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This report summarizes the state of the science about the environmental value of compost use in various
sectors, including green infrastructure and stormwater management, ecosystem conservation and
restoration, contaminated site remediation, horticulture and landscaping, and agriculture. The report
examines the potential benefits of increasing the use of compost at scales that better align with the
volume of organic materials (e.g., food waste) available for composting. The challenges associated with
compost use are also discussed to provide context, when relevant, about possible adverse impacts. In
addition, the report identifies research needs that would improve understanding of the advantages and
disadvantages of compost use and better inform key stakeholders. The intended audiences for this report
are policymakers and current and potential users of compost in the public sector (e.g., local and state
government agencies) and the private sector (e.g., commercial businesses).

Despite differences among scientific studies (e.g., locations, variability in compost treatments, magnitude
of benefits observed), the overarching consensus in the scientific literature is that the use of compost
improves soil health. Soil health is the basis for cascading benefits to the environment and various
sectors of the economy. Table ES-I provides a summary of high-level findings related to soil health
improvements that have been observed with compost application.

Table ES-I. Summary of Compost Benefits for Soil Health.
Soil characteristic Benefit—

Physical e Soil density/compaction reductions up to 35%. (1,2)

o Water infiltration rate increases up to 183%. (3)

 Soil water-holding capacity increases of 35% to 57%. (4,5)

 Reductions in soil erosion of up to 97%. (6)

Chemistry e Soil organic carbon increases of up to 200%. (5)

e Provides nitrogen (N), phosphorus (P), potassium (K) and various other plant nutrients (potential for
= 50% reduction in inorganic fertilizer for annual crops). (7-10)

¢ Maintains favorable soil acidity (i.e., pH), which improves the availability of nutrients for plant uptake.
(11)

e Facilitates immobilization and degradation of soil contaminants (e.g., heavy metals, petroleum
products) that can harm water quality, plants, animals and human health. (12,13)

Biology e Increases diversity and abundance of soil organisms, in particular, beneficial microorganisms (e.g.,

bacteria, fungi) that improve soil fertility and suppress plant disease, up to 2 times more soil

microbial activity has been observed. (5, 14-16)

The extent of the improvements that are realized depends on the characteristics of the soil where
compost is applied. For example, compost will improve the water-holding capacity of sandy soils more
than clay soils (5, 17, 18), and disturbed or eroded soils will see a bigger boost in organic matter from
compost than soils with perennial vegetation (19, 20). Ultimately, the benefits that occur depend on the
type of compost, the application rate and timing, and factors such as soil type, site characteristics and
project goals (11, 19, 21-23).

Compost use has numerous advantages for a variety of sectors, and scientific research demonstrates
that compost use can replace conventional materials and practices (e.g., inorganic fertilizer, grey
stormwater management practices) that are typically utilized (24-27). Table ES-II highlights the key
benefits of compost use for the five sectors examined in this report: agriculture, horticulture and
landscaping, green infrastructure and stormwater management, ecosystem conservation and restoration
(e.g., wetlands creation, wildfire rehabilitation), and contaminated site remediation. The benefits provided
by compost are related to improved soil health (Table ES-I), which yields co-benefits for surface water
and groundwater, vegetation and whole ecosystems. The enhancements are relevant and valuable
across different sectors. For example, compost enhances the ability of soil to absorb and retain water,
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which in turn helps farmers by reducing the need for irrigation, helps public works departments by
reducing stormwater runoff into sewer systems, and helps communities cope with extreme drought or
flood conditions.

Table ES-1l. Summary of Key Compost Use Benefits by Sector.
Sector

0. 0

8 1o
ren E

infrastructure = Ecosystem  Contaminated
Horticulture & & stormwater conservation & site
Benefit Agriculture landscaping | management  restoration remediation

Decreased stormwater
runoff

Decreased soil erosion

<
<
<
<
<

Reduced surface water &
groundwater pollution

Decreased irrigation
requirements

Reduced contamination of
crops by human pathogens

Improved plant
establishment & growth

Improved crop yield &
crop quality

Increased carbon
sequestration

Soil fertilization

<
<
<

Immobilization/degradation
of soil contaminants

Plant disease suppression

Weed suppression

A YA YA YA NATAYAYATATA
SAYAYAYAYEASEASETATAYA

By supporting soil health and plant growth, compost benefits water resources and improves climate
resilience (18, 22, 28-30) (Figure 1). Compost protects water resources when used as media in
stormwater (e.g., berms, filter socks, blankets) and green infrastructure practices (e.g., bioretention
basins, rain gardens) (24, 31, 32). Compost-based practices help reduce stormwater runoff volumes and
protect water quality by preventing contaminants (e.g., nutrients from fertilizers, sediment, pathogens,
heavy metals, synthetic chemicals) from entering surface and groundwaters (32-34). Compost reduces
soil erosion by providing essential soil nutrients and organic matter to improve vegetation cover and
decrease the amount of bare soil exposed to rain and runoff. Compost can hold up to five times its weight
in water, helping to increase water infiltration into soils, water retention in soils and groundwater recharge
(29, 31, 35).
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BENEFITS OF APPLYING COMPOST

ORGANIC
MATERIALS

CLIMATE BENEFITS

® Increased resilience to impacts
§ from heat, drought, floods,
78% reduction - wildfire, pests & diseases

in GHG emissions e Improved resilience of water
when food waste is quality & water quantity

composted and land applied e Supports resilient &
rather than landfilled sustainable agriculture

LAND BENEFITS

e Reduced soil erosion
e Improved plant %:" -
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e Improved nutrient management

e Enhanced suppression of weeds,
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Higher crop yield
Enhanced ecosystem restoration
Increased biodiversity

SOIL BENEFITS -

Reduced soil density & compaction

>3X more Increased soil organic matter and fertility

carbon sequestrati(_m Improved soil water holding capacity and WATER BENEFITS
when food waste is water infiltration & retention e Decreased stormwater runoff
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organisms

land applied Higher populations of beneficial soil 2 o Reduced surface water pollution

& groundwater contamination

Improved immobilization & degradation e Improved water retention
of pollutants in soil o Increased groundwater recharge

rather than landfilled

Figure ES-I. Soil health benefits from compost application, and associated water, land and climate
benefits. Source for carbon sequestration increases and GHG emissions reductions: (36)

These benefits also provide resiliency to climate-driven changes in the water cycle and extreme weather
events (22). In the face of increasing air temperatures and changing precipitation patterns, compost use
has emerged as a versatile solution that can offset some of the impacts of extreme weather events (22). It
is considered an effective and scalable way to contribute to reducing carbon emissions and increasing
climate resilience across communities. Compost use has three key climate-related benefits. First,
greenhouse gas emissions (carbon dioxide, methane and nitrous oxide) are avoided by composting
rather than landfilling organic materials (36), applying composted rather than raw animal manure to fields
(37), and substituting compost for conventional materials in various management practices (e.g.,
substitution for inorganic fertilizers) (37, 38). Second, compost use contributes to soil carbon
sequestration; in particular, it results in greater carbon sequestration than landfilling organic materials (36,
39). Finally, compost use can increase the resiliency of rural and urban communities to droughts, by
enhancing soil structure, soil water retention and growth of plant roots (17, 41, 42); floods, by increasing
water infiltration into soils and reducing runoff (29, 41); wildfire, by reducing surface runoff, soil erosion
and pollutant transport (43-45); and urban heat island effects, by improving soil moisture levels and
enhancing the growth of trees and other plants that provide shade and evaporative cooling (35, 46).

There are, however, challenges and risks associated with compost use that vary with the feedstock
blends used to manufacture compost and how the finished compost is used (e.g., use for large-scale
production of edible crops vs. replacement of peat in potting mixes for ornamental plants vs. a compost
filter sock used to filter pollutants from stormwater). For example, compost feedstocks may contain
undesirable contaminants such as plastic, glass and/or harmful chemicals such as per- and
polyfluoroalkyl substances (PFAS) (47), which could be introduced to a site through compost use.
Research is active and needed on the transformation and fate of microplastics and PFAS in compost, and
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a risk assessment for PFAS in soil-like media is yet to be developed. Additionally, research indicates that
for some applications, such as stormwater control, it is important to consider levels of nutrients in compost
and potential leaching to surface or groundwater (48-50).

The vast quantities of compostable materials (e.g., food waste, yard trimmings, biosolids and animal
manure) generated in the U.S. offer significant potential to scale up compost production, compost use
and its associated environmental benefits. In the United States, food waste, yard trimmings and wood
comprise approximately 40% of landfilled municipal solid waste (MSW) and 38% of the MSW that is
incinerated (51). Only 5% of food waste is currently composted (51, 52). Nearly half of the biosolids
generated in the United States are landfilled or incinerated (53). Additionally, roughly 2 trillion pounds of
compostable livestock manure is generated in U.S. agriculture each year, most of which is applied to
agricultural fields in a raw form (54, 55). Although composting manure before application results in similar
benefits for crop production, compost provides additional advantages such as decreased risks of nutrient
pollution, reduced risks of food crop contamination by human pathogens, and improved suppression of
crop disease (17, 19, 56-58).

While the environmental value of compost use has received attention for decades, there is a lack of
comprehensive economic evaluations examining changes in net costs and profitability associated with
compost use (14). The cost of compost use depends upon multiple factors, such as the type of
feedstocks used to make compost, where the compost is used, how it is used, the target benefits and the
time span over which benefits are being considered (59, 60). Furthermore, the net change in costs
associated with compost use depends on the specific conventional materials (e.g., compost vs. inorganic
fertilizer, peat, or plastic mulch) and practices (e.g., seeded compost blankets vs. topsoil placement and
hydroseeding for erosion control) that compost is being used to augment or replace (31, 45, 61-63).

Compost production and use currently tend to be localized, largely due to the costs associated with
transporting bulky materials with relatively low per-unit monetary value. The measurable benefits also
tend to be localized; however, the cumulative effects of compost use across multiple projects and sectors
can generate benefits that support regional or national sustainability goals (e.g., carbon neutrality, food
sustainability, nutrient circularity, water quality protection) (64-67).

Further research is needed to improve understanding and inform efforts to expand compost use over
broader scales. These research needs include:

e Long-term studies to fully understand the effects of compost use over time; most studies in the
current scientific literature are short term (< 10 years).

¢ New research that explores combining both organic and inorganic nutrient sources or other
amendments (for example, biochar) to meet crop or plant nutrient demands could help to improve
knowledge about optimized compost use.

o More research about acceptable levels of contamination for various purposes (e.g., revegetation
of a mine site versus agriculture to produce food) and strategies, methods and technologies to
reduce contaminant levels (e.g., soluble salts, PFAS, plastics) in feedstocks and final compost.

e Further economic analysis of compost for different end uses to help distinguish scenarios in
which compost use reduces net costs and/or increases net profitability versus circumstances
where it is not economical.

¢ Research on the potential net environmental benefits that might occur if compost is more widely
used over broader scales (e.g., regional, national).

Executive Summary 1 Xii



Executive Summary References

10.
11.
12.
13.
14.
15.

16
17.

18.
19.
20.

21.

27.

28.
29.

30.
32.

33.
34.

35.

37.
38.

39.

Executive Summary

Mohammadshirazi F, Brown VK, Heitman JL, McLaughlin RA. Effects of tillage and compost amendment on infiltration in
compacted soils. Journal of Soil and Water Conservation. 2016;71(6):443-9.

Mohammadshirazi F, McLaughlin RA, Heitman JL, Brown VK. A multi-year study of tillage and amendment effects on
compacted soils. Journal of Environmental Management. 2017;203:533-41.

Cogger C, R. Hummel, J. Hart, and A. Bary. Soil and Redosier Dogwood response to incorporated and surface- applied
compost. Hort Sei. 2008;43:2143-50.

Ozores-Hampton M. Impact of compost on soil health. Compost Utilization in Production of Horticultural Crops: CRC Press;
2021c. p. 9-26.

Brown S, Cotton M. Changes in Soil Properties and Carbon Content Following Compost Application: Results of On-farm
Sampling. Compost Science and Utilization. 2011;19(2):87-96.

Owen D, Davis AP, Aydilek AH. Understanding the Effects of Slope Ratio, Straw Mulching, and Compost Addition to
Topsoil to Establish Permanent Vegetation and Reduce Nutrient Runoff. 2020.

Maynard AA, Hill DE. Cumulative Effect of Leaf Compost on Yield And Size Distribution in Onions. Compost Science &
Utilization. 2000c;8(1):12-8.

Alexander R. Compost Use Applications- A Return on Investment (ROI): Edible Gardens. In: Foundation CRE, editor.:
Compost Research & Education Foundation; 2020c.

Alexander R. Compost Use Applications- A Return on Investment (ROI): Row Crop Production. In: Foundation CRE,
editor.: Compost Research & Education Foundation; 2020i.

McCray JM, Ji S, Ulloa M. Influence of compost/sludge application on sugarcane yield and nitrogen requirement on a sand
soil. Journal of Plant Nutrition. 2017;40(15):2156-67.

Stehouwer R, Cooperband L, Rynk R, Biala J, Bonhotal J, Antler S, et al. Chapter 15 - Compost characteristics and quality.
In: Rynk R, editor. The Composting Handbook: Academic Press; 2022. p. 737-75.

Brown SL, Chaney RL. Use of Amendments to Restore Ecosystem Function to Metal Mining-Impacted Sites: Tools to
Evaluate Efficacy. Current Pollution Reports. 2016;2(2):91-102.

Vouillamoz J, Milke M. Effect of compost in phytoremediation of diesel-contaminated soils. Water Science and Technology.
2001,;43(2):291-5.

Adeleke KA, Atoloye IA, Creech JE, Dai X, Reeve JR. Nutritive and non-nutritive effects of compost on organic dryland
wheat in Utah. Agronomy Journal. 2021;113(4):3518-31.

Reeve JR, Endelman JB, Miller BE, Hole DJ. Residual effects of compost on soil quality and dryland wheat yield sixteen
years after compost application. Soil Science Society of America Journal. 2012;76(1):278-85.

. Grobe K. Fine-tuning the soil food web. BioCycle. 1998:42-6.

Rynk R, Cooperband L, Oshins C, Wescott H, Bonhotal J, Schwarz M, et al. Chapter 1 - Why compost? In: Rynk R, editor.
The Composting Handbook: Academic Press; 2022a. p. 1-26.

Hill D. Compost utilization in turfgrass and lawn management. Compost Utilization in Production of Horticultural Crops:
CRC Press; 2021. p. 85-100.

Ozores-Hampton M, Biala J, Evanylo G, Faucette B, Cooperband L, Roe N, et al. Chapter 16 - Compost use. In: Rynk R,
editor. The Composting Handbook: Academic Press; 2022. p. 777-846.

Brown S, Beecher N. Carbon Accounting for Compost Use in Urban Areas. Compost Science and Utilization.
2019;27(4):227-39.

Hurley S, Shrestha P, Cording A. Nutrient Leaching from Compost: Implications for Bioretention and Other Green
Stormwater Infrastructure. Journal of Sustainable Water in the Built Environment. 2017;3(3):04017006.

. Winfield E. Climate-Smart Agriculture: Compost Amendments. 2020.
. Archuletta R, Faucette B. Compost blankets for runoff and erosion control 2014.
. Faucette B, Cardoso F, Mulbry W, Millner P. Performance of compost filtration practice for green infrastructure stormwater

applications. Water Environment Research. 2013;85(9):806-14.

. Brown S, Faucette B, Kurtz K. The Compost & Climate Connection: Compost Research and Education Foundation; 2017.
. Evanylo GK, Porta SN, Li J, Shan D, Goatley JM, Maguire R. Compost practices for improving soil properties and turfgrass

establishment and quality on a disturbed urban soil. Compost Science & Utilization. 2016;24(2):136-45.

Sullivan D, Bary A, Nartea T, Myrhe E, Cogger C, Fransen S. Nitrogen availability seven years after a high-rate food waste
compost application. Compost science & utilization. 2003;11(3):265-75.

Gould CM. Compost increases water holding capacity of droughty soils. Michigan State University Extension. 2015.
Magdoff F, Van Es H. Building Soils for Better Crops Ecological Management for Healthy Soils. 10 ed: Sustainable
Agriculture Research and Education; 2021.

IPCC. IPCC Sixth Assessment Report: Impacts, Adaptation and Vulnerability. 2022.

. Faucette B. Compost in the green infrastructure tool box. Biocycle. 2012a;53(10):33-6.

Faucette B, Cardoso-Gendreau FA, Codling E, Sadeghi AM, Pachepsky YA, Shelton DR. Storm Water Pollutant Removal
Performance of Compost Filter Socks. J Environ Qual. 2009d;38:1233-9.

Alferez F. Compost utilization in fruit production. Compost Utilization in Production of Horticultural Crops. 2021:51-8.

Pitt R, Lantrip J, Harrison R, Henry CL, Xue D, O'Connor T. Infiltration through disturbed urban soils and compost-amended
soil effects on runoff quality and quantity: National Risk Management Research Laboratory Duluth, GA, USA; 1999.
Faucette B. Using Compost BMPs for LEED Green Building Credits. Land and Water. 2009b:41.

. Brown S. Greenhouse gas accounting for landfill diversion of food scraps and yard waste. Compost Science & Utilization.

2016;24(1):11-9.

Nicholson F, Bhogal A, Cardenas L, Chadwick D, Misselbrook T, Rollett A, et al. Nitrogen losses to the environment
following food-based digestate and compost applications to agricultural land. Environmental Pollution. 2017;228:504-16.
Levis JW, Barlaz MA. What is the most environmentally beneficial way to treat commercial food waste? Environmental
Science and Technology. 2011;45(17):7438-44.

Brown S, Kruger C, Subler S. Greenhouse Gas Balance for Composting Operations. Journal of Environmental Quality.
2008;37(4):1396-410.



40. Francou C, Poitrenaud M, Houot S. Stabilization of organic matter during composting: Influence of process and feedstocks.
Compost science & utilization. 2005;13(1):72-83.

41. Basche A. Turning Soils into Sponges. How Farmers Can Fight Floods and Droughts. Union of Concerned Scientists
(UCs); 2017.

42. Kranz CN, McLaughlin RA, Johnson A, Miller G, Heitman JL. The effects of compost incorporation on soil physical
properties in urban soils — A concise review. Journal of Environmental Management. 2020;261.

43. McFarland MJ, R B Brobst, G Kester. Restoring fire ravaged land in California with biosolids. water. 2009:39-40.

44. Meyer VF, Redente EF, Barbarick R, Brobst R. Biosolids (compost) Application Affect Runoff Water Quality Following
Forest Fire. Journal of Environmental Quality. Journal of Environmental Quality. 2001;30:1528-32.

45. Crohn DM, Chaganti VN, Reddy N. Composts as post-fire erosion control treatments and their effect on runoff water
quality. Transactions of the ASABE. 2013;56(2):423-35.

46. Chapman EJ, Small GE, Shrestha P. Investigating potential hydrological ecosystem services in urban gardens through soil
amendment experiments and hydrologic models. Urban Ecosystems. 2022;25(3):867-78.

47. Rynk R, Schwarz M, Richard TL, Cotton M, Halbach T, Siebert S. Chapter 4 - Compost feedstocks. In: Rynk R, editor. The
Composting Handbook: Academic Press; 2022b. p. 103-57.

48. Heyman H, Bassuk N, Bonhotal J, Walter T. Compost quality recommendations for remediating urban soils. International
Journal of Environmental Research and Public Health. 2019;16(17).

49. Davis AP, Aydilek A, Felton GK, Forgione ER. Achieving Highway Runoff Volume and Pollutant Reduction Using Vegetated
Compost Blankets: A Guide. National Cooperative Highway Research Program; 2023. Report No.: NCHRP Research
Report 1040.

50. Faucette LB, Jordan CF, Risse LM, Cabrera M, Coleman DC, West LT. Evaluation of stormwater from compost and
conventional erosion control practices in construction activities. Journal of Soil and Water Conservation. 2005;60(6):288.

51. EPA. Advancing Sustainable Materials Management: 2018 Fact Sheet. Assessing Trends in Materials Generation and
Management in the United States. 2020c.

52. EPA. Advancing Sustainable Materials Management: 2018 Tables and Figures Assessing Trends in Materials Generation
and Management in the United States. 2020b.

53. NEBRA. National Biosolids Data Project: North East Biosolids & Residuals Association; 2024 [Available from:
https://www.biosolidsdata.org/.

54. Zhang H, Schroder J. Animal Manure Production and Utilization in the US. Applied Manure and Nutrient Chemistry for
Sustainable Agriculture and Environment. 2014:1-21.

55. Ribaudo MO, Gollehon NR, Agapoff J. Land application of manure by animal feeding operations: Is more land needed?
Journal of Soil and Water COnservation. 2003;58(1).

56. Brown S, Goldstein N. The Role of Organic Residuals in Urban Agriculture. In: Brown S, Mclvor K, Hodges Snyder E,
editors. Sowing Seeds in the City: Ecosystem and Municipal Services. Dordrecht: Springer Netherlands; 2016. p. 93-106.

57. Neher DA, Hoitink HA, Biala J, Rynk R, Black G. Chapter 17 - Compost use for plant disease suppression. In: Rynk R,
editor. The Composting Handbook: Academic Press; 2022. p. 847-78.

58. Coker CS. Compost utilization in ornamental and nursery crop production. Compost Utilization in Production of Horticultural
Crops: CRC Press; 2021. p. 77-84.

59. Tyler RW. Compost utilization and the economic impact in crop production. In: Ozores-Hampton M, editor. Compost
Utilization in Production of Horticultural Crops: CRC Press; 2021. p. 135-56.

60. Endelman JB, Reeve JR, Hole DJ. Economically optimal compost rates for organic crop production. Agronomy Journal.
2010;102(4):1283-9.

61. Julian JW, Strik BC, Larco HO, Bryla DR, Sullivan DM. Costs of establishing organic northern highbush blueberry: Impacts
of planting method, fertilization, and mulch type. HortScience. 2012;47(7):866-73.

62. Brown S, Mahoney M, Sprenger M. A comparison of the efficacy and ecosystem impact of residual-based and topsoil-
based amendments for restoring historic mine tailings in the Tri-State mining district. Science of the Total Environment.
2014,485:624-32.

63. Faucette B. Economic case for green infrastructure. BioCycle. 2012b;53(8):36-9.

64. Brown S, Miltner E, Cogger C. Carbon sequestration potential in urban soils. Carbon sequestration in urban ecosystems.
2012b:173-96.

65. Bell B, Platt B. Building Healthy Soils with Compost to Protect Watersheds. Institute for Local Self-Reliance; 2014.

66. WORC. Soils for Salmon: Building Soil: Washington Organic Recycling Council; 2023 [Available from:
https://www.soilsforsalmon.org/.

67. Harrison BP, Chopra E, Ryals R, Campbell JE. Quantifying the Farmland Application of Compost to Help Meet California's
Organic Waste Diversion Law. Environmental Science and Technology. 2020;54(7):4545-53.

Executive Summary e, X | \/



1.1 Purpose

This Environmental Protection Agency (EPA) Office of Research and Development (ORD) report
summarizes the state of the science about the environmental value of compost use in a variety of sectors,
including agriculture, horticulture and landscaping, green infrastructure and stormwater management,
ecosystem conservation and restoration, and contaminated site remediation. Potential challenges with
compost use and areas where further research is needed are also identified. The intended audiences for
the findings of the report are policymakers and the current and potential users of compost in both the
public (e.g., local and state government agencies) and private (e.g., commercial businesses) sectors.

1.2 Need

While compost is commonly used in the agriculture, horticulture and landscaping sectors as a soil
amendment to improve soil health, its utility extends to other sectors such as stormwater management
and green infrastructure, restoration of disturbed lands (where soils have been depleted of organic
matter, have had their structure destroyed and/or have been compacted, including those affected by
wildfires), and remediation of contaminated lands (e.g., urban brownfields). EPA seeks to understand the
value of compost use in these additional sectors and the potential benefits of increasing the use of
compost at scales that better align with the volume of organic materials (e.g., food waste) available for
composting.

The vast quantities of compostable materials (e.g., food waste, yard trimmings and animal manure)
generated in the U.S. offer significant potential to scale up compost production, compost use and its
associated environmental benefits. EPA’s National Recycling Goal calls for an increase in the recycling
rate to 50% across the United States by 2030, including the recycling of organic waste through
composting. In the United States, compostable food waste, yard trimmings and wood comprise
approximately 40% of landfilled municipal solid waste (MSW) and 38% of the MSW that is incinerated
(EPA, 2020a). Additionally, nearly half of biosolids generated annually in the U.S. are landfilled or
incinerated (NEBRA, 2024). Food waste is a particularly underutilized resource, with roughly 5% currently
being composted (EPA, 2023a).

1.3 Scope

The primary focus of this report is on the use of compost; however, some discussion of the composting
process is included to provide background information and, where necessary, to describe the
performance and benefits of compost use. More information on composting methods and the
environmental impacts of the composting process can be found in EPA’s 2023 report From Field to Bin:
The Environmental Impacts of U.S. Food Waste Pathways. Additionally, this report focuses on compost
produced through conventional thermophilic composting methods. Thermophilic composting methods rely
upon the decomposition of organic materials at internal temperatures above 105 degrees Fahrenheit (°F)
(NRCS, 2010). The report discusses characteristics of the most commonly composted organic materials
(such as food waste and biosolids) but does not address the multitude of organic materials that potentially
can be used (such as animal carcasses, aquatic weeds, mollusk shells, paper mill sludge, organic textiles
and leather).

It should be noted that although the benefits of compost use are the focus of this report, the challenges
associated with compost use are also discussed to provide context, where relevant, about potential
adverse impacts. For example, the potential for nutrient leaching from compost is discussed as it relates
to soil chemistry (Section 2.2), agricultural use (Section 5.1) and green infrastructure (Section 7.1).
Possible risks due to physical and chemical contaminants in compost are also briefly outlined (e.g.,
potential for per- and polyfluoroalkyl substances [PFAS] in compost feedstock in Chapter 10). More
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information on potential compost contaminants can be found in EPA’s 2021 reports on Plastic
Contamination and Persistent Chemical Contaminants as emerging issues in food waste management
(EPA, 2021b; EPA, 2021c).

1.4 Background on Compost Manufacturing

Compost is a biologically stable soil amendment produced by the aerobic (with oxygen [Oz])
decomposition of organic (C-based) materials by microorganisms. A wide variety of materials can be
composted, the most common of which include food waste, yard trimmings, biosolids, manure,
agricultural residues (e.g., hay and straw), and wood. These materials are referred to as compost
feedstocks. Compost is typically manufactured from locally abundant feedstocks. For example, compost
produced in agricultural areas predominantly uses crop residues and animal manure/bedding, whereas
compost manufactured in urban areas is more likely to use food waste, yard trimmings and biosolids
(Kelley et al., 2020). The conventional composting method relies on the biological processes of
microorganisms, including bacteria, fungi and actinomycetes to decompose organic materials under
continuous aerobic conditions (NRCS, 2010). A continuous aerobic environment, adequate moisture and
an appropriate carbon-to-nitrogen ratio (C:N) must be maintained during compost production (Governo et
al., 2003). The compost feedstock recipe and composting conditions can be adjusted to manage the
composting process and influence the characteristics (e.g., particle size, nutrient levels, pH) of the
finished compost (Rynk, Schwarz, et al., 2022).

The collective metabolic activity of microorganisms in a composting pile generates heat, which drives a
rapid increase in temperatures from what is known as a mesophilic stage (moderate temperatures
between approximately 50 °F and 105 °F) to a period known as the thermophilic stage (temperatures that
exceed roughly 105 °F) (NRCS, 2010). This is why conventional composting is also known as
thermophilic composting. During the thermophilic stage, temperatures typically peak between 130 °F and
160 °F (NRCS, 2010).

Thermophilic composting can destroy undesirable organisms (such as pathogens and weed seeds) while
maintaining viable populations of beneficial microorganisms (Hustvedt et al., 2016; NRCS, 2010).
Because livestock manure often contains weed seeds, applying composted manure to crop fields reduces
the likelihood of spreading weed seeds. Composting has also been shown to reduce and, in some cases,
eliminate chemical contaminants that can occur in the original feedstocks through processes such as
microbial decomposition of organic matter, adsorption and volatilization (Governo et al., 2003). For
example, composting biosolids, manures, yard trimmings, and crop residues is an effective means to
degrade synthetic organic compounds (hormones, antibiotics and pesticides), reducing the susceptibility
of loss to the environment (Governo et al., 2003; Stehouwer et al., 2022). However, some herbicides tend
to be resistant to degradation during the composting process, such as clopyralid, aminopyralid,
aminocyclopyrachlor and picloram (Rynk, Cooperband, et al., 2022; Stehouwer et al., 2022). The
application of compost containing these herbicides can cause significant damage to plants, including
commercially important species in the nightshade (tomatoes, potatoes), aster (sunflowers), cucurbit
(cucumber, squash), and legume families (peas, beans, clover) (Stehouwer et al., 2022).

The thermophilic phase is followed by a gradual decline in biological activity and a return to mesophilic
conditions as the readily degradable organic matter supply declines and the remaining organic C is
stabilized. This final stage, discussed further below, is maturation or curing (Rynk, Cooperband, et al.,
2022), and is critical to achieving a highly stable compost. Adequate curing of compost ensures beneficial
microorganisms (such as bacteria and fungi) populate the compost, some of which aid in the suppression
of plant diseases (Neher et al., 2022).
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Figure 1. Food scraps and carbon-rich organic materials being
prepped for mixing and composting. Photos courtesy of ECO
City Farms, Bladensburg, MD.

Vermicomposting is an alternative method for decomposing organic materials into a product that is similar
to compost. Vermicomposting is not considered to be “true” composting (Rynk, Cooperband, et al., 2022).
Instead of relying upon microbial decomposition of organic materials under thermophilic conditions,
vermicomposting uses worms (e.g., Eisenia fetida) to mediate the decomposition of organic materials at
moderately low temperatures (generally 55-85 °F) to produce a material called “worm castings” (Ali et al.,
2015; Rynk, Cooperband, et al., 2022).

Appropriate compost stability and maturity are important for plant establishment and growth (Aslam,
2009; Brinton, 2010; Stehouwer et al., 2022). Compost maturity describes the degree to which the more
readily degraded organic materials have completed their degradation while less readily degradable
organic materials remain. Immature compost may contain substances harmful to plant growth (Stehouwer
et al., 2022). Compost stability indicates the rate of organic material degradation under existing
conditions; the organic matter in a stable compost is resistant to further decomposition. An application of
unstable compost will degrade more rapidly and may significantly reduce nitrogen (N) availability for
plants due to uptake by microorganisms as they continue to decompose readily degradable organic C.
Further information on the physical, chemical and biological processes that occur during composting can
be found in the U.S. Department of Agriculture (USDA) Natural Resources Conservation Service (NRCS)
National Engineering Handbook (NRCS, 2010).

Best practices for composting need to be followed (particularly for small-scale residential composting) to
ensure that the compost does not become a source of pathogens, pests or harmful chemicals. For
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example, it is commonly recommended that meat and dairy products be excluded from at-home
composting operations due to the potential for attracting disease vectors such as flies and rodents.
Although somewhat dated, Hoitink et al. (1996) provides an informative overview of the value of compost
for plant disease suppression, including an emphasis on the importance of compost stability and maturity
for compost performance.

Understanding compost manufacturing methods, stages and key characteristics provides important
context for the potential environmental benefits of compost use; adhering to general guidelines at the
production stage can help optimize the achievement of benefits. Section 10 provides additional detail on
compost feedstocks and manufacturing, while Section 11 discusses compost qualities (e.g., nutrient
levels, particle size, stability, maturity) and how variation in compost qualities can affect the environmental
performance of compost use.

Finished compost is primarily used as a soil amendment to support plant growth (Brown et al., 2017);
however, its value extends beyond improving the health of soils — see Figure 2. For example, it can be
used as an alternative to peat in the horticultural sector and as a replacement for materials such as
topsoil, straw and wood chips in stormwater management and erosion control practices (Faucette,
Governo, et al., 2009; Ozores-Hampton et al., 2022). Compost can also be steeped in water to produce
“compost tea”; this product can provide many of the same benefits as compost yet allows for alternative
means of application such as distribution through irrigation systems or use as a foliar spray for plants.
Subsequent sections of the report explore a variety of uses and benefits of compost in more detail.

BENEFITS OF COMPOST USE

0

>
= 2

Green Infratructure Ecosystem
Aaricil Landscaping & Stormwater Conservation & Contaminated Site
gricufture & Horticulture Management Restoration Remediation

Figure 2. Compost use directly improves soil health, with cascading benefits for ecosystems and various
sectors.

Section 1. Introduction L]



1.5 Report Overview

The report initially summarizes the benefits of compost use for soil health, water resources and climate
(Sections 2—4). Sections 5 through 9 offer a sectoral breakdown of environmental benefits for agriculture,
landscaping and horticulture, green infrastructure and stormwater management, contaminated land
remediation, and ecosystem conservation and restoration. Section 10 describes common compost
feedstocks and compost production methods while Section 11 discusses how the environmental functions
of compost are influenced by compost characteristics. Section 12 provides an overview of the typical
compost application frequencies and rates for different end uses. Section 13 describes how site-specific
characteristics (e.g., soil type, climate) can affect compost performance. Section 14 explores the
economic value associated with compost production and use. Section 15 explores the benefits and
barriers to “compost use at-scale,” the term used to examine potential large-scale benefits if compost
production and use became better aligned with the available stream of compostable materials. Finally,
Section 16 provides conclusions about the benefits of compost use as well as recommendations for future
research.

1.6 Research Methods

A literature search was initially conducted to identify and collect relevant peer-reviewed publications,
reports, book chapters and other publicly available information (e.g., grey literature, online resources)
pertinent to the environmental benefits associated with compost use. The literature search was mainly
based on literature published after 2010 in order to focus the review on the most up-to-date scientific
information, with priority given to publications from the United States. Additional references from outside
the original search focus (e.g., pre-2010 references) were used to fill information gaps identified during
the report development process. Most sources cited in this report are peer-reviewed publications. Several
government reports and data sources are referenced, which may not be peer-reviewed. Additional
literature associated with composting industry organizations (such as the U.S. Composting Council, the
Compost Research and Education Foundation, and BioCycle) is also referenced to fill miscellaneous
gaps in data and information (e.g., compost manufacturing, compost supply and demand, compost quality
specifications and application rates/frequencies). It is unknown if such literature was peer-reviewed. The
Appendix provides further details about the initial literature search methods, including keywords, literature
databases and screening methods.

Compost experts were consulted during two different phases of report development. Three interviews
were conducted with experts in the field of compost use to verify that key sources of literature were not
excluded and to help ensure the accuracy of the report content. Three additional experts on compost use
conducted a full peer review of the report to ensure scientific completeness and accuracy of the content.
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Compost used as a soil amendment can play an important role in improving and maintaining soil health
(Ozores-Hampton, 2021c). The USDA NRCS defines soil health as “the continued capacity of soil to
function as a vital living ecosystem that sustains plants, animals and humans.” Other definitions of soil
health expand to include soil’s role in water and air quality, nutrient cycling, pollution control and climate
change (FAO, 2008; Lehmann et al., 2020).

It is important to note that the magnitude of soil health benefits resulting from compost use will vary based
on a soil’s characteristics and soil health status at the time of compost use. For example, the effects of
compost use will differ based on soil texture (e.g., sandy soils versus clayey soils) (Brown & Cotton, 2011;
Hill, 2021; Rynk, Cooperband, et al., 2022) as well as the existing level of soil organic matter (SOM)
(Ozores-Hampton et al., 2022). Furthermore, the effects of compost use will be greater for soils that have
been degraded by land use activities associated with agriculture, mining and construction or through
natural disasters such as wildfire (Brown & Beecher, 2019; Magdoff & Van Es, 2021; McFarland, 2009).

