HEAT RECOVERY
FROM COMPOSTIN

A Step-by-Step Guide to Building an
Aerated Static Pile Heat Recovery

Composting Facility

UNIVERSITY OF NEW MRSHIRE, FEBRUARY120



AUTHOR CONTACT INFORMATION

Matthew M. Smith, PhD
University of New HampshireDepartment of Natural Resources
Research Scientist

m.smith@unh.edu

John D. Aber, PhD

University of New HampshireDepartment of Natural Resources
Professor an@rincipal Investigator

John.aber@unh.edu

FUNDING INFORMATION

Partial funding was provided by the New Hampshiggiéultural Experiment Statiod.his workwas supported
by the USDA National Institute of Food and Agricultitatch Projec21692and 233560Extensive research
funding was also provided by USDBustainable Agriculture Research and Education (SARE) grants (-NE11
313/ 3864030418 andLNE15-344/3864023777). Finally, the authors would like to acknowledge the private
donor, who provided the funding to build the UNH Joshua Nelson Heat Recovepo€timg Fadity

described in this report.hE facility is located at the Burldyemeritt Farm, a research unit of the University of
New Hampshire and the New Hampshire Agricultural Experiment Station.

CITATION AND COPYRIGHT INFORMATION

Recommended Citamn:

Smith, M.M., and Aber, JD. 2017. Heat recovery from composting:stepby-step guide to building an
aeratedbstatic pile herecovery composting facilitypurham, NH University of New Hampshire
Cooperative ExtensigiResearchiReport.64 p.

ALL RIGHTS RESERVED
© 2017
Dr. Matthew M. SmithandDr. John D. Aber


mailto:m.smith@unh.edu
mailto:John.aber@unh.edu

AUTHOR CONTACT INFORMATION . ...ceiieeite ettt e e e e e enn e I

FUNDING INFORMATION ... ettt e ettt eee e e s e e e e et s e e e e aee e e et s e e e e e asaan s e e e e eeenensnnnaeeeees .
CITATION AND COPYRIGHT INFORMATION. .. .ottt eeeee e e e e eee e L
TABLE OF CONTENT S ... ittt e s e et e e e e e et e e e e e e e e e aataa e e e e e e eeata e aeaaaneessnnnaaaeeeennns il
LIST OF FIGURES . ... .ottt ettt e e e e e e e e et e e e e e e e et e e e e aaeeeeaann e aeeeeennnnnneeend )Y
EXECUTIVE SUMMARY ..ottt ittt ettt e et e e e e e et sae e s e e e e e et e e e e e eeaaan e e eeaaeeeennnnneees Vi
CHAPTER 1 INTRODUCTION TO THE TECHNOLOGY......ccitiiiieeeeieiee e eee e 1
Aerobic Heat Production vs. Anaerobic Biogas ProducCtion................cooevuueuiinieiiiiiiinneeeeeeens 1
Heat Production from COMPOSTING.......cceuuuunieiiiiiie ettt e e e e et eeeeas 1
Heat Recovery from COMPOSTING........uuuiiiiiiiiie ettt et e e e e et e e e e e e eeeeeees 3
Acrolabés | sobar E..Heat...PRi.pe..Technal.ogy.....J5
Heat Recovery Potential..f.r.om.Ag.t..l.aho.s..l.s6oba
CHAPTER 2 ORIGINS OF THE UNH PROJECT ... oottt 8
CHAPTER 3 PLANNING AND SIZING THE FACILITY. ettt eaeinans 9
FEEASIOCK PAramELerS. .......uuiii ittt e e et e e e e e aaanas 9
Assess ldt Water Demand and LOCATIQN..........coevuuiiiiiiiieetiiiie e 9
Feedstock Residence Time Within FacCity.............oiiiiiii e e e 9
Y14 o TR TSN = (o 111 10
FAN =T = AT o T o Yo T I 1= o ' S 10
= (o112 o T = 1 (o SN 13
CHAPTER 4BUILDING A HEAT RECOVERY COMPOSTING FACILITY...coiiiiiiiiiiinieeeeeeiiiane 15
S (ST (=T 07T = LT o PSP 15
Underground Slab and Concrete Wall PreparatiQn.............cc.uoiviieeeiiieiein e eeeeeie 15
Pouring ConCrete WallS..........u. oo e e e e e e e e e ana e e e et eaeees 16
Insulaing the Concrete Slab and Setting up the Aeration Ductwork............cccooevvvieeeeiiiineen, 19
Structural Support (Joints and Pad Reinforcement)............ccoooviiiiiii i, 20
Installing the Aeration ChanNeIS.........o..ii i e e e, 22
Pouring the Slab and Finishing the Composting FIOOr...........ccccooiii i, 24
Prepping and Pouring the Internal CONCrefBam..............oviiiiiiieieeeee e 27
Prepping and Pouring the External Concrete ARLQN............oviviiiiiiieeiiiieeie e e e e e 28
Installing the Leachate Network and Pouring the Mechanical Room Eloor..................... 28
[ Vi T o T L= =TT 1 (o L] o S 29



Setting up the MechaniCal ROOM...........i i e e aeeees 30

F T = 10 o I TS PPN 30
Primary Aeration Supply and EXNAuUSt LINES............coiiiiiiiiii e 33
Installing Agrilab Technologies 1Sobar UnIL.................iiiiiiiiiiii s 34
Installing the Aeration CONrol SYSTEM.........oiiiiiiiii e 38
Testing and INsulating the SYSTEIM.........oooiiiiii e 39
CHAPTER 5 COST OF THE UNH HEAT RECOVERY COMPOSTING FACILITY................... 40
CONCLUDING THOUGHTS... .ottt e e e e eeeeeeieeneeeeessnnnnnnn e e eeeeannneeeeeee AL
REFERENGCES..... ...ttt e e et et e e et e et ee et te bt a e e e e aaaaa s e e e e e e eaeeaeeeeeeenennnrnnns 43
APPENDICES ... .o oo e e e ettt e e et e e et ettt eettat b e a s e e e e e e e e e e e e e e eeeeenannes 46
Appendix 1: Mateals List & Estimated Cost of a Similaryized Facility.............ccccceeeiiiiiiinennn, 46
Appendix 2: Summary Specs from other Heat Recovery Composting.Sites..........ccccovveeeeee. 50
Appendix 3: UNH FaCility LAYOUL.........ccoiiiuiiieeiieieieiie ettt e e eennaaas 53
Appendix 4: Quantity of Concrete used at UNH FaCiliLy..............uuiiiiiiieiiiiiiieeeiii e 54
Appendix 5: Diagrams for UNH POl Barn............coiiiiiiiiiiiei e 55
Appendix 6: Breakdown of the Cost for the UNH Facility.............ccooivviiiieieiiin e 60
Appendix 7: Recommended CeSaving Strategies Found Through®eport.............cccceevnnnd 61
Appendix 8: Summary Steps for UNH Facility CONStruCtion...........ccovvvviiiieeeiiieeriiii e, 63



Figure 1:
Figure 2:
Figure 3:
Figure 4:
Figure 5:
Figure 6:
Figure 7:
Figure 8:
Figure 9:

