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EXECUTIVE SUMMARY 

 

Until recently, conversations involving energy recovery from waste, whether on-farm, municipal, or 

industrial, involved anaerobic digestion. While this waste management strategy is appropriate for many types of 

high moisture content feedstocks, it is less suitable for semi-solid and solid waste, limiting energy recovery to 

individuals with the right feedstocks and the capital to construct an anaerobic digester. However, the last decade 

has seen an increase in commercially-viable technologies capable of extracting the thermal energy (heat) from 

the composting process, allowing energy recovery to occur from drier feedstocks not typically used in anaerobic 

digestion. A detailed review of 45 different compost heat recovery systems (CHRSs) by the authors of this 

report also verified that recovering heat from the composting process is finally beyond the prototype stage, and 

is ready for widespread commercial use. In their review, they found that commercial scale CHRSs recovered an 

average of 194,200 BTU/hr, while mid-scale systems recovered 19,000 BTU/hr (Smith et al. 2016). With one 

gallon of oil being equivalent to roughly 138,500 BTUs, CHRSs are capable of displacing large volumes of 

fossil fuels used for domestic heating. Current uses for CHRSs include:  

¶ Farm, residential, and commercial space heating 

¶ Warm greenhouses and high tunnels for extended growing season 

¶ Maintain temperature of anaerobic digester tanks 

¶ Warm drinking water for dairy cows in the winter (increases milk yield) 

¶ Heat water for cleaning equipment 

¶ Dry biosolids to reduce landfill costs 

¶ Warm outdoor pools and showers   

With CHRSs proving to be commercially viable, the authors of this report found it necessary to 

document how to construct a heat recovery composting facility from the ground up. The basis for this report 

came from the detailed review on CHRSs, along with four years of designing, building, and managing the 

University of New Hampshire Heat Recovery Composting Facility in Lee, New Hampshire. 

The objective of this report is to describe the process of building a heat recovery composting facility 

using the aerated static pile (ASP) method and Agrilab Technologies Heat Transfer System. The heat recovery 

composting facility, constructed at the University of New Hampshire (UNH) Organic Dairy Research Farm, 

serves as a case study. The report begins with a technology review, followed by detailed information on facility 

design, specific materials used, cost, and cost-saving strategies/considerations for those wanting to install this 

type of system at their site. While the facility was built on a university organic dairy farm to process agricultural 

wastes, a majority of the structural designs, materials list, and cost-saving strategies will be the same for any 

farmer (dairy, equine, poultry, etc.) or compost operator wanting to build this type of facility on their site. More 

specifically, this type of system is suitable for any type of semi-solid to solid waste being composted 

aerobically, whether animal, biosolid, digestate, municipal, yard, food, etc. 

The ultimate goal of this report is to provide enough detailed information that compost operators can 

design their own ASP composting system, reducing the amount of time and money that would otherwise be 

spent on engineering and consulting costs. The step-by-step instructions from the planning phase through 

project completion, along with the materials and cost list (Appendix 1) also provide guidance to operators on 
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how to construct and purchase large portions of the system themselves, leading to substantial cost savings. This 

report can also be used to answer many technology and cost questions that are pertinent to policy makers and 

investors who may be considering supporting this type of venture. The reader is encouraged to reference this 

report to expedite the often timely design and funding phases that exist for these types of projects.
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CHAPTER 1 INTRODUCTION TO THE TECHNOLOGY 

 

AEROBIC HEAT PRODUCTION VS. ANAEROBIC BIOGAS PRODUCTION 

An important point to make is that this technology involves composting, in which heat, not biogas 

(methane - CH4), is being captured and utilized. In this type of aerobic system, CH4 production from insufficient 

oxygen (anaerobic) is an economic loss, representing material that could have generated heat for capture 

through composting. Because anaerobic microbes are not as metabolically efficient, there is only a partial 

breakdown of the starting organic material, with a tremendous amount of chemical energy being left in the 

bonds of the CH4 compound. Unless the end goal is anaerobic digestion with biogas production/capture, this 

situation poses problems for compost operators wanting to extract heat from composting feedstocks. These 

problems may include: 

1. Reduced compost quality ï many intermediate compounds that remain from only a partial 

breakdown of biomass are phytotoxic to plants (Epstein 2011, Misra et al. 2003). This is 

especially true for fatty acids. 

2. Foul odors ï originate from intermediate compounds and some end products [volatile fatty acids, 

ammonia (NH3), and hydrogen sulfide (H2S)] (Chiumenti et al. 2005, Wright 2001, Rynk et al. 

1992) 

3. Corrosion - H2S and fatty acids (Chen et al. 2010). 

4. Elevated greenhouse gas emissions - CH4 is 21 times more potent as a greenhouse gas than 

carbon dioxide (CO2) (US EPA 2013). 

5. Reduction in compost sterilization ï inefficient low heat composting will not destroy weed seeds 

and pathogens within the composting mix (Misra et al. 2003). 

6. Heat recovery suffers ï more energy leaving the system as CH4 results in less heat production for 

recovery. 

 

HEAT PRODUCTION FROM COMPOSTING 

The bio-oxidation of organic material that occurs during composting is an exothermic reaction that 

continually releases heat, and can be represented by the general equation in (Figure 1). 