Soil health improvements and maintenance from compost use result in cascading co-benefits for water
quality and conservation, including climate change adaptation and resilience. Figure 3 illustrates the soil
health benefits and co-benefits associated with compost use. In addition, compost use may have long-
term economic benefits; for example, it can increase crop productivity and quality while reducing the cost
of inputs such as irrigation and pesticides. These benefits are discussed in upcoming sections. This
section summarizes the potential effects and direct benefits of compost applications on soil health in more
detail.

BENEFITS OF APPLYING COMPOST

ORGANIC
MATERIALS

CLIMATE BENEFITS

o Increased resilience to impacts
from heat, drought, floods,
78% reduction wildfire, pests & diseases

in GHG emissions e Improved resilience of water
when food waste is quality & water quantity

composted and land applied e Supports resilient &
5 rather than landfilled sustainable agriculture

LAND BENEFITS

e Reduced soil erosion

e Improved plant
establishment & growth
e Improved nutrient management

e Enhanced suppression of weeds,
pests & diseases

e Higher crop yield
e Enhanced ecosystem restoration
o Increased biodiversity

SOIL BENEFITS E

e Reduced soil density & compaction
>3X more e Increased soil organic matter & fertility

carbon sequestration o Improved soil water holding capacity and WATER BENEFITS
when food waste is water infiltration & retention e Decreased stormwater runoff
composted and e
land applied

rather than landfilled Orjanisms

& groundwater contamination
e Improved immobilization & degradation o Improved water retention

of pollutants in soil ® Increased groundwater recharge

e Higher populations of beneficial soil 2 ® Reduced surface water pollution

Figure 3. Soil Health benefits from compost application, and associated water, land and
climate benefits. Source for carbon sequestration increases and GHG emissions
reductions: Brown (2016)
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2.1 Soil Physical Characteristics

The physical characteristics of soils, such as soil texture (i.e., proportions of sand, silt and clay), provide
the foundation for all soil functions, such as providing a medium for plant growth, protecting water quality
and regulating surface runoff and groundwater recharge. Scientific literature reports that compost
modifies the physical characteristics of soils, including structure (e.g., soil particle aggregation), bulk
density, porosity and water-holding capacity (Brown & Cotton, 2010, 2011; Brown & Goldstein, 2016;
Brown et al., 2011; Dubelko et al., 2022; Dunifon et al., 2011; Evanylo et al., 2016; Imran et al., 2022;
Kranz et al., 2020; Long et al., 2017; Readyhough et al., 2021; Wang et al., 2022; Ward et al., 2021).

Changes in soil physical characteristics are directly associated with SOM (Khaleel et al., 1981). SOM
consists of live plant and animal tissues, along with dead organisms, in various phases of decomposition,
as well as organic C-based secretions and excretions from organisms (Magdoff & Van Es, 2021). It is
distinct from the inorganic (e.g., non-C based) fraction of soil, which consists largely of minerals, water
and gases (e.g., N gas (N2), carbon dioxide (COz2) and Oz), along with lesser amounts of other inorganic
molecules such as nitrate (NO3) and phosphate. SOM content in soils is typically less than 5%, although it
can be more than 30% for soils formed in wetlands (Biernbaum, 2012).

SOM plays a critical role in developing the soil structure (Ozores-Hampton, 2021d). It promotes the
development of stable soil aggregates (clumps of particles), which increases soil porosity, thereby
facilitating water infiltration, water percolation and aeration (Rynk, Cooperband, et al., 2022). SOM
improves soil aggregation through physicochemical interactions with clay and oxides (e.g., minerals
containing silicate, iron, manganese [Mn] and aluminum) and by providing structure and food for
microorganisms that help mediate the binding of soil particles through biochemical processes (Hillel et al.,
2004). Soil particle aggregates are more resistant to the dispersive forces from wind, rainfall impact and
overland flow, thereby inhibiting soil erosion (Owen et al., 2020, 2021). The ability of soil aggregates to
resist disintegration is referred to as aggregate stability.

Compost has a high organic matter content (exceeding 25%) (Ozores-Hampton, 2021c) relative to most
soils. Increased SOM levels, associated with compost additions, improve soil particle aggregation and
increase aggregate stability, which enhances soil health by lowering soil bulk density and increasing soil
porosity (Alexander, 2017; Brown & Cotton, 2010; Brown et al., 2011; Gilbert et al., 2020a; Oldfield et al.,
2014; Ozores-Hampton, 2019; Stoffella et al., 2016). These effects are referred to as soil structure
conditioning, or soil conditioning. Bulk density is inversely related to soil porosity, and both are indicators
of the ability of air and water to move into and through soils, as well as the ability of plant roots to extend
through the soil profile (Kranz et al., 2020). Porosity is a measure of the void space in soils, which ranges
from micropores (usually voids between individual particles within aggregates of particles) to meso- and
macropores (usually the inter-aggregate voids). Water and gas exchange with the atmosphere and plant
root extension occur primarily and most readily via macropore and mesopore networks. Compost use is,
therefore, particularly beneficial where soils are naturally dense or have become compacted, limiting plant
growth (Tyler, 2021). The interrelated effects of porosity and soil biology are further discussed in Section
2.3.

In the scientific literature, decreases in soil bulk density following compost addition have been reported
ranging from 6% to 35% (Cogger et al., 2008; Evanylo et al., 2016; Mohammadshirazi et al., 2017;
Ozores-Hampton, 2019).

Table 1 summarizes results from a selection of studies that evaluated the effect of compost applications
on soil bulk density.

Table 1. Effects of compost use on soil bulk density. Adapted from Kranz et al. (2020).
Approximate compost Soil Change in

Compost application rate (t ac-! wet incorporation Time  soil bulk
Soil typeb feedstockc wt.) and (application depth)d  depth (inches)e  (years)! density? Reference?
Sandy clay Yard 134 12 2 28% Mohammadshirazi
trimmings (2in.) decreaseh etal. (2017)
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Approximate compost Soil Change in

Compost application rate (t ac wet incorporation Time  soil bulk

Soil typeb feedstockc wt.) and (application depth)d  depth (inches)e  (years)f density? Reference?

Clay loam fill | Yard 134 12 2 8% decrease’ | Mohammadshirazi
trimmings (2in.) etal. (2017)

Fine sandy Yard 134 12 <1 35% decreasel | Mohammadshirazi

loam trimmings (2in.) etal. (2016)

Sandy loam | Yard 201 8 6 15% decrease | Cogger et al.
trimmings (3in.) (2008)k

Sandy loam Mixed 67-134 3.0-4.0 2 6-11% Evanylo et al.

(1-2in.) decrease (2016)

Notes: in = inches; t ac' = tons per acre

2 All studies are in a non-agricultural setting.

b Soil textural class recorded when provided in original source material. When soil taxonomic names or soil series were given in source material,
the Web Soil Survey was used to determine the textural class.

¢Yard trimmings” compost is used to refer to compost feedstock materials derived from plant-based materials, such as lawn clippings, leaves and
wood. “Mixed” compost refers to compost made from paper mill sludge, wood, wood ash and food processing waste.

dEither the rate or depth are approximations based on reported values in Kranz et al. (2020) and a conversion to depth from mass per unit area,
or vice versa, based on an assumed density of 1000 Ibs per cubic yard following Table 16.6 in Ozores-Hampton et al. (2022).

¢ Incorporation includes multiple mechanical methods of mixing compost with soil.

fTime in years after the initial compost incorporation into the soil. If multiple measurements were taken over time, the longest time span since the
initial application.

9Ranges for each soil type grouping were taken from the lowest and highest reported values in Table 1 of Kranz et al. (2020); percent changes in
Table 1 were based on the last reported measurement in a study.

hPercent change for compost + tillage relative to tillage alone; relative to the control, tillage alone decreased bulk density by 16% and tillage +
compost decreased bulk density by 40%.

iPercent change for compost + tillage relative to tillage alone; relative to the control, tillage alone decreased bulk density by 12% and tillage +
compost decreased bulk density by 19%.

IFor Mohammadshirazi et al. (2016), this is the percent change for compost + tillage relative to tillage alone; relative to the control, tillage alone
decreased bulk density by 31% and tillage + compost decreased bulk density by 55%.

kThe study was performed on soil formerly used for growing annual crops.

Compost applications increase the rate at which water moves into and through soils (Kranz et al., 2020),
commonly referred to as infiltration and percolation. As described previously, compost can facilitate an
increase in soil porosity, enabling water to infiltrate at a higher rate. The organic matter additions from
compost applications may also inhibit soil sealing and crusting, thereby facilitating water infiltration
(Gould, 2015). In California, Brown and Cotton (2011) found that compost use on agricultural soils
reduced infiltration times from 17.5 minutes to less than 1 minute. Higher infiltration rates decrease
surface runoff and can help prevent soil erosion (Rynk, Cooperband, et al., 2022). In general, the effect of
compost additions on soil infiltration rate varies with soil texture; infiltration rates tend to increase more in
fine-textured soils (e.g., clay soils) than in coarse-textured soils (e.g., sandy soils) (Magdoff & Van Es,
2021; USCC, 2008) due to the effect of compost on soil bulk density. Soils that already have a relatively
low bulk density (e.g., many sandy soils) tend to have a relatively high infiltration rate that may not
substantially increase through the addition of compost. For multiple sites in California, Brown and Cotton
(2011) found infiltration rates to increase significantly in fine-textured soils amended with compost
(relative to controls), but infiltration rates did not improve in coarse-textured soils. However, Cogger et al.
(2008) observed that compost addition to a fine sandy loam soil previously used for growing annual crops
led to a 183% increase in infiltration rate. In this regard, compost may also increase infiltration in coarse-
textured soils that have become compacted. Table 2 summarizes observed changes in infiltration rates
after compost additions, as reported in the literature. In addition to increasing infiltration, compost
application increases saturated hydraulic conductivity, or the rate at which water moves through saturated
soils (Kranz et al., 2020). Saturated hydraulic conductivity is important for plant growth since it relates to
how quickly a saturated soil can drain.
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Table 2. Effects of compost use on soil infiltration rate. Source: adapted from Kranz et al. (2020).

Approximate compost Soil
Compost application rate (t ac' wet = incorporation Time Percent
Soil typeb feedstockc  wt.) and (application depth)d depth (in)e (years)f changed Reference?
Sandy clay Yard 134 12 2 +125%" | Mohammadshirazi
trimmings (2in.) etal. (2017)
Clay loam fill Yard 134 12 2 +59%' | Mohammadshirazi
trimmings (2in.) etal. (2017)
Fine sandy loam | Yard 134 12 <1 +68% | Mohammadshirazi
trimmings (2in.) etal. (2016)
Sandy loam Yard 201 0 4 +183%* | Cogger et al. (2008)
trimmings (3in.)

Notes: in. = inches; t ac! = tons per acre

a All studies are in a non-agricultural setting and use a compost and soil incorporation method. Infiltration rate is typically measured in in/hr or
cmihr.

b Soil textural class recorded when provided in original source material. When soil taxonomic names or soil series were given in source
material, the Web Soil Survey was used to determine the textural class.

¢"Yard trimmings” compost is used to refer to compost feedstock materials derived from plant-based materials, such as lawn clippings, leaves
and wood. “Mixed” compost refers to compost that uses a combination of yard trimmings and wastewater solids and/or other MSW.

dEither the rate or depth are approximations based on reported values in Kranz et al. (2020) and a conversion to depth from mass per unit
area, or vice versa, based on an assumed density of 1000 Ibs per cubic yard following Table 16.6 in Ozores-Hampton et al. (2022).

¢ Incorporation includes multiple mechanical methods of mixing compost with soil.

fTime in years after the initial compost incorporation to the soil. If multiple measurements were taken over time, the longest time span since the
initial application.

9The range in percent change for a given soil type grouping was taken from the lowest and highest reported values in Table 2 of Kranz et al.
(2020); percent changes in Table 2 based on the last reported measurement in a study.

" On a plot with vehicle traffic; percent change for compost + tillage relative to tillage alone; relative to the control, tillage alone increased
infiltration by 80% and tillage + compost increased infiltration by 305%.

iPercent change for compost + tillage relative to tillage alone; relative to the control, tillage alone increased infiltration by 190% and tillage +
compost increased infiltration by 359%.

iFor Mohammadshirazi et al. (2016), this is the percent change for compost + tillage relative to tillage alone; relative to the control, tillage alone
increased infiltration by a factor of 22 and tillage + compost increased infiltration by a factor of 37.

kThis is the change in infiltration rate observed after compost was added to the soil surface; there was no significant difference between
compost applied to the surface and compost incorporated 8 inches into the soil.

'The study was performed on soil formerly used for growing annual crops.

The SOM content and texture of soil influence its capacity to store water (Adeleke et al., 2021; Brown &
Cotton, 2010; Rynk, Cooperband, et al., 2022). Studies have found substantial increases in soil water-
holding capacity following compost applications (Alexander, 2020g; Brown & Cotton, 2011; Brown et al.,
2011; Gilbert et al., 2020a; Rynk, Cooperband, et al., 2022). Increases in soil water-holding capacity by
35% to 57% have been reported (Brown & Cotton, 2011; Ozores-Hampton, 2021c); one study reported a
250% increase in soil water-holding capacity for a sandy fill material used to create urban garden plots
(Maynard, 2000b). As with water infiltration, the effect on soil water-holding capacity varies by soil texture.
For example, compost can substantially increase water-holding capacity in sandy soils but may not
increase water-holding capacity of clay soils (Hill, 2021; Rynk, Cooperband, et al., 2022). Improvements
in both water infiltration and water storage provide co-benefits for plant growth, water conservation and
water quality in various sectors (see Sections 3 and 5 through 9).

Lal (2020) describes how organic matter additions increase the field capacity of soils (i.e., the amount of
water held by soils after the large pores are drained) yet do not appreciably increase the amount of water
held in the soil at the permanent wilting point (i.e., the point at which there is too little water for plants to
uptake). Brown et al. (2011) measured changes in soil water at field capacity following compost additions
at multiple long-term agricultural sites in California State. Soils with compost applications displayed a
48%—-54% increase in plant-available water (the difference between field capacity and permanent wilting
point) at three of seven sites due to increased field capacity. This suggests that compost additions may
help increase the amount of water held by soils during moist to wet conditions and may slow the drying of
soil during drought conditions, but ultimately, compost cannot prevent soils from drying out under
prolonged drought. However, there is inconsistency amongst the scientific literature regarding the
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magnitude of changes in plant-available water from
organic matter additions such as compost. A recent
meta-analysis of 60 studies concluded that a 1%
increase in soil organic C (SOC) from organic
matter additions increased volumetric plant-

Summary: Key Soil Health Benefits
from Compost Use

Improved soil physical characteristics

available water by only 1.2% (Minasny & e Improved soil structure
McBratney, 2018). e Improved water infiltration

e Enhancement of water-holding

Most studies on the physical effects of compost capacity

additions are based on short-term changes (post-
amendment). However, there is limited information
regarding the long-term (e.g., > 10 years)
persistence of changes to parameters such as bulk
density, infiltration rate and water-holding capacity.
Ward et al. (2021) found that improvements in soil
water-holding capacity and bulk density were
measurable in urban soil plots six years after
amendment with compost. Sax et al. (2017)
documented increased organic matter and water-
holding capacity and decreased bulk density that
persisted for at least 12 years; however, the
treatment of compacted soils involved soil excavation followed by mixing with compost, which confounds
the attribution of decreased bulk density to compost alone. The persistence of benefits to soil physical
characteristics is more important at sites where a single application occurs (e.g., during a revegetation
effort) than at sites where ongoing compost applications (e.g., periodic applications to agricultural soils)
are used to maintain benefits to soils.

2.2 Soil Chemistry

Soil fertility refers to the ability of a soil to sustain plant growth by providing favorable chemical, physical
and biological conditions. Compost increases soil chemical fertility through effects on SOC, cation
exchange capacity (CEC: a measure of the ability of soils to retain positively charged plant nutrients), pH,
and nutrient levels.

Enhanced soil chemical fertility

e Increased SOC

e Supplemental plant macro- and
micro-nutrients

e Enhanced nutrient bioavailability

Enrichment of soil biology

e Increased diversity and abundance
of beneficial soil organisms

SOM is composed largely of SOC (typically 40% to 60%) (Pluske et al., 2024), with the other components
being nutrients and other chemical compounds. SOC levels are controlled by organic C inputs to soils,
microbial activity, and the chemical and physical characteristics of the soil matrix (Witzgall et al., 2021).
SOC increases the chemical fertility of soils (Ozores-Hampton, 2021d) by providing energy sources for
soil organisms and regulating the availability of organically bound nutrients (Billings et al., 2021). In other
words, as soil organisms consume SOM over time, it enables a slow, ongoing release of necessary plant
nutrients.

Increases in SOC levels are a key benefit of compost applications (Adeleke et al., 2021; Brown & Cotton,
2011; Devine et al., 2022; Kelley et al., 2020; Li et al., 2010; Otuya et al., 2021; Reeve et al., 2012;
Tautges et al., 2019). The capacity of soil to store C varies by soil type, with coarser-grained soils
reaching capacity (called “C saturation”) with lower SOM levels (and fewer C inputs) than finer-grained
soils (Li & Evanylo, 2013). Soils with depleted levels of organic matter generally have more potential to
store carbon (Brown et al., 2011). Ryals and Silver (2013) found that a single 0.5-inch application of yard
trimmings compost to rangeland soils at two study sites was associated with a 25% to 70% increase in
net SOC on plots over a three-year period, excluding the C added from the compost itself. The increase
in SOC was attributed to an increase in above-ground primary productivity (78% + 13% and 42% + 14%
for the two study sites), which offset C losses from greater soil respiration. Yu et al. (2012) reported that
eighteen years of compost application to cultivated soils resulted in a 71% to 122% increase in SOC.
Table 3 summarizes results from various studies that quantify the effects of compost application on SOC.
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Table 3. Increases in SOC associated with compost application.
Study Increase in SOC (%) \ Notes

Brown and Cotton (2011)

200%

2-15 years of application at multiple sites in California; rates of
2.5-15tac’ (dry wt.).

Brown et al. (2011)2

106% (06 in. soil depth)

75% (6-12 in. soil depth)

7-16 years of compost application (unspecified compost types)
across multiple sites in Washington; cumulative rate of approx.
22.3 tac’ (dry wt.).

Evanylo et al. (2008)°

19%—low rate
(0-6 in. soil depth)

60%-high rate
(0-6 in. soil depth)

3 years of a 2:1 poultry litter and yard trimmings compost mixture
applied to vegetable crop fields in Virginia at two different annual
rates. The low rate was 3.8-6 tac’ yr' (13.8 tac!, cumulatively;
dry wt.) The high rate was 14.7-29.9 t ac' yr' (64.2 t ac”,
cumulatively; dry wt.).

Rath et al. (2022)c 16% (0-39 in. soil depth) 25 years of poultry manure compost application (1.8 tac! yr)
plus cover cropping on corn-tomato rotations in Sacramento
Valley, CA9

19 years of annual poultry manure compost application at 1.6 t
ac! yr' plus winter cover cropping to maize/tomato rotations in
Sacramento Valley, CA9

8 years of urban yard trimmings compost application at a rate of
3.4 tac’yr! (dry wt.), plus differing cover cropping systems on
vegetable crop fields in Salinas Valley, CA.

3 years of compost application at a rate of 20 t ac? yr' (dry wt.)
on potato fields in New Brunswick, Canada.

Notes: in. = inch; dry wt. = dry weight; t ac™! yr' = tons per acre per year.

a Sites included orchards, landscaping, turfgrass and roadsides in Washington State. The SOC increase is approximate, calculated across all
site types. Mean estimated SOC increase was 5.3 t ac- for orchards and 1.5 tons carbon ha' for turfgrass. Increases in N, P and water
retention were also observed.

SOC in the control was roughly 11.6 to ac™'. The SOC increase for the low compost rate was approximately 2.2 t ac!, which was considered
insignificant. The SOC increase for the high compost rate was significant at approximately 7 t ac"-

¢ Same sites as in Tautges et al. (2019). The SOC increase was 8.5 t ac! within the 1m soil profile. The SOC increase is approximate; 26% of
the SOC increase was in the top 6 in. The study did not find an increase in SOC from either inorganic fertilizers alone or inorganic fertilizers
plus cover crops.

dIncorporating cover crops alone into maize/tomato rotations resulted in a net loss of SOC within the 79 in. soil profile.

e The intensified soil disturbance and cropping system associated with the experiment led to an initial SOC loss of 13.8 t ac™in year 1; the
cumulative SOC increase was 4.2 t ac for years 2-8. Compost use plus cover crops had an SOC increase approximately 2.8 times greater
than use of cover crops alone.

fThe SOC increase is an average among five different types of compost (marine with shells, poultry manure, forestry residues, municipal
source separated organic materials and forestry waste + poultry manure); individual compost increased SOC by 9%—-27%.

9 The study did not report whether applications were in wet or dry weight.

Tautges et al. (2019)d 12.6% (0-79 in. soil depth)

White et al. (2020)e 49.5% (0-12 in. soil depth)

Wilson et al. (2018)f 24% (0-12 in. soil depth)

Composting organic materials improves the stability of the organic C compounds, which can increase the
persistence of SOC post-application (Bernal et al., 1998; Ozores-Hampton et al., 2022). Gilbert et al.
(2020a) reported that 11%—-45% of the organic C derived from compost remained in the soil as SOC over
a period of 4-12 years. Brown et al. (2011) reported a higher SOC content of turfgrass plots 16 years
after a single compost application compared to plots that only received inorganic fertilizer. Modeling of
compost applications to California rangelands suggests that a single compost application at a rate of 17
tons ac! (wet wt.) can result in SOC benefits that persist for at least 30 years (Silver et al., 2018).

Higher levels of SOC enhance CEC and result in greater nutrient availability for plants (Rynk,
Cooperband, et al., 2022). Numerous sources indicate that compost additions improve soil CEC
(Alexander, 2005, 2017, 2020f, 2020k; Hill, 2021; Ozores-Hampton, 2019; USCC, 2008). Improved CEC
and water retention, as well as reductions in soil erosivity, help reduce the amount of plant nutrients that
may otherwise be lost through leaching or in surface runoff (Alexander, 2005, 2017, 2020k; Oladeji et al.,
2019; Shrestha et al., 2020; USCC, 2008). Compost amendments also buffer soil pH (Stehouwer et al.,
2022; Wilson et al., 2018), which improves CEC and soil fertility because soil particles will have more
negatively charged sites on which to retain cations that are important for plant growth. As soil acidity
increases, the availability of N, P and potassium (K) tends to decrease. As soil basicity increases, plant
nutrients such as Mn and Fe tend to become immobilized. By buffering soil pH and increasing CEC,
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compost additions can, therefore, increase the availability of nutrients for plant uptake (Alexander, 2020g;
Gilbert et al., 2020a).

In addition to increasing the bioavailability of plant nutrients, periodic applications of compost can
replenish soils with the macro-nutrients (N, P, K, magnesium [Mg], calcium [Ca] and sulfur [S]) and micro-
nutrients (boron [B], chloride [CI], Copper [Cu], iron [Fe], Mn, nickel [Ni] and zinc [Zn]) essential for the
overall health and growth of plants (Li et al., 2010; Ozores-Hampton, 2019; Rynk, Cooperband, et al.,
2022; USCC, 2008; Wilson et al., 2018). Compost is a source of N, P and K inputs; however, the amount
of these nutrients in compost is typically lower than in inorganic fertilizers (e.g., mined P and N fertilizer
synthesized from natural gas) on a per mass basis (Kelley et al., 2022; Ozores-Hampton, 2019; USCC,
2008). For example, compost generally contains < 6% N and < 3% P, while inorganic fertilizers contain up
to 82% N and 75% P (Ozores-Hampton, 2021b; Vitosh, 1996). However, compost applications tend to be
on the order of tons per acre rather than pounds per acre (as used for inorganic fertilizers) and can serve
as a substantial source of plant nutrients (Kelley et al., 2020; Kelley et al., 2022). In Florida, compost
application (including yard trimmings, biosolids and the organic fraction of municipal solid waste
(OFMSW)) to a sandy soil used for vegetable production increased P, K, Ca, Mg, Mn, Zn over a 10-year
period; this was likely due to concurrent increases in SOM and CEC, which improve nutrient retention and
bioavailability in soils (Ozores-Hampton, 2019). Reeve et al. (2012) evaluated soils on a commercial
dryland wheat farm in Snowville, Utah, which had been amended with a single application (at a rate of 22
t1 ac-1 dry wt.) of dairy manure and bedding compost. Sixteen years post application, soils from compost-
amended plots contained greater plant available P, K and Zn in the top 2 inches compared to control
plots.

N in compost is mostly in the form of organic N, which must be mineralized (transformed from an organic
form to an inorganic form such as NOg) before plants can absorb it (Ozores-Hampton et al., 2022).
Compost is seldom used as the primary source of N for annual crop production, which tends to have a
relatively high N demand due to compost’s low N:P ratio and slow release of N (Ozores-Hampton et al.,
2022). In general, a C:N ratio over 25 will inhibit N mineralization; progressively lower C:N ratios facilitate
greater mineralization rates and lead to more plant-available N (Busby et al., 2007; Kelley et al., 2022;
Ozores-Hampton et al., 2022; Stehouwer et al., 2022). When the C:N ratio is relatively high (e.g., > 25),
microorganisms can outcompete plants for the uptake of bioavailable N, resulting in a condition referred
to as N immobilization (Coker, 2021; de Gannes et al., 2018; Long et al., 2017). The rate of N
mineralization is largely influenced by the N content, C:N ratio and stability of the compost, together with
the temperature, moisture, and aeration of the soil (Brown & Goldstein, 2016; Ozores-Hampton et al.,
2022; Stehouwer et al., 2022). Stehouwer et al. (2022) suggested the following estimates of N availability
from compost use:

e Upto 10% of total N in mature composts is immediately available for plant uptake
e 5%-10% of the organic N is mineralized in the first year
e Mineralization rates decline in subsequent years if no additional compost is added

Raun and Johnson (1999) provided a similar estimate for temperate climates, stating that mineralization
rates for compost can range from 0-20% in the first year after application, with 2%—5% of initial organic N
per year further mineralized in the following three to five years (Raun and Johnson, 1999).

P in compost is typically in an organic form, which means that most of the P in compost will become
available for plants to absorb as the organic matter in compost further degrades (Ozores-Hampton et al.,
2022). Animal manure and biosolids compost tend to have higher P content than other types of compost
(Ozores-Hampton et al., 2022). P availability for plant uptake in soils is restricted at both low and high soil
pH. Compost can shift the pH of soils, increasing the bioavailability of P (USCC, 2008); however, this
effect is not entirely straightforward as discussed further in Section 13.1. When using compost for soil
fertilization, adjusting the application rate to meet N demand by plants can result in an over-supply of P,
particularly for applications involving ongoing compost applications to soils that already have large
reserves of P (Heyman et al., 2019; Ozores-Hampton et al., 2022). This is because the ratio of plant-
available N:P derived from compost is typically lower than the ratio absorbed by plants (Shrestha et al.,
2020). Therefore, it has been recommended that the application rate be adjusted to meet plant P
requirements (Ozores-Hampton, 2021b; Ozores-Hampton et al., 2022). Ideally, compost application rates
will be based on knowledge of the soil's P content (see Pierzynski (2000) for more information on soil P
testing), plant requirements for N and P, and the N and P content of available compost.
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2.3 Soil Biology

Microorganisms in soils that are important for soil health include actinomycetes, bacteria, fungi and
protozoa. Various larger organisms, such as earthworms, insects and nematodes, are also important.
These organisms play an important role in organic matter decomposition, which increases nutrient
availability and is key to increasing stable SOC stocks in soil (Abbey et al., 2022; Adeleke et al., 2021,
Alexander, 2020f; Brown & Cotton, 2010; Dynarski et al., 2020; Oldfield et al., 2014; Reeve et al., 2012).

Following compost addition, an increase in soil porosity and a decrease in bulk density (associated with
soil aggregation) improves the ability of both larger and smaller organisms, such as earthworms and
microbes, to move within the soil. In turn, the movements of organisms within the soil also increases
porosity. Improvements in soil aggregation associated with compost enhance the ability of roots to extend
through the soil matrix, benefitting the ability of plants to acquire water and nutrients (Rynk, Cooperband,
et al., 2022). As individual roots die and decompose, the space they occupied becomes new pore space,
further improving the rate at which water and air move through the soil.

Research indicates that compost additions have positive effects on soil microbial abundance and
diversity. Soil microbial abundance is primarily limited by organic C and water availability, which are vital
for metabolic functioning (Soong et al., 2020). By increasing SOM, compost increases the diversity of sail
biological communities and the abundance of beneficial organisms (Adeleke et al., 2021; Alexander,
2020f; Brown & Cotton, 2010; Oldfield et al., 2014; Reeve et al., 2012). For example, in California, Brown
and Cotton (2011) found that amending soil plots with compost increased organic C threefold (compared
to control soils) and doubled the soil microbial activity. Similarly, Otuya et al. (2021) documented an
increase in microbial abundance (as well as increased SOC, SOM and total N [TN]) following compost
addition to pastures in Texas (Otuya et al., 2021). Grobe (1998) reported that the application of compost
derived from yard trimmings and cardboard feedstocks was associated with increases in the soil fungal
abundance and diversity in orchards and vineyards, resulting in enhanced nutrient uptake, disease
suppression and drought tolerance. In Florida, applying compost over a 10-year period to a sandy
agricultural soil increased microbial species richness and diversity, particularly more beneficial microbes
such as heterotrophic aerobes, actinomycetes and pseudomonads (Ozores-Hampton, 2019). In
Manitoba, Canada, Abbey et al. (2022) found that over a 5-year period, approximately 44% of the
variation in bacterial community diversity in soil plots could be attributed to compost applications derived
from OFMSW.

Increasing soil microbial activity through compost additions can have cascading effects on soil structure,
nutrient availability and plant growth. For example, in a six-year field study, Wang (2014) documented
how compost applications established a positive feedback loop benefitting soil quality. Ongoing compost
applications facilitated the formation of soil aggregates, resulting in improved retention of dissolved SOC.
This increased the abundance and stability of microbial food sources, which led to a greater microbial
biomass that could exploit different SOC sources. An overall increase in the bioavailable pool of SOC was
also reported. Recent understandings of carbon flows in soils highlight the importance of microbial activity
for promoting the accumulation and circulation of SOM, which leads to carbon sequestration (more in
Section 4.2) (Dynarski et al., 2020). Research is ongoing to optimize the composting process in ways that
will increase the populations of beneficial microbes present in compost applications (Li et al., 2021,
USCC, 2008).
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Compost use is gaining increasing recognition as a cost-effective and sustainable solution to help
manage runoff and improve water quality (Faucette et al., 2005; Rynk, Cooperband, et al., 2022). Most
compost use benefits for water resources are associated with improved soil health and plant productivity.
For example, healthy soils infiltrate and hold more water and promote root growth, which reduces runoff,
pollutant transport and irrigation needs. Compost use in water resource management is, therefore, a
natural solution that also supports adaptation and resilience to climate-driven changes in hydrology and
runoff. This section summarizes the benefits of compost use related to water conservation and water
quality.

3.1 Water Conservation

Water is a vital natural resource used by plants, animals, people and industries. The extent of water
resources (their amount and distribution) and their condition (physical, chemical and biological
characteristics) are critical to the environmental sustainability of ecosystems and their use by humans.

Whether rain-fed or irrigated, agricultural crops and managed vegetation in urban areas use large
guantities of water. Compost use as a soil amendment can support more efficient water use and less
frequent watering, improving water conservation. Compost can hold up to five times its weight in water
(Faucette, 2012a). It reduces water loss through surface runoff by improving the infiltration and water-
holding capacity of soils (Brown & Cotton, 2011; Chapman et al., 2022; Kranz et al., 2022; Kranz et al.,
2020). As a mulch, compost helps to retain water in the soil by reducing evaporation (Rynk, Cooperband,
et al., 2022; Stoffella et al., 2016). Furthermore, with improved soil structure, roots can penetrate soils
and access water more easily, enabling plants to better withstand drought conditions (Rynk, Cooperband,
et al., 2022).

Compost can potentially reduce irrigation water use in row crops (Brown et al., 2008), orchards (Ozores-
Hampton et al., 2022), gardens (Alexander, 2020b), turfgrass (Hill, 2021), and landscaping (Alexander,
2020d). Although a higher water demand by vegetation could occur due to increased productivity from
compost use, irrigation requirements may not necessarily increase. This is because compost improves
water infiltration and storage within the soil, increasing water availability to plants. For example, in the city
of Devens, MA, compost use improved the growth of turfgrass on the city’s 44-acre soccer field complex
and also reduced irrigation requirements from roughly 68,000 gallons ac? yr! to 11,000 gallons ac yr,
an 83% decrease (Hill, 2021).

Compost use may also facilitate groundwater conservation. By increasing water infiltration into soils,
compost use helps increase the potential amount of water available to percolate through the soil
(Faucette, 2009; Gould, 2015; Magdoff & Van Es, 2021). Because compost also increases soil water-
holding capacity, it may concurrently increase water availability to plants while increasing groundwater
recharge. This can be important in urban areas with extensive impervious surfaces that prevent the
downward movement of water into soils. For example, compost used in green infrastructure (Gl) (e.g.,
rain gardens, bioswales and constructed wetlands) may offset reductions in groundwater recharge
associated with impervious surfaces (Lorenz & Lal, 2012).

Reduced energy use is a potential co-benefit of water resource conservation associated with compost
use. A large amount of energy is required to supply both potable and non-potable water and treat
wastewater. For example, it has been estimated that in the State of California, supplying drinking water
and treating wastewater (which may include stormwater in some areas) accounts for 19% of total energy
use (Schultze-Allen, 2010). Much of the potable water supply in urban areas is used to water vegetation
in residential areas, commercial/recreational areas and public parks. Energy is also required to supply
non-potable water for irrigated agriculture. Compost use reduces irrigation requirements and stormwater
runoff, thereby saving energy and the costs associated with the supply and treatment of water and the
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management of wastewater. The water conservation benefits of compost use in agriculture, landscaping
and horticulture are discussed further in Sections 5 and 6.

3.2 Water Quality

Compost has filtering capabilities that reduce pollutants in surface runoff as well as water draining
through soils (Faucette, Cardoso-Gendreau, et al., 2009; Faucette et al., 2013; Faucette, Governo, et al.,
2009; Rynk, Cooperband, et al., 2022). Improvements in soil health associated with compost use can also
decrease runoff and soil erosion (Faucette, 2009; Gould, 2015), which can reduce sediment transport to
aquatic ecosystems. Compost use can, therefore, play a role in watershed conservation efforts by helping
to protect the quality of surface water and groundwater (Owen et al., 2020, 2021).

Conventional inorganic fertilizers (containing high concentrations of mineral (inorganic) N and P) are
widely used in agriculture, horticulture and landscape management (e.g., residential/municipal/
commercial lawns and landscaping, turfgrass in parks, recreational fields, golf courses). Nutrient (N and
P) runoff from excess use of inorganic fertilizers contributes to the eutrophication of waterbodies, drinking
water toxicity, algal blooms, and fish kills (EPA, 2021d). Compost used as a replacement for conventional
inorganic fertilizers can reduce the amount of nutrients lost through surface runoff and leaching to
groundwater (Adelman & Kney, 2010). There are two mechanisms through which compost use can
reduce nutrient loss from soils. First, nutrients in compost are only slowly available to plants (Adelman &
Kney, 2010). Using compost instead of inorganic fertilizers greatly reduces the potential for a flush of
nutrients moving through the soil into surface or groundwater. Second, as compost helps soil infiltrate
water, the potential for runoff and soil erosion, also associated with nutrient movement, is reduced
(Archuletta & Faucette, 2014; Faucette, 2007). Additionally, compost-amended soils may facilitate the
biodegradation of pesticides, thereby reducing the amount leached into groundwater (Alferez, 2021).
Protecting groundwater benefits drinking water supplies, streams and other aquatic ecosystems with
groundwater connections.