Figure 10:
Figure 11:
Figure 12:
Figure 13:
Figure 14:
Figure 15:
Figure 16:
Figure 17:
Figure 18:
Figure 19:
Figure 20:
Figure 21:
Figure 22:
Figure 23:
Figure 24:
Figure 25:
Figure 26:
Figure 27:
Figure 28:
Figure 29:
Figure 30:
Figure 31.:
Figure 32:
Figure 33:
Figure 34:

Basic Formula for Aerobic COMPOSING. ........uuuiiiiiiiiiiiee e 1
Compost Pile Temperature by Compost AgéJNH Experimental Batch.2..................... 2
Internal Workings of Acrolab's Isobar Heat Pipe (Acrolab 2013)...........cccccooviiiieiiinnns 5
UNH Isobar Heat Exchange System (Loughberry Manufacturing.2012)..................... 5
Flow Diagram of Heat Recovery System (Agrilab 2013)..........coiviiiiiiiiiiiiineeeeeiiee 6
Heat Recovery Rate byé&age Compost Vapor Temperature...........ccoeveeevneeveeeenneeeennn. 7
Recommended Aeration Hole Diameter by Pipe Length.............cooiiiiieiiiiiiiiiiin, 11
Aeration Floor Spacing at UNH Composting FSICL...........cccvvviiiiiiiiiiiieii e 11
FlooiSpacing for the Aeration Lines at the UNH Compost Facility............cccceeveeiieeenns 12
Aerial View of UNH Organic Dairy Research Farm.............ccooooviiiiiiiiiinneiiiiiie 14
INSUlALEA PEX B ... ..ottt ettt e e e e e e et e e e e e e ean b 15
Compost Leachate Tank at UNH FacCility..............cooeiiiiiiiiii e 16
Concrete Dimensions at UNH Compost FACIity.........ccouuuiiiiiiiiieiiiieeeeceiiii e 16
Concrete Piers at the UNH Compost FaCIllty............uuuiiiiiiiiiiiiiieeeeiiii e 17
Back Mechanical Room After First Concrete POUL..........ooouviiiiiiieeiiiii e 17
Back Mechanical Room Concrete DUSIONS...........ovvviiiiiiiiieeeieeeeeiiin et 17
Back Push Wall at UNH Composting Facility............cc.uoviiiiiieeiieie e, 18
Vapor Barrier on Back Push Wall at UNH Composting Facility...........c.ccoeviieeennnnn.n. 18
HighTension Fabric Structure with Wadéock Walls (ClearSpan 2013)..................... 19
Insulation Below Main Composting Floor at UNH Composting Facility..................... 19
Thermal Break Installation Against Internal Walls...............ccooiveveeeiiiciiiiecce e, 20
Concrete SlabBonnecting Dowels at UNH Composting Facility...............cccoeevvvennnn.... 20
Expansion Joint Between Compost Floor and External Apran...............ccoveeeeeennnn. 21
Aeration Line Form Setup Prior@oncrete POUL.............ooiviiiiiiiiicee e, 21
Aeration Lines Through Back Push Wall with Hose Bibbs...........ccccooovviieeiiiinncns 22
Aeration Line FOrms for Cover PIates...........couvvuiiiiiiieiee e 22
Alternate Cover Plate FOBBtUpP (Jerose 2013)......cccuiiiiiiiiieiiiieeee e eee e e e 23
Alternate Cover Plate Form Setup (Jerose 2013)........cccoeiiiiiieeeeiiiiieeeeiee e 23
Alternate Cover Plate Form Setup (Jerose 2013)........cccoeiiiiiieeeeiiiiieeeeiee e 23
Concrete Pour fdtain Composting Floor at UNH Facility...............cccooeeeiviieeeriinnnens 24
Profile of Compost Pile and Floor at UNH Facility............ccooooiiiiiiiiiiiineci 24
Drilling of Aeration HOIES..........coouiii e 25
Drilling Location for Leachate HOlES...........ccoviiiiiiiice e 25
Profile of a Cover Plate over an Aeration LiNe..........coooovviiiiiiiiiinieii e 26


file:///C:/Users/UNH%20Compost%20Facility/Desktop/MMSmith%2011-15-16%20Final%20Edited%20Version.docx%23_Toc466969525
file:///C:/Users/UNH%20Compost%20Facility/Desktop/MMSmith%2011-15-16%20Final%20Edited%20Version.docx%23_Toc466969526
file:///C:/Users/UNH%20Compost%20Facility/Desktop/MMSmith%2011-15-16%20Final%20Edited%20Version.docx%23_Toc466969527
file:///C:/Users/UNH%20Compost%20Facility/Desktop/MMSmith%2011-15-16%20Final%20Edited%20Version.docx%23_Toc466969531
file:///C:/Users/UNH%20Compost%20Facility/Desktop/MMSmith%2011-15-16%20Final%20Edited%20Version.docx%23_Toc466969532
file:///C:/Users/UNH%20Compost%20Facility/Desktop/MMSmith%2011-15-16%20Final%20Edited%20Version.docx%23_Toc466969534
file:///C:/Users/UNH%20Compost%20Facility/Desktop/MMSmith%2011-15-16%20Final%20Edited%20Version.docx%23_Toc466969537
file:///C:/Users/UNH%20Compost%20Facility/Desktop/MMSmith%2011-15-16%20Final%20Edited%20Version.docx%23_Toc466969538
file:///C:/Users/UNH%20Compost%20Facility/Desktop/MMSmith%2011-15-16%20Final%20Edited%20Version.docx%23_Toc466969539
file:///C:/Users/UNH%20Compost%20Facility/Desktop/MMSmith%2011-15-16%20Final%20Edited%20Version.docx%23_Toc466969542
file:///C:/Users/UNH%20Compost%20Facility/Desktop/MMSmith%2011-15-16%20Final%20Edited%20Version.docx%23_Toc466969543
file:///C:/Users/UNH%20Compost%20Facility/Desktop/MMSmith%2011-15-16%20Final%20Edited%20Version.docx%23_Toc466969544
file:///C:/Users/UNH%20Compost%20Facility/Desktop/MMSmith%2011-15-16%20Final%20Edited%20Version.docx%23_Toc466969545
file:///C:/Users/UNH%20Compost%20Facility/Desktop/MMSmith%2011-15-16%20Final%20Edited%20Version.docx%23_Toc466969546
file:///C:/Users/UNH%20Compost%20Facility/Desktop/MMSmith%2011-15-16%20Final%20Edited%20Version.docx%23_Toc466969547
file:///C:/Users/UNH%20Compost%20Facility/Desktop/MMSmith%2011-15-16%20Final%20Edited%20Version.docx%23_Toc466969548
file:///C:/Users/UNH%20Compost%20Facility/Desktop/MMSmith%2011-15-16%20Final%20Edited%20Version.docx%23_Toc466969549
file:///C:/Users/UNH%20Compost%20Facility/Desktop/MMSmith%2011-15-16%20Final%20Edited%20Version.docx%23_Toc466969551
file:///C:/Users/UNH%20Compost%20Facility/Desktop/MMSmith%2011-15-16%20Final%20Edited%20Version.docx%23_Toc466969553
file:///C:/Users/UNH%20Compost%20Facility/Desktop/MMSmith%2011-15-16%20Final%20Edited%20Version.docx%23_Toc466969557