 

Figure 1: Basic Formula for Aerobic Composting 

In a compost pile, temperatures will go from ambient Ą mesophilic Ą thermophilic Ą mesophilic Ą 

ambient (Epstein 2011). While the exact range for what is qualified as mesophilic or thermophilic varies in the 

literature, a general range is 50-110ºF for mesophilic and > 110ºF for thermophilic. Following pile formation, 

temperatures will often increase sharply, and reach thermophilic temperatures within a few days (Figure 2). 
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If heat is not removed, temperatures will increase to the 

point where the microbes start dying off (> 160ºF). In this 

thermophilic stage, oxygen demand and heat production 

are highest, as the microbes target and metabolize the 

most easily digestible materials first (starches, sugars and 

fats) (Epstein 2011, Rynk et al. 1992). During this stage, 

the amount of aeration needed for heat removal can be 

more than ten times the requirement of microbial 

oxygenation (Rynk et al. 1992). As the composting 

process continues, the quantity of easily digestible 

compounds decreases, leaving more difficult substances 

to consume (proteins, cellulose, and lignin). At this point, 

the cumulative metabolic rate (and microbial population) plateaus and begins to decline. As the microbial 

population declines, so does the pile temperature (Epstein 2011, Chiumenti et al. 2005). With heat extraction as 

a goal, maintaining pile temperatures between 130-150ºF and prolonging the point of plateau and temperature 

decline are two 

strategic goals for the 

operator. Although one 

may think that 

maintaining pile 

temperatures in excess 

of 160ºF would 

increase heat recovery 

from the system, that 

method would actually 

subject the microbes to 

inhibitive temperatures 

they could not survive. 

While the heat 

exchange system would 

perform well during 

this short phase, long-

term heat recovery 

would likely suffer. 

Achieving maximum 

heat production requires the provision of an optimal microbial living environment, where they can thrive and 

reproduce.  

Individuals interested in more specific details concerning the science of the composting should reference 

Epstein (2011), Chiumenti et al. (2005), Haug (1993) and Rynk et al. (1992). 

 

Figure 2: Compost Pile Temperature by Compost Age for UNH 

Experimental Batch 2 

Basic Guidelines for Composting 

 

1. Organic material ï feedstocks are thoroughly mixed and have a combined 

carbon-to-nitrogen (C: N) ratio of 27:1 - 30:1 (Epstein 2011) 

2. H2O ï maintain pile moisture content between 50-60% (Epstein 2011) 

3. O2 ï maintain compost pile oxygen content between 10-18% during the 

active phase (Epstein 2011) and 1-5% during the maturation phase 

(Chiumenti et al. 2005). It is also important to reduce preferential airflow 

that can form from large pits and mounds on the pile, or cracks that run from 

the bottom to the top of the pile (both will be discussed in detail later). 

4. Temperature - maintain pile temperatures under 150ºF through aeration 

and/or turning (Epstein 2011) 

5. Porosity - free air space should be 35-50% (Chiumenti et al. 2005) 

6. pH ï maintain between 5.5 ï 8.0 (Chiumenti et al. 2005) 

7. Material size -  no larger than 1-3ôô (Chiumenti et al. 2005) 

8. Contaminants - Absence of materials toxic to microbes 

9. Drainage ï compost leachate is drained away from the pile to prevent an 

anaerobic base from forming 
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HEAT RECOVERY FROM COMPOSTING 

Numerous compost heat recovery systems (CHRSs) have been tested over the years, and are described 

in great detail in Smith and Aber (2016). In their review, three primary mechanisms of how to extract heat from 

a composting pile were described. The first method originated in ancient China 2000 years ago, and involved 

growing crops above a composting mass, which supplied heat to the root zone of crops through convection 

(Brown 2014). This system was further advanced in France during the 1600s, where acres of glass-enclosed 

hotbeds were used for crop production (Aquatias 1913). As with the Chinese system, a trench was filled with 

composting manure and was capped with topsoil for crop growth. As the manure composted, heat rising through 

convection warmed the roots of the crops, allowing for several months of season extension in the spring and 

fall. This system lost favorability in France in the early 1900ôs, when the primary composting feedstock (horse 

manure) was no longer in large supply, due to the replacement of the horse with the automobile. A version of 

this method made a short comeback from the 1940s ï 1970s by English and Dutch farmers, who used 

decomposing straw bales to extend the growing season of tomatoes, cucumbers and lettuce (Loughton 1977). 

While convection is the simplest and least costly method in extracting heat during the composting 

process, it is also the least efficient and is limited to horticultural applications. The second approach to recover 

heat from composting is conduction-based, which offers a substantial advance in both heat recovery and utility. 

This method was pioneered by Jean Pain in the 1970ôs at his farmstead in France. In his system, a 55-ton pile of 

chipped brushwood, with hundreds of feet of coiled tubing located within the composting mass, was used to 

heat water from 50°F to 140°F at a rate of one gallon per minute for six months. The water was used to warm a 

high tunnel and to heat a farmhouse (Pain and Pain 1972). What made this system a substantial leap forward 

was the ability to use the thermal mass of the composting pile to warm water that could be used for any purpose. 

This method is still used today and is described in detail in Brown (2014). 

Although warming water through conduction of composting feedstocks is more efficient than 

convection-based systems, this method is more suitable for backyard operations, where the time and labor 

consuming aspects of installing and removing the pipe during pile formation and breakdown can be absorbed by 

an enthusiastic homeowner. This method is typically not suitable for commercial operations, where revenue is 

the goal and labor/time is accounted for. Problems can also arise if too much heated water is removed from the 

pile, and/or the replacement water is too cold (Smith et al. 2016). This scenario can inhibit microbial growth 

and even crash the microbial population, causing rancid conditions. However, if managed properly, conduction-

based CHRSs can be a successful option for small-scale operations. 