Using compost in best management practices (BMPs) can be an effective tool for managing runoff and
improving water quality (Bell & Platt, 2014). Compost can also be used to filter pollutants from urban
stormwater. For example, compost filter socks effectively trap sediment, nutrients and toxins (Faucette,
Cardoso-Gendreau, et al., 2009; Faucette, Governo, et al., 2009; Faucette et al., 2008). Additionally,
compost has been found to be effective at removing E. coli and Enterococcus bacteria from stormwater
runoff (Faucette et al., 2013). Sections 5 through 9 further describe how compost use can help protect
water quality across multiple sectors.
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Climate change is leading to more frequent and severe weather events (such as heavy precipitation
events and prolonged heat waves and drought), as well as changes to ecosystems and biodiversity
across many parts of the United States (IPCC, 2022; USGCRP, 2018). Impacts include increased air
temperature, altered precipitation, reduced ice cover and snowpack, sea level rise, and an increased risk
of wildfires and hurricanes (Dupigny-Giroux et al., 2018; Wuebbles, 2017).

Efforts to address and respond to climate change focus on mitigating greenhouse gas (GHG) emissions
(climate mitigation), adapting to the potential effects (climate adaptation), and building resilience to cope
with and recover from altered conditions (climate resilience) (EPA, 2021a; Grade et al., 2023). Compost
use reduces GHG emissions by diverting organic materials from landfills (Brown, 2016), sequestering C in
the soil (Brown, Miltner, et al., 2012), reducing emissions from agricultural practices (Walling &
Vaneeckhaute, 2020), and replacing C-intensive products like synthesized N fertilizer and peat (Levis &
Barlaz, 2011; Morris et al., 2017; Saer et al., 2013). Compost use can also support climate adaptation
and resilience; for example, it can improve drought resilience (Winfield, 2020), reduce runoff that
contributes to flooding during severe storm events (Faucette, 2009, 2012a; Kranz et al., 2022), and
support tree growth to reduce urban heat island effects (Faucette, 2009). The climate benefits of compost
production and use are described in Figure 4.

Establishing composting programs and increasing compost use in different sectors can help states, cities
and communities work toward climate change goals as well as goals for waste reduction, landfill
diversion, soil health, local food systems and economic development. Compost programs and compost
use are considered relatively simple, effective and scalable ways to help reduce C in the atmosphere and
increase climate resilience across communities. This section summarizes how composting and compost
use can support mitigation, adaptation and resiliency. The benefits associated with compost use within
different sectors as a method to address climate change are discussed further in Sections 5 through 9.

k <EPA | Compost Your Food Scraps to Combat Climate Change )

More than half C:'f gf‘e;:‘n’;?{-"lse Composting food scraps reduces emissions, and
gas emissions from iandrtiis using compost helps us adapt to a changing climate
come from wasted food. g P P P ging
Decreases Greenhouse Gas Emissions Builds Climate Resilience
Composting reduces methane emissions by keeping Compost enables soil to better absorb
wasted food out of landfills. Applying compost to and hold water, helping to reduce

the soil reduces the need for chemical fertilizers, erosion and flooding in heavy rains.
avoiding emissions from their manufacture and use. and retain water during droughts.

Sequesters Carbon Enriches Soil
When we apply compost to the Compest enhances soil health and plant
land, carbon is stored in the soil growth; it slowly releases and retains

instead of being released into nutrients in the soil, reducing nutrient

the atmosphere, runoff and protecting water quality.
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Figure 4. Climate benefits associated with compost production and use. Source: EPA (2024c).
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4.1 Greenhouse Gas Emissions

GHGs, including COz2, methane (CHa4), nitrous oxide (N20), and some synthetic chemicals (such as
chlorofluorocarbons), trap some of the earth’s outgoing energy, thus retaining heat in the atmosphere
(EPA, 2024a). Human activities are increasing the concentrations of GHGs in the atmosphere and are the
primary cause of the estimated one-degree Celsius increase in average global air surface temperature
observed over the past 115 years (Wuebbles, 2017). In 2019, the total estimated global C emissions from
all human activities was 9.55 billion tons (35 bhillion tons CO2) (MIT, 2023). Mitigating climate change
requires a reduction in the flow of heat-trapping GHGs into the atmosphere (Candanosa, 2021; UCAR,
2020), including those sourced from organic materials.

Diversion of organic materials from landfills to composting facilities is an effective strategy for reducing
GHG emissions of CO2, CH4 and N20 (Brown et al., 2017; Rynk, Cooperband, et al., 2022). CH4 is 28
times more potent than CO2 (EPA, 2024b). In 2021, MSW landfills accounted for approximately 17% of
human-related CH4 emissions in the United States, making landfills the third-largest source of such
emissions in the country (EPA, 2023e). CH4 avoidance from landfill diversion can equate to substantial
GHG emission reductions (Brown et al., 2017); the aerobic decomposition processes utilized in compost
manufacturing result in less CH4 production than would occur during decomposition under anaerobic
conditions within a landfill.

Globally, food loss and waste represent 8% of anthropogenic GHG emissions (EPA, 2021d). In the United
States, food waste is a priority for diversion from landfills for the following reasons:

1) A vast amount of food waste can be diverted from landfills to composting facilities; EPA estimates
that in 2019, under 4 million tons of food waste out of 106 million tons was diverted from landfills
to composting facilities (EPA, 2023a).

2) 61% of CH4 generated from landfilled food waste is not captured by landfill gas collection systems
and is released into the atmosphere (EPA, 2023g). Food waste decays more quickly in landfills
than many other compostable materials and emits fugitive CH4 before gas capture systems are
installed in landfills (EPA, 2023d; Levis & Barlaz, 2011; Levis et al., 2010). Eleazer (1997) found
that food waste produces roughly two to ten times more CH4 than an equivalent amount of yard
trimmings (grass, leaves and branches), cardboard, or paper in laboratory-scale landfills.

3) 58% of fugitive CH4 emissions from MSW landfills is from landfilled food waste (EPA, 2023g).
Food waste produces more GHG emissions than an equivalent amount of other landfilled
compostable materials (Eleazer, 1997).

4) Diverting food waste from landfills to produce compost for use in various sectors results in a net C
sink when considering GHG emissions and C sequestration (Brown, 2016; Morris et al., 2017).

Studies have reported substantial GHG reductions occur when food waste is diverted from landfills,
composted, and applied to soils. A study from Kean University in New Jersey estimated that the
University’s food waste composting system resulted in 31% less overall cumulative GHG emissions when
compared to landfilling (Mu et al., 2017). The study also suggested that compost use can result in lower
fossil fuel consumption, surface water eutrophication and smog formation, and improved human
respiratory health. This estimate was based on the modeling of fugitive emissions from landfills, avoided
CO: from landfill gas capture, and soil C sequestration.

Brown (2016) estimated that composting food waste and adding it to soils would reduce net COze
emissions (i.e., from CO2, CH4 and N20) by a factor of approximately 4.6 and increase the amount of C
sequestration by a factor of 3.5. This equates to a net reduction of 1,918 Ibs COze emissions per ton of
food waste. The relative balance was +1499 Ibs CO2ze emissions per ton when landfilled versus -419 Ibs
COze per ton when composted and land applied. Given the low volume of organic materials (and only a
small fraction of food waste) currently diverted to composting operations in the United States (EPA,
2020a), diversion from landfills may offer a scalable solution to reduce GHG emissions.

Estimates using data from 28 life cycle studies indicated that the manufacture and use of compost
derived from food waste would result in net GHG emissions of -0.22 CO2e/lbs per ton versus +0.84 Ibs
CO:ellbs per ton for landfill to gas energy production (i.e., approximately 440 pounds of COze reduction
per ton of food waste) (Morris et al., 2017). This estimate considered GHG emissions associated with
collection/transport, compost production, soil C sequestration, and substitution of food waste compost for
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fertilizer and peat used in agriculture. However, the current state of the science suggests a need for
comprehensive life cycle analysis to evaluate the broader net change in atmospheric C emissions
associated with compost production and compost use (Paustian et al., 2016). This is because the ultimate
amount of C sequestered depends not only on the net emissions associated with the production and use
of compost but also on the emissions that are associated with the practices that are being replaced (e.g.,
landfilling, incineration, land application of non-composted organic materials and transportation). For
example, transporting compost long distances before it is applied to soils may offset the amount of C
sequestered in soils, resulting in a net increase in CO2 emissions.

4.2 Carbon Sequestration

Soils hold roughly 80% of the world’s terrestrial C, and the amount of C in soils is roughly three times as
much as in the atmosphere (Ontl & Schulte, 2012). Soils currently display a large C deficit globally due to
centuries of soil disturbance associated with development, such as deforestation, soil cultivation, and
building and road construction (Lal, 2004b; Lal et al., 2015). For example, since the beginning of
agriculture roughly 12,000 years ago, an estimated 121 billion tons of C have been lost from soils used
for agriculture, resulting in an ongoing soil C deficit (Sanderman et al., 2017).

Soil carbon sequestration is the avoidance of CO2 emissions to the atmosphere by adding carbon to soils,
resulting in a long-term net increase in C within the stable C pool. The mean residence time of carbon
within soils is on the order of decades to millennia (USDA, 2024). There is a lack of consensus in the
scientific literature regarding the span of time that C must be stored in soil to be considered “sequestered”
(Dynarski et al., 2020). The IPCC defines C sequestration as the process of storing carbon in a carbon
pool (such as soil), resulting in a net annual increase (IPCC, 2006). Recent research shows the
persistence of SOC depends on complex and dynamic interactions between SOM and the soil
environment (microbial activity, soil mineralogy, soil particle size, aggregation, etc.) (Dynarski et al.,
2020). When organic materials, such as compost, are applied to soils, they augment levels of SOC
(Levavasseur et al., 2020; Paustian et al., 2016; Peltre et al., 2012). This happens directly, through the
addition of organic matter, and indirectly through plant growth that contributes to SOC through roots and
residues. SOC levels constantly fluctuate as C is added and released (i.e., mineralized); carbon
sequestration occurs when the rate of carbon added to soil is greater than the rate of carbon released to
the atmosphere from soil (e.g., as COz or CHas), and a fraction of that SOC is protected from microbial
degradation within the soil matrix.

Compost use can increase carbon sequestration in the soils of cropland, rangeland, parks, roadsides,
residential yards, disturbed lands (e.g., abandoned surface mines) and contaminated sites (e.g.,
brownfields) (Brown, Miltner, et al., 2012; EPA, 2011; Ward et al., 2021; Yu et al., 2012). The amount of
carbon that can be sequestered in soils depends on a variety of factors, including the organic matter
content of the compost (or other amendment) being added, the soil type, soil microbial communities,
climate, and management practices (Levavasseur et al., 2020). The capacity of soil to store C varies by
soil type, with coarser-grained soils reaching capacity (called “C saturation”) with lower SOM levels (and
fewer C inputs) than finer-grained soils (Li & Evanylo, 2013). Soils of any type with depleted levels of
organic matter generally have more potential to store carbon (Brown et al., 2011).

During composting, a portion of the organic carbon in feedstocks is stabilized, making it resistant to
further decay (Francou et al., 2005). EPA has estimated that composting organic materials stabilizes up
to 20 percent of the organic carbon that would otherwise be lost to the atmosphere (as CO2 or CH4) or
lost through leaching (as dissolved C) if the materials were left to naturally decay (EPA, 2023b). Due to
this stabilization, a larger fraction of carbon from compost appears to persist in soils longer compared to
carbon from non-composted materials when C inputs from both amendments are comparable (Busby et
al., 2007; Nest et al., 2014; Powlson et al., 2012). Not all carbon derived from a compost addition is
sequestered, but compost use increases carbon sequestration by driving a long-term carbon
accumulation rate that exceeds carbon emissions from soils. It is difficult to compare the net soil carbon
sequestration potential of a compost to a non-composted material because some carbon in the raw
organic material is lost as COz or CHa during the composting process (Nordahl et al., 2023). However,
CO2 and CH4 emissions that occur during composting are considered to be biogenic rather than GHG
emissions because the compost feedstocks are part of the short-term carbon cycle (EPA, 2023b).
Additionally, some carbon is lost from both compost and raw materials following applications to soils
(Busby et al., 2007).
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Sequestration potential can be estimated through modeling (e.g., Levavasseur et al. (2020); Peltre et al.
(2012)), but more long-term observational studies are needed to better understand the process and
longevity of soil carbon sequestration associated with compost application. The longevity of carbon
sequestration is reported to increase with ongoing (e.g., annual) applications that build up SOC reserves
(Brown & Beecher, 2019; Brown, Miltner, et al., 2012; Dynarski et al., 2020). Once the upper limits of sail
carbon stocks approach (i.e., C saturation), SOC increase rates slow and then flatten, with SOC levels
showing little or no increase even with the continued addition of C amendments (Li & Evanylo, 2013).
Some modeling studies suggest that the rate of carbon sequestration decreases over time despite
repeated ongoing applications (Peltre et al., 2012). Levavasseur et al. (2020) and Peltre et al. (2012)
report that applications of various types of compost at multiple cropland sites in France increased carbon
sequestration by 0t C ac' to 11 t C ac! over time periods ranging from roughly 12 to 20 years. Based on
measured rates of soil C, the carbon sequestration rate associated with compost applications (at a rate of
0.89t C ac! every two years) was estimated to range from a low rate of 0.08 t ac™! yr?! at sites with a
Mediterranean climate to a high rate of 0.30 t C ac yr! at sites with a Nordic climate; this equates to a soil
carbon sequestration rate of 0.18 to 0.67 tons C per ton of C applied (Peltre et al., 2012).

Modeling suggests that C sequestered from a single compost application may persist for a minimum of
10-30 years (EPA, 2011; Paustian et al., 2016), and there is also evidence that C derived from organic
amendments may persist for more than a century (Dynarski et al., 2020). Brown et al. (2008) empirically
estimated that 8.2% of the C added to a soil from a compost application would persist for longer than 100
years. Based on a literature review, Martinez-Blanco et al. (2013) report that an estimated 2% to 16% of
the C derived from a compost application would persist in a soil on a timescale of 10 to 100 years;
however, the authors provided a caveat that estimates should be performed on a case-specific basis
because differing environmental and management factors can result in large variability in C sequestration
potential. Compton and Boone (2000) found that historic cropland soils in Massachusetts that received
manure additions in the mid-1800s had 56% more C in the top 9 inches than soils that did not receive
manure additions, which may also provide an indication of how long C may persist in soils following
additions of other types of organic matter, such as compost.

Increases in above and below-ground plant productivity resulting from compost applications can also
contribute to C sequestration (Adeleke et al., 2021; Brown et al., 2011; Dynarski et al., 2020) as well as
increased storage of C in the tissues of long-lived plants (i.e., trees) (Brown, Miltner, et al., 2012;
Scharenbroch, 2009). Compost applications can initiate a positive feedback loop where increased plant
growth leads to more C inputs to soils (e.g., through plant litter, root exudates); this further increases soil
C sequestration and plant productivity (DeLonge et al., 2013; Paustian et al., 2016), including at deeper
soil depths where sequestration on the scale of hundreds to thousands of years is more likely (Dynarski
et al., 2020).

4.3 Climate Resilience and Adaptation

In both the natural and built environments, improvements in soil health associated with compost use
support adaption and increase resilience to climate change impacts such as flooding, drought and heat
waves (Winfield, 2020). Increased SOC improves soil productivity and water conservation, which
increases overall ecosystem resilience to altered climate conditions (Brown et al., 2017; IPCC, 2022;
Winfield, 2020). Compost holds up to five times its weight in water (Faucette, 2012a) and increases both
soil water-holding capacity and water infiltration when incorporated into soil (Kranz et al., 2020; Stoffella
et al., 2016). Improvements in water infiltration and soil water retention boost plant productivity and help
to reduce surface runoff, soil erosion and the risk of flooding (Chapman et al., 2022). As a mulch,
compost reduces evaporation and the potential for drought conditions (Rynk, Cooperband, et al., 2022;
Stoffella et al., 2016), which may increase water availability for plants during dry periods.

In urban environments, compost use in Gl increases its resilience to climate-related changes in
stormwater runoff (Faucette, 2012a). It also supports vegetation that provides shade and evaporative
heat transfer, especially around buildings and paved surfaces, thereby helping to reduce urban heat
island effects (Chapman et al., 2022; Faucette, 2009). In rural areas, compost use can support water
conservation, biodiversity protection and ecosystem functions, helping to build resilience to changing
climate conditions (Goncalves et al., 2019; Habteweld et al., 2018; Magdoff & Van Es, 2021; Ryals &
Silver, 2013; Schultze-Allen, 2010; Winfield, 2020).
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Agricultural producers have long recognized the value of organic material as a soil amendment, with the
use of composted manures and other agricultural residues dating back to the beginnings of agriculture
(Magdoff & Van Es, 2021; Ozores-Hampton, 2019). Compost use improves soil health for agriculture
through increased SOC, enhanced fertility, drought resilience, reduced plant disease, improved crop
yield/quality, reduced soil erosion and reduced irrigation needs (Brown et al., 2017; Clark & Douds, 2021;
Rynk, Cooperband, et al., 2022). Furthermore, it can be a substitute for conventional fertilizers (i.e., raw
manure and inorganic fertilizer) and synthetic pesticides, which leads to co-benefits for water quality
protection, GHG emissions reductions and C sequestration (Adelman & Kney, 2010; Brown et al., 2008;
Martinez-Blanco et al., 2013; Morris et al., 2014; Ozores-Hampton, 2021a). A summary of the main
benefits of compost use for agriculture is provided in Figure 5.

Reduced soil density
& compaction
>10% decrease in
soil bulk density

Increased soil
organic matter
Up to 200% SOC increase

Increased soil fertility

Improved water
infiltration, soil
water-holding capacity,
& water retention
35-57% increase in soil
water-holding capacity;
48-54% increase in
plant-available water

Higher populations
of beneficial soil
organisms
2x increase in
soil microbial activity

Improved
immobilization &
degradation of
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Figure 5. Summary of key benefits for agriculture from compost use. Sources — Soil: Brown
and Cotton (2011); Brown et al. (2008); Evanylo et al. (2008); Maynard (2000b); Ozores-
Hampton (2019); Ozores-Hampton (2021c); Rath et al. (2022); Tautges et al. (2019); White
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et al. (2020); Wilson et al. (2018) Brown et al. (2011); Land: Alexander (2020e); Gilbert et al.
(2020b); Morris et al. (2017); Nicholson et al. (2017); Water: Evanylo et al. (2008); Nicholson
et al. (2017); Oladeji et al. (2019); Ozores-Hampton et al. (2022); Climate: Gilbert et al.
(2020b); Morris et al. (2017); Nicholson et al. (2017); Peltre et al. (2012); Walling and
Vaneeckhaute (2020).

5.1 Fertilizer Replacement

Inorganic (e.g., synthetic N, mined P) fertilizers and organic (e.g., compost, livestock manure) fertilizers
increase plant growth by adding essential plant nutrients. The three major nutrients in inorganic fertilizer
are N, P and K. The type and amount of fertilizer applied to each crop generally varies based on local soil
conditions, land management practices, individual crop needs and, in some cases, government
regulations. Compost can act as a substitute for conventional fertilizers used for crop production (Beck et
al., 2016; Kang et al., 2022; Sullivan et al., 2002), particularly for organic cropping systems in which
mineral N fertilizers are not used. Using compost as a substitute for mineral (inorganic) P fertilizer may
become increasingly important as the global supply of mined phosphate is estimated to fall short of global
demand around 2040, resulting in major implications for food security (Nedelciu et al., 2020).

Substitution of compost for conventional fertilizers also improves nutrient management and reduces
GHG emissions. Studies have found an association between compost use and reductions in nutrient
losses from agricultural fields through surface runoff or leaching through soils (Evanylo et al., 2008;
Nicholson et al., 2017; Oladeji et al., 2019). Compost has been found to directly reduce agricultural GHG
emissions from soils in comparison to applications of mineral N fertilizer and livestock manure (Nicholson
et al., 2017; Walling & Vaneeckhaute, 2020). Compost may also indirectly reduce GHG emissions
through improvements to soil health that lead to reduced fossil fuel usage (Alexander, 2020e; Gilbert et
al., 2020a). The following subsections discuss the benefits of using compost as a replacement for
conventional fertilizers.

5.1.1 Inorganic and Organic Fertilizer

Compost is not usually relied upon as the sole nutrient source for the production of annual crops (Ozores-
Hampton et al., 2022). Compost typically contains a substantially lower content of N, P and K than
conventional inorganic fertilizers and is, therefore, not considered a true “fertilizer” (Gilbert et al., 2020a).
However, the difference in nutrient concentrations can be offset through compost application at higher
rates than inorganic fertilizers (on the order of tons per acre rather than pounds per acre as with inorganic
fertilizer).

Several studies report the benefits of compost use as a fertilizer. For example, Brown et al. (2011) found
that applying compost to cherry orchards and hop fields in Washington State not only reduced the need
for inorganic fertilizers, but also improved soil health by increasing SOC levels and improving the water-
holding capacity of soils. McCray et al. (2017) observed that in southern Florida, compost made with a
mixture of yard trimmings and biosolids lowered the annual N fertilizer requirement for sugarcane by an
average of 38%. In another example, annual amendments of a sandy soil in Connecticut with leaf
compost reduced fertilizer needs for onion crops by one-third to two-thirds the normal rate (Maynard &
Hill, 2000). Some studies indicate that compost may reduce inorganic fertilizer applications by up to 50%
in a variety of crops while maintaining crop yields, reducing irrigation requirements and reducing tillage
requirements (Alexander, 2020b, 2020e). Another advantage of using compost as a substitute for
inorganic fertilizer is that since compost is derived from organic matter it typically contains all of the
nutrients essential for plant growth.

In contrast to inorganic fertilizers, nutrient availability from compost occurs over a period of years as the
nutrients are slowly released into the soil (Sullivan et al., 2003). Yet periodic applications of compost tend
to build up soil nutrient reserves (Abbey et al., 2022; McCray et al., 2017; Ozores-Hampton, 2019). One
challenge to substituting compost for conventional fertilizer is that the cost of compost applications
targeted to meet the N demands of annual crops may not be economical (Ozores-Hampton, 2021a).
Additionally, compost application rates targeted to meet the N demand of annual crops may result in an
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oversupply of P (Moinard et al., 2021; van der Wiel et al., 2021). For this reason, Ozores-Hampton et al.
(2022) suggested using compost as a base fertilizer, mainly targeting P and K supply.

5.1.2 Nutrient Losses

Compost use can reduce nutrient losses to water (through leaching and runoff) when substituted for
application of raw manures and inorganic fertilizer (Faucette et al., 2005; Ozores-Hampton, 2021c;
Stoffella et al., 2014, Tyler, 2021). This improves agricultural nutrient management for crop production
while helping protect waterbodies from eutrophication (Bell & Platt, 2014; Eghball, 2003). N in most
conventional inorganic fertilizers consists of a water-soluble mineral form to facilitate quicker uptake by
plants. Furthermore, crops may only utilize 50% or less of the N derived from inorganic fertilizer
applications, creating a substantial risk of N being transported in surface runoff to waterbodies or being
leached into groundwater Govindasamy et al. (2023); (Ladha et al., 2005). Most of the N in compost is in
a more stable organic form that is gradually released into the soil solution over time (Oladeji et al., 2019).
Similarly, composted manures have a higher proportion of stable organic compounds in comparison to
raw manure, providing a slower release of N (Brown & Goldstein, 2016; Ozores-Hampton et al., 2022). As
with N, P in inorganic fertilizers is primarily in a water-soluble mineral form. In contrast, most of the P in
compost is in an organic form that is slowly released over time through biological soil processes. Because
P tends to bind to soil particles and organic matter, most P loss from soils is associated with soil erosion
induced by surface runoff (Magdoff & Van Es, 2021). Following compost applications, the P loss through
soil erosion is reduced by improvements in soil health, such as increases in soil aggregate stability, water
infiltration and soil water-holding capacity (Stoffella et al., 2014). Stoffella et al. (2014) report that compost
has been used to partially substitute for chemical P fertilizers on sandy agricultural soils to reduce the
amount of P that leaches into groundwater or is transferred off-site by surface water runoff.

Improved soil health following compost application can also help reduce N loss. Evanylo et al. (2008)
found that poultry litter/yard trimmings compost applications designed to meet crop N demand were
associated with a significantly lower runoff volume and lower N loads in runoff relative to applications of
non-composted poultry litter or mineral N fertilizer. Multiple studies have investigated nutrient leaching
from compost (Heyman et al., 2019; Hurley et al., 2017; Nicholson et al., 2017; Oladeji et al., 2019; Owen
et al., 2020, 2021). Heyman et al. (2019) found that NOz leaching from soils was weakly correlated to the
NOs content of compost applied. Oladeji et al. (2019) compared N leaching potential in clay and sandy
loam soils from composted versus non-composted biosolids to evaluate if composting stabilizes the N in
biosolids. N leaching from composted biosolids (6% to 11% of added organic N leached) during the two-
year study period was less than from non-composted biosolids (14% to 21% of added organic N leached).
Nicholson et al. (2017) compared N losses to the environment from agricultural applications of yard
trimming/food waste compost, solid livestock (cattle or swine) manure and livestock manure slurry at
three sites in England and Wales. At one site, N leaching was evaluated following fall applications of
compost and manures, with the amount of N applied from compost being equal to or greater than from
solid manure or slurry. The amount of N leached through the soil profile was significantly lower for
compost than for livestock slurry but no different relative to solid manure. Less than 5% of the total
amount of N applied from compost or solid manure was leached, while roughly 14%—-20% of the N
applied from broadcast swine manure slurry was leached.

Although most P loss is through surface runoff, leaching of P from soils can occur (Pan et al., 2023);
however, it is important to note that P is much less susceptible to leaching than N (Evanylo et al., 2008).
P leaching is influenced by factors including the amount of P in the soil, the capacity of the soil minerals
to adsorb P, the rate of vertical movement of water through the soil, the depth to groundwater, and tillage
practices (Djodjic et al., 2004; Pan et al., 2023). Research shows mixed results on P leaching when
compost is used as a replacement for inorganic fertilizers and raw manure. Some evidence indicates that
P leaching from compost is lower than from raw animal manures (Nest et al., 2016; Nest et al., 2014).
McDowell and Sharpley (2004) found that P leaching was greater from dairy manure compost than from
mineral P fertilizer. Another study found no difference in P leaching between compost and mineral P
fertilizer (Nest et al., 2014). Heyman et al. (2019) reported that compost with a higher content of plant-
available P was correlated with greater leaching of soluble reactive P. Manure-based composts were
associated with the highest rates of P leaching, followed by compost from yard trimmings, and then food
waste-based compost.
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Overall, research indicates that N and P losses from
compost are often less than those from inorganic
fertilizers and non-composted organic materials
(such as biosolids and manure) (Hill, 2021;
McDowell & Sharpley, 2004; Oladeji et al., 2019;
Shrestha et al., 2020). Site-specific factors that
determine whether compost use will reduce N and P
losses relative to raw manure and inorganic
fertilizers include compost N and P content,
application rates (Evanylo et al., 2008; Shrestha et
al., 2020), soil hydrologic conditions (Hurley et al.,
2017; McDowell & Sharpley, 2004), and lag times
between compost applications and vegetation

Key Advantages When Compost
Replaces Conventional Materials in
Agriculture

Replacement of inorganic fertilizer:

Improved soil health?

Improved crop productivity
Increased carbon sequestration
Improved water conservation?
Reduced soil erosion

Reduced water pollution (N, P)

growth (Evanylo et al., 2008; Faucette et al., 2005).
Substantial leaching of N and P can occur when ] o
compost is saturated for prolonged periods of time Synthetic pesticide replacement:
(Hurley et al., 2017) or when large volumes of water .
drain through large volumes of recently applied, non-
vegetated compost (Owen et al., 2020, 2021).
Compost application rates to meet crop N demand
may also lead to an oversupply of P (Eghball, 2003;
Evanylo et al., 2008; Pan et al., 2023). These
findings highlight the importance of testing soil
before fertilization to assess N and P levels and
develop appropriate fertilization strategies. (The
potential for N and P losses as it pertains to urban
stormwater is discussed in Section 7)

5.1.3 GHG Emissions

When inorganic or organic fertilizers are applied to soils, the biological activity of microorganisms
produces GHG emissions (e.g., CO2, N20, CHa). Substituting compost for inorganic fertilizer (such as N
fertilizer made from natural gas) or raw manure may reduce GHG emissions from soils (Brown et al.,
2009; Brown et al., 2008; Kim et al., 2014; Walling & Vaneeckhaute, 2020). Evaluating GHG emissions
from inorganic and organic fertilizers is an ongoing area of research as the processes and causes of
variability in net emissions are not well understood (Lazcano et al., 2021; Walling & Vaneeckhaute, 2020).
For example, Kim et al. (2014) found that applications of composted manure to rice paddies can result in
a roughly 50% reduction in CH4 emissions compared to air-dried manure, but other studies suggest that
compost use may increase CHa emissions from soils in comparison to inorganic fertilizers due to the
addition of C (Walling & Vaneeckhaute, 2020). Overall, however, N2O emissions are of greater
significance than CH4 emissions because CH4 tends to be a relatively minor component of total GHG
emissions from agricultural soils (Walling & Vaneeckhaute, 2020).

Reduced GHG emissions

Improved soil health?
¢ Reduced environmental pollution
e Reduced pollinator mortality

Plastic mulch replacement:

e Improved soil health?!

o Reduced fertilizer requirements
e Pest and disease suppression
e Reduced plastic waste

1See Section 2 on Soil Health Benefits
2See Section 3 on Water Resource Benefits

Atmospheric emissions of N often occur after the application of manures and mineral N fertilizer to
agricultural lands. Nicholson et al. (2017) reported compost applications can reduce N2O emissions to air
compared to manure slurry. Ammonia (NHs) emissions from compost were lower than from manure slurry
but were similar to solid manure. Relative to the total amount of N applied, respective NHz and N20 losses
to air were 3.3% and < 0.01% from compost, 4.5% and 0.28% from solid livestock manure, and 24%-—
31% and 0.35%—0.55% for two livestock slurry application methods. Walling and Vaneeckhaute (2020)
reported that compost application to soils tends to result in lower N2O emissions factors (range: 0.11%—
1.55% of applied N) in comparison to mineral N fertilizers (range: 0.03%—12.9% of applied N), raw
manure (range: 0.05%-13.9% of applied N), and digestates (range: 0-5.1% of applied N). The primary
factor leading to reduced atmospheric emissions of N associated with compost use is that compost
typically has a much lower content of mineral N (NHs and NO3) relative to mineral N fertilizers and manure
slurries (Nicholson et al., 2017).

Substantial GHG emissions are also associated with soil tillage and irrigation (Lal, 2004a)) and compost
use can indirectly contribute to reductions in these emissions. When soil compaction is alleviated through
compost use, less fuel may be needed to prepare the seedbed for crops (Gilbert et al., 2020a). For
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example, improved soil structure in fields that are tilled may reduce tractor fuel requirements for
maintaining soil tilth (Alexander, 2020e). By improving water retention in soils, compost applications can
also reduce GHG emissions associated with fossil fuels used to generate energy for operating irrigation
pumps. Compost can also contribute to fossil fuel reductions when it replaces the use of plastic mulch.
These reductions are important; however, studies examining the indirect effects of compost use on GHG
emissions are lacking.

5.2 Carbon Sequestration

Clearing lands for agriculture and ongoing soil tillage has resulted in the release of an estimated 121
billion tons of C into the atmosphere since the advent of agriculture roughly 12,000 years ago
(Sanderman et al., 2017). This loss of C has occurred at a faster rate than it is being replenished,
resulting in a global soil C deficit (Lal, 2004b; Lal et al., 2015) with far-ranging consequences for soil
health, climate stability, water resources, ecosystem resilience and human civilization. Additional
discussion of C sequestration can be found in Section 4.

Studies suggest that compost use on agricultural soils facilitates C sequestration, sometimes after only a
single application (Gongalves et al., 2019; Habteweld et al., 2018; Magdoff & Van Es, 2021; Ryals &
Silver, 2013; Schultze-Allen, 2010; Winfield, 2020). Peltre et al. (2012) estimated carbon sequestration
rates from compost applications to European cropland sites (at a rate of 0.89 t C ac™ every two years) to
range from a low rate of 0.08 t ac! yr! at sites with a Mediterranean climate to a high rate of 0.30t C ac
yr! at sites with a Nordic climate; this equates to a soil carbon sequestration rate of 0.18 to 0.67 tons C
per ton of C applied. A study conducted over a 19-year period in California on a maize-tomato cropping
system compared the change in C sequestered under inorganic fertilizer use with no winter cover crops,
inorganic fertilizer use with winter cover crops, and poultry manure compost (1.8 t1 ac yr-! application
rate) with winter cover crops (Tautges et al., 2019). In year 19, the cropping system using compost was
associated with a net increase in C sequestration of roughly 10 t ac! (a 12.6% increase), whereas the
other two treatments displayed a net loss in soil C. The study found that the greatest increase in soil C
with the compost treatment occurred at a depth of 39—-79 inches, which was the deepest layer of soil
examined. In another study, Yu et al. (2012) found that eighteen years of compost application to
cultivated soils increased C sequestration by 71%-122%, whereas C sequestration in soils with inorganic
fertilizers increased by 5.5%-25.5%. C sequestration in the compost treatment was found to be
associated with greater stability of C in microaggregate and silt + clay fractions.

Modeling studies have estimated the potential magnitude of C sequestration resulting from compost
applications at large scales. One study concluded that C sequestration from a one-time application of
composted manure to 5% of California rangelands has the potential to offset roughly 31 million tons of
CO:ze (DeLonge et al., 2013). Similarly, Silver et al. (2018) estimated that a single one-quarter inch
application of compost to 6% of Californian rangelands would sequester an amount of C equal to
approximately one-half of the California goal to decrease 16.5—-22 million tons of COze emissions by 2030
and that the C would be sequestered for up to 30 years. However, these studies do not appear to account
for CO2 emissions that would occur in transporting and applying compost to vast areas of rangeland.
Additionally, the compost application rate (equivalent to 223 Ibs N ac) in the DeLonge et al. (2013) study
is at the upper end of typical N rates applied for annual crops with a high N demand, such as corn; it is
unclear whether this application rate would be appropriate or realistic for compost applications to
rangeland settings.

