o f  k e y  q u e s t i o n s  a n d  c o n s i d e r a t i o n s ,  i n c l u d i n g  d e v e l o p i n g
a  r o b u s t  a n d  s o p h i s t i c a t e d  s e t  o f  p o l i c i e s  a r o u n d  s u s t a i n a b i l i t y  a n d
c l i m a t e  c h a n g e  t o  e n s u r e  t h a t  g r o w t h  i s  d r i v e n  w i t h  c o m m u n i t y  b e n e f i t s
a n d  f u t u r e  r i s k s  i n  m i n d .  T h e  S A  T o m o r r o w  S u s t a i n a b i l i t y  P l a n  a n d  t h e  S A
C l i m a t e  R e a d y  C l i m a t e  A c t i o n  &  A d a p t a t i o n  P l a n  ( C A A P )  h a v e  b e e n
d e v e l o p e d  w i t h  a  v i e w  f o r  p r u d e n t  p l a n n i n g  a n d  a c t i o n  t o w a r d s  t h e s e
m i t i g a t i o n  a n d  a d a p t a t i o n  c h a l l e n g e s .
 
T h e  C i t y  o f  S a n  A n t o n i o  w a s  s e l e c t e d  a s  a  p a r t i c i p a n t  i n  t h e  A m e r i c a n
C i t i e s  C l i m a t e  C h a l l e n g e ,  w h e r e  2 5  A m e r i c a n  c i t i e s  e n t e r e d  i n t o  a  2  y e a r
a c c e l e r a t i o n  p r o g r a m  t o  i m p l e m e n t  t h e  P a r i s  A g r e e m e n t  a n d  b e a t  t h e i r
n e a r  t e r m  c l i m a t e  g o a l s ,  w i t h  a n  o v e r a r c h i n g  g o a l  o f  a c h i e v i n g  c a r b o n
n e u t r a l i t y  b y  t h e  y e a r  2 0 5 0 .  T h e  C i t y  w a s  d e s i g n a t e d  i n  m a r g i n a l
n o n a t t a i n m e n t  f o r  g r o u n d - l e v e l  o z o n e  s t a n d a r d s ,  a  p u b l i c  h e a l t h  a n d
e c o n o m i c  i s s u e ,  b y  t h e  E n v i r o n m e n t a l  P r o t e c t i o n  A g e n c y  ( E P A )  i n  J u l y
2 0 1 8 .  P a r t  o f  t h e  p r o c e s s  t o  a c h i e v e  g r o u n d - l e v e l  o z o n e  a t t a i n m e n t  s t a t u s
i s  t o  d e v e l o p  a  p l a n  t o  c o n t r o l  e m i s s i o n s  t h r o u g h  c o m m u n i t y  a n d  m u n i c i p a l
c l i m a t e  m i t i g a t i o n  s t r a t e g i e s .  A s  t h e  C i t y  c o n t i n u e s  w o r k  o n  t h e  A m e r i c a n
C i t i e s  C l i m a t e  C h a l l e n g e ,  i t  i s  v i t a l  t o  e n a c t  a  p l a n  t h a t  p r i o r i t i z e s  r e d u c i n g
g r e e n h o u s e  g a s e s ,  o u t l i n e s  s t r a t e g i e s  t o  p r e p a r e  S a n  A n t o n i o  f o r  c l i m a t e
r i s k s ,  a n d  e n s u r e s  t h e  f r a m e w o r k  i s  c e n t e r e d  o n  c l i m a t e  e q u i t y  f o r  a l l
c o m m u n i t y  m e m b e r s .

1 . 1  why  n ow?

COST -BENEFIT  ANALYSIS  -  EXECUTIVE  SUMMARY  |  7

https://autocase.com/


E n e r g y  B e n c h m a r k i n g  f o r  C o m m e r c i a l  a n d  M u l t i f a m i l y  B u i l d i n g s
W h i t e  R o o f s  a n d  E n e r g y  I n s u l a t i o n  B u i l d i n g  C o d e
E l e c t r i c  V e h i c l e  ( E V )  C h a r g e r  R e a d i n e s s  B u i l d i n g  C o d e
P h o t o v o l t a i c s  ( P V )  R o o f  R e a d i n e s s  B u i l d i n g  C o d e
Z e r o  N e t  E n e r g y  ( Z N E )  M u n i c i p a l  B u i l d i n g s
U r b a n  A g r i c u l t u r e

I n  2 0 1 9 ,  t h e  C i t y  a d o p t e d  S A  C l i m a t e  R e a d y ,  i t s  f i r s t  C l i m a t e  A c t i o n  &
A d a p t a t i o n  P l a n .  I n  t h i s  p l a n ,  t h e  C i t y  m a p s  o u t  a  p a t h w a y  t o  a c h i e v i n g  n e t
z e r o  c a r b o n  e m i s s i o n s  b y  2 0 5 0 ,  w h i l e  p r i o r i t i z i n g  c l e a n  a i r ,  p u b l i c  h e a l t h ,
w a t e r  q u a l i t y  a n d  c o n s e r v a t i o n ,  g o o d  j o b s ,  t r a n s p o r t a t i o n  c h o i c e s ,  c l e a n
a n d  s e c u r e  e n e r g y ,  a n d  e m e r g e n c y  p r e p a r e d n e s s .  T o  r e a l i z e  t h e  e c o n o m i c
i m p a c t s  o f  a c h i e v i n g  t h e  a m b i t i o u s  c a r b o n  n e u t r a l i t y  g o a l s ,  t h e  C i t y  w i s h e s
t o  e x p l o r e  b r o a d - b a s e d  o u t c o m e s  f r o m  a  v a r i e t y  o f  C A A P  p o l i c y  s t r a t e g i e s .

T h e s e  m e c h a n i s m s  i n c l u d e  b u i l d i n g  c o d e  c h a n g e s  t o  i n c e n t i v i z e  p r i v a t e
a c t i o n ,  a n d  r e i n v e n t i n g  c i t y  b u i l d i n g s  a n d  o p e n  s p a c e s  a s  e n v i r o n m e n t a l
a n d  r e s i l i e n c e  g e n e r a t i n g  l o c a t i o n s .  E c o n o m i c  a n a l y s i s  i s  a  v a l u a b l e
a p p r o a c h  t o  h e l p  d r a w  q u a n t i t a t i v e  i n s i g h t s  t o w a r d s  t r a d e - o f f s  a m o n g s t
t h e s e  v a r i e d  c l i m a t e  a c t i o n  p o l i c i e s .  F i v e  p o l i c i e s  h a v e  b e e n  i d e n t i f i e d  b y
t h e  O f f i c e  o f  S u s t a i n a b i l i t y  a s  p r i o r i t y  m i t i g a t i o n  s t r a t e g i e s  d u e  t o  t h e i r
p o t e n t i a l  c l i m a t e  a c t i o n  i m p a c t  a n d  a r e  e v a l u a t e d  h e r e i n  t o  p r o v i d e
a d d i t i o n a l  c o n t e x t  f o r  d e c i s i o n - m a k e r s .  U r b a n  A g r i c u l t u r e  i s  a  m a j o r
c o m p o n e n t  o f  ‘ P r o t e c t i n g  L o c a l  F o o d  S e c u r i t y , ’  a  p r i o r i t i z e d  a d a p t a t i o n
s t r a t e g y  w i t h i n  t h e  C A A P  ( o u t l i n e d  i n  a d a p t a t i o n  s t r a t e g i e s  3 4 - 4 0 ) .   A l l
m i t i g a t i o n  a n d  a d a p t a t i o n  s t r a t e g i e s  a r e  o u t l i n e d  i n  t h e  S A  C l i m a t e  R e a d y
P l a n ,  a n d  c a n  b e  f o u n d  a t  t h i s  l i n k .  F o r  e a s y  r e f e r e n c e ,  t h e  m i t i g a t i o n
s t r a t e g i e s  a r e  a l s o  c o n t a i n e d  i n  A p p e n d i x  B

T h e  s i x  k e y  C A A P  p o l i c i e s  a n a l y z e d  i n  t h i s  r e p o r t  a r e :
1 .
2 .
3 .
4 .
5 .
6 .
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1 . 2 . 1 .  E n e r g y  B e n c h m a r k i n g  f o r  C o m m e r c i a l  a n d  M u l t i f a m i l y  B u i l d i n g s

E n e r g y  b e n c h m a r k i n g  a n d  d i s c l o s u r e  p o l i c i e s  r e q u i r e  c e r t a i n  b u i l d i n g
t y p o l o g i e s  ( m u l t i f a m i l y  a n d  c o m m e r c i a l  b u i l d i n g s )  t o  r e p o r t  b u i l d i n g
c h a r a c t e r i s t i c s  s u c h  a s  s i z e  a n d  t h e i r  a n n u a l  e n e r g y  c o n s u m p t i o n .
S t a n d a r d i z i n g  b u i l d i n g  p e r f o r m a n c e  a c r o s s  p e e r  g r o u p s  e n a b l e s  b u i l d i n g
o w n e r s  a n d  o p e r a t o r s  t o  b e  a w a r e  o f  i n e f f i c i e n t  c o m p o n e n t s  i n  t h e i r
b u i l d i n g s  t h a t  u s e  e x c e s s  e n e r g y .  A s  t h e  b e n c h m a r k i n g  p o l i c y  b e c o m e s
w i d e l y  a d o p t e d  a c r o s s  a  r e g i o n ' s  b u i l d i n g  s t o c k ,  t h e  a v a i l a b i l i t y  o f
c o n s i s t e n t  a n d  s t a n d a r d i z e d  s u m m a r y  m e t r i c s  o f  b u i l d i n g  r e l a t e d
p e r f o r m a n c e  w o u l d  b e c o m e  a v a i l a b l e  t o  r e a l  e s t a t e  s t a k e h o l d e r s .  A l t h o u g h
t h e  p o l i c y  i n  i t s e l f  w i l l  n o t  l e a d  t o  d i r e c t  e n e r g y  s a v i n g s ,  i t  i s  e x p e c t e d  t o
s p u r  i n d i r e c t  s a v i n g s  t h r o u g h  t e n a n t s  a n d  p r o s p e c t i v e  b u y e r s  d e m a n d i n g
e f f i c i e n t  b u i l d i n g  p e r f o r m a n c e .

T h e  C A A P  C o m m u n i t y  M i t i g a t i o n  S t r a t e g i e s  # 4  a n d  # 5  b o t h  h i g h l i g h t  t h i s
c o n s i d e r a t i o n  b y  r e c o m m e n d i n g  t h a t  b u i l d i n g  e n e r g y  i n f o r m a t i o n  b e  u s e d  t o
i n f o r m  c u s t o m e r  d e c i s i o n - m a k i n g .  A s  s u c h  m a r k e t  t r a n s f o r m a t i o n s  o c c u r ,
b u i l d i n g  o w n e r s  a r e  a n t i c i p a t e d  t o  b e  i n c e n t i v i z e d  t o  m a k e  i n v e s t m e n t s  i n
e n e r g y  r e d u c t i o n  m e a s u r e s  i n  o r d e r  t o  t a k e  a d v a n t a g e  o f  b o t h  r e n t a l  a n d
r e a l  e s t a t e  p r e m i u m s  p o t e n t i a l .  W i d e  s c a l e  i m p l e m e n t a t i o n  o f
b e n c h m a r k i n g  d i s c l o s u r e  p o l i c i e s  a l l o w s  f o r  e f f i c i e n t  p r i c i n g  o f  r e a l  e s t a t e
p r o p e r t i e s ,  a l o n g  w i t h  a c h i e v i n g  s i g n i f i c a n t  d e c a r b o n i z a t i o n  o f  t h e  b u i l d i n g
s t o c k .  B e n c h m a r k i n g  p o l i c i e s  c a n  a l s o  a i d  p u b l i c  d e c i s i o n  m a k e r s  t o  m o r e
e f f e c t i v e l y  g u i d e  p o l i c y  t o  a d d r e s s  t h e  m o s t  p o l l u t i n g  b u i l d i n g s  i n  t h e i r
r e g i o n  o r  m u n i c i p a l i t y .

1 . 2 . 2 .  W h i t e  R o o f s  a n d  E n e r g y  I n s u l a t i o n  B u i l d i n g  C o d e

A  l o w  c o s t  m e t h o d  o f  c r e a t i n g  c l i m a t e  r e s i l i e n c e  i s  r e q u i r i n g  w h i t e  o r  h i g h l y
r e f l e c t i v e  r o o f s  o n  a l l  n e w  c o n s t r u c t i o n .  S a n  A n t o n i o  i s  e x p e r i e n c e d  w i t h
s u c h  a  p r o g r a m  o n  a  s m a l l e r  s c a l e  i n  t h e  f o r m  o f  t h e  ‘ U n d e r  1  R o o f ’
p r o g r a m ,  w h e r e  a  w h i t e  r o o f  a n d  e n e r g y  b a r r i e r  i s  i n s t a l l e d .  

 1 .2  C l i m a t e  Ac t i o n   

 P o l i cy  P r o p o s a l s  
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U r b a n  h e a t  i s l a n d  i s  a  m a j o r  c o n c e r n  i n  t h e  h o t  c l i m a t e  o f  S a n  A n t o n i o ,
w h e r e  t e m p e r a t u r e s  e x c e e d  n o r m a l  h u m a n  t o l e r a n c e  f o r  m u l t i p l e  d a y s  a
y e a r  a n d  a r e  p r e d i c t e d  t o  i n c r e a s e  g i v e n  h e a t - r e l a t e d  c l i m a t e  p r o j e c t i o n s .
O f t e n t i m e s ,  l o w  i n c o m e  r e s i d e n t s  s u f f e r  t h e  m o s t ,  a s  t h e y  d o  n o t  h a v e  e a s y
a c c e s s  t o  a i r  c o n d i t i o n i n g  a n d  m e d i c a l  c a r e .  E l d e r l y  a r e  a l s o  a t  r i s k ,  a s  p r e -
e x i s t i n g  c o n d i t i o n s  a n d  s o c i a l  i s o l a t i o n  m a k e  t h e m  p a r t i c u l a r l y  s u s c e p t i b l e .

W i t h  t h e  t w i n  r i s e  o f  g l o b a l  w a r m i n g  a n d  a n  a g i n g  p o p u l a t i o n ,  t a c k l i n g
u r b a n  h e a t  i s l a n d  s h o u l d  b e  a  p r i o r i t y  r e s i l i e n c e  m e a s u r e  f o r  t h e  c i t y .
M i t i g a t i n g  a n d  a d a p t i n g  t o  u r b a n  h e a t  i s l a n d  a d d r e s s e s  C A A P  C o m m u n i t y
M i t i g a t i o n  S t r a t e g y  # 2 0 ,  w h i c h  i s  a i m e d  a t  a n a l y z i n g  a n d  q u a n t i f y i n g  u r b a n
h e a t  i s l a n d  i n  S a n  A n t o n i o  a n d  d e v e l o p i n g  a n  i m p l e m e n t a b l e  a n d  i m p a c t f u l
p l a n  w i t h  a  f o c u s  o n  v u l n e r a b l e  p o p u l a t i o n s  a n d  e c o s y s t e m s .  H o u s e h o l d s
w i t h  w h i t e  r o o f s  r e d u c e  t h e i r  e n e r g y  b i l l s  w h i l e  a l s o  r e d u c i n g  t h e  o v e r a l l
t e m p e r a t u r e  o f  t h e  c i t y ,  l e a d i n g  t o  l o w e r  m o r t a l i t y  a n d  m o r b i d i t y  f r o m  h e a t
e v e n t s  i n  S a n  A n t o n i o .

1 . 2 . 3 .  E l e c t r i c  V e h i c l e  ( E V )  C h a r g e r  R e a d i n e s s  B u i l d i n g  C o d e

T h e  C i t y  o f  S a n  A n t o n i o  i s  e v a l u a t i n g  a  n e w  b u i l d i n g  c o d e  p o l i c y  t h a t  w o u l d
r e q u i r e  n e w l y  c o n s t r u c t e d  r e s i d e n t i a l  b u i l d i n g s  t o  h a v e  E V  a n d  p l u g - i n
h y b r i d  e l e c t r i c  v e h i c l e  ( P H - E V )  c h a r g e r - r e a d y  p a r k i n g  s p a c e s .  C o m m e r c i a l
b u i l d i n g  c o d e  c h a n g e s  a r e  a l s o  b e i n g  c o n s i d e r e d  b y  t h e  C i t y ,  h o w e v e r ,  a r e
e x c l u d e d  f r o m  t h e  s c o p e  o f  t h i s  a n a l y s i s .  T h e  p o l i c y  d i c t a t e s  t h a t  a l l  n e w
c o n s t r u c t i o n  p e r m i t s  s h o u l d  b e  E V  r e a d y  a n d  c a p a b l e  -  d e f i n e d  a s  h a v i n g
c a p a c i t y  a n d  s p a c e  t o  s u p p o r t  a  m i n i m u m  4 0 - a m p e r e ,  2 4 0 - v o l t  b r a n c h
c i r c u i t  t o  s u p p o r t  f u t u r e  i n s t a l l a t i o n  a n d  u t i l i z a t i o n  o f  E l e c t r i c a l  V e h i c l e
S u p p l y  E q u i p m e n t  ( E V S E ) .  E a r l y  s t a g e  b u i l d i n g  i n f r a s t r u c t u r e  r e a d i n e s s
c o d e s  a r e  c r i t i c a l  t o  a c h i e v i n g  w i d e s p r e a d  E V  a d o p t i o n  b y  e f f e c t i v e l y
l o w e r i n g  t h e  u p f r o n t  c o s t s  r e q u i r e d  t o  m i g r a t e  t o  c l e a n e r  t r a n s p o r t a t i o n .

E x p a n s i o n  o f  e l e c t r i c  v e h i c l e  c h a r g i n g  i n f r a s t r u c t u r e  d i r e c t l y  a d d r e s s e s  t h e
C A A P  C o m m u n i t y  M i t i g a t i o n  S t r a t e g y  # 9 ,  w h i c h  i s  a i m e d  t o w a r d s  p r o m o t i n g
a n  a c c e l e r a t e d  a d o p t i o n  o f  c l e a n e r  a n d  m o r e  e f f i c i e n t  v e h i c l e  t e c h n o l o g i e s .
E V  R e a d y  b u i l d i n g  c o d e s  a r e  a n  e f f e c t i v e  t o o l  t o  s u p p o r t  t h i s  a c c e l e r a t e d
s h i f t  t o  c l e a n e r  v e h i c l e s .  H o u s e h o l d  a c c e s s  t o  E V  r e a d y  p a r k i n g  s p a c e s  i s
a l s o  a  c r u c i a l  c o m p o n e n t  i n  s u p p o r t i n g  c u r r e n t  a n d  p r o j e c t e d  m a r k e t  t r e n d s
i n  c o n s u m e r  p r e f e r e n c e  f o r  e l e c t r i c  v e h i c l e s .  R e d u c i n g  t h e  i n i t i a l  c o s t s  t o
a d o p t  g r e e n  i n t e r v e n t i o n s ,  s u c h  a s  r e a d y  E V S E  i n f r a s t r u c t u r e ,  a l l o w s  f o r
g r e a t e r  p a r t i c i p a t i o n  i n  t h e  p r o j e c t e d  m a r k e t  f o r  E V s .  T h i s  c o n s i d e r a t i o n
a i d s  i n  a n  e q u a l  d i s t r i b u t i o n  o f  p u b l i c  b e n e f i t s  a c r o s s  a l l  h o u s e h o l d  i n c o m e
l e v e l s .
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1 . 2 . 4 .  P h o t o v o l t a i c s  ( P V )  R o o f  R e a d i n e s s  B u i l d i n g  C o d e

T h e  C i t y  o f  S a n  A n t o n i o  i s  e v a l u a t i n g  a  n e w  b u i l d i n g  c o d e  p o l i c y  t h a t  w o u l d
r e q u i r e  n e w l y  c o n s t r u c t e d  r e s i d e n t i a l  b u i l d i n g s  t o  h a v e  S o l a r  R e a d y  b u i l d i n g
c o d e s .  S o l a r  R e a d y  b u i l d i n g  c o d e s  i n c l u d e  a p p r o p r i a t e l y  s l o p e d  r o o f s  f r e e
o f  v e n t s  a n d  o b s t r u c t i o n s .  W h e n  i m p l e m e n t e d  f o r  n e w  c o n s t r u c t i o n ,
i n f r a s t r u c t u r e  i n s t a l l a t i o n  c o s t s  a r e  r e d u c e d  w h e n  c o m p a r e d  w i t h
r e t r o f i t t i n g  e x i s t i n g  r o o f s ,  a  h i d d e n  c o s t  o f  P h o t o v o l t a i c  ( P V )  s y s t e m
i n s t a l l a t i o n .  P r e p a r i n g  h o m e s  t o  h a v e  t h e  c a p a b i l i t y  t o  u t i l i z e  s o l a r  e n e r g y
k e e p s  S a n  A n t o n i o  c o m p e t i t i v e  a n d  r e s i l i e n t  i n  t h e  s o l a r  m a r k e t .

E a r l y  s t a g e  b u i l d i n g  i n f r a s t r u c t u r e  r e a d i n e s s  c o d e s  a r e  c r i t i c a l  t o  a c h i e v i n g
P V  s y s t e m  a d o p t i o n  b y  e f f e c t i v e l y  l o w e r i n g  t h e  u p f r o n t  c o s t  r e q u i r e d  t o
a d o p t  c l e a n e r  t e c h n o l o g i e s .  T h i s  d i r e c t l y  a d d r e s s e s  C A A P  C o m m u n i t y
M i t i g a t i o n  S t r a t e g y  # 6 ,  w h i c h  i s  a i m e d  a t  a d o p t i n g  a  Z e r o  N e t  E n e r g y  c o d e
f o r  a l l  n e w  b u i l d i n g s  a n d  s u b s t a n t i a l  r e h a b i l i t a t i o n s ,  t a k i n g  i n t o
c o n s i d e r a t i o n  t e c h n i c a l  a n d  e c o n o m i c  f e a s i b i l i t y .  R e d u c i n g  t h e  i n i t i a l  c o s t s
t o  a d o p t  g r e e n  i n t e r v e n t i o n s ,  s u c h  a s  P V ,  a l l o w s  f o r  a  g r e a t e r  p r o p o r t i o n  o f
m a r k e t  p a r t i c i p a n t s  t o  b e  i n c e n t i v i z e d  b y  t h e  S o l a r  R e a d y  r o o f  p o l i c y ,
i n c l u d i n g  p a r t i c i p a n t s  f r o m  a c r o s s  h o u s e h o l d  i n c o m e  l e v e l s .  R e s i d e n c e s
h a v i n g  a c c e s s  t o  r e n e w a b l e  e n e r g y  t h r o u g h  s o l a r  p a n e l s  h e l p s  r e d u c e
e n e r g y  b i l l s  a n d  g r e e n h o u s e  g a s  e m i s s i o n s .

1 . 2 . 5 .  Z e r o  N e t  E n e r g y  ( Z N E )  M u n i c i p a l  B u i l d i n g s

Z e r o  N e t  E n e r g y  ( Z N E )  m u n i c i p a l  b u i l d i n g s  a r e  a  p r o g r e s s i v e  s o l u t i o n  t o
e l i m i n a t i n g  c a r b o n  e m i s s i o n s  d e r i v e d  f r o m  b u i l d i n g  o p e r a t i o n s .  T h e  a i m  o f
t h i s  p o l i c y  i s  t o  s e t  t h e  s t a n d a r d  f o r  b u i l d i n g  p e r f o r m a n c e  a c r o s s  t h e  C i t y
o f  S a n  A n t o n i o ’ s  m u n i c i p a l l y  o w n e d  b u i l d i n g s .  A s  o u t l i n e d  b y  t h e  C A A P
M u n i c i p a l  M i t i g a t i o n  S t r a t e g y  # 3 ,  S a n  A n t o n i o ’ s  m u n i c i p a l  g o v e r n m e n t  w i l l
t a k e  t h e  l e a d  o n  G H G  m i t i g a t i o n  e f f o r t s  b y  p r o p o s i n g  t o  a c h i e v e  Z N E  f o r  a l l
m u n i c i p a l  b u i l d i n g s  b y  2 0 4 0 .  

T h e  p o l i c y  d e m o n s t r a t e s  t h e  f i n a n c i a l  f e a s i b i l i t y  o f  r e t r o f i t  i n v e s t m e n t s
a l o n g  w i t h  o t h e r  s o c i a l  a n d  e n v i r o n m e n t a l  c o - b e n e f i t s  a c c r u e d  t o  t h e
c o m m u n i t y .  B y  i n v e s t i n g  i n  c o s t  e f f e c t i v e  r e t r o f i t  i n t e r v e n t i o n s  g e a r e d
t o w a r d s  a  c o m b i n a t i o n  o f  b o t h  o p e r a t i o n a l  a n d  c a p i t a l  i n v e s t m e n t s ,
b e n e f i t s  a c c r u e  i n  t h e  f o r m  o f  u t i l i t y  r a t e  s a v i n g s  t o  t h e  C i t y ,  r e d u c e d  g r i d
e m i s s i o n s  f r o m  e l e c t r i c i t y  u s e ,  a n d  i m p r o v e d  o c c u p a n t  c o m f o r t  f r o m
i m p r o v e m e n t s  i n  t h e  i n d o o r  e n v i r o n m e n t  o f  m u n i c i p a l  s p a c e s .  A d d i t i o n a l l y ,
t h e  Z N E  m u n i c i p a l  b u i l d i n g s  p o l i c y  d e m o n s t r a t e s  f i s c a l  r e s p o n s i b i l i t y ,
s a v i n g  t a x p a y e r  f u n d i n g  b y  a d d r e s s i n g  i n e f f i c i e n t  a n d  h i g h  c o s t  b u i l d i n g s
a c r o s s  t h e  c i t y .
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1 . 2 . 6 .  U r b a n  A g r i c u l t u r e

U r b a n  A g r i c u l t u r e  i s  a  s t r a t e g y  f o r  u n d e v e l o p e d  o r  u n d e r u t i l i z e d  l a n d  w h i c h
c a n  r e v i t a l i z e  t h e  u r b a n  l a n d s c a p e  a n d  f o r g e  n e t w o r k s  o f  r e s i l i e n c y ,  h e a l t h ,
a n d  w e l l - b e i n g .  T h e  p r o g r a m  e v a l u a t e s  a  p r o t o t y p i c a l  h a l f  a c r e  f a r m  w i t h i n
t h e  c i t y  o f  S a n  A n t o n i o ,  w i t h  f o o d  p r o d u c t i o n  a n d  c o m m u n i t y  e n g a g e m e n t  a t
t h e  s i t e .  R e f l e c t i n g  C A A P  A d a p t a t i o n  S t r a t e g y  # 3 6 ,  S a n  A n t o n i o  i s  l o o k i n g
t o  a s s e s s  u r b a n  a g r i c u l t u r e  a n d  f a c i l i t a t e  t h e  c u l t i v a t i o n  o f  v a c a n t  o r
u n d e r u t i l i z e d  l a n d ,  i n c l u d i n g  C i t y - o w n e d  a n d  o t h e r  p u b l i c  l a n d .

A s  a  c l i m a t e  r e s i l i e n c e  t o o l ,  u r b a n  a g r i c u l t u r e  r e d u c e s  s t o r m w a t e r  r u n o f f
a n d  u r b a n  h e a t  i s l a n d  i m p a c t s .  A s  a  c l i m a t e  c h a n g e  m i t i g a t i o n  s t r a t e g y ,
u r b a n  a g r i c u l t u r e  p r o v i d e s  s i g n i f i c a n t  c a r b o n  s e q u e s t r a t i o n  b e n e f i t s  a n d
r e d u c e s  g r e e n h o u s e  g a s e s  ( G H G s )  a s s o c i a t e d  w i t h  t r a n s p o r t a t i o n  a n d  f o o d
w a s t e .  U r b a n  A g r i c u l t u r e  h a s  a  m u l t i t u d e  o f  p o s i t i v e  i m p a c t s  o n  t h e
c o m m u n i t y ,  b e y o n d  f i n a n c i a l  a n d  e c o n o m i c  r e v e n u e s .  T h e  s p e c i f i c  n a t u r a l
e n v i r o n m e n t  o f  u r b a n  a g r i c u l t u r e  h a s  b e e n  s h o w n  t o  p r o v i d e  t h e  a d d i t i o n a l
h e a l t h  b e n e f i t s  o f  i n c r e a s e d  f r u i t  a n d  v e g e t a b l e  c o n s u m p t i o n ,  i n c r e a s e d
p h y s i c a l  a c t i v i t y ,  a n d  i m p r o v e d  m e n t a l  h e a l t h .  T h e s e  s p a c e s  a l s o  o f f e r  a
n u m b e r  o f  s o c i a l  b e n e f i t s  b y  p r o v i d i n g  i n f o r m a l  g a t h e r i n g  s p a c e s  t o  b u i l d
a n d  r e i n f o r c e  s o c i a l  n e t w o r k s  a n d  r e d u c e  i s o l a t i o n .
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A  s i g n i f i c a n t  c o n t r i b u t i o n  t o  t h i s  a n a l y s i s  c o m e s  f r o m  t h e  A u t o c a s e ™
s o f t w a r e .  A u t o c a s e ™  i s  a  c l o u d  b a s e d  p l a t f o r m  f o r  v a l u i n g  b u i l t
e n v i r o n m e n t  d e s i g n  o p t i o n s  f o r  a  m o r e  s u s t a i n a b l e  a n d  r e s i l i e n t  f u t u r e .  T h e
t e a m  o f  e c o n o m i s t s  b e h i n d  A u t o c a s e ™  e n d e a v o r  t o  c r e a t e  m o d e l s  w h i c h
a d d r e s s  p e r t i n e n t  e n v i r o n m e n t a l  c o n c e r n s ,  w i t h  f u l l  t r a n s p a r e n c y  o f
m e t h o d o l o g i e s  a n d  c a l c u l a t i o n s .  T h e  p r i m a r y  m o d e l  e m p l o y e d  i n  t h i s
a n a l y s i s  i s  t h e  U r b a n  H e a t  I s l a n d  ( U H I )  m o d e l .  T h i s  m o d e l  c a l c u l a t e s  t h e
c h a n g e  i n  t e m p e r a t u r e  o f  a  c i t y ’ s  s u r f a c e  a r e a  g i v e n  c h a n g e s  i n  r o o f
r e f l e c t a n c e  a n d  t r a n s m i t t a n c e ,  w i t h  m a t e r i a l s  s u c h  a s  w h i t e  r o o f  s h i n g l e s .
T h i s  a n a l y s i s  a l s o  i n c o r p o r a t e s  t e m p e r a t u r e  f o r e c a s t s  f r o m  a c a d e m i c a l l y
a p p r o v e d  p r o j e c t i o n s ,  a n d  l i n k s  t e m p e r a t u r e  f o r e c a s t s  t o  h e a t  r e l a t e d
m o r t a l i t y  e v e n t s .  A u t o c a s e ™  v a l u e s  t h e  e x p e c t e d  i n c r e m e n t a l  b e n e f i t  f r o m
U H I  m o r t a l i t y  r e d u c t i o n ,  a n d  p r o v i d e s  a n  i n f o r m e d  p e r s p e c t i v e  w i t h  t h e  h e l p
o f  e c o n o m i c s .

A u t o c a s e ™  i s  a  c o m p r e h e n s i v e  s o f t w a r e  p a c k a g e  w h i c h  g a t h e r s  l o c a t i o n
s p e c i f i c  e c o n o m i c  a n d  e n v i r o n m e n t a l  d a t a  w i t h  t h e  u s e  o f  A P I s  a n d
c o n s t a n t  r e s e a r c h .  T h e  s o f t w a r e  i s  d e s i g n e d  t o  s t a y  a b r e a s t  o f  t h e  l a t e s t
i n f o r m a t i o n  i n  o r d e r  t o  p r o d u c e  r e l i a b l e  a n d  t r u s t w o r t h y  a n a l y s e s .
A u t o c a s e ™  i s  u s e d  i n  t h i s  a n a l y s i s  a s  a  s t r a i g h t f o r w a r d  a n d  r e l i a b l e  s o u r c e
f o r  S a n  A n t o n i o  s p e c i f i c  i n f o r m a t i o n  s u c h  a s  h e a l t h ,  w a g e s ,  s o c i a l  c o s t s  o f
p o l l u t a n t s ,  a n d  m a t e r i a l  e n g i n e e r i n g  v a l u e s .   

 1 .3  C o n t r i b u t i o n s  

 by  Au t o c a s e™
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2 .  An a lyt i c a l  

    F r a m ewo r k
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C o n s i s t e n t  w i t h  t h e  S A  C l i m a t e  R e a d y  P l a n ,  t h e  O f f i c e  o f  S u s t a i n a b i l i t y  ( O S )
i n i t i a t e d  t h e  d e v e l o p m e n t  o f  t h i s  r e p o r t  t o  e n s u r e  a  f a c t - b a s e d  f i n a n c i a l
a s s e s s m e n t  o f  c u r r e n t  p r i o r i t y  s t r a t e g i e s .   A s  p a r t  o f  t h i s  e v a l u a t i o n ,  O S
w i l l  i n t e g r a t e  t h e s e  e c o n o m i c  f i n d i n g s  i n t o  t h e  d e c i s i o n  s u p p o r t  a n d
s t a k e h o l d e r  e n g a g e m e n t  p r o c e s s .  T h e s e  a n a l y t i c a l  e f f o r t s  c a n  c r e a t e  a n
o b j e c t i v e ,  d e f e n s i b l e ,  a n d  t r a n s p a r e n t  s c r e e n i n g  p r o c e s s  f o r  b o t h  t h e
f i n a n c i a l  a n d  b r o a d e r  s o c i e t a l  i m p a c t s  o f  v a r i o u s  i n t e g r a t e d  s u s t a i n a b i l i t y
a n d  r e s i l i e n c y  p l a n n i n g ,  p o l i c y ,  a n d  i n f r a s t r u c t u r e  o p t i o n s  a v a i l a b l e .

