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Introduction

• Cow manure managed in the open

• Emits greenhouse gases : methane, nitrous oxides, carbon 
dioxide, ozone, etc.

• Dairy methane emissions contribute up to 5 percent of the total 
carbon footprint in California

Fig. 1 Dairy Farm Fig. 2 Conventional Manure Mgmt.



Anaerobic Digestion

Fig. 3 Covered Lagoon (Passive System)

Fig. 4 Complete Mixed Digester

Fig. 5 Plug Flow Digester

Fig. 6 Fixed Film Digester



Types of Manure Management Practices

• Pasture/Range Paddock 

• Daily Spread Paddock 

• Solid Storage 

• Dry lot 

• Liquid/Slurry 

• Uncovered anaerobic lagoon 

• Pit storage below animal confinements 

• Anaerobic digester 

• Cattle and Swine deep bedding 

• Composting – ( In-vessel, Static Pile, Intensive Window, Passive Window)

• Aerobic treatment 



Fig.7 Pasture based management

Fig. 8 Dry Lot

Fig. 9 Composting

Fig. 10 Liquid/slurry manure mgmt.



Fig. 10 Aerobic Digestion Fig. 11 Bedded Pack barns 
(Cattle and Swine deep Bedding)



Fig. 10 Weeping Wall Fig. 11 Bedded Pack barns 
(Cattle and Swine deep Bedding)



Dairy Digester Research and 
Development Program

CDFA’s Dairy Digester Research and Development 
Program (DDRDP) provides financial assistance for the 
installation of dairy digesters in California, which will 

result in reduced greenhouse gas emissions



DDRDP Project Funding Eligibility

The proposed project should have a Biogas Control System which:

• Utilizes recovered biogas for electricity generation

• Recovers biogas and upgrades to transportation fuel

• Recovers biogas and upgrades to bio-methane (to replace

natural gas)

• Recovers biogas for combustion in a boiler and the utilizes the

thermal energy



DDRDP Calculator

Overview:

• Estimates the GHG emission reductions and co-benefits

• To provide a cost-benefit analysis of the proposed project

• Relies on CARB-developed emission factors.

Limitations:

1. No comparative study provided for analyzing different project inputs

simultaneously

2. Excel worksheet is tedious and intimidating for first time users

3. Not user friendly (no help on processes and parameter values)



DDRDP Calculator



OBJECTIVES OF THE DEVELOPED TOOL

• To develop a basic GUI (Graphical User Interface) based software tool from

the existing DDRDP quantification methodology.

• To make the GUI software more comprehendible and friendly to the user

• To provide simultaneous comparative results for different project inputs

• To provide a graphical study for the trend and sensitivity analysis

(parameters: livestock population, county location, solid separation

techniques, manure management practices, biogas destruction devices )



Methodology

BECH 4, AS =  (fi  VSavail AS , L , i   B0, l )  0.68  0.001  25

BECH4, AS
= Total annual project baseline methane emissions from anaerobic manure

storage/treatment systems

VSdeg AS , L , i 

[fi VSavail AS, L, i]
=

Monthly volatile solids degraded in anaerobic manure storage/ treatment

system ‘AS’, from the total available volatile solids for each livestock category

‘L’ in the month ‘i’

B0, l = Max. methane producing capacity of manure for a livestock

f I =

The van’t Hoff-Arrhenius factor = % of VS that are biologically available for

conversion to methane, depending on the monthly average temperature of

the system/location.

0.68=Density of methane (1atm, 600F) (kg/m3) 25=Global warming potential of methane

Net GHG Emission 

Reductions
=

(Baseline methane(CH4) and CO2 emissions) 

– (Project CH4 and CO2 emissions) 

+ (Additional GHG benefit by utilizing methane)* 

*Additional GHG benefit can be extracted by using the biogas for electricity generation, producing transportation

fuel, offsetting fossil fuel like natural gas or diesel or by using the biogas for thermal energy generation in a

boiler.



Methodology

MCF= Methane Conversion Factor;                BECH4 = BECH4AS + BECH4non-AS

• Project Methane Emissions from BCS

BCE = Biogas Collection Efficiency           BDE = Biogas Destruction Efficiency

• Project Methane Emissions from BCS Effluent Pond

• Project Methane Emissions from Non-Anaerobic Storage/ Treatment Systems

• Total Project Methane Emissions



SOFTWARE TOOL

• GUI Designed in Qt Designer

• Coded in Python (PyQt5)



Help Button to assist the user



Help Menu



Multiple Input tabs for comparing projects



Outputs for 3 different Project

Output values adjusted up to 2 decimal places



• Advantages:

1) The calculations and indicators provide a holistic techno-financial overview of 
the project

2) Comparative study between different manure management practices can be 
established using the tool.

3) Easy to use tool with help guides for each input hence enabling the farm owners 
to understand the benefits due to various manure management practices

4) The software can be easily upgraded (manually) for accommodating the changes 
in parameter values of emission factor, temperature etc.

• Limitations:

1) Exact manure management practice practiced by the farmer may not be listed in 
the tool.

2) The tool doesn’t take into account the 

Conclusion



• Estimating the best practice for the fixed farm variables

• Providing a sensitivity analysis and a graphical study for in depth understanding of the 
effect of the variables

Future Work



• Making the software more user friendly by adding live suggestions

• Debugging the code for unwanted crashes during operation

• Making the GUI minimalistic by making the inputting process more structured

• Adding multiple number of projects for comparison at user’s behest

Future Work
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