5.3 Crop Yield and Health

Traditional soil amendments, such as inorganic fertilizer, typically target short-term improvements in a
single type of soil property (e.g., nutrient levels, pH) to support crop production. As a result, a reliance on
in organic fertilizer and traditional soil amendments to maintain soil fertility does not provide long-term soil
health benefits (Brown et al., 2017). In contrast, compost use results in numerous soil health benefits, as
described in Section 2 (Brown & Cotton, 2011; Governo et al., 2003; Kranz et al., 2020; Long et al., 2017;
Ozores-Hampton, 2021c; Reeve et al., 2012; Rynk, Cooperband, et al., 2022; Wang et al., 2022). These
soil health benefits enhance the production of agricultural crops through improvements in plant health and
crop yields beyond what is attained with conventional inorganic fertilizers (Governo et al., 2003; Li et al.,
2010).
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5.3.1 Crop Yield

Reeve et al. (2012) estimated that a single application of compost (at 22 t ac dry wt.) to dryland wheat
plots in Utah in 1995 increased the two-year average yield by 1.0 t ac! in the two years immediately
following application. The increase in wheat yield was observable sixteen years later when the two-year
average from plots receiving compost was found to be 0.2 t ac? greater than yields from control plots. In
California, compost use has been found to increase yields of almonds by 10% while decreasing the use
of inorganic fertilizers, water and pesticides (Goldstein, 2020a). In an Italian olive grove, compost
applications improved vegetative growth and olive production while increasing soil C sequestration (Regni
et al., 2017). Ozores-Hampton (2021a) identifies numerous studies that report improved vegetable crop
quality and yields resulting from the use of mature, stable compost. However, other studies have noted
that using compost and inorganic fertilizers together may increase crop productivity more than using
either individually (Ozores-Hampton et al., 2022). Table 4 summarizes the benefits associated with
compost use for specific crops and other plant types; the benefits outlined are compared to the use of
various conventional practices (e.g., inorganic fertilizers, non-composted manure, no soil amendment).

Table 4. Examples of benefits to crop production with compost use. Source: adapted from Governo et al.

(2003).
Benefits Crops and plants Reference Location
e Increased yields Corn, cotton (Granberry et al., 2001; Khalilian et al., 1998; | FL, GA, MN, SC
(seed), peppers, | Mamo et al., 2000; Stratton & Rechcigl, 1998)
ryegrass
e Increased growth and yield Broccoli, melon (Roe & Cornforth, 2000) FL
e Yields equal to fertilizer, manure use | Peppers (Reider et al., 2000) PA
¢ Decreased root disease Citrus tree (Graham, 1998) FL
o Increased water uptake efficiency
e Increased root mass
e Increased nutrient uptake efficiency
e Increased yield and fruit size
o Reduced fertilizer use Tomato (Maynard, 2000a) CT
¢ Reduced blossom end rot
e Increased growth Christmas tree (Peregrin & Hinesley, 2011) NC

5.3.2 Crop Health

In addition to inorganic fertilizers, pesticides (including herbicides, insecticides and fungicides) are
commonly applied to soils and crops to protect against yield loss and crop damage. Compost use can
decrease the incidence of disease, pests and weeds, which can help reduce the use of pesticides
(Alexander, 2020b, 2020f; Governo et al., 2003; Larkin, 2022; Rynk, Cooperband, et al., 2022).
Consequently, reduced pesticide use can be credited as an environmental co-benefit of compost use
(Martinez-Blanco et al., 2013; Ozores-Hampton et al., 2022). Compost use can also reduce the presence
of pathogens in soils, resulting in food safety benefits.

5.3.2.1 Disease and Pests

Numerous studies indicate that compost use can support plant health by helping to suppress disease
(e.g., root, foliar) and pests in a wide variety of crops (Coker, 2021; Gilbert et al., 2020a; Li et al., 2010;
Neher et al., 2022; Winfield, 2020). For example, following compost applications, increased populations of
beneficial microorganisms have been associated with the suppression of disease-causing organisms
such as pythium and fusarium, as well as pests such as nematodes (Gilbert et al., 2020a; Li et al., 2010;
USCC, 2008). The potential for pathogen suppression is greatest for fully mature compost and is least for
either immature compost or compost that is excessively stable or fully decomposed in soil (Neher et al.,
2022). For citrus crops, there is interest in using compost to improve soil quality, especially in areas with
poor soils and where the disease Huanglongbing (HLB, or citrus greening) is present. In Florida, virtually
all citrus acreage is affected by HLB, which causes trees to lose as much as 80% of their root system,
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resulting in a marked decrease in fruit yield and quality. Organic acids derived from compost have been
shown to increase root health and fibrous root density when applied to HLB-infected trees (Ozores-
Hampton, 2021a). Other studies suggest that compost application can inhibit diseases in apple and
cherry orchards (Brown & Tworkowski, 2004; Dupont & Granatstein, 2018). Neher et al. (2022) reported
that applying compost made from the organic fraction of MSW or yard trimmings to cropland soil reduced
the severity of bacterial spot (Xanthomonas) and early blight (Alternaria) of tomatoes. Reductions in
several foliar diseases of beans and cucumbers have been achieved by incorporating composted paper
mill sludge into a sandy Wisconsin soil (Neher et al., 2022). Neher et al. (2022) contains a list of compost
feedstocks that have been associated with the suppression of specific soilborne pathogens of various
crops. Similarly, this reference also contains a list of beneficial microorganisms found in compost that
have been found to suppress specific diseases and pathogens of various crops.

Compost tea (i.e., a liquid made from steeping compost in water) has value for the suppression of some
plant foliar or root pathogens (e.g., powdery mildew and potato scab), which are conventionally controlled
through the use of synthetic pesticides (Alferez, 2021; Coker & Ozores-Hampton, 2021). Coker and
Ozores-Hampton (2021) cite several studies that found compost tea suppressed or decreased the
severity of disease in fruit and vegetable crops, including beans, melons, onions, potatoes, peppers,
cucumbers and tomatoes. The pathogen suppression is believed to be due to antagonistic interactions
between microorganisms in the compost tea and plant pathogens following the application of a tea to
plant foliage or soils.

When compost is used instead of synthetic pesticides, it reduces environmental impacts (e.g., pollinator
mortality, water pollution) and human health risks associated with pesticide exposure (Rynk, Cooperband,
et al., 2022). These effects are particularly beneficial for organic agriculture, where compost tea provides
an acceptable alternative means of disease control to the prohibited use of synthetic pesticides (Coker &
Ozores-Hampton, 2021). Additionally, adding compost to soil can promote the biodegradation of
pesticides. Freshly applied compost can absorb and degrade pesticides due to greater C sources for
microorganisms to metabolize as they remove chemicals (Alferez, 2021).

The full extent of the value of compost in plant disease and pest management has not yet been fully
realized (Rynk, 2022). Efforts are underway to optimize the composting process to increase the
population of beneficial microbes (USCC, 2008). The degree to which compost feedstock influences
disease and pest-suppression qualities is not yet fully understood, but this may prove to be an important
aspect given that certain species of plants contain chemicals known to help control disease and pests
(e.g., cedar, chrysanthemum, marigold, neem, oregano, thyme).

5.3.2.2 Weeds

Compost use can play an important role in weed control for crop production. Compost used as a muich
can also serve as a physical barrier to inhibit weed growth (Ozores-Hampton et al., 2022). Therefore,
compost has potential as an alternative to plastic mulches for weed control (Stoffella et al., 2014; USCC,
2008). Also, some immature composts contain substances (volatile fatty acids and/or NH3) that act as a
mild herbicide (Stoffella et al., 2014). A reduction in weed abundance can lessen the need for herbicide
applications.

5.3.2.3 Pathogens

Replacing conventional manure applications on crop fields with compost applications can benefit food
safety. When composting processes are conducted appropriately, temperatures achieved during the
thermophilic phase are highly effective in killing pathogens sourced to animals (Governo et al., 2003;
Schwarz et al., 2010; Stehouwer et al., 2022). In addition, the variable composition of C sources in
finished compost promotes diversity in bacteria and fungi species, some of which suppress animal
pathogens (Hadar & Papadopoulou, 2012; Neher et al., 2022). The effects of composting on pathogen
destruction have been reported for pathogenic viruses (e.g., avian influenza), bacteria (e.g., Salmonella,
E. coli), fungi and protozoa (e.g., Giardia and Cryptosporidium parvum) (Rynk, Cooperband, et al., 2022).
For example, research has shown that applying composted poultry litter can enhance bacterial
communities that may suppress the pathogens Salmonella enterica and Listeria monocytogenes. One
study found that within 30 days of application, soils amended with compost had a four-fold to five-fold
lower abundance of Salmonella compared to soils that were not treated with compost (Devarajan et al.,
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2021). Composting can even provide an effective and inexpensive alternative for managing dead animals
(e.g., on-farm livestock mortality, road-killed wildlife), butcher waste and other biological residuals
(Schwarz et al., 2010).

5.4 Soil and Water Conservation

Irrigation accounts for 42% of all freshwater withdrawals from surface water and groundwater in the
United States (Dieter et al., 2018). When incorporated into soils or used as a mulch, compost may
increase water availability for crops, thereby reducing irrigation requirements and providing resilience to
drought stress (Adeleke et al., 2021). One modeling study indicated that compost applied to cotton fields
(at an application rate of 5.4 t ac't) could reduce irrigation requirements by approximately 14,000 to
17,000 gallons act yr! (Brown et al., 2008). The same study suggested that compost used as a muich in
vineyards (at an application rate of 33.5 t ac? every 3 years) could increase the soil water-holding
capacity by around 10%, leading to total water savings of roughly 102,000 gallons ac* yr'* (Brown et al.,
2008). Improved water conservation also supports climate resilience by improving the ability of crops to
withstand droughts and reducing irrigation demands on water supplies that may become more limited with
climate change (IPCC, 2022).

Compost can also enhance the effectiveness of conservation practices designed to reduce soil erosion,
surface runoff and pollutant transport. For example, compost supports practices such as conservation
tillage and no-till (Whalen et al., 2003), cover cropping (Beck et al., 2016; Clark, 2011), integrated pest
management (Penha et al., 2012) and nutrient management (Maltais-Landry et al., 2019; Maltais-Landry
et al., 2015). A study conducted in Virginia found that compost use decreased surface runoff volumes
from cropland by a factor of four, resulting in five times less N and four times less P lost compared to the
use of inorganic fertilizer (Evanylo et al., 2008). In recognition of the value of compost use for soil and
water conservation, NRCS recently established the application of organic amendments, which includes
compost, as a formal conservation practice (NRCS Practice Standard 336: Soil Carbon Amendment) for
cropland, pasture, range, forest and associated agricultural lands (NRCS, 2022). The stated purpose of
the practice is to improve or maintain SOM, sequester C and enhance SOC stocks, improve soil
aggregate stability, and improve habitat for soil organisms. Establishing this practice is an important step
towards improving soil health and increasing soil C sequestration at a national scale.
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Many of the soil, water and plant growth benefits of compost use for agriculture also apply to landscaping
and horticulture (i.e., ornamental plants or gardens, residential food gardens and urban agriculture) (see
Figure 7). In urban areas, compost is common in residential uses (such as gardens, lawns, horticulture
and landscaping) and for maintaining landscaping on commercial and public sites (e.g., recreational
turfgrass, tree plantings, street trees). In horticultural applications, compost is used as a soil amendment,
a mulch, or in growing media for containerized plants. For example, compost blended with other materials
can be substituted for growing media and mulches, such as peat, a product associated with significant
environmental impacts. This section summarizes the benefits of compost for plant productivity, urban
agriculture, water conservation and use as a substitute for peat (in horticulture).

Figure 6. Topdressing a golf course with compost. Photo courtesy of Agresource.
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Section 6. Landscaping and Horticulture

S@) LANDSCAPING & HORTICULTURE

Reduced soil density
& compaction
6-15% decrease in soil
bulk density observed

Increased soil
organic matter

17-75% increase in SOC
Increased soil fertility

Improved water
infiltration, soil
water-holding capacity,
& water retention
183% increase in
infiltration rate;

250% greater soil
water-holding capacity for
sandy fill material

Higher populations
of beneficial soil
organisms

Improved
immobilization &
degradation of
pollutants in soil
E.g., reduced
bioavailability of lead

BENEFITS OF COMPOST USE

LAND
Reduced soil erosion

Improved plant
establishment &
growth
Up to 200% increase in
turfgrass growth compared
to fertilizer alone;

20% faster growth
of tree seedlings

Improved nutrient
management
59% increase in soil
N reserves

Enhanced suppression
of weeds, pests &
diseases

Q),

WATER

Decreased
stormwater runoff

Reduced surface
water pollution
& groundwater
contamination

Improved water
conservation
30-83% decrease in
turfgrass irrigation needs

Increased
groundwater recharge

CLIMATE

Reduced greenhouse
gas emissions
Peat replacement in
horticulture: 260% less
(C0,e emissions

Reduced peatland
ecosystem degradation

Increased carbon
sequestration in soils
U.S. urban lands:

3 million tons C per year
cumulative sequestration
potential

Increased resilience
to impacts from heat,
drought, flooding,
wildfire, pests &
diseases

Improved resilience
of water quality &
water quantity

Figure 7. Summary of key benefits for landscaping and horticulture from compost use. Sources — Soil:
Alexander (2020d, 2020h, 2020i); Evanylo et al. (2016); Linde and Hepner (2005); Loschinkohl and
Boehm (2001); Mandal et al. (2013); Land: Alexander (2020d, 2020h, 2020i); Evanylo et al. (2016);
Linde and Hepner (2005); Loschinkohl and Boehm (2001); Mandal et al. (2013); Water: Hill (2021);
Ozores-Hampton et al. (2022); Climate: Brown, Miltner, et al. (2012); Saer et al. (2013)

6.1 Urban Agriculture

Compost is commonly added to the soils of urban farms and gardens and can play an important role in
local food production (Kranz et al., 2020). For example, compost is often added to raised beds, a
common feature of urban farms and gardens. Additionally, in urban agriculture settings, soils are often
degraded (e.g., compacted and/or depleted of organic matter) due to previous land use (Cogger et al.,
2016). Compost boosts organic matter, enhances soil organism populations and improves the overall
health of soils for urban agriculture (Cogger et al., 2016; Kranz et al., 2020; Rollins & Koenig, 2010).
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Biosolids and food waste compost are reported to improve soil health and plant yield in degraded urban
soils (e.g., soils with low levels of organic matter, physical disturbance and/or compaction) relative to
additions of fertilizer alone (Una et al., 2022). Improvements in water infiltration and retention in amended
soils and raised garden beds can also support engineered green stormwater infrastructure in urban
settings (Chapman et al., 2022) (see also Section 7).

Figure 8. Vegetable beds amended with compost. Photo courtesy
of ECO City Farms, Bladensburg, MD.

6.1.1 Nutrient Circularity

Substituting compost for inorganic fertilizers in urban agriculture supports the concept of localized
“nutrient circularity” (Harder et al., 2021). Nutrient circularity represents a balanced system with equal
imports and exports of nutrients to avoid nutrient overloads and associated impacts to local waters while
supporting soil health and agricultural productivity. The concept assesses the flow of nutrients (e.g., N
and P) in a given area’s food production system (Harder et al., 2021; Moinard et al., 2021; van der Wiel et
al., 2021). Through compost production and use, local food production can recycle valuable nutrients
from organic “wastes” generated within an urban area (e.g., food waste, yard trimmings) (Brown &
Beecher, 2019; Brown & Goldstein, 2016; Shrestha et al., 2020).

Using locally sourced, organic residuals on soils for growing crops may improve food security by
replenishing soils with nutrients and C (Harder et al., 2021; van der Wiel et al., 2021). Local recycling of
nutrients through composting also improves the efficiency of nutrient use on a global scale by reducing
the reliance upon nutrients (in fertilizers and animal feeds) sourced long distances from their point of use
and by reducing losses of essential agricultural nutrients (e.g., into the atmosphere, water bodies,
landfills) (Harder et al., 2021; van der Wiel et al., 2021). For example, biosolids and food waste compost
derived from urban areas can be used in urban agriculture, improving nutrient circularity and reducing
reliance on inorganic fertilizers imported from far away (Brown et al., 2023b). One caveat to the concept
of nutrient circularity in urban agriculture is that only a portion of the nutrients recycled from an urban area
will be derived from that local area because it is likely that the vast majority of food consumed in that
urban area was not produced locally.
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6.1.2 Soil Remediation

Urban soils used for agriculture are sometimes
contaminated with harmful substances like lead,
arsenic and polycyclic aromatic hydrocarbons
(PAHS) that can accumulate in crops or
vegetables (Attanayake et al., 2015; Brown,

Key Advantages When Compost
Replaces Conventional Materials in
Landscaping and Horticulture

Inorganic fertilizer replacement?:

2023). Compost use may reduce the risk of o e el healthz .
contaminant bioavailability in soils and/or uptake *  Improved nutrient circularity

by crops. For example, research has shown that ¢ Improved plant growth _
compost use can reduce the amount of lead » Increased carbon sequestratlon3
taken up by plants (Attanayake et al., 2014; e Improved water conservation*

Brown et al., 2016). However, not all studies * Reduced runoff and nutrient pollution
report a decrease in contaminant bioavailability or (N and P)

uptake by crops following compost additions e Reduced soil erosion

(Attanayake et al., 2021). Due to site-specific ¢ Reduced GHG emissions

variations in soil conditions, urban soil samples .
should be analyzed for contaminants before

amending with compost or planting (Carroll, 2016)
(See Section 8 for more on soil remediation). ¢ Improved soil health?

e Reduced environmental pollution

6.2 P|ant Productivity ¢ Reduced pollinator mortality

Replacement of bark, wood and plastic mulch?:

Disease and weed suppression

Synthetic pesticide replacement?:

Compost use improves plant growth in multiple
landscaping and horticulture applications (Dudka
et al., 1998; Evanylo et al., 2016; Ward et al.,
2021). Much of the evidence of improved plant .
growth comes from studies of compost use for
turfgrass management. Many studies have
concluded that compost use enhances turfgrass
establishment and maintenance beyond what is
achieved through conventional practices involving
topsaoil, straw and inorganic fertilizers (Dudka et

Improved soil health?

Reduced fertilizer requirements
Pest and disease suppression
Reduced plastic waste

Replacement of peat:

¢ Improved peatland conservation
e Reduced GHG emissions

al., 1998; Evanylo et al., 2016; Ward et al., 2021).
Sullivan et al. (2003) found that a one-time
application of compost incorporated into soils

1See also Section 5 on Agricultural Benefits
2See Section 2 on Soil Health Benefits
3See Section 4 on Climate Benefits

before seeding ryegrass, followed by periodic 4See Section 3 on Water Resource Benefits

mineral N fertilizer applications after grass

cuttings, resulted in a 13% to 23% cumulative increase in grass yield over seven years in comparison to
plots that received the same N fertilization but no compost. Evanylo et al. (2016) found that after roughly
two years, one to two inches of compost incorporated into soils before turfgrass establishment resulted in
turfgrass biomass more than two times greater than either using straw mats with fertilizer or using
fertilizer alone. In Devens, Massachusetts, compost topdressing on recreational turfgrass reduced re-
seeding needs by roughly 66% over a three-year period (Hill, 2021). Additionally, compost can help
enhance turfgrass productivity by contributing to the control of both weeds and turfgrass disease (Block,
2000; Nelson, 1996). Nelson provides an overview of the potential disease-suppressing characteristics of
compost used in turfgrass management and its potential to help reduce the environmental risks of
synthetic pesticides. The key benefits of compost use to enhance turfgrass productivity can be
summarized as follows (Alexander, 2020h, 2020i; Hill, 2021; Loschinkohl & Boehm, 2001):

¢ Enhanced rate of grass establishment, growth and overall appearance

* Reduced inorganic fertilizer needs (e.g., a potential 50% or more reduction in fertilizer needed for
the first year of grass establishment, and with up to 75% of the N and P for two years of turfgrass
growth)

e Enhanced degradation of grass thatch

¢ Potential suppression of soil-borne diseases, reducing the need to apply pesticides

Figure 9 below illustrates the effect of using compost for establishing turfgrass on disturbed (e.qg., physical
destruction of soil structure and/or compaction) glacial till soil. Compost was incorporated into soils at a
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rate of 30% by volume. Four years after establishment, turfgrass quality on plots with compost remained
greater than plots without compost and surface runoff was decreased by up to 50%.

Turfgrass growth without compost Turfgrass growth with compost

Figure 9. Comparison of turfgrass established on disturbed soils, with and without compost. Photo
courtesy of Seattle Public Utilities.

Other use cases also highlight the benefits of compost use for plant productivity in horticulture. For
example, Ward et al. (2021) found that after six years, compost additions to urban forest plots increased
SOC and N stocks by 17% and 59%, respectively, relative to the initial conditions and was associated
with a 20% increase in the growth (basal area) of planted tree seedlings; in contrast, the control plots
displayed declines in SOC. Substituting conventional materials with compost in potting media can also
improve plant growth (Stoffella et al., 2016; Traversa et al., 2014). Dudka et al. (1998) found that blends
of composted biosolids and bottom ash from power plants improved the biomass and visual appearance
of marigolds when used as an alternative to a conventional potting mix made from pine bark, sphagnum
moss, peat, perlite and charcoal. Traversa et al. (2014) observed that replacing 5% to 20% (by volume) of
a peat seed germination media with compost improved the growth of switchgrass (Panicum virgatum L.)
seedlings.

6.3 Water Conservation

As discussed in Sections 2, 3 and 5 organic matter added to soils from compost applications can increase
water infiltration and soil water-holding capacity and reduce irrigation needs in landscaping and
horticulture. Compost used as a mulch for annual and perennial plants can reduce irrigation needs by up
to 70% (Ozores-Hampton et al., 2022). Using compost to establish and maintain turfgrass offers large-
scale potential for improving water conservation and can reduce irrigation requirements by up to 30%
(Ozores-Hampton et al., 2022). As an example of potential water savings, in south Texas, it has been
estimated that maintenance of sports fields and golf courses requires 20 to 30 in. of irrigation water per
year; in arid west Texas, the amount increases to 40 to 50 in. In these settings, compost use may reduce
irrigation requirements by roughly 160,000 to 400,000 gallons of water ac? yr! (Duble, n.d.).

Furthermore, the total acreage of irrigated turfgrass in the United States rivals that of irrigated cropland,
covering roughly 40 million acres (x 9 million acres) (Brown & Beecher, 2019). At a national scale, using
compost for turfgrass management could result in annual irrigation water savings on the order of
guadrillions of gallons per year (Duble, n.d.). Given that the turfgrass in urban areas is often irrigated with
potable water, there is also vast potential to use compost to reduce the demand on municipal water
resources and the energy required for water treatment (Schultze-Allen, 2010).
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6.4 Peatland Conservation

Peat is widely used in a variety of horticultural
activities, such as the cultivation of flowers, vegetable
and fruit plants, and other landscaping plants (Levis
& Barlaz, 2011; Saer et al., 2013). However,
peatlands are highly important in the global C cycle
(they contain ~33% of the SOC on Earth). Harvesting
peat for commercial uses can lead to GHG
emissions, as the C contained in peatlands is
released into the atmosphere. Compost can serve as
a substitute for much of the peat used in activities
such as landscaping, nursery and greenhouse
production, gardening, potting indoor house plants,
and erosion control (Saer et al., 2013; USGS, 2023).

Both peat and compost are often mixed with other
materials for use in growing media. Pure compost is
not used as a plant-growing medium because most
compost formulations are too porous and do not have
a sufficient water-holding capacity; plus, some
composts have elevated levels of soluble salts that
can harm plants (Ozores-Hampton et al., 2022).
Instead, the amount used for container growing
typically ranges from 5%—60% depending on the
specific application (e.g., seed mix, potted plants,
nursery stock) and plant species. Other components
of a mixture may include materials such as perlite,
vermiculite, wood chips, bark, peanut hulls and/or
coconut coir, which have minimal salt levels and
increase water-holding capacity and can decrease
the bulk density of the media (Coker, 2021; Ozores-
Hampton et al., 2022).

The Importance of Peatland
Conservation

Peatlands cover less than 3% of the Earth’s
landmass yet contain roughly 33% of its soil
carbon (Nelson et al., 2021). Peatland
draining and mining currently affects roughly
10% of global peatlands (Leifield &
Menichetti, 2018). Globally, most of the

200 million tons of peat mined in 2022 was
used as a heating fuel; however, an
estimated 1.7 million tons used in the United
States was for horticultural purposes (USGS,
2023). Whereas ecologically intact peatlands
serve as sinks for atmospheric carbon, peat
extraction undermines carbon sequestration
while also generating significant GHG
emissions (Leifield & Menichetti, 2018).
Draining and mining peatlands generates
N20 and CO2 emissions as the peat dries
out and decomposes, accelerates dissolved
carbon leaching, and leads to CO2, CO
(carbon monoxide), and CH4 emissions from
wildfires and burning of mined peat.
Substituting compost for peat in horticulture
can help conserve peatland ecosystems and
support climate mitigation efforts (Leifield &
Menichetti, 2018; Saer et al., 2013).

Levis and Barlaz (2011) concluded that substituting commercial food waste compost for peat has greater
GHG emissions and energy usage offsets than using compost for soil fertilization. In a unique study, Saer
et al. (2013) performed a life-cycle assessment of GHG emissions for peat products compared to
substitution with compost. The study evaluated the substitution of peat used on The Pennsylvania State
University grounds for horticultural activities with compost produced from food waste on the campus. The
authors conservatively estimated (i.e., a minimum emissions scenario) that this substitution would result
in a reduction of net COze emissions by 59.5%.
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Compost use enhances the ability of stormwater management and Gl practices to control the volume of
stormwater runoff and prevent pollutants from reaching lakes, streams and rivers. Compost-based
practices reduce storm runoff volumes and associated soil erosion by increasing the amount of water
infiltrated into soils, increasing the water-holding capacity of soils, and decreasing the impact of erosive
forces upon soils (Archuletta & Faucette, 2014; Faucette, 2012a; Mohammadshirazi et al., 2016;
Mohammadshirazi et al., 2017). Compost-based practices help protect water quality through physical
filtration of particulate contaminants, binding of chemical contaminants to organic matter, and facilitating
microbial degradation of contaminants such as petroleum products (Faucette, Cardoso-Gendreau, et al.,
2009; Faucette, Governo, et al., 2009; Faucette et al., 2008; Obrycki et al., 2017; Semple et al., 2001;
Vouillamoz & Milke, 2001). Practices such as compost blankets and compost filter socks are applicable to
various settings in which soils have become disturbed, compacted, stripped of vegetation, or otherwise
degraded, such as construction sites, roadsides and vacant lots. Furthermore, most of the stormwater
management challenges in urban areas can be traced back to the cumulative extent of surfaces (e.g.,
asphalt, concrete) that are impervious to precipitation and stormwater runoff. In this regard, stormwater
management strategies seeking to increase the extent of permeable ground surfaces in urban areas
increasingly rely on compost use. Compost use also supports the development of climate-resilient
practices with a focus on nature-based solutions. This section summarizes scientific research about
compost use in stormwater management and Gl, with an emphasis on research examining the
substitution of conventional stormwater management materials with compost.

Figure 10. Green infrastructure for filtering stormwater
coming off a bridge in Seattle, WA. Photo courtesy of
Seattle Public Utilities.

Section 7. Green Infrastructure and Stormwater Management e 3/



7.1 Green Infrastructure and Stormwater Best
Management Practices

Uncontrolled stormwater runoff is one of the biggest contributors to water pollution in urban areas and can
cause overflows of combined sewer systems. Stormwater management aims to prevent or reduce
flooding and water quality problems associated with storm runoff from rooftops, roadways, parking lots
and physically disturbed or compacted soils (e.g., from the construction of roadways and buildings). Many
conventional urban stormwater management practices (e.g., retention basins, stormwater conveyances)
do not involve any natural filtration or treatment of stormwater runoff. This results in repeated delivery of
pollutants to water bodies.

Compost can be used in a variety of Gl and stormwater BMPs, including incorporation into soils or use in
compost blankets, compost berms, bioretention media and compost filter socks. The EPA’s menu of
stormwater BMPs for the National Pollutant Discharge Elimination System includes various compost-
based practices (EPA, 2022b; Tyler et al., 2011):

e Compost blankets e Green roof systems

¢ Soil amendment for vegetated filter e Compost socks for channel protection,
strips streambank stabilization, slope

e Engineered soils within stormwater stabilization, level spreaders, vegetated
filtration devices gabions and biofiltration systems

e Bioswale soil amendments o Compost for vegetated retaining walls

e Rain gardens e Compost grout

Figure 12 summarizes the main benefits of compost use in stormwater management and Gl practices.
Compost use helps to “keep rain where it falls” by improving the water-holding capacity and infiltration
rate of Gl, such as bioswales and rain gardens (Chapman et al., 2022; Kong et al., 2015). For example,
the City of Seattle’s Street Edge Alternative Project infiltrated street runoff into vegetated bioretention
cells with soils enhanced by compost; this reduced stormwater runoff from a street by 99% and improved
water quality protection.

Figure 11. Street-side bioretention swales with compost-amended soils, across an
area of 34 city blocks in Seattle, WA. Photo courtesy of Seattle Public Utilities.
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BENEFITS OF COMPOST USE

e

—Nee
LAND WATER ——
Reduced soil density & Reduced soil erosion Decreased Increased carbon
compaction Compost incorporated stormwater runoff sequestration in soils
8-35% decrease in soil into soils: Compost blankets (both US. urban lands:
bulk density observed 79% less soil erosion seeded & non-seeded): 3 million tons C per year
than seeding & inorganic 24-35% lower runoff cumulative sequestration
Increased soil fertilizer alone relative to conventional potential
organic matter Compost blankets: pradlices (e,
up to 97% less soil hydroseeding, straw or Increased resilience
Increased soil fertility SR e wood mulch blankets) to impacts from heat,
topsoil/straw/inorganic drought & flooding
Improved water fartilizes Reduced surface
infiltration, soil water pollution Improved resilience
water-holding capacity Improved nutrient &groundwater of water quality &
& water retention management contamination water quantity
59-125% increase in water  Vegetation establishment: Compost filter socks-
infiltration observed 50-100% reduction in pollutant reduct/pns: 75%
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of beneficial soil products;
organisms el::g:l,l‘;:‘m.::: ; 32-72% for heavy metals;
growth 65% for P;
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degradation of " Shan hydroseeding 16x less sediment and 5x
pollutants in soil S er S morths less P in runoff compared
to hydroseeding
Improved
water conservation
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savings
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Figure 12. Summary of key benefits for stormwater management and Gl from compost use.
Sources — Soil: Mohammadshirazi et al. (2016); Mohammadshirazi et al. (2017); Land:
Faucette, Cardoso-Gendreau, et al. (2009); Faucette (2007); Faucette et al. (2005); Logsdon
et al. (2017); Pitt et al. (1999); Water: Faucette, Cardoso-Gendreau, et al. (2009); Faucette
(2007); Faucette et al. (2005); Mukhtar et al. (2004); Climate: Brown, Miltner, et al. (2012).

Compost-based practices can be more effective than conventional practices at reducing stormwater
runoff volumes and filtering pollutants (Alexander, 2005, 2017, 2020k; Brown et al., 2017; Faucette et al.,
2013; Governo et al., 2003; Ozores-Hampton et al., 2022). Table 5 summarizes observations about
compost-based BMPs and effects on pollutants in urban stormwater.
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Table 5. Effects of compost use on pollutant reductions in urban environments. Source: adapted from Kranz

et al. (2020).2
Compost
application rate
Compost | Compost practice and (application ~ Time
Soil type | feedstocke | (incorporation depth)d depth) (years)t Effectss Reference
N/A Unknown | Compost filter sock, N/A N/A | E. coli: 75% reduction; Faucette,
with anionic polymers petroleum products: 43%— Cardoso-

99% reduction; heavy metals: | Gendreau, et
32%~—72% reduction; P: 65% | al. (2009)
reduction; NOs: 11%
reduction; ammonium (NHa)+:
17% reduction

Sandy loam | Mixed Compost incorporated | 2:1 soil: compost <1 | Surface flow: decreases in Pitt et al.
into soil, seeded with by volume mass export of TN (31%), TP |(1999)
grass species (50%), Al, Ca, CI, Cu, Fe, K,
(no data) Mg, Mn, Si, Zn

Subsurface flow: increases in
mass export of TN (50%), TP
(50%), Cu (20%); decreases

in export of Al, Fe, Zn

Glacial il |Yard Compost tilled 2-4 in. | Year 1: 134 t ac 4 Relative to seeding and Logsdon et
soils trimmings | into soil, seeded with wet wt. inorganic fertilizer use: 79%  |al. (2017)
grass species, plus 0.5 (2in)e decrease in sediment loads:
in topdressing of 86% decrease in ortho-P
compost in year 3 Year 3: 34 tac loads in runoff
wet wt.
(0.5in)

Notes: N/A = not applicable; NO® = nitrate; in. = inches; t ac “'wet wt.= tons per acre wet weight; TN = total nitrogen; TP = total phosphorus.

a All studies are in a non-agricultural setting.

b Soil textural class recorded when provided in original source material. When soil taxonomic names or soil series were given in source material,
the Web Soil Survey was used to determine the textural class.

¢“Yard trimmings” compost is used here to refer to compost derived from lawn clippings, leaves and potentially wood. “Mixed” compost is used
here to refer to compost derived from either sawdust and MSW (organic fraction) or yard trimmings.

dincorporation includes multiple mechanical methods of mixing compost with soil.

¢ The application rate (wet wt.) is an approximation based on a conversion from application depth to mass per unit area, based on an assumed
density of 1000 pounds per cubic yard following Table 16.6 in Ozores-Hampton et al. (2022).

fTime in years after the initial compost incorporation into the soil. If multiple measurements were taken over time, the longest time span since the
initial application was used.

9For Pitt et al. (1999), represents paired site comparisons to a no-compost control. For Logsdon et al. (2017), represents comparison to seeding
and a 10-20-10 inorganic fertilizer applied in years 1 and 3 at a rate of 152 Ibs ac™. Statistics were taken from the papers, and the percent
changes were calculated from the data presented in the papers. The percent changes were calculated from the last time point available, which is
reported in the preceding column.

7.2 Common Compost-Based Practices

As noted previously, a number of green infrastructure and stormwater practices use compost to reduce
runoff and filter pollutants. The following subsections summarize research comparing the performance of
three common practices (compost blankets, bioretention systems, and compost filter socks) utilizing
compost as a replacement for conventional materials used in stormwater control and water quality
protection.
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7.2.1 Compost Blankets

Compost blankets consist of a thin layer (e.g., 1-2 inches) of compost applied to a soil surface to reduce
stormwater runoff and soil erosion. Studies indicate that compost blankets (and compost incorporated into
soils) are effective at reducing stormwater runoff volumes and offer advantages over conventional
practices. Faucette et al. (2005) compared the effectiveness of compost blankets with compost filter
berms to that of hydroseeding and either silt fence or mulch filter berms on construction sites in Georgia.
The seeded! compost blankets with filter berm treatments displayed reductions in runoff of up to 3.5 times
less during the first storm and up to 16 times less during the second storm relative to the hydroseed and
silt fence practice. Additionally, cumulative peak stormwater runoff rates for all compost treatments were
25% lower relative to the two conventional hydroseeding practices. Beighley et al. (2010) reported that 1-
and 2-inch thick non-seeded compost blankets on slopes underlain by netting or a wood (“excelsior”) fiber
blanket (to inhibit compost sliding downslope) were effective at reducing surface runoff relative to other
techniques, including the control (bare soil), thinner (0.5 in.) compost blankets, compost blankets without
netting or fiber blankets, coconut fiber blankets, and straw-net blankets. Faucette (2007) reported that soil
on a Georgia construction site treated with seeded compost blankets (1.5 inches deep) absorbed 80% of
a 4-inch simulated rainfall event and reduced runoff stormwater volume by 60%; in contrast, wood muilch
blankets reduced runoff by 34%. Research conducted at Texas A&M for the Texas Commission of
Environmental Quality indicated that 2-inch non-seeded compost blankets on clay soils subjected to 3.6
inches of rainfall reduced the mean stormwater volume by 35% (and as much as 67%) (Mukhtar et al.,
2004).