W h e n  p l a n n i n g  f o r  c l i m a t e  m i t i g a t i o n  a n d  a d a p t a t i o n  p o l i c i e s  a n d  p r o j e c t s ,
i t  i s  e s s e n t i a l  t o  c o n s i d e r ,  n o t  o n l y  t h e  u p f r o n t  c o s t  o f  a  p r o j e c t  o r  p o l i c y ,
b u t  w h a t  b e n e f i t s  w i l l  s o c i e t y  a s  a  w h o l e  s e e  f r o m  i m p l e m e n t i n g  t h o s e
p r o j e c t s  o r  p o l i c i e s .   

C o s t - B e n e f i t  A n a l y s i s  ( C B A )  i s  a n  e s t a b l i s h e d  e c o n o m i c  a p p r o a c h  f o r
c o m p a r i n g  t h e  b e n e f i t s  a n d  c o s t s  o f  a  g i v e n  p r o j e c t  o r  a c t i v i t y .  C B A
i n v o l v e s  i d e n t i f y i n g ,  q u a n t i f y i n g ,  m o n e t i z i n g  a n d  s u m m i n g  i n  d o l l a r s ,  t o  t h e
e x t e n t  p o s s i b l e ,  t h e  v a l u e  o f  i n c r e m e n t a l  c o s t s  a n d  b e n e f i t s  o v e r  t h e  l i f e  o f
a  p r o j e c t .  I t  p r o v i d e s  a  s y s t e m a t i c  e v i d e n c e - b a s e d  e c o n o m i c  b u s i n e s s  c a s e
a p p r o a c h  t o  q u a n t i f y  a n d  a t t r i b u t e  m o n e t a r y  v a l u e s  t o  t h e  d i r e c t  f i n a n c i a l
i m p a c t s ,  a s  w e l l  a s  b r o a d e r  s o c i a l ,  e n v i r o n m e n t a l ,  a n d  e q u i t y  i m p a c t s
r e s u l t i n g  f r o m  a n  i n v e s t m e n t  u s i n g  e m p i r i c a l  d a t a  a n d  p e e r -  r e v i e w e d
l i t e r a t u r e .  T h e  i m p o r t a n c e  o f  C B A  f o r  d e c i s i o n  m a k e r s  i s  t h a t  i t s  r e s u l t s
p r o v i d e  a  q u a n t i t a t i v e  m e a s u r e  o f  a  p r o j e c t ’ s  w o r t h i n e s s .  T h e  a n a l y s i s
i n v o l v e s  a  c o m p r e h e n s i v e  a c c o u n t  o f  a  p r o j e c t ’ s  b e n e f i t s  a n d  c o s t s  o v e r  t h e
e n t i r e  p r o j e c t  l i f e  c y c l e  a n d  a  “ s i d e - b y - s i d e ”  c o m p a r i s o n  o f  n e t  b e n e f i t s  f o r
a l t e r n a t i v e  i n v e s t m e n t s .  T h e  b e n e f i t - c o s t  f r a m e w o r k  o f f e r s  a n  o p p o r t u n i t y
t o  r e c o g n i z e  a n d  i n c l u d e  i n  t h e  e v a l u a t i o n  a l l  s o c i a l  a n d  e c o n o m i c  i m p a c t s
i n  a n  o b j e c t i v e  m a n n e r .

W h i l e  n o t  a  d e c i s i o n - m a k i n g  t o o l ,  C B A  i s  a n  i n d u s t r y  s t a n d a r d  d e c i s i o n -
s u p p o r t  t o o l  u s e d  t o  i n f o r m  a n d  i m p r o v e  p u b l i c  p o l i c y ,  p r o g r a m s  a n d
p r o j e c t s .  E s s e n t i a l l y ,  t h i s  a p p r o a c h  h e l p s  p r i o r i t i z e  p r o j e c t s  i n  a
s t a n d a r d i z e d  w a y ,  a s  w e l l  a s  p r o v i d e  i n s i g h t s  a s  t o  t h e  i m p a c t s  o n  v a r i o u s
p r o j e c t  s t a k e h o l d e r s .  F o r  e x a m p l e ,  t h e  U S ,  E u r o p e ,  a n d  t h e  U K  m a n d a t e
l e g i s l a t i v e  r e q u i r e m e n t s  t o  u s e  C B A  t o  e v a l u a t e  p o l i c i e s  a n d  p o l i c y  r e f o r m s ,
a n d  C B A  i s  r e q u i r e d  f o r  a  v a r i e t y  o f  m e r i t - b a s e d  f e d e r a l  g r a n t  f u n d i n g
p r o g r a m s .  A d d i t i o n a l l y ,  t h e  W o r l d  B a n k  a n d  o t h e r  m u l t i l a t e r a l  f i n a n c i a l
i n s t i t u t i o n s ,  s u c h  a s  t h e  I n t e r - A m e r i c a n  D e v e l o p m e n t  B a n k  a n d  A s i a n
D e v e l o p m e n t  B a n k  w i d e l y  u s e  C B A  t o  h e l p  b r i n g  a b o u t  a  b e t t e r  a l l o c a t i o n  o f
r e s o u r c e s ,  t o  p r o v i d e  i n s i g h t s  i n t o  o v e r a l l  s o c i e t a l  w e l f a r e  g a i n s ,  d i r e c t
f i n a n c i a l  i m p a c t s ,  s u s t a i n a b i l i t y  i m p a c t s ,  a n d  a s s e s s  p r o j e c t  r i s k s .  
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E n e r g y  b e n c h m a r k i n g  a n d  d i s c l o s u r e  r e q u i r e m e n t s  f o r  c o m m e r c i a l  a n d
m u l t i - f a m i l y  p r o p e r t i e s  g r e a t e r  t h a n  o r  e q u a l  t o  5 0 , 0 0 0  s q u a r e  f e e t
W h i t e  s h i n g l e s  a n d  c o o l  r o o f  r e q u i r e m e n t s  f o r  n e w  c o n s t r u c t i o n
E l e c t r i c  v e h i c l e  a n d  s o l a r - r e a d y  r e q u i r e m e n t s  f o r  n e w  c o n s t r u c t i o n
Z N E  b u i l d i n g  c o d e s  f o r  m u n i c i p a l  b u i l d i n g s
U r b a n  a g r i c u l t u r e  o n  a v a i l a b l e  C i t y  l a n d

T h e  m e t h o d o l o g i c a l  f r a m e w o r k  o f  C B A  c a n  b e  u s e d  a s  a  s c r e e n i n g - l e v e l
l e n s  i n  w h i c h  t o  b e t t e r  u n d e r s t a n d  t h e  l o n g - t e r m  t r a d e - o f f s  f o r  g r e a t e r
u p f r o n t  i n v e s t m e n t  i n  c l i m a t e  m i t i g a t i o n  a n d  a d a p t a t i o n  a c t i o n s  f r o m  a
d e v e l o p m e n t  a n d  p o l i c y  s t a n d p o i n t  a n d  t h e  f u t u r e  i m p l i c a t i o n s  t o  t h o s e
i n v e s t m e n t s .  T h i s  f r a m e w o r k  c a n  b e  u t i l i z e d  t o  s u p p o r t  d e c i s i o n - m a k e r s
i d e n t i f y ,  p r i o r i t i z e ,  a n d  f o c u s  p l a n n i n g  e f f o r t s  a n d  f i n a n c i a l  r e s o u r c e s ,  i n
t h i s  c a s e  s p e c i f i c a l l y  t o w a r d s :

T r i p l e  B o t t o m  L i n e  C o s t - B e n e f i t  A n a l y s i s  e x p a n d s  t h e  t r a d i t i o n a l  f i n a n c i a l
r e p o r t i n g  f r a m e w o r k  ( s u c h  a s  c a p i t a l ,  a n d  o p e r a t i o n s  a n d  m a i n t e n a n c e
c o s t s )  t o  t a k e  i n t o  a c c o u n t  s o c i a l  a n d  e n v i r o n m e n t a l  p e r f o r m a n c e ,  u s i n g
e m p i r i c a l  d a t a  a n d  p e e r - r e v i e w e d  l i t e r a t u r e .  T h e  i n t e n t  w o u l d  b e  f o r  t h e  C i t y
o f  S a n  A n t o n i o  t o  u s e  a n  o b j e c t i v e ,  e v i d e n c e - b a s e d  a p p r o a c h  a s  p a r t  o f  t h e
b r o a d e r  o v e r a l l  p r o c e s s  o f  t a r g e t i n g  a n d  p r i o r i t i z i n g  p o l i c i e s  a n d
i n v e s t m e n t s .  R e s u l t s  a r e  p r e s e n t e d  i n  i n n o v a t i v e  w a y s  t h a t  h e l p  t e a m s
p r i o r i t i z e  p r o j e c t s ,  b e t t e r  u n d e r s t a n d  t r a d e - o f f s ,  a n d  e v a l u a t e  c l i m a t e  r i s k s .  
 

COST -BENEFIT  ANALYSIS  -  EXECUTIVE  SUMMARY  |  16

https://autocase.com/


T h e  C i t y  o f  S a n  A n t o n i o  O f f i c e  o f  S u s t a i n a b i l i t y  h a s  s u g g e s t e d  a  s t u d y
p e r i o d  f r o m  2 0 2 0  t o  2 0 5 0 ,  w h i c h  r e f l e c t s  a  1  y e a r  c o n s t r u c t i o n  p e r i o d  f o r
t h e  v a r i o u s  c l i m a t e  a c t i o n  p o l i c i e s  p r o p o s e d  t o  o c c u r  i n  2 0 2 0 ,  a n d  a  3 0  y e a r
o p e r a t i o n a l  p e r i o d .  A n n u a l  c a s h  f l o w s  ( b e n e f i t s  a n d  c o s t s )  a r e  a c c o u n t e d
f o r  t h r o u g h o u t  t h e  e n t i r e  s t u d y  p e r i o d .  T h i s  s t u d y  p e r i o d  a l i g n s  w i t h  t h e
t i m e l i n e  o f  t h e  C i t y ’ s  c l i m a t e  a c t i o n  p l a n  g o a l  t o  a c h i e v e  c a r b o n  n e u t r a l i t y
b y  2 0 5 0 .  T o  d i s c o u n t  t h e  f u t u r e  c a s h  f l o w s  i n t o  t o d a y ’ s  d o l l a r s ,  a  d i s c o u n t
r a t e  o f  3 %  w a s  s e l e c t e d  f o r  t h e  a n a l y s i s  t o  a l i g n  w i t h  t h e  C i t y ’ s  a v e r a g e
c o s t  o f  c a p i t a l  f u n d i n g .  B y  u t i l i z i n g  t h e  r e a l  d i s c o u n t  r a t e  a c r o s s  t h e
e c o n o m i c  a n a l y s i s ,  a n n u a l  c a s h  f l o w s  a r e  n o t  r e q u i r e d  t o  b e  i n f l a t e d  a s  t h i s
d i s c o u n t  r a t e  i s  n e t  o f  e x p e c t e d  a n n u a l  i n f l a t i o n .

2 .1  K ey  S t u dy  

      P a r a m e t e r s  

COST -BENEFIT  ANALYSIS  -  EXECUTIVE  SUMMARY  |  17



T B L - N P V  >  0 ,  m e a n s  b e n e f i t s  a r e  l a r g e r  t h a n  c o s t s .
T B L - N P V  <  0 ,  m e a n s  c o s t s  a r e  l a r g e r  t h a n  b e n e f i t s .

0  <  T B L - B C R  <  1 ,  p r o j e c t  d e l i v e r s  l e s s  t h a n  $ 1  i n  b e n e f i t  f o r  e v e r y  $ 1  i n
c o s t s .
T B L - B C R  =  1 ,  p r o j e c t  d e l i v e r s  $ 1  i n  b e n e f i t s  f o r  e v e r y  $ 1  i n  c o s t s .
T B L - B C R  >  1 ,  p r o j e c t  d e l i v e r s  m o r e  t h a n  $ 1  i n  b e n e f i t s  f o r  e v e r y  $ 1  i n
c o s t s

R e s u l t s  a r e  p r e s e n t e d  i n  T r i p l e  B o t t o m  L i n e - N e t  P r e s e n t  V a l u e  ( T B L - N P V )
a n d  T r i p l e  B o t t o m  L i n e - B e n e f i t  C o s t  R a t i o  ( T B L - B C R ) .  U s i n g  t h e  t w o  m e t r i c s
t o g e t h e r ,  o n e  c a n  g e t  a  s e n s e  o f  t h e  s c a l e  o f  t h e  i m p a c t  ( N P V ) ,  a s  w e l l  a s ,
t h e  v a l u e  g e n e r a t e d  p e r  u n i t  i n v e s t e d  ( B C R ) .

T B L - N P V  i s  t h e  p r e s e n t  v a l u e  o f  b e n e f i t s  n e t  c o s t s  o v e r  t h e  p r o j e c t ’ s  u s e f u l
l i f e ,  w h i c h  a r e  d i s c o u n t e d  i n t o  c u r r e n t  d o l l a r s  a t  r a t e s  o f  3 % .  T B L - N P V  i s
t h e  p r i n c i p a l  m e a s u r e  o f  a n  i n v e s t m e n t ’ s  e c o n o m i c  w o r t h :

T B L - B C R  i s  e s t i m a t e d  a s  t h e  p r e s e n t  v a l u e  o f  b e n e f i t s  d i v i d e d  b y  t h e
p r e s e n t  v a l u e  o f  c o s t s .  T B L - B C R  i s  i n t e n d e d  t o  i l l u s t r a t e  t h e  b e n e f i t s  t h a t
a r e  a c h i e v e d  f o r  e v e r y  d o l l a r  i n v e s t e d .  
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      R e s u l t s  
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3 .  T B L -C BA

R e s u l t s  O v e r v i ew
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2 , 9 2 9 , 3 2 3  b y  2 0 3 0
5 , 4 2 8 , 4 2 3  b y  2 0 4 0
8 , 0 6 7 , 0 0 4  b y  2 0 5 0

7 , 1 3 4 , 0 0 0  b y  2 0 3 0
1 2 , 3 5 4 , 0 0 0  b y  2 0 4 0
1 7 , 4 0 0 , 0 0 0  b y  2 0 5 0

T h e  p r o p o s e d  c l i m a t e  a c t i o n  p o l i c i e s  o u t l i n e d  i n  S e c t i o n  1 . 3  a r e  e x p e c t e d
t o  d r i v e  s i g n i f i c a n t  r e d u c t i o n s  i n  c a r b o n  e m i s s i o n s .  T o  r e a c h  t h e  C i t y ’ s  g o a l
o f  c a r b o n  n e u t r a l i t y  b y  t h e  y e a r  2 0 5 0 ,  a  p r o g r e s s i v e  a n d  d y n a m i c  a p p r o a c h
m u s t  b e  u n d e r t a k e n  t h r o u g h  t a r g e t e d  p o l i c y  i n t e r v e n t i o n s .  T h e  C i t y  o f  S a n
A n t o n i o ’ s  O f f i c e  o f  S u s t a i n a b i l i t y  h a s  p r o p o s e d  c l i m a t e  a c t i o n  p o l i c i e s  t h a t
a r e  g e a r e d  t o w a r d s  e n e r g y  e f f i c i e n c y ,  o n - s i t e  r e n e w a b l e s  g e n e r a t i o n ,
t r a n s p o r t a t i o n  e l e c t r i f i c a t i o n ,  a n d  u r b a n  a g r i c u l t u r e .  I f  a l l  s i x  o f  t h e
p r o p o s e d  k e y  C A A P  s t r a t e g i e s  w e r e  i m p l e m e n t e d  s i m u l t a n e o u s l y  i t  i s
e s t i m a t e d  t o  h a v e  t h e  p o t e n t i a l  t o  d r i v e  s i g n i f i c a n t  G H G  e m i s s i o n
r e d u c t i o n s  ( F i g u r e  1 ) .  T o  b e t t e r  u n d e r s t a n d  w h i c h  p o l i c y  p r o p o s a l s  h a v e  t h e
g r e a t e s t  p o t e n t i a l  f o r  G H G  e m i s s i o n s  r e d u c t i o n s ,  t h e  c l i m a t e  a c t i o n  p o l i c y
p r o p o s a l s  a r e  s e g m e n t e d  i n t o  h o u s e h o l d  ( F i g u r e  2 )  a n d  b u i l d i n g  r e l a t e d
c l i m a t e  a c t i o n  p o l i c i e s  ( F i g u r e  3 ) .  N e w  c o m m e r c i a l  b u i l d i n g s  a n d  h o u s e h o l d
g r o w t h  f o r e c a s t s  u s e d  i n  t h i s  a n a l y s i s  a r e  p r e s e n t  i n  t h e  A p p e n d i x  ( T a b l e
A 1 ) .  

C u m u l a t i v e  C O 2  e m i s s i o n  r e d u c t i o n  p o t e n t i a l  ( i n  t o n s )  o f  k e y  C A A P  p o l i c i e s :

A l t h o u g h  t h e s e  p r o j e c t i o n s  d o  p o i n t  t o  s i g n i f i c a n t  r e d u c t i o n s  i n  t h e
e m i s s i o n s  i n v e n t o r y  a c r o s s  t h e  c i t y ,  t h e r e  i s  s t i l l  g r e a t  e f f o r t s  t o  b e  t a k e n
t o  a c h i e v e  t h e  G H G  e m i s s i o n  r e d u c t i o n  t a r g e t s .  R e l a t i v e  t o  t h e  2 0 1 6  C O 2
e m i s s i o n s  i n v e n t o r y  s t o c k ,  t h e  C A A P ' s  m i l e s t o n e  G H G  e m i s s i o n  r e d u c t i o n
t a r g e t s  a r e  s e t  f o r  2 0 3 0 ,  2 0 4 0 ,  a n d  2 0 5 0 ,  a n d  a r e  r e q u i r e d  t o  a c h i e v e  n e t
c a r b o n  e m i s s i o n s  r e d u c t i o n s  o f  4 1 % ,  7 1 % ,  a n d  1 0 0 % ,  r e s p e c t i v e l y ,  w h i c h  a r e
h i g h l i g h t e d  b y  t h e  r e d  b o x e s  i n  F i g u r e  1 .  

C A A P ' s  m i l e s t o n e  C O 2  e m i s s i o n  r e d u c t i o n  t a r g e t s  ( i n  t o n s ) :  
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3 .1  C a r b o n  

      E m i s s i o n s  

https://autocase.com/


H o u s e h o l d  r e l a t e d  p o l i c i e s  i n c l u d e  W h i t e  R o o f s ,  S o l a r ,  a n d  E V  r e a d y
b u i l d i n g  c o d e s  t h a t  t a r g e t  e n e r g y  e f f i c i e n c y ,  o n - s i t e  r e n e w a b l e  g e n e r a t i o n ,
a n d  t r a n s p o r t a t i o n  e l e c t r i f i c a t i o n ,  r e s p e c t i v e l y .  T h e  W h i t e  R o o f s  a n d  E n e r g y
I n s u l a t i o n  p o l i c y  h a s  t h e  g r e a t e s t  i m p a c t  o n  r e d u c i n g  e m i s s i o n s  o f  s i n g l e
f a m i l y  h o u s e h o l d s ,  a n d  i s  e x p e c t e d  t o  t o t a l  2 1 1 , 8 8 8  t o n s  o f  a v o i d e d  c a r b o n
b y  2 0 3 0 ;  5 4 5 , 6 1 2  t o n s  b y  2 0 4 0 ;  a n d  9 8 1 , 0 9 1  b y  2 0 5 0 ,  c u m u l a t i v e l y  ( F i g u r e
2 ) .  T h i s  i s  t h e  t a r g e t  y e a r  f o r  r e a c h i n g  c a r b o n  n e u t r a l i t y  a c r o s s  t h e  C i t y .
S o l a r  r e a d i n e s s  i n t e r v e n t i o n s  w o u l d  i n c r e a s e  o n - s i t e  r e n e w a b l e  e n e r g y  a n d
t h u s  o f f s e t  e l e c t r i c i t y  u s e  f r o m  t h e  u t i l i t y  g r i d .  B y  i n c e n t i v i z i n g  m o r e
h o u s e h o l d s  t o  i n s t a l l  P V  p a n e l s ,  t h e  p o l i c y  i s  e s t i m a t e d  t o  d r i v e  r e d u c t i o n s
o f  3 0 , 3 2 7  t o n s  o f  C O 2  b y  2 0 3 0 ;  7 8 , 0 2 0  t o n s  b y  2 0 4 0 ;  a n d  3 1 7 , 8 2 2  t o n s  b y
2 0 5 0 ,  c u m u l a t i v e l y .  A l t h o u g h  E V s  i n d i r e c t l y  e m i t  c a r b o n  d i o x i d e  t h r o u g h
e l e c t r i c i t y  u s e  f r o m  t h e  g r i d ,  t h e r e  r e m a i n s  s i g n i f i c a n t  e m i s s i o n  r e d u c t i o n
p o t e n t i a l  w h e n  c o m p a r e d  i n c r e m e n t a l l y  a g a i n s t  c o n v e n t i o n a l  g a s o l i n e
v e h i c l e s .  T h e  E V  r e a d y  b u i l d i n g  c o d e  i s  e x p e c t e d  t o  a v o i d  1 0 , 8 9 6  t o n s  o f
c a r b o n  e m i s s i o n s  b y  2 0 3 0 ,  5 8 , 1 8 1  t o n s  b y  2 0 4 0 ,  a n d  1 5 4 , 4 0 1  t o n s  b y  2 0 5 0 ,
c u m u l a t i v e l y .  I n  a g g r e g a t e  t h e  h o u s e h o l d  r e l a t e d  c l i m a t e  a c t i o n  p o l i c y
p r o p o s a l s  a r e  e x p e c t e d  t o  r e d u c e  1 , 4 5 3 , 3 1 4  t o n s  o f  f o s s i l  f u e l  r e l a t e d  G H G
e m i s s i o n s  b y  2 0 5 0 ,  c u m u l a t i v e l y .

COST -BENEFIT  ANALYSIS  -  EXECUTIVE  SUMMARY  |  21

FIGURE .  1  CUMULATIVE  CO2  EMISSIONS  REDUCTION  -  SIX  KEY  CAAP  POLICY  PROPOSALS

https://autocase.com/


C l i m a t e  a c t i o n  p o l i c i e s  r e l a t e d  t o  b u i l d i n g s  a r e  d e f i n e d  b y  t h e  e n e r g y
b e n c h m a r k i n g  a n d  Z N E  m u n i c i p a l  b u i l d i n g  i n t e r v e n t i o n s  t h a t  t a r g e t
i n v e s t m e n t s  i n  e n e r g y  e f f i c i e n c y  a n d  o n - s i t e  r e n e w a b l e  g e n e r a t i o n .  E n e r g y
b e n c h m a r k i n g  o f  m u l t i f a m i l y  a n d  c o m m e r c i a l  b u i l d i n g s  i s  a n t i c i p a t e d  t o
d r i v e  t h e  l a r g e s t  c a r b o n  e m i s s i o n  r e d u c t i o n s  a c r o s s  a l l  p o l i c y  i n t e r v e n t i o n s ,
m a i n l y  a t t r i b u t e d  t o  t h e  s c a l e  o f  b u i l d i n g  a r e a  c o v e r e d  b y  t h e  p o l i c y .  B y
2 0 3 0 ,  e n e r g y  b e n c h m a r k i n g  i s  e x p e c t e d  t o  r e d u c e  c a r b o n  e m i s s i o n s  b y
2 , 6 5 0 , 7 4 4  t o n s ;  r i s i n g  t o  4 , 7 0 5 , 3 8 3  t o n s  b y  2 0 4 0 ;  a n d  a v o i d i n g  6 , 5 6 0 , 8 4 1  b y
t h e  e n d  o f  2 0 5 0 .  S i n c e  o n l y  6  b u i l d i n g s  w e r e  i n c l u d e d  i n  t h e  Z N E  a n a l y s i s ,
t h e  c a r b o n  r e d u c t i o n  p o t e n t i a l  r e m a i n s  s i g n i f i c a n t ,  b u t  m u c h  l e s s  t h a n  t h e
t o t a l s  p r e s e n t e d  f o r  t h e  b e n c h m a r k i n g  p o l i c y .  I f  m o r e  m u n i c i p a l  b u i l d i n g s
w e r e  a s s u m e d  t o  b e c o m e  Z N E  c o m p l i a n t ,  t h e  e x p e c t e d  e n v i r o n m e n t a l
b e n e f i t s  f r o m  a v o i d e d  c a r b o n  e m i s s i o n s  w o u l d  i n c r e a s e  p r o p o r t i o n a l l y .
U n d e r  t h e  c u r r e n t  p o r t f o l i o  o f  6  p r o p e r t i e s ,  t h e  Z N E  s t a n d a r d  r e t r o f i t
p r o p o s a l  i s  e s t i m a t e d  t o  a v o i d  2 4 , 3 8 0  t o n s  o f  c a r b o n  b y  2 0 3 0 ;  3 9 , 0 5 1  t o n s
b y  2 0 4 0 ;  a n d  4 9 , 5 8 6  t o n s  b y  2 0 5 0 .  M o r e o v e r ,  i f  b o t h  b u i l d i n g  r e l a t e d
p o l i c i e s  w e r e  i m p l e m e n t e d  s i m u l t a n e o u s l y ,  b y  2 0 5 0  t h e y  a r e  a n t i c i p a t e d  t o
c u m u l a t i v e l y  r e d u c e  c a r b o n  e m i s s i o n s  b y  6 , 6 1 0 , 4 2 7  t o n s  ( F i g u r e  3 ) .  
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A  n o t e w o r t h y  o b s e r v a t i o n  f r o m  F i g u r e  3  i s  t h e  g r a d u a l  p l a t e a u  o f  c a r b o n
e m i s s i o n s  w h e n  p r o j e c t e d  i n t o  t h e  f u t u r e .  T h i s  t r e n d l i n e  c a n  b e  b e s t
d e s c r i b e d  b y  t h e  u n d e r l y i n g  g r i d  e m i s s i o n  f a c t o r s  u s e d  t o  c a l c u l a t e  t h e
e m i s s i o n  q u a n t i t i e s .  D u e  t o  C P S  E n e r g y ’ s  p r o g r e s s i v e  F l e x i b l e  P a t h
e m i s s i o n  f a c t o r  p r o j e c t i o n s ,  e m i s s i o n s  f r o m  t h e  g r i d  g r a d u a l l y  d e c r e a s e  a s
m o r e  r e n e w a b l e  p o w e r  p l a n t s  c o m e  o n l i n e .  

A i r  p o l l u t a n t  r e d u c t i o n s  a r e  e x p e c t e d  t o  a i d  t h e  C i t y  i n  r e a c h i n g
‘ a t t a i n m e n t ’  s t a t u s  f o r  F e d e r a l  G r o u n d - L e v e l  O z o n e  S t a n d a r d s  a s  o u t l i n e d
b y  t h e  E P A  i n  t h e  N a t i o n a l  A m b i e n t  A i r  Q u a l i t y  S t a n d a r d s  ( N A A Q S ) .  T h e
i n t e r a c t i o n  b e t w e e n  p r o j e c t e d  e m i s s i o n  r e d u c t i o n s  a n d  i m p r o v e m e n t s  t o
a m b i e n t  a i r  q u a l i t y  a c r o s s  t h e  C i t y  w e r e  i n v e s t i g a t e d  w i t h  a d v i s o r s  f r o m  t h e
A l a m o  A r e a  C o u n c i l  o f  G o v e r n m e n t s  ( A A C O G ) .  M o d e l i n g  c h a n g e s  t o  a m b i e n t
a i r  q u a l i t y  r e q u i r e s  d y n a m i c  p r o c e s s e s  t h a t  a c c o u n t  f o r  v a r i a t i o n s  i n
s e a s o n a l  t e m p e r a t u r e s ,  a s  w e l l  a s  w i n d  p a t t e r n s  t h a t  a f f e c t  a  g e o g r a p h i c
a r e a .  T h e  p o t e n t i a l  i m p a c t  o n  a t t a i n m e n t  s t a t u s  f a l l s  o u t s i d e  t h e  s c o p e  o f
t h i s  a n a l y s i s ,  a n d  i s  n o t  q u a n t i f i e d  d u e  t o  t h e  i n h e r e n t  i n t r i c a c i e s  i n v o l v e d
i n  m o d e l i n g  c h a n g e s  t o  g r o u n d - l e v e l  O z o n e  i n v e n t o r y  l e v e l s .   

COST -BENEFIT  ANALYSIS  -  EXECUTIVE  SUMMARY  |  23

FIGURE  3 .  CUMULATIVE  CO2  EMISSIONS  REDUCTION  -  BUILDING  RELATED  POLICIES

https://autocase.com/


T h e  C O V I D - 1 9  p a n d e m i c  b r o u g h t  a b o u t  a  d e v a s t a t i n g  a n d  o n g o i n g  i m p a c t  o n
r e g i o n a l  f o o d  s e c u r i t y ,  a n d  r e v e a l e d  w e a k n e s s e s  i n  t r a n s p o r t a t i o n  a n d  t r a d e
n e t w o r k s .  S a n  A n t o n i o ’ s  O f f i c e  o f  S u s t a i n a b i l i t y  w o r k e d  w i t h  s e v e r a l  u r b a n
a g r i c u l t u r e  e x p e r t s  i n  t h e  C i t y ,   t h e  F o o d  P o l i c y  C o u n c i l  o f  S a n  A n t o n i o
( F P C S A ) ,  t h e  S a n  A n t o n i o  H o u s i n g  A u t h o r i t y ,  a n d  t h e  e c o n o m i c  m o d e l i n g
t e a m  a t  A u t o c a s e ™  t o  i d e n t i f y  a  f u l l  r a n g e  o f  b e n e f i t s  ( e c o n o m i c ,  s o c i a l ,
a n d  e n v i r o n m e n t a l )  a s s o c i a t e d  w i t h  a  p r o t o t y p i c a l  u r b a n  a g r i c u l t u r e  s i t e  i n
S a n  A n t o n i o .  E x t e r n a l  s t a k e h o l d e r  e n g a g e m e n t  i n c l u d e s  i n t e r e s t e d  p a r t i e s
f r o m  a c r o s s  S a n  A n t o n i o ,  s u c h  a s  t h e  G a r c i a  S t r e e t  U r b a n  F a r m ,  a  4 - a c r e
u r b a n  f a r m  t h a t  r e c e n t l y  o p e n e d  i n  c o n j u n c t i o n  w i t h  S a n  A n t o n i o  C o l l e g e
( S A C ) .

T h i s  p o l i c y  i s  b e i n g  c o n s i d e r e d  f o r  i t s  r i s k  m i t i g a t i o n  o f  t h e  C i t y ’ s  f o r e s e e n
a n d  u n f o r e s e e n  c h a l l e n g e s .  F o r e s e e n  c h a l l e n g e s  i n c l u d e  c l i m a t e  c h a n g e ,
w h i c h  u r b a n  a g r i c u l t u r e  h e l p s  m i t i g a t e  b y  b e i n g  a  r e s i l i e n c e  t o o l  f o r  f l o o d
a n d  u r b a n  h e a t  i s l a n d  c o n t r o l ,  r e d u c i n g  c a r b o n  e m i s s i o n s ,  a n d  i m p r o v i n g
t h e  w e l l - b e i n g  a n d  e d u c a t i o n  o f  t h e  c o m m u n i t y .  U n f o r e s e e n  c h a l l e n g e s
i n c l u d e  f o o d  d i s t r i b u t i o n  a n d  n u t r i t i o n  r i s k s  a s  s h o w n  b y  t h e  C O V I D - 1 9
p a n d e m i c .  T h e  e v e n t s  o f  t h e  b r e a k d o w n  i n  t r a d e  a n d  t h e  l o c k d o w n  o f  t h e
C O V I D - 1 9  p a n d e m i c  h i g h l i g h t s  t h e  p r e s e n c e  o f  f o o d  i n s e c u r i t y ,  a n d  t h a t
n a t u r a l  d i s a s t e r s  w i l l  d i s p r o p o r t i o n a t e l y  a f f e c t  p e o p l e  w h o  a r e  l e s s
e c o n o m i c a l l y  a n d  s o c i a l l y  a f f l u e n t .  U r b a n  a g r i c u l t u r e  m i t i g a t e s  f o o d  a n d
n u t r i t i o n  r i s k s  b y  p r o v i d i n g  a  r e a d y  s o u r c e  o f  s u s t e n a n c e  i n d e p e n d e n t  o f
i n t e r n a t i o n a l  s u p p l y  c h a i n s ,  w h i c h  a r e  s u s c e p t i b l e  t o  u n f o r e s e e n  e x t e r n a l
d i s r u p t i o n s .  T h e s e  b e n e f i t s  c a n  b e  m a t e r i a l i z e d  w i t h i n  t h e  c i t y  i f  t h e r e  a r e
g e n e r o u s  i n c e n t i v e s  p r o v i d e d  t o  m i t i g a t e  t h e  h i g h  c a p i t a l  a n d  o p e r a t i o n a l
c o s t s  o f  u r b a n  a g r i c u l t u r e  a s  s h o w n  i n  F i g u r e  4 .
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3 .2 C l i m a t e Ac t i o n

a n d C o m m u n i ty

R e s i l i e n c e t h r o u g h

U r b a n Ag r i c u l t u r e
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U r b a n  a g r i c u l t u r e  p r o v i d e s  s u b s t a n t i a l  e n v i r o n m e n t a l  b e n e f i t s  i f  t h e  i n i t i a l
s i t e  c o n v e r t e d  t o  a  f a r m  i s  a n  a s p h a l t  o r  c o n c r e t e  p a r k i n g  l o t .  I f  b u i l t  o n  a n
u n s u s t a i n a b l e  i m p e r v i o u s  s i t e ,  u r b a n  a g r i c u l t u r e  r e d u c e s  s t o r m w a t e r  i m p a c t
o n  t h e  f l o o d  z o n e  o f  t h e  C i t y ,  a n d  r e d u c e s  t h e  u r b a n  h e a t  i s l a n d  e f f e c t  i n  a
w o r s e n i n g  c l i m a t e .  T h e  p r o t o t y p i c a l  f a r m  a l s o  p r o v i d e s  s i g n i f i c a n t  c a r b o n
s e q u e s t r a t i o n  b e n e f i t s ,  a n d  e c o s y s t e m  p o l l i n a t i o n  b e n e f i t s .  B e n e f i t s  t h a t
d o  n o t  d e p e n d  o n  t h e  i n i t i a l  s i t e  s t e m  f r o m  t h e  r e d u c t i o n  o f  g r e e n h o u s e
g a s e s  ( G H G s )  a s s o c i a t e d  w i t h  t r a n s p o r t a t i o n ,  t h e  s o c i a l  b e n e f i t s  o f
r e c r e a t i o n ,  p r o p e r t y  v a l u e  u p l i f t ,  o p p o r t u n i t i e s  f o r  e l e m e n t a r y  t o  u n i v e r s i t y
l e v e l  s t u d e n t s ,  c o m m u n i t y  c o h e s i o n  b e n e f i t s  f r o m  v o l u n t e e r i n g ,  a n d  h e a l t h
i m p r o v e m e n t s .