An improvement to using pipe embedded within the composting mass is to install the recirculating heat 

exchange pipe within concrete below the composting feedstocks. This type of system is more suited for 

commercial operations, as the time and labor aspects of installing and dismantling the pipe are avoided. While 

the addition of concrete increases the cost of the operation, it is a more realistic option for commercial 

operations processing large quantities of biomass. A commercial composting facility in New Brunswick, 

Canada uses this type of system to prevent snow and ice from freezing GORETM compost covers to the ground 

(Allain 2007). However, as with the within-pile heat recovery systems, one has to be careful with how much 

heated water is extracted, in addition to carefully monitoring the temperature of the makeup water. These details 

were not considered at a separate Canadian composting facility when trying to extract heat from water-filled 

pipe below composting fish waste. The plant operators circulated the heat exchange liquid too fast, removing 
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heat until it caused the compost pile to cool down and crash. The result was putrefaction of the feedstocks and 

odor complaints from adjacent neighbors that resulted in the facility shutting down. If less water were pulled 

from the system, this approach should have worked. However, there is risk when extracting heat from a within-

slab system, as the slab is part of the thermal mass of the pile. Pulling too much heat from one section of the 

pile (in this case the bottom) risks anaerobic and odorous conditions. 

The final approach to recover heat from the composting process is to extract the thermal energy from the 

exhaust vapor using an aeration system. By mechanically moving air through the pile, the aerobic microbes 

receive needed oxygen, while removing excess heat that can inhibit their growth and reproduction (Epstein 

2011, Rynk et al. 1992). Importantly, heat recovery does not interfere with the composting process like 

conduction-based recovery systems. The simplest method under this approach is to use the heated compost 

vapor directly. These systems usually involve placing perforated PVC pipe below composting feedstocks and 

forcing air through the composting pile (positive aeration) with a fan. As air is forced through the decomposing 

material, hot compost vapor is forced out. Because of high levels of NH3 and VOCs in the compost vapor 

stream, a biofilter is necessary to reduce these odorous and potentially harmful gases. Early research utilizing 

this technology came from the New Alchemy Institute, where a winter greenhouse was warmed through 

compost vapor, which had been sent through a biofilter (Fulford 1986). More recently, Adams (2005), explored 

the use of compost vapor to heat greenhouses in Vermont. 

While positive aeration systems serve as a valuable tool for season extension and reduced heating costs 

for greenhouse and high tunnel growers in cooler climates, it has limited applications, due to the difficulty in 

capturing the diffused heat across the pile. The amount of available heat in the air is also limited, with a study 

by Themelis (2005) finding that only 13.4% of the heat generated within a compost pile is contained in the air. 

Composting systems using positive aeration also risk corroding any type of building or structure they are 

housed in, as highly corrosive vapor is being blown into the airspace. 

A more effective method of capturing heat from composting is through negative aeration, where air is 

pulled through the composting mass and into a single chamber where the heated vapor can be directed. In some 

systems, this heated vapor is sent through a biofilter, where the contaminants are scrubbed and the heat and CO2 

are diffused into a greenhouse (Smith et al. 2016). However, a more efficient system is to direct the heated 

vapor into a chamber containing an air-to-water heat exchanger. By using a heat exchanger, the thermal energy 

contained within the water molecules of the vapor stream can be extracted. This is important, as a majority of 

the energy balance within a composting pile is contained in the water vapor. Themelis (2005) found that 63% of 

the thermal energy within a composting pile was in the water vapor. Furthermore, if an air-to-water heat 

exchanger is used, heat recovery does not influence the composting process and the heated water can be used 

for more than just horticultural applications. Agrilab Technologies Inc., developed such a system, by using 

Acrolabôs IsobarÈ Heat Pipe technology and the ASP composting method (Agrilab Technologies is a U.S.A. 

based vendor of the Acrolab Isobar system). 
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ACROLABôS ISOBARÈ HEAT PIPE TECHNOLOGY 

Acrolabôs Isobar Heat Pipe is a two-phase, super-thermal conductor that provides thermal uniformity 

across the pipe by immediately transferring heat evenly across the entire unit (Acrolab 2013). The heat 

exchanger uses an extremely high-grade stainless steel evacuated pipe filled with a working refrigerant. When 

heat is applied to the evaporator side of the pipe, the refrigerant inside heats up and vaporizes. That vapor 

travels the length of the pipe and condenses on the cooler side, releasing the latent heat of condensation. After 

condensing, the condensate is returned to the warm end of the pipe through capillary action in a metallic wick 

contained within the isobar (Acrolab 2013). The beauty of the system is that there are no mechanical parts 

within the isobar (Figure 3). 

The Isobar Composting and Thermal Energy 

System developed by Agrilab Technologies, uses this 

technology, by utilizing the metabolic heat generated by 

microbes during the composting process for heat 

exchange. The system uses 6-12 Isobars, 30-60ô in length, 

contained within a single unit with a vapor chamber and a 

highly insulated bulk storage tank of water (number and 

length of Isobars depend on monthly feedstock tonnage). 

The Isobars run the length of the unit, with roughly ten 

feet contained within the sealed tank of water, serving as a 

thermal battery (Figure 4). 

The system operates by pulling heated vapor 

from composting feedstocks through the aeration 

network and into the vapor chamber containing the 

array of Isobars. When the 120 ï 165°F vapor 

condenses on the cooler Isobar surface, it transfers 

the latent heat condensation to the pipe, which is 

used to vaporize a refrigerant. The vapor within the 

Isobar travels up the pipe into the section of the unit 

contained within the highly insulated storage tank 

of water. The cooler water in the tank causes the 

vapor within the pipe to condense, once again 

transferring the latent heat of condensation, only 

this time it is transferred from inside the pipe to the 

water (        Figure 5). The heated water (typically 100-140ºF) can then be used for any application requiring hot 

water (radiant floor heating, aquaculture, greenhouse, preheater for an anaerobic digester, preheater for a 

standard hot water system, etc.). Current uses for this type of system can be found in Appendix 2. 

