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Research Objective 

This three-year project has four primary objectives: to heat two 20’ × 50’ high tunnels 

with a compost heater and hydronic delivery system (in-ground supplemental heat via 

water-filled poly tubing); to compare production of crops in high tunnel beds with and 

without supplemental heat from a compost heater system; to create valuable humus for 

enriching fruit and vegetable soils from dismantling the compost heater; and to 

demonstrate to producers a viable method for expanding the shoulders of the growing 

season by using in-ground compost heat. 

 
 
Building the Hot Water Compost Heater 
We built the heater on October 11, 2015. Its dimensions are 13’ diameter and 7’ 
high. These dimensions include the insulating wall and roof of hay bales (75 total 
bales). Internal to the insulating layer is the pile proper, consisting of a mix of 
hardwood chips (60%), horse manure (30%), and wood shavings (10%). During 
construction, ditch water was pumped onto the pile to fully moisten all materials 
(see Appendix for photo log of compost heater construction).  
 
In preparation to this October 11 building event, we assembled materials from 
various local sources (more than we needed): 80 cubic yards of hardwood chips, 24 
cubic yards horse manure, 15 cubic yards of wood shavings, 1200’ of ¾” irrigation 
tubing, hard wire mesh used for concrete foundations, cattle panels, 4” diameter 
perforated tubing, 4” diameter pipe, zip ties, ShurFlo pump. In constructing the pile, 
we were assisted by ten people, one of whom operated a Bobcat front end loader to 
haul materials. Completed pile is estimated to be 34.41 cubic yards. 
 
Educational outreach 
One month prior to constructing the pile, we demonstrated the concept of a 
Compost Heater at an event called The Urban Homestead Tour. We constructed a 
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small compost heater from eight cubic yards of hardwood chips mixed with alpaca 
manure, surrounding a tower of ¾” irrigation tubing that entered and exited a 12’ x 
6’ greenhouse. Approximately 200 people, during the course of the tour, observed 
the compost heater. Twenty six of these folk signed up to learn more about the pile 
that would later be built on October 11. Folks on the tour were exposed to 18 
education stations with station #6 featuring the compost pile; the following 
verbiage about the compost heater project was provided: 
 

Anatomy of a Compost Heater to heat the greenhouse. North of the 
greenhouse are components of a woodchip compost heater.  Eight hundred 
feet of polyethylene tubing filled with water is buried within this compost 
pile in a closed loop system that can be pumped into the greenhouse during 
cold weather. We were awarded a 3-year grant with Western SARE 
(Sustainable Agriculture Research and Educational Grant) to test the 
feasibility of this practice for heating large greenhouses. At our property 
west of town, we will attempt to heat our 1,000 square foot greenhouse, 
using 80 cubic yards of wood chips. A compost heater will obtain 
temperatures 115-140F all winter long. If you are interested in this 
research, please consider signing the email list.  

 
Using the 26 names and emails of tour participants we started a database that 
indicates an individual’s level of interest in non-mutually exclusive areas (quarterly 
updates, volunteer, plumbing skills, or assistance with other project needs). All 
participants wanted a quarterly update, 12 wanted to volunteer, 4 indicated 
plumbing skills, and 8 indicated that they would be willing to assist with other 
project needs. 
 
Public outreach and updates are now available through a main navigation page on 
our farm’s website (http://sunspoturbanfarm.squarespace.com/research). 
 

Technical Advisor visits and changes 

Dr. Teryl Roper, from Utah University, observed the demonstration pile and the 
location for the WSARE compost heater (see Appendix; photo 1) during his 
September 2015 site visit.  Our technical advisor from Colorado State University 
(CSU), Dr. Leila Graves, also observed the demonstration pile and met with Teryl Roper 

during his on-site visit of our farm. At that time we discussed Leila’s pending departure 

from CSU. Prior to departing CSU, Leila facilitated the technical-advisor transfer to 

Addy Elliot at CSU’s Soil and Crop Sciences program. Addy was a great choice for our 

research project as she has Extension and Outreach expertise with compost and organic 

agriculture. Her contact information is: Colorado State University, 1170 Campus 

Delivery, Fort Collins, CO 80523, 970-491-6984, email: adriane.elliot@colostate.edu. 
 