T h e  u l t i m a t e  g o a l  o f  u r b a n  f a r m s  i s  t o  c r e a t e  h o l i s t i c  s p a c e s ,  w h e r e
c o m m u n i t i e s  p a r t i c i p a t e  i n  t h e  c r e a t i o n  o f  l o c a l  f o o d ,  a n d  a c t i v e l y
c o n t r i b u t e  i n  m a k i n g  c i t i e s  e c o l o g i c a l l y  s u s t a i n a b l e  a n d  n u t r i t i o n a l l y  s e l f -
s u s t a i n i n g .  T h e  c r o p s  p l a n t e d  i n  t h i s  p r o t o t y p i c a l  s i t e  a r e  p r o v e n  t o  g r o w
w e l l  i n  S a n  A n t o n i o  a n d  w i l l  p r o v i d e  m e a l s  f o r  t h e  c o m m u n i t y  w h i c h  c a n  b e
a n a l y z e d  a s  a  b e n e f i t  m e a s u r e .  A n a l y z i n g  t h e  n u t r i t i o n a l  v a l u e  i n  t e r m s  o f
v i t a m i n s  a n d  m i n e r a l s ,  a l o n g  w i t h  c o n t r i b u t i o n s  t o  d a i l y  n u t r i t i o n a l
r e q u i r e m e n t s ,  h e l p s  m a k e  s e n s e  o f  t h e  s c a l e  a n d  b e n e f i t s  o f  a  h a l f - a c r e
f a r m  o p e r a t i o n .  

COST -BENEFIT  ANALYSIS  -  EXECUTIVE  SUMMARY  |  25

FIGURE .  4  COSTS  AND  BENEFITS  FOR  A  PROTOTYPICAL  FARM  REPLACING  AN  IMPERVIOUS

SURFACE  -  NPV  OVER  30  YEARS  DISCOUNTED  AT  3%
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O n  a  p e r  m e a l  b a s i s ,  w i t h  a n  a v e r a g e  o f  5 0 0  c a l o r i e s  p e r  m e a l ,  t h e
p r o t o t y p i c a l  u r b a n  f a r m  c a n  p r o v i d e  o v e r  2 0 0 0  m e a l s  a  y e a r  ( T a b l e  1 ) .
V e g e t a b l e s  a r e  a  p r i m a r y  f o o d  s o u r c e  f o r  s o m e  p e o p l e ,  b u t  t h e y  o f t e n
c o n t r i b u t e  t o  a  l a r g e r  m e a l .  T h i s  c a n  b e  m e a s u r e d  w i t h  m a c r o n u t r i e n t  y e a r l y
r e c o m m e n d e d  r e q u i r e m e n t s ,  w h i c h  s h o w s  t h a t  t h e  p r o t o t y p i c a l  s i t e
c o n t r i b u t e s  i n  t h e  r a n g e  o f  3  p e o p l e  f o r  p r o t e i n  t o  3 0 0  p e o p l e  f o r  V i t a m i n s
A  a n d  C .  

T h e s e  b e n e f i t s  a r e  p o s s i b l e  b e c a u s e  o f  c o n s i d e r a b l e  u p f r o n t  c o s t s .  T h e
h i g h e s t  c o s t s  f o r  a n  u r b a n  a g r i c u l t u r e  s i t e  a r e  c a p i t a l ,  l a n d ,  a n d  l a b o r .
C o s t s  s u c h  a s  m a c h i n e r y  r e n t a l ,  w a t e r ,  s e e d i n g ,  a n d  f e r t i l i z e r  a r e  i n h e r e n t
i n  m a n a g i n g  s u c h  a n  o p e r a t i o n .  O t h e r s  a r e  c r e a t e d  b y  t h e  n a t u r e  o f  f a r m i n g
i n  a  m a j o r  u r b a n  s e t t i n g ,   a n d  m a y  i n c l u d e  h i g h e r  l a n d  r e n t ,  l a b o r ,  a n d
c a p i t a l  c o s t s .  T h e  t a n g i b l e  b e n e f i t s  t o  t h e  c i t y  d i s c u s s e d  a b o v e  a r e
a c h i e v a b l e .  H o w e v e r ,  t h e r e  i s  a  n e e d  f o r  s t a r t - u p  a n d  o p e r a t i o n a l  i n c e n t i v e s
f r o m  t h e  m u n i c i p a l i t y .  I f  t h e s e  a c t i v e  m e a s u r e s  t o  i m p r o v e  r e s i l i e n c y  a n d
i n c r e a s e  w e l l - b e i n g  a r e  t o  b e  l o c a t e d  i n s i d e  S a n  A n t o n i o ’ s  b o r d e r s ,
i n c e n t i v e s  a r e  r e q u i r e d  t o  l o w e r  t h e  c a p i t a l  a n d  o p e r a t i o n a l  c o s t s  o f  u r b a n
a g r i c u l t u r e .   

T h e  c i t y  c o u l d  i n c e n t i v i z e  u r b a n  f a r m i n g  b y  p r o v i d i n g  s u p p o r t  f o r  t h e  h i g h
s t a r t u p  c o s t s  o f  c o n v e r t i n g  u n s u s t a i n a b l e ,  u n u s e d  p a v e d  s i t e s  i n t o  h e a l t h y
a n d  l i v i n g  e c o s y s t e m s .  I n c e n t i v e s  c a n  a l s o  i n c l u d e  p r o v i d i n g  l e a s e
a g r e e m e n t s  w i t h  f i r s t  r i g h t  o f  s a l e ,  m i t i g a t i n g  t h e  e f f e c t s  o f  h i g h  p r o p e r t y
p r i c e s  i n  t h e  C i t y ’ s  b o u n d a r i e s .  O p e r a t i n g  c o s t  s u p p o r t  c a n  a l s o  e x t e n d  t o
c r e a t i n g  a  n e t w o r k  o f  u r b a n  f a r m e r s ,  w i t h  s h a r e d  r e s o u r c e s  f o r  t o o l s ,
e q u i p m e n t ,  a n d  p r o c e s s i n g  f a c i l i t i e s  t o  c r e a t e  t h e  b e s t  e n v i r o n m e n t  f o r
u r b a n  a g r i c u l t u r e  t o  f a r m .
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TABLE  1 .  NUTRITIONAL  VALUE  OF  A  ½  ACRE  FARM  FOR  1  PERSON  PER  YEAR



T h i s  i n v e s t i g a t i o n  r e v e a l s  s e v e r a l  o p t i o n s  f o r  o p t i m a l  p o l i c y  d e c i s i o n s
b a s e d  o n  n e t  p r e s e n t  v a l u e  a n d  b e n e f i t - c o s t  r a t i o .  T h e  r e s u l t s  o f  t h e  s i x
p o l i c i e s  a n d  1 0  s c e n a r i o s  a r e  p r e s e n t e d  i n  T a b l e  2 .  A  t o t a l  T B L - N P V  i s
p r e s e n t e d ,  a l o n g  w i t h  a  T B L - N P V  p e r  h o m e  f o r  E V  R e a d y  B u i l d i n g  c o d e s ,  P V
S y s t e m  R e a d i n e s s ,  a n d  W h i t e  R o o f s .  T B L - N P V  p e r  s q u a r e  f o o t  f o r  E n e r g y
B e n c h m a r k i n g ,  Z e r o  N e t  E n e r g y  M u n i c i p a l  B u i l d i n g s ,  a n d  U r b a n  A g r i c u l t u r e
i s  a l s o  p r e s e n t e d .  T h i s  s t a n d a r d i z e d  a p p r o a c h  o f  p r e s e n t i n g  T B L - N P V
v a l u e s  p e r  h o m e  a n d  p e r  s q u a r e  f o o t  f a c i l i t a t e s  t h e  c o m p a r i s o n  o f  s e p a r a t e
p o l i c i e s  o n  e v e n  t e r m s .

R e s u l t s  s h o w  t h a t  t h e  E n e r g y  B e n c h m a r k i n g  p o l i c y  h a s  t h e  h i g h e s t  r e t u r n  o n
i n v e s t m e n t ,  w i t h  a  T B L - B C R  o f  4 . 7 8 .  T h e  T B L - N P V  o f  t h i s  p o l i c y  i s
s u b s t a n t i a l ,  w i t h  o v e r  $ 1 . 6  b i l l i o n  i n  d i s c o u n t e d  r e t u r n s  o v e r  3 0  y e a r s .
R e t r o f i t t i n g  m u n i c i p a l  b u i l d i n g s  f o r  Z N E  g i v e s  t h e  n e x t  h i g h e s t  r e t u r n ,  w i t h
a  T B L - B C R  o f  2 . 1 1  a n d  2 . 2 5  i n  t h e  S t a n d a r d  a n d  D e e p  R e t r o f i t s ,
r e s p e c t i v e l y .  B o t h  p a c k a g e s  a m o u n t  t o  a  m o d e r a t e  $ 1 1 . 8  m i l l i o n  a n d  $ 1 2 . 2
m i l l i o n  i n  T B L - N P V  o v e r  3 0  y e a r s .  U r b a n  A g r i c u l t u r e  i s  a  w o r t h w h i l e
i n v e s t m e n t ,  w i t h  a  T B L - N P V  o f  $ 4 4 6 , 0 0 0  i f  t h e  f a r m  r e p l a c e s  u n m a n a g e d
t u r f ,  a n d  $ 6 7 8 , 0 0 0  i f  t h e  s i t e  r e p l a c e s  p a v e d  i m p e r v i o u s  c o v e r .  D e p e n d i n g
o n  t h e  o r i g i n a l  s i t e ,  t h e  T B L - B C R  o f  t h i s  i n v e s t m e n t  w o u l d  b e  1 . 9 8  o r  2 . 2 4
r e s p e c t i v e l y .

W e i g h i n g  t h e  p o l i c i e s  o n  a  p e r  s q u a r e  f o o t  b a s i s ,  Z N E  r e t r o f i t s  c o n t a i n  t h e
h i g h e s t  p o t e n t i a l  f o r  N P V  i f  i m p l e m e n t e d  a c r o s s  b u i l d i n g s  i n  t h e  c i t y .  I t  i s
n o t e w o r t h y  t o  m e n t i o n  t h a t  t h i s  a n a l y s i s  w a s  e s t i m a t e d  f o r  o n l y  6  m u n i c i p a l
b u i l d i n g s ,  w i t h  v a r y i n g  t y p o l o g i e s .  A s  s u c h ,  t h e s e  r e s u l t s  m a y  c h a n g e  w h e n
a p p l y i n g  t h e m  t o  t h e  f u l l  m u n i c i p a l  b u i l d i n g  i n v e n t o r y .  U r b a n  A g r i c u l t u r e
T B L - N P V  h e a d e r  r e s u l t s  a r e  l o w ,  b u t  t h e r e  a r e  c o n s i d e r a b l e  t r i p l e - b o t t o m -
l i n e  ( T B L )  r e t u r n s  p e r  s q u a r e  f o o t  o f  m u n i c i p a l  l a n d  c o n v e r t e d  t o  u r b a n
f a r m i n g .  T B L - N P V  r e t u r n s  f o r  E n e r g y  B e n c h m a r k i n g  a r e  t h e  h i g h e s t  g i v e n
t h e  l o w  c o s t  a n d  l a r g e  s c o p e  o f  m u l t i f a m i l y  a n d  c o m m e r c i a l  b u i l d i n g s
c o v e r e d  b y  t h e  p o l i c y ,  b u t  r e t u r n s  p e r  s q u a r e  f o o t  a r e  t h e  l o w e s t  w h e n
c o m p a r e d  t o  t h e  o t h e r  t w o  p o l i c y  i n i t i a t i v e s .
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3 .3 T B L -C BA R e s u l t s
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T h e  i m p a c t  o f  a  w h i t e  r o o f  p o l i c y  d e p e n d s  o n  t h e  a s s u m e d  s c e n a r i o .
I m p l e m e n t i n g  t h e  ‘ U n d e r  1  R o o f ’  p r o g r a m  a c r o s s  a l l  n e w  c o n s t r u c t i o n  b y
r e q u i r i n g  w h i t e  r o o f s  a n d  e n e r g y  b a r r i e r s ,  g i v e s  a  T B L - B C R  o f  0 . 7 9 .  T h i s
p o l i c y  h a s  a  T B L - N P V  o f  - $ 3 7 6 . 3  m i l l i o n ,  a s  t h e  c o s t s  o f  i n s t a l l i n g  t h e
e n e r g y  b a r r i e r  a r e  n o t  o f f s e t  b y  a c a d e m i c a l l y  d e r i v e d  r e d u c e d  e n e r g y  u t i l i t y
r a t e s  a n d  e n v i r o n m e n t a l  e m i s s i o n s .  T h e  a l t e r n a t i v e  s c e n a r i o  i s  a  m a n d a t e
o f  o n l y  w h i t e  s h i n g l e s  f o r  n e w  c o n s t r u c t i o n ,  w h i c h  i n v o l v e s  n o  a d d e d  c o s t
t o  t h e  b u i l d e r ,  a n d  g i v e s  s o c i a l  a n d  e n v i r o n m e n t a l  b e n e f i t s  o f  $ 5 3 3 . 9
m i l l i o n .  S i n c e  t h e r e  i s  n o  c o s t  f o r  t h i s  s c e n a r i o  a s  t h e  n e t  o f  t h e  d e s i g n
c a s e  a n d  b a s e  c a s e  s h i n g l e  i s  z e r o ,  t h e r e  i s  n o  B C R  r a t i o .  E l e c t r i c  V e h i c l e
R e a d y  p o l i c i e s  a r e  a l s o  p r o f i t a b l e  a c r o s s  T B L  i m p a c t s ,  w i t h  a  T B L - B C R  o f
1 . 7 5  i n  t h e  E V  b u i l d i n g  c o d e  s c e n a r i o  a l o n e ,  a n d  i m p r o v i n g  t o  1 . 7 8  w h e n
i n c l u d i n g  t h e  T O U  r a t e  s c e n a r i o .  T h e  T B L - N P V  o f  t h e s e  t w o  s c e n a r i o s  i s
$ 7 0 . 3  m i l l i o n  a n d  $ 7 2 . 3  m i l l i o n  r e s p e c t i v e l y .  P V  R o o f  R e a d i n e s s  p o l i c i e s
h a v e  a  l o w e r  r e t u r n ,  w i t h  a  T B L - B C R  o f  1 . 0 2  a n d  a  T B L - N P V  o f  $ 1 2 . 6  m i l l i o n .

O n  a  p e r  h o m e  b a s i s ,  t h e  E V  R e a d y  b u i l d i n g  c o d e  h a s  t h e  h i g h e s t  T B L - N P V s
o f  o v e r  $ 3 0 0 0  i n  r e t u r n s  f o r  b o t h  s c e n a r i o s .  T h e  W h i t e  R o o f  p o l i c y  i n  t h e
s h i n g l e s  o n l y  s c e n a r i o  i s  t h e  s e c o n d  m o s t  p r o f i t a b l e ,  s h o w i n g  a  $ 3 0 0 0  p e r
h o m e  b e n e f i t  w i t h  n o  c o s t s .  P V  r o o f  r e a d i n e s s  f o l l o w s  w i t h  a  m o d e s t  T B L -
N P V  r e t u r n  p e r  h o m e  o f  $ 1 6 5 .  G i v e n  t h e  h i g h  i n i t i a l  r o o f  r e a d i n e s s  c o s t s  f o r
a l l  n e w  b u i l d i n g s ,  t h i s  p r o g r a m  i n c e n t i v i z e s  s u b s t a n t i a l  P V  s y s t e m  a d o p t i o n
t o  b e c o m e  a  w o r t h w h i l e  i n v e s t m e n t .  T h e  l o w e s t  r e t u r n  i s  t h e  T B L - N P V  l o s s
p e r  h o m e  o f  $ 2 3 0 0  f o r  t h e  w h i t e  r o o f  w i t h  a n  e n e r g y  b a r r i e r  p o l i c y ,  w h i c h  i s
n o t  p o s i t i v e  g i v e n  t h e  h i g h  l a b o r  c o s t s  o f  i n s t a l l a t i o n  a n d  m o d e r a t e  e n e r g y
s a v i n g s .
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TABLE  2 .  SAN  ANTONIO  SUSTAINABIL ITY  POLICY  RESULTS
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T h i s  a n a l y s i s  i n v e s t i g a t e s  s e v e r a l  o p t i o n s  f o r  o p t i m a l  p o l i c y  d e c i s i o n s
b a s e d  o n  n e t  p r e s e n t  v a l u e  a n d  b e n e f i t - c o s t  r a t i o .  T h e  c o s t s  a n d  b e n e f i t s
o f  t h e  s i x  p o l i c i e s  a n d  1 0  s c e n a r i o s  a r e  s u m m a r i z e d  i n  T a b l e  3 .  C o s t s  a r e
r e p r e s e n t a t i v e  o f  t h e  t o t a l  l i f e  c y c l e  c o s t s  a c c r u e d  o v e r  t h e  p r o j e c t
d u r a t i o n .
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TABLE  3 .  SAN  ANTONIO  SUSTAINABIL ITY  POLICY  SUMMARY  TBL -CBA  SUMMARY  METRICS



4 . T B L -C BA

M e t h o d s a n d

R e s u l t s
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S A  C l i m a t e  R e a d y  i d e n t i f i e s  t h e  r e d u c t i o n  o f  b u i l d i n g  e n e r g y  c o n s u m p t i o n
a s  a  d r i v e r  f o r  a c h i e v i n g  o u r  c o m m u n i t y ’ s  c l i m a t e  g o a l s ,  n o t i n g  t h a t  4 8 %  o f
S a n  A n t o n i o ’ s  G H G  e m i s s i o n s  c o m e  f r o m  b u i l d i n g s  a n d  o v e r  h a l f  o f  t h a t
e n e r g y  u s e  ( 2 7 % )  i s  a t t r i b u t e d  t o  c o m m e r c i a l  a n d  i n d u s t r i a l  b u i l d i n g s
s p e c i f i c a l l y .  T o  r e a c h  t h e  g o a l  o f  c a r b o n  n e u t r a l i t y  b y  2 0 5 0 ,  e m i s s i o n s
c o n t r i b u t e d  b y  t h e  b u i l d i n g  e n e r g y  s e c t o r  m u s t  b e  r e d u c e d  4 1 %  b y  2 0 3 0  a n d
7 4 %  b y  2 0 4 0 .  T h e  C i t y  a l r e a d y  o v e r s e e s  s e v e r a l  s u c c e s s f u l  p r o g r a m s  t o
a d v a n c e  l o c a l  e n e r g y  e f f i c i e n c y  i n  t h e  c o m m u n i t y .  W i t h  a  l o n g  l e g a c y  o f
p r i o r i t i z i n g  e n e r g y  e f f i c i e n c y  i n  o p e r a t i o n s ,  b e n c h m a r k i n g  r e p r e s e n t s  t h e
f o u n d a t i o n  f o r  t h e  C i t y ’ s  p r o g r e s s  i n  a d v a n c i n g  e f f i c i e n c y .

D e c a r b o n i z a t i o n  o f  t h e  b u i l d i n g  s t o c k  r e m a i n s  a  c r i t i c a l  a s p e c t  t o
m i t i g a t i n g  c l i m a t e  c h a n g e  a n d  s h o u l d  b e  a t  t h e  f o r e f r o n t  o f  s o l u t i o n s  t o
r e d u c i n g  c a r b o n  e m i s s i o n s .  I n  r e s p o n s e ,  S A  C l i m a t e  R e a d y  i d e n t i f i e s  a
p o l i c y  t h a t  w o u l d  r e q u i r e  t h e  e n e r g y  b e n c h m a r k i n g  o f  c o m m e r c i a l  a n d
m u l t i f a m i l y  b u i l d i n g s  o v e r  5 0 , 0 0 0  s q u a r e  f e e t  ( s q  f t )  t o  r e p o r t  t h e i r  e n e r g y
u s e  i n t e n s i t y  ( E U I )  o r  t h e i r  e n e r g y  s t a r  s c o r e  v i a  t h e  U . S .  E P A ’ s  E N E R G Y
S T A R ®  P o r t f o l i o  M a n a g e r ®  t o o l .
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4 .1 E n e r gy

B e n c h m a r k i n g

f o r C o m m e r c i a l

a n d M u l t i f a m i ly

B u i l d i n g s

4 .1 . 1  O v e r v i ew
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T h i s  i n t e n s i t y  v a l u e  i s  c a l c u l a t e d  a s  a  f u n c t i o n  o f  t h e  b u i l d i n g s  e n e r g y  u s e
( i n  k W h )  d i v i d e d  b y  t h e  f l o o r s p a c e  o f  t h e  s t r u c t u r e  ( i n  s q  f t )  t o  g i v e  a  r a t i o
o f  ( k W h  /  s q  f t ) ,  w h i c h  c a n  b e  i n t e r p r e t e d  a s  t h e  i n c r e m e n t a l  a m o u n t  o f
e n e r g y  u s a g e  r e q u i r e d  f o r  a n  a d d i t i o n a l  u n i t  o f  a r e a  i n  t h e  b u i l d i n g .  T h i s
c o m m o n  m e t r i c  a l l o w s  b u i l d i n g s  t o  b e  c o m p a r e d  o n  a n  e q u a l  f o o t i n g  a n d
i n c e n t i v i z e s  b u i l d i n g  o w n e r s / o p e r a t o r s  t o  i n v e s t i g a t e  h o w  t h e i r  b u i l d i n g
r a n k s  r e l a t i v e  t o  a  p o r t f o l i o  o f  c o m p a r a b l e  b u i l d i n g s  w i t h  s i m i l a r  s i z e  a n d
o c c u p a t i o n a l  c h a r a c t e r i s t i c s .

I n  a d d i t i o n  t o  c o m m e r c i a l  b u i l d i n g s ,  t h i s  p o l i c y  i s  a l s o  i n t e n d e d  t o  a p p l y  t o
a l l  e x i s t i n g  a n d  n e w  m u l t i f a m i l y  r e s i d e n t i a l  b u i l d i n g s  w i t h i n  S a n  A n t o n i o .
D a t a  f r o m  t h e  T e x a s  D e m o g r a p h e r ’ s  O f f i c e  w a s  u s e d  t o  c o l l e c t  c u r r e n t
v a l u e s  a n d  t o  f o r e c a s t  f u t u r e  h o m e  c o n s t r u c t i o n  i n  B e x a r  C o u n t y .  I n i t i a l
2 0 1 9  s i n g l e - f a m i l y  a n d  m u l t i - f a m i l y  h o m e  s p l i t  w a s  u s e d  t o  l i n e a r l y  f o r e c a s t
2 0 3 0  a n d  2 0 4 0  h o u s e h o l d  n u m b e r s  ( E c o n o m i c  P l a n n i n g  &  S y s t e m s ,  2 0 1 5 ) .
S i m i l a r l y ,  f o r  c o m m e r c i a l  b u i l d i n g  s p a c e s ,  c u r r e n t  b u i l d i n g  i n v e n t o r y  a n d
d i s t r i b u t i o n s  a c r o s s  b u i l d i n g  a r e a s  ( s q  f t )  w e r e  u s e d  t o  f o r e c a s t  f u t u r e
c o m m e r c i a l  b u i l d i n g  g r o w t h  -  a s s u m e d  t o  b e  a n  a n n u a l  g r o w t h  r a t e  o f  2 . 4 %
( E c o n o m i c  P l a n n i n g  &  S y s t e m s ,  2 0 1 5 ) .  T o  a c h i e v e  m e a n i n g f u l  a n d
s u s t a i n a b l e  e n e r g y  r e d u c t i o n s  b u i l d i n g  o w n e r s  a n d  o p e r a t o r s  a r e  e x p e c t e d
t o  u n d e r g o  s o m e  l e v e l  o f  o p e r a t i o n a l  a n d / o r  c a p i t a l  i m p r o v e m e n t s  t o  t h e i r
b u i l d i n g s  t o  m e e t  t h e  p r o j e c t e d  E U I  r e d u c t i o n s  a t t r i b u t a b l e  t o  t h e  e n e r g y
b e n c h m a r k i n g  p o l i c y .  T h e  a c t  o f  r e p o r t i n g  a n n u a l  e n e r g y  c o n s u m p t i o n  w i l l
n o t  i n  i t s e l f  d r i v e  e n e r g y  r e d u c t i o n s .  H o w e v e r ,  i t  i s  t h e  f i r s t  s t e p  i n
u n d e r s t a n d i n g  h o w  d i f f e r e n t  c o m p o n e n t s  o f  a  b u i l d i n g ' s  e f f i c i e n c y  s t a c k  u p
r e l a t i v e  t o  i t s  p e e r  g r o u p .  W h e n  b u i l d i n g  o w n e r s  a r e  p r e s e n t e d  w i t h
i n f o r m a t i o n  a b o u t  t h e  a d d i t i o n a l  e n e r g y  c o s t s  i n c u r r e d  f o r  b u i l d i n g
o p e r a t i o n s ,  i t  i s  e x p e c t e d  o f  o w n e r s  a n d  o p e r a t o r s  t o  a c t  o n  t h i s
i n f o r m a t i o n  a n d  a d d r e s s  e f f i c i e n c y  s o l u t i o n s  t h r o u g h  b u i l d i n g  i n v e s t m e n t s .
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O t h e r  m u n i c i p a l i t i e s  a c r o s s  t h e  c o u n t r y  h a v e  a l r e a d y  e n a c t e d  s i m i l a r  e n e r g y
b e n c h m a r k i n g  p o l i c i e s  ( I M T ,  2 0 2 0 ) ,  a n d  r e p o r t e d  s i g n i f i c a n t  f i n a n c i a l ,
s o c i a l ,  a n d  e n v i r o n m e n t a l  b e n e f i t s  a c c r u i n g  t o  l o c a l  c o m m u n i t i e s  i n  t h e
f o r m  o f  u t i l i t y  r a t e  s a v i n g s  a n d  a v o i d e d  g r i d - a s s o c i a t e d  e m i s s i o n s .  B u i l d i n g
o w n e r s  a n d  o p e r a t o r s  a r e  e x p e c t e d  t o  a c c r u e  f i n a n c i a l  c o s t  s a v i n g s  i n  t h e
f o r m  o f  r e d u c e d  a n n u a l  u t i l i t y  b i l l s .  T h e  d e c r e a s e  i n  e l e c t r i c i t y  u s a g e  f r o m
c o m m e r c i a l  a n d  m u l t i f a m i l y  b u i l d i n g s  a l s o  d r i v e s  r e d u c t i o n s  i n  g r i d
e m i s s i o n s  f o l l o w i n g  t h e  p r o j e c t i o n s  o u t l i n e d  b y  C P S  E n e r g y ’ s  F l e x P a t h
e m i s s i o n  f a c t o r s .   F l e x P a t h  e m i s s i o n s  a r e  C P S  E n e r g y ’ s  f o r e c a s t  f o r  f u t u r e
g r i d  e m i s s i o n s  w h i c h  t a k e s  i n t o  c o n s i d e r a t i o n  p l a n n e d  a c t i o n  a n d  c l i m a t e
c h a n g e ,  s u c h  a s  t h e  r e d u c t i o n  i n  p o l l u t i n g  g e n e r a t i n g  m e t h o d s  a n d  s h i f t s  t o
m o r e  s u s t a i n a b l e  s o u r c e s  o f  s o l a r ,  w i n d ,  a n d  n a t u r a l  g a s  p o w e r .  E m i s s i o n
f a c t o r s  ( p e r  k W h )  a r e  m o n e t i z e d  b y  t h e i r  r e s p e c t i v e  s o c i a l  c o s t s ,  w i t h  C O 2
e m i s s i o n s  m o n e t i z e d  b y  v a l u e s  o f  c a r b o n  d e v e l o p e d  f r o m  t h e  I n t e r a g e n c y
W o r k i n g  G r o u p  ( 2 0 1 6 ) ,  f o r e c a s t e d  f r o m  2 0 2 0  t o  2 0 5 0 .  N O x  a n d  S O 2  s o c i a l
c o s t s  a r e  d e v e l o p e d  b y  H e o  e t  a l .  ( 2 0 1 6 )  a n d  t h e  U S D O T  ( 2 0 1 5 ) .

T h e  T B L - N P V  o f  t h e  e n e r g y  b e n c h m a r k i n g  p o l i c y  p r o p o s a l  i s  e s t i m a t e d  t o
a c c r u e  o v e r  $ 1 . 6  b i l l i o n  i n  b e n e f i t s  o v e r  a  3 0  y e a r  o p e r a t i o n a l  p e r i o d ,
d i s c o u n t e d  a t  a  r e a l  r a t e  o f  3 %  ( T a b l e  4 ) .  B e n c h m a r k i n g  c o m p l i a n c e  c o s t s
f a c e d  b y  b u i l d i n g  o w n e r s  a n d  o p e r a t o r s  i s  e x p e c t e d  t o  a m o u n t  t o  o v e r  $ 1 1
m i l l i o n ,  r e f l e c t i n g  t h e  c o s t s  i n c u r r e d  f o r  d i s c l o s i n g  b u i l d i n g  p e r f o r m a n c e .
M u n i c i p a l  a d m i n i s t r a t i o n  c o s t s  a r e  e s t i m a t e d  t o  b e  a p p r o x i m a t e l y  $ 2 . 8
m i l l i o n  a n d  a c c o u n t s  f o r  t h e  s t a f f i n g  r e q u i r e m e n t s  p r e -  a n d  p o s t - p o l i c y
i m p l e m e n t a t i o n .  M e a s u r e m e n t  a n d  v e r i f i c a t i o n  c o s t s  a r e  e x p e c t e d  t o  t o t a l
o v e r  $ 1 6 7  m i l l i o n  r e f l e c t i n g  t h e  c o s t s  i n c u r r e d  f o r  v e r i f y i n g  t h e  e n e r g y
p e r f o r m a n c e  o f  t h e  e f f i c i e n c y  i n v e s t m e n t s .  C a p i t a l  a n d  o p e r a t i o n a l
i n v e s t m e n t s  a r e  c a t e g o r i z e d  a s  t h e  e f f i c i e n c y  i n v e s t m e n t s  i n d u c e d  f r o m  t h e
b e n c h m a r k i n g  p o l i c y  a n d  a r e  e s t i m a t e d  t o  c o s t  b u i l d i n g  o w n e r s / o p e r a t o r s  a
c o m b i n e d  t o t a l  o f  a p p r o x i m a t e l y  $ 2 5 0  m i l l i o n .

T h e  l a r g e s t  b e n e f i t  e x p e c t e d  f r o m  t h e  b e n c h m a r k i n g  p o l i c y  p r o p o s a l  s t e m s
f r o m  u s e r  r a t e  s a v i n g s  f r o m  a v o i d e d  e l e c t r i c i t y  u s e ,  a n d  i s  e s t i m a t e d  a t
o v e r  $ 1 . 6  b i l l i o n .  R e d u c t i o n s  i n  e n e r g y  u s e  f r o m  t h e  g r i d  a l s o  d r i v e s
r e d u c t i o n s  i n  e m i s s i o n s  a s s o c i a t e d  w i t h  e l e c t r i c i t y  g e n e r a t i o n .  T h e  a v o i d e d
e l e c t r i c i t y  u s e  t r a n s l a t e s  t o  r o u g h l y  $ 3 1 6  m i l l i o n  i n  c a r b o n  e m i s s i o n s
a v o i d e d  a n d  o v e r  $ 7 0  m i l l i o n  i n  o t h e r  a i r  p o l l u t a n t  r e d u c t i o n s .  M o r e
s p e c i f i c a l l y ,  c a r b o n  e m i s s i o n  r e d u c t i o n s  f r o m  e n e r g y  b e n c h m a r k i n g  i s
e s t i m a t e d  t o  a v o i d  2 . 6  m i l l i o n  t o n s  b y  2 0 3 0 ;  4 . 7  m i l l i o n  t o n s  b y  2 0 4 0 ;  a n d
o v e r  6 . 5  m i l l i o n  t o n s  b y  t h e  c u l m i n a t i o n  o f  t h e  C i t y ’ s  c a r b o n  n e u t r a l i t y  g o a l
i n  2 0 5 0  ( F i g u r e  5 ) .
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4 .1 .2  R e s u l t s
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T h i s  p o l i c y  h a s  a  T B L - B C R  o f  4 . 7 8 ,  w h i c h  c a n  b e  i n t e r p r e t e d  a s  g e n e r a t i n g
$ 4 . 7 8  i n  b e n e f i t s  t o  t h e  c o m m u n i t y ,  f o r  e v e r y  $ 1  s p e n t  i n  c o s t s  a s s o c i a t e d
w i t h  t h e  p o l i c y .