Compost blankets are also reported to be more effective at
reducing soil erosion and facilitating vegetation establishment Key Advantages When Compost

than conventional erosion control practices such as Replaces Conventional Materials
hydroseeding and straw/seed/fertilizer treatments (Bakr et al., in Gl and Stormwater Control
2012; Evanylo et al., 2016; Faucette, 2007; Faucette et al., Practices

2006). In a simulated rainfall experiment in Georgia, Faucette
et al. (2005) found that total suspended solids loads in runoff
from seeded compost blankets with compost filter berms were
up to 3.5 times less during the first storm and up to 16 times
less during the second storm relative to a conventional Improved plant growth
practice of hydroseeding and silt fence. One key advantage is Increased carbon

that compost blankets allow for plant growth and can remain in sequestration?

place along roadways (or other sites), while practices like Reduced stormwater runoff
woodchip blankets may need to be removed once construction e Reduced soil erosion

projects are complete. e Reduced need for inorganic
fertilizers

Improved soil health?
Improved water infiltration
Improved water quality

The establishment of vegetative cover is important to prevent

erosion and help control sediment losses in runoff. Faucette et 1See Section 2 on Soil Health Benefits

al. (2006) found that seeded compost blankets enabled faster 2 See Section 4 on Climate Benefits
vegetation growth on soils that had been construction sites

compared to hydroseeding. Compost blankets provided an

average of 2.75 times more vegetative cover than hydroseed after three months, and they led to a
substantial decrease in weeds. A three-year field study compared the effects of various one-time compost
applications on soil properties and revegetation of a degraded urban soil site (stripped of topsoil and
compacted by construction) in Virginia. The compost-treated soil maintained a higher C, N, K, Ca and Mg,
a reduced bulk density, and better turfgrass growth than the fertilizer-treated controls, demonstrating that
compost improves soil properties and vegetative growth. The benefits increased with time and were

1 Seed can be incorporated into the compost before application (seeded compost blankets) or broadcast on the
compost blanket after installation (non-seeded compost blankets). Typically, seeded compost blankets are used to
ensure even distribution of the seed throughout the compost and to reduce the risk of the seed being washed from
the surface of the compost blanket by stormwater runoff CWC. (n.d.). Compost Blankets. Crow Wing County.
Retrieved August 1, 2023 from https://www.crowwing.gov/DocumentCenter/View/739/Compost_Blankets1?bidld=.
Also, seed germination may be quicker in seeded blankets, which may result in a shorter time period until: vegetation
cover reduces exposure of the compost blanket to precipitation and runoff; plant roots can help stabilize the soil; and
plants can uptake water and nutrients.
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associated with application rate: a higher compost application rate maintained a higher soil N and C
concentration (Evanylo et al., 2016).

Studies show mixed results when comparing nutrient retention by compost blankets to conventional
practices such as topsoil placement, straw mulch and hydroseeding. Mukhtar et al. (2004) found that non-
seeded compost blankets made from dairy manure compost reduced total Kjeldahl N and P losses by
69% and 71%, respectively, relative to a conventional practice of applying inorganic fertilizer to bare soil.
Faucette et al. (2005) compared TN, NOs, TP and dissolved reactive P (DRP) loads in runoff among
seeded compost blankets derived from different materials and hydroseeding (containing inorganic
fertilizer) with either a silt fence or a mulch berm after one day, three months and twelve months. The
compost blankets were derived from either poultry litter, biosolids, OFMSW, or yard trimmings. Runoff
was produced by simulating rainfall at a rate of 3.1 in. hr! for a duration of one hour, which is equivalent
to a one-hour storm event with a 50-year return period for the study site in Georgia. Immediately following
placement, but before vegetation establishment, the four compost blankets showed lower TP and DRP
export, except for the biosolids compost blanket, which showed no differences compared to hydroseeding
with silt fence (likely because biosolids tend to contain more P than other composts, unless blended with
feedstocks having low levels of P (Stehouwer et al., 2022)). Results for TN and NOs were mixed, with
yard trimming compost consistently showing lower N export and biosolids compost showing consistently
greater N export. Results for three and twelve months after installation showed no differences in nutrient
loads among treatments, except after twelve months when the poultry litter compost blanket showed a
significantly lower NOs load than hydroseeding with a berm, and the biosolids compost blanket showed a
significantly greater DRP load than either hydroseeding treatment. Table 6 below summarizes the relative
differences in average nutrient loads from the compost blankets relative to hydroseeding with a mulch
berm and hydroseeding with a silt fence immediately following the practice installation.

Table 6. Comparison of TN and TP loads in runoff from different types of compost
blankets relative to hydroseeding treatments. 12

Nutrients in Runoff
Prior to Vegetation Establishment

NOs
Compost Blanket Type A A
Poultry litter compost? NS NS NS [ NS L L L L
Wastewater solids compost? H H H H L NS L NS
OFMSW compost NS H L L L L L L
Yard trimmings compost L L L L L L L L

Notes: TN = total nitrogen; NOs = nitrate; TP = total phosphorus; DRP = dissolved reactive phosphorus; OFMSW =

organic fraction of municipal solid waste

T Columns marked with “A” indicate comparisons to hydroseeding with a mulch berm; Columns marked with “B” indicate
comparisons to hydroseeding with a silt fence.

2“NS” represents no statistically significant difference; H indicates that loads from compost blanket were significantly greater
than loads from a hydroseeding treatment; L indicates that loads from compost blanket were significantly less than loads
from a hydroseeding treatment. The statistical significance of comparisons is likely to have been influenced by a low number
of replicates and high variability in N and P loads.

3Poultry litter compost blankets and wastewater solids compost blankets were blended with wood mulch on a 1:1 volumetric
basis; gypsum (CaSO4) was mixed with the poultry litter compost on a 1:20 volumetric basis to reduce P losses.

Owen et al. (2020) found that most compost-containing treatments (produced from either biosolids or yard
trimmings) reduced N and P export relative to the standard topsoil with straw mulch treatment, which
received inorganic fertilizer (N:P:K ratio of 20:16:12) at a rate of 2000Ibs ac* N/K/P. The most effective
treatments were 1:2 compost-topsoil blends and pure compost with straw mulch, with export reductions
ranging up to 92% for N and 76% for P. The exception was a 2:1 biosolids compost-topsoil blend with
straw mulch, which displayed a 36% increase in N export and a 15% increase in P export; it was
recommended that this treatment not be used to replace the standard topsoil treatment for slope
stabilization along highways. Biosolids compost tends to contain a higher level of inorganic nutrients than
other composts, such as yard trimmings compost, which may explain the increase in nutrient export
(Faucette et al., 2005); note that for applications such as stormwater control, biosolids and other
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feedstocks with relatively high nutrient levels (e.g., food waste) can be blended with low nutrient
feedstocks to reduce the risk of nutrient loss in runoff.

Owen et al. (2021) examined nutrients in runoff from various compost and compost-topsoil blends
compared to a conventional topsoil treatment on a highway construction site with steep slopes (71% +
20%). There was an initial flush of N and P in runoff from all sites, with compost treatments displaying
higher concentrations than the conventional topsoil treatment. Relative to the conventional topsoil
treatment, only the biosolids compost produced a lower runoff volume. The reduced volume of runoff
associated with the biosolids compost treatment resulted in an overall reduction in P export and no
difference in N export relative to the conventional topsoil treatment. The biosolids compost treatment had
the coarsest particle size among all treatments (median diameter = 0.09 in. versus 0.07 in. for the
conventional topsoil treatment). Greater N and P concentrations in runoff combined with increases in
runoff volume for all other compost-containing treatments resulted in greater nutrient export compared to
both the conventional topsoil and biosolids compost treatments.

Figure 13. Erosion control study in Upper Marlboro, MD that compare the effects of compost blankets
composed of various biosolids and yard waste compost mixtures on grass cover and sediment retention
on steep slopes. Photo by Dylan Owen. Research sponsored by Maryland Department of Transportation -
State Highway Administration.

7.2.2 Bioretention Systems

A bioretention system is a landscaped depression in the soil surface that collects and filters stormwater
runoff from impervious surfaces such as roadways and parking lots. When used as a filter medium in
bioretention systems, compost improves the treatment of stormwater runoff, removing sediment and
increasing the CEC of bioretention media, thereby increasing the binding of contaminants (Alexander,
2020a; Davis et al., 2022). Jay et al. (2019) reported that bioretention media containing compost and
other materials (including biosolids, sawdust and oyster shells) removed 84% to 100% of petroleum
hydrocarbons from highway runoff. Such uses have also been found to decrease the leaching of
pesticides and facilitate microbial-mediated degradation of petroleum hydrocarbons (Alexander, 2020a;
USCC, 2008). These examples highlight compost use as a key component of Gl that helps to protect
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surface and groundwater from a variety of pollutants associated with runoff from roadways and other
impervious surfaces such a parking lots (Governo et al., 2003; USCC, 2008, 2022a).

Figure 14. Compost-amended bioretention cascade along a residential street in Seattle, WA, with mulch,
compost, plants and trees to support stormwater capture and filtration.

7.2.3 Filter Socks

A compost filter sock is a tubular mesh bag that is filled with compost and placed on the ground to
intercept and filter stormwater runoff. Numerous studies report that compost filter socks are effective at
removing pollutants such as nutrients, sediment, heavy metals, E. coli and oil from urban stormwater
runoff (Faucette et al., 2013, Faucette et al., 2009c, Faucette et al., 2009d). They can be placed in
various locations to intercept runoff and trap sediment and have been found to be more effective at
trapping sediment than conventional mulch filter berms and straw bales. In a controlled experiment using
simulated runoff, Faucette, Governo, et al. (2009) reported that compost filter socks removed 84% to 88%
of total solids loads and performed better than mulch filter berms (63.5% removal) and straw bales
(71.3% removal).

7.3 Revegetation

Compost-based practices also have substantial value for controlling soil erosion and enhancing
vegetation establishment for long-term soil stabilization on construction sites, along roadways and at
former industrial sites (Basta et al., 2016; Brown, 2020; Kranz et al., 2020). The key compost-based
practices for revegetation efforts are soil incorporation and compost blankets.

Compost use is particularly valuable for revegetation of areas with extensive disturbance, such as
highway construction projects (Brown et al., 2009). Compost alleviates associated poor soil conditions
(e.g., high bulk density, low porosity, low organic matter), promoting vegetation establishment and growth
(Evanylo et al., 2016). Often, these sites are revegetated through conventional techniques, such as tillage
or topsoil placement, mulching with straw, and applying hydroseeding formulas containing inorganic
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fertilizers. Incorporating compost into soils that have been physically disturbed (e.g., topsoil removed
and/or compacted) can improve the health of soils and the success of revegetation efforts beyond the
results achieved through conventional practices to reduce potential erosion and sediment losses.(Evanylo
et al., 2016). Often, these sites are revegetated through conventional techniques, such as tillage or
topsoil placement, mulching with straw, and applying hydroseeding formulas containing inorganic
fertilizers. Incorporating compost into soils that have been physically disturbed (e.g., topsoil removed
and/or compacted) can improve the health of soils and the success of revegetation efforts beyond the
results achieved through conventional practices to reduce potential erosion and sediment losses.

Owen et al. (2020) conducted a greenhouse experiment comparing the standard topsoil/straw/fertilizer
treatments for revegetating and stabilizing highway embankments with alternative treatments containing
various blends of compost and topsoil with straw mulch. Compared to the standard topsoil treatment,
compost and topsoil-compost blends reduced average sediment mass export by 73.2% to 97.0%. There
was no significant difference in vegetative cover among the treatments, with all displaying cover greater
than 95% after 60 days. Owen et al. (2021) suggested that a layer of straw mulch can improve erosion
control when using compost treatments, particularly on sites with greater soil slopes. In clay loam soils
along a highway outside of Detroit, Michigan, Dubelko et al. (2022) compared vegetation establishment
following treatments of tillage only, a 3 in. application of municipal yard trimmings compost, and 3 in. of
compost tilled into the soil; all plots also received 3 in. of fine hardwood mulch. Tillage had no significant
effect on plant establishment. The addition of compost decreased bulk density by roughly 30%, improved
the soil pH, and was associated with increased plant survival, cover, height and plant foliar nutrient
content. In a similar study examining the effects of compost on revegetation and runoff water quality at an
urban construction site in North Carolina, compost made from yard trimmings improved vegetation
establishment relative to a control treated only with soil tillage and did not alter the amount of nutrients in
runoff water (Kranz et al., 2022).

7.4 Nutrient Losses

Compost-based practices prevent nutrient losses by reducing runoff volumes, but when the water-holding
and/or infiltration capacity of the compost-amended soil is exceeded, substantial leaching of soluble
nutrients from compost can occur in the short term (Davis et al., 2023). Studies such as Owen et al.
(2021) indicate that factors such as the compost texture, site soil slope and precipitation patterns may
influence how much runoff occurs, thereby influencing the potential for nutrient export. In addition, when
considering substituting compost for a conventional practice that would introduce lower amounts of
nutrients onto a site, a number of other factors should also be considered, including the N and P content
of compost, the C:N ratio of the compost, soil characteristics, compost application methods, revegetation
methods and the susceptibility of the watershed to nutrient pollution (Davis et al., 2023).

Nutrient leaching from compost blankets is usually a minor concern because the reduction in stormwater
runoff volumes results in more nutrients being retained on-site relative to conventional stormwater and
erosion control practices that use inorganic fertilizers (Faucette, 2023). The growth of plants seeded in
the compost blankets will also further reduce runoff and will uptake N and P from the compost blankets,
thereby reducing the pool available for transport (Faucette et al., 2005). However, to help minimize N and
P losses from compost blankets, it is recommended to use composts that have a high proportion of
organic C and a low proportion of inorganic N, as well as high levels of organic C, organic matter and Ca
(e.g., added gypsum) (Faucette et al., 2005).

Compost used as a media in stormwater bioretention systems and green roofs can also be a source of
nutrient leaching (Brown et al., 2015; Jay et al., 2017; Jay et al., 2019; Owen et al., 2021). However,
sorbents added to compost used as a media in stormwater filtration practices can increase N and P
capture and retention (Brown et al., 2015; Faucette et al., 2013). For example, water treatment residuals
containing iron can substantially reduce the amount of P leached from Gl (Jay et al., 2017). Additional
research is needed to improve the understanding of compost’s role in nutrient cycling in green roof
systems and the associated potential for leaching (Buffam & Mitchell, 2015).
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Through its ability to bind contaminants and reduce their mobility within the soil, compost enhances the
remediation of sites contaminated by harmful substances, including heavy metals, petroleum products
and salts (Alexander, 2005, 2020j; Ugarte & Taylor, 2020; USCC, 2008). Compost can, therefore,
increase the success of revegetation efforts on sites where contaminated soils inhibit plant establishment
and growth (Brown et al., 2005; Solis-Dominguez et al., 2011). Figure 16 summarizes the main benefits
of compost use for contaminated site remediation.

This section provides a brief overview of scientific findings on how compost can be used to support
contaminated site remediation. In 2007, EPA published a report entitled The Use of Soil Amendments for
Remediation, Revitalization, and Reuse which serves as a guide on using compost and other soil
amendments to remediate a variety of types of soil contamination (EPA, 2007).

—_——

. z R N
~ “Ridge and Furrow \ ~" Standard Farming ,

Figure 15. Differences in vegetation growth across test plots for remediating mine tailings at Henry’s Knob
Superfund site in South Carolina. Left: ridge and furrow test plot, a conventional remediation practice.
Right: vendor test plot with vendor-supplied amendments (right). Middle: Standard farming test plot, which
used leaf compost and raw manure to add organic matter and showed the best results.

8.1 Heavy Metals

Compost use can help reduce the bioavailability of heavy
metals in soils (Brown, Clausen, et al., 2012; EPA, 1997).
For example, aluminum is precipitated at soil pH levels of
five or above; below a pH of five, toxic aluminum ions

dissolve into the soil solution. Compost incorporation can

Key Advantages when Compost
Replaces the Conventional
Remediation Technique of
Capping Soil with Topsoil

shift soil pH toward neutral, binding aluminum ions to the ¢ Reduced soil toxicity

organic matter provided by the compost, thereby reducing * Reduced surface runoff

aluminum mobilization (Ho et al., 2022). * Reduced pollutant transport
e Reduced soil erosion

Compost use has been observed to reduce the toxicity of e Improved soil health!

urban soils contaminated by heavy metals, such as lead e Improved vegetation

(Pb) paint and emissions from smelting facilities (EPA, establishment and growth

1997). Compost containing a high iron content (e.g., due e Improved water conservation?

to the addition of water treatment residuals) has been e Increased carbon

found to enhance the immobilization of Pb and arsenic in sequestration3

contaminated soils (Brown, Clausen, et al., 2012; Brown

et al., 2005; Solis-Dominguez et al., 2011). 1See Section 2 on Soil Health Benefits

2See Section 3 on Water Resource Benefits
3See Section 4 on Climate Benefits
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Brown et al. (2014) found that a mixture of biosolids, mushroom and biosolids composts, and limestone
could be used as an effective replacement for topsoil in revegetating and remediating Pb and Zn mine
wastes in Missouri. Not only did the amendment perform similarly to topsoil in terms of increasing nutrient
availability and soil physical properties, but there was evidence that it ameliorated the toxicity of metals.
Recent research indicates that compost-biochar mixtures perform better at ameliorating metals’ toxicity in
soils than either material alone (Qian et al., 2023). Brown and Chaney (2016) report various studies in
which compost has been used to reduce metal bioavailability and reestablish ecosystem functions in soils
degraded by the mining of metals (e.g., soils with low levels of organic matter, physical disturbance,
compaction and/or contamination). Using compost to amend soils with low levels of contamination can be
a more cost-effective remediation strategy than conventional approaches, such as removing and
replacing contaminated topsoil (Ugarte & Taylor, 2020). Substituting compost for topsoil used in mine
waste remediation may also have broader ecosystem and climate benefits. The previously mentioned
Brown et al. (2014) study concluded that the use of a biosolids, compost and limestone amendment was
more sustainable than the use of harvested topsoil due to the slow rate of natural topsoil formation. It was
also estimated that using the amendment could result in a substantial reduction in GHG emissions largely
because the convention in Missouri at the time was to incinerate the majority of biosolids produced.

CONTAMINATED SITE REMEDIATION

BENEFITS OF COMPOST USE
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& compaction

Increased soil
organic matter

Increased soil fertility
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Figure 16. Summary of key benefits contaminated site remediation from compost use. Sources —
Soil: Brown, Clausen, et al. (2012); Land: Stoffella et al. (2016); Climate: EPA (2011).
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8.2 Bio- and Phytoremediation

Compost supports a wide range of microorganisms, including bacteria, fungi and actinomycetes, some of
which can degrade toxic organic contaminants (such as pesticides, petroleum products and
polychlorinated biphenyls [PCBs]) in the soil (Semple et al., 2001). Adding compost to soils contaminated
by toxic organic compounds accelerates the remediation process by enhancing the biological
communities capable of degrading the organic pollutants (Coker, 2006; Obrycki et al., 2017; USCC, 2008;
Vouillamoz & Milke, 2001). In Ohio, incorporating compost and dredged lake sediments into residential
soil contaminated with PAHs (at a 1:1:1 ratio) was found to reduce the concentration of benzo(a)pyrene in
the soil (Obrycki et al., 2017). Mixtures of compost and woodchips incorporated into soil have been
observed to accelerate the degradation of Dicamba, a pesticide used to control weeds (EPA, 1997). As
an alternative remediation technique, soils contaminated with organic compounds are sometimes
excavated and mixed with compost feedstocks to accelerate the degradation of the contaminants through
the composting process (Coker, 2006). For example, at the Seymour Johnson Air Force Base in North
Carolina, compost has been mixed with excavated soils contaminated by aircraft fuel spills and leaking
underground petroleum product storage tanks to accelerate the remediation process. The compost-based
remediation technique replaced a more expensive process of hauling the contaminated soils to a facility
where the soil was incinerated to remove the petroleum products (EPA, 1997).

Compost applications to contaminated soils also facilitates the establishment and growth of plants that
support remediation efforts. This includes plants that are capable of absorbing and accumulating
contaminants such as heavy metals from the soil, a process called phytoremediation, which can then be
removed from the site (Ducey et al., 2021; Gonzalez et al., 2019). However, research on the value of
compost-supported phytoremediation is ongoing, and its practicality has yet to be proven.

8.3 Marine Sediments

Compost has also been used to mitigate the salinity of marine sediment associated with dredging, making
it more suitable for land application and vegetation establishment. Such sediments have a high salt
content, which adversely affects seed germination and subsequent plant growth. Stofella et al. (2016)
evaluated the effects on plant establishment when compost was mixed with dredged marine sediments in
South Florida. A biosolids and yard trimmings compost mixture (ratio of 20:80) was used to amend the
dredged sediment. The sediment contained < 5% total C, 0.3% TN and a large concentration of salts (>
2%). Not only did the incorporation of compost into the sediments dilute the salt content, but it also shifted
the pH towards neutral and substantially increased the organic matter, nutrient content and water-holding
capacity. The study also found that a thin compost layer (0.5 in) on top of the sediment mixtures
significantly improved seed germination with a germination rate of > 70% in mixtures with 80% or less
marine sediment.
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The health of ecosystems such as forests, grasslands and wetlands depends on soil health. Compost is
well-suited to support conservation and restoration activities due to its proven ability to improve soil health
(Magdoff & Van Es, 2021). When compost is manufactured from residual organic materials (such as
forest harvest residues) derived from within the region in which it will be used, it promotes nutrient
circularity, as described in Section 6. Figure 17 summarizes the main benefits of compost use for
ecosystem conservation and restoration.
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Figure 17. Summary of key benefits for ecosystem conservation and restoration from compost use.
Sources — Soil: Meyer et al. (2001); Ryals and Silver (2013); Trlica and Brown (2013); Land: Crohn et
al. (2013); Leifield and Menichetti (2018); Meyer et al. (2001); Ryals and Silver (2013); USCC (2008);
Water: Meyer et al. (2001).
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9.1 Ecosystem Restoration

Compost has utility for a variety of ecological restoration

projects. It has been used to improve soil health in semi-arid Key Advantages of Compost Use
grasslands (Otuya et al., 2021; Ryals & Silver, 2013) and to for Ecosystem Conservation and
facilitate the reclamation of former coal mining sites (Brown Restoration

et al., 2009). At surface coal mines in Pennsylvania, the use

of composted biosolids was found to increase C storage in e Improved soil health!

the upper 6 inches of soil by 41% while also resulting in an e Improved water conservation?
equivalent content of soil N relative to reclamation that used e Improved water quality

only topsoil and inorganic fertilizer (Trlica & Brown, 2013). protection

The authors suggested that this enhancement of soil health e Increased carbon sequestration3
can accelerate the reforestation of reclaimed mines, which o Improved plant growth

will contribute to the provision of ecosystem services such e Enhanced habitat and

as climate regulation, water quality protection and biodiversity

recreational activities. e Reduced surface runoff

. S S " o Reduced soil erosion
Of particular significance, compost assists in activities

related to protecting, reclaiming, or creating wetlands, which e Alee Saalen 2 an Sel Heali Banais

are commonly affected by transportation corridors. Rich in 2 See also Section 3 on Water Resource
organic matter and microbial populations, compost and Benefits
soil/lcompost blends closely simulate the characteristics of 3 See also Section 4 on Climate Benefits

wetland soils, thereby encouraging the re-establishment of

native plant species (USCC, 2008). Compost use also facilitates vegetation re-establishment and growth
in riparian buffers along streams, helping to stabilize streambanks and reduce streambank erosion
(Faucette, 2009). The restored vegetation (and compost) filters pollutants from runoff, provides shade that
inhibits water temperature increases, and improves aquatic habitat for fish and other aquatic organisms
by providing wood and detritus inputs (Dosskey et al., 2010; Gregory et al., 1991; Naiman & Décamps,
1997). Additionally, compost products do not disrupt wildlife migration patterns or trap wildlife, as
observed with some conventional ecological restoration materials, such as fiber netting-based materials
used in soil stabilization (Faucette, 2009).

9.2 Ecosystem Services

Through improving soil health, compost use promotes a variety of “ecosystem services” (Potschin &
Haines-Young, 2016). Compost use supports Provisioning Services by enhancing the production of food,
forage, fiber and freshwater from ecosystems. It supports Regulating Services by enhancing ecosystem
processes that affect air quality, soil quality, C sequestration and hydrologic cycles. For example,
healthier soils have less surface runoff contributing to flooding and erosion (Basche, 2017) and water
quality impacts (Lewandowski & Cates, 2023). Also, compost use that increases C sequestration in the
soils supports ecosystem sustainability and climate mitigation (Gravuer et al., 2019). Compost contributes
to Supporting Services by facilitating the development and maintenance of habitat for soil organisms,
plants and wildlife and associated biological diversity (Faucette, 2009; Magdoff & Van Es, 2021). In turn,
biodiverse soil and plant communities improve habitat for a wide range of wildlife species, which notably
includes important pollinators such as native bees, moths and butterflies (Magdoff & Van Es, 2021). By
supporting these ecosystem services, compost use can also enhance Cultural Services such as
opportunities for recreation and aesthetic appreciation.

9.3 Wildfire Resilience

Compost supports ecosystem recovery following wildfires. The risk of wildfire, particularly in the western
United States, is increasing with the changing climate. Where wildfires have damaged soils, compost use
improves soil health and vegetation establishment, supporting the restoration of the natural ecosystem
(Crohn et al., 2013; McFarland, 2009; Meyer et al., 2004). This helps accelerate the recovery of fire-
damaged lands by providing essential nutrients to vegetation and reducing runoff and soil erosion. Meyer
et al. (2001) found that after seven simulated rainfall events with 2-inch accumulations on plots within a

burned area in Colorado, compost incorporated at 18 t aclin gravely clay loam and gravely sandy loam
soils reduced the mean stormwater runoff by 77%, while the percent of total rainfall retained was
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increased to 94% from an initial 64%. Crohn et al. (2013) measured the effects of compost treatments on
runoff and water quality using soil plots within an area where a controlled burn had been recently
conducted. Treatments consisted of 1- or 2-inch depths of either biosolids/livestock bedding or yard
trimmings compost that applied as a surface mulch or incorporated into the soil. Averaged across all
compost treatments, compost reduced surface runoff by 86% and total suspended solids by 80% relative
to the untreated control plots. Compost treatment reduced suspended metals (Cadmium [Cd], Chromium
[Cr], Cu, Ni, Pb and Zn) loads in runoff by 93% to 95%, although dissolved metals losses were not
significantly different than the control plots. For nutrients, compost treatments reduced average dissolved
P, suspended P, and NOs losses by approximately 72%, 98%, and 73%. These results suggest that
compost may have utility for protecting aquatic ecosystems and reducing the risk of contamination to
drinking water supplies from pollutants following wildfires.

On a global scale, wildfires in boreal peatlands can potentially result in large GHG emissions (Nelson et
al., 2021). Hydrologically intact peatlands have less risk of wildfire than those that have been fragmented
or physically disturbed, particularly through drainage and subsequent mining (Granath et al., 2016;
Nelson et al., 2021). Relying on peat as a resource for agricultural and horticultural production, therefore,
increases the risk of wildfires and their associated GHG emissions (See Section 6.4 for further discussion
on the importance of peatland conservation). Substitution of compost use for peat use is a practical
means for decreasing this risk and can play a role in restoring soil health following wildfires.
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Feedstocks are the raw materials used to manufacture compost, and they can include a wide variety of
organic materials. Each feedstock has its own unique chemical and physical properties that influence the
final compost product and can affect its utility for subsequent uses. This section provides an overview of
common feedstock types and their influence on compost characteristics. A brief overview of composting
methods is provided, although a comprehensive review of composting processes and considerations is
beyond the scope of this report. The compatibility of different feedstocks for specific environmental
functions is also discussed.

10.1 Compost Production Methods

Commercial compost is typically produced in under moderately high “thermophilic” temperatures
(generally 130-160 °F) (NRCS, 2010). Thermophilic compost can be produced using slightly different
methods, as described below (EPA, 2023f; NRCS, 2010). Choosing a thermophilic composting method
depends on type, characteristics and volume of feedstocks together with available equipment and space,
economic/technical feasibility, the composting period length, and the target compost quality (EPA, 2023f,
2023h; Le Pera et al., 2022). Regardless of the thermophilic method used, a final curing phase is
necessary to ensure that a compost has adequate stability. See Section 11.1 for more information on the
importance of compost stability.

10.1.1 Thermophilic Methods

The following subsections summarize three common methods of thermophilic compost manufacturing—
in-vessel, static pile, and windrow composting. Differences between these methods are related to the
volume and dimensions of the feedstock piles, and sometimes, the method in which the piles are aerated.

10.1.1.1 In-Vessel Composting

This method uses a container (e.g., drums, bins, concrete-lined trenches, silos), which range in capacity
from tens to hundreds of cubic yards for commercial composting units, although in-vessel composting is
best-suited for relatively small volumes of materials (Schwarz et al., 2010). The materials are aerated by
turning or mixing them. In-vessel composting is appropriate for the widest variety of feedstocks and
produces compost at a relatively rapid rate, but it also tends to be more expensive than other methods.
Although in-vessel composting may produce compost in as short as a few weeks, there is an elevated
risk that such compost will be immature and/or unstable (see Section 11 for more information on the
importance of compost maturity).

10.1.1.2 Static Pile (ASP) Composting

This method works well for large volumes of yard trimmings, food waste and paper products and can
produce compost in a minimum of 3—6 months. Large piles of feedstock are amassed, which typically
have bulky materials such as wood chips or paper added to help improve aeration. Many ASP systems
include a form of active aeration, such as pipes underlying the piles attached to air blower motors that are
used to help aerate the pile and collect nuisance odors (EPA, 2023f). Commercial aerated piles are
typically 8—12 feet wide and 6—8 feet tall (Schwarz et al., 2010).

10.1.1.3 Windrow Composting

The windrow method is very similar to the static pile method, but the materials are instead elongated into
rows. Diverse materials can be composted with this method, which is suitable for large volumes and

requires more space than other methods. It can produce compost in as little as 2—4 months. The optimal
height is 4—8 feet, and the optimal width is 14—16 feet, and commercially produced piles may extend for
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one hundred feet. Materials may be turned for aeration using manual or mechanical means or may
include air blowers as described for aerated static pile composting. As with static piles, bulking agents
such as wood chips are often added to improve aeration. The large volume of materials tends to create
significant amounts of leachate that must be collected and treated to protect surface water and
groundwater.

10.1.2 Alternatives to Conventional Composting

Two alternatives to traditional composting are vermicomposting and anaerobic digestion. They are each
discussed here to distinguish their processes and environmental effects from those of traditional
composting.

10.1.2.1 Vermicomposting

Vermicomposting is a process that relies on earthworms (Eisenia fetida, most commonly) and
microorganisms to break down organic matter and transform its biological, physical and chemical
characteristics into a stable product that can be used as a valuable soil amendment and source of plant
nutrients (Sherman, 2018). The mixture of worm castings and uneaten bedding and feedstock is called
vermicast. Vermicomposting feedstocks can include leaves, manure, food scraps, shredded paper or
cardboard, coffee grounds, spent mushroom waste, brewery residuals, agricultural crop residues, grains
and food processing waste (Sherman, 2018). In contrast to traditional composting, during
vermicomposting, worms and microorganisms biologically mediate the decomposition of organic materials
at moderately low temperatures (generally 55—85 °F) (Ali et al., 2015; Rynk, Cooperband, et al., 2022),
and the process does not undergo microbial decomposition under thermophilic conditions (Rynk,
Cooperband, et al., 2022). With temperatures remaining in the psychrophilic or mesophilic range during
vermicomposting, there is a greater diversity and higher numbers of microorganisms than in conventional
composting (Sherman, 2018).

Vermicast often yields a higher price than conventional compost when sold, due to its larger and more
diverse microbial population. It contains higher nutrient concentrations than conventional compost, while
its soluble salts are lower, and its cation exchange capacity is higher. Vermicast also typically retains
higher nitrogen levels than conventional compost and has significantly lower carbon-to-nitrogen ratios,
which makes nutrients more available to plants (Sherman, 2018).

Vermicomposting can take place at small-scale (small bins in homes and classrooms), mid- or medium-
scale (multiple or large bins at small farms, schools, businesses or institutions) or in large-scale
operations (similar to mid-scale but often requiring monetary investment and a business plan and
producing greater quantities of product for sale). There are various types of vermi-systems, including
windrows, wedge systems, pits or trenches, bins, batch systems, continuous flow-through bins, and
stacked bins on pallet racking (Sherman, 2018). The number of worms in a system should be scaled to
the system’s surface area and the volume of compost feedstocks, with at least one pound of worms per
square foot of surface area. One pound of worms can consume up to two pounds of materials per week,
and therefore, vermicomposting can take as little as half the time of the thermophilic composting process.
Maintaining a healthy worm population requires attention to the biological requirements of the worms,
including temperature range, moisture levels, food supply and light conditions. As such, vermicomposting
is similar to animal husbandry. Vermicomposting accounts for a relatively minor volume of organic
material recycling in comparison to thermophilic composting.

10.1.2.2 Anaerobic Digestion

Anaerobic digestion is used to process organic materials into biogas and creates a slurry known as
digestate that can be separated into liquid and solid components (EPA, 2022a). Anaerobic digestion is
not composting because it relies on the decomposition of organic materials under anaerobic (i.e., without
0O2) processes rather than the aerobic processes used in composting. Digestates are not considered to be
as biologically stable as compost because organic compounds cannot be decomposed as thoroughly
under anaerobic conditions (Alexander, 2023). However, anaerobic digestates can be composted to
increase their stability. Anaerobic digestate is often considered a fertilizer because it typically contains
moderate levels of N, P and K in mineral (inorganic) form rather than as components of organic matter
(Gilbert et al., 2020a). Some research has compared digestates and compost produced from similar
feedstocks in terms of their value for providing agricultural benefits. For example, Morris et al. (2017)
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performed a life-cycle assessment that compared the benefits to soil health and crop yields from
aerobically produced food waste compost and anaerobically produced food waste digestate. Overall, both
products were deemed to have equal value for increasing crop yields. Anaerobic digestate was
determined to have greater fertilizer replacement benefits than compost because, during the composting
process, food waste is often mixed with feedstocks with lower nutrient levels (such as wood chips), which
dilutes the nutrients from the food waste. Compost ranked higher than digestate for water conservation
and C sequestration potential than anaerobic food waste digestate. This is because digestates, with a
higher nutrient content, are often applied at lower rates than compost, resulting in lower C additions.
However, over long periods of time, the benefits of continued digestate applications are likely to be similar
to those of compost (Brown, 2024).

10.2 Feedstock Characteristics

Feedstocks carry many of their original qualities to finished compost, including relative levels of organic C,
nutrients, minerals, soluble salts, and chemical or physical contaminants. Moisture content and the C:N
ratio are the characteristics of greatest concern to the process (Rynk, Schwarz, et al., 2022). For
example, manure (especially poultry manure), biosolids and food waste tend to have lower C:N ratios,
whereas wood (and often yard trimmings) has a high C:N ratio. Concentrations of chemical constituents
tend to increase from start to finish of the composting process, although there may be an overall

reduction in mass due to leaching of soluble molecules or biologically mediated transformation of organic
matter (Rynk, Cooperband, et al., 2022; Rynk, Schwarz, et al., 2022).

Optimal feedstock characteristics for the composting process are presented in Table 7. Compost
producers can manipulate the characteristics to an extent; for example, adding moisture to a compost pile
is relatively easy. However, altering feedstock particle size (e.g., through mechanical processing) to
achieve a target compost texture might require considerable effort and may not be economically feasible
for certain feedstock types, such as larger woody materials (Alexander et al., 2022).

Table 7. Optimal feedstock characteristics for rapid composting. Source: Rynk, Schwarz, et al. (2022).

