Methane to Markets: Dairy Summary Worksheet

The purpose of this worksheet is to provide a first step in identifying methane recovery projects from dairy waste by providing basic information that describes the farm; it’s current waste management practices and GHG emissions; identifies gas recovery and use practices that reduce these emissions; provide an estimated cost and revenue stream for gas recovery practices; and identify other environmental and human health benefits provided by implementing the project.

The worksheet should be considered preliminary and may be selected for further expansion and detail for presentation to potential project funding and financing entities at the upcoming Methane to Markets Expo in Beijing.  While the worksheets are brief, submitters are encouraged to add additional sheets to expand the description of these projects should there be enough detail for submission.

Farm owners, farm cooperatives, trade groups, agricultural extension agencies, NGO’s, energy developers, and others interested in promoting rural economic and agricultural development are encouraged to submit project descriptions.

An Appendix is attached with two tables as reference for the calculations needed to complete various sections of the worksheet based on the farm description.  These tables are:

Table 1:  B0 (Ultimate Methane Yield), and VS (Volatile Solid) generation rates to determine maximum methane potential of waste; and

Table 2:  Methane Conversion Factors by Temperature to determine the estimated methane emitted from various waste management systems.  These are expressed as percentages and applied to the maximum yield.  Users should select these based on the farms existing waste management system relative to the average temperature (climate) in which the farm is located.

	Section A.  Dairy Contact Information

	1. Owner/Contact Name
	

	2. Full Address
	

	3.  Country
	
	4.  Email
	

	4. Telephone
	
	5.  Fax
	

	Section B.  Dairy Population and Dairy Type

	1.     Type of dairy  
	___________ lbs. of milk
	for ___________ head

	2.
Rolling herd average
	(  a.  Freestall
(  b.  Drylot
(  c.  Tie stall:
(  d: Pasture
(  e.  Other (specify):


	Section C.  Manure Collection and Processing 

	3.
Manure collection method
	(  a.  Flush everything
	(  b.  Flush parlor and freestall barn
	(  c.  Flush parlor and feed apron

	Select all that apply
	(  d.  Flush parlor only
	(  e.  Scrape all*
	(  f.   Scrape feed apron*

	
	(  g.  Collect all as solids with 
bedding
	(  h.  Other (specify):
	*scrape either mechanical or manual


	4. 
Existing Solid Separators
	( a.   Settling basin
	 ( b.  Screens
	 (  c.  Screw Press

	Please indicate Type
	( d.   Manual removal
	 ( e.  Other (specify)
	

	Section D.  Existing Waste Management System  

	1.    Type
	(  a.  Store liquid/slurry waste in pond, tank or basin
	(  b.  Anaerobic Lagoon
	(  c. Store solid waste in stack or pile 

	
	(  d.    Anaerobic Digester (specify type and year built)         
(   e.  Fishpond          (   f.  Burn dung as fuel                        

(  g.  Other (specify):

	2.
Manure disposal method 
	(  a.  Land Application

(  d. Other (describe below)


	(  b. Discharge to surface waters   
	( c. Burn dung as fuel 


    (use 10% MCF from Table 2)




	Section E.  Estimated Methane Emissions

	a. Animal Type
	b. Standing Animal

Population

(head)
	c. VS

Volatile Solids

kg/hd/day

(Table 1, select region)
	d. Total

VS

(kg/day)

b * c


	e. B0
Ultimate Methane Yield m3/kg

(Table 1, select region)
	f. Ultimate Methane yield/ Dairy

d * e = m3/day
	g. MCF

Methane Conversion Factor

(Table 2, select MCF based on existing waste system from Section D. If different for each animal type, select appropriate MCF)
	h. Estimated emissions

(f * g)

* 0.0657 kg/m3
* 365 days/year


	1.
Cows-lactating
	
	
	
	
	
	
	

	2.
Cows-dry
	
	
	
	
	
	
	

	3.
Heifers
	
	
	
	
	
	
	

	Totals
	
	
	
	
	
	
	


	Section F.  Proposed Methane Recovery System 

	1.
Digester type
	( a. 
Covered lagoon
	( b. 
Plug flow
	( c. Mixed
	( d. 
Fixed Dome  ( e. Replace leaky digester  ( f. Other (specify):

	2. 
Utilization of biogas

Check all that apply
	( a. Electricity
	( b. Heating 
	( c. Cogeneration
	( d. Cook fuel   

( e. Light     ( f. Flare     

( g. other (specify)