COST -BENEFIT  ANALYSIS  -  EXECUTIVE  SUMMARY  |  34

TABLE  4 .  TBL -NPV  COMMERCIAL  &  MULTIFAMILY  BUILDING  BENCHMARKING  POLICY  RESULTS

FIGURE  5 .  CUMULATIVE  EMISSIONS  REDUCTIONS  FROM  ENERGY  BENCHMARKING  POLICY



W h i t e  r o o f s  a r e  a n  i n n o v a t i v e  a n d  s i m p l e  w a y  t o  g e n e r a t e  u r b a n
e n v i r o n m e n t  b e n e f i t s  b y  l o w e r i n g  a v e r a g e  h e a t  a c r o s s  a  c i t y  a n d  w i t h i n
h o m e s .  T h e  b e n e f i t s  o f  a  w h i t e  r o o f s  p o l i c y  f o r  n e w  c o n s t r u c t i o n  m a n i f e s t
a l o n g  t w o  s t r e a m s :  1 )  U r b a n  H e a t  I s l a n d  ( U H I )  r e d u c t i o n ;  m e a s u r a b l e
d e c r e a s e s  i n  m o r t a l i t y  a n d  m o r b i d i t y  f r o m  h e a t  r e l a t e d  h e a l t h  e v e n t s ,  a n d
2 )  h o m e  e n e r g y  u s e ;  w h i c h  r e d u c e s  u t i l i t y  r a t e  b i l l s  a n d  e n v i r o n m e n t a l
e m i s s i o n s  f r o m  a v o i d e d  e n e r g y  p r o d u c t i o n .  T h e r e  a r e  r e s i d u a l  c o s t s
r e c u p e r a t e d  a s  a  b e n e f i t  c a t e g o r y .  W i t h  a  l i f e s p a n  o f  2 5  y e a r s ,  t h e  m a j o r i t y
o f  t h e  b e n e f i t s  f r o m  e a c h  i n v e s t m e n t  i s  n o t  f u l l y  r e a l i z e d  a n d  f o r  h o m e s
b u i l t  l a t e r  i n  t h e  s t u d y  p e r i o d  s u b s t a n t i a l  b e n e f i t s  a r e  n o t  r e a l i z e d .  R e s i d u a l
v a l u e  a c c o u n t s  f o r  t h i s  d i s c r e p a n c y  b e t w e e n  c o s t s  a n d  b e n e f i t s .  T h i s  p o l i c y
i s  i n t e n d e d  t o  a p p l y  t o  a l l  n e w  r e s i d e n t i a l  c o n s t r u c t i o n  w i t h i n  S a n  A n t o n i o .
D a t a  f r o m  t h e  T e x a s  D e m o g r a p h e r ’ s  O f f i c e  o n  p o p u l a t i o n  g r o w t h  o v e r  t h e
s t u d y  p e r i o d  w a s  u s e d  t o  f o r e c a s t  f u t u r e  s i n g l e - f a m i l y  h o m e  c o n s t r u c t i o n  i n
B e x a r  C o u n t y .

D e t a i l s  o f  t h i s  p r o p o s e d  p o l i c y  f o l l o w  o n  d a t a  g a t h e r e d  f o r  t h e  ‘ U n d e r  1
R o o f ’  p r o g r a m ,  a  S a n  A n t o n i o  i n i t i a t i v e  u n d e r  w h i c h  l o w  i n c o m e  h o u s e h o l d s
a r e  g i v e n  t h e  o p p o r t u n i t y  t o  r e p l a c e  w o r n  a n d  a g i n g  r o o f s  w i t h  n e w  e n e r g y
e f f i c i e n t  r o o f s .  I n  2 0 2 0  t h i s  p r o g r a m  w i l l  m o d e r n i z e ,  r e p a i r ,  a n d  r e p l a c e
o v e r  5 0 0  r o o f s  o f  q u a l i f y i n g  h o m e s  w i t h  w h i t e  s h i n g l e s .  P a r t  o f  t h e  p r o g r a m
c o s t s  a l s o  i n c l u d e  a n  e n e r g y  i n s u l a t i o n  l a y e r  t o  i n c r e a s e  e n e r g y  e f f i c i e n c y ,
w h i c h  i s  a  g r e a t e r  e x p e n s e  a s  l a b o r  c o s t s  f o r  t h i s  i n s t a l l a t i o n  a r e  h i g h .  T h e
p r o g r a m  i s  a i m e d  a t  r e f u r b i s h i n g  a n d  r e n o v a t i n g  t h e  r o o f s  o f  l o w - i n c o m e
h o u s e h o l d s  i n  n e e d  o f  r e p a i r s ,  w i t h  t h e  a d d i t i o n  o f  t h e  e n e r g y  i n s u l a t i o n  a s
a n  e n e r g y  u s e  i n t e n s i t y  r e d u c t i o n  m e a s u r e  a n d  l i v a b i l i t y  i m p r o v e m e n t .  T h i s
a n a l y s i s  i s  o n l y  f r o m  t h e  p e r s p e c t i v e  o f  w h i t e  r o o f  a d d i t i o n ,  a n d  i t s  e f f e c t
o n  e n e r g y  u s e  a n d  u r b a n  h e a t  i s l a n d .  B e n e f i t s  t o  h o u s e h o l d s  i n  t h e  f o r m  o f
r e t a i n i n g  a n d  r e p a i r i n g  t h e i r  h o m e  w h i c h  t h e  ‘ U n d e r  1  R o o f ’  p r o g r a m
p r o v i d e s  a r e  n o t  a n a l y z e d  i n  t h i s  r e p o r t .
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D e t a i l s  o f  a n  a l t e r n a t i v e  p o l i c y  f o l l o w  d i s c u s s i o n s  o n  t h e  l o w e s t  n e t  c o s t
p o l i c y  p o s s i b l e  w i t h  c o n s i d e r a b l e  b e n e f i t s  f o r  t h e  c i t y .  T h e  m o d i f i e d
b u i l d i n g  c o n s t r u c t i o n  p o l i c y  r e q u i r e s  o n l y  w h i t e  r o o f  s h i n g l e s  ( w i t h o u t  t h e
e n e r g y  i n s u l a t i o n  l a y e r )  i n s t e a d  o f  b l a c k  s h i n g l e s ,  w h i c h  p r o v i d e s  s o c i a l ,
e n v i r o n m e n t a l ,  a n d  f i n a n c i a l  b e n e f i t s  f o r  n o  i n c r e m e n t a l  c o s t .  C o n s t r u c t i o n
c o m p a n i e s  a d v i s e  t h a t  t h e r e  i s  n o  i n c r e m e n t a l  c o s t  o f  i n s t a l l a t i o n  f o r  a
w h i t e  r o o f  s h i n g l e  v s .  a  b l a c k  r o o f  s h i n g l e  a l o n e .  S i n c e  t h i s  i s  a n
i n c r e m e n t a l  a n a l y s i s ,  o v e r  a  d o - n o t h i n g  s c e n a r i o  t h e r e  a r e  z e r o  n e t
c o n s t r u c t i o n  c o s t s .  T h e  b e n e f i t  c a t e g o r i e s  r e m a i n  t h e  s a m e .  S i m i l a r  l o w -
c o s t  p r o g r a m s  a r e  i m p l e m e n t e d  b y  N e w  Y o r k ,  w i t h  t h e  ‘ N Y C  C o o l R o o f s ’
i n i t i a t i v e .  I n c e n t i v e s  a r e  o f f e r e d  f o r  a p p l y i n g  w h i t e  p a i n t  f o r  f l a t  r o o f s  w i t h
p a r a p e t s  o n  c i t y  b u i l d i n g s .  T h i s  c a n  b e  a n  e a s i l y  r e p l i c a t e d  m e a s u r e  f o r
u r b a n  h o u s i n g  w i t h  l a r g e  U H I  a n d  E n e r g y  U s e  I n t e n s i t y  ( E U I )  r e d u c t i o n
p o t e n t i a l .  H o w e v e r ,  m o d e l i n g  s u c h  a  p o l i c y  s h o u l d  c o n s i d e r  p a i n t  r e -
a p p l i c a t i o n  a n d  p o t e n t i a l  p o l l u t i o n  f r o m  d e g r a d i n g  p a i n t .

A  p o l i c y  o f  r e q u i r i n g  w h i t e  r o o f s  a n d  e n e r g y  i n s u l a t i o n  f o r  n e w  c o n s t r u c t i o n
g i v e s  a  n e g a t i v e  T B L - N P V  ( T a b l e  5 ) .  T h e  n e t  p r e s e n t  v a l u e  i s  - $ 3 7 6 . 3
m i l l i o n ,  w i t h  a  T B L - B C R  o f  0 . 7 9 .  T h e  B C R  c a n  b e  i n t e r p r e t e d  a s  g e n e r a t i n g
$ 0 . 7 9  i n  b e n e f i t s  t o  t h e  c o m m u n i t y ,  f o r  e v e r y  $ 1  s p e n t  i n  c o s t s  a s s o c i a t e d
w i t h  t h e  p o l i c y .  C u m u l a t i v e  g r i d  e m i s s i o n  r e d u c t i o n s  a r e  e s t i m a t e d  t o  b e
2 1 1 , 8 0 0  t o n s  o f  c a r b o n  b y  2 0 3 0 ;  5 4 5 , 6 0 0  t o n s  b y  2 0 4 0 ;  a n d  9 8 1 , 1 0 0  t o n s  b y
2 0 5 0  ( F i g u r e  6 ) .  T h e  m a j o r i t y  o f  t h e  b e n e f i t s  c o m e  f r o m  t h e  r e s i d u a l  v a l u e
o f  t h e  r o o f ,  w i t h  $ 6 4 1  m i l l i o n  i n  c a p i t a l  c o s t s  r e t u r n e d .  T h e  n e x t  h i g h e s t
c a t e g o r y  i s  U H I  m o r t a l i t y  r e d u c t i o n ,  w i t h  v a l u e  o f  s t a t i s t i c a l  l i f e  ( V S L )
r e l a t e d  b e n e f i t s  o f  $ 3 9 4 . 5  m i l l i o n  s t e m m i n g  f r o m  t h e  w h i t e  r o o f  c o m p o n e n t .
T h e s e  b e n e f i t s  c a n n o t  s u r p a s s  t h e  s u b s t a n t i a l  c o s t s  o f  e n e r g y  i n s u l a t i o n
i n s t a l l a t i o n ,  w h i c h  i s  l a b o r  i n t e n s i v e  a n d  p r o v i d e s  m o d e s t  b e n e f i t s  i n  t e r m s
o f  u t i l i t y  r a t e  s a v i n g s  a t  $ 3 6 5 . 2  m i l l i o n .  E n v i r o n m e n t a l  b e n e f i t s  f r o m  c a r b o n
r e d u c t i o n  a m o u n t  t o  $ 4 1 . 7  m i l l i o n .

T h e  p o l i c y  o f  m a n d a t i n g  o n l y  w h i t e  r o o f  s h i n g l e s  f o r  n e w  c o n s t r u c t i o n  g i v e s
b e n e f i t s  o f  $ 5 3 3 . 9  m i l l i o n  ( T a b l e  6 ) .  T h e r e  i s  n o  r e s i d u a l  v a l u e  i n  t h i s
a n a l y s i s  w h e r e  t h e  i n c r e m e n t a l  c o s t  i s  z e r o .  C u m u l a t i v e  g r i d  e m i s s i o n
r e d u c t i o n s  a r e  e s t i m a t e d  t o  b e  6 9 , 9 0 0  t o n s  o f  c a r b o n  b y  2 0 3 0 ;  1 8 0 , 0 0 0  t o n s
b y  2 0 4 0 ;  a n d  3 2 3 , 8 0 0  t o n s  b y  2 0 5 0  ( F i g u r e  7 ) .  T h e  l a r g e s t  c o n t r i b u t o r  i s
U H I  m o r t a l i t y  r e d u c t i o n ;  t h e  s a m e  b e n e f i t s  o f  $ 3 9 4 . 5  m i l l i o n  s t e m m i n g  f r o m
t h e  w h i t e  r o o f  c o m p o n e n t  o f  t h e  p r e v i o u s  p o l i c y .  
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E n e r g y  u s e  r e d u c t i o n  i s  l o w e r ,  a n d  h a s  a  u t i l i t y  b e n e f i t  o f  $ 1 2 0 . 5  m i l l i o n
a n d  C O 2  r e d u c t i o n  e n v i r o n m e n t a l  b e n e f i t s  o f  $ 1 3 . 8  m i l l i o n .  T h e s e  b e n e f i t s
a r e  s t i l l  p r e s e n t  d u e  t o  t h e  p r e s e n c e  o f  i n s u l a t i o n  f r o m  a  r o o f  c o l o r  c h a n g e
a l o n e .  T h o u g h  t h e  b e n e f i t s  i n  d o l l a r s  m a y  b e  h i g h e r  f o r  t h e  s h i n g l e s - o n l y
p o l i c y ,  t h e  s o c i a l  b e n e f i t s  a n d  c u m u l a t i v e  e m i s s i o n s  r e d u c t i o n s  a r e
s i g n i f i c a n t l y  r e d u c e d .  T h e  t e m p e r a t u r e  d a t a  u s e d  t o  r u n  t h e  u r b a n  h e a t
i s l a n d  b e n e f i t s  i s  s o u r c e d  f r o m  t h e  C a n a d i a n  C e n t r e  f o r  C l i m a t e  M o d e l l i n g
a n d  A n a l y s i s  ( 2 0 1 7 ) .  T h e  R e p r e s e n t a t i v e  C o n c e n t r a t i o n  P a t h w a y  4 . 5  ( R C P
4 . 5 )  i s  a  m i l d  c l i m a t e  s c e n a r i o  w h e r e  g l o b a l  a c t i o n  o n  c l i m a t e  c h a n g e
r e s u l t s  i n  e m i s s i o n  r a t e s  t o  p e a k  a r o u n d  2 0 4 0 ,  t h e n  b e g i n  t o  d e c l i n e .
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T h e  C i t y  o f  S a n  A n t o n i o  i s  e v a l u a t i n g  a  n e w  b u i l d i n g  c o d e  p o l i c y  t h a t  w o u l d
r e q u i r e  n e w l y  c o n s t r u c t e d  r e s i d e n t i a l  b u i l d i n g s  t o  h a v e  E V  a n d  p l u g - i n
h y b r i d  e l e c t r i c  v e h i c l e  ( P H - E V )  c h a r g e r - r e a d y  p a r k i n g  s p a c e s .  C o m m e r c i a l
b u i l d i n g  c o d e  c h a n g e s  a r e  a l s o  b e i n g  c o n s i d e r e d  b y  t h e  C i t y ,  h o w e v e r ,  a r e
e x c l u d e d  f r o m  t h e  s c o p e  o f  t h i s  a n a l y s i s .  T h e  p o l i c y  d i c t a t e s  t h a t  a l l  n e w
c o n s t r u c t i o n  p e r m i t s  s h o u l d  b e  E V  r e a d y  a n d  c a p a b l e  -  d e f i n e d  a s  h a v i n g
c a p a c i t y  a n d  s p a c e  t o  s u p p o r t  a  m i n i m u m  4 0 - a m p e r e ,  2 4 0 - v o l t  b r a n c h
c i r c u i t  t o  s u p p o r t  f u t u r e  i n s t a l l a t i o n  a n d  u t i l i z a t i o n  o f  E l e c t r i c a l  V e h i c l e
S u p p l y  E q u i p m e n t  ( E V S E ) .  E V  c a p a b l e  p a r k i n g  s p a c e s  a r e  r e q u i r e d  t o  b e
a l l o c a t e d  a  m i n i m u m  o f  2 0 %  o f  a l l  a v a i l a b l e  v e h i c l e  p a r k i n g  s p a c e s
a p p l i c a b l e  t o  b o t h  n e w  c o m m e r c i a l  a n d  m u l t i f a m i l y  r e s i d e n t i a l  c o n s t r u c t i o n
p e r m i t s ,  w h e r e a s  s i n g l e  f a m i l y  d w e l l i n g s  a r e  r e q u i r e d  t o  h a v e  a t  l e a s t  o n e
E V  r e a d y  p a r k i n g  s p a c e  p e r  u n i t .   

T h e  a i m  o f  t h i s  p o l i c y  i s  t o  i n c e n t i v i z e  a n d  p r o m o t e  t h e  f u t u r e  a d o p t i o n  o f
e l e c t r i c  v e h i c l e  c h a r g i n g  i n f r a s t r u c t u r e  b y  l o w e r i n g  t h e  i n s t a l l a t i o n  c o s t s  o f
E V  l e v e l  2  c h a r g e r s ,  a s  c o m p a r e d  t o  t h e  b a s e l i n e  a d o p t i o n  o f  i n t e r n a l
c o m b u s t i o n  e n g i n e  ( I C E )  v e h i c l e s .  B y  r e q u i r i n g  a l l  n e w  b u i l d i n g s  b e
e q u i p p e d  w i t h  E V S E ,  t h i s  p o l i c y  e f f e c t i v e l y  l o w e r s  t h e  c o s t s  t o  E V  a d o p t e r s
a s  t h e y  d o  n o t  n e e d  t o  i n c u r  t h e  f u t u r e  c o s t  o f  r e t r o f i t t i n g  n o n - E V S E  r e a d y
b u i l d i n g s .  T h e r e  a r e  s u b s t a n t i a l  h a r d  a n d  s o f t  c o s t s  i n v o l v e d  i n  r e t r o f i t t i n g
n o n - r e a d y  r e s i d e n c e s ,  o f t e n  r e q u i r i n g  b r e a k i n g  o f  c o n c r e t e  t o  l a y  c o n d u i t
a n d  e l e c t r i c a l  p a n e l  u p g r a d e s .  T h e  s a v i n g s  d i f f e r e n c e  b e t w e e n  t h e  E V  r e a d y
c o n s t r u c t i o n  c o s t  a n d  t h e  r e t r o f i t  c o s t s  f o r  i n s t a l l i n g  c h a r g i n g
i n f r a s t r u c t u r e  i s  t r e a t e d  a s  a  c a s h  s u b s i d y ,  a s s u m e d  t o  p r o m o t e  w i d e - s c a l e
E V  a d o p t i o n  a c r o s s  t h e  C i t y .
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T h e r e  a r e  s e v e r a l  b e n e f i t s  a t t r i b u t e d  t o  E V  a d o p t i o n  t h a t  c a n  b e
d i f f e r e n t i a t e d  b y  f i n a n c i a l ,  s o c i a l ,  a n d  e n v i r o n m e n t a l  i m p a c t s .  F i n a n c i a l
i m p a c t s  s t e m  f r o m  t h e  c o s t  s a v i n g s  i n t r o d u c e d  b y  t h e  r e a d i n e s s  p o l i c y ,
w h i c h  a p p l y  b o t h  t o  i n c e n t i v i z e d  a n d  n o n - i n c e n t i v i z e d  E V  a d o p t e r s .  F o r  t h e
E V  o w n e r s  w h o  w e r e  i n c e n t i v i z e d  t o  b u y  a n  e l e c t r i c  v e h i c l e  f r o m  t h e  p o l i c y ,
t h e r e  a r e  i m p l i e d  b e n e f i t s  t o  t h e  d r i v e r s  s i n c e  E V s  a r e  l e s s  c o s t l y  t o
m a i n t a i n  o n  a n  a n n u a l  b a s i s  w h e n  c o m p a r e d  t o  I C E s .  S i n c e  n e w  h o u s e h o l d s
w o u l d  h a v e  r e a d y  i n f r a s t r u c t u r e  i n  p l a c e  t o  i n s t a l l  a n  E V  c h a r g e r  f r o m  t h e
p o l i c y ,  n o n - i n c e n t i v i z e d  o w n e r s  w o u l d  h a v e  a n  i m p l i e d  c o s t  s a v i n g s  ( o r
b e n e f i t )  w h e n  c o m p a r e d  t o  r e s i d i n g  i n  a  n o n - E V  r e a d y  r e s i d e n c e  -  a v o i d i n g
t h e  h i g h  r e t r o f i t  c o s t s  o f  i n s t a l l i n g  E V S E .

T r a n s p o r t a t i o n  s h i f t s  f r o m  I C E s  t o  E V s  a r e  n e c e s s a r y  f o r  t h e  C i t y  t o  a c h i e v e
i t s  c a r b o n  n e t  n e u t r a l i t y  t a r g e t  b y  2 0 5 0 .  E m i s s i o n s  f r o m  v e h i c l e  m i l e s
t r a v e l e d  m a k e  u p  n e a r l y  3 7 %  o f  t h e  t o t a l  c a r b o n  e m i t t e d  a n n u a l l y  a c r o s s  t h e
c i t y .  A l t h o u g h  E V s  d o  h a v e  e m i s s i o n  f a c t o r s  a s s o c i a t e d  w i t h  t h e  e n e r g y  u s e
d u r i n g  b a t t e r y  c h a r g i n g  c y c l e s ,  t h e  q u a n t i t y  o f  p o l l u t a n t s  r e l e a s e d  i n t o  t h e
a t m o s p h e r e  i s  d i c t a t e d  b y  h o w  “ d i r t y ”  ( o r  f o s s i l  f u e l  d e p e n d e n t )  t h e
c o m p o s i t i o n  o f  t h e  l o c a l  e n e r g y  g r i d  i s .  F o r t u n a t e l y ,  i n  c o n j u n c t i o n  w i t h
p r o g r e s s i v e  g o a l s  s e t  o u t  b y  C P S  E n e r g y  ( t h e  p r i m a r y  u t i l i t y  p r o v i d e r  t o  S a n
A n t o n i o )  i n  t h e i r  ‘ F l e x i b l e  P a t h ’  f o r  t h e  f u t u r e ,  t h e r e  i s  s i g n i f i c a n t  c a r b o n
e m i s s i o n s  r e d u c t i o n  p o t e n t i a l  u n d e r  t h e  p r o p o s e d  E V  r e a d y  b u i l d i n g  p o l i c y .  

T h e  E V  r e a d y  b u i l d i n g  c o d e  p r o p o s a l  i s  e s t i m a t e d  t o  g e n e r a t e  a  T B L - N P V  o f
$ 7 0  m i l l i o n  i n  n e t  b e n e f i t s  o v e r  a  3 0  y e a r  a n a l y s i s  d u r a t i o n ,  d i s c o u n t e d
b a c k  i n t o  t o d a y ' s  d o l l a r s  u s i n g  a  r e a l  r a t e  o f  3 % .  T o t a l  c a p i t a l  e x p e n d i t u r e s
( C A P E X )  r e p r e s e n t  t h e  s o l e  c o s t s  a t t r i b u t e d  t o  t h e  p r o g r a m  a t  $ 9 3  m i l l i o n
w h i c h  r e p r e s e n t s  t h e  c o s t s  o f  t h e  E V  r e a d y  b u i l d i n g  c o d e  i n c u r r e d  t o  a l l
a n n u a l  h o u s e h o l d  p r o j e c t i o n s  a c r o s s  a  3 0  y e a r  p e r i o d .  A s  n o t e d  i n  t h e
o v e r v i e w  s e c t i o n ,  t h e  l e v e l  2  c h a r g e r  c o s t s  t h e m s e l v e s  a r e  a l r e a d y
a c c o u n t e d  f o r  i n  t h e  i n c r e m e n t a l  l i f e  c y c l e  d i f f e r e n c e s  u s e d  t o  c a l c u l a t e  t h e
f i n a n c i a l  s a v i n g s  a c c r u e d  f r o m  E V  /  P H - E V  o w n e r s h i p ,  a n d  t h u s  a r e  n o t
d i r e c t l y  a c c o u n t e d  f o r  a s  a  c o s t  i n  T a b l e  7 .  T h e  m o s t  b e n e f i t s  s t e m  f r o m
f i n a n c i a l  c o s t  s a v i n g s  f r o m  r e t r o f i t  i n s t a l l a t i o n s  o f  E V S E  a t  $ 6 2  m i l l i o n  a n d
t h e  a n n u a l  d i f f e r e n c e  i n  o w n e r s h i p  c o s t s  c o m p a r e d  t o  r e g u l a r  I C E s
e s t i m a t e d  t o  b e  a p p r o x i m a t e l y  $ 3 9  m i l l i o n .  U n s u r p r i s i n g l y ,  d u e  t o  l o w e r
b a s e l i n e  P H - E V  m a r k e t  s h a r e s ,  t h e r e  r e m a i n s  s i g n i f i c a n t  y e t  m u t e d  ( i n
c o m p a r e d  t o  E V s )  t o t a l  b e n e f i t s  o f  o v e r  $ 8  m i l l i o n  t o  P H - E V  o w n e r s .  T h i s  i s
d u e  t o  t h e  f a c t  t h a t  E V s  a r e  p r o j e c t e d  t o  p r o l i f e r a t e  t h e  p a s s e n g e r  v e h i c l e
m a r k e t  a t  a  m u c h  h i g h e r  r a t e  i n  c o m p a r i s o n .
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4 .3 .2  R e s u l t s
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R e d u c t i o n  i n  C O 2  a n d  o t h e r  a i r  p o l l u t a n t s  a r e  e s t i m a t e d  t o  r e t u r n  o v e r  $ 5
m i l l i o n  t o  t h e  e n v i r o n m e n t  o v e r  t h e  p r o j e c t  p e r i o d ,  w h i c h  i s  t h e  s o c i a l  v a l u e
o f  r e d u c e d  e m i s s i o n s  f r o m  3 0  y e a r s  o f  c l e a n e r  t r a n s p o r t a t i o n .  A n
i n c e n t i v i z e d  s h i f t  t o  e l e c t r i c  p a s s e n g e r  v e h i c l e s  i s  e s t i m a t e d  t o
c u m u l a t i v e l y  a v o i d  1 0 , 8 9 6  t o n s  o f  c a r b o n  e m i s s i o n s  b y  2 0 3 0 ;  5 8 , 1 8 1  t o n s
b y  2 0 4 0 ;  a n d  1 5 4 , 4 0 1  t o n s  b y  2 0 5 0  ( F i g u r e  8 ) .

A t  t h e  e n d  o f  t h e  s t u d y  p e r i o d  i n  2 0 5 0 ,  t h e r e  r e m a i n s  r e s i d u a l  v a l u e  o f  t h e
E V S E  r e a d y  i n f r a s t r u c t u r e ,  w h i c h  i s  e x p e c t e d  t o  b e  o v e r  $ 4 6  m i l l i o n  i n
f i n a n c i a l  b e n e f i t s  t o  a l l  n e w  h o m e o w n e r s .  O v e r a l l ,  t h i s  E V  r e a d y  p o l i c y
p r o p o s a l  a c h i e v e s  a  T B L - B C R  r a t i o  o f  1 . 7 5 .  T h i s  v a l u e  c a n  b e  i n t e r p r e t e d  a s
f o r  e v e r y  $ 1  s p e n t  o n  c o n s t r u c t i o n  c o s t  f o r  t h e  E V  i n f r a s t r u c t u r e  r e a d y ,  t h e
p o l i c y  i s  e s t i m a t e d  t o  g e n e r a t e  $ 1 . 7 5  i n  t r i p l e  b o t t o m  l i n e  b e n e f i t s .  S u c h
b e n e f i t s  a r e  a c c r u e d  t o  b o t h  t h e  c o m m u n i t y  a n d  t h e  e n v i r o n m e n t  i n  t h e
f o r m  o f  f i n a n c i a l  s a v i n g s  a n d  r e d u c e d  e m i s s i o n s .  

A n n u a l  p r o j e c t i o n s  o f  t h e  m a r k e t  p e n e t r a t i o n  f o r  b o t h  E V s  a n d  P H - E V s
a c r o s s  t h e  C i t y  o f  S a n  A n t o n i o  a r e  p r e s e n t e d  i n  F i g u r e s  9  a n d  1 0 .  B a s e l i n e
v a l u e s  i n d i c a t e  t h e  p r o p o r t i o n  o f  n o n - i n c e n t i v i z e d  p a s s e n g e r  E V s  a n d  P H -
E V s  t h a t  a r e  e x p e c t e d  t o  a d o p t ,  r e g a r d l e s s  o f  i m p l e m e n t a t i o n  o f  t h e
p r o p o s e d  E V  r e a d y  p o l i c y  i n t e r v e n t i o n .  I n c e n t i v i z e d  h o u s e h o l d s  a r e  d e n o t e d
b y  t h e  o r a n g e  b a r  g r a p h ,  w h i c h  r e p r e s e n t s  t h e  i n c r e a s e d  E V  a n d  P H - E V
a d o p t i o n  a t t r i b u t e d  t o  t h e  E V  r e a d y  b u i l d i n g  c o d e .  V a l u e s  p r e s e n t e d  i n
F i g u r e s  9  a n d  1 0  a r e  r e p r e s e n t a t i v e  o f  t h e  v e h i c l e s  a d o p t e d  b y  n e w
h o u s e h o l d s   s i n c e  t h e  E V  r e a d y  p o l i c y  p r o p o s a l  o n l y  a p p l i e s  t o  n e w  b u i l d s .   
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TABLE  7 .  TBL -NPV  EV  READINESS  CODE  POLICY  RESULTS

FIGURE  8 .  CUMULATIVE  EMISSION  REDUCTIONS  FROM  EV  READINESS  CODE  POLICY
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FIGURE  9 .  EV  READINESS  POLICY  -  PROJECTED  MARKET  PENETRATION  GRAPH

FIGURE  10 .  PH -EV  READINESS  POLICY  -  PROJECTED  MARKET  PENETRATION  GRAPH
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T h e  i n c r e a s e  i n  a d o p t i o n  o f  b o t h  E V s  a n d  P H - E V s  w i l l  i n e v i t a b l y  l e a d  t o
g r e a t e r  d e m a n d  f o r  e l e c t r i c i t y  t h a t  i s  r e q u i r e d  t o  c h a r g e  t h e  b a t t e r y  p a c k s .
W i t h o u t  p r o p e r  p r i c i n g  i n c e n t i v e s ,  s u d d e n  s u r g e s  i n  d e m a n d  c o u l d  l e a d  t o
g r e a t e r  u s a g e  f r o m  t h e  e l e c t r i c i t y  g r i d  f u r t h e r  c o m p o u n d i n g  p e a k  e n e r g y
l o a d s .  I n c r e a s e s  i n  p e a k  e n e r g y  d e m a n d  h a s  s e r i o u s  i m p l i c a t i o n s  f o r  u t i l i t y
p r o v i d e r s  i n  t e r m s  o f  f u t u r e  i n f r a s t r u c t u r e  p l a n n i n g ,  w h i c h  r e q u i r e s  c a r e f u l
i n v e s t m e n t  o f  p e a k  c a p a c i t y  t o  m e e t  t h e  g r o w i n g  d e m a n d .  S u c h
i n f r a s t r u c t u r e  i n v e s t m e n t s  w o u l d  b e  e x p e c t e d  t o  b e  p a s s e d  o n  t o  e n d
c o n s u m e r s  i n  t h e  f o r m  o f  i n c r e a s e d  u t i l i t y  r a t e s  i n  t h e  f u t u r e .  F r o m  a n
e n v i r o n m e n t a l  p e r s p e c t i v e ,  p e a k  e n e r g y  u s a g e  f r o m  t h e  g r i d  i s  a l s o  m o r e
i n t e n s i v e  i n  t h e  e m i s s i o n s  a s s o c i a t e d  w i t h  e l e c t r i c i t y  g e n e r a t i o n  t o  m e e t
s u d d e n  d e m a n d  s p i k e s .  N o t  a l l  p o w e r  p l a n t s  o p e r a t e  a l i k e .  R e n e w a b l e
e n e r g y  s u c h  a s  p h o t o v o l t a i c  s o l a r  p a n e l s  a n d  w i n d  t u r b i n e s  a r e  o n l y
e f f e c t i v e  e n e r g y  s o u r c e s  d u r i n g  o p t i m a l  c o n d i t i o n s ,  a n d  c a n n o t  b e  s i m p l y
s w i t c h e d  ‘ o n ’  t o  m e e t  s u d d e n  d e m a n d  s p i k e s .  F o s s i l  f u e l  p o w e r  p l a n t s ,  s u c h
a s  n a t u r a l  g a s  a n d  c o a l  p l a n t s ,  c a n  b e  c o m m i s s i o n e d  m o r e  r a p i d l y  t o  m e e t
p e a k  d e m a n d  l o a d s .  W i t h o u t  p r o p e r  i n c e n t i v i z a t i o n  s t r u c t u r e s  i m p o s e d  b y
u t i l i t y  p r o v i d e r s ,  i n c r e a s e s  i n  p e a k  e n e r g y  c o n s u m p t i o n  f r o m  E V  a d o p t i o n  i s
e x p e c t e d  t o  d r i v e  u t i l i t y  r a t e s  h i g h e r ,  a n d  r e s u l t  i n  g r e a t e r  e m i s s i o n s  f r o m
t h e  e n e r g y  g r i d .