 

 

Figure 3: Internal Workings of Acrolab's Isobar Heat Pipe (Acrolab 

2013) 

Figure 4: UNH Isobar Heat Exchange System (Loughberry Manufacturing 

2012) 
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        Figure 5: Flow Diagram of Heat Recovery System (Smith and Aber 2014) 

 

HEAT RECOVERY POTENTIAL  FROM AGRILABôS ISOBAR SYSTEM 

The heat recovery potential from one of Agrilabôs systems is variable and depends on a number of 

factors including: biomass volume, feedstock biodegradability, heat exchanger type & size, and operational-

specific variables (aeration schedule, duration of composting, pile watering, etc.). When looking at biomass 

volume, more biomass typically results in greater heat recovery because of the ability to have a shorter compost 

residence time. As illustrated in Figure 2, compost temperatures peak early in the process and gradually 

decrease over time. The ability to load material more frequently allows the operator to extract heat from the 

thermophilic phase of the composting process, when temperatures are highest. More biomass also allows the 

operator to make larger piles, which have a smaller surface area-to-volume ratio, meaning less heat is lost to 

conduction, convection, and radiation. 

The amount of heat that can be extracted from one of these systems is also dependent on feedstock 

biodegradability. During the initial compost trials at the facility described in this report, the compost mixture 

was cow manure and spent animal bedding (eastern white pine). However, this particular mix was not very 

successful at producing compost vapor temperatures above 135°F, in part because eastern white pine has been 

found to be anti-microbial, which makes for great animal bedding, but very poor for composting. Haug (1993) 

also reported the low biodegradability of pine species, and the issues that can arise from its use in compost 

mixes. The solution to our biodegradability problem was to include horse manure and spent hay bedding in the 
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mixture, both of which are highly biodegradable and provided more food for the heat-producing microbes. 

Vapor temperatures consistently exceed 150°F with the new mix (Figure 6). 

With these variables in mind, the two largest Agrilab systems (Diamond Hill Custom Heifers and Sunset 

View Farm) have reported recovery rates of 200,000 BTU/hr during active aeration (Appendix 2). The much 

smaller heat recovery system at UNH has reported heat recovery rates of 34,500 BTU/hr (Figure 6). The large 

difference in heat recovery rates between systems is due to feedstock volume, heat exchanger size, and 

biodegradability of the feedstocks in the compost mixes (Appendix 2). 

 

Figure 6: Heat Recovery Rate by Average Compost Vapor Temperature 

As illustrated in Figure 6, a linear relationship exists between compost vapor temperatures and the heat 

recovery rate (BTU/hr). This is important to know from a management perspective, as there is a decreasing 

return per unit of biomass as the material ages and cools down. As stated previously, more frequent loadings 

allow the operator to manage the system in the highest heat producing phase of the composting process, 

increasing the heat recovery rate. 

. 
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CHAPTER 2 ORIGINS OF THE UNH PROJECT 

 

The idea for the heat recovery composting facility at the UNH Organic Dairy Research Farm originated 

from a USDA Sustainable Agriculture Research and Education (SARE) grant. One of the goals of the grant was 

to develop a more-closed agricultural ecosystem (agroecosystem), where there is more internal cycling of 

nutrients, water, and energy. Importantly, the methods used to create the more-closed agroecosystem had to be 

profitable and replicable for farmers in the region. A large component of making the farm a more-closed 

agroecosystem involved reducing energy imports to the farm. A second major component was improving the 

farmôs manure management system, which involved storing manure in a back field until it was applied to fields 

after spring and fall hay cuttings. While this type of management is common for many dairies, storing manure 

for extended periods of time does pose several concerns: 

1. Standing manure piles serve as a breeding ground for biting flies that pose health issues and 

discomfort for cows (Campbell et al. 1993). 

2. Anaerobic manure piles produce strong and unpleasant odors and emit CH4, which is a powerful 

greenhouse gas. 

3. Standing manure piles can leach NO3
- into groundwater, contributing to nutrient runoff and potential 

eutrophication of nearby waterways. 

The initial solution to the manure management problem was to develop a passive aeration windrow 

system to process the manure and spent bedding on the farm. This type of system is inexpensive and has proven 

to be successful in composting animal manures (Rynk et al. 1992). Three windrows were created with the 

dimensions of 30ôL * 8ôW * 4ôH. Cost savings in fuel and labor were immediately recognized from a reduction 

in material to be spread on the fields. The final compost product was also more dry and stabilized, reducing 

runoff that was occurring when the feedstocks were not being managed aerobically. However, after a year of 

composting, UNH researchers and a private donor began discussing the possibility of building a heat recovery 

composting facility using Agrilabôs Isobar heat pipe technology. They determined that a more advanced 

composting system would help address both the manure management and energy goals of the farm in one step. 

At the time, only one other facility in the world (Diamond Hill Custom Heifers in Sheldon, Vermont) was using 

this technology on a commercial level. Their facility (built in 2005) had 2000 heifers and processed 150 tons of 

feedstock every month (Tucker 2006). However, the UNH Organic Dairy Research Farm was much smaller, 

producing a fraction of the waste. As with most composting projects, economies of scale have to be considered. 

