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Appendix A Ohio State Farm Dairy

Table ALl The Ohio state farms dairy in 2013

County
Adams

Allen
Ashland
Ashtabula
Athens
Auglaize
Belmont
Brown
Butler
Carroll
Champaign
Clark
Clermont
Clinton
Columbiana
Coshocton
Crawford
Darke
Defiance
Delaware
Erie
Fairfield
Fayette
Franklin
Fulton
Gallia
Geauga
Greene

APPENDICES

Number of farms

24
3
147
64
9
48
Al
1
!
o7
19
5

%
8
12
o7
12

Number of cows

3,100
700
6,000
6,500
1,100
5,200
900
600
1,400
3,600
1,900
2,400
200
100
9,500
3,800
1,300
7,900
3,800
400
500
1,000
300
300
3,100
600
3,000
200

Average Cows

129
233
41
102
122
108
43
5
200
63
100
480
67
17
102
49
108
139
317

n
43

150
344

46
25



County
Guernsey
Hamilton
Hancock
Hardin
Harrison
Henry
Highland
Holmes
Huron
Jackson
Jefferson
Knox
Lawrence
Licking
Logan
Lorain
Madison
Mahoning
Marion
Medina
Meigs
Mercer
Miami
Monroe
Montgomery
Morgan
Morrow
Muskingum
Noble
Ottawa
Paulding
Perry
Pickaway
Pike
Portage

Number of farms

29
2
!
94
6
12
24
419
3
10
8
8l
2
26
65
23
13
49
13
53
12
127
13
22
4
12
26
19
3
1
il
4
10

15
18

Number of cows

1,500
300
1,200
6,000
800
1,800
1,300
17,000
3,400
300
1,800
3,500
200
3,500
2,300
4,600
2,900
5,200
3,300
2,100
2,000
20,500
1,400
1,400
500
1,100
1,700
1,600
200
300
7,800
500
1,400
400
1,800

Average Cows

52
150
mn

64
133
150

4

3

92

30
225

43
100
135

200
223
106
254
o
167
161
108
64
125
92
65

67
300
709
125
140

21
100

47



County
Preble
Putnam
Richland
Ross
Sandusky
Seneca
Shelby
Stark
Trumbull
Tuscarawas
Union
Van Wert
Warren
Washington
Wayne
Williams
Wood
Wyandot

Number of farms
3
21

139
9
13
6
63
8
5
97
12
10
3
23
415

i

Number of cows
1,700
4,500
6,100
1,100

800
700
6,700
9,400
2,900
10,100
1,200
3,200
100
2,400
32,500
7,300
1,800
1,400

Average Cows

131
214

44
122

62
1
106
106

5l
104
100
30

104
8
1217
360
127

43



Table A2 The Northwest Ohio farms dairy in 2013

County Number of farms Number of cows Average Cows
Allen 3 700 233
Defiance 12 3,800 317
Fulton 9 3,100 344
Hancock T 1,200 171
Henry 12 1,800 150
Ottawa 1 300 300
Paulding 11 7,800 709
Putnam 21 4,500 214
Sandusky 3 800 62
Seneca 6 700 117
Van Wert 10 3,200 320
Williams 6 7,300 1217

Wood 5 1,800 360



Appendix B

Life Cycle Impact Assessment

BL Global warming potential
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The result from Gabi 5 simulation from all of five scenarios showed in these

figure.
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Figure BI.I Global warming potential for scenario 1A.
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Figure BL.3 Global warming pdtehtial for scenario_é-;d
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B2 Acidification potential
The result from Gabi 5 simulation from all of five scenarios showed in these

figure.
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Appendix C Calculation

Cl Energy required for the pumps.

p = (Q*Y*(hethp)(1+a))lr]

Where :p

Energy delivered to pump [ ]

combined mechanical and hydraulic efficiency of the pump
Q = flow rate [m3 ]
Y = specific weight of water [N/m 3]
a = percentage ofenergy lost to friction
he = elevation head provided by pump [m]
hp = pressure head provided by pump [m]
Assumption
a=03, =0.65hp=0m, he=1m.
Example flush system free stall 24 hriday.