F o r t u n a t e l y ,  t h e r e  a r e  p r o v e n  e c o n o m i c  m e c h a n i s m s  t h a t  m i t i g a t e  t h e
e x t e r n a l i t i e s  i n d u c e d  b y  i n c r e a s e d  E V  c h a r g i n g  l o a d s .  T i m e  o f  U s e  ( T O U )
r a t e  p r i c i n g  s c h e m e s  c a n  b e  a d o p t e d  b y  u t i l i t y  p r o v i d e r s  t h a t  i n c e n t i v i z e s
c o n s u m e r s  t o  c h a r g e  t h e i r  E V s  d u r i n g  o f f - p e a k  d e m a n d  p e r i o d s  a t  a  r e d u c e d
e n e r g y  r a t e .  S h i f t i n g  c o n s u m e r s  f r o m  p e a k  t o  o f f - p e a k  p e r i o d s  w i l l  m i n i m i z e
t h e  n e e d  f o r  f u t u r e  i n f r a s t r u c t u r e  i n v e s t m e n t s  t o  m e e t  f u t u r e  e n e r g y
d e m a n d .  A d d i t i o n a l l y ,  i n c e n t i v i z e d  r a t e  u s e r s  w i l l  e x p e r i e n c e  a  f i n a n c i a l
b e n e f i t  a c c r u e d  f r o m  u t i l i t y  r a t e  s a v i n g s  f r o m  t h e  T O U  p r i c i n g  i n t e r v e n t i o n .
T h i s  i n c e n t i v i z e d  d e m a n d  s h i f t  w i l l  a l s o  r e d u c e  t h e  e m i s s i o n s  d e r i v e d  f r o m
e l e c t r i c i t y  g e n e r a t i o n .  E m i s s i o n s  f r o m  e l e c t r i c i t y  g e n e r a t i o n  a r e  e s t i m a t e d
u s i n g  d a t a  o b t a i n e d  f r o m  t h e  E P A ’ s  E m i s s i o n s  &  G e n e r a t i o n  R e s o u r c e
I n t e g r a t e d  D a t a b a s e  ( e G R I D )  2 0 1 8  d a t a b a s e  ( E P A ,  2 0 1 8 ) .  T h e  b a s e l o a d  a n d
n o n - b a s e l o a d  e m i s s i o n  f a c t o r s  a r e  c o l l e c t e d  f o r  C P S  E n e r g y  p o w e r  s t a t i o n s
a n d  a r e  u s e d  t o  e s t i m a t e  t h e  e x p e c t e d  d i f f e r e n c e  r e d u c t i o n  i n  e m i s s i o n s
r e s u l t i n g  f r o m  a  s h i f t  f r o m  p e a k  t o  o f f - p e a k  e n e r g y  l o a d s .  B a s e l o a d
e m i s s i o n  f a c t o r s  a r e  u s e d  t o  r e p r e s e n t  g r i d  e m i s s i o n s  d u r i n g  o f f  p e a k
p e r i o d s ,  w h i l e  n o n - b a s e l o a d  f a c t o r s  d e n o t e  t h e  g r i d  e m i s s i o n s  d u r i n g  p e a k
d e m a n d .

COST -BENEFIT  ANALYSIS  -  EXECUTIVE  SUMMARY  |  45

4 .3 .3  T i m e  o f  U s e  (T O U )  R a t e s  -  O v e r v i ew
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T h e  a n n u a l  p r o j e c t e d  E V s  a n d  P H - E V s  w i t h i n  t h e  C i t y  a r e  u s e d  t o  e s t i m a t e
t h e  b e n e f i t s  a c c r u e d  f r o m  a  p r o p o s e d  T O U  u t i l i t y  r a t e  i n c e n t i v i z a t i o n
s t r u c t u r e  t h a t  i s  a i m e d  t o  m i t i g a t e  o n - p e a k  u t i l i t y  g r i d  d e m a n d s .  A s s u m i n g
a  3 0  y e a r  s t u d y  p e r i o d  d i s c o u n t e d  a t  a  r e a l  r a t e  o f  3 % ,  t h e  T B L - N P V  o f  t h i s
T O U  a n a l y s i s  r e s u l t s  i n  a n  a d d i t i o n a l  $ 2  m i l l i o n  a b o v e  a n d  b e y o n d  t h e
b e n e f i t s  e x p e c t e d  f r o m  t h e  E V  R e a d y  p o l i c y  ( T a b l e  8 ) .  I n c e n t i v i z e d  T O U
c o n s u m e r s  a r e  e s t i m a t e d  t o  e x p e r i e n c e  $ 1 . 9  m i l l i o n  i n  f i n a n c i a l  r a t e
s a v i n g s  f r o m  c h a r g i n g  d u r i n g  o f f - p e a k  p e r i o d s .  B y  s h i f t i n g  a  p o r t i o n  o f  E V
c h a r g i n g  d e m a n d  l o a d s  t o  s e m i - b a s e l i n e  e m i s s i o n  f a c t o r s ,  t h e  e n v i r o n m e n t
a n d  c o m m u n i t y  a r e  e x p e c t e d  t o  b e n e f i t  f r o m  a v o i d e d  c a r b o n  e m i s s i o n s
a m o u n t i n g  t o  $ 1 5 0 , 0 0 0  o v e r  t h e  p r o j e c t  d u r a t i o n .  T h i s  t r a n s l a t e s  i n t o  a n
a d d i t i o n a l  c u m u l a t i v e  r e d u c t i o n  o f  3 , 6 4 8  t o n s  o f  c a r b o n  d i o x i d e  f r o m  t h e
T O U  r a t e  i m p l e m e n t a t i o n ,  r e s u l t i n g  i n  a  t o t a l  r e d u c t i o n  p o t e n t i a l  o f  1 5 8 , 0 4 9
t o n s  i n  c u m u l a t i v e  e m i s s i o n s  a v o i d e d  b y  2 0 5 0  w i t h  t h e  E V  r e a d i n e s s  c o d e
( F i g u r e  1 1 ) .   

4 .3 .4  T i m e  o f  U s e  (T O U )  R a t e s  -  R e s u l t s
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TABLE  8 .  TBL -NPV  EV  READY  CODE  POLICY  +  TIME -OF -USE  (TOU )  RATE  INCENTIVE  RESULTS
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FIGURE  1 1 .  CUMULATIVE  CARBON  EMISSION  REDUCTIONS  FROM  EV  READY  POLICY  +  TOU  RATES



T h e  C i t y  o f  S a n  A n t o n i o  i s  a l s o  e v a l u a t i n g  a  n e w  b u i l d i n g  c o d e  p o l i c y  f o r
s o l a r  r e a d i n e s s  i n  o r d e r  t o  i n c e n t i v i z e  a d o p t i o n  o f  p h o t o v o l t a i c  s y s t e m s
a n d  a i d  i n  t h e  c r e a t i o n  o f  a  c a r b o n  f r e e  e l e c t r i c i t y  g r i d .  W h i l e  P V  s y s t e m s
c o n t r i b u t e  g r e a t l y  t o  r e d u c i n g  c a r b o n  e m i s s i o n s  f r o m  r e d u c e d  d e p e n d e n c y
o n  f o s s i l  f u e l - b a s e d  e n e r g y ,  t h e y  e n t a i l  s t e e p  c o s t s ,  w h i c h  a r e  o f t e n  h i d d e n
a s  a n c i l l a r y  p r e p a r e d n e s s  c o s t s .  O n e  o f  t h e s e  c o s t s  i s  r o o f  r e a d i n e s s ,
i n v o l v i n g  m o d i f i c a t i o n s  o f  t h e  r o o f  t o  h a v e  a d e q u a t e  s p a c e  f o r  t h e
i n s t a l l a t i o n  o f  s o l a r  p a n e l s ,  f r e e  o f  o b s t a c l e s ,  w i t h  p r o p e r  v e n t  p o s i t i o n i n g
a n d  o r i e n t a t i o n  t o w a r d s  t h e  s u n ’ s  p a t h .  P r e p a r i n g  h o m e s  f o r  s o l a r  i s
e s t i m a t e d  t o  b e  m u c h  c h e a p e r  i n  t h e  c o n s t r u c t i o n  p h a s e ,  a s  o p p o s e d  t o  a
r e t r o f i t  ( W a t s o n  e t  a l . ,  2 0 1 2 ) .  A s  s u c h ,  t h i s  p o l i c y  i m p l i c i t l y  p r o v i d e s  a
s u b s i d y  f o r  P V  s y s t e m  a d o p t e r s ,  a n d  c a n  b e  u s e d  a l o n g s i d e  g o v e r n m e n t
s u b s i d y  i n c e n t i v e  l i t e r a t u r e  t o  e s t i m a t e  t h e  n u m b e r  o f  P V  s y s t e m s  a d o p t e d
b y  l o w e r i n g  t h e  c o s t s  o f  s o l a r  r o o f s .

T h i s  p o l i c y  i s  i n t e n d e d  t o  a p p l y  t o  a l l  n e w  r e s i d e n t i a l  c o n s t r u c t i o n  w i t h i n
S a n  A n t o n i o .  D a t a  f r o m  t h e  T e x a s  D e m o g r a p h e r ’ s  O f f i c e  o n  p o p u l a t i o n
g r o w t h  o v e r  t h e  s t u d y  p e r i o d  w a s  u s e d  t o  f o r e c a s t  f u t u r e  s i n g l e - f a m i l y
h o m e  c o n s t r u c t i o n  i n  B e x a r  C o u n t y .  F o r e c a s t s  f o r  e x p e c t e d  P V  s y s t e m
g r o w t h  i n  t h e  T e x a s  r e g i o n a l  e n t i t y  a r e  o b t a i n e d  f r o m  t h e  E n e r g y
I n f o r m a t i o n  A d m i n i s t r a t i o n  ( E I A ) ,  f r o m  2 0 2 0  t o  2 0 5 0 ,  g r o w i n g  a t  a n
a n n u a l i z e d  8 . 6 %  i n  t h e  r e f e r e n c e  e c o n o m i c  g r o w t h  c a s e  ( U . S .  E n e r g y
I n f o r m a t i o n  A d m i n i s t r a t i o n ,  2 0 2 0 ) .  T h e  g r o w t h  r a t e s  o f  t h e  s o l a r  s y s t e m
m a r k e t  i n  T e x a s  a r e  a p p l i e d  t o  e x i s t i n g  S a n  A n t o n i o  P V  s y s t e m  d i s t r i b u t i o n
( P f o r z h e i m e r  e t  a l . ,  2 0 2 0 ) .  
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4 .4 P h o t o v o l t a i c

(P V ) Sys t e m R o o f

R e a d i n e s s

4 .4 . 1  O v e r v i ew

https://autocase.com/


B e n e f i t s  f r o m  t h i s  p o l i c y  e x i s t  i n  t h e  f o r m  o f  u t i l i t y  r a t e  a n d  e n v i r o n m e n t a l
e m i s s i o n  r e d u c t i o n  b e n e f i t s ,  a s  w e l l  a s  c o s t  s a v i n g s  f o r  a l l  P V  s y s t e m
a d o p t e r s ,  w h e t h e r  i n c e n t i v i z e d  b y  t h e  p o l i c y  o r  a l r e a d y  w i l l i n g  t o  p u r c h a s e
s o l a r  p a n e l s .  S i n c e  t h e r e  w i l l  b e  s t r u c t u r a l  a l t e r a t i o n  t o  t h e  b u i l d i n g ,
p r o v i d i n g  v a l u e  t o  a  t y p i c a l  h o m e ’ s  r o o f ,  t h e r e  i s  a  r e s i d u a l  v a l u e  b e n e f i t  t o
t h e  a s s e t ,  w h i c h  i s  t h e  r e m a i n i n g  v a l u e  o f  h o m e s  l a s t i n g  b e y o n d  2 0 5 0 .  T h e
t o t a l  v a l u e  o f  t h i s  p o l i c y  i s  d e p r e c i a t e d  l i n e a r l y  f o r  t h e  l i f e s p a n  o f  t h e
h o m e ,  a n d  r e t u r n e d  t o  t h e  h o m e o w n e r  a t  t h e  e n d  o f  t h e  s t u d y  p e r i o d .   

S o l a r  r o o f  r e a d i n e s s  a s  a  n e w  c o n s t r u c t i o n  c o d e  p o l i c y  h a s  a  p o s i t i v e  n e t
p r e s e n t  v a l u e  w h e n  a p p l i e d  t o  a l l  p r o j e c t e d  n e w  s i n g l e - f a m i l y  h o m e s  t o  b e
b u i l t  i n  S a n  A n t o n i o  ( T a b l e  9 ) .  N e t  p r e s e n t  v a l u e  i s  $ 1 2 . 6  m i l l i o n  d i s c o u n t e d
a t  3 %  o v e r  3 0  y e a r s .  T h e  b e n e f i t  c o s t  r a t i o  i s  1 . 0 2 ,  w h i c h  c a n  b e  i n t e r p r e t e d
a s  g e n e r a t i n g  $ 1 . 0 2  i n  b e n e f i t s  t o  t h e  c o m m u n i t y ,  f o r  e v e r y  $ 1  s p e n t  i n
c o s t s  a s s o c i a t e d  w i t h  t h e  p o l i c y .  T h i s  r a t i o  i n d i c a t e s  t h a t  e v e n  a s  t h e  N P V
i s  p o s i t i v e ,  t h e  p r o g r a m ’ s  c o s t  i s  o n l y  j u s t  o f f s e t  b y  t h e  s o c i a l ,  f i n a n c i a l ,
a n d  e n v i r o n m e n t a l  b e n e f i t s .  C u m u l a t i v e  g r i d  e m i s s i o n  r e d u c t i o n s  a r e
e s t i m a t e d  t o  b e  3 0 , 3 0 0  t o n s  o f  c a r b o n  b y  2 0 3 0 ;  7 8 , 0 0 0  t o n s  b y  2 0 4 0 ;  a n d
3 1 7 , 8 0 0  t o n s  b y  2 0 5 0  ( F i g u r e  1 2 ) .  R e s i d u a l  v a l u e  o f  t h e  r o o f  r e a d i n e s s  a n d
t h e  i n d u c e d  u s e r  i n s t a l l e d  P V  s y s t e m s  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e
b e n e f i t s ,  a t  $ 2 7 8  m i l l i o n  a n d  $ 5 6 . 5  m i l l i o n ,  r e s p e c t i v e l y .  T h i s  r e s i d u a l  v a l u e
i s  p r e s e n t  a s  t h e  l a r g e s t  n u m b e r  o f  h o m e s  a r e  b u i l t  i n  l a t e r  y e a r s ,  a n d  t h e
d e p r e c i a t e d  v a l u e  i n v e s t e d  i n  t h e  h o m e  i s  r e t u r n e d  f o r  t h e  r e m a i n d e r  o f  t h e
h o m e ’ s  l i f e s p a n .  T h e  r e a d i n e s s  b e n e f i t  h a s  a  P V  s y s t e m  u s e r  f i n a n c i a l
c o m p o n e n t ,  a n d  a n  e l e c t r i c i t y  r a t e  s a v i n g s  c o m p o n e n t .  C a r b o n  e m i s s i o n s
r e d u c t i o n  a m o u n t s  t o  $ 1 2 . 7  m i l l i o n  i n  e n v i r o n m e n t a l  b e n e f i t s  o v e r  3 0  y e a r s .
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4 .4 .2  R e s u l t s
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TABLE  9 .  TBL -NPV  PV  SYSTEM  ROOF  READINESS  NEW  CONSTRUCTION  POLICY  RESULTS

FIGURE  12 .  CUMULATIVE  EMISSIONS  REDUCTIONS  FROM  PV  ROOF  READINESS  POLICY



A s  p a r t  o f  t h e  S A  C l i m a t e  R e a d y  P l a n ,  t h e  C i t y  o f  S a n  A n t o n i o  c o n t i n u e s  t o
a d d r e s s  e n e r g y  w a s t e  i n  m u n i c i p a l  b u i l d i n g s  b y  m e a s u r i n g  a n d  m a n a g i n g  i t s
e n e r g y  u s e  b e c a u s e  i t  s a v e s  t a x p a y e r  m o n e y ,  i n c r e a s e s  t h e  q u a l i t y  o f  i t s
b u i l d i n g s ,  r e d u c e d  g r e e n h o u s e  g a s  e m i s s i o n s ,  a n d  d e m o n s t r a t e s  e f f e c t i v e
s o l u t i o n s  t h a t  c a n  b e  r e p l i c a t e d  l o c a l l y  i n  m a n y  o t h e r  b u i l d i n g s .  

I n  o r d e r  t o  b e t t e r  u n d e r s t a n d  a n d  m a n a g e  t h e  e n e r g y  p e r f o r m a n c e  o f  t h i s
l a r g e  a n d  d i v e r s e  p o r t f o l i o ,  t h e  C i t y  b e g a n  t r a c k i n g  e n e r g y  u s a g e  i n  2 0 1 0  o f
m o r e  t h a n  2 9 9  o f  i t s  l a r g e s t  f a c i l i t i e s  u s i n g  t h e  U . S .  E P A ’ s  E N E R G Y  S T A R ®
P o r t f o l i o  M a n a g e r ®  t o o l .  A  2 0 1 9  S a n  A n t o n i o  M u n i c i p a l  B u i l d i n g  E n e r g y
B e n c h m a r k i n g  R e p o r t  p r o v i d e s  t r a n s p a r e n c y  t h r o u g h  t h e  p u b l i c  d i s c l o s u r e
o f  t h e  E n e r g y  U s e  I n t e n s i t y  ( E U I )  o f  m u n i c i p a l  p r o p e r t i e s  l a r g e r  t h a n  1 0 , 0 0 0
s q u a r e  f e e t  a n d  s e r v e s  a s  a n  e x a m p l e  o f  t h e  b e n e f i t  o f  b e n c h m a r k i n g  t o
m o v e  t h e  C i t y ,  a n d  m o t i v a t e  t h e  p r i v a t e  s e c t o r ,  t o w a r d s  a  c l e a n e r ,  s m a r t e r ,
a n d  m o r e  e f f i c i e n t  b u i l d i n g - s t o c k .  T h e  d a t a  i n  t h i s  r e p o r t  s h o w s  t h a t  w h i l e
S a n  A n t o n i o  h a s  b e e n  a  p i o n e e r  i n  b u i l d i n g  b e n c h m a r k i n g  i n  T e x a s ,  t h e r e  i s
s t i l l  m u c h  w o r k  t o  b e  d o n e  t o  a c h i e v e  t h e  c l i m a t e  t a r g e t s  i d e n t i f i e d  i n  t h e
C i t y ’ s  C l i m a t e  A c t i o n  a n d  A d a p t a t i o n  P l a n .  A s  s u c h ,  m u n i c i p a l  b u i l d i n g s
w i t h  h i g h  E U I s  a r e  f u r t h e r  i n v e s t i g a t e d  w i t h i n  t h e  c o n t e x t  o f  t h e  Z e r o  N e t
E n e r g y  M u n i c i p a l  b u i l d i n g s  p r o p o s a l .  T h i s  a n a l y s i s  s e r v e s  a n  o p p o r t u n i t y  t o
i d e n t i f y  i m p r o v e m e n t s  t h a t  w i l l  u l t i m a t e l y  r e s u l t  i n  c o s t  s a v i n g s ,  e n e r g y
s a v i n g s ,  a n d  a  m o r e  c o m f o r t a b l e  a n d  s a f e r  a n d  h e a l t h i e r  e n v i r o n m e n t  f o r
b u i l d i n g  o c c u p a n t s  a n d  v i s i t o r s .

W o r k i n g  t o w a r d s  t h e  c o m m o n  g o a l  o f  d e c a r b o n i z a t i o n  o f  t h e  b u i l d i n g
s e c t o r ,  t h e  S A  C l i m a t e  R e a d y  P l a n  i d e n t i f i e s  a  g o a l  t o  a c h i e v e  z e r o  n e t
e n e r g y  u s a g e  a c r o s s  t h e  m u n i c i p a l  b u i l d i n g  p o r t f o l i o .   
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4 .5 Z e r o N e t E n e r gy

(Z N E ) M u n i c i p a l

B u i l d i n g s

4 .5 . 1  O v e r v i ew
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B y  c o n t i n u i n g  t o  i m p l e m e n t  a n d  e x p a n d  c o s t  e f f e c t i v e  r e t r o f i t  m e a s u r e s ,
t h e  C i t y  i s  p o i s e d  t o  s e t  t h e  s t a n d a r d  i n  t e r m s  o f  b u i l d i n g  p e r f o r m a n c e  b y
d e m o n s t r a t i n g  t h e  f i n a n c i a l  f e a s i b i l i t y ,  a l o n g  w i t h  t h e  v a s t  d i r e c t  a n d
i n d i r e c t  c o m m u n i t y  c o - b e n e f i t s ,  a s s o c i a t e d  w i t h  i n v e s t m e n t s  i n  e n e r g y
r e d u c t i o n  s t r a t e g i e s .  

T o  d e m o n s t r a t e  t h e  s i g n i f i c a n t  s o c i a l  e c o n o m i c  a n d  e n v i r o n m e n t a l  b e n e f i t s
a t t r i b u t e d  t o  e f f i c i e n t  b u i l d i n g  i n v e s t m e n t s ,  t h e  a n a l y s i s  i n v e s t i g a t e s  t h e
i m p a c t s  o f  i m p l e m e n t i n g  t w o  d i f f e r e n t  r e t r o f i t  a p p r o a c h e s  f o r  a c h i e v i n g
z e r o  n e t  e n e r g y  a c r o s s  m u n i c i p a l  p r o p e r t i e s .  T h e s e  a r e  t h e  S t a n d a r d  a n d
D e e p  R e t r o f i t  s o l u t i o n s .  T h e  f i r s t  o p t i o n  i n v e s t i g a t e d  u n d e r  t h e  a n a l y s i s  i s
t h e  S t a n d a r d  R e t r o f i t  p a c k a g e ,  i d e n t i f i e d  a s  o p e r a t i o n a l  b a s e d  i n t e r v e n t i o n s
g e a r e d  t o w a r d s  l o w - c o s t  o p t i m i z a t i o n  a n d  c a l i b r a t i o n  o f  i n t e r n a l  b u i l d i n g
c o n t r o l s .  T h e  i n s t a l l a t i o n  o f  o n - s i t e  s o l a r  p h o t o v o l t a i c  ( P V )  p a n e l s  a r e
r e q u i r e d  t o  o f f s e t  t h e  r e m a i n i n g  e n e r g y  u s a g e  t h a t  i s  n o t  r e d u c e d  t h r o u g h
t h e  S t a n d a r d  R e t r o f i t  i n v e s t m e n t  b u n d l e .  T h e  s e c o n d  t y p e  o f  r e t r o f i t  o p t i o n
r e c o m m e n d e d  b y  t h e  D O E ’ s  r e t r o f i t  g u i d e  i s  d e f i n e d  a s  a  D e e p  R e t r o f i t
s o l u t i o n ,  w h i c h  i s  m o r e  c a p i t a l  i n t e n s i v e  a n d  r e s u l t s  i n  g r e a t e r  e n e r g y
s a v i n g s  a s  c o m p a r e d  t o  t h e  s i m p l e r  m e a s u r e s  p r o p o s e d  i n  t h e  S t a n d a r d
R e t r o f i t  d e s i g n .  D e s i g n  c o n s i d e r a t i o n s  h a v e  a l s o  b e e n  m a d e  t o  e n s u r e  a l l
p r o p o s e d  r e t r o f i t  i n t e r v e n t i o n  m e a s u r e s  a r e  p h a s e d  i n  o n  a n  a n n u a l  b a s i s  t o
m i n i m i z e  o p e r a t i o n a l  d i s t u r b a n c e s  i n c u r r e d  b y  b u i l d i n g  o c c u p a n t s  a n d
p r e v e n t  t e m p o r a r y  d i s p l a c e m e n t  d u r i n g  t h e  r e t r o f i t  c o n s t r u c t i o n .  T h e  m a i n
d i f f e r e n t i a t i o n  b e t w e e n  t h e  t w o  r e t r o f i t  d e s i g n s  s t e m s  f r o m  t h e
e x t e n s i v e n e s s  o f  c a p i t a l  i n v e s t m e n t s  a n d  g r e a t e r  u p f r o n t  e x p e n d i t u r e s .
H o w e v e r ,  i t  i s  e x p e c t e d  t o  b e  m o r e  c o s t l y  t o  o f f s e t  a  g r e a t e r  p r o p o r t i o n  o f
e n e r g y  c o n s u m p t i o n  v i a  s o l a r  g e n e r a t i o n  c o m p a r e d  t o  a d d r e s s i n g  b u i l d i n g
i n e f f i c i e n c i e s  t h r o u g h  r e t r o f i t  i n v e s t m e n t s .

S o l a r  p h o t o v o l t a i c  s y s t e m s  a r e  a s s u m e d  t o  o f f s e t  t h e  r e m a i n i n g  e n e r g y
u s a g e  o f  t h e  b u i l d i n g s  t o  m e e t  t h e  m u n i c i p a l i t y  g o a l  o f  a c h i e v i n g  z e r o  n e t
e n e r g y  d e m a n d .  R o o f t o p  a r e a  a v a i l a b i l i t y  a c r o s s  t h e  6  b u i l d i n g  p o r t f o l i o  i s
e s t i m a t e d  a t  a p p r o x i m a t e l y  1 4 , 5 5 0  s q u a r e  m e t e r s  ( s q  m )  o f  s u i t a b l e  r o o f
a r e a  f o r  P V  a r r a y  i n s t a l l a t i o n .  T h e  r e q u i r e d  s i z e  o f  t h e  s o l a r  a r r a y  i s
d i c t a t e d  b y  t h e  a m o u n t  o f  e n e r g y  t o  b e  o f f s e t  a f t e r  i m p l e m e n t a t i o n  o f  t h e
r e t r o f i t  d e s i g n  m e a s u r e s .  T h e  d i f f e r e n c e  b e t w e e n  a v a i l a b l e  r o o f t o p  s o l a r
a r e a  a n d  t h e  a r r a y  a r e a  r e q u i r e m e n t  ( a p p r o x i m a t e l y  6 , 5 0 0  s q  m  u n d e r  t h e
D e e p  R e t r o f i t  d e s i g n )  i s  a s s u m e d  t o  b e  i n s t a l l e d  o n  s i t e  o f  t h e  b u i l d i n g
p r o p e r t y  a n d / o r  e x p e c t e d  t o  c a n o p y  o v e r  e x i s t i n g  p a r k i n g  l o t  s p a c e s .
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A l t e r n a t i v e l y ,  i f  a  s i t e  i s  u n s u i t a b l e  f o r  a l t e r n a t e  P V  i n s t a l l a t i o n s  t h e
b u i l d i n g  m a y  b e  a b l e  t o  i n s t e a d  i n v e s t  m o r e  i n  e x t e n s i v e  r e t r o f i t  m e a s u r e s
( s u c h  a s  a d d i n g  c o m p u t e r  p o w e r  m a n a g e m e n t  c a p a b i l i t i e s  a s  l i s t e d  i n  t h e
D O E  a d v a n c e d  r e t r o f i t  g u i d e ) .  T h i s  w o u l d  r e d u c e  t h e  e n e r g y  c o n s u m p t i o n
r e q u i r e d  t o  b e  o f f s e t  b y  P V  a n d  i n  t u r n  r e d u c e  t h e  a r e a  r e q u i r e d  f o r  o n - s i t e
s o l a r  e n e r g y  g e n e r a t i o n .

R e q u i r i n g  m u n i c i p a l  b u i l d i n g s  t o  r e a c h  z e r o  n e t  e n e r g y  c o m p l i a n c e  i s
e x p e c t e d  t o  d r i v e  n o t a b l e  t r i p l e  b o t t o m  l i n e  b e n e f i t s  t o  t h e  c o m m u n i t y  o f
S a n  A n t o n i o .  B y  s e t t i n g  t h e  s t a n d a r d  i n  b u i l d i n g  p e r f o r m a n c e ,  t h e  p o l i c y  i s
e x p e c t e d  t o  e l i m i n a t e  a l l  e n e r g y  e x p e n d i t u r e s  f r o m  t h e  g r i d  a n d  s h i f t  t o  o n -
s i t e  g e n e r a t i o n  o f  r e n e w a b l e  e n e r g y .  T h i s  t r a n s i t i o n  n o t  o n l y  p r o v i d e s
b e n e f i t s  f r o m  h a v i n g  g r e a t e r  e n e r g y  i n d e p e n d e n c e ,  b u t  i s  a l s o  e x p e c t e d  t o
r e s u l t  i n  s i g n i f i c a n t  f i n a n c i a l  s a v i n g s  a c c r u e d  t o  t h e  C i t y  i n  t h e  f o r m  o f
a v o i d e d  u t i l i t y  c o s t s .  I n  c o n j u n c t i o n ,  r e d u c i n g  t h e  e n e r g y  c o n s u m p t i o n  f r o m
m u n i c i p a l  b u i l d i n g s  h a s  t h e  p o t e n t i a l  t o  o f f e r  C P S  E n e r g y  b e t t e r  D e m a n d -
R e s p o n s e  c a p a c i t y  t o  m e e t  f u t u r e  g r i d  l o a d s .  E l i m i n a t i n g  e n e r g y  d e m a n d
f r o m  t h e  g r i d  a l s o  d r i v e s  r e d u c t i o n s  i n  a i r  p o l l u t a n t s  f o l l o w i n g  t h e
p r o j e c t i o n s  o u t l i n e d  b y  C P S  E n e r g y ’ s  F l e x i b l e  P a t h  g r i d  e m i s s i o n  f a c t o r s .
F l e x i b l e  P a t h  e m i s s i o n s  a r e  C P S  E n e r g y ’ s  f o r e c a s t  f o r  f u t u r e  g r i d  e m i s s i o n s
w h i c h  t a k e s  i n t o  c o n s i d e r a t i o n  p l a n n e d  a c t i o n  a n d  c l i m a t e  c h a n g e ,  s u c h  a s
t h e  r e d u c t i o n  i n  p o l l u t i n g  g e n e r a t i n g  m e t h o d s  a n d  s h i f t s  t o  m o r e
s u s t a i n a b l e  s o u r c e s  o f  s o l a r ,  w i n d ,  a n d  n a t u r a l  g a s  p o w e r .  E m i s s i o n  f a c t o r s
( p e r  k W h )  a r e  m o n e t i z e d  b y  t h e i r  r e s p e c t i v e  s o c i a l  c o s t s ,  w i t h  c a r b o n
e m i s s i o n s  m o n e t i z e d  b y  v a l u e s  o f  c a r b o n  d e v e l o p e d  f r o m  t h e  I n t e r a g e n c y
W o r k i n g  G r o u p  ( 2 0 1 6 ) ,  f o r e c a s t e d  f r o m  2 0 2 0  t o  2 0 5 0 .  N O x  a n d  S O 2  s o c i a l
c o s t s  a r e  d e v e l o p e d  b y  H e o  e t  a l .  ( 2 0 1 6 )  a n d  t h e  U S D O T  ( 2 0 1 5 ) .

R e q u i r i n g  m u n i c i p a l  b u i l d i n g s  a c r o s s  t h e  C i t y  t o  a c h i e v e  Z N E  i s  e x p e c t e d  t o
d r i v e  m a j o r  b e n e f i t s  t o  t h e  m u n i c i p a l i t y ,  b u i l d i n g  o c c u p a n t s ,  a n d  t h e
b r o a d e r  c o m m u n i t y .  P r e s e n t e d  b e l o w  i n  T a b l e s  1 0  t o  1 3  a r e  t h e  e x p e c t e d
c o s t s  a n d  b e n e f i t s  a s s o c i a t e d  w i t h  a c h i e v i n g  Z N E  a c r o s s  t h e  m u n i c i p a l
b u i l d i n g  p o r t f o l i o .  R e s u l t s  a r e  s e g m e n t e d  b y  s m a l l  a n d  l a r g e  p r o p e r t i e s  t o
a c c o u n t  f o r  v a r i a t i o n s  i n  b u i l d i n g  t y p o l o g i e s  a n d  o c c u p a n c y  s c h e d u l e s .
S i n c e  e f f i c i e n c y  i n v e s t m e n t s  w i l l  l i k e l y  v a r y  a c r o s s  b u i l d i n g  v i n t a g e s ,  t h e
a n a l y s i s  p r e s e n t s  t w o  v e r s i o n s  o f  r e t r o f i t  t o  c a p t u r e  d i f f e r e n c e s  i n  e x i s t i n g
i n f r a s t r u c t u r e :  S t a n d a r d  ( m i n i m a l i s t )  a n d  D e e p  ( i n t e n s i v e )  s c e n a r i o s .  I n
a d d i t i o n ,  t h e  r e s u l t s  a r e  a l s o  p r e s e n t e d  o n  a n  i n c r e m e n t a l  b a s i s  ( $  /  s q  f t )
f o r  e a s i e r  c o m p a r i s o n  a c r o s s  r e t r o f i t  d e s i g n  s c e n a r i o s .  
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C a p i t a l  e x p e n d i t u r e s  r e f l e c t  t h e  u p f r o n t  c o s t s  i n c u r r e d  b y  t h e  c i t y  f o r
i n v e s t i n g  i n  e n e r g y  e f f i c i e n t  i n t e r v e n t i o n s .  O p e r a t i o n s  &  m a i n t e n a n c e
e s t i m a t e s  r e f l e c t  t h e  c o s t s  i n c u r r e d  o v e r  t h e  s t u d y  p e r i o d  r e q u i r e d  f o r
p r e v e n t a t i v e  m a i n t e n a n c e  a n d  s e r v i c i n g  i n t e r v a l s  o f  t h e  r e t r o f i t
c o m p o n e n t s .  M e a s u r e m e n t  a n d  v e r i f i c a t i o n  c o s t s  a r e  r e p r e s e n t a t i v e  o f  t h e
f i n a n c i a l  c o s t s  a s s o c i a t e d  w i t h  e n s u r i n g  t h e  b u i l d i n g  i n v e s t m e n t s  a r e
p e r f o r m i n g  t o  t h e  p r e s c r i b e d  e f f i c i e n c y  s t a n d a r d s .  R e t r o f i t  i n v e s t m e n t s  a r e
a s s u m e d  t o  h a v e  a  u s e f u l  l i f e  o f  2 0  y e a r s ,  w h e r e  a f t e r  t h e y  r e q u i r e
r e p l a c e m e n t  t o  c o n t i n u e  a d e q u a t e  o p e r a t i o n  o f  t h e  b u i l d i n g  a n d  a r e
a c c o u n t e d  u n d e r  r e p l a c e m e n t  c o s t s .  A t  t h e  e n d  o f  t h e  p r o j e c t  p e r i o d ,  a n y
r e m a i n i n g  u s e f u l  v a l u e  o f  t h e  r e t r o f i t  i n v e s t m e n t  i s  d i s c o u n t e d  b a c k  t o
t o d a y ' s  d o l l a r s  r e p r e s e n t i n g  t h e  r e s i d u a l  v a l u e  o f  t h e  a s s e t .  D i r e c t  b e n e f i t s
f r o m  a c h i e v i n g  Z N E  c o m e  i n  t h e  f o r m  o f  e n e r g y  r a t e  s a v i n g s  t o  t h e  C i t y .
A d d i t i o n a l l y ,  b y  r e d u c i n g  t h e  e n e r g y  c o n s u m p t i o n  o f  m u n i c i p a l  b u i l d i n g s ,
e m i s s i o n s  f r o m  e l e c t r i c i t y  g e n e r a t i o n  d e c r e a s e  a n d  t h u s  p r o d u c e
e n v i r o n m e n t a l  b e n e f i t s  f r o m  r e d u c e d  c a r b o n  a n d  o t h e r  a i r  p o l l u t a n t s .  A l l
r e s u l t s  p r e s e n t e d  a r e  d i s c o u n t e d  u s i n g  a  r e a l  r a t e  o f  3 %  a n d  a s s u m e  a  3 0
y e a r  s t u d y  d u r a t i o n .  

