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A p p e n d ix  A  O h io  S t a t e  F a r m  D a i r y

T a b l e  A 1  T h e  O h io  s t a t e  f a r m s  d a i r y  in  2 0 1 3

C o u n ty N u m b e r  o f  fa r m s N u m b e r  o f  c o w s A v e r a g e  C o w s
Adams 24 3,100 129
Allen 3 700 233
Ashland 147 6 ,000 41
Ashtabula 64 6,500 102
Athens 9 1,100 122
Auglaize 48 5,200 108
Belmont 21 900 43
Brown 15 800 53
Butler 7 1,400 200
Carroll 57 3,600 63
Champaign 19 1,900 100
Clark 5 2,400 480
Clermont 3 200 67
Clinton 6 100 17
Columbiana 93 9,500 102
Coshocton 78 3,800 49
Crawford 12 1,300 108
Darke 57 7,900 139
Defiance 12 3,800 317
Delaware 9 400 44
Erie 7 500 71
Fairfield 21 1,000 48
Fayette 9 300 33
Franklin 2 300 150
Fulton 9 3,100 344
Gallia 11 600 55
Geauga 65 3,000 46
Greene 8 200 25
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C o u n ty N u m b e r  o f  fa r m s N u m b e r  o f  c o w s A v e r a g e  C o w s
Guernsey 29 1,500 52
Hamilton 2 300 150
Hancock 7 1,200 171
Hardin 94 6 ,000 64
Harrison 6 800 133
Henry 12 1,800 150
Highland 24 1,300 54
Holmes 479 17,000 35
Huron 37 3,400 92
Jackson 10 300 30
Jefferson 8 1,800 225
Knox 81 3,500 43
Lawrence 2 200 100
Licking 26 3,500 135
Logan 65 2,300 35
Lorain 23 4,600 200
Madison 13 2,900 223
Mahoning 49 5,200 106
Marion 13 3,300 254
Medina 53 2,700 51
Meigs 12 2 ,000 167
Mercer 127 20,500 161
Miami 13 1,400 108
Monroe 22 1,400 64
Montgomery 4 500 125
Morgan 12 1,100 92
Morrow 26 1,700 65
Muskingum 19 1,600 84
Noble 3 200 67
Ottawa 1 300 300
Paulding 11 7,800 709
Perry 4 500 125
Pickaway 10 1,400 140
Pike 15 400 27
Portage 18 1,800 100
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C o u n ty N u m b e r  o f  fa r m s N u m b e r  o f  c o w s A v e r a g e  C o w s
Preble 13 1,700 131
Putnam 21 4,500 214
Richland 139 6,100 44
Ross 9 1,100 122
Sandusky 13 800 62
Seneca 6 700 117
Shelby 63 6,700 106
Stark 89 9,400 106
Trumbull 57 2,900 51
Tuscarawas 97 10,100 104
Union 12 1,200 100
Van Wert 10 3,200 320
Warren 3 100 33
Washington 23 2,400 104
Wayne 415 32,500 78
Williams 6 7,300 1217
Wood 5 1,800 360
Wyandot 11 1,400 127
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T a b l e  A 2  T h e  N o r t h w e s t  O h io  f a r m s  d a i r y  in  2 0 1 3

C o u n ty N u m b e r  o f  fa r m s N u m b e r  o f  c o w s A v e r a g e  C o w s
Allen 3 700 233
Defiance 12 3,800 317
Fulton 9 3,100 344
Hancock 7 1,200 171
Henry 12 1,800 150
Ottawa 1 300 300
Paulding 11 7,800 709
Putnam 21 4,500 214
Sandusky 13 800 62
Seneca 6 700 117
Van Wert 10 3,200 320
Williams 6 7,300 1217
Wood 5 1,800 360
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A p p e n d i x  B  L if e  C y c le  I m p a c t  A s s e s s m e n t

B1 G l o b a l  w a r m i n g  p o t e n t i a l
T h e  r e s u l t  f ro m  G a b i 5 s im u la t io n  f ro m  a ll o f  f iv e  s c e n a r io s  s h o w e d  in  th e s e

f ig u re .