Figure 35:
Figure 36:
Figure 37:
Figure 38:
Figure 39:
Figure 40:
Figure 41:
Figure 42:
Figure 43:
Figure 44:
Figure 45:
Figure 46:
Figure 47:
Figure 48:
Figure 49:
Figure 50:
Figure 51:
Figure 52:
Figure 53:
Figure 54:
Figure 55:
Figure 56:
Figure 57:
Figure 58:
Figure 59:
Figure 60:

Profile of the UNH Aeration Floor and SubfloQr..............cooiviiiiiiiii e 26
Cover Plate Aeration Hole With ChipPRING.......ccouuruiiiiiiieie e 26
Welded \ile Mesh Impeding Proper Cover Plate.Eit.............ccoovviiiieiieiiiiiieeeeene 26
Specifications when Pouring the Internal Concrete Rad..............ccovvveeeiiiiiiniennnnnnnn. 27
Specifications when Pouring the External Concrete.Rad...............cooveeeeiviiiniernnnnnn. 28
Specifications when Pouring Back Mechanical Floar...............ccoooviiiiniiiiiiiin, 28
Specifications for Mechanical ROOm Ceiling.........ccuuuiiiiiiiiiiiiii e 30
Butterff Valve Connecting Aeration Line to Aeration Header...............cccoeevvivecenees 30
Setup for Aeration HEAEBES...........ii i 31
Exhaust Vapor Recirculation Connection PQINLS............cccuviiiiierreiiiiiiiiineeeeeeiii e 32
Leachate Hookup Specifications for Each Pair of Aeration Lines...............cccceeeeees 32
Biofilter Processing Exhaust from UNHMmsting SyStem...........ccouveiiiiiiiiiieeninnnnenn. 33
Pipe Stands for Aeration System at UNH Facility............cooooviiiiimiiniiiiiiiiiieeeeeen 34
Delivery of Agrilab Technologies Heat Exchange Unit................ccoovviiiiiinieeieiininnnn. 34
Suppoitructure for Bulk Storage Tank of Water..............covviviiiiieeeriiieecc e 35
Aeration Line Hookup with Heat Exchange Unit.............ccooooviioiiiiiiin e 35
Connections to and from Primary BIOWEE...........viviviiiiieee e e eee 36
Hot Water Supply and Return Lines from Isobar Unit................ocoeveeeiiiiiiiieviiineeees 36
Underground PEX Hot Water Supply and Return Lines............cccoeevevveeenecvenineeeenn, 36
Water Lines between Composting Facility and Milk ROOM............c.cccoovevieeiiierinnnnnn. 37
Plate Exchanger in Milk HOUSE. ........c...uiiiiiiii e e e 37
Hot Water HeatereReiving ComposHeated Water..............cccoeveviiiiieeeeiiii e, 37
Isobars within the Bulk Storage Tank (EMPLY).....ccocoiieieiinieiieeie e 38
Agrilab's Aeration Control SYSLEML........cooviiiiii e eer e 38
Compressor Runnifgneumatic Lines in the Aeration System............ccoocevviiveveennnnnen. 39
UNH Aeration System Following INSulation...............cccooiiiireiiii e 39


file:///C:/Users/UNH%20Compost%20Facility/Desktop/MMSmith%2011-15-16%20Final%20Edited%20Version.docx%23_Toc466969558
file:///C:/Users/UNH%20Compost%20Facility/Desktop/MMSmith%2011-15-16%20Final%20Edited%20Version.docx%23_Toc466969559
file:///C:/Users/UNH%20Compost%20Facility/Desktop/MMSmith%2011-15-16%20Final%20Edited%20Version.docx%23_Toc466969560
file:///C:/Users/UNH%20Compost%20Facility/Desktop/MMSmith%2011-15-16%20Final%20Edited%20Version.docx%23_Toc466969563
file:///C:/Users/UNH%20Compost%20Facility/Desktop/MMSmith%2011-15-16%20Final%20Edited%20Version.docx%23_Toc466969564
file:///C:/Users/UNH%20Compost%20Facility/Desktop/MMSmith%2011-15-16%20Final%20Edited%20Version.docx%23_Toc466969565
file:///C:/Users/UNH%20Compost%20Facility/Desktop/MMSmith%2011-15-16%20Final%20Edited%20Version.docx%23_Toc466969568
file:///C:/Users/UNH%20Compost%20Facility/Desktop/MMSmith%2011-15-16%20Final%20Edited%20Version.docx%23_Toc466969569
file:///C:/Users/UNH%20Compost%20Facility/Desktop/MMSmith%2011-15-16%20Final%20Edited%20Version.docx%23_Toc466969571
file:///C:/Users/UNH%20Compost%20Facility/Desktop/MMSmith%2011-15-16%20Final%20Edited%20Version.docx%23_Toc466969572
file:///C:/Users/UNH%20Compost%20Facility/Desktop/MMSmith%2011-15-16%20Final%20Edited%20Version.docx%23_Toc466969574
file:///C:/Users/UNH%20Compost%20Facility/Desktop/MMSmith%2011-15-16%20Final%20Edited%20Version.docx%23_Toc466969577
file:///C:/Users/UNH%20Compost%20Facility/Desktop/MMSmith%2011-15-16%20Final%20Edited%20Version.docx%23_Toc466969578
file:///C:/Users/UNH%20Compost%20Facility/Desktop/MMSmith%2011-15-16%20Final%20Edited%20Version.docx%23_Toc466969579
file:///C:/Users/UNH%20Compost%20Facility/Desktop/MMSmith%2011-15-16%20Final%20Edited%20Version.docx%23_Toc466969581
file:///C:/Users/UNH%20Compost%20Facility/Desktop/MMSmith%2011-15-16%20Final%20Edited%20Version.docx%23_Toc466969582
file:///C:/Users/UNH%20Compost%20Facility/Desktop/MMSmith%2011-15-16%20Final%20Edited%20Version.docx%23_Toc466969583

Until recently, conversations involving energy recovery fnwaste, whether efarm, municipal or
industrial, involved anaerobic digestion. While this waste management strategy is appropriate for many types
high moisture content feedstocks, itasssuitable for semsolid andsolid waste, limiting energy regery to
individuals with the right feedstocks and the capital to construct an anaerobic digester. However, the last dec
has seen an increase in commercigigble technologies capable of extracting the thermal energy (heat) from
the composting procesallowing 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 compostiagess is finally beyond the prototype stage, and
is ready for widespread commercial use. In their review, they found that commercial scale CHRSs recovered
average of 194,200 BTU/hr, while mgtale systems recovered 19,000 BTU/hr (Smith et al. 2Wii&).one
gallon of oil being equivalent to roughly 138,500 B CHRSs are capable of displacing large volumes of
fossil fuels used for domestic heating. Current uses for CHRSs include:

1 Farm, residential, and commercial space heating
Warm greenhouses ahejh tunnels foextended 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

= =2 =4 4 A

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 deta&t reviewon CHRSsalong 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 recovestogfacility
using the aerated static pile (ASP) method and Agrilab Technologies Heat Transfer System. The heat recove
composting facility, constructed at the University of New Hampshire (UNH) Organic Dairy Research Farm,
serves as a case study. Thpart begins with a technology review, followed by detailed information on facility
design, specific materials used, cost, and-saging strategies/considerations for those wanting to install this
type of system at their site. While the facility was bait a university organic dairy farm to process agricultural
wastes, a majority of the structural designs, materials list, aneéaaisty strategies will be the same for any
farmer (dairy, equine, poultry, etc.) or compost operator wanting to buildygesoff facility on their site. More
specifically, this type of system is suitable for any typseshisolid to solidwaste being composted
aerobically, whether animal, biosolid, digestate, municipal, yard, food, etc.