While the technology was proven to work for a large-scale dairy operation (Tucker 2006), it was yet to be tested 

on a small dairy farm with under 100 head of cattle. However, the research team and private donor decided that 

it was worthwhile to construct the facility, as it could be used to refine compost heat production and extraction 

methods, and also determine the economics of the composting system on a smaller-scale. Designs for the UNH 

facility began in May 2012 and the facility was completed in June 2013. 
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CHAPTER 3 PLANNING AND SIZING THE FACILITY  

 

FEEDSTOCK PARAMETERS 

The first step in designing an ASP composting facility with Agrilabôs heat recovery unit is to determine 

the quantity of waste material being produced daily, along with the corresponding feedstock chemical and 

physical properties. In assessing feedstock quantity, the smallest of the heat recovery systems from Agrilab 

Technologies, require 60 yd3 of mixed feedstock per month (Agrilab Technologies 2013). It is important to note 

that the feedstock requirement is based on a mixture of waste materials that collectively result in conditions that 

are optimal for microbial growth. The three most important factors to consider are C:N ratio, moisture content, 

and bulk density. A compost recipe builder, similar to the one presented in Rynk et al. (1992), can be used to 

determine whether one has enough waste materials in the right proportion to generate the 60 yd3 minimum. In 

situations where there is a deficit of material, feedstock can either be imported, or in some cases, stockpiled 

from other times of the year when that material is in excess. For instance, the primary carbon source for the 

UNH facility comes from the bedded pack barn, which is cleaned out twice a year (May and November). 

Because it is only cleaned twice a year, the spent bedding has to be stockpiled. Likewise, during the summer 

months, manure is in shortage because the cows are out at pasture for more than eight hours a day. Excess 

manure from the winter months is stored in small windrows to supplement the summer composting batches. 

However, stockpiling is not ideal, as microbes will consume the stockpiled material, reducing heat recovery 

potential. In assessing feedstocks, it is important to realize that a deficit in nitrogen will slow down the 

composting process, reducing heat recovery, while too much nitrogen will increase temperatures too quickly 

and result in increased NH3 volatilization and lower quality compost (Chiumenti et al. 2005, Rynk et al. 1992). 

 

ASSESS HOT WATER DEMAND AND LOCATION 

After determining whether enough biomass is available in the optimal proportions, the next step is to 

assess hot water demand and whether the heat recovery unit is economical. From a practical standpoint, if one is 

already planning on building an ASP composting facility, the added cost of the heat exchange unit will likely 

have a favorable payback period (Refer to Appendix 2). Regardless, assessing the current energy demand is 

valuable as the heat-exchange unit can be sized accordingly, ensuring it is not overbuilt. For UNH, the primary 

hot water demand is for cleaning equipment in the farmôs milk house, requiring 180°F water for sanitization 

purposes. 

 

FEEDSTOCK RESIDENCE TIME WITHIN FACILITY  

The next step in the planning phase is to determine the residence time the composting materials will 

remain in the facility. In making this decision, it is important to consider whether the compost will  be cured in 

the facility, as that decision will require more space, due to a slower turnover rate. For UNH, we decided to cure 

the compost in the facility (60-day residence time). The advantages of curing compost within a facility are: 

faster time to maturation due to forced aeration, less chance of contamination from weed seed, will not be 
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saturated by rain, and results in the elimination of an extra step in material handling. However, curing compost 

within the facility requires a larger building and higher initial capital cost. An alternative is to have a much 

shorter residence time within the facility, and cure the compost outside under a compost cover. Compost covers 

are breathable, shed rain, prevent seed from entering, and are a fraction of the cost. Managing the system under 

a shorter residence time (if one has enough biomass) is also strategic from a heat recovery and economic 

standpoint, as compost temperatures under this type of system peak during the first few weeks of composting, 

and gradually decrease afterward (Figure 2). A shorter residence time also allows heat extraction to continually 

occur during the highest heat producing period of the composting process. 

 

SIZING THE FACILITY 

The size of the composting facility can be estimated with information on feedstock quantity and the 

length of time it will spend in the facility. With UNH as an example, facility size was based on 200 yd3 of 

feedstock (manure, waste feed hay, and spent animal bedding) per month, and a feedstock residence time of 60 

days. Assuming a pile height of 8 feet, the length and width of the composting floor can be determined based on 

a combination of site conditions and building design to get the needed volume. In our scenario, each bay was 

32ôL * 20ôW * 8ôH (190 yd3/month) (Appendix 3). 

After calculating the dimensions of the composting floor, extra footage has to be added for the 

mechanical room and walkways. For UNH, the isobar unit going into the mechanical room had dimensions of 

30ôL * 34.5ôôW * 30ôôH. In addition to the Isobar unit, extra space has to be added for the aeration pipe and the 

leachate system. In our scenario, the mechanical room ended up being 10ôW * 96ôL. The composting floor also 

had an additional 8ô concrete apron for an internal walkway to the exits. The walkways were intentionally built 

with extra width at these locations to better accommodate large groups visiting the facility. In sizing a non-

research facility, both the width of the mechanical room and the width of the internal apron can be reduced by 

several feet to reduce costs. 

With information on the size of the composting floor, mechanical room, walkways, and all other needed 

internal space, a total footage can be estimated. For UNH, the resulting facility was 96ôL * 50ôW * 22ôH 

(Appendix 3). For reference, while the facility was built to process 200 yd3/month with a 60-day residence time, 

a facility of the same size only housing the feedstocks during the active phase (å 3 - 4 weeks), could go from 

processing 200 yd3/month (4,800 yd3/yr) to 800 yd3/month (9,600 yd3/yr). As mentioned earlier, the residence 

time the compost stays in the facility greatly affects the amount of biomass that can be processed annually. 