F i g u r e  B l . l  G lo b a l  w a r m in g  p o te n t ia l  f o r  s c e n a r io  1A .
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T o ta l GW P Free s ta ll T ru ck  t ra i le r  H o ld in g  E le c tr ic ty  Land a p p
p o n d

F i g u r e  B 1 .2  G lo b a l  w a r m in g  p o te n t ia l  fo r  s c e n a r io  IB .

Figure B1.3 Global warming potential for scenario 2.



52

1 0 0 0 0

8000

~  6000 

ï  4000

Z, 2 0 0 0

พ) - 2 0 0 0  

-4000 

.2  -6000 

“  -8000

- 1 0 0 0 0

404.91798 

T ota l GWP

8833.66732

Storage
0%

F i g u r e  B 1 .4  G lo b a l  w a r m in g  p o te n t ia l  f o r  s c e n a r io  3 A .

>•ร.

น ิ

800

600

400

i  2 0 0

1  - 2 0 0

-400

-600

322.07919

Total GWP

303.55871

Free stall

Free stall 
2 1 %

13.02261
Storage

549.78673

S cru bb er

-544.28887

Figure B1.5 Global warming potential for scenario 3B.
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B 2  A c i d i f i c a t i o n  p o t e n t i a l
T h e  r e s u l t  f ro m  G a b i 5 s im u la t io n  f ro m  a ll o f  f iv e  s c e n a r io s  s h o w e d  in  th e s e

f ig u re .

Total AP Free stall Tnick trailer Holding Electricty Land app
pond

F i g u r e  B 2 .1  A c id i f ic a t io n  p o te n t ia l  f o r  s c e n a r io  1A .

Total AP Free stall Truck Holding Scraper Electricty Land app 
trailer pond

Figure B2.2 Acidification potential for scenario IB.
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F i g u r e  B 2 .3  A c id i f ic a t io n  p o te n t ia l  fo r  s c e n a r io  2.

Figure B2.4 Acidification potential for scenario 3A.
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A p p e n d ix  c  C a l c u l a t i o n

C l  E n e r g y  r e q u i r e d  f o r  t h e  p u m p s .

p  =  (Q * Y * (h e+ h p )( 1 + a ) ) / r |

W h e re  : p  =  E n e rg y  d e l iv e re d  to  p u m p  [ พ ]
ๆ =  c o m b in e d  m e c h a n ic a l  a n d  h y d r a u l ic  e f f ic ie n c y  o f  th e  p u m p  

Q  =  f lo w  ra te  [m 3/ ร]
Y =  s p e c i f ic  w e ig h t  o f  w a te r  [ N /m 3] 
a  =  p e r c e n ta g e  o f  e n e rg y  lo s t  to  f r ic t io n  
he =  e le v a t io n  h e a d  p r o v id e d  b y  p u m p  [m ] 
h p  =  p r e s s u r e  h e a d  p r o v id e d  b y  p u m p  [m ]

A s s u m p t i o n
a  =  0 .3 , ๆ =  0 .6 5 , hp =  0  m , he =  1 m .
E x a m p le  f lu s h  s y s te m  f re e  s ta l l  2 4  h r /d a y .

(  0 . 0 0 3 0 4 1 ^ —j  *  ^ 9 8 0 7 “ 3") * ( l  +  0  m )  * ( 0 .3 ) 
p  =  0 .6 5

p  =  5 9 .6 3 8 3  พ

C 2  C o n s u m p t i o n  o f  g a s o l in e  f r o m  h o ld in g  p o n d  to  l a n d  a p p l i c a t i o n .  