The ultimate goal of this report is to provide enough detailed infasmétat compost operators can
design their own ASP composting system, reducing the amount of time and money that would otherwise be
spent on engineering and consultoagts. The stepy-step instructions from the planning phase through
project completion, along with the materials and cost list (Appendix 1) also provide guidance to operators on

Vi



how to construct and purchase large portions of the system themselvey) teaglibstantial cost savings. This
report can also be used to answer many technology and cost questions that are pertinent to policy makers ar
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.



AEROBIC HEAT PRODUCTON VS. ANAEROBIC BIOGAS PRODUCTION

An important point to make is that this technology involves compostinghich heatnot biogas
(methane CHs,), is being captured and utilized. In this type of aerobic systemp@duction fromnsufficient
oxygen (anaerobic) is an economic loss, @spnting material that could have generated heat for capture
through composting. Baase anaerobic microbes are notmasabolically efficient, there is only a partial
breakdown of thetarting organic materialyith a tremendous amount of chemical endvging left in the
bonds of the CkHHcompound. Unless the end goal is anaerobic digestion with biogas production/capture, this
situation poses problems for compost operators wantiegttact heat from composting feedstackisese
problems maynclude:

1. Reduced compost qualitymany intermediate compounds that remain farty a partial
breakdown obiomass are phytotoxic to plants (Epstein 2011, Misra et al. 2003). This is
especially true for fatty acids.

2. Foul odors originate from intermediate compadsmand some end products [volatile fatty acids,
ammonia (NH), and hydrogen sulfide @3)] (Chiumenti et al. 2005, Wright 2001, Rynk et al.
1992)

3. Corrosion- H>S and fatty acids (Chen et al. 2010).

4. Elevated greenhouse gas emissio@i$ls is 21 times moregient as a greenhouse gas than
carbon dioxide (Cg) (US EPA 2013).

5. Reduction in compost sterilizationinefficient low heat composting will not destroy weed seeds
and pathogens within the composting mix (Misra et al. 2003).

6. Heat recoverguffersi more eergy leaving the system as Cksults in less heat production for
recovery.

HEAT PRODUCTION FROMCOMPOSTING

The bicoxidation of organic material that occurs during composting is an exothermic reaction that
continually releases heat, and can be represented by the general equ&igurai).

Organic Material + H:O + O; Microbial Metabolism Compost + CO;+H:0 + NH: + NO; + Heat

i

Figure 1: Basic Formula for Aerobic Composting

In a compost pile, temperatures will go from ambignmesophilicA thermophilicA mesophilicA
ambient (Epstein 2011). While the exact range for what is qualified as mesophilic or thermophilic varies in the
literature, a general range is-2Q0°F for mesophilic and > 110°F for thermophilic. Following pile formation,
temperatures will often increasbarply, and reach thermophilic temperatures wighiew daygFigure?2).



Compost Pile Temperature over Compost _ o
Age for UNH Experimental Batch 2 If heat is not removed, temperatures will increase to the

point where the microbes start dying off (> 160°F). In this
150 thermophilic stage, oxygen demand and heat production
are highest, as the microbes target apthivolize the

most easily digestible materials first (starches, sugars and
fats) (Epstein 2011, Rynk et al. 1992). During this stage,
the amount of aeration needed feahremoval can be

more than ten timethie requirement of microbial

oxygenation (Rynkteal. 1992). As the composting

process continues, the quantity of easily digestible

Figure 2: Compost Pile Temperature by Compost Age foUNH compounds decreases, leaving more difficult substances
Experimental Batch 2 to consume (proteins, cellulose, and lignin). At this point,
the cumulative metabolic rate (and microbial populatfgdajeaus and begins to decline.thAs microbial
populationdeclines, so does the pile temperature (Epstein 2011, Chiumenti et al. 2005). With heat extraction a
a goal, maintaining pile temperatures betweenI130PF and prolonging the point of plateand aemperature
decline are two

[
3

Temperature (F)
g

w1
(=]

o

T T T T T T T T T T T 1
1 2 7 14 16 22 29 36 42 48 55 62
Compost Age (Days)

==§==Bottom of Pile  =fll=Middle of Pile  ==f==Surface

strategic goals for the Basic Guidelines for Composting

operator. Although one

may think that . Organic material feedstocks are thoroughly mixed and have a combineg
maintaining pile carbonto-nitrogen (C N) ratio of 27:1- 30:1 (Epstein 2011)

temperatures in excess . H20'1 maintainpile masture contenbetween 5860% (Epsteir2011)

of 160°F would . O21 maintaincompost pile oxygen content between18% duringthe
increase heat recovery active phase (Epstein 2014nd 5% during the maturation pba

from the systenthat (Chiumenti et al. 2005). It is also important to reduce preferential airflo
method would actually that can form from large pits and mouratsthe pile, or cracks that run fro
subject the microbes to the bottom to the top of the pile (both will be discussed in detail later)
inhibitive tempeatures . Temperature maintain pile temperatures under 150°F through aeration
they could not survive. and/or turning (Epstein 2011)

While the heat . Porosity- free air space should be-38% (Chiumenti et al. 2005)
exchange system woul . pHT maintain between 5.68.0 (Chiumenti et al. 2005)

perform well during . Materialsize- nolargerthan-B 6 6 ( Chi ument i et a
this short phasdong- . Contaminants Absence of materials toxic to microbes

termheat recovery . Drainagei compost leachate is drained away from the tpilprevent an
would likely suffer anaerobic base from forming

Achieving maximum
heat production requires the provision of an optimal microbial living environmentewiey can thrive and
reproduce.

Individuals interested in more specific details concerning the science of the composting should referen
Epstein (2011), Chiumenti et al. (2005), Haug (1993) and Rynk et al. (1992).