	Estimated Energy:    Electric kW                          Estimated kWh/year  

 Tons wood replaced/year (assume 1.5 tons/family of 4/year

                                 Other (specify)


	Section G.  Estimated Emission reductions as Carbon Dioxide Equivalent

	Emissions reduction estimate = 

Carbon Dioxide Equivalent (CO2E)  Reductions = Methane emissions x 21 (Section E) + electrical energy reductions + fuel wood cooking reductions + digester leakage reductions1 (CO2E)   + Other (as CO2E)

	For:     

1) Electrical Energy assume 1,020 CO2E kg /MWH produced (2,249 CO2E  lb/MWh ; Spath 1999)

   2)     Cook fuel assume 6,000 kg (methane equivalent) per ton wood (Smith, 2000).  Assume family of four uses 1.5 ton/wood year


         3)     To determine leakage from digesters first determine a biogas leakage rate from the digester, gas storage and gas transmission components. Generally 
gas leakage from simpler and smaller household systems would be more probable than those from larger commercial scale systems generating 
electricity at load factors of 85% or higher.  For example older style fixed dome Chinese type structures w/ brick domes would leak more than newer 
fixed domes with monolithic concrete dome castings. Similarly, low cost polyethylene tube type systems would have higher leakage rates as they near 
their material life expectancy, perhaps 3-4 years due to wear/tear and UV degradation.  Leakage rates on the order of about 20-40% would appear 
reasonable for well constructed and maintained systems like this.  Once leakage rate is determined:

  CO2E  emissions = (daily biogas production (m3) x leakage rate (%) x 70% (methane)) x .0657 kg/m3 x 365 days/year x 21 (GWP of methane))

         

	

	Section H.  Cost & Revenue Information

	1. 
Estimated  cost  



	$
	2. 
Operation & maintenance 


($ per year)
	$

	3. 
Estimated electricity offsets


($ per year)
	$
	4. 
Estimated heating/


other benefits ($ per year)
	$

	5.  
Other revenue streams 


(please specify type and value)
	      

	6. 
Estimated payback period
	(1+2)/(3+4+5)

	Section I.  Other Environmental and Human Health Benefits

	Prevents/reduces water pollution by:
	a.  Treatment before surface water discharge

b.  Treatment before land application 

c. Treatment before surface water discharge after fish and/or aquatic plant production

d. Other(please specify)



	Improves air quality by:
	a. Reducing odors and volatile organic compounds (VOC’s)

b. Reducing emissions of hydrogen sulfide

c. Reducing emissions of ammonia

d. Other air quality benefits include (please specify)



	Improves rural sanitation and human health by:
	a. Reduction of breeding sites for flies and other disease vectors and other unsanitary conditions

b. Reduces pathogens, helminths, and protozoa in the environment

c. Reduces smoke, particulate matter, and other harmful emissions in cooking areas.

d. Other sanitation and human health benefits (please specify)




Notes:

Spath, P.L., M.K. Mann, and D.R. Kerr.  1999.  Life Cycle Assessment of Coal-Fired Power Stations.  Report No.  TP-570-25119.  National Renewable Energy Laboratory, Golden, Colorado

Smith K.R., Uma R., V.V.N Kishore. 2000. Greenhouse Implications of Household Stoves:  An Analysis for India. Annual Reviews Energy Environment. V. 25 741-63

Appendix of Reference Tables for Calculations:

Table 1:  Animal Mass, B0 (Ultimate Methane Yield), and VS (Volatile Solid) generation

	Region
	Dairy Cow Characteristics

	
	Mass1
kg
	B02

m3CH4/kg VS
	VS3

kg/hd/day

	North America
	604
	0.24
	5.4

	Western Europe
	600
	0.24
	5.1

	Eastern Europe
	550
	0.24
	4.5

	Oceania
	500
	0.24
	3.5

	Latin America
	400
	0.13
	2.9

	Africa
	275
	0.13
	1.9

	Middle East
	275
	0.13
	1.9

	Asia
	350
	0.13
	2.8

	Indian Subcontinent
	275
	0.13
	2.6


1 Average dairy cow mass for each region (default estimates are ±10%)

2 B0 estimates are ±15%

3 Average VS production per head per day for the average dairy cow (default estimates are ±20%)

IPCC 2006, 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Prepared by the National Greenhouse Gas Inventories Programme, Eggleston H.S., Buendia L., Miwa K., Ngara T. and Tanabe K. (eds). Published: IGES, Japan.
Table 2: MCF by Temperature (Table 10.17, pages 10.44-10.47 of IPCC 2006) 
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