A s s u m p t i o n  o f  g e n e ra l  tru c k :
A v e ra g e  s p e e d  =  6 6  m p h , a v e ra g e  c o n s u m p t io n  ( fu l l  c a p a c i ty )  =  8 m p g , 

a v e r a g e  c o n s u m p t io n  ( e m p ty  c a p a c ity )  =  11 m p g , lo a d  o f  fu ll  c a p a c i ty  =  4 0  m 3, 
d is ta n c e  f ro m  fa rm  to  la n d  a p p l ic a t io n  =  5 m ile ,  r a te  o f  la n d  a p p l ic a t io n  =  5 0 0  
g a l /a c e re  
E x a m p le

•า 140 m s)*(5000 gal}L o a d  c a p a c i ty  4 0  m  is  e q u a l  to  -— — 1 =  1 0 ,5 6 6 .8 8  g a ls
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T h e r e fo re ,  1 0 ,5 6 6 .8 8  g a ls  is  e q u a l  2 .1 1  a c re s , (u s e  r a te  o f  la n d  a p p l ic a t io n  r a t io  5 0 0  
g a l : 1 a c e re )
T h u s , o n e  t r u c k  u s e d  7 4 .9 3  m ile  to  la n d  a p p l ic a t io n  a n d  5 m ile  fo r  e m p ty  c a p a c ity . 
A ls o , to  c a lc u la te  fu e l c o n s u m p t io n ,

F o r  lo a d  c a p a c i ty  is  e q u a l  to  ^ at = 9 -3 6 6 3  g a l

E m p ty  c a p a c i ty  is  e q u a l  to  —  -  =  0 .4 5 4 5  g a l

T h e r e fo re ,  to ta l  fu e l c o n s u m p t io n  fo r  1 t r u c k  =  9 .8 2 0 8  g a l.

C 3  B io g a s  p r o d u c t i o n  f r o m  a n a e r o b i c  d i g e s t e r .

U s in g  th e  ra t io ;  1 0 0 0  k g  o f  w a s te  c a n  c o n v e r t  to  1 0 2 .5  k g  o f  b io g a s  (1 0 .2 5 % )  
f ro m  D e  M e s , (2 0 0 3 ) ;  7 2 ,7 2 1 .9 9 5 4  g a l /d a y  is  e q u a l  to  7 ,4 5 4 .0 0 4 5  g a l /d a y  o r  2 8 .2 1 6 5  
m 3 /d a y . T h e  c o n v e r s io n  o f  e n e rg y  c o n te n t  o f  b io g a s  is  a b o u t  2 3  M J /m 3.
F ro m  a n a e ro b ic  d ig e s t io n  c a n  g e n e ra te  2 8 .2 1 6 5  m 3 /d a y  o f  b io g a s .
T h e r e fo re , to ta l  e n e rg y  c o n te n t  is  ( 2 8 .2 1 6 5  m 3/d a y )* (2 3  M J /m 3) =  6 4 8 .9 7 9 0  M J

C o - g e n e r a t i o n  s y s te m .
A s s u m p t io n  : 1) o v e ra l l  e f f ic ie n c y  o f  g a s  e n g in e  is  7 0  %

2 ) 3 5 %  r e s u l t s  f ro m  e le c t r ic  p o w e r  g e n e ra t io n
3 ) 4 5 %  f ro m  w a s te  h e a t  r e c o v e r y
4 )  2 0 %  h e a t  r a d ia t io n  a n d  o th e r s

T h u s , to ta l  e n e r g y  c o n te n t  is  (6 4 8 .9 7 9 0  M J ) * ( 7 0 % )  =  4 5 4 .2 8 5 3  M J /d a y  

T a b l e  C 3 .1  T h e  e n e rg y  c o n te n t  f ro m  c o - g e n e r a t io n  s y s te m .

T o ta l  E n e r g y  f ro m  
b io g a s  

( M J /d a y )
3 5 %  e le c t r ic  p o w e r  

(M J /d a y )
4 5 %  h e a t  
(M J /d a y )

2 0 %  h e a t  lo s s  
(M J /d a y )

4 5 4 .2 8 5 3 1 5 8 .9 9 9 8 2 0 4 .4 2 8 4 9 0 .8 5 7 1
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E n e rg y  a l lo c a t io n :  T o ta l  e n e r g y  =  4 5 4 .2 8 5 3  M J

E le c t r ic  p o w e r  =  1! s '! ! ! !  =  3 5 %4 5 4 .2 8  S3

H e a t  =  2 0 4 ,4 2 8 4  =  4 5 %

H e a t lo s s

4 5 4 .2 8 5 3

SO .8571
4ร ิ4 .2รร 3 2 0 %

C 4  C a l c u l a t e d  m e t h a n e  e m is s io n  f r o m  l a n d  a p p l i c a t i o n .

