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Trigeneration from anaerobic digester gas 
Dairy farms that have anaerobic digesters and utilize combined heat and power (CHP) systems fueled by 
biogas have a source of waste heat suitable for absorption chiller input. The CHP system generates 
electricity and heat energy can be recovered from the combustion exhaust and the cooling water jacket. The 
waste heat is primarily recovered to heat the anaerobic digester to maintain its design temperature of 
approximately 100°F (mesophilic) or 130°F (thermophilic). A secondary use of the waste heat may be to 
supply hot water for space heating or for washing. When the waste heat is also used in an absorption chiller 
to generate cooling energy, the system is called a trigeneration system because it produces three useful 
energy outputs (electricity, heating energy, cooling energy) with one energy input (biogas). Figure 1 shows 
an example of a trigeneration system diagram that could be useful at a dairy farm. 

 
Figure 1. Example of an on-farm trigeneration system diagram. 

Milk cooling and cold storage 
Dairy farms need to cool milk to below 38°F within 30 minutes of harvest. Depending on the dairy 
operation, the farm may also need to store the milk for up to 2 days between 34°F and 38°F before it is 
loaded for trucking to a processing plant. A common on-farm milk cooling system consists of pre-cooling 
harvested milk from about 100°F to 62°F using a potable municipal or well water-to-milk heat exchanger 
(plate cooler or shell and tube) followed by an electric compression/condenser unit to cool milk below 38°F. 
This approach works well as the water leaving the pre-cooling heat exchanger is at a preferred temperature 
for watering cows (between 63°F and 100°F). 1

If farms are not able to pre-cool milk with a water-to-milk heat exchanger, then a LiBr absorption chiller 
(widely available in the US) could be used to cool milk from 100°F to approximately 45°F, with the existing 
electric system providing the balance of milk cooling needs. An NH3 absorption chiller would be capable 
of milk cooling to the required temperature and maintaining refrigerated storage conditions; however, NH3 
chillers have very limited availability in the US and questions arise about parts and service.  
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Cooling for cow comfort 
Dairy cows in New York State can benefit from heat stress mitigation. The most common methods to 
mitigate heat stress are to employ large, electrically powered fans strategically located throughout the barn 
and to utilize a water sprinkler system or an evaporative cooling system when additional cooling is needed. 
These systems cannot benefit from a chilled water supply. 2 
An additional or alternative system proposed to cool cows is conductive cooling where the transfer of heat 
is from a cow’s body to a cooler surface such as a waterbed. 3 Conductive cooling has been extensively 
researched and reviewed for its potential use by dairy farmers. Since the rate of heat transfer is based on the 
temperature difference between the cow and the waterbed, systems to continuously cool the waterbed water 
have been investigated, including the application of absorption chilling systems. 
One of the challenges with conductive cooling is stall bedding (e.g., manure solids, sawdust, shavings, etc.) 
reduces the heat transfer from the cow to the stall bed. Additional work is needed to determine an acceptable 
balance point between stall bed, bedding material, and water temperature and the circulation rate as part of 
defining a viable system. We are unaware of any commercially available conductive cooling systems for 
purchase currently. 
Practical considerations of absorption chilling 
Engineering a trigeneration system involves several considerations that impact the installation cost and 
practicality of implementation. Among these is the location of the CHP system consisting of the prime 
mover (e.g., engine-generator set) and heat exchanger(s) in relation to the milking center where milk cooling 
takes place. In most cases, housing the absorption chiller inside the milking center will be the most practical 
and economical option because absorption chillers cannot be placed outdoors and their chilled water supply 
must be kept from freezing. Avoiding intermediate heat exchangers when possible, such as a chilled water 
loop to chilled glycol loop, will minimize installation cost and improve efficiency. A long distance between 
the digester and CHP system may prohibit running hot water piping that will provide the high water 
temperatures an absorption chiller needs.  
Another practical consideration is the design of the waste heat exchange in order to concurrently supply 
moderate temperature hot water to the digester and higher temperature hot water to the absorption chiller. 
Careful consideration of how the absorption chiller will be loaded throughout a day is also important to 
ensure the operation stays within the manufacturer’s operating requirements. 
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