HEAT RECOVERY FROM ©MPOSTING

Numerouscompost heat recovery syste(@HRSs)have been tested over the years, and are described
in gred detail in Smith and Aber (20)6n 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 magisich supplied heat to the roodbneof crops through convection
(Brown 2014). This system was further adeed in France during the 180@vhere acres of glagsiclosed
hotbeds were used for crop production (Aquatias 1913). As with the Chinese system, a trench was filled with
composting mamre and was capped with topsoil for crop growth. As the manure composted, heat rising throug
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 inthe e | y , i@ tBeoemary composting feedstock (horse
manure) was no longer in large supplye to the replacement of the horse with the automobile. A version of
this method made a short comaek from the 19405 197G by English and Dutch farmers, aviised
decomposing straw bales to extend the growing season of tomatoes, cucumbers and lettuce (Loughton 1977

While convectionis the simplest and least costly metho@xtracting heat durinthe composting
process, it is also the least efficient antinsted to horticultural applications. The second approach to recover
heat from composting is conductitmased, which offers a substantial advance in both heat recovery and utility.
This method was pioneered by Jkance. IfFhs system,5otonpileef 1 9
chipped brushwoqavith hundreds of feet of coiled tubing located within the composting mass, was used to
heat water from 50°F to 140°F atrate of one gallon per minute f&ik 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 forwarc
was the ability to use the thermal mass of the conmgpgile to warm water that could be used for any purpose.
This method is still used today aizddescribed in detail in Brown (2014).

Although warming water througtonduction of composting feedstocks is more efficient than
convectionbased systems, this method is more suitable for backyard operations, where the time and labor
consuming aspects ofstalling and removing the pipe during pile formation and breakdown can be absorbed b
an enthusiastic homeowner. This method is typically not suitable for commercial operations, where revenue i
the goal and labor/time is accounted for. Problems caraais® if too much heated water is removed from the
pile, and/or the replacement water is too cold (Seitital. 2016). This scenario can inhibit microbial growth
and even crash the microbial population, causamgidconditions However, if managed propg conductiorn
basedCHRSscan be a successful option for sedhle operations.

An improvement to using pipe embedded within the compgstiass is to instathe recirculating heat
exchange pipe within concrete below the composting feedstocks. Taisftggstem is more suited for
commercial operations, as the time and labor aspects of installing and dismantling the pipe are avoided. Whil
the addition of concrete increases the cost of the operation, it is a more realistic option for commercial
operatbns 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'ts@REpost covers to the ground
(Allain 2007). However, as with the withipile heat reovery 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 det
were not considered at a segar@anadian composting facilityhen trying to extract he&tom waterfilled
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 ar
odor complaintdrom adjacent neighbors that resulted in the facilityting down. If less water wepilled

from the system, this approashouldhave worked. However, there is risk when extracting heat from a within
slab system, as the slab is part of the thermal ofabe 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
exhaust vapor usingn 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 ratiéne with the composting process like
conductionrbased 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 pahNHVOCsn the compost vapor
stream, a biofilter is necessaryregluce thee odorous and potentially harmful gadesrly 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 1888 recently, Adam§005), explored
the use otompost vapor to heat greenhouses in Vermont

While positive aeration systems serve as a valuable tool for season extension and reduced heating co
for greenhouse and high tunnel growers in cooler césjat has limited apigations due to the difficulty in
capturing the diffused heat across the pile. The amount of available hleatair is also limited, with a study
by Themelis (2005) finding that onh3.4% of the heat generated within a cosigale is contained in #hair.
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 thpases

A more effective method afapturing 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 s
systems, this heated vapor is sent through a biofilter, where the coamtésrare scrubbed and the heat and CO
are diffused into a greenhouse (Snathal. 2016. However, a more efficient system is to direct the heated
vapor into a chamber containing antmrwater heat exchanger. By using a heat exchanger, the therm@) ene
contained within the water molecules of the vapor stream can be extracted. This is imasatamjority of
theenergy balance within a composting pile is contained in the water.vidmEmelis(2005)found that 63% of
the thermal energy within a sgosting pile was in the water vapé&iurthermore, if an aito-water heat
exchanger is used, heat recovery doesniltencethe composting process and the heated water can be used
for more than just horticultural applications. Agrilab Technologies texeloped such a system, by using
Acrolabdéds | sobarE Heat Pipe technology and the A
based vendor of the Acrolab Isobar system).



ACROLABG®S | SO\BRRETEGHEHNOLOGY

Acr ol abds | s otwaphasdseperthernfai cpnductor shat @rovides thermal uniformity
across the pipe by immediately transferring heat evenly across the entire unit (Acrolab 2013). The heat
exchanger uses an extremely hgylade stainless steel evacuated pipe filled with a workiingeeant. 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. Aft
condensing, theondensate 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 Eigure3).

METAL WICK STRUCTURE HEAT OUT The Isobar Compo§ting and Thermal Energy_
System developed by Agrilab Technologies, uses this
IQUID FLOW TTTTTT

. Huu 1 - . | technology, by utilizing the metabolic heat generdtgd
e , % - .. | microbesduring the composting process for heat
e e e e