F ro m  IP C C  2 0 0 6  m e th o d  ( E q  2 2 )  :

C H 4 M a n u r e =  X T  E p (T ) * N ( T )  /  10 6

W h e re  :
C H 4 M a n u r e  =  C H 4  e m is s io n s  f ro m  m a n u re  m a n a g e m e n t ,  f o r  a  d e f in e d  p o p u la t io n .  
E f (T )  =  E m is s io n  f a c to r  fo r  th e  d e f in e d  l iv e s to c k  p o p u la t io n ,  k g  C H 4 /  h e a d  y e a r .
N  (T )  =  T h e  n u m b e r  o f  h e a d  o f  l iv e s to c k  s p e ic ie s /c a te g o r y  T  in  th e  c o u n try .
T  =  S p e c ie s /c a te g o r y  o f  l iv e s to c k .

F ro m  th e  a n n u a l  t e m p e ra tu re  in  O h io  S ta te  is  10 °c
F ro m  T a b le  1 0 .1 4  ( IP C C  2 0 0 6 ) ;  E p (T ) =  4 8  k g  C H 4/  h e a d  y e a r

N  (T )  =  3 4 7  h e a d
T h u s , C H 4 M a n u r e  =  [(4 8  k g  C H 4/  h e a d  y e a r ) * (3 4 7  h e a d ) ] /  1 0 6  =  1 6 ,6 5 6  k g  C H 4/ 
y e a r

F ro m  T a b le  1 0 A -4  =  (L iq u id / s lu r ry  =  17 %  ( s c e n a r io  1 A -1 B ))  a n d  ( A n a e r o b ic  
d ig e s te r  =  1 0 %  ( S c e n a r io  2 )
S o , C H 4  M a n u r e  a t  la n d  a p p l ic a t io n  =  ( 1 6 ,6 5 6  k g  C H 4/  y e a r ) * (1 7 /1 0 0 )  =  2 ,8 3 1 .5 2  k g  
C H 4/  y e a r  ( s c e n a r io  1 A )
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C 5  C a l c u l a t e d  n i t r o u s  o x id e  e m is s io n  f r o m  l a n d  a p p l i c a t i o n .

U s in g  IP C C  2 0 0 6  m e th o d  T ie r  1. E q  2 5  D ire c t  N 2 O  E m is s io n s  f ro m  M a n u r e  
M a n a g e m e n t .

N 2 0 D( m m ) =  [ S s [ S T ( N ( T ) * N e x ( T ) * M S ( T ,ร )]* E F 3 (ร)] * (4 4 /2 8 )

W h e re  :
N 2 O d ( m m )  =  d i r e c t  N 20  e m is s io n s  f ro m  m a n u re  m a n a g e m e n t  in  th e  c o u n t ry , k g  
N 20  y r ' 1

N(T) =  n u m b e r  o f  h e a d  o f  l iv e s to c k  s p e c ie s /c a te g o r y  T  in  th e  c o u n t ry
NeX(T) =  a n n u a l  a v e r a g e  N  e x c r e t io n  p e r  h e a d  o f  s p e c ie s /c a te g o r y  T  in  th e  c o u n t ry , k g
N  a n im a l ' 1 y r ' 1