S t a n d a r d  Z N E  R e t r o f i t  –  S m a l l  M u n i c i p a l  B u i l d i n g s

S c h a e f e r  L i b r a r y ,  F i r e  S t a t i o n  # 3 0 ,  a n d  t h e  N o r t h w e s t  P o l i c e  S u b s t a t i o n
d e n o t e  t h e  ‘ s m a l l ’  m u n i c i p a l  b u i l d i n g s  ( <  5 0 , 0 0 0  s q  f t ) ,  a n d  a r e  u s e d  t o
s e g m e n t  t h e  f i r s t  p o r t i o n  o f  t h e  r e s u l t s .  T h e  S t a n d a r d  R e t r o f i t  d e s i g n  i s
e s t i m a t e d  t o  g e n e r a t e  $ 8 1 8 , 0 0 0  d o l l a r s  i n  t o t a l  T B L - N P V  b e n e f i t s  t o  a l l
s m a l l  b u i l d i n g s  ( T a b l e  1 2 ) .  T h e  b u l k  o f  t h e  b e n e f i t s  a r e  d e r i v e d  f r o m  e n e r g y
r a t e  s a v i n g s  t o  t h e  C i t y  e s t i m a t e d  a t  r o u g h l y  $ 1 . 3  m i l l i o n ,  a l o n g  w i t h  a
r e s i d u a l  v a l u e  o f  t h e  r e t r o f i t  i n v e s t m e n t s  e x p e c t e d  a t  $ 4 2 , 0 0 0 .  D e c r e a s e d
u s a g e  o f  e l e c t r i c i t y  t r a n s l a t e s  t o  l o w e r  g r i d  e m i s s i o n s  a n d  o f f e r s
e n v i r o n m e n t a l  b e n e f i t s  e x p e c t e d  a t  a p p r o x i m a t e l y  $ 1 9 0 , 0 0 0 .  C u m u l a t i v e
g r i d  e m i s s i o n  r e d u c t i o n s  a r e  e s t i m a t e d  t o  b e  1 , 6 4 9  t o n s  o f  c a r b o n  b y  2 0 3 0 ;
2 6 4 0  t o n s  b y  2 , 0 4 0 ;  a n d  3 , 3 5 0  t o n s  b y  2 0 5 0  ( F i g u r e  1 3 ) .   A l l - i n  c o s t s  t o  t h e
s m a l l  S t a n d a r d  R e t r o f i t  p a c k a g e s  a r e  e s t i m a t e d  t o  b e  $ 7 0 2 , 0 0 0 .  O v e r a l l ,  t h e
s m a l l  S t a n d a r d  R e t r o f i t s  a r e  e s t i m a t e d  t o  p r o d u c e  a  T B L - B C R  o f  2 . 1 7 ,  w h i c h
c a n  b e  i n t e r p r e t e d  a s  g e n e r a t i n g  $ 2 . 1 7  o f  b e n e f i t s  f o r  e v e r y  $ 1  s p e n t  i n
c o s t s  f o r  t h e  r e t r o f i t  d e s i g n .
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T h e  s m a l l  b u i l d i n g  D e e p  R e t r o f i t  i s  e x p e c t e d  t o  a c c r u e  a  T B L - N P V  o f
$ 8 2 3 , 0 0 0 ,  w i t h  t h e  m a j o r i t y  o f  b e n e f i t s  d e r i v e d  f r o m  u t i l i t y  r a t e  s a v i n g s  t o
t h e  C i t y  e s t i m a t e d  a t  a p p r o x i m a t e l y  $ 1 . 2  m i l l i o n  ( T a b l e  1 3 ) .  T o t a l  c o s t s  o f
t h e  s m a l l  D e e p  R e t r o f i t  s c e n a r i o  a r e  e x p e c t e d  t o  t o t a l  $ 7 0 2 , 0 0 0 .  T h e
e n v i r o n m e n t a l  b e n e f i t  f r o m  r e d u c e d  e l e c t r i c i t y  u s a g e  f r o m  m u n i c i p a l
b u i l d i n g s  i s  e x p e c t e d  t o  a m o u n t  t o  o v e r  $ 1 8 0 , 0 0 0 .  C u m u l a t i v e  g r i d  e m i s s i o n
r e d u c t i o n s  a r e  e s t i m a t e d  t o  b e  1 , 5 0 0  t o n s  o f  c a r b o n  b y  2 0 3 0 ;  2 , 4 9 5  t o n s  b y
2 0 4 0 ;  a n d  3 , 2 0 0  t o n s  b y  2 0 5 0  ( F i g u r e  1 4 ) .
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T h e  $ 1 0 , 0 0 0  d i f f e r e n c e  i n  e n v i r o n m e n t a l  i m p a c t s  b e t w e e n  t h e  s t a n d a r d  a n d
D e e p  R e t r o f i t s  s t e m s  f r o m  t h e  c o n s t r u c t i o n  s c h e d u l i n g  t h a t  a l l o c a t e s  D e e p
R e t r o f i t s  a n  a d d i t i o n a l  y e a r  t o  a c h i e v e  Z N E .  W h e r e a s  S t a n d a r d  R e t r o f i t
p a c k a g e s  c o m p l e t e  t h e i r  u p g r a d e s  f a s t e r ,  a n d  i n  t u r n  i n s t a l l  t h e i r  P V  a r r a y s
a  y e a r  s o o n e r .  A l t h o u g h  t h e  S t a n d a r d  R e t r o f i t  o p t i o n  d o e s  a c h i e v e  N Z E
q u i c k e r ,  i t  c o m e s  a t  a  h i g h e r  c o s t  t o  t h e  M u n i c i p a l i t y ,  m a i n l y  t h r o u g h
g r e a t e r  s o l a r  i n s t a l l a t i o n s  r e q u i r e m e n t s  ( T a b l e  1 0 ) .  C o m p a r e d  t o  t h e  D e e p
R e t r o f i t  O p t i o n  w h i c h  b e n e f i t s  f r o m  o p e r a t i o n s  a n d  m a i n t e n a n c e  s a v i n g s
f r o m  m o r e  d e p e n d a b l e  b u i l d i n g  i n f r a s t r u c t u r e ,  a s  w e l l  a s  a c h i e v i n g  g r e a t e r
E U I  r e d u c t i o n s  t h r o u g h  r e t r o f i t  i n v e s t m e n t s  r e q u i r i n g  l e s s  P V  e x p e n d i t u r e s
( T a b l e  1 1 ) .  T h e  T B L - B C R  e s t i m a t e d  f o r  t h e  s m a l l  D e e p  R e t r o f i t  p a c k a g e  i s
2 . 2 4  -  r e f l e c t i n g  a  m a r g i n a l  i m p r o v e m e n t  c o m p a r e d  t o  t h e  S t a n d a r d  R e t r o f i t
d e s i g n .  
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S t a n d a r d  Z N E  R e t r o f i t  –  L a r g e  M u n i c i p a l  B u i l d i n g s

M u n i c i p a l  R e c o r d s ,  F r a n k  W i n g ,  a n d  t h e  P u b l i c  S a f e t y  H e a d q u a r t e r
r e p r e s e n t  t h e  ‘ l a r g e ’  m u n i c i p a l  b u i l d i n g s  ( >  5 0 , 0 0 0  s q  f t )  a n d  a r e  u s e d  t o
s e g m e n t  t h e  s e c o n d  p o r t i o n  o f  t h e  r e s u l t s .  T h e  s t a n d a r d  r e t r o f i t  d e s i g n  i s
e s t i m a t e d  t o  g e n e r a t e  c l o s e  t o  $ 1 1  m i l l i o n  d o l l a r s  i n  t o t a l  T B L - N P V  b e n e f i t s
t o  a l l  l a r g e  b u i l d i n g s  ( T a b l e  1 6 ) .  U t i l i t y  r a t e  s a v i n g s  t o  t h e  C i t y  c o n s t i t u t e
t h e  l a r g e s t  b e n e f i t  c a t e g o r y  e s t i m a t e d  a t  o v e r  $ 1 7 . 7  m i l l i o n .  E n v i r o n m e n t a l
i m p a c t s  a r e  i n d u c e d  b y  r e d u c t i o n s  i n  e m i s s i o n s  d e r i v e d  f r o m  e l e c t r i c i t y
g e n e r a t i o n ,  w h i c h  a m o u n t  t o  o v e r  $ 2 . 6  m i l l i o n  o f  b e n e f i t s  t o  t h e  c o m m u n i t y .
C u m u l a t i v e  g r i d  e m i s s i o n  r e d u c t i o n s  a r e  e s t i m a t e d  t o  b e  2 2 , 7 0 0  t o n s  o f
c a r b o n  b y  2 0 3 0 ;  3 6 , 4 0 0  t o n s  b y  2 0 4 0 ;  a n d  4 6 , 2 0 0  t o n s  b y  2 0 5 0  ( F i g u r e  1 5 ) .
T o t a l  c o s t s  t o  t h e  l a r g e  b u i l d i n g  s t a n d a r d  r e t r o f i t  d e s i g n  a r e  e x p e c t e d  t o  b e
a p p r o x i m a t e l y  $ 9 . 9  m i l l i o n  i n c u r r e d  t o  t h e  M u n i c i p a l i t y .  O v e r a l l ,  t h e
S t a n d a r d  R e t r o f i t  f o r  l a r g e  b u i l d i n g  t y p e s  h a s  a  T B L - B C R  o f  2 . 1 .  
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D e e p  Z N E  R e t r o f i t  –  L a r g e  M u n i c i p a l  B u i l d i n g s  

T h e  D e e p  R e t r o f i t  s c e n a r i o  i s  e x p e c t e d  t o  d e l i v e r  $ 1 1 . 4  m i l l i o n  i n  t o t a l  T B L -
N P V  b e n e f i t s  a c r o s s  t h e  3 0  y e a r  a n a l y s i s  ( T a b l e  1 7 ) .  E n e r g y  r a t e  s a v i n g s
a r e  e s t i m a t e d  t o  b e  o v e r  $ 1 7  m i l l i o n  a c c r u e d  t o  t h e  C i t y .  A v o i d e d  e m i s s i o n s
f r o m  t h e  u t i l i t y  g r i d  r e p r e s e n t  a n  e n v i r o n m e n t a l  b e n e f i t  o f  o v e r  $ 2 . 5  m i l l i o n .
C u m u l a t i v e  g r i d  e m i s s i o n  r e d u c t i o n s  a r e  e s t i m a t e d  t o  b e  2 0 , 7 0 0  t o n s  o f
c a r b o n  b y  2 0 3 0 ;  3 4 , 4 0 0  t o n s  b y  2 0 4 0 ;  a n d  4 4 , 2 0 0  t o n s  b y  2 0 5 0  ( F i g u r e  1 6 ) .
T o t a l  c o s t s  o f  t h e  D e e p  R e t r o f i t  p a c k a g e  a c r o s s  a l l  l a r g e  b u i l d i n g s  i s
e x p e c t e d  t o  b e  a p p r o x i m a t e l y  $ 9 . 1  m i l l i o n .  I n  a g g r e g a t e ,  t h e  l a r g e  D e e p
R e t r o f i t  d e s i g n  s c e n a r i o  i s  e x p e c t e d  t o  d r i v e  a  T B L - B C R  o f  2 . 2 5  -  a g a i n
r e f l e c t i n g  a  m a r g i n a l  i m p r o v e m e n t  r e l a t i v e  t o  t h e  s t a n d a r d  r e t r o f i t  o p t i o n .
H o w e v e r ,  t h e  D e e p  R e t r o f i t  d e s i g n  o f f e r s  t h e  l a r g e s t  T B L - N P V  b e n e f i t s  f o r
b o t h  s m a l l  a n d  l a r g e  b u i l d i n g  s i z e s .  
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TABLE  15 .  DEEP  ZNE  RETROFIT  -  LARGE  FINANCIAL  COST  BREAKDOWN

S i m i l a r  t o  s m a l l  b u i l d i n g  r e s u l t s ,  a l t h o u g h  t h e  s t a n d a r d  r e t r o f i t  o p t i o n  d o e s
a c h i e v e  Z N E  q u i c k e r ,  i t  c o m e s  a t  a  h i g h e r  c o s t  t o  t h e  C i t y .  I n c r e a s e d  c o s t
e x p e n d i t u r e s  a r e  i n d u c e d  t h r o u g h  g r e a t e r  s o l a r  i n s t a l l a t i o n s  r e q u i r e m e n t s .
H o w e v e r ,  t h i s  p a t h  a c h i e v e s  Z N E  c o m p l i a n c e  f a s t e r  a n d  i n e v i t a b l y  l e a d s  t o
h i g h e r  c a r b o n  e m i s s i o n s  a v o i d e d .  A l t h o u g h  t h e  S t a n d a r d  R e t r o f i t  o p t i o n
d o e s  a c h i e v e  Z N E  q u i c k e r ,  i t  c o m e s  a t  a  h i g h e r  c o s t  t o  t h e  M u n i c i p a l i t y ,
m a i n l y  t h r o u g h  g r e a t e r  s o l a r  i n s t a l l a t i o n s  r e q u i r e m e n t s  ( T a b l e  1 4 ) .
C o m p a r e d  t o  t h e  D e e p  R e t r o f i t  O p t i o n  w h i c h  b e n e f i t s  f r o m  o p e r a t i o n s  a n d
m a i n t e n a n c e  s a v i n g s  f r o m  m o r e  d e p e n d a b l e  b u i l d i n g  i n f r a s t r u c t u r e ,  a s  w e l l
a s  a c h i e v i n g  g r e a t e r  E U I  r e d u c t i o n s  t h r o u g h  r e t r o f i t  i n v e s t m e n t s  r e q u i r i n g
l e s s  P V  e x p e n d i t u r e s  ( T a b l e  1 5 ) .
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TABLE  16 .  TBL -NPV  ZNE  LARGE  BUILDING  STANDARD  RETROFIT  RESULTS
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TABLE  17 .  TBL -NPV  ZNE  LARGE  BUILDING  DEEP  RETROFIT  RESULTS
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FIGURE  15 .  CUMULATIVE  EMISSIONS  REDUCTIONS  FROM  ZNE  -  LARGE  STANDARD  RETROFIT

FIGURE  16 .  CUMULATIVE  EMISSIONS  REDUCTIONS  FROM  ZNE  -  LARGE  DEEP  RETROFIT
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T h i s  a n a l y s i s  s h o w c a s e s  a  p r o t o t y p i c a l  u r b a n  f a r m  i n  S a n  A n t o n i o ,  w i t h  t h e
i n t e n t  t o  s h o w c a s e  a  p o l i c y  o p t i o n  o f  r e p l i c a t i n g  t h e  h a l f  a c r e  e x a m p l e
a c r o s s  t h e  c i t y .  T h e r e  a r e  1 , 7 4 0  e m p t y  l o t s  o w n e d  b y  t h e  C i t y  w h i c h  a r e
o v e r  h a l f  a n  a c r e ,  a n d  4 0 8  b e t w e e n  0 . 5  a n d  1  a c r e s  ( C i t y  o f  S a n  A n t o n i o
V a c a n t  L a n d ,  2 0 2 0 ) .  I f  a  f r a c t i o n  o f  t h e s e  u n u s e d  o r  u n m a n a g e d  s p a c e s  a r e
c o n v e r t e d  t o  a  s i m i l a r  u r b a n  a g r i c u l t u r e  p r o j e c t ,  r e s u l t s  a s  i n  t h e
p r o t o t y p i c a l  f a r m  s i t e  a r e  e x p e c t e d  f r o m  e a c h .  T h e  s p e c i f i c a t i o n s  o f  t h e
f a r m  a l l o w  f o r  t w o  d i f f e r e n t  s c e n a r i o s  i n  t h e  i n i t i a l  C i t y  o w n e d  s i t e :  1 )  T h e
i n i t i a l  s i t e  i s  a n  a l r e a d y  e x i s t i n g  g r e e n  s p a c e ,  s u c h  a s  a n  u n m a n a g e d  t u r f
s p a c e ;  2 )  T h e  i n i t i a l  s i t e  i s  a  p a v e d  o v e r  a r e a  o f  a s p h a l t  o r  c o n c r e t e .  T h e
f i r s t  s c e n a r i o  p r o v i d e s  l o w e r  n e t  b e n e f i t s  w i t h  r e s p e c t  t o  c a r b o n
s e q u e s t r a t i o n ,  p o l l i n a t i o n ,  s t o r m w a t e r  i n f i l t r a t i o n ,  a n d  u r b a n  h e a t  i s l a n d .
T h e  s e c o n d  s c e n a r i o  g e n e r a t e s  h i g h e r  n e t  b e n e f i t s  f o r  c a r b o n
s e q u e s t r a t i o n ,  u r b a n  h e a t  i s l a n d ,  p o l l i n a t i o n ,  a n d  s t o r m w a t e r  i n f i l t r a t i o n
b e n e f i t s .  T h e s e  h i g h e r  b e n e f i t s  a r e  p a r t i a l l y  o f f s e t  b y  g r e a t e r  i n i t i a l  c a p i t a l
c o s t s  i n  r e m o v i n g  t h e  p a v e m e n t  a n d  a p p l y i n g  t o p  s o i l  a m e n d m e n t s  f o r
h e a l t h y  p l a n t  g r o w t h .

S a n  A n t o n i o  i s  a  c i t y  w i t h  a  r i c h  h i s t o r y  o f  f a r m i n g ,  p r o v i d i n g  p r o d u c e  f o r
i t s  p o p u l a t i o n  a n d  t h e  r e g i o n  y e a r - r o u n d .  B e c a u s e  o f  i t s  u n i q u e  g r o w i n g
s e a s o n ,  S a n  A n t o n i o  w a s  k n o w n  a s  t h e  w i n t e r  b r e a d b a s k e t  o f  t h e  U n i t e d
S t a t e s .  H o w e v e r ,  i t  i s  s i t u a t e d  i n  a  d r y  e n v i r o n m e n t ,  w h i c h  l e a d s  t o  h i g h e r
w a t e r  r e q u i r e m e n t s .  T h e  s o i l  t y p e s  i n  S a n  A n t o n i o  v a r y ,  w i t h  t h e  n o r t h
h a v i n g  l i m i t e d  t o p  s o i l  a n d  h i g h  a m o u n t s  o f  l i m e s t o n e ,  t h e  s o u t h  b e i n g
s a n d y  s o i l ,  t h e  u r b a n  c e n t e r  b e i n g  c l a y  a n d  t h e  e a s t  b e i n g  b l a c k  g u m b o  s o i l ,
a  n u t r i e n t  r i c h  c l a y .  
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4 .6 U r b a n

Ag r i c u l t u r e
4 .6 . 1  O v e r v i ew
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T h e  u r b a n  a g r i c u l t u r e  s i t e  c a n  b e  m u l t i f u n c t i o n a l ,  d e s i g n e d  t o  f u n c t i o n  a l s o
a s  u r b a n  r e c r e a t i o n  f o r  t h e  s u r r o u n d i n g  h o m e s  a n d  a n  e d u c a t i o n  s p a c e  f o r
u n i v e r s i t y  a n d  g r a d e  s c h o o l  c h i l d r e n .  T h i s  w i l l  p r o v i d e  i t s  l o c a l
n e i g h b o r h o o d  w i t h  s o c i a l  b e n e f i t s  i n  t h e  f o r m  o f  a  r e c r e a t i o n  a r e a  f o r
v i s i t i n g  a n d  v o l u n t e e r i n g .  L o c a l  s c h o o l s  a n d  c o l l e g e s  w i t h  a g r i c u l t u r a l
e d u c a t i o n a l  o p p o r t u n i t i e s  w i l l  a l s o  b e n e f i t  f r o m  t h i s  p r o g r a m .  E d u c a t i o n  a s
i t  a i m s  t o  s h o w c a s e  u r b a n  a g r i c u l t u r e  a s  a  v i a b l e  p r o f e s s i o n  i s  a n
i m p o r t a n t  f a c t o r  i n  t h e  p r o t o t y p i c a l  s i t e ,  a n d  t h e  c o s t  o f  h i r i n g  a  p a r t  t i m e
e d u c a t o r  t o  s u p p o r t  t h i s  b e n e f i t  i s  i n c o r p o r a t e d  i n  t h e  C B A .

M a n a g i n g  a n d  d e v e l o p i n g  t h e  u r b a n  a g r i c u l t u r e  p r o j e c t  w o u l d  b e  i n  t h e  f o r m
o f  a  p r i v a t e  e n t e r p r i s e  s e e k i n g  t o  r e c e i v e  a  r e t u r n  o n  i n v e s t m e n t .  T h e
p r o d u c t i o n  s c h e d u l e  f o r  t h e  p r o t o t y p i c a l  f a r m  a s s u m e s  t w o  h a r v e s t
s e a s o n s ,  i n  t h e  s p r i n g / s u m m e r  a n d  i n  t h e  f a l l / w i n t e r .   I n  e a c h  s e a s o n  t h r e e
c r o p s  a r e  g r o w n  o n  t h e  h a l f  a c r e  p l o t ,  i n  e q u a l  d i s t r i b u t i o n .  F o r  t h e
s p r i n g / s u m m e r  c r o p ,  z u c c h i n i ,  c u c u m b e r ,  a n d  t o m a t o e s  a r e  g r o w n ,  a n d
c a r r o t s ,  b r o c c o l i ,  a n d  l e t t u c e  w i l l  b e  g r o w n  i n  t h e  f a l l / w i n t e r .  I t  i s  a s s u m e d
t h a t  b e s i d e s  t h e  l a b o r  h o u r s  i m p l i c i t  i n  p l a n t i n g ,  m a i n t a i n i n g ,  a n d
h a r v e s t i n g  t h i s  c r o p ,  t h e  f a r m  w i l l  b e  o w n e d  a n d  o p e r a t e d  b y  a  f u l l - t i m e
m a n a g e r .  T h e  m a n a g e r  m a y  b e  o v e r s e e i n g  o t h e r  s i m i l a r  h a l f - a c r e  u r b a n
f a r m  s i t e s .

U r b a n  A g r i c u l t u r e  a n a l y s i s  r e s u l t s  s h o w  t h a t  t h e  T B L - N P V  i s  p o s i t i v e  i n  b o t h
s c e n a r i o s  f o r  t h e  h a l f  a c r e  p r o t o t y p i c a l  s i t e .  T h e  f i r s t  s c e n a r i o  i s  a n
u n m a n a g e d  t u r f  s i t e  c o n v e r t e d  t o  u r b a n  f a r m i n g  ( T a b l e  1 8 ) ,  a n d  t h e  s e c o n d
s c e n a r i o  o f  a  p r e v i o u s l y  i m p e r v i o u s  s i t e  o f  c o n c r e t e / a s p h a l t  g i v e s  t h e
g r e a t e s t  b e n e f i t  ( T a b l e  1 9 ) .  I n  t h e  f i r s t  s c e n a r i o  t h e  T B L - N P V  i s  $ 4 4 6 , 0 0 0  a t
a  3 %  d i s c o u n t  o v e r  3 0  y e a r s .  T h e  T B L - B C R  i s  1 . 9 8 ,  m e a n i n g  t h a t  $ 1 . 9 8  i s
g e n e r a t e d  f o r  e v e r y  $ 1  s p e n t .  T h e  f i n a n c i a l  n e t  p r e s e n t  v a l u e  i s  - $ 1 5 6 , 3 0 0
a n d  t h e  B C R  r a t i o  i s  0 . 6 6 .  I f  a n  u n m a n a g e d  t u r f  s i t e  i s  r e p l a c e d ,  t h e r e  a r e
v e r y  l o w  b e n e f i t s  f r o m  U H I  r e d u c t i o n s ,  h i g h e r  c a r b o n  e m i s s i o n s  o f  - $ 3 8 , 0 0 0 ,
a n d  n o  b e n e f i t s  f r o m  f l o o d  r i s k  r e d u c t i o n  a n d  p o l l i n a t i o n ,  s i n c e  t h e  s i t e  i s
a l r e a d y  v e g e t a t e d ,  p r o v i d i n g  s i m i l a r  e n v i r o n m e n t a l  b e n e f i t s .

I n  t h e  s e c o n d  s c e n a r i o  w h e r e  a n  a s p h a l t  a n d  c o n c r e t e  i m p e r v i o u s  c o v e r  i s
r e p l a c e d ,  t h e  t r i p l e  b o t t o m  l i n e  n e t  p r e s e n t  v a l u e  i s  $ 6 7 8 , 0 0 0  a t  a  3 %
d i s c o u n t  o v e r  3 0  y e a r s .  T h e  T B L - B C R  i s  2 . 2 4 ,  m e a n i n g  t h a t  $ 2 . 2 4  i s
g e n e r a t e d  f o r  e v e r y  $ 1  s p e n t .  C u m u l a t i v e  c a r b o n  s e q u e s t r a t i o n  a n d  t r u c k
e m i s s i o n s  r e d u c t i o n  a r e  e s t i m a t e d  t o  b e  1 , 1 0 0  t o n s  o f  c a r b o n  b y  2 0 3 0 ;
2 , 2 0 0  t o n s  b y  2 0 4 0 ;  a n d  3 , 3 0 0  t o n s  b y  2 0 5 0  ( F i g u r e  1 7 ) .
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4 .6 .2  r e s u l t s
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T h e  f i n a n c i a l  n e t  p r e s e n t  v a l u e  i s  - $ 2 4 5 , 6 0 0  a n d  t h e  T B L - B C R  r a t i o  i s  0 . 5 5 .
I f  a n  i m p e r v i o u s  p a v e d  s i t e  i s  r e p l a c e d  b y  t h e  u r b a n  f a r m ,  s o c i a l  b e n e f i t s
f r o m  U H I  m i t i g a t i o n ,  c a r b o n  e m i s s i o n s  r e d u c t i o n ,  f l o o d  r i s k  r e d u c t i o n ,  a n d
p o l l i n a t i o n  a r e  p r e s e n t  a n d  p o s i t i v e .  T h e s e  b e n e f i t s  a r e  o f f s e t  b y  t h e  h i g h e r
c a p i t a l  c o s t s  o f  c o n v e r t i n g  t h e  s i t e  t o  a  f e r t i l e  f a r m .   

B e n e f i t s  w h i c h  d o  n o t  d i f f e r  a m o n g  s c e n a r i o s  a r e  c r o p  r e v e n u e ,  w a t e r
s c a r c i t y  v a l u e ,  p r o p e r t y  v a l u e ,  t r u c k i n g  f o o d  m i l e s ,  r e c r e a t i o n ,  e d u c a t i o n  f o r
g r a d e  s c h o o l  a n d  u n i v e r s i t y  s t u d e n t s ,  v o l u n t e e r i n g ,  a n d  h e a l t h
i m p r o v e m e n t s .  A  s u b s t a n t i a l  s o u r c e  o f  b e n e f i t s  i s  t h e  c o n t r i b u t i o n  t o
e d u c a t i o n a l  o p p o r t u n i t i e s ,  v a l u e d  a t  $ 4 2 7 , 0 0 0  p e r  h a l f  a c r e  f o r  g r a d e
s c h o o l  s t u d e n t s .  T h i s  l a r g e  b e n e f i t  i s  o f f s e t ,  h o w e v e r ,  b y  t h e  c o s t  o f  a  p a r t
t i m e  e d u c a t o r  f o r  t h e  w e e k l y  v i s i t s  o f  s t u d e n t s .  
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TABLE  18 .  TBL -NPV  URBAN  AGRICULTURE  UNMANAGED  TURF  BASE  CASE  RESULTS
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TABLE  19 .  TBL -NPV  URBAN  AGRICULTURE  ASPHALT /CONCRETE  BASE  CASE  RESULTS
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FIGURE  17 .  CUMULATIVE  EMISSIONS  REDUCTIONS  FROM  URBAN  AGRICULTURE  FOR  PAVEMENT

REPLACEMENT
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TABLE  A1 .  CITY  OF  SAN  ANTONIO  BUILDING  GROWTH  PROJECTIONS
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SA  CLIMATE  READY  MITIGATION  STRATEGIES

T h e  f u l l  S A  C l i m a t e  R e a d y  P l a n  m a y  b e  a c c e s s e d  a t
w w w . s a n a n t o n i o . g o v / s u s t a i n a b i l i t y

https://autocase.com/
http://www.sanantonio.gov/sustainability


STRATEGIES LEAD / PARTNER AGENCY PHASE GHG CONSTRAINTS IN PLAN AQ NC QJ H A

1 REDUCE THE CARBON INTENSITY OF SAN ANTONIO’S ENERGY SUPPLY Work with CPS Energy on the 
implementation of their “Flexible Path” to drive towards carbon neutrality by 2050.

CPS ENERGY 
Office of Sustainability, Finance Department NT H I, P, T Y

2 SUPPORT AND INCENTIVIZE DISTRICT-SCALE CLEAN ENERGY PROJECTS Support and incentivize district-scale 
clean energy projects that harness renewable and waste energy at large scales.

CPS ENERGY
Office of Sustainability, Economic
Development Department, Development
Services Department

LT L-M I Y

3 FUEL SWITCHING As evolving technologies becomes increasingly economical and efficient, promote and 
incentivize the use of cleaner fuel sources for existing buildings, including industrial process applications.

CPS ENERGY LT L-M I, BC

4
COMMERCIAL AND MULTIFAMILY BENCHMARKING AND DISCLOSURE ORDINANCE Through a diverse 
stakeholder process, consider a benchmarking and disclosure ordinance for large commercial, industrial, and 
multifamily buildings (above 50,000 sq. ft.). The initial phase should include a voluntary pilot or accelerator program 
for leading property owners.

OFFICE OF SUSTAINABILITY 
Development Services Department,
CPS Energy, San Antonio 2030 District

NT L-M I, P Y

5
COMMERCIAL AND RESIDENTIAL ENERGY AND WATER RATING SYSTEM Thorough a diverse stakeholder 
process that includes owners, builders, renters, and potential buyers and to inform consumer decision-
making, develop and pilot an energy and water rating system for commercial and residential properties.

OFFICE OF SUSTAINABILITY
SAWS, CPS Energy LT L I, P

6
ZERO NET ENERGY BUILDING CODE Continue San Antonio’s leadership in building codes by continually 
adopting the most recent update to the IECC code, with the goal of adopting a Zero Net Energy (ZNE) code  
for all new buildings and substantial rehabilitations, taking into consideration technical and economic feasibility.

DEVELOPMENT SERVICES DEPARTMENT
Office of Sustainability, Office of Historic
Preservation

LT H I, P Y

7 ENERGY EFFICIENCY PROGRAMS Continue to support and expand the energy efficiency and green building 
programs functioning within the City, such as the CPS Energy STEP program.

CPS ENERGY
Office of Historic Preservation, Office of
Sustainability, Build San Antonio Green, San
Antonio 2030 District, SAWS

NT M A, BC, I, P Y

8
REDUCE WATER CONSUMPTION Work with residents, businesses, developers, utilities, and institutions on efforts 
to continue reduction of San Antonio’s total per capita water consumption in alignment with the SAWS Water 
Management Plan.39

SAWS 
SARA, CPS Energy LT L A, BC, I Y

9 CLEANER AND MORE EFFICIENT VEHICLE TECHNOLOGIES Encourage the accelerated adoption of and 
transition to clean and more efficient vehicle technologies for personal vehicles, trucks, transit, and freight.