Condition Acceptable

Moisture content 40%-65% 50%—-60% by weight
C:N ratio of combined feedstocks 20:1-60:1 25-40:1

Feedstock particle size <2in. Variable

Bulk density <1200 Ibs/yd? 700-1900 Ibs/yd?
pH 55-9.0 6.5-8.0

Notes: in. = inches; Ibs/yd3 = pounds per cubic yard.

The characteristics of a compost (e.g., particle size range, organic matter content, pH, C:N ratio) affect its
compatibility with the performance of different environmental functions (e.g., C sequestration, soil
fertilization, water retention). Understanding the variability in compost characteristics can, therefore, help
inform decisions about its use and application. For example, feedstocks with a low C:N ratio also tend to
possess higher levels of soluble salts than other common feedstocks, which may carry into the final
compost (Stehouwer et al., 2022). Higher levels of salts can be detrimental to plant growth if they build up
in soils or other growing media, such as soil-less media used for potted plants (Ozores-Hampton, 2021a).
An excessive level of soluble salts is considered to be the most limiting factor in the production of
container crops (Ozores-Hampton, 2021a).

Common compost feedstocks and some of their unique characteristics are described below. Compost
can be manufactured from a single feedstock, such as leaves or livestock bedding. However, it is
common for feedstocks to be combined, whether to improve the composting process, to alter the
characteristics of the finished compost, and/or because multiple feedstocks are readily available. A
feedstock with a low bulk density may be combined with feedstocks of higher bulk density to improve
aeration during the composting process (Rynk, Schwarz, et al., 2022). Feedstocks may be blended to
create compost characteristics that support specific functions such as larger particle sizes for soil erosion
control or higher nutrient content for soil fertilization. Similarly, a feedstock added to a recipe to
deliberately complement the processing of another feedstock is called an “amendment” (Rynk, Schwarz,
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et al., 2022). For example, alkaline amendments with a higher pH, such as wood ash or lime (e.g., lime-
treated biosolids), can be used to raise the pH of a compost being produced with low-pH feedstocks
(Ekinci, 2013). Table 8 illustrates some of the variations in characteristics that can occur when compost is
manufactured from different feedstocks.

Table 8. Typical (median) characteristics of compost from select feedstocks. Source: Stehouwer et al.

Soluble
Compost type pH salts (dS/m) Organic C (%) C:N ratio TN (%) P (%) K (%)
Yard trimmings 7.5 1.76 271 15.5 1.5 0.24 0.53
Food waste (with | 8.0 1.86 19.6 15.1 1.1 0.20 0.68
various co-

feedstocks, e.g.,
yard trimmings)

Manure 7.7 2.64 29.8 16.1 1.6 0.37 1.0

Biosolids 7.1 2.68 29.0 13.4 22 0.95 0.37

Notes: dS/m = deciSiemens/meter.
aThese are general values that may vary depending on the specific type of materials used as a feedstock (e.g., poultry manure feedstock may
produce compost with differing characteristics than cattle manure).

Decisions around feedstock type can also depend on the potential for contaminants to enter the
composting system. Possible contaminants in compost feedstocks include physical contaminants that
detract from the appearance and value of the compost (e.g., plastic), hazardous materials (e.g., glass
shards), synthetic chemicals that might compromise compost use, and biological materials (such as
bacteria and viruses) that present health concerns at elevated concentrations (Rynk, Schwarz, et al.,
2022). Plastics have been found to compose up to 85% of the volume of physical contamination (CLP,
2024). Rynk, Schwarz, et al. (2022) note that most pesticides present in compost feedstocks are at
insignificant levels or degrade during the composting process. However, commercial composters have
faced problems with one class of pesticides referred to as pyridines since the early 2000s. Even at low
levels (e.qg., less than 10 parts per billion), these pesticides are known to cause harm to a variety of crops,
including tomatoes, peppers, potatoes, cucumbers, peas, beans, clover and sunflowers. Pyridines can be
present in a variety of feedstock, including yard trimmings, agricultural crop residues, hay, straw and
animal manures (Rynk, Schwarz, et al., 2022).

Recent attention has been given to the potential presence of PFAS in compost (Rynk, Schwarz, et al.,
2022). PFAS are a group of chemicals that pose significant health risks to humans, fish, wildlife and other
organisms and degrade very slowly in the environment (EPA, 2023f). PFAS are present in a wide variety
of products and wastes, some of which include compost feedstocks such as food waste, biosolids, yard
waste and paper mill residuals (Biek et al., 2024; Rynk, Schwarz, et al., 2022; Saha et al., 2024). EPA
(2021d) found that PFAS levels were highest in biosolids compost, intermediate in food waste compost,
and lowest in other compost, such as yard trimmings compost. A major source of PFAS in food waste is
thought to be food-contact materials, including food packaging (e.g., microwave popcorn bags and food
wrappers) and compostable plates and bowls (Timshina et al., 2024). The potential for biological
breakdown through composting is unclear; in response to this emerging issue, the U.S. Composting
Council released a position paper in 2022 calling for a ban on the intentional addition of PFAS to potential
compost feedstocks, such as food packaging (USCC, 2022b). The human and environmental risks of
PFAS associated with compost application are not well understood (Beecher & Brown, 2018). This is an
active area of research based on concerns about the leaching of PFAS into groundwater or being taken
up by vegetation, including edible crops (Johnson, 2022; Levine et al., 2023; Pozzebon & Seifert, 2023;
Saha et al., 2024). Careful choice of feedstocks and monitoring of contamination levels in compost can
help reduce the risk of contamination in soil and leachate.
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10.3 Compost Feedstocks

Compost is usually made from locally available feedstocks. The availability of organic materials often
depends on economic factors, such as the cost of transporting large volumes of low-value materials. For
example, compost produced in agricultural areas predominantly uses crop residues and animal
manure/bedding, whereas compost manufactured in urban areas is more likely to use food waste, yard
trimmings and biosolids (Kelley et al., 2020). Common feedstocks include:

Food waste

Yard trimmings

Animal manure and bedding

Crop residues

Biosolids/wastewater solids

Wood (e.g., untreated wood scraps, chips, shavings, sawdust)
Paper and cardboard products

Anaerobic digestates of organic materials such as food waste

It should be noted that there are other materials that may be composted, such as paper, cardboard,
certain food packaging and food service materials, and a variety of organic industrial wastes (e.g., pulp
and paper mill byproducts). A more comprehensive list of over 100 potential feedstocks is provided in The
Composting Handbook — Chapter 4. Compost Feedstocks (Rynk, Schwarz, et al., 2022). Descriptions of
more commonly used feedstocks and use suitability is given in subsequent subsections. Note that the
discussion of use suitability below is not definitive but is rather largely based on interpretations of the
literature (in particular, Ozores-Hampton et al. (2022); Rynk, Schwarz, et al. (2022); Stehouwer et al.
(2022)) addressing variability in feedstock characteristics and challenges (including contamination),
compost qualities, and compost end uses.

Figure 18. Compostable materials before processing at a commercial composting facility near
Seattle, WA. Photo courtesy of Seattle Public Utilities.
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10.3.1 Food Waste

Food waste is an under-used but excellent feedstock for compost production (Brown & Goldstein, 2016).
It can come from a wide variety of sources, and its characteristics as a feedstock vary according to the
source. The term “food waste” encompasses two broad categories of waste:

i. General food waste consists of varied mixtures of raw and processed foods from households,
restaurants, grocery stores, etc., that were consumable but, for some reason, were not
consumed. This waste also contains inedible food parts, such as bones and shells.

ii. Food and beverage processing wastes that are not suitable for human consumption unless
upcycled into edible products, such as dairy whey from cheese making; spent grain from
breweries; and fruits, nuts and vegetables or portions thereof.

In general, mixed food waste is highly degradable, has a low-to-moderate bulk density and a fair-to-poor
structure, and contains a low-to-moderate amount of moisture (Rynk, Schwarz, et al., 2022). Food waste
is rarely used as a sole feedstock and is usually composted with bulkier feedstocks (i.e., those with higher
C:N ratios) like yard trimmings or chipped wood. The C:N ratio of food waste is typically less than 20 but
ranges up to 40 or greater for some types of food/beverage processing waste such as apple pomace
(Rynk, Schwarz, et al., 2022); see Section 2 for information about the importance of C:N ratio. Food
waste is suitable to combine with feedstocks that have a higher C:N ratio (e.g., bulkier feedstocks such as
wood chips or yard trimmings) to achieve an optimal C:N ratio of 25 to 40, increase aeration and add
structure (Fernandez-Bayo et al., 2018; Rynk, Schwarz, et al., 2022).

Challenges: General food waste often contains a relatively high level of physical contaminants, including
plastic, glass and metal; such contaminants increase manufacturing costs and lower the quality of the
compost if not removed. The primary source of plastic contamination in food waste streams appears to be
physical contaminants like packaging and containers, but microplastics have been detected in food (EPA,
2021c). While composters typically screen feedstocks for physical contaminants, some food waste
streams (e.g., unsold food from manufacturers, distributors, or grocers) can require intensive, expensive
labor or specialized de-packaging equipment to make them suitable for composting.

Food waste can also contain PFAS (Choi et al., 2019). Higher levels of PFAS have been observed in food
contact materials (e.g., packaging, plates or utensils) — which are typical physical contaminants in the
food waste stream — than in food itself, with exceptions for food sourced from areas with known PFAS
releases (e.g., farms adjacent to military airfields or PFAS manufacturing plants). In food waste streams
that contain both food waste and food contact materials, the latter may contribute more to overall PFAS
levels on a per weight basis. In comparison to other common feedstocks, such as biosolids and animal
manure, food waste typically contains lower amounts of PFAS and other contaminants, such as
pathogens and heavy metals (EPA, 2023d). However, compost made from food waste contains more
PFAS than compost made from yard trimmings (EPA, 2021b, 2023d; Goossen et al., 2023). In addition,
food waste can present odor and pest challenges to composters.

Use Suitability: Food waste is a nitrogenous feedstock that contains moderate levels of N (< 3%), P

(< 1%) and K (< 1%) and is a source of all required plant micronutrients (Brown & Goldstein, 2016; Kelley
et al., 2020; Kelley et al., 2022; Rynk, Schwarz, et al., 2022; Stehouwer et al., 2022). Food waste
feedstock is suitable for soil fertilization because it has a relatively high content of plant nutrients and a
low C-to-N (C:N) ratio. Food waste is also compatible with soil structure conditioning, soil water retention
and plant disease suppression functions. The organic matter in food waste is highly degradable and,
therefore, it may have a lower value for C sequestration relative to other feedstocks that have a higher
C:N ratio (Rynk, Schwarz, et al., 2022). To maximize utility, care needs to be taken to minimize the level
of soluble salts, chemical contaminants (e.g., PFAS from food packaging) and physical contaminants
(e.g., glass, plastic, metal) in food waste feedstock.

Compost blends containing variable amounts of food waste are suitable for agricultural uses, horticultural
and landscaping uses, gardening, and improving degraded soils (e.g., soils with low levels of organic
matter, physical disturbance and/or compaction). When food waste is a minor component of a blend, it is
also compatible for growing media for Gl as well as in revegetation applications (e.g., seeded compost
blankets) for stormwater and erosion control. The texture of the blended compost will influence its value
for different purposes. For example, a coarser texture compost (e.g., 25% to 100% of particles having a
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diameter between 1/4 inch and 3 inches) containing food waste would be suitable for mulch and erosion
control, while a fine-textured compost could be used as a topdressing for turfgrass.

The most practical use of composted food waste may be as a soil amendment in urban areas (Brown &
Goldstein, 2016) because large supplies of food waste feedstock can be efficiently obtained in urban
areas, and, if compost is produced in the same area, lower C emissions would occur during distribution of
the finished product.

10.3.2 Yard Trimmings

Yard trimmings include materials such as fresh or dried leaves, branches, and grass clippings. They can
be used alone as compost feedstock or combined with other feedstocks, such as food waste or biosolids,
which are typically high in moisture and less structured. The composition of this feedstock varies
seasonally, with greater amounts of woody material available outside of the growing season. The C:N
ratio varies by the type of material (e.g., grass, shrub trimmings, woody branches) and its freshness.
Fresh yard trimmings have a lower C:N ratio than dried yard trimmings. Due to the variability in C:N ratios,
yard trimmings may either be a nitrogenous (C:N ratio < 40) or carbonaceous (C:N ratio > 40) feedstock.
Both green and dry wood have a C:N ratio of 80 or more (Rynk, Schwarz, et al., 2022). Shrub trimmings
and dry leaves have a C:N ratio between 50 and 60. Fresh grass clippings have a C:N ratio of around 20;
because of their relatively high N content, low C content and high moisture level, grass clippings tend to
decompose more rapidly than other yard trimmings.

Challenges: Lower levels of PFAS have been detected in yard trimmings than in food waste or biosolids
(EPA, 2021b; Saha et al., 2024). However, yard trimmings can contain other contaminants, such as
persistent herbicides that may harm sensitive plants (EPA, 2021b; Rynk, Schwarz, et al., 2022).

Use Suitability: Yard trimmings support C sequestration, soil structure conditioning and erosion control
functions due to the moderate to high C:N ratio, high levels of organic matter, and coarser texture (Neher
et al., 2022; Ozores-Hampton et al., 2022; Rynk, Schwarz, et al., 2022; Stehouwer et al., 2022). Yard
trimmings-based compost is commonly used in horticulture, landscaping, erosion control and remediation
of soils. When the C:N ratio is high (e.g., > 25), yard trimmings compost is best used as a surface-applied
mulch or, if used as a soil conditioner, may require additional fertilization to prevent N immobilization. In
stormwater practices, use in compost berms and filter socks is common, provided levels of N and P are
low. Compost derived from yard trimmings is most practical in or near urban areas, where it may be more
efficient to collect the feedstock and have a lower C footprint associated with product distribution if the
compost is also processed locally.

10.3.3 Animal manure

Animal manure feedstock is usually sourced from agricultural operations involving livestock. It is relatively
high in N and C and is a nitrogenous feedstock. It may be composted as a sole feedstock but is more
commonly composted with other bulkier agricultural materials, such as animal bedding, that have a
greater C:N ratio. Liquid manure (e.g., manure washed from dairy barn floors) must be squeezed and
screened to separate solids from liquids before composting unless used to add moisture to another
feedstock mixture (Rynk, Schwarz, et al., 2022).

Challenges: Animal manure often contains potentially harmful bacteria such as E. coli and Salmonella,
as well as parasites, animal pharmaceuticals and pesticides, some of which may persist through the
composting process. Proper composting processes can greatly reduce or eliminate levels of these
pathogens and substances in compost. This feedstock also tends to contain relatively high levels of
soluble salts, which may be harmful to plants in some situations; salt levels can be reduced during the
composting process by leaching out or by mixing with feedstocks of lower salt content (Rynk, Schwarz, et
al., 2022). Like yard trimmings, animal manure can also contain persistent herbicides.

Use Suitability: In general, manure-based compost improves soil water retention and fertilizer functions
due to its high organic matter content, plant nutrient content and finer texture (Ozores-Hampton et al.,
2022; Rynk, Schwarz, et al., 2022; Stehouwer et al., 2022). Using it for soil conditioning and fertilizer in
the long term can lead to elevated levels of soluble salts that may be harmful to plants if they accumulate
in soils (Ozores-Hampton et al., 2022; Rynk, Schwarz, et al., 2022). Manure-based compost use is most
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practical in agricultural areas where the feedstocks originate, and costs associated with collection and
distribution can be minimized. A potential constraint for agricultural use is the potential for manure
compost to contain residual herbicides (e.g., pyridines) (Rynk, Schwarz, et al., 2022), as discussed in
Section 10.2.

10.3.4 Biosolids

Biosolids are generated from the treatment of sewage and wastewater and tend to have a relatively high
content of N and P (Stehouwer et al., 2022). They are typically combined with other bulkier feedstocks,
such as wood chips or yard trimmings, to add structure and improve aeration.

Challenges: In the United States, this is the only feedstock that has national regulatory standards (U.S.
Environmental Protection Agency 40 CFR Part 503) for pathogen reduction and heavy metals content
(Stehouwer et al., 2022). Compost quality specifications often require compost made from biosolids to be
treated by a Process to Further Reduce Pathogens (PFRP) to help prevent the spread of pathogenic
microorganisms. Because hiosolids contain residues of substances used in daily life (through sinks,
showers, washing machines, toilets and commercial/industrial discharges), compost made from biosolids
may also contain those residues, including heavy metals, PFAS and PCBs (Bernal et al., 2017; EPA,
2023d). Researchers have concluded that the risk of exposure to chemicals derived from
pharmaceuticals and personal care products from biosolids compost use is low (Brown et al., 2019), while
the significance of contaminants such as PFAS introduced to soils, groundwater and food crops from
biosolids and biosolids compost applications is an ongoing area of research (Johnson, 2022; Levine et
al., 2023; Pozzebon & Seifert, 2023). EPA considers biosolids and biosolids compost that meet federal
standards for Class A Exceptional Quality to be safe for use in any application, including growing food.
However, biosolids compost is prohibited for use in organic agriculture due to the potential presence of
synthetic chemicals (USDA, 2019). A full risk assessment for PFAS in biosolids is not yet available.

Use Suitability: Biosolids-based compost is suited for soil fertilization and water retention due to its
organic matter content, fine texture and nutrient content (Ozores-Hampton et al., 2022; Rynk, Schwarz, et
al., 2022; Stehouwer et al., 2022). Biosolids are usually co-composted with other bulkier feedstocks like
yard trimmings or wood and are generally suitable for a variety of uses, including agriculture, horticultural,
landscaping, turfgrass establishment/management and the improvement of degraded soils (e.g., soils
with low levels of organic matter, physical disturbance, compaction and/or contamination). Biosolids’
nutrient levels are typically consistent over time, and biosolids also have no physical contaminants,
providing some advantages over food scraps and yard trimmings. As a higher-nutrient feedstock (relative
to other urban residuals), it can be used to make compost that can meet the nutrient demands of turf,
ornamentals and crops (Alvarez-Campos et al., 2018; Badzmierowski et al., 2020; Batjiaka & Brown,
2019; Brown et al., 2023b; Cogger et al., 2008; Cogger et al., 2013; Mclvor et al., 2012).

Biosolid-based composts may also be suitable for use in Gl and compost blankets for stormwater and
erosion control projects (assuming N, P, K and contaminant levels are low). In addition, biosolids-based
composts have been shown to be highly effective at reducing both metal concentrations and
bioaccessibility in contaminated urban soils (Brown et al., 2004; Brown et al., 2003).

10.3.5 Wood

This feedstock consists of small woody materials such as chips, shavings, bark and sawdust, as well as
large materials such as tree branches, trunks, clean/untreated pallets and lumber. These materials are
very high in C and low in N, with a C:N ratio typically greater than 250:1 (Rynk, Schwarz, et al., 2022).
Therefore, wood is seldom used as a sole feedstock but instead is typically combined with feedstocks
having a low C:N ratio, such as food waste, biosolids and manure. When combined, it adds C and
increases structure, aeration and sometimes the water-holding capacity (Rynk, Schwarz, et al., 2022).

Challenges: Larger woody materials require specialized equipment for pre-processing (e.g., chipping or
grinding) before being added to composting systems to facilitate breakdown. Painted wood and wood that
has been treated with chemicals to resist rotting are not suitable for composting; if present, these should
be removed from the feedstock.

Section 10. Compost Feedstocks and Manufactu i ) mm—m——— e 56


https://www.ecfr.gov/current/title-40/chapter-I/subchapter-O/part-503
https://www.epa.gov/biosolids/basic-information-pathogen-equivalency-committee
https://www.epa.gov/biosolids/land-application-biosolids#meeting

Use Suitability: Wood feedstock supports C sequestration, soil structure conditioning, erosion control,
pollutant removal, disease suppression and weed suppression due to its high C:N ratio, low levels of
salts, coarse texture and relatively low content of nutrients, metals and other chemical contaminants
(Neher et al., 2022; Ozores-Hampton et al., 2022; Rynk, Schwarz, et al., 2022; Stehouwer et al., 2022).
Compost mixes with wood are typically used as mulch for landscaping and horticulture, stormwater and
erosion control (e.g., seeded compost blankets, compost berms and compost filter socks), Gl, and
remediating degraded soils (e.qg., soils with low levels of organic matter, physical disturbance, compaction
and/or contamination).

10.3.6 Chemical and Physical Contaminants in Feedstocks

Chemical and physical contaminants pose challenges for using various feedstocks to manufacture
compost, and the risks presented by these contaminants may vary depending on how the compost is
used. For example, more contamination may be acceptable when applying compost to restore a disturbed
mine site than when applying compost to an agricultural field growing edible crops.

High levels of physical contaminants may increase operating costs by requiring additional manual
screening/sorting or specialized equipment for de-packaging, and these approaches cannot remove all
physical contaminants. Visible physical contamination can lower the value of compost to potential
customers, while less discernible micro- and nano-plastics may also pose risks to human health and the
environment. While the available literature does not provide substantial evidence of environmental or
human health effects that are occurring because of plastic contamination in finished compost, much
remains uncharacterized about the environmental fate of and exposure to plastic particles in compost,
making it challenging to evaluate risks to human health and the environment. It is also unclear how the
risks associated with compost compare to those of background levels of plastic contamination and other
sources of plastic contamination in the environment, such as other soil amendments (synthetic or made
from wastewater sludge and biosolids) (EPA, 2021c).

Some chemical contamination is present in physical contaminants (e.g., PFAS in food packaging) and
may be partially removed through screening or de-packaging. However, PFAS has been detected in
finished compost. Available evidence indicates PFAS concentrations are highest in compost made from
biosolids, followed by food waste compost and then yard trimmings compost (EPA, 2021b; Goossen et
al., 2023). Typically, these feedstocks are mixed when manufacturing compost, resulting in more complex
rankings. Given the limited data available, general conclusions cannot be made with confidence about
human health and environmental risks associated with land application of PFAS-contaminated compost.
There is a need to determine with confidence the exposure levels and risks associated with using PFAS-
contaminated compost in various compost uses, from agriculture to stormwater management and
disturbed site restoration.

Persistent herbicides may be found in animal manure and yard trimmings and cannot be removed during
composting. The presence of these herbicides in compost can damage sensitive plants, thus limiting the
compost’s potential uses. For more information, see EPA’s 2021 reports on Plastic Contamination and

Persistent Chemical Contaminants as emerging issues in food waste management (EPA, 2021b, 2021c).
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Compost qualities can vary considerably due to differences in compost feedstocks, amendments and
manufacturing processes. The key characteristics affecting compost performance for different
environmental functions are:

e Organic matter e C:Nratio

e Particle size . ng e sl

e Maturit . oluble salts

o Stabilit;/ ¢ Microbial content
e Pathogen levels

e Nutrient levels

It is important to ensure these characteristics align with the intended environmental uses or functions
(e.g., soil fertilization, disease suppression, water retention). Some characteristics, including organic
matter content, nutrient levels, C:N ratio, pH and soluble salts, largely reflect the feedstocks used.
Differing proportions of feedstocks can be used in the manufacturing process to adjust the levels of these
characteristics. The compost manufacturing process influences other characteristics, such as particle
size, maturity, stability, microbial content and pathogen levels. For example, feedstocks such as wood
and yard trimmings can be ground or shredded before composting to facilitate more efficient composting,
and finished compost can be screened to achieve a desired range in particle size.

Figure 19. Compost screening at a municipal yard trimmings
composting facility. Photo by Doug Pinkerton, courtesy of BioCycle.

Generally, the feedstock used to make a compost is not critically important if the qualities of the finished
compost align with the intended use. For example, if the primary intended environmental function is C
sequestration, any compost that has a high stability and high organic matter content is suitable. In
contrast, if the primary environmental function is soil fertilization, it is important to select a compost made
from one or more feedstocks having a relatively high nutrient content and low level of contamination, such
as food waste or poultry manure, instead of one derived primarily from a feedstock with low nutrient levels
(e.g., yard trimmings consisting of dead leaves). Table 9 summarizes the relative importance of these
characteristics for contributing to specific end-use functions.
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Table 9. Relative importance of compost characteristics to various environmental functions. Source: adapted from
Ozores-Hampton et al. (2022) based on Alexander (2020e); Stehouwer et al. (2022), Alexander (2023), Neher et
al. (2022); Ozores-Hampton (2021c); Stoffella et al.

Organic  Nutrient C:N Soluble  Microbial  Particle

Function Stabilitya Maturity = matter levels ratio  pH salts content size PFRP?
Soil structure M M VH M L M H H L L
conditioning

Runoff and erosion H H H L M L
control

Pollutant removale
Soil fertilization
Carbon sequestration
Water retentiond

=
=
x
T

H H
H VH
VH M
VH L
H M
M M

Disease suppression

Weed suppression VH

Notes:

VH: very high importance; H: high importance; M: moderate importance; L: low importance

aRelative importance of stability for different functions was based on multiple sources (Neher et al., 2022; NRCS, 2010; Ozores-Hampton et al.,
2022; Stehouwer et al., 2022).

bProcessed to Further Reduce Pathogens (PRFP).

¢Relative importance of compost characteristics for pollutant removal was surmised using a combination of information sources (Archuletta &
Faucette, 2014; Davis et al., 2023; Heyman et al., 2019; Ozores-Hampton et al., 2022; Stehouwer et al., 2022).

dRelative importance of particle size for water retention was modified based on Heyman et al. (2019).
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Maturity and stability are two key characteristics of compost. Compost maturity refers to the degree to
which the fast-degrading materials have completed their degradation and only slow-degrading materials
remain. It is an indication of the completion of the composting process, in particular, the extent to which
substances that are toxic to plants have been degraded (Ozores-Hampton, 2021a; Stehouwer et al.,
2022). Such substances include NHs, volatile fatty acids and other soluble compounds that can impede
seed germination, seedling survival and vigor or cause nuisance odors (Stehouwer et al., 2022).

Compost that meets sufficiently high temperatures for a prescribed time period and number of turns to
destroy human pathogens is referred to as Processed to Further Reduce Pathogen (PRFP) (Ozores-
Hampton et al., 2022). This process is also used to destroy weed seeds. To ensure the destruction of
pathogens and weeds, it has been recommended that the composting process maintain a temperature
between 131 °F and 171 °F for at least 15 days and that the compost be turned a minimum of five times
(Neher et al., 2015).

Stability is an indication of the rate of organic matter degradation through microbial activity (Stehouwer et
al., 2022). A compost with high stability has a low rate of continued degradation. A more stable compost
will have greater N availability following application to a soil, while a less stable compost may result in N
immobilization (NRCS, 2010; Stehouwer et al., 2022). Also, a stable compost will have a lower loss of
volume post-application (Stehouwer et al., 2022). The curing phase of compost manufacturing (which
occurs as temperatures decline from the thermophilic phase) is critical to achieving compost stability.

A compost can be stable but not be mature. For most purposes, it is important for compost to be both
stable and mature (Risse & Faucette, 2023). However, compost of moderate maturity may have more
value for suppressing weeds (Stoffella et al., 2016), and compost that is moderately stable may suppress
disease more than highly stable compost (Neher et al., 2022).

11.1 Compost Quality Recommendations

Specific uses of compost have recommended ranges in characteristics. For some characteristics, such as
pH, a single range may confer suitability for a variety of end uses. For others, such as organic matter
content and soluble salt concentrations, the recommended ranges vary by end use. This is why
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standardized testing of finished compost and compost quality standards are important (Bernal et al.,
2017; Stehouwer et al., 2022).

Recommended ranges for key parameters of finished compost for select uses are summarized in Table
10. Based on site-specific considerations and concerns, more specific recommendations may be
applicable. For example, Heyman et al. (2019) recommended that when incorporating up to 33% compost
by volume into degraded urban soils (e.qg., soils with low levels of organic matter, physical disturbance
and/or compaction) to optimize plant and soil health and minimize nutrient leaching “the optimal compost
will generally have a C:N ratio of 10-20, P-content < 1.0 percent and a soluble salt content between 1.0
and 3.5 mmhos/cm.”
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Table 10. Recommended ranges for key compost parameters for select compost uses. Source: Alexander (2020a, 2020b, 2020c, 2020d, 2020e, 2020f,

2020g, 2020h, 2020i, 2020j, 2020k).

Parameters ¢

Units of measure

Crop production

Edible gardens and
landscapingf

Compost Use

Turfgrass

installation
Topsoil
manufacturing maintenance

&

Upgrading
marginal

soils

Bioretention
media

Erosion
Erosion control
control  blankets,
blankets, non-

vegetated? vegetated

pHe pH units 6.0-85
Soluble salt concentration® dS/m (mmhos/cm) Maximum 20 Maximum 10 Maximum 5 Maximum 10
(electrical conductivity)
Moisture content % wet weight basis 30%-60%
Organic matter content %, dry weight basis 30%-65% 25%-65% 25%-100%
Particle size % passing a selected 95% pass through 3/8-inch screen or smaller 100% passing 3 inches

mesh size, dry weight 90%-100% passing 1 inch

basis 65%-100% passing 3/4 inch

0%-75% passing 1/4 inch
Max particle length of 6 inches

Stability — CO evolution rate mg CO2-C per g OM per <4 <8

day
Maturity — (bioassay) % relative to positive N/A Minimum 80% N/A
seed emergence seedling vigor control
Physical contaminants % dry weight basis <0.5% (0.25% film plastic) <1.0% <0.5% (0.25% film plastic)
(man-made inerts)
Chemical contaminants® mg/kg (ppm) Meet or exceed EPA Class A standard, 40 CFR § 503.13, Tables 1 and 3 levels
Biological contaminants: indicator | MPN per gram dry weight Meet or exceed EPA Class A standard 40 CFR § 503.32(a) levels
organisms, fecal coliform bacteria
and/or salmonellad

Notes: dS/m = deciSiemens/meter; mg/kg = milligram per kilogram; mmhos/cm = millimhos per centimeter; MPN = most probably number; ppm = parts per million; OM = organic matter.

aRecommended test methodologies are provided in Test Methods for the Examination of Composting and Compost (USCC, 2002).

bThe pH and soluble salt content of the final amended soil is more relevant to the establishment and growth of a particular plant than the pH or soluble salt content of the specific compost used to amend the
soil. The pH and soluble salt content of the compost is diluted when mixed with the native soil, so testing for these parameters in the amended soil is suggested. Each specific plant species requires a specific
pH range. Each plant also has a salinity tolerance rating, and maximum tolerable quantities are known. Most ornamental plants and turfgrass species can tolerate a soil/media soluble salt level of 2.5 dS/m
and 4 dS/m, respectively. Seeds, young seedlings and salt-sensitive species often prefer soluble salt levels at half those levels.

¢EPA Class A standard, 40 CFR § 503.13, Tables 1 and 3 levels = arsenic 41 ppm, cadmium 39 ppm, copper 1,500 ppm, lead 300 ppm, mercury 17 ppm, molybdenum 75 ppm, nickel 420 ppm, selenium
100 ppm, zinc 2,800 ppm.

dEPA Class A standard, 40 CFR § 503.32(a) levels = salmonella.

eLandscape architects and project (field) engineers may modify the allowable compost specification ranges based on specific field conditions and plant requirements. fHigher soluble salt concentrations may
be allowed where salt-tolerant plants are established, or lower application rates are used. If concerned about soluble salt content, heavily water the planting bed after planting, allowing for the salts to leach.
Compost possessing a higher soluble salt content often also possesses a higher amount of plant nutrients.

9Maximum salt allowances may be 10 dS/m if seed germination trials confirm both germination and vigor of 80% or more.
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11.2 Environmental Performance

The following sections outline desirable compost qualities for specific environmental functions. Research
on the role of compost qualities relative to environmental functions is also summarized, including studies
that have explored differences in performance associated with compost derived from different feedstocks.

11.2.1 Soil Structure Conditioning

Composts with the following qualities will generally perform better for soil structure conditioning (Ozores-
Hampton et al., 2022; Wilson et al., 2018):

e High organic matter content

e High C content

e Low to moderate levels of soluble salts

¢ High microbial content

All composts are soil conditioners because they add C to the soil, improving soil structure, water storage,
and water and air movement. Composts with greater levels of organic matter and C provide more soil
conditioning benefits (Ozores-Hampton et al., 2022; Wilson et al., 2018). Heyman et al. (2019) evaluated
the effects of composts manufactured from different feedstocks (animal manure, yard trimmings, food
scraps) on soil and plant health and noted considerable variability in characteristics among the nine
composts tested. All compost types improved soil aggregate stability, organic matter content and SOC
levels.

11.2.2 Soil Water Retention

Qualities of compost incorporated into soils that facilitate soil water retention include (Ozores-Hampton et
al., 2022; Rynk, Schwarz, et al., 2022):

¢ High organic matter content
¢ High stability

e Fine texture

e A high C:N ratio (for mulch)

According to Rynk, Schwarz, et al. (2022), highly stable compost made from feedstocks with a finer
texture and high organic matter content results in greater water-holding capacity. Chapman et al. (2022)
found that manure compost applications resulted in higher soil moisture levels in comparison to OFMSW
compost. The water retention capacity of a given compost is very important when it is used in soil-less
media for growing plants in containers and may also be a consideration if compost is being used to
improve the quality of coarse-textured soils (Stehouwer et al., 2022).

11.2.3 Soil Fertilization

Compost nutrient levels vary according to the types of feedstock used (Faucette et al., 2006; Ozores-
Hampton, 2021b). Generally, the most important qualities for compost used for soil fertilization are (Kelley
et al., 2022; Ozores-Hampton et al., 2022):

High organic matter content

High content of N, P, K (and plant essential micronutrients)
A relatively low C:N ratio (e.g., below 18:1)

High stability

High maturity

Variations in nutrient levels within and among feedstocks can result in differences in soil fertilization post-
compost use. Kelley et al. (2022) compared the performance of food-based versus manure-based
compost in supplying nutrients (N, P, K) to greenhouse-grown spinach (in sandy soils). Four composts
were compared: a commercial manure-based compost, composted dairy manure solids, a commercial
food-based compost (blended with plant residues and high-C forest products), and a hon-commercial
food-based compost. The compost application rates were designed to control for 90 Ibs N ac™!. The
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commercial manure-based compost and the non-commercial food-based compost were both associated
with improved spinach yields, which was attributed to greater initial levels of K and plant-available N. The
non-commercial food waste compost was the only compost associated with greater soil P levels than
manure compost at the time of harvest for spinach, roughly two months after planting. The dairy manure
solids compost and commercial food-based compost did not improve yield. It was believed that the
relatively high C:N ratio of 23.8 for the dairy manure solids compost likely contributed to N immobilization
in the soil. The dairy manure solids compost and commercial food-based compost were deemed to
function better as soil conditioners rather than soil fertilizers.

Faucette et al. (2006) compared the performance of four compost/compost blends seeded with Common
Bermudagrass in soils physically disturbed by construction activities; the blends were: (1) biosolids
compost blanket; (2) a yard trimmings compost blanket; (3) an OFMSW compost and mulch blanket (2:1
compost to mulch by volume); and (4) a poultry litter compost, mulch and gypsum blanket. The OFMSW
treatment increased soil P the most, followed by biosolids compost, poultry litter compost and yard
trimmings compost, respectively; however, the differences were not statistically significant relative to the
control. The OFMSW treatment increased soil P by more than 2.5 times relative to the yard trimmings
treatment, even though it had the lowest initial P content. In addition, the biosolids compost was
associated with significantly more weed biomass than the yard trimmings compost, which was linked to a
higher proportion of mineral N content (NH4 and NOs3) in the biosolids compost despite having a similar
C:N ratio.