(0.0030417— *19807% 3"y * (I + 0m)*(023)
p = 0.65

p=59.6383
C2 Consumption of gasoline from holding pond to land application.

Assumption of general truck:

Average speed = 66 mph, average consumption (full capacity) = 8 mpg,
average consumption (empty capacity) = 11 mpg, load of full capacity = 40 m3,
distance from farm to land application = 5 mile, rate of land application = 500
gal/acere

Example

140 ms)*(5000 _gal%_

Load capacity 40 m is equal to 10,566.88 gals
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o7

Therefore, 10,566.88 gals is equal 2.11 acres, (use rate of land application ratio 500
gal : 1 acere)

Thus, one truck used 74.93 mile to land application and 5 mile for empty capacity.
Also, to calculate fuel consumption,

For load capacity is equal to N a=9-3663 gal
Empty capacity is equal to —- = 0.4545 gal

Therefore, total fuel consumption for 1truck = 9.8208 gal.
C3 Biogas production from anaerohic digester.

Using the ratio; 1000 kg of waste can convertto 102.5 kg of biogas (10.25%)
from De Mes, (2003); 72,721.9954 gal/day is equal to 7,454.0045 gal/day or 28.2165
ma/day. The conversion of energy content of hiogas is about 23 M J/m3,
From anaerobic digestion can generate 28.2165 m3/day of biogas.
Therefore,total energy content is (28.2165 m3day)*(23 MJ/m3) = 648.9790 MJ

Co-generation system.
Assumption : 1) overall efficiency of gas engine is 70 %
2) 35% results from electric power generation
3) 45% from waste heat recovery
4) 20% heat radiation and others
Thus, total energy contentis  (648.9790 MJ)*(70%) = 454.2853 MJ/day

Table C3.1 The energy content from co-generation system.

Total Einoegragg fOM 3504 electric power  45% heat  20% heat loss

(M J/day) (MJ/day) (M J/day) (M J/day)
454.2853 158.9998 204.4284 90.8571
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Energy allocation: Total energy = 454.2853 M)

Electric power = J1 5411 = 35%

111
2853

Heat = iy 30 = 45%

50.8571

0
447 3 0%

Heat loss

C4 Calculated methane emission from land application.
From IPCC 2006 method (Eq 22) :

CHe Manure= XT Ep(T) * N(T) / 106

Where :

CH4 Manure = CH4 emissions from manure management, for a defined population.
e« (T) = Emission factor for the defined livestock population, kg CH4/ head year.
N (T) = The number of head of livestock speicies/category T in the country.

T = Species/category of livestock.

From the annual temperature in Ohio State is 10 it
From Table 10.14 (IPCC 2006); Ep(T) = 48 kg CH4/ head year
N (T) = 347 head
Thus, CHa Manure = [(48 kg CH4/ head year)*(347 head)]/ 106 = 16,656 kg CH4/
year

From Table 10A-4 = (Liquid/slurry = 17 % (scenario 1A-1B)) and (Anaerobic
digester = 10% (Scenario 2)

S0, CHs Manure at land application = (16,656 kg CH4/ year)*(17/100) = 2,831.52 kg
CH4 year (scenario 1A)
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C5 Calculated nitrous oxide emission from land application.

Using IPCC 2006 method Tier 1. Eq 25 Direct N20 Emissions from Manure

Management.

N20 D(mm)= [SS[ST(N (T)*Nex(T)*M S(T, )J*EF3( )]*(44/28)

Where :
N20d (mm) = direct N20 emissions from manure management in the country, kg
N20 yr
N(T) = number of head of livestock species/category T in the country
NeX(T) = annual average N excretion per head of species/category T in the country, kg
N animal1yri
MS(T, )= Fraction of total annual nitrogen excretion for each livestock
species/category T thatis managed in manure management system in the country,
dimensionless.
EF3(s) = emission factor for direct N20 emissions from manure management system
in the country, kg N20-N/kg N in manure management system
= manure management system.
T = species/category of livestock.
44/28 - conversion of (N20-N)(mm) emissions to N20(mm) emissions.