OFFICE OF SUSTAINABILITY
Building & Equipment Services, Office of
Management & Budget, Purchasing, CPS
Energy

NT H BC, I, T Y

10 VEHICLE MILES TRAVELED (VMT) Reduce vehicle miles traveled per person throughout the City, prioritizing 
the reduction of VMT in single-occupancy vehicles by diversifying transportation choices.

TRANSPORTATION & CAPITAL
IMPROVEMENTS
Office of Sustainability, VIA

NT H I, P, BC Y

11
CONNECTIVITY / WALKABILITY Accelerate connectivity and walkability by prioritizing the funding and 
construction of infrastructure for micro-mobility modes such as walking, biking, and other human-powered 
transportation with an emphasis on the protection of vulnerable road users.

TRANSPORTATION & CAPITAL
IMPROVEMENTS
Office of Sustainability, Center City
Development & Operations, Office of
Innovation

LT L-M I, P, BC Y

12 SUSTAINABLE LAND PLANNING AND DEVELOPMENT Support and incentivize the development and 
redevelopment of more compact, connected, cost-effective, and resilient neighborhoods and districts.

PLANNING DEPARTMENT
Transportation & Capital Improvements,
Neighborhood & Housing Services, Office
of Sustainability, Development Services
Department

LT L-M
I, P

Y

13 MOBILITY AS A SERVICE Utilize smart city and big data solutions to promote mobility as a service to reduce 
the GHG impact of transportation solutions.

TRANSPORTATION & CAPITAL
IMPROVEMENTS
Office of Innovation, VIA

LT L
A, T, P

Y
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STRATEGIES LEAD / PARTNER AGENCY PHASE GHG CONSTRAINTS IN PLAN AQ NC QJ H A

1 REDUCE THE CARBON INTENSITY OF SAN ANTONIO’S ENERGY SUPPLY Work with CPS Energy on the 
implementation of their “Flexible Path” to drive towards carbon neutrality by 2050.

CPS ENERGY 
 Office of Sustainability, Finance Department NT H I, P, T Y

2 SUPPORT AND INCENTIVIZE DISTRICT-SCALE CLEAN ENERGY PROJECTS Support and incentivize district-scale 
clean energy projects that harness renewable and waste energy at large scales.

CPS ENERGY
 Office of Sustainability, Economic
 Development Department, Development
Services Department

LT L-M I Y

3 FUEL SWITCHING As evolving technologies becomes increasingly economical and efficient, promote and 
incentivize the use of cleaner fuel sources for existing buildings, including industrial process applications.

 CPS ENERGY LT L-M I, BC

4
COMMERCIAL AND MULTIFAMILY BENCHMARKING AND DISCLOSURE ORDINANCE Through a diverse 
stakeholder process, consider a benchmarking and disclosure ordinance for large commercial, industrial, and 
multifamily buildings (above 50,000 sq. ft.). The initial phase should include a voluntary pilot or accelerator program 
for leading property owners.

 OFFICE OF SUSTAINABILITY 
 Development Services Department,
CPS Energy, San Antonio 2030 District

NT L-M I, P Y

5
COMMERCIAL AND RESIDENTIAL ENERGY AND WATER RATING SYSTEM Thorough a diverse stakeholder 
process that includes owners, builders, renters, and potential buyers, develop and pilot an energy and water 
rating system for commercial and residential properties.

OFFICE OF SUSTAINABILITY
SAWS, CPS Energy LT L I, P

6
ZERO NET ENERGY BUILDING CODE Continue San Antonio’s leadership in building codes by continually 
adopting the most recent update to the IECC code, with the goal of adopting a Zero Net Energy (ZNE) code  
for all new buildings and substantial rehabilitations, taking into consideration technical and economic feasibility.

DEVELOPMENT SERVICES DEPARTMENT
 Office of Sustainability, Office of Historic
Preservation

LT H I, P Y

7 ENERGY EFFICIENCY PROGRAMS Continue to support and expand the energy efficiency and green building 
programs functioning within the City, such as the CPS Energy STEP program.

CPS ENERGY
 Office of Historic Preservation, Office of
 Sustainability, Build San Antonio Green, San
Antonio 2030 District, SAWS

NT M A, BC, I, P Y

8
REDUCE WATER CONSUMPTION Work with residents, businesses, developers, utilities, and institutions on efforts 
to continue reduction of San Antonio’s total per capita water consumption in alignment with the SAWS Water 
Management Plan.39

SAWS 
 SARA, CPS Energy LT L A, BC, I Y

9 CLEANER AND MORE EFFICIENT VEHICLE TECHNOLOGIES Encourage the accelerated adoption of and 
transition to clean and more efficient vehicle technologies for personal vehicles, trucks, transit, and freight.

OFFICE OF SUSTAINABILITY
 Building & Equipment Services, Office of
 Management & Budget, Purchasing, CPS
 Energy

NT H BC, I, T  Y

10 VEHICLE MILES TRAVELED (VMT) Reduce vehicle miles traveled per person throughout the City, prioritizing 
the reduction of VMT in single-occupancy vehicles by diversifying transportation choices.

 TRANSPORTATION & CAPITAL
IMPROVEMENTS
 Office of Sustainability, VIA

NT H I, P, BC Y

11
CONNECTIVITY / WALKABILITY Accelerate connectivity and walkability by prioritizing the funding and 
construction of infrastructure for micro-mobility modes such as walking, biking, and other human-powered 
transportation with an emphasis on the protection of vulnerable road users.

 TRANSPORTATION & CAPITAL
IMPROVEMENTS
 Office of Sustainability, Center City
 Development & Operations, Office of
 Innovation

LT L-M I, P, BC Y

12 SUSTAINABLE LAND PLANNING AND DEVELOPMENT Support and incentivize the development and 
redevelopment of more compact, connected, cost-effective, and resilient neighborhoods and districts.

PLANNING DEPARTMENT
 Transportation & Capital Improvements,
 Neighborhood & Housing Services, Office
 of Sustainability, Development Services
 Department

LT L-M
I, P

Y

13 MOBILITY AS A SERVICE Utilize smart city and big data solutions to promote mobility as a service to reduce  
the GHG impact of transportation solutions.

 TRANSPORTATION & CAPITAL
IMPROVEMENTS
 Office of Innovation, VIA

LT L
 A, T, P

Y

Co-Benefits
AQ 	 Air Quality
NC 	 Natural Capital/

Ecosystem Services
QJ 	 Quality Jobs
H 	 Health Outcomes
A 	 Affordability

Initiation 
Phase
NT Near-term 
	 (Initiated 

by 2021)
LT	Long-term

Constraints
A Awareness
BC Behavior Change
I Investment
P Policy
T Technology

In Current City Plan*
Y Yes

LEGEND

GHG = GHG Reduction Potential (Total to 2030)
H	 High Reduction Potential: More than 1,000,000 tCO2e by 2030
M	 Medium Reduction Potential: 100,000 – 1,000,000 tCO2e by 2030
L	 Low Reduction Potential: Less than 100,000 tCO2e by 2030

LEAD & PARTNER OFFICES
LEAD	 Agency leading the initiative

Partner Agency(ies) supporting the initiative 

*Strategy is listed in current City of 
San Antonio or partner agency plan.
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STRATEGIES LEAD / PARTNER AGENCY PHASE GHG CONSTRAINTS IN PLAN AQ NC QJ H A

14 COMMERCIAL WASTE REDUCTION Building on the City of San Antonio Solid Waste Management Department’s 
ReWorksSA Program,40 continue to reduce landfilled commercial waste.

SOLID WASTE MANAGEMENT DEPARTMENT
Office of Sustainability LT L-M I, BC Y

15 RESIDENTIAL WASTE REDUCTION Continue to reduce landfilled residential waste with the goal of becoming 
a zero-waste community.

SOLID WASTE MANAGEMENT DEPARTMENT
Office of Sustainability NT L-M BC, I, T Y

16 ORGANICS DIVERSION Accelerate the diversion of organics from landfills to the highest and best use 
opportunities and ensure low-carbon composting solutions.

SOLID WASTE MANAGEMENT DEPARTMENT
Office of Sustainability NT M BC, I, T Y

17
MATERIAL REUSE AND CIRCULARITY Support the development of a local circular economy to extend product 
lifespan through improved design and servicing and relocating waste from the end of the supply chain to the 
beginning.

OFFICE OF SUSTAINABILITY
Solid Waste Management Department, Office
of Innovation, Economic Development
Department, Office of Historic Preservation

LT L BC, I, T

18
REDUCED-LANDFILL CONSTRUCTION Building on CoSA’s Deconstruction Pilot Program,41 accelerate the 
acceptance of low-waste construction projects through education, incentives and partnerships, and continue to 
pursue zero-landfill waste practices for all construction projects.

OFFICE OF SUSTAINABILITY
Solid Waste Management Department,
Office of Historic Preservation

LT L I, P Y

19
CARBON CAPTURE AND STORAGE Develop and implement a plan for carbon capture and storage that takes advantage 
of all available solutions including increasing plant material, restoring the soil landscape, increasing the use of Green 
Infrastructure, including increasing the tree canopy, enhancing wetlands, and implementing technological solutions that 
also support biodiversity and the regeneration of native species and ecosystems. 

OFFICE OF SUSTAINABILITY
SARA, Green Spaces Alliance of South Texas,
UTSA, Edwards Aquifer Authority

LT M I, P, T Y

20
URBAN HEAT ISLAND Analyze and quantify the urban heat island (UHI) in San Antonio and develop an 
implementable and impactful UHI mitigation and adaptation plan with a focus on vulnerable populations and 
ecosystems.

OFFICE OF SUSTAINABILITY
Office of Emergency Management,
San Antonio Metropolitan Health
District, Planning, Development Services
Department, Neighborhood & Housing
Services, Parks & Recreation, SARA

NT M I, P Y

21
ECOLOGICAL PLANNING AND CLIMATE-SENSITIVE DESIGN Integrate climate mitigation and adaptation into 
existing land development review and permitting processes with a goal of maximizing the benefits of natural 
geographic and watershed features. 

DEVELOPMENT SERVICES DEPARTMENT
Office of Sustainability, Office of Historic
Preservation

NT L-M P Y

22 GHG EDUCATION AND TRAINING Work with partner organizations to develop and implement comprehensive 
sustainability and GHG education and workforce training programs.

OFFICE OF SUSTAINABILITY LT L I, BC Y

23
SA TOMORROW PLANS Fund, track, and achieve the goals of the SA Tomorrow Sustainability, Comprehensive, 
and Multi-Modal Transportation Plans,42 specifically the portions of those plans offering significant mitigation and 
adaptation opportunities.

PLANNING, TRANSPORTATION &
CAPITAL IMPROVEMENTS, OFFICE OF
SUSTAINABILITY, CITY MANAGER,S OFFICE,
OFFICE OF MANAGEMENT & BUDGET, VIA

NT M
I, P

Y

24 BUSINESS INCENTIVES Incentivize business that operate within the City of San Antonio to set GHG reduction 
targets for their own operataions that match or exceed the City targets.

ECONOMIC DEVELOPMENT DEPARTMENT
Office of Sustainability, San Antonio
Economic Development Foundation, Office
of Historic Preservation

NT M I, P Y

25 ELECTRIC AND WATER RATE STRUCTURES Evaluate the potential to update electricity and water rate structures 
to support GHG reductions.

CPS ENERGY, SAWS
Office of Sustainability, Finance Department LT L

P
Y

26 GHG REDUCTION QUANTIFICATION Complete a comprehensive scope 3 or consumption-based assessment for 
San Antonio’s community sector.

OFFICE OF SUSTAINABILITY NT I

27 DEVELOP AND IMPLEMENT A FRAMEWORK FOR REGIONAL COLLABORATION Work with Bexar County, 
suburban cities, and regional partner organizations to expand CAAP efforts through a Regional Climate Council.

MAYOR’S OFFICE
Government & Public Affairs,
Office of Sustainability

LT
I

Y

28 FINANCING ENERGY EFFICIENCY Explore financing mechanisms to accelerate adoption of energy efficiency, 
demand response, distributed renewable generation, and energy storage.

OFFICE OF SUSTAINABILITY
CPS ENERGY LT L P Y
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STRATEGIES LEAD / PARTNER AGENCY PHASE GHG CONSTRAINTS IN PLAN AQ NC QJ H A

14 COMMERCIAL WASTE REDUCTION Building on the City of San Antonio Solid Waste Management Department’s 
ReWorksSA Program,40 continue to reduce landfilled commercial waste.

 SOLID WASTE MANAGEMENT DEPARTMENT
 Office of Sustainability LT L-M I, BC Y

15 RESIDENTIAL WASTE REDUCTION Continue to reduce landfilled residential waste with the goal of becoming 
a zero-waste community.

 SOLID WASTE MANAGEMENT DEPARTMENT
 Office of Sustainability NT L-M BC, I, T Y

16 ORGANICS DIVERSION Accelerate the diversion of organics from landfills to the highest and best use 
opportunities and ensure low-carbon composting solutions.

 SOLID WASTE MANAGEMENT DEPARTMENT
 Office of Sustainability NT M BC, I, T Y

17
MATERIAL REUSE AND CIRCULARITY Support the development of a local circular economy to extend product 
lifespan through improved design and servicing and relocating waste from the end of the supply chain to the 
beginning.

 OFFICE OF SUSTAINABILITY
 Solid Waste Management Department, Office
 of Innovation, Economic Development
 Department, Office of Historic Preservation

LT L BC, I, T

18
REDUCED-LANDFILL CONSTRUCTION Building on CoSA’s Deconstruction Pilot Program,41 accelerate the 
acceptance of low-waste construction projects through education, incentives and partnerships, and continue to 
pursue zero-landfill waste practices for all construction projects.

 OFFICE OF SUSTAINABILITY
 Solid Waste Management Department,
 Office of Historic Preservation

LT L I, P Y

19
CARBON CAPTURE AND STORAGE Develop and implement a plan for carbon capture and storage that takes advantage
of all available solutions including increasing plant material, restoring the soil landscape, increasing the use of Green
Infrastructure, including increasing the tree canopy, enhancing wetlands, and implementing technological solutions that
also support biodiversity and the regeneration of native species and ecosystems.

 OFFICE OF SUSTAINABILITY
 SARA, Green Spaces Alliance of South Texas,
UTSA, Edwards Aquifer Authority

LT M I, P, T Y

20
URBAN HEAT ISLAND Analyze and quantify the urban heat island (UHI) in San Antonio and develop an 
implementable and impactful UHI mitigation and adaptation plan with a focus on vulnerable populations and 
ecosystems.

 OFFICE OF SUSTAINABILITY
 Office of Emergency Management,
 San Antonio Metropolitan Health
 District, Planning, Development Services
 Department, Neighborhood & Housing
Services, Parks & Recreation, SARA

NT M I, P Y

21
ECOLOGICAL PLANNING AND CLIMATE-SENSITIVE DESIGN Integrate climate mitigation and adaptation into 
existing land development review and permitting processes with a goal of maximizing the benefits of natural 
geographic and watershed features. 

 DEVELOPMENT SERVICES DEPARTMENT
 Office of Sustainability, Office of Historic
Preservation

NT L-M P Y

22 GHG EDUCATION AND TRAINING Work with partner organizations to develop and implement comprehensive 
sustainability and GHG education and workforce training programs.

OFFICE OF SUSTAINABILITY LT L I, BC  Y

23
SA TOMORROW PLANS Fund, track, and achieve the goals of the SA Tomorrow Sustainability, Comprehensive, 
and Multi-Modal Transportation Plans,42 specifically the portions of those plans offering significant mitigation and 
adaptation opportunities.

 PLANNING, TRANSPORTATION &
CAPITAL IMPROVEMENTS, OFFICE OF
SUSTAINABILITY, CITY MANAGER,S OFFICE,
OFFICE OF MANAGEMENT & BUDGET, VIA

NT M
I, P

 Y

24 BUSINESS INCENTIVES Incentivize business that operate within the City of San Antonio to set GHG reduction 
targets for their own operataions that match or exceed the City targets.

ECONOMIC DEVELOPMENT DEPARTMENT
 Office of Sustainability, San Antonio
 Economic Development Foundation, Office
 of Historic Preservation

NT M I, P Y

25 ELECTRIC AND WATER RATE STRUCTURES Evaluate the potential to update electricity and water rate structures 
to support GHG reductions.

 CPS ENERGY, SAWS
 Office of Sustainability, Finance Department LT L

P
Y

26 GHG REDUCTION QUANTIFICATION Complete a comprehensive scope 3 or consumption-based assessment for 
San Antonio’s community sector.

OFFICE OF SUSTAINABILITY NT I 

27 DEVELOP AND IMPLEMENT A FRAMEWORK FOR REGIONAL COLLABORATION Work with Bexar County, 
suburban cities, and regional partner organizations to expand CAAP efforts through a Regional Climate Council.

MAYOR’S OFFICE
Government & Public Affairs,
 Office of Sustainability

LT
I

Y

28 FINANCING ENERGY EFFICIENCY Explore financing mechanisms to accelerate adoption of energy efficiency, 
demand response, distributed renewable generation, and energy storage.

OFFICE OF SUSTAINABILITY
CPS ENERGY LT L P Y

Co-Benefits
AQ 	 Air Quality
NC 	 Natural Capital/

Ecosystem Services
QJ 	 Quality Jobs
H 	 Health Outcomes
A 	 Affordability

LEGEND

GHG = GHG Reduction Potential (Total to 2030)
H	 High Reduction Potential: More than 1,000,000 tCO2e by 2030
M	 Medium Reduction Potential: 100,000 – 1,000,000 tCO2e by 2030
L	 Low Reduction Potential: Less than 100,000 tCO2e by 2030

LEAD & PARTNER OFFICES
LEAD	 Agency leading the initiative

Partner Agency(ies) supporting the initiative 

Initiation 
Phase
NT Near-term 
	 (Initiated 

by 2021)
LT	Long-term

Constraints
A Awareness
BC Behavior Change
I Investment
P Policy
T Technology

In Current City Plan*
Y Yes *Strategy is listed in current City of 

San Antonio or partner agency plan.
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STRATEGIES LEAD DEPARTMENTS PHASE GHG CONSTRAINTS IN PLAN AQ NC QJ H A

M1 BENCHMARKING AND PUBLIC DISCLOSURE OF BUILDING ENERGY CONSUMPTION Benchmark and 
publicly disclose building energy and water use for municipal buildings.

Office of Sustainability, 
Finance Department NT L P Y

M2 MUNICIPAL ENERGY POLICY To reduce energy consumption, adopt an Energy Policy Ordinance for 
City-owned buildings and facilities.

Office of Sustainability, Building and 
Equipment Services NT L P Y

M3 ZERO NET ENERGY (ZNE) BUILDINGS Achieve ZNE for all municipal buildings by 2040.
Transportation & Capital 
Improvements, Office of Sustainability LT H I, P Y

M4 COOL/GREEN ROOFS Install cool or green roofs on municipal government buildings, as appropriate.
Transportation & Capital 
Improvements LT L I, P Y

M5 STREETLIGHT CONVERSION Convert all streetlights to LEDs with daylight sensors by 2021 and implement the 
recommendations of the Urban Lighting Master Plan.

Finance Department, Transportation 
& Capital Improvements, Center 
City Development & Operations 
Department, CPS Energy

NT L I Y

M6
CLEANER AND MORE EFFICIENT VEHICLE TECHNOLOGIES Convert all fleet passenger vehicles and small 
trucks to more efficient options by 2025, with a priority on electrification based on recommendations of the 
Electric Fleet Conversion and Infrastructure Study (currently in development). Additionally, research and pilot 
the electrification of heavy trucks. 

Office of Sustainability, Building 
and Equipment Services, Solid 
Waste Management Department, 
Transportation & Capital Improvement

NT H I Y

M7 TRANSPORTATION DEMAND MANAGEMENT Reduce the GHG impact of employee commuting.
SA Metro Health District, Transportation 
& Capital Improvements, Human 
Services

NT L-H I, P, BC Y

M8 AIRPORT ACCREDITATION Consider pursuing and achieving Airport Carbon Accreditation. Aviation LT H I

M9
PRIORITIZATION IN DECISION-MAKING To encourage ongoing education and decision-making around 
GHG reduction, include a carbon impact analysis in City projects and budgeting processes as well as 
consideration of City investments.

City Manager’s Office, Mayor and 
City Council, Office of Management 
& Budget, Office of Sustainability

NT L P, BC Y

M10 ENVIRONMENTALLY-PREFERABLE PURCHASING Update the City’s green purchasing policy to consider 
the lifecycle impacts when choosing products.

Finance Department LT L P Y

M11 GREEN SPECIFICATIONS Reduce the GHG impact of materials specified in public works and 
roadway projects.

Transportation & Capital 
Improvements, Finance Department NT L P Y

M12 ZERO WASTE Strive to achieve zero waste for all municipal government operations by 2030 with a focus on 
overall reduction, product reuse, and circularity.

Solid Waste Management 
Department, Office of Sustainability LT L

BC
Y

M13 GHG EDUCATION Develop and implement a comprehensive sustainability and GHG education program 
for municipal employees.

Office of Sustainability NT L
BC

Y

MUNICIPAL
MITIGATION STRATEGIES
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San Antonio’s municipal government will take the lead on GHG mitigation efforts within the City. While municipal government 

operations only account for 3% of the city’s total GHG emissions, the municipal mitigation strategies set a significant reduction goal 

that will allow the City to pilot approaches before implementing them in the broader community. The City of San Antonio commits to a 

greener and more efficient government to benefit all San Antonians and will continue to strive for excellence through implementation 

of City plans, including the SA Tomorrow Sustainability, Comprehensive and Multi-Modal Transportation Plans.
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STRATEGIES LEAD DEPARTMENTS PHASE GHG CONSTRAINTS IN PLAN AQ NC QJ H A

M1 BENCHMARKING AND PUBLIC DISCLOSURE OF BUILDING ENERGY CONSUMPTION Benchmark and 
publicly disclose building energy and water use for municipal buildings.

Office of Sustainability, 
Finance Department NT L P Y

M2 MUNICIPAL ENERGY POLICY To reduce energy consumption, adopt an Energy Policy Ordinance for 
City-owned buildings and facilities.

Office of Sustainability, Building and 
Equipment Services NT L P Y

M3 ZERO NET ENERGY (ZNE) BUILDINGS Achieve ZNE for all municipal buildings by 2040.
Transportation & Capital 
Improvements, Office of Sustainability LT H I, P Y

M4 COOL/GREEN ROOFS Install cool or green roofs on municipal government buildings, as appropriate.
Transportation & Capital 
Improvements LT L I, P Y

M5 STREETLIGHT CONVERSION Convert all streetlights to LEDs with daylight sensors by 2021 and implement the 
recommendations of the Urban Lighting Master Plan.

Finance Department, Transportation 
& Capital Improvements, Center 
City Development & Operations 
Department, CPS Energy

NT L I Y

M6
CLEANER AND MORE EFFICIENT VEHICLE TECHNOLOGIES Convert all fleet passenger vehicles and small 
trucks to more efficient options by 2025, with a priority on electrification based on recommendations of the 
Electric Fleet Conversion and Infrastructure Study (currently in development). Additionally, research and pilot 
the electrification of heavy trucks. 

Office of Sustainability, Building 
and Equipment Services, Solid 
Waste Management Department, 
Transportation & Capital Improvement

NT H I Y

M7 TRANSPORTATION DEMAND MANAGEMENT Reduce the GHG impact of employee commuting.
SA Metro Health District, Transportation 
& Capital Improvements, Human 
Services

NT L-H I, P, BC Y

M8 AIRPORT ACCREDITATION Consider pursuing and achieving Airport Carbon Accreditation. Aviation LT H I

M9
PRIORITIZATION IN DECISION-MAKING To encourage ongoing education and decision-making around 
GHG reduction, include a carbon impact analysis in City projects and budgeting processes as well as 
consideration of City investments.

City Manager’s Office, Mayor and 
City Council, Office of Management 
& Budget, Office of Sustainability

NT L P, BC  Y

M10 ENVIRONMENTALLY-PREFERABLE PURCHASING Update the City’s green purchasing policy to consider 
the lifecycle impacts when choosing products.

Finance Department LT L P Y

M11 GREEN SPECIFICATIONS Reduce the GHG impact of materials specified in public works and 
roadway projects.

Transportation & Capital 
Improvements, Finance Department NT L P Y

M12 ZERO WASTE Strive to achieve zero waste for all municipal government operations by 2030 with a focus on 
overall reduction, product reuse, and circularity.

Solid Waste Management 
Department, Office of Sustainability LT L

BC
Y

M13 GHG EDUCATION Develop and implement a comprehensive sustainability and GHG education program 
for municipal employees.

Office of Sustainability NT L
BC

Y

LEGEND

GHG = GHG Reduction Potential (Total to 2030)
H	 High Reduction Potential: More than 1,000,000 tCO2e by 2030
M	 Medium Reduction Potential: 100,000 – 1,000,000 tCO2e by 2030
L	 Low Reduction Potential: Less than 10,000 tCO2e by 2030

Initiation 
Phase
NT Near-term 
	 (Initiated 

by 2021)

LT	Long-term

Co-Benefits
AQ 	 Air Quality

NC 	 Natural Capital/
Ecosystem Services

QJ 	 Quality Jobs

H 	 Health Outcomes

A 	 Affordability

Constraints
A Awareness
BC Behavior Change
I Investment
P Policy
T Technology

In Current 
City Plan*
Y Yes

*Strategy is listed in 
current City of San Antonio 
or partner agency plan.
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COST -BENEFIT  ANALYSIS  -  EXECUTIVE  SUMMARY  |  78

D i s c l a i m e r :  T h i s  R e p o r t  h a s  b e e n  p r e p a r e d  b y  A u t o c a s e ™  -  t h e  i n f o r m a t i o n ,
s t a t e m e n t s ,  s t a t i s t i c s  a n d  c o m m e n t a r y  ( t o g e t h e r  t h e  ‘ I n f o r m a t i o n ’ )
c o n t a i n e d  i n  t h i s  R e p o r t  h a v e  b e e n  p r e p a r e d  b y  A u t o c a s e ™  f r o m  p u b l i c l y
a v a i l a b l e  m a t e r i a l ,  d i s c u s s i o n s  w i t h  i n d u s t r y  e x p e r t s  a n d  s t a k e h o l d e r s ,  a n d
f r o m  m a t e r i a l  p r o v i d e d  b y  t h e  C i t y  o f  S a n  A n t o n i o  O f f i c e  o f  S u s t a i n a b i l i t y .
A u t o c a s e ™  h a s  r e l i e d  u p o n  t h e  a c c u r a c y ,  c u r r e n c y  a n d  c o m p l e t e n e s s  o f  t h e
I n f o r m a t i o n  s o u r c e d  i n  t h e  p u b l i c  d o m a i n  a n d  t h a t  p r o v i d e d  t o  i t  b y  t h e  C i t y
o f  S a n  A n t o n i o  O f f i c e  o f  S u s t a i n a b i l i t y  a n d  s t a k e h o l d e r s  a n d  t a k e s  n o
r e s p o n s i b i l i t y  f o r  t h e  a c c u r a c y ,  c u r r e n c y ,  r e l i a b i l i t y  o r  c o r r e c t n e s s  o f  t h e
I n f o r m a t i o n  a n d  a c k n o w l e d g e s  t h a t  c h a n g e s  i n  c i r c u m s t a n c e s  a f t e r  t h e  t i m e
o f  p u b l i c a t i o n  m a y  i m p a c t  t h e  a c c u r a c y  o f  t h e  I n f o r m a t i o n .  T h e  I n f o r m a t i o n
m a y  c h a n g e  w i t h o u t  n o t i c e  a n d  A u t o c a s e ™  i s  n o t  i n  a n y  w a y  l i a b l e  f o r  t h e
a c c u r a c y  o f  a n y  i n f o r m a t i o n  u s e d  o r  r e l i e d  u p o n  b y  a  t h i r d  p a r t y .
F u r t h e r m o r e  A u t o c a s e ™  h a s  n o t  i n d e p e n d e n t l y  v a l i d a t e d  o r  v e r i f i e d  t h e
I n f o r m a t i o n  s o u r c e d  o r  p r o v i d e d  t o  i t  f o r  t h e  p u r p o s e  o f  t h e  R e p o r t .
A c c o r d i n g l y ,  w h i l s t  t h e  s t a t e m e n t s  m a d e  i n  t h i s  r e p o r t  a r e  g i v e n  i n  g o o d
f a i t h ,  A u t o c a s e ™  a c c e p t s  n o  r e s p o n s i b i l i t y  f o r  a n y  e r r o r s  i n  t h e  i n f o r m a t i o n
s o u r c e d  o r  p r o v i d e d  b y  t h e  C i t y  o f  S a n  A n t o n i o  O f f i c e  o f  S u s t a i n a b i l i t y  o r
o t h e r  p a r t i e s  n o r  t h e  e f f e c t  o f  a n y  s u c h  e r r o r s  o n  o u r  a n a l y s i s ,  s u g g e s t i o n s
o r  r e p o r t .  A u t o c a s e ™  h a s  p r o v i d e d  t h i s  a d v i c e  s o l e l y  f o r  t h e  b e n e f i t  o f  t h e
C i t y  o f  S a n  A n t o n i o  O f f i c e  o f  S u s t a i n a b i l i t y  a n d  d i s c l a i m s  a l l  l i a b i l i t y  a n d
r e s p o n s i b i l i t y  t o  a n y  o t h e r  p a r t i e s  f o r  a n y  l o s s ,  d a m a g e ,  c o s t  o r  e x p e n s e
i n c u r r e d  o r  a r i s i n g  o u t  o f  a n y  p e r s o n  u s i n g  o r  r e l y i n g  u p o n  t h e  I n f o r m a t i o n .

I n  a d d i t i o n ,  a n y  p r o j e c t i o n s  o r  f o r e c a s t s  p r o v i d e d  b y  C P S  E n e r g y  r e f l e c t  a
n u m b e r  o f  e s t i m a t e s  a n d  h i g h l y  s u b j e c t i v e  a s s u m p t i o n s  a n d  j u d g m e n t s .
T h e s e  a s s u m p t i o n s  a n d  j u d g m e n t s  m a y  o r  m a y  n o t  p r o v e  t o  b e  c o r r e c t  a n d
t h e r e  c a n  b e  n o  a s s u r a n c e  t h a t  a n y  p r o j e c t e d  r e s u l t s  a r e  a t t a i n a b l e  o r  w i l l
b e  r e a l i z e d .  C P S  E n e r g y  e x p r e s s l y  d i s c l a i m s  a n y  r e p r e s e n t a t i o n  o r  w a r r a n t y ,  
e x p r e s s  o r  i m p l i e d ,  a s  t o  t h e  a c c u r a c y  o r  c o m p l e t e n e s s  o f  t h e s e  p r o j e c t i o n s  
o r  f o r e c a s t s .
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H u n o l d ,  C . ,  S o r u n m u ,  Y . ,  L i n d y ,  R . ,  S p a t a r i ,  S . ,  G u r i a n ,  P . L .  ( 2 0 1 7 ) .  I s  u r b a n
a g r i c u l t u r e  f i n a n c i a l l y  s u s t a i n a b l e ?  A n  e x p l o r a t o r y  s t u d y  o f  s m a l l - s c a l e
m a r k e t  f a r m i n g  i n  P h i l a d e l p h i a ,  P e n n s y l v a n i a .  J o u r n a l  o f  A g r i c u l t u r e ,  F o o d
S y s t e m s ,  a n d  C o m m u n i t y  D e v e l o p m e n t ,  7 ( 2 ) .
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I n d e p e n d e n t  S e c t o r .  ( 2 0 1 9 ) .  V a l u e  o f  V o l u n t e e r  T i m e  M e t h o d o l o g y .
R e t r i e v e d  f r o m  h t t p s : / / i n d e p e n d e n t s e c t o r . o r g / v a l u e - v o l u n t e e r - t i m e -
m e t h o d o l o g y /

I n s t i t u t e  F o r  M a r k e t  T r a n s f o r m a t i o n  ( I M T ) .  ( 2 0 1 5 ) .  T h e  B e n e f i t s  o f
B e n c h m a r k i n g  B u i l d i n g  P e r f o r m a n c e .  B u i l d i n g  P e r f o r m a n c e  P o l i c y .
R e t r i e v e d  f r o m
h t t p s : / / w w w . e n e r g y . g o v / s i t e s / p r o d / f i l e s / 2 0 1 9 / 0 2 / f 5 9 / P C C _ B e n e f i t s _ o f _ B e n
c h m a r k i n g . p d f

I n s t i t u t e  F o r  M a r k e t  T r a n s f o r m a t i o n  ( I M T ) .  ( 2 0 2 0 ) .  B e n c h m a r k i n g ,
T r a n s p a r e n c y ,  a n d  B e y o n d .  B u i l d i n g  R a t i n g .  R e t r i e v e d  f r o m
h t t p s : / / w w w . i m t . o r g / w p - c o n t e n t / u p l o a d s / 2 0 1 9 / 0 6 / I M T - B e n c h m a r k i n g - M a p -
C i t y - C o u n t y - S t a t e - C U R R E N T - 0 5 1 8 2 0 2 0 - p d f . j p g  

I n t e r a g e n c y  W o r k i n g  G r o u p   o n  S o c i a l  C o s t  o f  G r e e n h o u s e  G a s e s ,  U n i t e d
S t a t e s  G o v e r n m e n t .  ( 2 0 1 6 ) .  T e c h n i c a l  U p d a t e  o f  t h e  S o c i a l  C o s t  o f  C a r b o n
f o r  R e g u l a t o r y  I m p a c t  A n a l y s i s .