M S(T,ร) =  F r a c t io n  o f  to ta l  a n n u a l  n i t r o g e n  e x c r e t io n  f o r  e a c h  l iv e s to c k  
s p e c ie s /c a te g o r y  T  th a t  is  m a n a g e d  in  m a n u re  m a n a g e m e n t  s y s te m  ร in  th e  c o u n try , 
d im e n s io n le s s .
E F 3 ( s) =  e m is s io n  f a c to r  fo r  d i r e c t  N 20  e m is s io n s  f ro m  m a n u re  m a n a g e m e n t  s y s te m  
ร in  th e  c o u n try , k g  N 2 0 - N / k g  N  in  m a n u re  m a n a g e m e n t  s y s te m  ร.
ร  =  m a n u re  m a n a g e m e n t  s y s te m .
T  =  s p e c ie s /c a te g o r y  o f  l iv e s to c k .
4 4 /2 8  -  c o n v e r s io n  o f  (N 2 0 - N ) ( m m )  e m is s io n s  to  N 2 0 ( m m )  e m is s io n s .

F ro m  E q  3 0  IP C C  2 0 0 6  m e th o d :  A n n u a l  N  e x c r e t io n  ra te s

N e x (T) =  N r a te (T)* (T  A M / 1 0 0 0 )  *3 65

W h e re  :
N ex(T) =  a n n u a l  N  e x c r e t io n  fo r  l iv e s to c k  c a te g o r y  T , k g  N  a n im a l ' 1 y r ' 1

N rate(T ) =  d e f a u l t  N  e x c r e t io n  r a te , k g  N  (1 0 0 0  k g  a n im a l  m a s s ) ' 1 d a y " 1 ( s e e  T a b le

1 0 .1 9 )
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T A M (T ) =  ty p ic a l  a n im a l  m a s s  fo r  l iv e s to c k  c a te g o r y  T , k g  a n im a l ' 1 ( s e e  T a b le  1 0 A -4  
to  1 0 A -9  in  A n n e x  1 0 A .2 )

F ro m  T a b le  1 0 .1 9  ; N rate(T ) =  0 .4 4  k g  N  (1 0 0 0  k g  a n im a l  m a s s ) ' 1 d a y ' 1 

F ro m  T a b le  1 0 A -4  ; T A M (I)  =  6 0 4  k g  a n im a l ' 1 

S o , E q  3 0
NeX(T) =  (0 .4 4  k g  N  (1 0 0 0  k g  a n im a l  m a s s ) ' 1 d a y ' ') * (  6 0 4  k g  a n im a l 'V l0 0 0 ) * 3 6 5  

=  9 7 .0 0 2 4  k g  N  a n im a l ' 1 y r ' 1 

F o r  e q  2 5 ; N(T) =  3 4 7
NeX(T) =  9 7 .0 0 2 4  k g  N  a n im a l " 1 y r ' 1

M S ( T ,ร) =  0 .1 5  ( u n t r e a te d  h o l id in g  p o n d  (L iq u id /s lu r ry )
=  0  ( a n a e r o b ic  d ig e s te r )

E F 3 (s) =  0  ( u n c o v e r e d  a n a e ro b ic  la g o o n /  l iq u id  s lu rry )
=  0  ( a n a e r o b ic  d ig e s te r )

T h e r e fo re ,  e q  2 5 : N 2 0 D( m m )  =  [ [ ( 3 4 7 ) * ( 9 7 .0 0 2 4 ) * ( 0 .1 5 ) ] * 0 ] * ( 4 4 /2 8 )
=  0 k g  N 20  y r ' 1 ( u n t r e a te d  h o ld in g  p o n d )
=  0  k g  N 20  y r ' 1 ( a n a e r o b ic  d ig e s te r )

F o r  E q  2 6  IP C C  2 0 0 6  m e th o d :  N  L o s s e s  d u e  to  v o la t i l i s a t io n  f ro m  m a n u re  
m a n a g e m e n t

Nvolatilization-MMS =  Ss[S 'r[(N (T)*N eX (T)* M S(T ,ร)* (FraCGasM s/100)(T,ร)]]