 

AERATION FLOOR DESIGN 

When designing the aeration floor, the successes and failures of past ASP floor designs were considered, 

to ensure the piles would receive an optimal level of aeration across the entire pile. It is important to note that 

there is a decrease in oxygen provided to the pile as the length from the blower increases. For this reason, piles 

should not exceed 50-75ô (Rynk et al. 1992). At the UNH facility, aeration lines were 30ô in length and were 

made of 4ôô PVC pipe, which fit within the general recommendation of aeration lines being 4-6ôô in diameter 

(Epstein 2011, Rynk et al. 1992). Each line had İôô diameter aeration holes drilled every 6ôô down the apex of 
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the pipe. The specific size of the aeration holes was based on the diameter of the pipe and the length of the run. 

From a graphical standpoint, this is represented in (Figure 7).  

 

Figure 7: Recommended Aeration Hole Diameter by Pipe Length 

Although pipe with holes pre-drilled is available, it is best to purchase pipe and drill the holes on-site 

following the cement pour. The purpose of drilling the holes after the pour is to have the ability to fill the pipes 

with water to prevent them from moving or floating during the concrete pour, and prevent cement and other 

debris from getting into the aeration network during the construction process (both issues will be discussed in 

detail later). 

After deciding on pipe diameter, length, hole spacing, and hole size, the next step is to determine the 

spacing between the aeration pipe. The general recommendation is to have aeration lines 3-4 feet apart (Epstein 

2011). Closer spacing is recommended for materials with a higher bulk density (manures, sludge, etc.), where 

higher oxygenation is required. At the UNH facility, aeration lines were set up with research trials in mind, and 

were spaced to accommodate treatment walls (Appendix 3). In a non-research facility, a uniform spacing within 

the 3 - 4ô range would most likely be used for all the aeration 

lines, compared to our facility, which had varying spacing. 

In addition to having 3 - 4ô between each pair of 

aeration lines, the two externally located lines on either side of 

the facility should be cast 3 - 4ô from the side walls (Figure 8). 

The reason to cast the first aeration line 3 - 4ô away from any 

wall is to prevent preferential air channels from the Coanda 

Effect, which is the tendency of moving air or liquid to attach 

itself to a nearby surface, and flow along it. In a composting 

pile, walls too close to an aeration channel can serve as this 

surface and result in preferential airflow on the edges, causing 

more oxygen/faster decomposition on the sides and less 

oxygen/slower decomposition in the middle (Chiumenti et al. 2005). As the pile continues to decompose under 

 

A Common Equation Used to 

Calculate Aeration Hole Size 

 

Hole diameter = ã[(D2*S)/(L*12)] 

¶ D = pipe diameter in inches 

¶ L= pipe length in feet 

¶ S= hole spacing (in) 

 

Figure 8: Aeration Floor Spacing at UNH Composting Facility 
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this condition, the problem can become worse, as pile slumping on the edges (from faster decomposition) will 

cause further preferential airflow in those locations, affecting the decomposition rate of the entire pile. Heat 

losses will not only occur from reduced decomposition in the middle of the pile, but will also occur from cold 

air being pulled into the aeration system from the edges of the pile. 

In addition to preventing the 

Coanda Effect from the side walls, the 

section of aeration floor along the 

back push wall should also have a 3 - 

4ô aeration dead zone to prevent 

preferential air channeling. At the 

UNH facility, the 3ô section of each 

aeration line closest to the back push 

wall did not have aeration holes and 

had a layer of concrete overtop instead 

of a cover plate (specifics will be 

discussed in detail later) (Figure 9). 

 

 

Cost Saving Tip # 1: When considering cost-saving strategies, ensuring the facility is not overbuilt is a 

major one. This is especially true for the aeration network, which needs to be carefully planned and sized to 

meet the aeration demand of the various materials being composted. When deciding on pipe diameter for 

the aeration floor, it is important to consider the total airflow requirements in relation to the pile height and 

length. Increasing from a 4ôô to 6ôô diameter PVC aeration channel has thousands of dollars in cost 

ramifications. The general aeration setup within the mechanical room of these systems involves at least one 

size increase in PVC diameter beyond what was cast in the aeration floor. While the cost difference between 

6ôô and 8ôô PVC pipe and fittings is not too significant, the cost difference between 8ôô and 10ôô PVC is 

enormous, costing several hundred dollars more per fitting and section of pipe. In most cases, 10ôô PVC 

pipe is not necessary, and careful planning should verify this point. The original aeration system at the 

UNH facility was constructed in a manner requiring 10ôô PVC pipe in the back mechanical room and was 

estimated to have cost an additional $12,000. The extra cost was attributed to:  

¶ Extra cost in the PVC pipe and fittings 

¶ Extra cost in shipping weight from the heavier components 

¶ Extra labor in installing heavier and bulkier materials 

¶ Extra sealant 

¶ Extra support structures (clevis hangers, pipe riser clamps, threaded rods, etc.) 

¶ Contractor markup (usually 25%) 

Figure 9: Aeration Line Floor Spacing at the UNH Composting Facility  
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FACILITY LOCATION  

Specific information on the steps involved in siting a facility were omitted from this report, as each 

farm/compost operation will have tremendous variability with regard to proper location. For reference, detailed 

information on this topic can be found in Epstein (2011) and EPA (1994). However, some basic guidelines are 

provided below: 

¶ Avoid close proximity to neighbors, unless a powerful air filtration system and biofilter are used. 

The single greatest cause of compost facility closures is due to nuisance claims from odor (Epstein 

2011). 