Performance of the Compost Heater 
Internal temperatures of this pile are recorded in an Excel spreadsheet and 
illustrated in Figure 1. This graph reveals that the pile heated quickly but did not 

http://sunspoturbanfarm.squarespace.com/research
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maintain heat for long. Within one week of construction, the pile peaked at 162° F 
and then began falling, reaching 60° F exactly three months after construction. 
During the decline in temperatures, there were two brief increases of temperature 
in late December and early January. During these brief increases, ambient lows were 
in the teens, not the more typical single digit lows of those months. However, 
ambient lows in mid-January were in the teens and yet the pile continued to lose 
heat.  
 
We suspect that the falling temperatures are caused not by the low ambient 
temperatures but by low moisture content in the pile’s mix of materials. On January 
17, we removed three of the top hay bales; all three were very wet. Below them the 
mix was damp, but two feet further down the mix was drier in comparison. 
 
During the months of falling temperatures in the pile, we maintained 100-120° F in 
a compost pile of 9’ x 11’ x 5’ high. This pile consists of tree leaves, vegetable plants 
from a ¼ acre vegetable garden, and about 4,000 pounds of coffee grounds from a 
local coffee shop, added daily to the pile in 50-pound increments. This pile is damp 
and receives about 5 pounds of water each week. It also receives aeration from 
partial turning of the pile each week. 
 
We are experimenting with adding water and vegetable matter to the center of the 
compost heater to stimulate microbial activity. On January 17, we dug down two 
feet into the center of the pile and added three gallons of tap water and one pound 
of partially decomposed broccoli leaves; four days later we added four more gallons. 
As of January 27, temperatures have remained at 50° F.  
 
The lack of heat from the compost heater this winter has prevented the evaluation 
of heat delivery to crops in the north high tunnel as stated in our original proposal. 
Instead, we hope to activate the microbial life in the pile so that we can evaluate 
supplemental heat delivery in early spring and its influence on germination and 
plant growth in high tunnels.  
 
The heat issues with our pile have caused us to search extensively for published 
information on this method of composting.  While detailed information is generally 
lacking, we found a helpful book: The Compost-Powered Water Heater by Gaelan 
Brown, published by Countryman Press in 2014. This valuable resource was not 
known to us at the time of our grant application. It provides helpful information on 
building small compost heater systems with overviews of large engineered systems. 
In this book, we found a case study from the University of Massachusetts where 
graduate students Katrina Spade and Garth Schwellenbach had encountered a 
similar problem to ours. They were unable to recover their system to its earlier high 
temperatures after the material had become too dry. Repeated attempts at soaking 
the pile (water along with manure tea) mid-winter failed. With the onset of warmer 
weather, the pile finally recovered, to 120° F. Brown writes, “This project reinforced 
a lesson taught by other systems: Adding enough water is essential and it’s pretty 
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difficult to kick-start a system that has stalled from drying out in the middle of 
winter.” 
 
While we knew the importance of water to the compost system, we received false 
readings of moisture content because we topped our mound with hay bales which 
had been saturated from the building and watering of the pile; the bales remained 
wet for a long time, even though the wood chips beneath them were drying out.  
When the mound temperatures started to decrease, we erroneously thought the pile 
was too wet from precipitation, for we were fooled by the wet hay bales; we even, 
mistakenly, protected part of the pile from additional snow precipitation. When we 
eventually pulled off the top layer of hay bales on a warm day and reached down 
into the pile, we discovered the pile was too dry. For this reason, we would not use 
entire hay bales on top of the pile when building future compost heaters; we would 
instead use 12 inches of loose hay to allow air flow and accurate readings of 
moisture content. 
 