K a t s ,  G . ,  A l e v a n t i s ,  L . ,  B e r m a n ,  A . ,  M i l l s ,  E . ,  &  P e r l m a n ,  J .  ( 2 0 0 3 ) .  T h e  c o s t s
a n d  f i n a n c i a l  b e n e f i t s  o f  g r e e n  b u i l d i n g s .  A  R e p o r t  t o  C a l i f o r n i a ’ s
S u s t a i n a b l e  B u i l d i n g  T a s k  F o r c e .  U S A .  R e t r i e v e d  f r o m  
 h t t p : / / w w w . t a t e g l o b a l . c o m / p d f / g r e e n b u i l d i n g s f u l l r e p o r t . p d f

K l o s e ,  S . L .  ( 2 0 2 0 ) .  2 0 2 0  T e x a s  A g r i c u l t u r a l  C u s t o m  R a t e s .  T e x a s  A & M
A g r i L i f e  E x t e n s i o n  S e r v i c e  D e p a r t m e n t  o f  A g r i c u l t u r a l  E c o n o m i c s .

M . J .  B r a d l e y  &  A s s o c i a t e s .  ( 2 0 1 6 ) .  M i d - A t l a n t i c  a n d  N o r t h e a s t  P l u g - i n
E l e c t r i c  V e h i c l e  C o s t - B e n e f i t  A n a l y s i s .  M e t h o d o l o g y  &  A s s u m p t i o n s .
R e t r i e v e d  f r o m
h t t p s : / / m j b r a d l e y . c o m / s i t e s / d e f a u l t / f i l e s / N E _ P E V _ C B _ A n a l y s i s _ M e t h o d o l o g
y . p d f

M . J .  B r a d l e y  &  A s s o c i a t e s .  ( 2 0 2 0 ) .  E l e c t r i c  V e h i c l e  C o s t - B e n e f i t  A n a l y s i s .
P l u g - i n  E l e c t r i c  V e h i c l e  C o s t - B e n e f i t  A n a l y s i s :  N e w  M e x i c o .  R e t r i e v e d  f r o m
h t t p s : / / m j b r a d l e y . c o m / s i t e s / d e f a u l t / f i l e s / N M - P E V - C B - A n a l y s i s - F I N A L . p d f

M a i b a c h ,  M . ,  S c h r e y e r ,  C . ,  S u t t e r ,  D .  ( 2 0 0 8 ) .  H a n d b o o k  o n  E s t i m a t i o n  o f
E x t e r n a l  C o s t  i n  t h e  T r a n s p o r t  S e c t o r ,  C E  D e l f t .  R e t r i e v e d  f r o m
h t t p : / / e c . e u r o p a . e u / t r a n s p o r t / t h e m e s / s u s t a i n a b l e / d o c / 2 0 0 8 _ c o s t s _ h a n d b o
o k . p d
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M a z z o t t a ,  M .  J . ,  B e s e d i n ,  E . ,  &  S p e e r s ,  A .  E .  ( 2 0 1 4 ) .  A  m e t a - a n a l y s i s  o f
h e d o n i c  s t u d i e s  t o  a s s e s s  t h e  p r o p e r t y  v a l u e  e f f e c t s  o f  l o w  i m p a c t
d e v e l o p m e n t .  R e s o u r c e s ,  3 ( 1 ) ,  3 1 - 6 1 .  R e t r i e v e d  f r o m :
h t t p : / / w w w . m d p i . c o m / 2 0 7 9 - 9 2 7 6 / 3 / 1 / 3 1 / h t m

M c M i n n ,  J . ,  R a i n e y ,  R . ,  M c W h i r t ,  A .  ( 2 0 1 7 ) .  S u m m e r  S q u a s h  P r o d u c t i o n
E n t e r p r i s e  B u d g e t .  U n i v e r s i t y  o f  A r k a n s a s  D i v i s i o n  o f  A g r i c u l t u r e  R e s e a r c h
&  E x t e n s i o n .

M I G .  ( 2 0 1 6 ) .  C i t y  o f  S a n  A n t o n i o  T o m o r r o w  C o m p r e h e n s i v e  P l a n .  E c o n o m i c
&  P l a n n i n g  S y s t e m s ,  I n c .  R e t r i e v e d  f r o m
h t t p s : / / s a c o m p p l a n . c o m / f i l e s / S A _ C o m p P l a n _ F U L L D o c _ F i n a l _ 9 - 2 6 -
1 6 _ l o w r e s . p d f

M i n n e s o t a  D e p a r t m e n t  o f  C o m m e r c e .  ( 2 0 1 6 ) .  R e s u l t s  f r o m  E n e r g y  a n d
W a t e r  B e n c h m a r k i n g  i n  5 0 0 +  M i n n e s o t a  M u l t i f a m i l y  B u i l d i n g s .  D i v i s i o n  o f
E n e r g y  R e s o u r c e s .  R e t r i e v e d  f r o m
h t t p : / / w w w . m n s h i . u m n . e d u / p r o j e c t s / b r i g h t 2 0 1 6 - m f b e n c h m a r k - f i n a l . p d f

M o o r h e a d ,  J . E . ,  M a r e k ,  G . W . ,  C o l a i z z i ,  P . D . ,  G o w d a ,  P . H .  ( 2 0 1 7 ) .  E v a l u a t i o n
o f  S e n s i b l e  H e a t  F l u x  a n d  E v a p o t r a n s p i r a t i o n  E s t i m a t e s  U s i n g  a  S u r f a c e
L a y e r  S c i n t i l l o m e t e r  a n d  a  L a r g e  W e i g h i n g  L y s i m e t e r .  S e n s o r s ,  1 7 : 2 3 5 0 .

M o r e a u ,  T .  &  H o d g s o n ,  K .  ( 2 0 1 2 ) .  D e l t a  C o m m u n i t y - B a s e d  F a r m  D i s t r i c t .
C o r p o r a t i o n  o f  D e l t a  a n d  C e n t u r y  G r o u p .

M u r r a y ,  D .  &  G l i d e w e l l ,  S .  ( 2 0 1 9 ) .  A n  A n a l y s i s  o f  t h e  O p e r a t i o n a l  C o s t s  o f
T r u c k i n g :  2 0 1 9  U p d a t e .  A m e r i c a n  T r a n s p o r t a t i o n  R e s e a r c h  I n s t i t u t e

N a t i o n a l  B u r e a u  o f  E c o n o m i c  R e s e a r c h  ( N B E R ) .  ( 2 0 2 0 ) .  S u b s i d i z i n g  M a s s
A d o p t i o n  o f  E l e c t r i c  V e h i c l e s :  Q u a s i - E x p e r i m e n t a l  E v i d e n c e  f r o m  C a l i f o r n i a .
E n v i r o n m e n t  a n d  E n e r g y  E c o n o m i c s .  N B E R  W o r k i n g  P a p e r  N o .  2 5 3 5 9 .
R e t r i e v e d  f r o m  h t t p s : / / w w w . n b e r . o r g / p a p e r s / w 2 5 3 5 9

N a t i o n a l  H i g h w a y  T r a f f i c  S a f e t y  A d m i n i s t r a t i o n .  ( 2 0 1 9 ) .  T r a f f i c  S a f e t y
F a c t s  A n n u a l  R e p o r t  T a b l e s  2 0 1 9 .  U . S .  D e p a r t m e n t  o f  T r a n s p o r t a t i o n .

N a t i o n a l  R e n e w a b l e  E n e r g y  L a b o r a t o r y  ( N R E L ) .  ( 2 0 1 8 ) .  A n n u a l  T e c h n o l o g y
B a s e l i n e .  C o m m e r c i a l  P V .  R e t r i e v e d  f r o m
h t t p s : / / a t b . n r e l . g o v / e l e c t r i c i t y / 2 0 1 8 / i n d e x . h t m l ? t = s d
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N a t i o n a l  R e n e w a b l e  E n e r g y  L a b o r a t o r y  ( N R E L ) .  ( 2 0 1 8 ) .  U . S .  S o l a r
P h o t o v o l t a i c  S y s t e m  C o s t  B e n c h m a r k :  Q 1  2 0 1 8 .  R e t r i e v e d  f r o m
h t t p s : / / w w w . n r e l . g o v / d o c s / f y 1 9 o s t i / 7 2 1 3 3 . p d f

N a t i o n a l  R e n e w a b l e  E n e r g y  L a b o r a t o r y  ( N R E L ) .  ( 2 0 2 0 ) .  D i s t r i b u t e d
G e n e r a t i o n  E n e r g y  T e c h n o l o g y  C o s t  &  P e r f o r m a n c e  D a t a .  U s e f u l  L i f e .
R e t r i e v e d  f r o m  h t t p s : / / w w w . n r e l . g o v / a n a l y s i s / t e c h - f o o t p r i n t . h t m l

N a t i o n a l  R e n e w a b l e  E n e r g y  L a b o r a t o r y  ( N R E L ) .  ( 2 0 2 0 ) .  P h o t o v o l t a i c
L i f e t i m e  P r o j e c t .  R e a l - T i m e  P h o t o v o l t a i c  &  S o l a r  R e s o u r c e  T e s t i n g .
R e t r i e v e d  f r o m  h t t p s : / / w w w . n r e l . g o v / p v / l i f e t i m e . h t m l

N a t i o n a l  R e n e w a b l e  E n e r g y  L a b o r a t o r y  ( N R E L ) .  ( 2 0 2 0 ) .  P V W a t t s  C a l c u l a t o r .
R e t r i e v e d  f r o m  h t t p s : / / p v w a t t s . n r e l . g o v / p v w a t t s . p h p

N a t u r a l  R e s o u r c e s  D e f e n s e  C o u n c i l  ( N R D C ) .  ( 2 0 2 0 ) .  S a n  A n t o n i o  B u i l d i n g
I n v e n t o r y .  B u i l d i n g s  &  E n e r g y  D e p a r t m e n t .  R e t r i e v e d  f r o m  a n  i n t e r n a l
r e q u e s t

O s t r o w s k y ,  J .  ( 2 0 2 0 ) .  T e x a s  M o r t g a g e  I n t e r e s t  R a t e s .  B a n k r a t e .  R e t r i e v e d
f r o m  h t t p s : / / w w w . b a n k r a t e . c o m / m o r t g a g e s / c u r r e n t - i n t e r e s t - r a t e s /

P f o r z h e i m e r  A . ,  R i d l i n g t o n ,  E . ,  S o n n e g a ,  B . ,  S e a r s o n ,  E .  ( 2 0 2 0 ) .  S h i n i n g
C i t i e s  2 0 2 0 ;  T h e  T o p  U . S .  C i t i e s  f o r  S o l a r  E n e r g y .  E n v i r o n m e n t  T e x a s
R e s e a r c h  a n d  P o l i c y  C e n t e r  &  F r o n t i e r  G r o u p .

P l u g - i n  N C .  ( 2 0 1 6 ) .  E L E C T R I C  V E H I C L E  R E A D Y  H O M E S .  A d v a n c e d  E n e r g y .
R e t r i e v e d  f r o m  h t t p : / / p l u g i n n c . c o m / w p - c o n t e n t / u p l o a d s / 2 0 1 6 / 0 6 / 2 1 -
E l e c t r i c - V e h i c l e - R e a d y - H o m e s . p d f

 P u b l i c  U t i l i t y  C o m m i s s i o n  o f  T e x a s .  ( 2 0 2 0 ) .  R e v i e w  o f  I s s u e s  R e l a t i v e  t o
E l e c t r i c  V e h i c l e s .  C o m m e n t s  o f  C P S  E n e r g y .  P r o j e c t  N o .  4 9 1 2 5 .  R e t r i e v e d
f r o m  h t t p : / / i n t e r c h a n g e . p u c . t e x a s . g o v / D o c u m e n t s / 4 9 1 2 5 _ 2 1 _ 1 0 5 0 9 7 8 . P D F

R a n ,  F . ,  F e l d m a n ,  D . ,  M a r g o l i s ,  R .  ( 2 0 1 8 ) .  U . S .  S o l a r  P h o t o v o l t a i c  S y s t e m
C o s t  B e n c h m a r k :  Q 1  2 0 1 8 .  G o l d e n ,  C O :  N a t i o n a l  R e n e w a b l e  E n e r g y
L a b o r a t o r y .

R a s h e e d - A l i ,  H . ,  D u p o n t ,  W . ,  S u k ,  J .  ( 2 0 1 9 ) .  U n d e r  1  R o o f :  P e r f o r m a n c e
A s s e s s m e n t  o f  H i g h - S o l a r  R e f l e c t a n c e  R o o f s  i n  S a n  A n t o n i o  P h a s e  I I
R e p o r t .  U n i v e r s i t y  o f  T e x a s ,  S a n  A n t o n i o ’ s  C e n t e r  f o r  C u l t u r a l
S u s t a i n a b i l i t y ,  C o l l e g e  o f  A r c h i t e c t u r e ,  C o n s t r u c t i o n  a n d  P l a n n i n g .
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R y a n ,  A . J . ,  D o n o u - A d o n s o u ,  F . ,  C a l k i n s ,  L . N .  ( 2 0 1 9 ) . S u b s i d i z i n g  t h e  s u n :  T h e
i m p a c t  o f  s t a t e  p o l i c i e s  o n  e l e c t r i c i t y  g e n e r a t e d  f r o m  s o l a r  p h o t o v o l t a i c .
E c o n o m i c  A n a l y s i s  a n d  P o l i c y ,  6 3 ,  1 - 1 0 .

S a n  A n t o n i o  R i v e r  A u t h o r i t y .  ( 2 0 1 9 ) .  S a n  A n t o n i o  R i v e r  B a s i n  L o w  I m p a c t
D e v e l o p m e n t  T e c h n i c a l  D e s i g n  G u i d a n c e  M a n u a l ,  v 2 .  S a n  A n t o n i o  R i v e r
A u t h o r i t y .  S a n  A n t o n i o ,  T X .

S a n  A n t o n i o  W a t e r  S y s t e m .  ( 2 0 1 9 ) .  W a t e r  S u p p l y  R a t e s ;  I r r i g a t i o n .  R e t r i e v e d
f r o m  h t t p s : / / a p p s . s a w s . o r g / s e r v i c e / R a t e s / w a t e r s u p p l y _ f e e . c f m
S c h m e l t z ,  M . T . ,  P e t k o v a ,  E . P . ,  G a m b l e ,  J . L .  ( 2 0 1 6 ) .  E c o n o m i c  B u r d e n  o f
H o s p i t a l i z a t i o n s  f o r  H e a t - R e l a t e d  I l l n e s s e s  i n  t h e  U n i t e d  S t a t e s ,  2 0 0 1 –
2 0 1 0 .  I n t e r n a t i o n a l  J o u r n a l  o f  E n v i r o n m e n t a l  R e s e a r c h  a n d  P u b l i c  H e a l t h ,
1 3 ( 9 ) ,  8 9 4

S e n g u p t a ,  M . ,  Y .  X i e ,  A .  L o p e z ,  A .  H a b t e ,  G .  M a c l a u r i n ,  a n d  J .  S h e l b y .
( 2 0 1 8 ) .  T h e  N a t i o n a l  S o l a r  R a d i a t i o n  D a t a  B a s e  ( N S R D B ) .  R e n e w a b l e  a n d
S u s t a i n a b l e  E n e r g y  R e v i e w s ,  8 9 ,  5 1 - 6 0 .

S e p p a n e n ,  O . ,  F i s k ,  W .  J . ,  &  L e i ,  Q .  H .  ( 2 0 0 6 ) .  V e n t i l a t i o n  a n d  p e r f o r m a n c e
i n  o f f i c e  w o r k .  I n d o o r  A i r  1 6 ( 1 ) ,  2 8 - 3 6 .  R e t r i e v e d  f r o m
h t t p s : / / w w w . n c b i . n l m . n i h . g o v / p u b m e d / 1 6 4 2 0 4 9 5

S i g r i n ,  B . ,  K w a s n i k ,  T . ,  S p i t s e n ,  P . ,  F i c k l i n g ,  M . ,  J a r z o m s k i ,  K . ,  B o e d e c k e r ,  E .
( 2 0 1 8 ) .  M a r k e t  a n d  M o d e l i n g  U n c e r t a i n t y  i n  D i s t r i b u t e d  S o l a r  D e p l o y m e n t
P r o j e c t i o n s :  A  M u l t i - M o d e l  C o m p a r i s o n .  G o l d e n ,  C O :  N a t i o n a l  R e n e w a b l e
E n e r g y  L a b o r a t o r y .

S o n o m a  C o u n t y  O f f i c e  o f  E d u c a t i o n .  ( 2 0 1 6 ) .  S o n o m a  C o u n t y  E d u c a t i o n
S u r v e y .  S o n o m a  C o u n t y  O f f i c e  o f  E d u c a t i o n ,  S o n o m a  C A .  C a l i f o r n i a
D e p a r t m e n t  o f  E d u c a t i o n .

S t a t e  o f  N e w  Y o r k .  ( 2 0 1 6 ) .  P r o c e e d i n g  o n  M o t i o n  o f  t h e  C o m m i s s i o n  a s  t o
t h e  R a t e s ,  C h a r g e s ,  R u l e s  a n d  R e g u l a t i o n s  o f  C o n s o l i d a t e d  E d i s o n  C o m p a n y
o f  N e w  Y o r k ,  I n c . f o r  E l e c t r i c  S e r v i c e .  P u b l i c  o f  S e r v i c e  C o m m i s s i o n .
R e t r i e v e d  f r o m
h t t p : / / d o c u m e n t s . d p s . n y . g o v / p u b l i c / C o m m o n / V i e w D o c . a s p x ?
D o c R e f I d = % 7 B 8 C 2 6 C F 5 8 - 5 6 6 9 - 4 A 1 6 - 8 5 B C - 7 D 4 A E 2 1 B F F 8 D % 7 D

S t a t i s t i c s  C a n a d a .  ( 2 0 1 6 ) .  T a b l e  4 6 - 1 0 - 0 0 0 8 - 0 1  A v e r a g e  e x p e c t e d  u s e f u l
l i f e  o f  n e w  m u n i c i p a l l y  o w n e d  s o c i a l  a n d  a f f o r d a b l e  h o u s i n g  a s s e t s ,  b y
u r b a n  a n d  r u r a l ,  a n d  p o p u l a t i o n  s i z e ,  I n f r a s t r u c t u r e  C a n a d a .
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T e x a s  A & M  E x t e n s i o n  A g r i c u l t u r a l  E c o n o m i c s .  ( 2 0 1 3 ) .  2 0 2 0  F r u i t  a n d
V e g e t a b l e  B u d g e t s :  I r r i g a t e d  C a r r o t s .  T e x a s  A & M  A g r i L i f e  E x t e n s i o n .

T e x a s  D e m o g r a p h i c  C e n t e r .  ( 2 0 1 8 ) .  2 0 1 8  T e x a s  P o p u l a t i o n  P r o j e c t i o n s  D a t a
T o o l :  B e x a r  C o u n t y .

T e x a s  D e p a r t m e n t  o f  M o t o r  V e h i c l e s .  ( 2 0 2 0 ) .  V e h i c l e s  R e g i s t e r e d  b y
R e g i s t r a t i o n  C l a s s .  R e p o r t s  &  D a t a .  R e t r i e v e d  f r o m
h t t p s : / / w w w . t x d m v . g o v / t x d m v - f o r m s / c a t _ v i e w / 1 3 - p u b l i c a t i o n s / 2 5 - r e p o r t s -
d a t a / 6 5 - v e h i c l e - t i t l e s - r e g i s t r a t i o n / 2 2 9 - r e g i s t r a t i o n - d a t a / 2 7 4 - v e h i c l e s -
r e g i s t e r e d - b y - r e g i s t r a t i o n - c l a s s

T e x a s  D e p a r t m e n t  o f  T r a n s p o r t a t i o n .  ( 2 0 1 9 ) .  S a n  A n t o n i o  D i s t r i c t
S t a t i s t i c s :  V e h i c l e s  R e g i s t e r e d  ( F Y  2 0 1 9 ) .  S a n  A n t o n i o  D i s t r i c t  S t a t i s t i c s .
R e t r i e v e d  f r o m  h t t p : / / w w w . d o t . s t a t e . t x . u s / a p p s - c g / d i s c o s / d e f a u l t . h t m ?
d i s t = S A T

T h e  I n t e r n a t i o n a l  C o u n c i l  o f  C l e a n  T r a n s p o r t a t i o n  ( I C C T ) .  ( 2 0 1 9 ) .
E s t i m a t i n g  e l e c t r i c  v e h i c l e  c h a r g i n g  i n f r a s t r u c t u r e  c o s t s  a c r o s s  m a j o r  U . S .
m e t r o p o l i t a n  a r e a s .  W o r k i n g  P A p e r  2 0 1 9 - 1 4 .  R e t r i e v e d  f r o m
h t t p s : / / t h e i c c t . o r g / s i t e s / d e f a u l t / f i l e s / p u b l i c a t i o n s / I C C T _ E V _ C h a r g i n g _ C o s t
_ 2 0 1 9 0 8 1 3 . p d f

T h e  T r u s t  f o r  P u b l i c  L a n d ’ s  C e n t e r  f o r  C i t y  P a r k  E x c e l l e n c e .  ( 2 0 0 8 ) .  H o w
M u c h  V a l u e  D o e s  t h e  C i t y  o f  B o s t o n  R e c e i v e  f r o m  i t s  P a r k  a n d  R e c r e a t i o n
S y s t e m ?

T h e  T r u s t  f o r  P u b l i c  L a n d ’ s  C e n t e r  f o r  C i t y  P a r k  E x c e l l e n c e .  ( 2 0 0 8 ) .  H o w
M u c h  V a l u e  D o e s  t h e  C i t y  o f  P h i l a d e l p h i a  R e c e i v e  f r o m  i t s  P a r k  a n d
R e c r e a t i o n  S y s t e m ?

T o u r t e ,  L . ,  S m i t h ,  R . F . ,  M u r d o c k ,  J . ,  S u m n e r ,  D . A .  ( 2 0 1 7 ) .  S a m p l e  C o s t  t o
P r o d u c e  a n d  H a r v e s t  B r o c c o l i .  U n i v e r s i t y  o f  C a l i f o r n i a  A g r i c u l t u r e  a n d
N a t u r a l  R e s o u r c e s  C o o p e r a t i v e  E x t e n s i o n  a n d  A g r i c u l t u r a l  I s s u e s  C e n t e r  U C
D a v i s  D e p a r t m e n t  o f  A g r i c u l t u r a l  a n d  R e s o u r c e  E c o n o m i c s .

T o u r t e ,  L . ,  S m i t h ,  R . F . ,  M u r d o c k ,  J . ,  S u m n e r ,  D . A .  ( 2 0 1 7 ) .  S a m p l e  C o s t  t o
P r o d u c e  a n d  H a r v e s t  I c e b e r g  L e t t u c e .  U n i v e r s i t y  o f  C a l i f o r n i a  A g r i c u l t u r e
a n d  N a t u r a l  R e s o u r c e s  C o o p e r a t i v e  E x t e n s i o n  a n d  A g r i c u l t u r a l  I s s u e s
C e n t e r  U C  D a v i s  D e p a r t m e n t  o f  A g r i c u l t u r a l  a n d  R e s o u r c e  E c o n o m i c s .
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U . S .  D e p a r t m e n t  o f  A g r i c u l t u r e ,  A g r i c u l t u r a l  R e s e a r c h  S e r v i c e .  ( 2 0 1 9 ) .
F o o d D a t a  C e n t r a l .  R e t r i e v e d  f r o m  h t t p s : / / f d c . n a l . u s d a . g o v /

U . S .  D e p a r t m e n t  o f  E n e r g y .  ( 2 0 1 1 ) .  A d v a n c e d  E n e r g y  R e t r o f i t  G u i d e s  f o r
O f f i c e  B u i l d i n g s .  P r a c t i c a l  W a y s  t o  I m p r o v e  E n e r g y  P e r f o r m a n c e .  P a c i f i c
N o r t h w e s t  N a t i o n a l  L a b o r a t o r y .  R e t r i e v e d  f r o m
h t t p s : / / w w w . p n n l . g o v / m a i n / p u b l i c a t i o n s / e x t e r n a l / t e c h n i c a l _ r e p o r t s / P N N L -
2 0 7 6 1 . p d f

U . S .  D e p a r t m e n t  o f  E n e r g y .  ( 2 0 1 5 ) .  B e n c h m a r k i n g  &  T r a n s p a r e n c y  P o l i c y
a n d  P r o g r a m  I m p a c t  E v a l u a t i o n  H a n d b o o k .  O f f i c e  o f  E n e r g y  E f f i c i e n c y  &
R e n e w a b l e  E n e r g y .  R e t r i e v e d  f r o m
h t t p s : / / w w w . e n e r g y . g o v / s i t e s / p r o d / f i l e s / 2 0 1 5 / 0 5 / f 2 2 / D O E % 2 0 B e n c h m a r k i n
g % 2 0 a n d % 2 0 T r a n s p a r e n c y % 2 0 P o l i c y % 2 0 a n d % 2 0 P r o g r a m % 2 0 I m p a c t % 2 0 E v a l u
a t i o n % 2 0 H . . . . p d f

 U . S .  D e p a r t m e n t  o f  E n e r g y .  ( 2 0 1 7 ) .  E v a l u a t i o n  o f  U . S .  B u i l d i n g  E n e r g y
B e n c h m a r k i n g  a n d  T r a n s p a r e n c y  P r o g r a m s :  A t t r i b u t e s ,  I m p a c t s ,  a n d  B e s t
P r a c t i c e s .  O f f i c e  o f  E n e r g y  E f f i c i e n c y  a n d  R e n e w a b l e  E n e r g y .  E n e r g y
A n a l y s i s  a n d  E n v i r o n m e n t a l  I m p a c t s  D i v i s i o n .  L a w r e n c e  B e r k e l e y  N a t i o n a l
L a b o r a t o r y .  R e t r i e v e d  f r o m
h t t p s : / / w w w . e n e r g y . g o v / s i t e s / p r o d / f i l e s / 2 0 1 9 / 0 1 / f 5 9 / l b n l _ b e n c h m a r k i n g _ f i
n a l . p d f

U . S .  D e p a r t m e n t  o f  E n e r g y .  ( 2 0 1 9 ) .  G r e e n h o u s e  g a s e s ,  R e g u l a t e d
E m i s s i o n s ,  a n d  E n e r g y  u s e  i n  T e c h n o l o g i e s  M o d e l  ( G R E E T ) .  O f f i c e  o f  E n e r g y
E f f i c i e n c y  a n d  R e n e w a b l e  E n e r g y .  A r g o n n e  N a t i o n a l  L a b o r a t o r y .  R e t r i e v e d
f r o m  h t t p s : / / g r e e t . e s . a n l . g o v /

U . S .  D e p a r t m e n t  o f  E n e r g y .  ( 2 0 2 0 ) .  B u i l d i n g  P e r f o r m a n c e  D a t a b a s e  ( B P D ) .  
 L a w r e n c e  B e r k e l e y  N a t i o n a l  L a b o r a t o r y  a n d  E a r t h  A d v a n t a g e .   R e t r i e v e d
f r o m :  h t t p s : / / b p d . l b l . g o v / e x p l o r e

U . S .  D e p a r t m e n t  o f  H e a l t h  a n d  H u m a n  S e r v i c e s  a n d  U . S .  D e p a r t m e n t  o f
A g r i c u l t u r e .  ( 2 0 1 5 ) .  2 0 1 5 – 2 0 2 0  D i e t a r y  G u i d e l i n e s  f o r  A m e r i c a n s .  8 t h
E d i t i o n .  A v a i l a b l e  a t  h t t p : / / h e a l t h . g o v / d i e t a r y g u i d e l i n e s / 2 0 1 5 / g u i d e l i n e s /

U . S .  E n e r g y  I n f o r m a t i o n  A d m i n i s t r a t i o n  ( E I A ) .  ( 2 0 1 2 ) .  E l e c t r i c i t y
c o n s u m p t i o n  a n d  c o n d i t i o n a l  e n e r g y  i n t e n s i t y  b y  C e n s u s  r e g i o n .
C o m m e r c i a l  B u i l d i n g  E n e r g y  C o n s u m p t i o n  S u r v e y  ( C B E C S ) .  R e t r i e v e d  f r o m
h t t p s : / / w w w . e i a . g o v / c o n s u m p t i o n / c o m m e r c i a l / d a t a / 2 0 1 2 / c & e / c f m / c 1 5 . p h p

https://autocase.com/


COST -BENEFIT  ANALYSIS  -  EXECUTIVE  SUMMARY  |  89

U . S .  E n e r g y  I n f o r m a t i o n  A d m i n i s t r a t i o n  ( E I A ) .  ( 2 0 2 0 ) .  L i g h t - D u t y  V e h i c l e
S a l e s  b y  T e c h n o l o g y  T y p e .  A n n u a l  E n e r g y  O u t l o o k  2 0 1 8 .  R e t r i e v e d  f r o m
h t t p s : / / w w w . e i a . g o v / o u t l o o k s / a e o / d a t a / b r o w s e r / # / ? i d = 4 8 -
A E O 2 0 1 8 & r e g i o n = 1 -
7 & c a s e s = r e f 2 0 1 8 & s t a r t = 2 0 1 6 & e n d = 2 0 5 0 & f = A & s i d = ~ ~ ~ ~ ~ ~ ~ ~ & s o u r c e k e y = 0

U . S .  E n e r g y  I n f o r m a t i o n  A d m i n i s t r a t i o n  ( E I A ) .  ( 2 0 2 0 ) .  T o t a l  E n e r g y  S u p p l y ,
D i s p o s i t i o n ,  a n d  P r i c e  S u m m a r y .  A n n u a l  E n e r g y  O u t l o o k  2 0 2 0 .  R e t r i e v e d
f r o m  h t t p s : / / w w w . e i a . g o v / o u t l o o k s / a e o / d a t a / b r o w s e r / # / ? i d = 1 -
A E O 2 0 2 0 & r e g i o n = 0 -
0 & c a s e s = r e f 2 0 2 0 & s t a r t = 2 0 1 9 & e n d = 2 0 5 0 & f = A & l i n e c h a r t = ~ r e f 2 0 2 0 -
d 1 1 2 1 1 9 a . 5 8 - 1 - A E O 2 0 2 0 & m a p = & c t y p e = l i n e c h a r t & s o u r c e k e y = 0

U . S .  E n v i r o n m e n t a l  P r o t e c t i o n  A g e n c y  ( E P A ) .  ( 2 0 1 8 ) .  E m i s s i o n s  &
G e n e r a t i o n  R e s o u r c e  I n t e g r a t e d  D a t a b a s e  ( e G R I D ) .  D o w n l o a d  D a t a  e G R I D
2 0 1 8 .  R e t r i e v e d  f r o m  h t t p s : / / w w w . e p a . g o v / e g r i d / d o w n l o a d - d a t a

U n i t e d  S t a t e s  G e o l o g i c a l  S u r v e y .  ( 2 0 0 3 ) .  E s t i m a t e d  m e a n  a n n u a l  g r o u n d -
w a t e r  r e c h a r g e  i n  t h e  c o n t e r m i n o u s  U n i t e d  S t a t e s .  R e t r i e v e d  f r o m  U S G S
W a t e r  R e s o u r c e s  N S D I  N o d e :
h t t p : / / w a t e r . u s g s . g o v / G I S / m e t a d a t a / u s g s w r d / X M L / r e c h 4 8 g r d . x m l # M e t a d a t
a _ R e f e r e n c e _ I n f o r m a t i o n .

U n i t e d  S t a t e s  G e o l o g i c a l  S u r v e y .  ( 2 0 1 4 ) .  U S G S  N a t i o n a l  W a t e r  C e n s u s .
R e t r i e v e d  f r o m  h t t p : / / w a t e r . u s g s . g o v / w a t e r c e n s u s / w a t e r - u s e . h t m l

U n i t e d  S t a t e s  G e o l o g i c a l  S u r v e y .  ( 2 0 1 0 ) .  E s t i m a t e d  U s e  o f  W a t e r  i n  t h e
U n i t e d  S t a t e s  C o u n t y - L e v e l  D a t a  f o r  2 0 1 0 .  R e t r i e v e d  f r o m
h t t p s : / / w a t e r . u s g s . g o v / w a t u s e / d a t a / 2 0 1 0 /

W a l k e r ,  A ,  L o c k h a r t ,  E . ,  D e s a i ,  J . ,  A r d a n i ,  K . ,  K l i s e ,  G . ,  L a v r o v a ,  O . ,  T a n s y ,  T . ,
D e o t ,  J . ,  F o x ,  B . ,  a n d  P o c h i r a j u ,  A .  ( 2 0 2 0 ) .  M o d e l  o f  O p e r a t i o n  a n d
M a i n t e n a n c e  C o s t s  f o r  P h o t o v o l t a i c  S y s t e m s .  G o l d e n ,  C O :  N a t i o n a l
R e n e w a b l e  E n e r g y  L a b o r a t o r y .

W a t s o n ,  A . ,  G i u d i c e ,  L . ,  L i s e l l ,  L . ,  D o r i s ,  L . ,  B u s c h e ,  S .  ( 2 0 1 2 ) .  S o l a r  R e a d y :
A n  O v e r v i e w  o f  I m p l e m e n t a t i o n  P r a c t i c e s .  G o l d e n ,  C O :  N a t i o n a l  R e n e w a b l e
E n e r g y  L a b o r a t o r y .

Z i l l o w .  ( 2 0 2 0 ) .  Z i l l o w  H o m e  V a l u e  I n d e x  ( Z H V I ) .  H o u s i n g  D a t a .  R e t r i e v e d
f r o m  h t t p s : / / w w w . z i l l o w . c o m / r e s e a r c h / d a t a /
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