¶ Ensure the facility has adequate fire lanes on all sides and room for feedstock to be pulled out and 

piled should an internal smoldering fire occur and require breakup (code requirement for UNH 

facility). 

 

In addition to the above recommendations, some specific location considerations for a heat-recovery facility 

using Agrilabôs Isobar System are: 

¶ Minimize distance from hot water production to hot water use. However, if using an underground 

insulated PEX pipe to transfer the hot water from source to sink, losses are only 2-3ÜF per 100ô 

length if buried properly (OWFB 2013). Siting to reduce material handling should take precedence. 

¶ If attaching a high tunnel or greenhouse, proper facility orientation is needed to ensure shading from 

trees or other structures does not become a problem. 

For reference, UNH sited the composting facility in a location that was closest to the feedstocks being 

composted. The reduction in time for material handling was determined to be the greatest factor in locating the 

facility (Figure 10). 

Cost Saving Tip # 2: A second cost-saving strategy is to purchase all the PVC pipe, PVC fittings, sealant, 

aeration fan(s), flexible couplings, and support structures vs. having them purchased by a contractor. An 

important point to make is that this type of cost-saving strategy often comes with the trade-off that the 

contractor will not warranty the construction materials provided by the owner. 

¶ Cost Saving Tip # 3: Site the facility as close to the feedstocks as possible and try to have 

straight-line transport of feedstocks to the composting bays. Minimizing feedstock handling time 

by siting and orienting the facility properly can save a tremendous amount of money (time, labor, 

fuel, etc.) with regard to material handling. 
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Figure 10: Aerial View of UNH Organic Dairy Research Farm 
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CHAPTER 4 BUILDING A HEAT RECOVERY COMPOSTING FACILITY 

 

The following sections outline the step-by-step process of building the UNH heat-recovery composting 

facility, with recommendations to operators on design and the various cost-saving strategies that can be used at 

their sites. The reader is encouraged to reference the appendices for additional diagrams/specifications and cost 

structure. 

 

SITE PREPARATION 

Due to the high variability in soils and site conditions, site preparation should be assessed by the 

contractor hired for that particular job. One important consideration that may be slightly different from standard 

practices is that composting facilities require more attention with regard to drainage. Because there is potential 

for pollution of waterways from nutrients originating from the feedstocks, compost, and compost leachate 

(primarily nitrogen and phosphorus), all drainage from the site should pass through some form of filtration, 

whether a lagoon, engineered wetland, or a small portion of an agricultural field. At the UNH facility, drainage 

is directed into a portion of an agricultural field, which eventually travels into a swale, leading into the nearby 

farm woodlot. As with odor, careful planning of drainage needs to be assessed before a problem actually arises. 

Failure to do so could result in significant fees or facility closure. 

 

UNDERGROUND SLAB AND CONCRETE WALL PREPARATION  

Underground cold and hot water lines (1ôô PEX Cresline HD-160) were installed prior to concrete 

forming. Both lines were set in a 5ô trench between the milk house (location of hot water demand) and the 

future mechanical room (280 linear feet). The lines were 8ôô apart, and had 6ôô of sand surrounding them in all 

directions. Compacted backfill was put overtop. The 1ôô PEX cold water line was connected to a Ĳôô PEX line 

at the entrance of where the mechanical room would be located and led to a frost-proof post hydrant (Campbell 

CYH-5 Frost Proof Yard Hydrant) in the location of the main composting floor. A second Ĳôô cold water line 

was also installed off the first line to a frost-proof post hydrant at the mid-point of the mechanical room. Both 

hydrant lines were buried below the frost line (5ô) and were marked and taped to prevent soil from entering the 

pipe until future hookup. 

The 1ôô hot water supply and return lines were contained within a heavily 

insulated pipe (Uponor Pre-Insulated Pipe Systems ASTM Ecoflex Thermal 

Twin), which are often used for outside wood boiler systems (Figure 11). As 

with the cold water lines, the pipe ends were taped until future hook-up to the 

heat exchange system in the mechanical room. The primary 1,500-gallon precast 

concrete leachate tank (Phoenix Precast Products) and small section of 4ôô PVC 

connecting ductwork were also installed at this time (Figure 12).  

 
Figure 11: Insulated PEX Pipe 
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Figure 12: Compost Leachate Tank at UNH Facility 

 

After installing the water lines and leachate tank, forms for the side walls and back push wall were 

constructed. The forms for the back push wall had 16 sleeves for the 4ôô PVC aeration lines (4 lines per bay). 

The forms for the back mechanical room also had a sleeve installed for the main electrical line. 

 

POURING CONCRETE WALLS 

The first pour at the UNH composting facility was the push wall, two side walls, and five concrete piers 

for the front supports of the building. The back push wall was the thickest and had the largest footings to 

accommodate a front end loader pushing material against it. The dimensions were 96ôL * 12ôô W * 8ôH. The 

footings were 96ôL * 6ô 6ôô W * 1ô H (Figure 13). 

 

Figure 13: Concrete Dimensions at UNH Composting Facility  

Cost Saving Tip # 4: If possible, install a leachate tank with a 

capacity > 4000 gallons. While smaller leachate tanks are less 

capital initially, they also reduce the ability to pump large 

volumes of leachate at a time for field application. Compost 

leachate is high in nutrients and serves as a great 

fertilizer/irrigation source, especially on farms. However, 1500 

gallons is typically not enough volume to justify bringing out a 

tanker truck that usually has a capacity > 4000 gallons. As a 

consequence, the tank needs to be pumped more often, which 

may add cost to the operator. 