Kelley et al. (2020) found that compost derived from food waste resulted in greater soil NOz levels than
manure compost over a two-month period. Heyman et al. (2019) found that compost made from manure
or food scraps resulted in the largest, greenest plants yet were also associated with greater leaching of N
and P. In contrast, compost made from woody materials was detrimental to plant growth because it
facilitated N immobilization. Low-nutrient feedstocks or those with a high C:N ratio are typically better
suited for uses where maximizing vegetation growth is not a primary objective (e.g., green stormwater
infrastructure). Table 11 shows levels of N, P and K typically observed in compost derived from different
feedstocks.

Table 11. N, P and K concentrations and N mineralization rates of compost. Source: adapted from
Ozores-Hampton (2021b).

Feedstocks N (%) ‘ P (%) K (%) Rate of N release (% yr)

Biosolids 3-6 2-3 0.10-0.15 3.0-20
Feedlot manure 1.9-2.2 0.3-1.2 0.6-3.2 3.0-15
Horse manure 0.5 0.2 0.4 10
Dairy manure 1.2-1.5 0.3 0.9 6.0-5
Poultry manure 1.3-5 3.0 2.0 20
Food waste (unspecified type) 1.1-1.8 0.03-0.09 0.35-0.45 2.0-12
Fruit and vegetable waste 1.39 0.26 1.19 10
Brewery waste solids 1.3-1.8 0.02 0.13-0.18 5.0-10
Olive mill waste 3.5 0.17 23 20
OFMSW 2.3 1.11 0.64 3.0-10
Yard trimmings 1.0-1.2 0.2-0.3 02-14 2.0-10

Although a nutrient analysis can identify the amount of nutrients in a compost, it cannot indicate the
guantities that are immediately available for plant uptake (NRCS, 2000). The rate at which nutrients are
released may vary among different types of compost (see Table 11) (Case & Jensen, 2019). Organic
forms of N within compost must be mineralized to the inorganic N forms (i.e., NHs and NOz) before most
plants can use it (Stehouwer et al., 2022). Compost with higher levels of NHz and NOsz will provide N to
plants more quickly (Alexander, 2020f). N mineralization rates may be greater for compost made from N-
rich feedstocks such as manures and biosolids and less for compost derived from C-rich feedstocks such
as yard trimmings or wood shavings (Stehouwer et al., 2022). This is important because if a finished
compost’s C:N ratio is less than 20, organic N will be mineralized in the soil and become available for
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plants. The use of stable compost possessing a C:N ratio of roughly 15:1 is ideal because it allows more
of the compost-derived N to be used by plants (Alexander, 2020f). Compost with C:N ratios greater than
25 have a higher likelihood of immobilizing inorganic forms of N in the soil (Stehouwer et al., 2022) (See
also Section 2.2). Both Kelley et al. (2022) and Heyman et al. (2019) observed that composts with a C:N
ratio above 20 inhibited plant growth, likely due to N immobilization in the soil. Composters routinely mix
different feedstocks together to adjust the C:N ratio into the range desired for specific end uses.

11.2.4 Runoff and Erosion Control

Key qualities that improve the performance of compost for runoff and erosion control include (Alexander,
2016; Ozores-Hampton et al., 2022):

High organic matter content

High C:N ratio

High stability

High maturity

PRFP

Coarse texture (particularly when used as a slope blanket; see Table 10)

A compost with a coarse texture and a high C:N ratio is obtained by using a greater content of woody
feedstock (Alexander, 2020c). Woody fractions increase protection from raindrop impact and can
increase surface roughness and slow the flow of runoff. This enhances infiltration and decreases the
potential for sediment (and associated pollutants) to be transported off-site by runoff (Alexander, 2016;
Faucette, 2012a). Also, using low-nutrient feedstocks or those with a high C:N ratio helps reduce nutrient
leaching and increase pollutant capture for applications where vegetation growth is not a primary
objective (e.g., compost filter socks).

An increasing number of studies have assessed the capabilities of different compost blends to reduce
runoff and erosion. For example, the benefits of yard trimmings and biosolids compost blends have been
compared by measuring runoff volume and the export of nutrients and sediment in post-construction
highway embankments (Owen et al., 2020, 2021). One study indicated that yard trimmings and biosolids
compost treatments (a 2:1 topsoil-compost blend) and pure compost with straw mulching were more
effective at reducing stormwater runoff compared to that of a topsoil standard (Owen et al., 2020). Owen
et al. (2021) compared yard trimmings and biosolids compost blends to a current stability practice used
for final grade turfgrass establishment on physically disturbed soils. In the controlled greenhouse study,
runoff volume was reduced for only the biosolids compost treatment (40%—-98% reduction from standard
practice), compared to the topsoil/straw standard treatment. Conversely, increased runoff volume by 1.5-,
1.4- and 20-fold was observed for yard trimmings compost, topsoil-biosolids compost mix (2:1), and
topsoil-yard trimmings compost mix (2:1), respectively. An increase in compost percent (pure compost
versus topsoil/compost blends) resulted in a 96%—-99% reduction in sediment mass export and a 89%—
98% reduction in volume runoff due to the organic matter increase, which led to greater soil aggregation,
water-holding capacity, and soil hydraulic conductivity and reduced soil bulk density.

Faucette et al. (2005) found differences in the performance of four composts (derived from poultry litter,
biosolids, OFMSW and yard trimmings) at reducing stormwater runoff. Infiltration rates were highest for
the OFMSW and yard trimmings compost treatments, which both allowed 51% more water to infiltrate the
surface relative to the bare soil control. In comparison, poultry litter and biosolids had infiltration rate
increases of 43% and 31%, respectively. Reductions in runoff were greatest for the poultry litter and
biosolids compost treatments over the one-year study, with runoff volume reductions of 43% and 33%,
respectively.
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11.2.5 Pollutant Removal

The following qualities are important for compost used to remove pollutants (e.g., compost filter socks)
(Ozores-Hampton et al., 2022):

High organic matter

High C:N ratio

High stability

Moderate-to-coarse texture

Low levels of soluble contaminants (e.g., nutrients, metals, toxins)

Generally, composts high in C, such as those including wood or straw feedstocks, produce compost that
is better at filtering and trapping sediment and other pollutants carried by runoff (Ozores-Hampton, 2021a;
Rynk, Schwarz, et al., 2022). Brown et al. (2015) compared the ability of three blends of compost
(biosolids/yard trimmings, yard trimmings/food waste and manure/sawdust) in bioretention soil mixtures to
remove pollutants from leachate collected from a synthetic stormwater solution. All treatments reduced
NHs, NOs and Zn concentrations, and Cu removal (total and dissolved) was greater than 90% for all
treatments. The biosolids/yard trimmings compost was less effective than the other materials at removing
Zn, with a removal efficiency of approximately 50% (Brown et al., 2015).

Compost blends with topsoil have been observed to decrease nutrient runoff in a post-construction
setting. Compost blends containing yard trimmings are capable of controlling erosion, and they have also
been reported to filter, bind and degrade contaminants from stormwater runoff (Alexander, 2016;
Faucette, 2009; Faucette et al., 2013). Owen et al. (2020) found total P mass export was lower in most
compost treatments (with compost derived from either yard trimmings or biosolids) compared with a
standard topsoil treatment.

As described in Section 10, composts may have contaminants that originate in certain feedstocks and
can be a source of environmental pollution. For example, composts higher in nutrients, such as those
based on food waste, biosolids, or animal manure, can potentially contribute nutrients to water bodies,
albeit likely less than contributed by conventional inorganic fertilizers (Basta et al., 2016; Heyman et al.,
2019; Oladeji et al., 2020; Ozores-Hampton, 2021a; Rynk, Schwarz, et al., 2022). The risk is greater
during storm events or periods when plants are not actively growing (NRCS, 2010). Chapman et al.
(2022) found that manure compost applications resulted in higher amounts of leachate when compared to
compost derived from OFMSW. Owen et al. (2021) reported that yard trimmings compost and biosolids
compost addition led to P and N export increases of 1.5- to 51-fold and 2.2- to 3.3-fold, respectively, due
to increased runoff concentrations (for pure compost treatments) or increased runoff volume (in
topsoil/compost mixtures). In an earlier study, Owen et al. (2020) observed that a 2:1 biosolids compost-
topsoil blend with straw mulch was associated with a 36% increase in N export and a 15% increase in P
export relative to the standard topsoil with straw mulch treatment. It was recommended that the biosolids
treatment not be used to replace the standard topsoil treatment for slope stabilization along highways due
to increased nutrient export.

Hurley et al. (2017) suggested that compost made from low-N and P feedstocks, such as yard trimmings
or leaves, might be a more suitable option for protecting water quality. Substances that bind N and P
compounds can also be added to stormwater and erosion control applications that use compost to
prevent leaching and capture nutrients. Brown (2016) found that adding Fe-based water treatment
residuals (at 2%—4% dry weight) to compost prevented P leaching and allowed for the removal of P from
simulated stormwater. Another study found that compost filter socks (from land clearing and yard
trimmings) with unspecified natural sorbents added to them removed an average of 34% of soluble P,
54% of NH4+ (as N) and 11% of NOs-N from stormwater runoff compared to using filter socks alone
(Faucette et al., 2013).

When selecting compost for a specific application, consideration should be given to the potential for
undesirable soil and water quality effects, which are likely to vary based on the amount of compost being
used. Laboratory analyses targeting potential pollutants of concern may be warranted for certain types of
projects, such as large-scale roadside erosion control projects.
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11.2.6 Carbon Sequestration

The qualities of compost that are suggested to increase C sequestration include (Ozores-Hampton et al.,
2022; Wuest & Reardon, 2016):

e High organic matter content
e High stability
¢ Nutrient Levels (P content)

There is limited research comparing C sequestration in soils among compost types. Wuest and Reardon
(2016) found that SOC was highly correlated with compost P content, suggesting that the use of
composts manufactured from materials with a relatively high P content, such as biosolids, OFMSW and
manure, may have greater potential for C sequestration than composts made from feedstocks lower in P
such as food waste and yard trimmings. Additionally, using feedstocks with higher nutrient levels results
in higher microbial activity and greater plant growth following compost application. Over time, the increase
in soil and plant productivity can further increase SOC levels.

11.2.7 Microbial Communities and Disease Suppression

The following compost qualities are preferable to suppress plant disease and enhance communities of
beneficial microorganisms (Neher et al., 2022; Ozores-Hampton et al., 2022):

PRFP (see Sections 10.3.4 and 11 for more information)
Moderate stability

High maturity

High organic matter

High C:N ratio

e Low to moderate levels of soluble salts and low NHs content
¢ High abundance of microbes

The abundance and diversity of microbial communities within compost are related to compost’s disease-
suppression qualities. General improvements in soil health associated with compost addition include a
more robust microbial population, with reductions in disease causing microbes. Soils amended with
compost are reported to have a different microbial community structure than soils amended with raw or
vermicomposted manures, including differences in NHs-oxidizing bacteria (Lazcano et al., 2021). In a
previously referenced study by Heyman et al. (2019), all compost amendments increased soil respiration
(a measure of microbial activity) and a soil protein index, an autoclaved citrate extractable (ACE) that
measures organically bound N that microbes can make available for plants. The greatest increase in the
ACE saoil protein index score was associated with a compost manufactured from food waste and yard
trimmings, and the greatest increase in soil respiration was observed in the treatment involving
composted wood chips.

There is evidence that compost feedstocks can affect the utility of compost in helping to suppress plant
disease. The most reliable disease-suppressive composts are those made with woody materials, like tree
bark, wood chips and woody yard trimmings. Tree bark and other woody materials consist mostly of
lignin, cellulose, tannins and waxes, a mixture that resists decomposition. After composting, the disease-
suppressive effects of composted barks last for several years in the soil, depending on the tree species
from which the bark originated and how much compost was added to the soil (Neher et al., 2022). In
contrast, food and livestock feed wastes (e.g., spoiled hay or grain), animal manures, biosolids, and other
similar feedstocks with a lower C:N ratio mostly consist of readily decomposable compounds that will not
last as long in the soil (Neher et al., 2022). Heyman et al. (2019) found that manure-based compost
treatments tended to be associated with a greater incidence of root pathogens.
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11.2.8 Weed Suppression

The compost qualities that are reported to aid in weed suppression include (Ozores-Hampton et al.,

2022):
e High stability
e Moderate maturity
o Coarse texture
e PRFP

Compost that contains a significant coarse woody fraction is known to improve weed suppression, as the
coarse particles tend to “float” on the soil surface, creating a mat. Faucette et al. (2006) suggested that
composts with a lower N content and higher C:N ratio will perform better for weed control. The completion
of a PRFP during compost manufacturing helps ensure that weed seeds are destroyed by high
temperatures so the finished compost does not introduce weeds where it is applied (see Section 11 for
more information on PRFP).
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Application rates, frequency and timing can influence the benefits of compost. In general, greater
amounts of compost are applied during an initial application to a site. After initial application, the rate is
typically less for most maintenance functions unless the compost is periodically applied as a mulch for
established vegetation. Soil application rates for most uses generally range from 1/8 inch (e.g., for
topdressing vegetated soils) to 4 inches deep (e.qg., for use as a mulch), which approximates to 8 to 268
tons ac! wet wt. (Ozores-Hampton et al., 2022). NRCS recommends that application rates should not
exceed 50 t act dry wt. due to difficulty in incorporating compost into soils when applied at depths greater
than 1-2 inches (NRCS, 2010).

One-time compost applications tend to show limited soil fertilization benefits; fertility benefits improve
markedly with repeated compost applications (Stehouwer et al., 2022). For intensive uses of soils (such
as agriculture) that tend to promote a more rapid decomposition of organic matter, compost is typically
applied at a frequency of once every one to five years to maintain soil health benefits (Ozores-Hampton
et al., 2022). Studies suggest that an annual application of compost is required to help sustain soil health
and plant growth (Abbey et al., 2022; Ozores-Hampton et al., 2022; White et al., 2020). For example,
Abbey et al. (2022) evaluated the differences in soil characteristics and crop yields in response to annual
or biennial applications of OFMSW compost at a rate of 6.7 tons ac™ to soil plots in Manitoba, Canada. In
year five of the experiment, soil plots with annual compost applications had significantly greater water-
holding capacity, SOM, plant macro- and micro-nutrient levels (N, P, K, Mg, Fe, Zn) and significantly
lower bulk density. Yields of green beans, lettuce and beets were also compared, with beet yields being
significantly greater in plots with annual compost applications. Annual compost applications appeared to
be associated with greater functional diversity in the soil bacteria community. The most notable negative
effects of annual compost applications were an increase in the heavy metal molybdenum in both
treatments and a substantial increase in soil salinity under the annual compost applications; however, it is
unclear whether the observed levels were cause for concern. Some crops are sensitive to elevated levels
of soil salinity and metals, although an increase in soil salinity from compost applications (or other
amendments and fertilizers) is more typical for arid and semi-arid climates (Sullivan & Miller, 2001). In this
regard, undesirable effects of compost use on soil health may be mitigated through the selection of
compost with lower levels of undesirable constituents and adaptive soil health management based on soil
quality monitoring.

No standardized method exists for determining the appropriate compost application frequency or rate to
support specific uses (e.g., C sequestration, fertilization, soil conditioning, soil water conservation, erosion
control and pollutant removal). Several approaches, however, are used to select compost application
rates, which depend largely on the desired effect. According to Ozores-Hampton et al. (2022), compost
application rates should consider:

e Targets for SOM content: With clay soils, it has been estimated that an SOC-to-clay ratio
greater than 1:10 will support good soil structure on agricultural soils (Johannes et al., 2017).2

2 Maximum equilibrium levels of SOM vary by soil texture and aeration. For example, SOM levels on coarse-
textured, well-aerated soils where SOM decomposes relatively rapidly have an upper limit of SOM of approximately
2%. Additionally, the authors noted a soil with 50% clay may need twice as much organic matter as a soil with 10%
clay to facilitate the development of stable soil aggregates. 50 t ac™* of dry organic matter would need to be added to
raise SOM in the upper 6 inches of soil by 1%, although this is a generalized estimate for an instantaneous amount of
SOM rather than an estimate of what would be required to attain equilibrium levels of SOM, accounting for organic
matter additions and losses through mineralization over time. Therefore, achieving an SOM-to-clay ratio greater than
1:10 would require many years of compost applications for soils with a high clay content under practical application
rates of organic matter applications (e.g., <50 t ac. dry weight) (Magdoff & Van Es, 2021).
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e Plant nutrient targets: Targets are determined in a similar way to the usage of conventional
fertilizers, although for N, mineralization rates and N carryover from prior applications are
important to estimate; for agriculture, this often requires supplemental fertilizer to meet crop
nutrient demands.

e Soil nutrient thresholds: The thresholds are associated with crop nutrient demand or regulatory
limits; the target nutrient content of the compost must be known when applying this approach.

e Local research or conventions: These rates are based on historical use by local operations or
composter recommendations; they are often based on compost type, crop, climate, soil type, etc.

e Contamination limits: These limits are based on regulatory limits for contaminants such as
pathogens, heavy metals, pesticides and other synthetic chemicals.

e Cost limitations: Application rates may be constrained by the cost of purchase and material
handling (e.g., transporting and spreading bulky material can incur large costs).

e Compost availability: Compost supplies (or compost with desired qualities) may be locally
limited.

When applied to sites that have existing vegetation, compost is typically applied on the surface, either as
a thin topdressing (e.g., for turfgrass) or as a thicker mulch around plants. For example, a 4-inch layer of
compost is typical for mulching garden beds, landscaping beds and around trees. For most agricultural
crops, the cost of compost generally constrains application rates (Ozores-Hampton et al., 2022), except
for higher-value crops like small fruits (e.g., strawberries) and fruit/nut trees where compost applications
can be more targeted around individual plants. In horticulture, compost may be used at 5%—-60% of the
container growing media volume. Compost is generally not used at greater rates in container growing
media because most compost formulations are overly porous, do not have a sufficient water-holding
capacity, and may have elevated levels of soluble salts that can harm plants (Ozores-Hampton et al.,
2022).

For stormwater management, the typical amount of compost used ranges from 10%—-30% of media
volume for stormwater infiltration practices (such as bioswales) to 100% when used in filtration devices
(such as compost filter socks and filter berms). However, when used in stormwater filtration devices, it is
important to use a compost type that will not leach nutrients and other contaminants that can degrade
water quality (Section 10 discusses the compatibility of different compost feedstocks for various functions
such as pollutant removal).

For most usages involving the application of compost to soils with depleted levels of organic matter, the
benefits will generally increase as the compost application rate increases. In this regard, higher
application rates are particularly beneficial for intensively managed or physically disturbed soils (e.g.,
cultivated agricultural lands, road or building construction sites) but less so for soils that already have
adequate organic matter (e.g., residential lawns) (Brown & Beecher, 2019). For any given site and
intended purpose, there is a point at which increasing the application rate or frequency will not result in
corresponding benefit gains. For example, when using seeded compost blankets to control soil erosion
and stormwater runoff, application depths greater than 2 inches tend not to provide additional hydrologic
benefits and may inhibit seed germination (Faucette, 2023). On agricultural lands, this may occur after a
point at which a greater application rate is no longer economical (Ozores-Hampton et al., 2022).

Depending on the specific compost usage and site, high application rates may increase the risk of
unintended consequences. For example, application rates targeted to meet crop N demand can result in
excessive levels of P when a compost with a low N:P ratio is used; excessive levels of P can pose a risk
to water quality and may harm plants (Shrestha et al. (2020). Therefore, when compost is used to add
nutrients, the nutrient content of the receiving soil should be monitored. High application rates may
increase the levels of soluble salts (Abbey et al., 2022) or other contaminants, such as herbicide residues
that can harm plants (Rynk, Schwarz, et al., 2022). This can be managed by selecting compost made
from feedstocks that typically have low levels of soluble salts or contaminants, particularly when plants
with a known sensitivity are being grown. It should be noted that if compost is used at regular agronomic
rates, a high salt concentration in compost is unlikely to cause problems as it becomes diluted by the
lower salt content of the receiving soils. In fact, in soils with high levels of salts, compost can be added as
a means to reduce the impact of excess salinity (See Section 8.3). Salt levels are mostly a concern for
certain applications that rely on high application rates (e.g., for contaminated soil remediation), in areas
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where salts are a problem (arid areas with limited irrigation to leach salts from soils), or when compost is
used within potting mixes.

Research on higher application rates has suggested mixed results, depending on site conditions and the
type of feedstocks used in the compost. Kranz et al. (2022) found that compost incorporated at rates up
to 50% by volume in a sandy clay soil did not increase nutrient and heavy metals loads in runoff. The
authors noted that their results contrasted with several other studies that found increased loads of
nutrients and certain metals in runoff following compost applications along roadsides. For nutrients,
compost application rates are generally more likely to have a substantially wider margin of error relative to
conventional inorganic fertilizer applications, owing to compost’s lower nutrient content and gradual
nutrient release rate (Adelman & Kney, 2010). For example, the risk of nutrient pollution to water quality
from applying 25% more compost than recommended is likely to be much lower than applying 25% more
conventional phosphate fertilizer than recommended.

Overall, effective application rates vary depending on the objective (e.g., nutrient supply, water retention,
mulch, potting mix), crop to be grown, soil characteristics and environment. Table 12 below summarizes

typical compost application rates and frequencies for various applications. Furthermore, Tables 1 through
3 in Section 2 summarize the application rates from various studies and the benefits observed for specific
soil characteristics.

Table 12. Typical rates and frequency for compost applications. Sources: (Alexander, 2016); Alexander
2020a, 2020c, 2020d, 2020e, 2020f, 2020h, 2020i, 2020j); Ozores-Hampton et al.

2022).2

Application Approximate rateb Frequency Application notes
Field crops 2-10tacted Annually or less | Amount and frequency are often limited by cost; cost can be reduced
(e.g., grains, by using compost that is less mature and stable; applied before
legumes, potatoes, planting, after harvest, or on fallow fields.
hay, pasture,
cotton, sugar beets)
Vegetable crops <50tac'cd Initial application | Sandy soils or tropical regions.

5-15tac'ed Initial application | Most crops.

2-5tacted Annually or less | Most crops.

<1tac Annually or less | Specialty compost used for microbial augmentation.
Small fruits 134-268 tac'of [ Annually orless |Typically applied as a 2—-4-inch surface mulch. Compost type must
(e.g., strawberries, | plant rowef be aligned with plant tolerances; for example, blueberries have
raspberries, narrow tolerances for N, K, pH and soluble salts.
blueberries)
Vineyards Broadcast: 2-15t | Annually Rate and timing must be adjusted based on grape tolerances,

ac’ of vine rowef

As amulch: 134 t
ac’ of vine rowef

Once every 3-5
years

nutrient requirements, and site-specific conditions; for example,
grape quality is sensitive to soil N and moisture levels.

Fruit and nut trees

20-50t ac1de

Initial application

With cover crops, 5-10 t ac! is also effective; may be lower if applied
in bands where trees are to be planted.

134-268 tac' of | Annually As a mulch, 2-4-inch thick and with a coarse woody texture to inhibit
tree rowef N supply to weeds.
Forestry =50tac! Annually or less | As a roughly 1-inch topdressing Compost may be slightly immature;
(Rural/Urban) this use offers less regulatory restrictions on use of biosolids
compost.
Nursery/greenhouse | 5%-50% of media | N/A Amount varies based on application (e.g., seed mixes, potted plants,
container growing | volume bedding plants and nursery stock), compost characteristics and plant
media requirements/tolerances; must ensure composting process achieved
pathogen-killing temperatures.
Field nursery 34-67 tac! Initial application [ 0.5-1 inch in tree rows or planting holes; must ensure composting
production of plant rowdf process achieved pathogen-killing temperatures.
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Application

Approximate rateb‘ Frequency

67-134 tac" of

Annually or less

Application notes

As a mulch, 1-2-inch depth of coarse compost may be applied; must

plant rowf ensure composting process achieved pathogen-killing temperatures.
Turfgrass 67-134 tacd Initial application | 1-2-inch depth.
establishment
Turfgrass 8-17tac Annually 1/8-1/4-inch depth.
maintenance
Landscaping 67-268 t acdf Initial application | 1-4-inch layer for new landscape beds, depending on existing soil

for new beds

texture and organic matter content.

67-134 tac!

Annually or less,
maintenance of
beds

1-2-inch layer of shallow incorporation, or as a surface muich.

67-201tac!f

Initial
application,
physically
disturbed soils

1-3-inch layer for revegetation of physically disturbed soils.

Remediation of
urban soils

Incorporated into
soil at a volume of
33%

Initial application

Recommended compost attributes: C:N ratio of 10-20, P content <
1.0%, soluble salt content of 1.0-3.5 mmhos/cm.

Surface mulching, |<268tac’f Every 3years | <4-inch layer on garden beds, landscaped areas, around trees.
general purpose

Highway 67-134 tac? Initial application | 1-2-inch layer.

construction and

maintenance

Green infrastructure

10%-30% of

During

Green roofs, rooftop gardens, rain gardens

media volume establishment | To reduce N and P export in stormwater runoff: compost
feedstocks/amendments high in Fe and Al can immobilize excess P;
use plants with high N requirement.
Erosion control and |67-134 t ac! Initial application | Compost blanket with seed incorporated, 1-2-inch depth, uniformly

stormwater
management

applied; on steeper slopes, may be underlain by netting or wood fiber
blankets (Beighley et al., 2010) or mulched with straw (Owen et al.,
2021).

10%-30% by
volume

During
establishment

Bioretention units, bioswales

Compost filter
sock, filter berm:
100% by volume

N/A

To reduce P export in stormwater runoff: compost
feedstocks/amendments high in Fe and Al can immobilize excess P.

Notes: Al = aluminum; mmhos/cm = millimhos per centimeter; N/A = not applicable. t ac' = tons per acre

aCompost is typically not used as the sole source of plant nutrients.

b Application rates are wet weights per acre; some rates are based on a conversion from depth to mass per unit area, based on an assumed
density of 1000 Ibs yd-' following Table 16.6 in Ozores-Hampton et al. (2022).

¢Rate should be based on crop N demand and soil P levels.

dTypically incorporated into the soil.

¢ Pasteurized compost may be needed to prevent introduction of disease.

fThis rate applies only within the rows or other areas containing the plantings, rather than an entire acreage of a field or site; e.g., if only half of
a field is covered in plant rows, then the application rate accounting for the entire field area would be one-half of what is reported in the table.
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The benefits of compost use vary by the characteristics of the site on which it is used. Soil characteristics,
climate, topography and land use influence the effectiveness of compost use, and understanding these
site-specific factors is important for optimizing the benefits.

13.1 Soils

The soil health benefits of compost use and its effects on environmental functions vary depending on the
type of soil to which it is applied. As discussed in Section 2, compost use affects a variety of physical,
chemical and biological soil characteristics. Yet, there is inherent variation in soil characteristics across
multiple spatial scales, from the site to the landscape scale. For example, sandy soils typically have low
amounts of organic matter, low fertility and high infiltration rates, while clayey soils typically have slow
infiltration rates but a high capacity to retain nutrients and water. It is, therefore, important to consider how
the performance of compost use varies with differences in soil characteristics.

13.1.1 Physical Characteristics

The texture of a soil influences its structure and, therefore, its capacity for water storage and water/gas
movement. Soils with a greater soil particle aggregation, lower bulk density, greater porosity and higher
water-holding capacity can better support the growth of plants and microorganisms. The physical benefits
of compost are greatest for compacted or poorly structured soils, and the benefits diminish as soil bulk
density decreases and porosity increases. Soils that are more highly degraded (e.g., soils with low levels
of organic matter, highly disturbed and/or compacted) will require a larger amount of compost to improve
soil structure (Ozores-Hampton et al., 2022).

It is difficult to predict the specific effect that a compost application may have on the structure, water and
air permeability, water storage, and water movement due to site-specific variations in soil characteristics.
Tables 1 and 2 in Section 2 report the observed results for soil bulk density and water infiltration,
respectively, following compost applications on soils of different textures. Nevertheless, some
generalizations may be made about how compost can affect these physical soil characteristics.

In fine-textured soils (e.g., clay, clay loam, fine silt), adding compost helps to reduce bulk density, improve
soil particle aggregation and increase porosity. These effects help alleviate problems associated with
dense soils, such as low friability and poor drainage. Compost may have little or no effect on the available
water-holding capacity in soils with a large proportion of clay. However, improvements in the structure of
clay soils following compost application can increase water infiltration, thereby reducing surface runoff
(Rynk, Cooperband, et al., 2022).

Compost application to sandy soils increases organic matter content, soil particle aggregation, water
retention, nutrient supply/retention and microbial activity (Hill, 2021). Research also suggests that adding
compost in sandy soils facilitates moisture dispersion by improving the lateral movement of water from its
point of application (Gould, 2015; USCC, 2008). Due to their lower matrix potential and larger pore sizes,
sandy soils hold significantly less water by weight than clay soils, which can lead to drought stress for
plants (Brown & Cotton, 2011). Therefore, the potential to improve water storage from compost
applications is greatest in sandy soils (Brown & Cotton, 2011; Rynk, Cooperband, et al., 2022). In
California, Brown and Cotton (2010) found that compost improved the total water-holding capacity in both
sandy loam and sandy agricultural soil sites, but with a proportionally greater increase in the soil with a
sandier texture. Sandy soils receiving 10—15 t ac'! of compost can see increases in the water-holding
capacity of 5%—10% (McConnell et al., 1993); the improvement is dependent on initial soil conditions,
such as depth of the soil, existing SOM content and antecedent moisture levels. For upgrading marginal-
quality sandy soils, general recommendations include a 3-inch layer of surface-applied compost or a 12-
inch depth of compost incorporation into the soil (Alexander, 2020j).
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In loamy soils (sand, silt, clay mixtures), the benefits from compost reflect a combination of those
observed in clay and sandy soils. Brown and Cotton (2011) found that finer-textured silty loam soil
displayed a larger improvement in water infiltration rate after compost additions when compared with
sandy loam and sandy soil types; compost amendments increased the infiltration rate in the silty loam,
with the average infiltration time decreasing by more than 90%.

Organic sails (i.e., Histosols), such as those formed in wetlands, are less likely to display measurable
benefits to soil structure, water movement and water storage from compost application (Winfield, 2020).
These soils exhibit a high water-holding capacity that is not likely to be significantly increased by compost
application. An exception to this would be where an organic soil has been degraded, compost may be
useful in restoring natural conditions, such as in wetland restoration (Governo et al., 2003; USCC, 2008,
2022a). Wetland soils that have been drained and used for agriculture typically undergo significant
changes in their structure and organic matter content. Heavy applications of compost can be used when
restoring converted wetlands to help repair soil, hydrologic and biological conditions and processes.

Lastly, soil characteristics can influence the leaching of dissolved N and P derived from compost. N and P
losses from compost tend to be greater in areas that become saturated with water, such as riparian
areas, floodplains, in green stormwater infrastructure (Hurley et al., 2017), as well as in well-drained soils
that receive relatively high rainfall (Heyman et al., 2019). However, this is likely true for most nutrient
sources. Some evidence indicates that N and P leach less on deeper soils (Heyman et al., 2019).

13.1.2 Chemical Characteristics

The effect that compost has on nutrient availability varies depending on soil chemistry factors, including
organic matter levels, pH and the presence of minerals, such as iron oxides. Nutrient availability in a
healthy soil with high organic matter will show much less response to compost addition than a degraded
soil. Soils with high organic matter content typically have high CEC, and adding compost may not further
increase CEC and nutrient availability. Additionally, the influence of compost on nutrient availability can
vary by soil texture; however, the nutrient content and C:N ratio of the compost will have a much greater
influence than soil texture. Many sandy soils have constrained fertility due to inadequate organic matter
and clay content. Compost has been shown to improve soil quality in sandy areas by increasing SOM,
water-holding capacity, plant nutrients and CEC (Ozores-Hampton et al., 2011). It has been estimated
that compost applications at a rate of 15-30 t ac! (assumed to be wet weight) can increase the CEC of
sandy soils by 10% (Shiralipour, 1998).

The pH of soil can influence the solubility of nutrients and minerals. In this regard, adding compost might
affect fertilizer requirements and amendments needed to adjust soil pH (e.g., lime/S) (USCC, 2008). The
effect of compost additions on pH is not equal across differing soil types. Compost addition may raise,
lower, or have no effect on soil pH (USCC, 2008). Its effect depends on factors including the pH of the
compost, its content of cations and the pH buffering capacity of the soil. For example, a high pH compost
applied to a low pH sandy soil will likely increase soil pH, but the same compost applied at the same rate
to a low pH, clayey soil may result in little or no change in soil pH (Stehouwer et al., 2022). However,
most finished composts have a pH near neutral such that a general rule of thumb is that their application
shifts soil pH towards neutral.

Acidic soils can have a lower availability of N, P and K; therefore, compost applications may help increase
the availability of these nutrients by buffering pH. It was estimated that a compost application rate of 10—
20 tons ac™* of a slightly alkaline compost typically increases pH by 0.5-1.0 in acid soil (Tyler, 2021).
However, using compost to substantially raise the pH of organic soils (e.g., soils formed in wetlands that
typically contain a relatively high organic matter content and have a low pH) may not be desirable or
achievable. In contrast, as soil basicity increases, P availability is decreased, and micronutrients, such as
Fe and Mn, tend to be immobilized. Therefore, adding compost to alkaline soils to bring the soil pH closer
to neutral will increase micronutrient availability. In calcareous soils that have restricted Fe availability to
plants, compost may be effective in increasing Fe bioavailability and alleviating deficiencies in plants
(Ozores-Hampton, 2021a).

Also, when compost is applied to iron-oxide-rich soils (e.g., highly weathered Ultisols), P availability and

leaching can be inhibited because these soils have a high P binding capacity (Evanylo et al., 2008). The
slower rate at which N and P become available to plants from compost can be an advantage on sites
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where there are concerns about the degradation of water quality from nutrient pollution. N and P losses
can be minimized through management techniques, such as accounting for site conditions using compost
with lower amounts of N and P, as appropriate (Beighley et al., 2010); using application rates that target
plant nutrient demands (Shrestha et al., 2020); aligning the timing of compost application with periods of
plant growth to facilitate nutrient uptake (Heyman et al., 2019); and using sorbents that increase N and P
retention where compost-based practices are used for stormwater management (Brown et al., 2015;
Faucette et al., 2013).

13.1.3 Soil Limitations

The C sequestration potential of compost varies considerably among land use types. Soils that have been
physically disturbed, resulting in net SOC losses, have a greater C sequestration potential. Brown and
Beecher (2019) found that C sequestration associated with biosolids compost application at the site scale
was greatest on disturbed soils (including new housing developments, neglected urban soils and highway
rights-of-way), lesser on dryland agricultural sites, and the least on intensively managed landscapes (e.g.,
residential yards with existing vegetation). This is because intensively managed landscapes tend to have
relatively high existing levels of SOC reserves. However, agricultural lands in the United States will likely
have the greatest C sequestration potential at the national scale, given the net total acreage and the vast
C deficit that currently exists in these soils (Sanderman et al., 2017). More information about C
sequestration potential is provided in Section 4.

It is worth noting that there are unique soils where compost applications are undesirable. For example,
serpentine soils are known for their high metal content and low fertility, and alvar is a very shallow soil
formed from limestone bedrock. Both soils harbor unique plant communities adapted to harsh conditions.
Compost applications to these soils are unlikely to be beneficial to the native plant communities (Winfield,
2020). Additionally, areas where native plant communities are adapted to conditions with low nutrient
availability and low water availability may not benefit from compost application (Winfield, 2020). For
example, it is unclear whether desert soils and their associated native plant communities would benefit
from compost amendments.