o= — —

~~~~~~~~~~ “’_}_} % exchange. The system use$®Blsobas, 306 06 i n | e

(_, Vapour Flow j contained within a single unitith a vapor chamber and a
%},‘Q’.‘C}’x&.@@’.ﬁﬂ,. *fo;, %:;{3, *.. | highly insulated bulk storage tank of water (number and
L3 M’“«‘—-@ = " | length of Isobas depenan monthly feedstock tonnage).
: v — 71 l l l " | The Isobasrun the length of the unit, with roughly ten
TTTTTT IG0BAR SHELL H l feet contained within the siea tank of waterservingas a
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thermal batteryKigure4).

HEAT IN

Figure 3: Internal Workings of Acrolab's Isobar Heat Pipe (Acrolab
2013)

The system operates by pulling heated vaj
from composting feedstocks through deration
network and into the vapor chamber containing th
array of Isobas. When thel201 165°Fvapor
condenses on the coolsobarsurface, it transfers
the latent heat condsation to the pipewhich is
used to vaporize a refrigerant. The vapor withia
Isobar travels up the pipe into the section of the
contained within the highly insulated storage tank
of water. The cooler water in the tank causes the| ™ Loughberry Manufacturing (2012)
vapor within the plpe to condense, once again Figure 4: UNH Isobar Heat Exchange System (Loughberry Manufacturing
transferring the latent heat of condensatioly on  2012)
this time it is transferred from inside the pipe to the
water ( Figures). The heated water (typically 1a@10°F) carthenbe used for angipplication 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.
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Figure 5: Flow Diagram of Heat Recovery System (Smith and Aber 204

HEAT RECOVERY POTENTAL FROM AGRI L ABARSYSTEM B

Theheat recovery potent i aisvariableoam deperas anumbargfr | | a b
factors includingbiomass volumefeedstock biodegdability, heat exchanger typesize, and operational
specificvariables(aerationschedule duration of compostg, pile watering, etc.\When looking abiomass
volume more biomassypically resuls in greater heat recovery because of the ability to have a shorter compost
residence time. As illustrated kigure 2 compost temperatures peak eamlyhe process angradually
decrease over time. The ability to load materiate frequently allows the operatorextract heat from the
thermophilic phasef the composting process, whimperatures are higheMore biomass also allows the
operator tanake larger pileswhichhave a smaller surface argavolume ratio, meaning less heat is lost to
conducton, convection, and radiation.

The amount of heat that can be extracted from one of these systems is also dependent on feedstock
biodegradability. @ring the initialcompostrials 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 dl3&e€, in part becauseastern white pine has been
found to be antmicrobial, which make$or great animal beddindut very poor for compoisig. Haug (1993)
also reported the low biodegradabild@f/pine species, and the issues that can arise fromeits e®mpost
mixes.The solution to oubiodegradabilityproblem wago includehorse manure and spent hay beddimthe



mixture, both of which arénighly biodegradabland povided more food for the hegtroducing microbes
Vaportemperaturesonsistently exceedb0°F with the new mixFigure6).

With thesevariablesin mind, the two largest Agrilab systems (Diamond Hill Custom Heifers and Sunset
View Farm) haveeportedrecovery rates of 200,000 BTy during active aeratiofAppendix 2) Themuch
smaller heat recovery systemldtiH hasreportecheat recovery rated 34,500 BTUhr (Figure6). The large
difference inheatrecovery ratebetween systemis due to feedstock volume, heat exchanger size, and
biodegradability of the feedstocks in the compost mixes (App&)dix

UNH Heat Recovery Rate by Average Compost Vapor
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Figure 6: Heat Recovery Rate by Average Compost Vapor Temperature

As illustraed inFigure6, 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
returnper 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.



Theidea for theheat recovery@mpostingfacility at the UNH Organic Dairy Research Fawnginated
from a USDA Sustainable Agriculture Research and Education (SARE) @raabf the goalsf the grant was
to developa moreclosedagricultural ecosysteifagroecosystejnwhere there is more internal cycling of
nutrients, water, and energy. Importantly, thethods used to create the molesed agroecosystem had to be
profitable and replicalel for farmers in the regiod large compnent of making the farm a mectosed
agroecosystem involved reducing energy imports to the farm. A second major component was improving the
far mds manur e mahrchinydvedestoringmanyre in a lmack field until it wagppliedto fields
after spring andiall hay cuttings. While thisype of management @mmonfor many dairies, storing manure
for extendedperiods of time does pose several concerns

1. Standing manure piles serve as a breeding ground for biting flies that pabadsesds and
discomfort for cows (Campbell et al. 1993).

2. Anaerobic manure piles produce strong and unpleasant odors and emitt@ is a powerful
greenhouse gas.

3. Standing manure piles can leach Ni@to groundwater, contributing to nutrient runofidgpotential
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 systepeissive and has proven
to be successful in composting animal manures (Rynk et al. 1992). Three windrows were created with the
di mensions of 306L * 86W * 46H. Cost savings in
in material to be spread on the fields. Thalftompostproduct was also momgry andstabilized reducing
runoff that was occurring when the feedstocks were not being managed aerodmatbyer, after a year of
composting, UNH researchers and a private donor began discussing the possibility of building a heat recover
composting facility wusing Ahpydetermibmeéhat a maesativancedh e at
composting systemaould help address both the manure management and energy goals of the farm in one stej
At the time, only one other facility in the world (Diamond Hill Custom HeiferSheldon, Vermontwas using
this technology on a commercial level. Their facility (bunl2005) 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 simésedon
While the technology wasroven to work for a largecale dairy operatiofTucker 2006)it was yet to be tested
on a small dairy farm with under 100 hezfccattle However, the research team and private donor decided that
it was worthwhile to costruct 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 assrakglddesigns for thdNH
facility began in May 2012nd the facility was completed June 2013.



FEEDSTOCK PARAMETERS

The first step in designing an ASP composting
the quantity of waste material being produced dailyng with thecorresponding feedstock chemical and
physical properties. In assessing feedstock quantity, the smallest of the heat recovery systems from Agrilab
Technologies, require 60 Ydf 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 tf
are optimal for microbial growth. The three most important factors to consid€rMim@tio, moisture contd,
and bulk density. Aompostrecipe buildersimilar to the one presented in Rynk et al. (196a), be used to
determine whether one has enough waste materials in the right proportion to generate tmeiGiényan. In
situations where there is a deficit of material, feedstock itherde imported, or in some cases, stockpiled
from other times of the year when that material is in excess. For instanpentaeycarbon source for the
UNH facility comes from the bedded pacarn, which is cleaned otwice 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 becagecbws are out at pasture for more than dights a day. Excess
manure from the winter months is stoiegmall windrows to suppleméthe summer composting batches
However, stockpiling is not ideal, as microbes will consume the stockpiled material, redeatrmgcovery
potential. In assessing feedstocks, it is important to realize that a deficioigemtwill slow down the
composting process, reducing heat recovery, while too much nitrogen will increase temperatures too quickly
and result in increased NHolatilization and lower quality compost (Chiumenti et al. 2005, Rynk et al. 1992).

ASSESSHOT WATER DEMAND AND LOCATION

After determining whether enough bioméasavailablein the optimal proportions, éhnext step is to
asses$iot water demand and whether the heat recovery unit is economical. From a practical standpoint, if one
already panning on building an ASP composting facility, the addest of the heat exchange unit wikely
have a favorable payback period (Refer to AppendiR2pardéss, assessing the currenergy demand is
valuable as the heatxchange unit can be sizeccanodingly, ensuring it is not overbuilt. For UNH, themary
hot water demand is for cleaning equipment intherdfad s mi | k h d80°Bveater for awmjtzationi n g
purposes.

FEEDSTOCK RESIDENCHIME WITHIN FACILITY

The next step in the planning pkas to determine the residence time the composting materials will
remain in the facility. In making this decision, it is important to consider whether the comifpdst cured in