Cost Saving Tip # 5: During this stage of construction, it is important to identify and plan for all possible 

sleeve locations, as drilling holes after pouring concrete is much more expensive. Additionally, the larger 

sleeves for the aeration lines through the back push wall should be a tight fit and not oversized. 
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The dimensions of the two side walls were 40ô L * 

8ôô W * 8ô H.  The footings were 40ô L * 2ô W * 1ô H. 

The two side concrete piers in the front of the building 

were 2ô6ôô L * 10ôôW * 8ô H, with footings of 2ô6ôô L * 

4ô6ôô W * 1ôH (Figure 14). The three internal piers had 

dimension of 3ô8ôô L * 10ôô W * 8ô H, with footings of 

3ô8ôô L *4ô6ôô W * 1ô H. After the walls and piers cured, 

they were backfilled and brought to grade with compacted 

fill.  

The second pour at the UNH facility was the wall and piers for the back mechanical room. The 

dimensions were 32ô3ôô L * 8ôô W * 6ô H, with footings of 32ô3ôô L * 2ô W * 1ô H. In addition to this wall, eight 

concrete piers were cast to continue the structural support for the back of the building. The eight concrete piers  

were 12ôô L * 8ôô W * 4ô H, with footings of 2ô * 1ô (Figure 15 and Figure 16). After the wall and piers cured, 

they were backfilled and brought to grade with compacted fill. 

Figure 14: Concrete Piers at the UNH Composting Facility  

Figure 15: Back Mechanical Room After First Concrete Pour 

Figure 16: Back Mechanical Room Concrete Dimensions 
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Figure 17: Back Push Wall at UNH Composting Facility 

If using wood, it is important to note that the material may warp, due to 

the high heat and moisture from the composting process. Warpage is especially 

problematic if the mechanical room is on the other side of the wall and has a 

ventilation system. This is because the ventilation system will draw compost 

vapor and dust through the cracks between the boards and into the mechanical 

room. This poses a potential health concern, and needs to be addressed with 

some form of vapor barrier. To address this issue, UNH used 4ô * 8ô * 3/8ôô 

plywood and attached plastic sheeting (FrostKing 10ô * 25ô rolls) for the vapor 

barrier, and then used rough pine lumber (2ôô * 10ôô* 16ô) for the compost-to-wall interface (Figure 18). 

 

Figure 18: Vapor Barrier on Back Push Wall at UNH Composting Facility 

Cost Saving Tip # 6: The 

amount of concrete used 

to construct the UNH 

facility was substantial (å 

225 yd3) and was one of 

the larger expenses in the 

project (Appendix 4). 

However, cost was 

reduced by using 5 İô of 

wood for the upper 

portion of the back push 

wall and side walls, 

reducing the concrete 

requirement by 30 yd3 

(Figure 17). When 

substituting wood for 

concrete, it is important to 

note the decreased 

longevity of the wall and 

the need to replace the 

wood at some point in the 

future. 

Cost Saving Tip # 7: Another major cost 

saving strategy, which could be utilized for 

those installing a high-tension fabric 

structure, would be to use interlocking 

concrete waste blocks for the side walls 

(Figure 19). 
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Waste blocks come in various sizes, with 

the most common for this purpose being 6ô L * 2ô 

W * 2ô H and weighing 3600 lbs per block. If 

buying a trailer load, cost per block is often under 

$65 per delivered block. Cost savings of using 

blocks are realized through a reduction in ground 

preparation associated with the walls and footings, 

along with a reduction in labor cost associated 

with forming and pouring the walls. This is 

especially true if the site has ledge. Had UNH 

built a similarly-sized fabric structure with waste 

block side walls, the material cost for the blocks 

would have been roughly $4,225 ($65/ block * 65 

blocks). 

If waste blocks are used, it is 

recommended to use them for only the side walls and not the back push wall that contains the aeration channels 

and heat exchange unit behind it. The back push wall should be poured with footings to create a structurally 

sound wall that has no chance of movement that could break seals in the aeration network and, in the worst-case 

scenario, damage the heat exchange unit. The seams in between the blocks would also create a pathway for 

vapor to enter into the back mechanical room. As with the wooden walls, negative aeration from the air 

filtration system would pull compost vapor into the mechanical room. 

 

INSULATING THE CONCRETE SLAB AND SETTING UP THE AERATION DUCTWORK 

One of the most important steps in building a heat recovery composting facility is ensuring enough 

insulation is put underneath the concrete slab, as this cannot be remedied afterward. The goal of insulating the 

concrete slab is to prevent cold soil temperatures from robbing heat from the slab and aeration ductwork. 

Insulating also reduces condensation from forming on the bottom of the slab, due to varying temperatures. 

While heat loss is impossible to avoid (1st law of thermodynamics), reducing losses pre-heat exchanger through 

proper insulation will increase heat recovery. Proper insulation of the pad will also ensure the base material is 

capable of reaching thermophilic temperatures. This is 

especially true during the winter months in cooler regions. A 

good way to think of the concrete slab is to consider it as a 

thermal battery for the compost ï it has to be insulated to 

reduce heat from escaping. To prevent heat loss from 

occurring, two layers of 2ôô rigid extruded polystyrene foam 

(Foamular 250) were used at the UNH facility (Figure 20). 

This 4ôô layer of foam had a total R-value of 20. When 

installing these boards, it is important to overlap the top boards 

with the bottom to prevent continuous vertical seams that 

would enhance thermal loss. 

Figure 19: High-Tension Fabric Structure with Waste Block Walls (ClearSpan 

2013) 

Figure 20: Insulation Below Main Composting Floor at UNH 

Composting Facility 


























































