W h e re  :
Nvolatilization-MMS =  a m o u n t  o f  m a n u re  n i t r o g e n  th a t  is  lo s t  d u e  to  v o la t i l i s a t io n  o f  N H 3 

a n d  N O x , k g  N  y r ' 1

N(T) =  n u m b e r  o f  h e a d  o f  l iv e s to c k  s p e c ie s /c a te g o r y  T  in  th e  c o u n t ry
NeX(T) =  a n n u a l  a v e r a g e  N  e x c r e t io n  p e r  h e a d  o f  s p e c ie s /c a te g o r y  T  in  th e  c o u n t ry , k g

N  a n im a l ' 1 y r ' 1
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MS(T,s) =  f r a c t io n  o f  to ta l  a n n u a l  n i t r o g e n  e x c r e t io n  fo r  e a c h  l iv e s to c k  
s p e c ie s /c a te g o r y  T  th a t  is  m a n a g e d  in  m a n u re  m a n a g e m e n t  s y s te m  ร  in  th e  c o u n try , 
d im e n s io n le s s
FracGasMS =  p e r c e n t  o f  m a n a g e d  m a n u re  n i t r o g e n  fo r  l iv e s to c k  c a te g o r y  T  th a t  
v o la t i l i s e  a s  N H 3  a n d  N O x  in  th e  m a n u re  m a n a g e m e n n t  s y s te m  ร ,0/อ

F ro m  T a b le  1 0 .2 2  ( IP C C  2 0 0 6 ) ,  FracGasMS fo r  a n a e ro b ic  la g o o n  =  3 5  %
F racG asM S  l iq u id  s lu r ry  =  4 0  %
D a ily  s p re a d  =  7 %

S o , Nvoiatilization-MMS =  ( 3 4 7 )* (9 4 .0 0 2 4  k g  N  a n im a l ' 1 y f I) * (0 .1 2 5 ) * ( 4 0 /1 0 0 )
=  2 ,0 1 9 .5 9  k g  N  y r ' 1 ( u n t r e a te d  h o ld in g  p o n d )
=  0  k g  N  y r ' 1 ( a n a e r o b ic  d ig e s te r )

F o r  E q  2 7  IP C C  2 0 0 6  m e th o d :  In d ire c t  N 2 O  e m is s io n s  d u e  to  v o la t i l i z a t io n  o f  N  
f ro m  M a n u r e  M a n a g e m e n t  in  th e  c o u n try , k g  N 2 O  y r ’ 1

N 2 0 G(mm) =  (Nvolatilization-MMS*EF4)* 44 /28

W h e re  :
N 2 0 G(mm) =  in d i r e c t  N 2 O  e m is s io n s  d u e  to  v o la t i l i z a t io n  o f  N  f ro m  M a n u r e  
M a n a g e m e n t  in  th e  c o u n try , k g  N 2 O  y r ' 1

E F 4 =  e m is s io n  f a c to r  fo r  N 2 0  e m is s io n s  f ro m  a tm o s p h e r ic  d e p o s i t io n  o f  n i t r o g e n  o n  
s o i ls  a n d  w a te r  s u r fa c e , k g  N 2 O -N  (k g  N H 3 - N + N O x-N  v o la t i l i s e d ) '1; d e f a u l t  v a lu e  is
0 .0 1  k g  N 2 O -N  (k g  N H 3 -N  +  N O x-N  v o la t i l i s e d ) ' 1 =  0 .01

T h u s , N 2 OG(mm) =  ( 2 ,0 1 9 .5 9  k g  N  y f ' n  0 .0 1 )
=  3 1 .7 3 6 4  k g  N 20  y r ' 1 ( u n t r e a te d  h o ld in g  p o n d )
=  0  k g  N 2 O  y r ' 1 ( a n a e r o b ic  d ig e s te r )

T o ta l  N 2 O  e m is s io n  =  D i re c t  N 20  +  I n d i re c t  N 20
F o r  u n tr e a te d  h o ld in g  p o n d  =  0 + 3 1 .7 3 6 4  =  3 1 .7 3 6 4  k g  N 2 O  y r ' 1

F o r  a n a e ro b ic  d ig e s te r  =  0 + 0  =  0  k g  N 20  y r ' 1
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