the facility, as that decision will require more space, dwestowerturnoverrate For UNH, we decided to ae
the compost in the facilit{p0-dayresidence time The advantages afuiring compost within a facility are:
fastertime to maturatiomue to forced aeration, less chance of contaminationveedseed, will notbe



saturated by rajrand results in the elimination ah extra step in material handling. Howewairing compost

within the facilityrequres a larger building ansigher initial capital cost. An alternative is to have a much
shorter residence time withthe facility, and cure the comgasutside under a composiver. Compost covers

are breathableshed rain, prvent seed from entering, and arfaction of the cost. Managing the system under

a shorter residence time (if one has enough biomasspistaddegic 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 afterwd@Figure?2). A shorter residence timasoallows heat extraction to continually
occur during tk highest heat producing periad the composting process.

SIZING THE FACILITY

Thesize of the composting facilityan be estimated with information on feedstock quantity and the
length of time it will spend in the facilityvith UNH as an example, facility size was base@@hyc of
feedstock (manure, waste feed hay, and spent animal bedding) per mdrateadstockesidence time of®
days.Assuming a pile height of #et, the length and width of the composting flocan be determined based on
a combination of site conditions and building design to get the needed volume. In our scenario, each bay was
3262006*®0H ydIn®oth)(Appendix 3)

After calculating the dimensions of the composting floor, eiktodage has to be added fhet
mechanical room and walkwaySor UNH, the isobar unit going into the mechanical room had dimensions of
306L * 34.506W * 30060H. I n addition to the | soba
leacha e syst em. Il n our scenario, the mechanical r oo
had an additional 86 concr et e Thewalkways wek interdionally it e r
with extra width at these locations to teetaccommodate large groups visiting the facilitysizing a non
research facility, both the width of the mechanical room and the width of the internal apron can be reduced by
severaleet to reduce costs.

With information on the size of the compostiit@pr, mechanical room, walkways, and all other needed
internal space, atothlo ot age can be esti mated. For UNH, the
(Appendix 3) For reference, whiléhe facility was built to process 20@°*/month with a 6edayresidence time,

a facility of the sane size only housing the feedstocksi r i ng t he a ¢ weels)eould yodrene ( a
processing 20§d*/month (4,800/d%/yr) to 800yd®/month (9,600/d%/yr). As mentioned earlier, the residence
time the composttays in the facility greatly affects the amount of biomass that can be proaessedly

AERATION FLOOR DESI&N

When designing the aeration floor, the successes and failures of past ASP floor designs were conside
to ensure the piles would receivea@stimal 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, pi
should notexceed®50 56 ( Rynk et al . i1992)aerAAtt itome | UMK sf aveir |
made of 466 PVC pipe, which fit withinéa&@dei gediear
(Epstein 2011, Rynk et al aeratibrddde Jgriledetery@ dudwh hemagexoh a d
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the pipe The specific size of theeratiorholes was based on the diameter of the pipe and the length of the run.
From a graphical standpoint, this is representd&igure?).

Recommended Aeration Hole Diameter by Pipe Length for
Aeration Holes 6 and 12" on Center

1.60 A Common Equation Used to
Calculate Aeration Hole Size
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Figure 7: Recommended Aeration Hole Diameter by Pipe Length

Althoughpipe with holes pralrilled is available, it is best to purchase pipe and drill the holesten
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 fioating during the concrete pg and prevent cement aather
debris from getting into the aeration network during the construction process (both issues will be discussed ir
detail later).

After deciding on pipe diameter, length, hole spacing,ranid size, the next step is to determine the
spacing between the aeration pipbe general recommendation is to have aeration lirefe8t apart (Epstein
2011). Closer spacing is recommended for materials with a higher bulk density (manures, sl)dgdesec
higher oxygenation is required. At the UNH facility, aeration lines were set up with research trials in mind, anc
were spaced to accommodate treatment walls (Appendix 3). Ingegearch facility, a unlform spacmg within
the3-4 6 r a n gnest likedylduskd for all the aeration [ ' ‘
lines, compared to our facility, which had varying spacing.

In additionto having34 6 bet ween eac
aeration linesthe two externally located lines on either side @
the facility should becast-4 6 fr om t Higured)i d
The reason to cast the fistrationline34 6 away f
wall is to prevent preferential air channels from the Coanda |
Effect, which is the tendency of moving air or liquid to attac

itself to a nearby surface, and flow along it. In a composting | 5 fem side wai e e oo
- - - First Aeration Line Pairs of
pile, walls too close to an aei@t channel can serve as this (Consistent on Other Aeration Lines

. . . . Side of Building)
surface and result in preferential airflow on the edges, causi

more oxygen/faster decomposition on the sides and less Figure 8: Aeration Floor Spacing at UNH Composting Facility
oxygen/slower decomposition in the middle (Chiumenti et al. 2005). As the pile continues to decompose unde
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this condition, the problem can become woesepile 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 fromeduced 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 Effectrom the side walls, the
sectionof aeration floor along the
back push wall should also have a 3
40 aeration dead
preferential air channeling. At the
UNH facility,the® s ect i on

37 Aeration
Dead Zone on
Back Push Wall

aeration ihe closest to the back push e
. . loped 1%

wall did not have aeration holes and i Ak
Channel for

had a layer of concrete overtop inste:
of a cover plate (specifics will be
discussed in detail laterfrigure9).

Drainage

Figure 9: Aeration Line Floor Spacing at the UNH Composhg Facility

Cost Saving Tip # 1When considering costaving strategies, ensuring the fagilis not overbuilt is a
majorone. This is especially true for the aeration network, which needs to be carefully planned and ¢
meet the aeration demand of the various materials being composted. When deciding on pipe diamet
the aeration floor, it is important to considédret total airflow requirements in relation to the pile height a
l engt h. |l ncreasing from a 466 to 6060 dnicesinet e
ramifications The general aeration setup within the mechanical room of these systermesratleast one
size increase in PVC diameter beyond what was cast in the aeration floor. While the cost difference
666 and 866 PVC pipe and fittings is not too
enormous, costing sevefalu ndr ed dol |l ars more per fitting ¢
pipe is not necessary, and careful planning should verify this point. The original aeration system at tl
UNH facility was constructed i lmackanechemicahr@omandwasq |
estimated to have cost an additional $12,008e extra cost was attributed to:
9 Extra cost in the PVC pipe and fittings

Extra cost in shipping weight from the heavier components

Extra labor in installing heavier and bulkienaterials

Extra sealant

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

Contractor markup (usually 25%)
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Cost Saving Tip # 2A second costaving strategy is to purchase all the PVC pipe, PVC fittings, sealan
aeration fan(s), flexible couplings, and support structuret@ging thenpurchased by a contractor. An

important point to make is that this type of essting strateg often comes with thteade-off that the
contractor will not warrantythe construction materials provided by the owner.

FACILITY LOCATION

Specific information on the steps involved in siting a facility were omitted from this report, as each
farm/composbperation will have tremendous variability with regard to proper location. For reference, detailed
information on this topic can be found in Epstein (2011) and EPA (1B@#ever,some basic guidelines are
provided below:

1 Avoid close proximity to neighbg, unless a powerful afiltration system and biofilter anesed.

The sngle greatest cause of compost facility closures is due to nuisance claims from odor (Epstein
2011).
1 Ensure the facility haadequate fire lanes on all sides and room for feedstolo& pulled out and

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

1 Cost Saving Tip # 3Sitethefacility as close tahe feedstocks as possible and try to have
straightline transport of feedstks to the composting bays. Minimizing feedstock handling tii

by siting and orienting the facility properly can save a tremendous amount of money (time,
fuel, etc.) with regard to material handling.

In addition to the above recommendations, sopeeific location considerations for a heatovery facility