From Eq 30 IPCC 2006 method: Annual N excretion rates
Nex(T) = Nrate(T)*(TAM/1000)*365
Where :
Nex(T) = annual N excretion for livestock category T, kg N animal1yr1

Nrate(T) = default N excretion rate, kg N (1000 kg animal mass) 1 day1(see Table
10.19)
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TAM(T) = typical animal mass for livestock category T, kg animal 1 (see Table 10A-4
to 10A-9 in Annex 10A.2)

From Table 10.19 ;Nrate(T) = 0.44 kg N (1000 kg animal mass) 1 day'1
From Table 10A-4 ; TAM(I) = 604 kg animal'1
So, Eq 30
NeX(T) = (0.44 kg N (1000 kg animal mass)'1day")*( 604 kg animal'v1000)*365
=97.0024 kg N animal'1yr1
Foreq 25; N(T) = 347
NeX(T) = 97.0024 kg N animal-1yr1
MS(T, )=0.15 (untreated holiding pond (Liquid/slurry)
=0 (anaerobic digester)
EF3(s)= 0 (uncovered anaerobic lagoon/ liguid slurry)
= o (anaerobic digester)
Therefore, eq 25: N20 D(mm) = [[(347)*(97.0024)*(0.15)]*0]*(44/28)
=0 kg N20 yr1(untreated holding pond)
=0 kg N20 yru(anaerobic digester)

ForEq 26 IPCC 2006 method: N Losses due to volatilisation from manure

management

Nvolatilization-MMS = Ss[S'r[(N(T)*NeX(T)* MS(T, )*(FraCGasMs/100)(T, )]]

Where :

Nvolatilization-MMS = amount of manure nitrogen that is lost due to volatilisation 0of NH3
and NOx, kg N yr1

N(T) = number of head of livestock species/category T in the country

NeX(T) = annual average N excretion per head of species/category T in the country, kg

N animal1yr1
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MS(T,s) = fraction of total annual nitrogen excretion for each livestock
species/category T that is managed in manure management system in the country,
dimensionless

FracGasMS = percent of managed manure nitrogen for livestock category T that
volatilise as NH3 and NOXx in the manure managemennt system 0

From Table 10.22 (IPCC 2006), FracGasMS for anaerobic lagoon = 35 %
FracGasMS liquid slurry = 40 %
Daily spread =7 %
So, Nvoiatilization-MMS = (347)*(94.0024 kg N animal 1y fI)*(0.125)*(40/100)
=2,019.59 kg N yr1(untreated holding pond)
= 0 kg N yr1(anaerobic digester)
For Eq 27 IPCC 2006 method: Indirect N20 emissions due to volatilization of N
from Manure Management in the country, kg N20 yr1

N 20 G{rmm) = (Nvolatilization-MMS*EF4) ¥ 44/28

Where :

N 20 G(mm) = indirect N2O emissions due to volatilization of N from Manure
Management in the country, kg N20 yr1

EFs=emission factor for N20 emissions from atmospheric deposition of nitrogen on
soils and water surface, kg N20-N (kg NH3-N+NOx-N volatilised)'s; default value is
0.01 kg N20-N (kg NH3-N + NOx-N volatilised)'1= 0.01

Thus, N20G(mm) = (2,019.59 kg Ny t'n 0.01)

31.7364 kg N20 yr1 (untreated holding pond)
0 kg N20 yr1(anaerobic digester)

Total N20 emission = Direct N20 + Indirect N20

For untreated holding pond = 0+31.7364 = 31.7364 kg N20 yr1
For anaerobic digester = 040 = 0 kg N20 yr1
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