 

 
 
Figure 1. Temperature history of the compost heater built on October 11, 2015. The 
newly built pile peaked within a week of being constructed and then steadily declined. 
This decline indicates that the microbial community lacked the necessary balance of 
air and water. Jump starting piles in the winter is difficult. Pile construction in late 
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summer (rather than autumn) might be more desirable for sending the pile into 
winter with stable temperatures. Dashed lines indicate desired temperature range.   
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Appendix:  

 

Photo Log of Compost Heater Construction and Monitoring, October 

2015-January 2016 (FW15-057) 

 
 
 
 

 
Two full layers of hay bales were placed in a circle to define the footprint of the 
compost heater at the start of construction. These hay bales provided containment 
for the pile during construction; more tiers of bales were added throughout 
construction. Finished compost heater dimensions: 13’ diameter, 7’ high. Higher piles 
risk spontaneous combustion. Constructed: October 11, 2015.  Participants were Rod 
Adams, Amy Yackel Adams, Todd Pospichal, Chris and Helen Holmquist-Johnson, 
Andy Treble, Natasha Varian, Shauna Leibold, Michelle Haefele, Mike Knowles, 
Garrett Glascott (heavy equipment operator), and Page Klug. 
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Chris Holmquist-Johnson, a volunteer, hand dug the trench from the center 
of the compost heater to the high tunnel. The length of the trench was 
approximately 16’. This trench houses the 4” wide drainage pipe that 
insulates the two poly tubes that serve as either the return flow (cooled 
water) or out flow (hot water). 
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Plumbing features of the compost heater system. Top left 
shows one of the two pieces of poly tubing--insulated with 
foam pipe covers--before it was inserted through the white 4” 
pipe. Duct tape holds the foam sleeve in place. The white pipe 
contains both the outflow and return poly tubing lines. The 
white pipe was placed in the trench and covered with soil; 
tubing ends extend into the center of the pile (top right and 
bottom left); lines at the other end of the white pipe extend 
into the high tunnel (bottom right). The top right panel shows 
100’ of 3” aeration tubing placed at the bottom of the pile; the 
tubing extends a few feet beyond the pile.  
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Early stages of pile construction showing the 3 materials (sawdust, manure, and 
deciduous wood chips) used in the construction of the October 11, 2015 pile. The 
green hose brought ditch water to the pile. Black aeration tubing is mostly covered in 
this picture, in the bottom left corner. Materials were mixed and wetted. We placed 
1.5’ of material at the bottom of the pile before the heat exchange columns were put 
into position. The heat exchange columns would be eventually attached to the two 
ends of poly tubing that is strapped to the center metal pole. This 10’ metal pole was 
used to designate the height of the mound (2 feet was below ground to stabilization). 
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The three heat exchange columns were placed in the center of the compost 
heater and connected to the poly tubing (previously shown) so that an outflow 
and return loop was created. Construction of the heat exchange columns is 
depicted below. A front end loader dumped materials into the center of the pile. 
Hay bales were progressively added in tiers; a final course was laid on top as a 
cap. Rod Adams (in green) and Todd Pospichal (in black) rake, mix, water, and 
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compact the material. Natasha Varian (top photo background) brings manure 
to pile.  
  

 
A 4-panel picture depicting the parts of the heat exchange columns. 
Columns are made of ¾” poly tubing, encircling concrete 
reinforcement mesh that is wired together in a column; the tubing 
was zip tied to the mesh frame. Two teams of two folks each worked 
to create the 3 columns (from left to right: Michelle Haefele, Mike 
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Knowles, Shauna Leibold, and Helen Holmquist-Johnson). Total 
construction time: approximately 4 hours.  
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Finished compost heater, with high tunnel in the background. This pile was built in 7 
hours with 10 people and 1 front end loader (4 hours). We wired cattle panels (4-16 
foot sections) together to stabilize the pile. As shown in the chart of Figure 1, the pile 
quickly heated to 162F within a week.  
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Compost heater as seen from the top, with center pipe and thermometer (top 
panel). The thermometer measures the temperature at a 3’ depth. In these 
photos, we are trouble shooting. The pile has dropped below 60F; we are 
assessing the moisture content of the pile.  A handful of compost mixture pulled 
from pile. The content is moist but not wet enough to provide ideal conditions 
for the microbial community. Brown (2014) indicates that kick-starting the 
microbial community of these piles in winter is difficult.  