using Agrilabdés | sobar System ar e:

1 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 toleses are only-3 UF per 100
length if buried properly (OWFB 2013). Siting to reduce material handling should take precedence.

1 If attaching a high tunnel or greenhouse, proper facility orientation is needed to ensure fsbading
trees or other structesdoes not become a problem.

For reference, UNH sited the comgagtfacility 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 tr
facility (Figurel0).
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Figure 10: Aerial View of UNH Organic Dairy Research Farm
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The following sections outline the stéy-step process of building the UNH heatovery composting
facility, with recommendations to operators on design and the variousasosy strategies that can be used at
their sites. Theeader is encouraged to reference the appendices for additional diagrams/specifications and cc
structure.

SITE PREPARATION

Due to the high variabilityn soils and site conditions, sipeeparation should be assessed by the
contractor hired for that pzular job. One important consideration that may be slightly different standard
practices is that composting facilities require more attention with regard to drainage. Because there is potenti
for pollution of waterways from nutrients originatingin 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 UM{] th@inage
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 aris
Failure to @ so could result in significant fees or facility closure.

UNDERGROUND SLAB ANDCONCRETE WALL PREPRATION
Underground col d an dCre$limetHDI6W® weeerinstdlled prersto contrétd P E X

for mi ng. Bot h | i nes wthenmlkhguset(location obhotéter temdamctie b et w
future mechanicalrootn 280 | i near feet). The |l ines were 800 :
directions. Compacted backfill was put oowaeflJtdop PE

at the entrance of where the mechanical roomlavbe locatd and led to a frogiroof post hydrant (Campbell
CYH5 Frost Proof Yard Hydrant) in the location of
was also instalé off the first line to a frosproof post hydrant at the mjgbint of the mechanical room. Both
hydrant | ines were buried below the frost | ine (
pipe until future hookup.

The 166 hot water supply and r
insulated pipe (Uponor Piesulated Pipe Systems ASTM Ecoflex Thermal
Twin), which are often usefbr outside wood boiler systeniBigurel1l). As
with the cold water lines, thgipeends were taped until future heak to the
heat exchange system in timechanical room. The primary 1,5@@llon precast

concrete |l eachate tank (Phoeni x Pri
connecting ductwork were also installed at this tifigyre12).

uct s

Figure 11: Insulated PEX Pipe
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Cost Saving Tip # 4lf possible, install a leachate tank with a
capacity > 4000 gallons/Nhile smaller leachate tanks are les
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 olarms. However, 150C
gallons is typically not enough volume to justify bringing out
tanker truck that usually has a capacity > 4000 gallons. As :
consequence, the tank needs to be pumped morewifiieh,
may add cost to the operator

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. Thefons f or t he back push wall had 16 sl eeves
The forms for the back mechanical room also had a sleeve installed for the main electrical line.

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

sleeve locations, as drilling holes after pouring concrete is much expensive. Additionally, the larger
sleeves for the aeration lines through the back push wall should be a tight fit and not oversized.

POURING CONCRETE WALS

The first pour at the UNH compasg) 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 dimensiofs&vérd. * 1 20hé W *
footings were 96FHpleld. 66 666 W * 106 H (

Push Wall Front Concrete Piers (5)
12** thick 10”* thick
with with
4" above grade 4’ above grade +
/ + 4 below (8°) 4’ below (8°)
32’compost floor 8’ internal apron 4’ external apron
1 r
6,6” 4’6,9
Side Walls (2
8 thick
with
4’ above grade
+ 4’ below (8°)
l,
2!

Figure 13: Concrete Dimensions at UNH Composhg Facility
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The dimensions dahe two side walls weré 0 6
866 W * 86 H. The footi
The two side concrete piers in the front of the building
were2 6666 L * 1066W * 86 H
40600 Wigureld). dhé thfee internal piers had
di mension of 3068060 L * 1
36866 L *4660606 W * 16 H.
they were backfilled and brougto grade with compacted
fill.

-

Figure 14: Concrete Piers at the UNH Composhg Facility

The second pour at the UNH facility was the wall and g@rshe bak mechanicatoom. The
dimensioswere32 63066 L * 866 W * 606 H, with footings of
concrete piers were cast to doae the structuraupport for the back of the building. The eight concrete piers
were 120606 L,wi t&o d oW t* RidggieldantFigRrél6)*Aftet the wall and piers cured,
they were backfilled and brought to grade with compacted fill.

Back Wall Push Wall
8”’ thick 12°’ thick
Concrete Piers (8) s with , with
with Dimensions of 2’ above grade + 4’ above grade
1277 % 877 * 4°0™ 4’ below (6°) / + 4’ below (8”)

32°compost floor

Back Mechanical

Room Wall with 10°’mechanical room floor
Dimensions of

30737 % g7 * 6o

1’
2’

Figure 16: Back Mechanical Room Concrete Dimensions

Sleeve for Electrical
Hookup

Figure 15: Back Mechanical Room After First Concrete Pour
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Cost Saving Tip # 6The
amount of concrete used
to construct the UNH
facility wasc
225 yd) and was one of
the larger expenses in the
project (Appendix 4).
However, cost was
reduced by
wood for the upper
portion of the baclpush
wall and side walls,
reducing the concrete
requirement by 30 y’d Figure 17: Back Push Wall at UNH Composting Facility
(Figurel?). When
substituting wood for
concreteit is important to
note the decreased
longevity of the wall and
theneed to replace the
wood at some point in the
future.

If using wood, it is important to note that the material may warp, due to
thehigh heat and moisture from the composting process. Warpage is especially
problematic if the mechanicedom 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 rnedmsaddressed with
some form of vapor lvaer. To address thisissue, UNHs ed 46 * 86
pl ywood and attached plastic sheeti|
barrier, and then used rough p-towalinterfacelfigureld.2 66 *

Cost Saving Tip # 7Anothermajor cost
saving strategy, which could be utilized for
those installing a higttension fabric

structure, would be to use interlocking
concrete waste blocks for the side walls
(Figurel9).

Figure 18: Vapor Barrier on Back Push Wall at UNH Composting Facility
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Wasteblocks come in various sizes, with
the most common for this purposerbgy 6 6 L
W * 20 Hing36d0 Ibe ger biptk. If
buying a trailer loadgost per block is often under
$65 per delivered block. Cost savings of using
blocks are realized throughreduction 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-sizedfabric structure with waste
block side walls, the material cost for the blocks
Figure 19: High-Tension Fabric Structure with Waste Block Walls (ClearSpan would have been rOUgh|y $4,225 ($65/ block * 65
2019 blocks).

If waste blocks are used, it is
recommended to use them for only the side walls and not the back push wall thasdbetaieration channels
andheat exchangenit behind it. Thédack push wall should be pouredth footingsto create atructurally
sound walkthat has n@hance of movement that colddeak seals in the aeration network @ndheworstcase
scenario, dmage the heat exchange umihe seams in between the blocks would also create a pathway for
vapor to enter into the back mechanical ro&s with the wooden walls, negative aeration from the air
filtration system would pulkompost vapointo the mechacal room.

INSULATING THE CONCRETE SLAB AND SETTINGUP THE AERATION DUCTWORK

One of the most important steps in building a heat recovery compdetitity is ensuring enough
insulation is put underneath the concrete slab, as this cannot be remedied afterward. The goal of insulating tt
concrete slab is to prevent cold soil temperatures from robbing heat from the slab and aeration ductwork.
Insulatirg also reduces condensation from forming on the bottom of the slab, due to varying temperatures.
While heat loss is impossible to avoid'(aw of thermodynamics), reducing losses-peat exchnger through
proper insulatiomwill increasehea 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 batery for the compost it has to be insulated to
reduce heat from escaping. prevent heat lossom
ocawrring, two éexaudedpdystwehef@amd r i gi d
(Foamular 250) were used at the UNH faciligjgure 20).

This 4606 | ayer -valeofR@When had a tot al R

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

with the bottonto preventcontinuous vertical seantisat Figure 20: Insulation Below Main Composting Floor at UNH
would enhance thermal loss Composting Facilty
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