13.2 Climate

Geographic variability in climate affects the benefits of compost processes post-application. Air and soll
temperatures affect the rate of microbial growth and activity and thus the rate of compost decomposition,
with warmer climates supporting faster compost decomposition and colder climates slowing it down. The
compost nutrient release rate is also affected by regional climatic conditions (Alexander, 2020e). N
mineralization rates are faster under warm, moist conditions, and they are slower under hot and dry or
cold and wet conditions (Stehouwer et al., 2022).

SOC levels vary across the conterminous United States (Sundquist et al., 2009). Areas of higher SOC
partially reflect climatic conditions that inhibit organic matter decomposition and other geographic
variations that influence soils, such as topography. Regions with cooler, humid climates (Pacific
Northwest, Northeast and high elevations in the Sierra Nevada and Rocky Mountain ranges) tend to have
high levels of SOC. The eastern Great Plains region, which has humid, moist summer conditions and cold
winters, also displays relatively high SOC levels. Another region with high levels of SOC are humid
coastal areas of southeastern states; this appears to correspond largely with hydric (i.e., wetland) soils.
This suggests that maintaining benefits, such as improved SOC, improved soil structure, enhanced soil
fertility and decreased runoff, in warm to hot and humid climates is likely to require a greater frequency of
applications and amount of compost relative to colder regions due to the higher organic matter
mineralization rates (Alexander, 2016; Stoffella et al., 2014; Tyler, 2021).

In arid climates, the key benefits of compost use may be improved water infiltration and retention in soils
(Ozores-Hampton et al., 2022). However, compost may not be beneficial for soils supporting natural
vegetation communities in hot, arid climates where plant communities are adapted to soils with limited
organic matter and moisture content. In addition, the Na and CI content of composts may worsen the
effects of soil salinity on plant growth in dry climates (Brown & Chaney, 2016; Devine et al., 2022).
Irrigation can be used to leach out detrimental salts (e.g., Na and CI), although irrigation water can also
contain relatively high levels of salts (Reddy & Crohn, 2012) and may also leach plant nutrients (e.g.,
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NOs) (Gondek et al., 2020). Notably, the use of compost with a high electrical conductivity but low Na and
Cl levels may help mitigate soil salinity problems (Gondek et al., 2020).

13.3 Topography

Topography, or the physical features of a site, such as its slope, aspect and elevation, affect compost use
benefits (Archuletta & Faucette, 2014). Slope, elevation and aspect affect the distribution of water,
temperature and light, which in turn can affect soil structure and fertility, the distribution of plant species,
and the growth/health of vegetation (Magdoff & Van Es, 2021). In sites with a northerly aspect, compost
may help soil retain heat, promoting vegetation growth and supporting biodiversity. On southerly aspects,
compost may help soils retain moisture. Thus, a site’s topography should be considered before applying
compost to maximize its benefits and support sustainable land use practices. Site modifications or
alternative compost management practices may sometimes be necessary to achieve optimal results
(Davis et al., 2023).

Slope affects the amount of runoff and erosion on a site, which impacts the effectiveness of compost
application (Owen et al., 2021). Compost is most effective in reducing soil erosion and improving soil
quality on soils with lesser slopes. On steep slopes, compost is more prone to removal and export by
runoff, reducing its effectiveness in improving soil health. As mentioned in Section 7, this may be
mitigated to a certain degree by using additional materials to help stabilize compost blankets on steeper
slopes (Beighley et al., 2010). However, such slopes may inhibit or exclude the use of mechanical
spreading equipment (Winfield, 2020).

Elevation can affect the rate of decomposition of compost and nutrient availability in the soil. At high

elevations, cooler temperatures may slow the release of nutrients from compost, but at the same time, the
slower decomposition of compost may prolong the soil health benefits.
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This section summarizes the economic value of compost production and use to the compost
manufacturing industry, their suppliers and customers and society as a whole (i.e., when environmental
benefits are assigned monetary value). Though this report focuses on the use of compost, the feasibility
of compost use is tightly tied to compost production. This is true for both environmental (e.g., GHG
emissions reductions) and economic value realized through the compost industry. Where there is a
demand for compost, production becomes more feasible; where sufficient compost is being produced,
there are more options for use (e.g., for projects that require large amounts of material).

14.1 Compost Manufacturing

Although compost is not a product with a high monetary value, recent growth in the sector throughout the
United States indicates that compost manufacturing can be a profitable venture (EREF, 2024). This is
mainly due to the ongoing availability of large volumes of inexpensive feedstocks, the relatively simple
manufacturing process, and increasing awareness of the benefits of compost use. The subsections below
explore the economics of compost manufacturing, with a focus on jobs, revenues, and operating costs.
The recovery of monetary value from discarded organic materials and the monetary value of avoided
environmental impacts (resulting from the diversion organic materials from landfills and incineration
facilities) are also discussed.

14.1.1 Size and Employment

Compost production generates revenue and creates jobs (Beattie, 2014; Platt et al., 2013; Platt et al.,
2008). Approximately 3,000-5,000 composting facilities exist in the United States (EPA, 2023d), and the
industry has been growing. The amount of MSW organics composted in the United States increased by
21% between 2005 and 2018 (EPA, 2020a). Survey data from the Environmental Research and
Education Foundation (EREF) also indicates that the number of facilities increased by 55% between 2016
and 2021, with an 83% increase in tonnage processed (EREF, 2024).

A government estimate of employment for the sector is not available because composting facilities have
historically reported under various NAICS codes. The EREF survey found facilities employed an average
of 6.9 people per 10,000 tons of organics processed. In Maryland, the compost industry employs two
times more workers than landfills and four times more than the state’s waste incinerators on a per-ton
basis (Platt et al., 2013). Although lower than the national average calculated by EREF above, this
equates to 4.2 jobs per 10,000 tons processed. For every $12.21 million invested in the compost industry
in the state, twice as many jobs are supported on a per-dollar-capita investment basis compared to
landfills (Platt et al., 2013). In addition, the compost manufacturing industry can be local economic
multiplier when the source materials, labor, business ownership and customers are part of the same
community.

14.1.2 Revenues

The composting industry can charge a price for both receiving material and supplying material.
Operations that can readily sell their product and charge tipping fees are most often financially sound and
profitable (Governo et al., 2003). Similar to landfills and incinerators, compost companies can charge
tipping fees for waste recycling services. The cost varies depending on the type of feedstock, the
processing method or mechanism, and the specific region where the operation is situated. In the
southeastern United States, for instance, tipping fees per ton of materials can range from $0-$20 for
manures, $0-$25 for wood, $15-$30 for yard wastes, $25-$45 for MSWs, $40-$60 (or more) for
biosolids and $45—$65 for liquids (Coker et al., 2022). According to a report by the Commission for
Environmental Cooperation (2017), food waste in the United States contributes to approximately $1.61
billion in tipping fees annually, primarily to disposal-oriented solutions, such as landfilling. Currently, 60%
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of food waste generated by retail, food service and households is sent to landfill, with incineration as the
next most common pathway (EPA, 2023a). This highlights the potential that exists to increase the volume
of organic materials composted and the associated revenue that can be generated through tipping fees.

Compost companies also generate revenue by selling compost to commercial and residential customers
for subsequent use. Prices vary based on the quality of the finished product and on market-level
awareness of the benefits of compost application. Typical prices for different compost formulations range
from roughly $7—$57 per cubic yard (Rynk, Cooperband, et al., 2022), with an average of approximately
$10 per cubic yard (Goldstein, 2020b). Some specialized products can sell for higher prices. For example,
aged-leaf compost used for stormwater pollutant filtration can sell for around $250 per cubic yard.
Although not considered to be conventional compost, vermicompost (the product of vermicomposting, or
worm composting) can sell for premium prices in the range of $200 to $1,100 per cubic yard (Rynk,
Cooperband, et al., 2022). Compost companies can secure revenue through larger multiyear contracts
with commercial businesses and local governments.

The economic returns for compost companies mainly depend on the scale of operations and extent of
capital investments. For example, in Minnesota, a 2013 survey of state composters attained a combined
gross revenue of $14.2 million from compost (Minnesota Composting Council 2014). When scaled to the
entire state, the composting industry overall earned an estimated $47.7 million in gross revenues: 26%
from private facilities and 74% from public facilities. A cost-benefit analysis of an in-vessel composting
facility at Kean University in New Jersey found that the system could generate a profit of $15,664 a year
from selling compost-grown vegetables to the university cafeteria and local communities. The return
increased to $27,945 when educational and environmental benefits were considered (Mu et al., 2017). A
payback period of 7.3 years was estimated for the Kean University composting facility.

Three case studies illustrate payback periods from capital investments in compost manufacturing. Brown
et al. (2009) found that the payback period for a $4.1 million investment in a food waste composting
facility was approximately 1.7 years. The payback period fell to 1.2 years when carbon credits (totaling
$862,846; carbon credits and carbon sequestration valuation are discussed further in Sections 14.1.5 and
14.2.3) were factored into estimates (Brown et al., 2009). A pilot composting program at Texas State
University, which included setting up and operating a composting site, suggested that although the
system resulted in an initial net loss of $4,900, a net gain of $3,360 was estimated in subsequent years
and the payback period was less than two years (Sanders et al., 2011). Lastly, a cost-benefit analysis of
an in-vessel composting system at Kean University in New Jersey found that the system could generate a
profit of $15,664 per year from the sale of vegetables grown with the addition of soil amendment
(essentially an immature compost) from the in-vessel composter to the university cafeteria and local
communities. The return increased to $27,945 when educational and environmental benefits were
considered. A payback period of 7.3 years was estimated for the Kean University facility (Mu et al., 2017).

14.1.3 Operating Costs

It is important to weigh revenues against the costs of operating a composting facility. Compost
manufacturers incur costs related to labor, fuel, equipment usage, maintenance and power consumption.
Labor costs can range from $5.37 to $16.11 per ton of feedstock handled, depending on various factors,
such as composting method, available equipment and local labor rates. The fuel costs associated with
composting are typically linked to equipment operation, transportation of feedstocks to the composting
facilities and delivery of final compost products to the market. Electrical power can also factor in, with
costs ranging from $1.41 to $2.01 per ton of feedstock handled. C-based amendments can contribute
significantly to overall operating costs, with amendments like sawdust costing around $33.55 per ton
(transportation included) (Coker, 2010). Finally, a study of contamination at composting facilities indicated
that 21% of operating costs are associated with the removal of physical contaminants, such as glass,
metal and plastics, with plastics accounting for up to 85% of physical contamination by volume (CLP,
2024).

14.1.4 Recovering Value from Waste

The clearest economic benefit of compost production is the ability to recapture lost value and beneficial
function from food waste and other organic materials that are otherwise landfilled or incinerated. ReFED,
a multistakeholder nonprofit aimed at reducing food waste, found that edible food is valued at $5,400 per
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ton ($2.70 per pound) at purchase, but this value drops to less than $100 per ton by the time any
remaining food is ready for disposal (ReFED, n.d.) However, these scraps have positive value, and
disposal or landfill represents a loss of potential value. In a study of approximately 150 compost
manufacturers in the United States, the U.S. Composting Council estimated the economic value of
nutrients recycled through compost use to be about $96.6 million U.S. dollars (USD) for N, P and K and
$20.5 million USD for C (USCC, 2021).

At the local scale, decentralized compost use reduces collection/treatment costs associated with food
waste, avoids landfill disposal fees and lowers costs from fertilizer use (Pai et al., 2019). Given that some
communities must haul materials to distant landfills, diverting organic materials to local or community
composting facilities could reduce transportation costs (and associated GHG emissions). On-site
composting at the University of Minnesota (e.g., using food waste produced on campus) was estimated to
reduce waste-hauling fees by $346 per ton on average (Beattie, 2014).

14.1.5 Avoided Waste Management Emissions

Producing compost from organic waste rather than landfilling or incinerating it reduces environmental
impact, and those reductions can provide economic value. The avoided environmental impacts (e.g.,
reduced GHG emissions) and improvement in ecosystem sustainability (e.g., C sequestration, soil health
and water quality) translate to economic benefits that can be estimated as a dollar value. There are also
social benefits that are more difficult to capture using traditional market valuation methods.

Some studies provide insights into the economic value associated with reduced GHG emissions. Heller
(2019) reported the C footprint of food waste in North America to be worth $450 billion annually based on
the social cost of C (also known as the SCC, the discounted monetary value of future climate change
damages from the emission of one additional metric ton of COz). The compost-to-waste ratio in the United
States is expected to increase 8% by 2030, which is estimated to reduce C emissions by 30 million tons
of COze, worth $16.1 billion in cost savings (Farhidi et al., 2022).

Compost production also has the potential to generate economic value to compost industry and/or its
suppliers or customers through C credits (also known as offsets) for avoided emissions (composting
rather than landfilling). These credit programs, still in the early stages of development in the United
States, are designed to incentivize GHG reductions and are available for composting of organic materials
if composting is not required by regulations (i.e., through mandatory recycling or landfill bans for organic
materials). Each credit typically represents a reduction of 1 metric ton of CO2 or COze from the
atmosphere. The Climate Action Reserve is one program that offers credits for diverting food waste to
composting facilities (“U.S. Organic Waste Composting Protocol”) (Climate Action Reserve, 2024). The
credits can then be traded or sold to companies or organizations seeking to offset their own emissions. In
2021, the global average C credit price on the voluntary market was $4.13/ton of COze (The World Bank,
2022). In 2009, Brown et al. (2009) estimated the hypothetical value of C credits (from avoided CHa
emissions) for individual OFMSW composting facilities to be $883,950. For additional information on
carbon sequestration valuation, see Section 14.2.3.

14.2 Compost Use

Overall, there is a lack of comprehensive economic evaluations examining changes in net costs and
profitability associated with compost use. The available evidence related to cost of purchase and
economic value of benefits, such as water quality improvements, carbon sequestration and ecosystem
services, is presented in this section.

14.2.1 Compost Purchase

Certainly, the cost of using composted livestock manure in agriculture is greater than the cost of using the
same livestock manure in a raw form. Yet the magnitude of changes in net costs and profitability when
compost use supplements or replaces conventional practices and materials can also be highly situational.
Net costs depend on multiple factors, including the type of feedstocks used to make a compost, where
the compost is used, how it is used, what benefits are being considered in the analysis and the time span
over which benefits are being considered. For example, economic evaluations of compost use in
agriculture are complicated by the number of variables that can be affected by a specific compost use,
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such as costs related to compost purchase, equipment, fuel, fertilizer, soil amendments, pesticides,
irrigation and cropping materials (e.g., mulch). Evaluations must also account for factors such as compost
quality, crop types, crop yields, crop losses (e.g., due to disease, pests, drought) and the market value of
crops (Endelman et al., 2010; Julian et al., 2012; Reeve et al., 2012).

There is some evidence that compost use can reduce production and maintenance costs in agriculture
and horticulture associated with a decreased reliance on inorganic fertilizers, synthetic pesticides and
irrigation (Alexander, 2020e, 2020f, 2020h, 2020i; Hussey & Harrison, 2005). For example, compost use
as a topdressing for turfgrass reduced the costs of fertilizer and pesticides, water usage and field
reseeding at the 44 acre Massachusetts Development Complex in Devens by approximately $1,339 ac™!
yr-t (Hill, 2021). Yet the net effect of compost use on production and maintenance costs in agriculture and
horticulture appears to be highly situational (Chan et al., 2011; Endelman et al., 2010; Julian et al., 2012;
Reeve et al., 2012). For example, Julian et al. (2012) found that the use of compost and sawdust as a
mulch was less economical than the use of weed mats during the establishment of blueberry orchards in
Oregon due to the increased costs associated with weed management.

Farms, nurseries and municipalities that produce their own compost can save on expenses by reducing
or eliminating the need to purchase compost, fertilizers, or other soil-enhancing products. Additionally, it
has been noted that composted manure is easier and cheaper to transport than raw manure, in part
because composting reduces the volume of dry matter by at least 50% (NRCS, 2010). For operations that
do not produce their own compost, the cost of purchasing and applying compost on large acreages may
be a barrier to use. However, qualifying landowners and other entities may be able to receive financial
assistance through the USDA NRCS to help pay for the cost of compost applications. Soil C amendment
application (which includes compost use) on agricultural lands, forest lands and developed lands is an
eligible cost-share practice through certain NRCS Programs and Initiatives (NRCS, 2022).

14.2.2 Water Quality Improvements

Market-based water quality programs can provide insights into the monetary value of benefits of water
quality improvements from compost use. For example, Faucette (2012a) performed a financial analysis of
the use of compost blankets for stormwater and water quality management compared to traditional on-
site stormwater management. The study estimated that, for a 3-inch, 24-hour storm event on a 10-acre
site, a compost blanket would produce 54,300 gallons of water and substantially decrease pollution load
generation from the site, given that pollutant pollution loads are correlated to stormwater volume. The
same site with an impervious surface would produce 752,100 gallons of water, a 1,400% difference. The
subsequent size of a stormwater management pond to address the runoff under the impervious surface
scenario would need to be 14 times bigger. This represents a loss of land that could otherwise be used
and would increase design, construction and maintenance costs in addition to the environmental costs
mentioned above. The total cost increase to treat the higher volume of stormwater from the impervious
area was $231,260 (Faucette, 2012a). The Center for Neighborhood Technology provides a number of
other publications that quantify the benefits and value of green stormwater infrastructure (CNT, 2011,
CNT & SB Friedman Devleopment Advisors, 2020; EPA, 2014).

Compost use can also play a part in nutrient trading programs (akin to C credits), facilitating the
attainment of total maximum daily load (TMDL) limits and water quality standards. TMDLs define the
maximum allowable pollutant levels that water bodies can receive while still complying with state water
quality standards (Bell & Platt, 2014). The Federal Clean Water Act mandates that states establish
TMDLs as part of their watershed implementation plans to restore impaired water bodies nationwide.
Nutrient credits provide a market-based approach to meeting TMDL targets by effectively assigning
monetary values to the reduction or removal of a unit of nutrient pollution. Entities such as municipalities,
industrial facilities, or agricultural operations (e.g., Confined Animal Feeding Operations) that surpass
their nutrient reduction targets could generate nutrient credits and sell or trade them with other entities
that have yet to meet their reduction targets. The credits are based on the nutrient load that would be
released into water bodies if nutrient reduction practices were not implemented. Once registered, verified
and certified, credits can be traded or sold to regulated entities, such as wastewater treatment plants or
other industrial facilities facing increasing on-site water quality compliance costs (Ross, 2012a).

As an example, using composted manure on agricultural fields rather than raw manure is an eligible
means of generating nutrient credits in Pennsylvania (Pennsylvania Department of Environmental
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Protection, 2021). A credit is based on a calculation of N and P reductions (pounds) per ton of manure
compost; one credit is equal to one pound of N or P. An auction by the Pennsylvania Infrastructure
Investment Authority (PENNVEST) sold 20,000 pounds of N reduced from point sources (2012) for
$4.65/credit, and 2,000 pounds of N reduced from point sources (2014) for $4.39/credit in the
Susquehanna River Basin (Ross, 2012b). This highlights the potential monetary value that could be
achievable through compost use as part of nutrient trading programs.

14.2.3 Carbon Sequestration

Estimating a precise cost for the sequestration of C in soil from compost use is difficult. The International
Solid Waste Association reported that for typical yard trimmings compost, C sequestration values range
from $4.54 to $8.17 per ton (wet weight) of compost applied to soils (Gilbert et al., 2020b). Other methods
focus on the “cost of carbon” in the context of climate mitigation and emissions. Table 13 summarizes the
range of potential economic values associated with this level of sequestration based on five COze
valuation methods:

e SCC method: Estimates the costs of C emissions to society as a whole ($190.50/ton CO2e [in
2020 dollars]) and is intended to be a comprehensive estimate of climate change damages and
includes variables such as changes in net agricultural productivity, human health, potential
property damage (e.g., from increased flood risk) and energy system costs (e.g., changes in
heating and cooling costs) (Sarinsky & Weatherford, 2024).

o Abatement Cost Estimate: Is based on the price needed to initiate behavioral and infrastructure
change to meet specific targets, such as the Paris climate change accord (Gilbert et al., 2020b).

e Market Price of Carbon method: Estimates values for C abatement in terms of the emission
trading scheme, the upper ($59.00/ton CO2€) and lower bound ($17.00/ton CO2¢) are determined
by the Carbon Pricing Bill Tracker in this estimation (Hafstead, 2021).

e Willingness-to-Pay approach: Estimates how much people are willing to pay to add a particular
good or service or remove a good or service (McGoodwin, 2018). In this case, the inflation-
adjusted rate is $35.89/ton CO2e (EPIC News, 2021).

The U.S. Composting Council estimated that compost use in the United States resulted in roughly
368,000 tons of COze sequestered in soil in 2020 (USCC, 2021). Depending on the “cost of carbon”
method, the values estimated range from $6 million to $70 million assuming 368,000 tons CO2e are
sequestered annually.

Table 13. Economic values generated from reduced C emissions through compost use based on
different “cost of carbon” estimates.

Approximate total

economic value per year

Method Price ($ tCOze-) (millions of dollars)ab
Social cost of carbon (damage costs avoided) approach 190.50 $70
Abatement cost estimate approach 68.72 $25
Market price of C approach (upper-bound) 59.00 $22
Market price of C approach (lower-bound) 17.00 $6
Willingness-to-pay approach 35.89 $13
Notes:

$ 1 CO2" = dollars per ton carbon dioxide equivalent.

aPer annum value rounded to the nearest million.

b Calculated using value of 368,000 t CO2e sequestered in U.S. soils in 2020. Estimate was based on assumptions that approximately 4 million
tons of compost (wet wt.) were applied to soils, moisture content was about 50%; and variable rates of SOC increase in the southern (25 Ibs
SOC ac™ yr' t' dry mass added), middle (41 Ibs SOC ac! yr! t! dry mass added), and northern (57 Ibs SOC ac' yr' t' dry mass added)
thirds of the United States The calculations did not consider emissions avoided from landfilling or incineration nor processing or transportation
emissions. It was stated that this was a conservative estimate since the calculations were performed using data from 25% of member
composters who responded to the survey.
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14.2.4 Ecosystem Services

Directly and indirectly, ecosystems have a profound impact on human welfare, thereby contributing to the
total economic value enjoyed by society. As Section 9 of this report describes, compost application
provides a range of environmental benefits that support healthy ecosystems, which supply beneficial
goods and services to society and promote human well-being. Hence, compost use acts to support the
enhancement of ecosystem services (EPA, 2023c). A common framework for evaluating such
contributions divides ecosystem services into four categories (Brauman et al., 2014):

e Provisioning services: Services derived from products obtained from ecosystems

e Regulating services: Services obtained from the regulation of ecosystem processes

e Supporting services: Services that maintain ecosystem processes and functions, such as soil
formation, primary productivity and provisioning of habitat

e Cultural services: Services that contribute to the cultural, spiritual, or aesthetic aspects of
human well-being

Numerous studies document the economic value of various ecosystem services, many of which can be
linked to compost. Table 14 summarizes some of the potential ecosystem services associated with
compost use and, where possible, identifies the estimated economic value of these services. The
economic values reported are not always directly attributable to compost. They are estimates of the value
of broad ecosystem services that are linked, at least in part, to the use of compost. Compost use also
supports cultural ecosystem services(e.g., water-based recreational activities); however, they are not fully
addressed in the table because they are more difficult to attribute with an economic value.
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Table 14. Summary of economic values associated with benefits and ecosystem services from compost use.

benefit Ecosystem services Economic value
Soil health Provisioning services: Indirect value estimate:
improvement o Agricultural production and According to the University of Vermont, the total value of ecosystem
consumption services from improved soil health on Vermont farms is approximately
e Increased crop yield $31 ac' yr1, providing a total value of nearly $25 million yr-' across
¢ Increased high-quality food Vermont agricultural lands (Dube et al., 2022).
production and consumption Indirect value estimate:
e Increased food security Jenkins et al. (2010) estimate the value of three of the many
* Income ecosystem services produced by wetland restoration. These services
Regulating services: include GHG mitigation, N mitigation and waterfowl recreation. The
o Water conservation social welfare value of wetland restoration is found to be between $709
e Requlation of ism biodiversity | and $734 ac! yr1, with GHG mitigation valued between $209 and
guiation ot organism bIodversity $270, N mitigation at $151 and waterfowl recreation at $20
o Groundwater recharge ’ '
o Erosion control and flood mitigation | Indirect value estimate:
o Disease and pest regulation Costanza et al. (2014) provided dollar values for the ecosystem
e Vegetation reestablishment services associated with agriculture. On a per-acre basis, soil
, , formation is valued at $289.
Supporting services:
o Soil formation Indirect value estimate:
o Biomass generation Estimated annual losses from inefficient water use or inadequate
o Nutrient cycling and regulation infiltration can range from $165 ac-! (for irrigated pasture) to $988 ac-1
o Water cycling (for orchards) in equivalent purchase power in 2020 (Boyle et al.,
o Creation of diverse microbial 1989).
communities Indirect value estimate:
o Riparian restoration One inch of topsoil has been valued at $2967 ac-" in 2022 (based on
o Wetland creation and restoration the potential cost to replenish nutrients and SOC lost via erosion) (Bly,
2022).
Water Provisioning services: Direct value estimate:
conservation ¢ Increased high-quality food According to a national survey carried out by the Municipal Water
production and consumption Infrastructure Committee (MWIC), the median annual maintenance
e Food security cost of bioretention devices is approximately $1.63 per square foot,
e Income with costs ranging from as low as $0.31 per square foot to as high as
) ) $5.43 per square foot. The survey also reports average annual
Regulating services. maintenance costs, which vary between $590 and $9,157, with a
» Water conservation median value of $2,006 (Boyle et al., 1989).
e Erosion and flood control
¢ Drought mitigation
Supporting services:
e Soil formation
o \egetation reestablishment
o Nutrient cycling
o Water cycling
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Environmental

benefit Ecosystem services Economic value
Water quality Provisioning services: Indirect value estimate:
protection e Food quality and quantity (fish) The value of clean water and water quality was seminally established
o Fresh water access by Carson and Mitchell (1993), who estimated the annual household
, , willingness to pay for freshwater quality at $481 across fishing, boating
Regulatmg serwcgs:. _ and swimming.
¢ Retention and infiltration of
stormwater Indirect value estimate:
e Pollutant filtration Infiltration basins can cost $819-$1,768 per cubic meter (2015 dollars)
e Restoration of natural rates of with a P removal efficiency of 65% (EPA, 2015). Compost can reduce
stormwater infiltration, peak flow, the costs associated with nutrient pollution treatment.
pollutant loading and
evapotranspiration
Cultural Services:
o Access to water-based recreational
activities
Carbon Regulating services: Direct value estimate:
sequestration o Carbon sequestration An EPA study in Leadville, CO, where biosolids and compost were
e Climate change resilience applied to reduce metal toxicity found that net C sequestration was
e Air qua“ty regu|ation worth $4,443—$7,899 ac! (Brown & Chaney, 2016)
Supporting services:
e Soil formation
o Nutrient cycling
o Water cycling

Notes: ac yr' = acres per year
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This section discusses the potential for increasing the use of compost at scales that match the available
volume of discarded organic materials. While the use of compost has increased in recent years in the
United States, the full potential of associated benefits may only be realized with scaled-up usage through
both decentralized (smaller: farms, communities, households, etc.) and centralized (larger: municipalities,
industries, etc.) systems. Compost use currently tends to be at a local scale, largely due to the costs
associated with transporting bulky materials with relatively low per unit monetary value. The measurable
benefits are typically localized, but scaled-up compost use across multiple projects and sectors generates
cumulative benefits and co-benefits that can support national or regional environmental sustainability
goals (e.g., C neutrality, food sustainability, water quality targets). Creating parity among the available
supply of compostable materials, the quantity of compost that is manufactured, and the quantity of
compost used is referred to in this section as compost use “at scale.”

>
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Figure 20. Bins for separating recyclables, compostables and trash for curbside collection in Seattle, WA.
Photo courtesy of Seattle Public Utilities.

15.1 Current Scale of Compost Use

Compost usage has spread far beyond the agricultural, horticultural and landscaping sectors. Compost is
now used to revegetate degraded soils following construction activities and in practices used to manage
urban stormwater runoff (Archuletta & Faucette, 2014; Faucette et al., 2006). It is also used to help
revegetate former mine lands, improve heavily degraded urban soils (e.g., brownfields and Superfund
sites) and restore ecosystem functions in wetlands (Basta et al., 2016; Brown & Chaney, 2016; Governo
et al., 2003). As detailed in Section 4, compost use can also facilitate climate mitigation, adaptation and
resilience.

In 2024, EREF, sponsored by the U.S. Composting Council, published a survey of composting facilities
that includes a summary of the relative distribution of compost sales among a variety of sectors. The
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results of this compost use survey are displayed in Figure 21 and provide some understanding of the use
in various sectors (EREF, 2024). Agriculture was the leading sector based on the sales distribution,
followed by compost/mulch distributors, landscaping and horticulture. Note that these results only address
commercially available compost (i.e., excluding compost produced on-farm for use on-farm) and do not
indicate the end use of the compost for every sector (e.g., the end uses of compost purchased by
compost and mulch distributors is unknown).

Compost production is growing overall, reflecting an increase in demand that is likely associated with
greater recognition of the benefits of compost use. Between 2005 and 2018, the amount of MSW
organics composted in the United States increased by 21% (EPA, 2020b). The number of composting
facilities in the United States increased by 55% between 2016 and 2021 (from roughly 3,000 to more than
5,000), with an 83% increase in tonnage processed by survey respondents (EREF, 2024).

Distribution of Compost Sales Among Sectors
(by percentage of tonnage produced)

Sod Growers
1% Landscape

Contractors
14%

State Departments of
Transportation
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Compost & Mulch
Distributors
23%
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1% /
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2% Agricultural

32%

Commercial
Horticulture
13%

Retail Direct Sales
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Figure 21. Relative distribution of compost sales among sectors in the United States
(EREF, 2024).

15.2 Availability of Organic Material

The scale of potential benefits from compost use is connected to the volume of available compostable
material. The annual demand for compost is estimated to be ten times greater than the supply (Goldstein,
2020b), even though the availability of compostable materials is not usually a limitation. In particular, the
amount of food waste and yard trimmings going to landfills and the amount of raw manure used in
agricultural production could support an increase in the scale of compost use. Compostable food waste
and yard trimmings accounted for over 98 million tons (over 30%) of MSW generated in the United States
in 2018 (EPA, 2020b). Yard trimmings are the most frequently composted MSW; roughly 60% were
composted in 2018 (EPA, 2020b). In 2019, an estimated 102 million tons of food waste was landfilled in
the United States (EPA, 2023a), and only 5% of food waste generated from food retail, food service,
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residential and food bank sectors was composted (EPA, 2023a). There is also vast potential for “hidden”
food waste from food manufacturing and processing sectors (such as seafood processing waste, nut
shells, fruit peels and corn cobs) to be used for compost (Rynk, Schwarz, et al., 2022). The percentage of
food waste composted from these sectors was estimated to be 1.5% in 2019 (EPA, 2023a). Nearly 50%
of biosolids are landfilled or incinerated, representing another large quantity of material suitable for
composting (Brown, Miltner, et al., 2012). Additionally, much of the roughly one billion tons of manure
generated annually in United States agriculture (Ribaudo et al., 2003; Zhang & Schroder, 2014) has the
potential to be routinely composted before application on fields.

Local factors can dictate the availability of organic material with food waste, yard trimmings and biosolids
more typically obtainable in urban areas, while agricultural residues, byproducts and manure are readily
attainable in rural settings.

15.3 Examples of Sector Expansion Opportunities

A variety of opportunities exist to increase the scale of compost use. Initiatives that improve the health of
agricultural soils, enhance water resource protection efforts, and support carbon neutrality can support
expansion. This section explores the potential for growth of compost use with focus on these three
initiatives as examples.

15.3.1 Agriculture

Conventional agricultural operations represent a relatively untapped market that can potentially purchase
and use large volumes of compost (Alexander et al., 2022). In California, large-scale compost use has
been suggested as an option to help remediate degraded agricultural soils (Harrison et al., 2020),
highlighting scale and market potential.

A lack of compost quality standardization, challenges with large-scale compost applications, insufficient
knowledge of benefits, and application costs are potential barriers to scaling up compost use in both
organic and conventional agricultural operations. Purchasing compost for use across large-scale farm
acreages may be prohibitive for farmers, particularly for crops with a potentially low or volatile profit
margin. The cost and availability of equipment to apply large volumes of compost and the time required to
complete such applications are other barriers to widespread agricultural use. As noted in Section 14.2.1,
farmers may be able to obtain financial assistance through the USDA NRCS to help purchase compost
and pay for the cost of compost applications.

Increasing on-farm composting and use of that compost is another option for operations that have an
ample supply of compostable materials. Farmers, however, may not have sufficient knowledge or time to
manufacture compost with the desired characteristics for a specific agricultural use (e.g., compost nutrient
levels, when intended as a replacement or supplement to inorganic fertilizers or raw manures).
Furthermore, there is a risk that inadequate control over the composting process could result in potential
negative consequences. For example, applying an immature, unstable compost to crop fields can be
detrimental to crop growth.

Ensuring that an ongoing supply of commercial quantities of compost remains stable and mature may
require laboratory testing. The U.S. Composting Council’s Seal of Testing Assurance Program uses
laboratory analysis to provide certified information on key compost characteristics. It should be noted that
this program standardizes the reporting of compost characteristics but does not ensure product
standardization. Compost manufacturers are not required to standardize or even characterize their
composts. A lack of standardization is a likely barrier to scaling up agricultural compost use among
farmers, who rely on information about fertilizer, pesticide and soil amendment characteristics in tailoring
applications for soils and crops. In summary, scaling up compost use in agriculture would likely require
the ability to procure and apply an affordable supply of compost with standardized qualities, or at least
gualities that are consistently characterized.

Certified organic farming has the potential to increase compost use; however, there are barriers to more
widespread compost use in organic agriculture due to certification regulations and usage limitations
(Alexander et al., 2022). In organic agriculture, compost is used in place of inorganic fertilizers and
amendments to augment soil fertility and build SOM. The presence of prohibited contaminants or
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feedstocks may prevent a compost from being certified for use in organic agriculture and, therefore,
would prohibit certified organic farms from using it in growing operations. For example, compost made
from biosolids or synthetic food packaging or service ware (even if certified compostable) is prohibited for
use in organic agriculture (USDA, 2019).

15.3.2 Water Resource Protection

As outlined in Sections 3 and 7, compost can be used in various stormwater control practices, such as
rain gardens, bioretention cells and permeable pavements. This versatility allows for a wide range of
potential applications for compost in stormwater management, which increases the potential for scaling
up its use.

15.3.2.1 Stormwater Control

In communities across the country, there is a growing recognition of the importance of Gl for stormwater
management and water quality protection. Compost use within Gl can be a cost-effective and sustainable
alternative to traditional stormwater control practices. In some cases, state and local governments create
financial incentives to increase compost use in Gl. In other cases, government regulations require the use
of compost in Gl. For example, local governments may require that compost-topsoil blends be used for all
commercial revegetation projects on the physically disturbed soils resulting from building and road

construction.

Washington’s Soils for Salmon initiative is one example of how The Soils for Salmon Program
builders, developers and landscapers use compost to improve soil in Washington State has
quality on building sites and protect nearby waterways from established compost use as a
stormwater runoff (WORC, 2023). Programs such as this play an fundamental component of
important role in scaling up the use of compost because they efforts to improve the health of
facilitate growth in the demand for compost use. Furthermore, linking soils disturbed by construction
compost use to community values, such as the conservation of activities. Improved soils and
salmon, helps increase awareness of the benefits of compost use. vegetation help reduce the
The discussion of water quality trading and nutrient credits in Section impacts of urban stormwater
14.2.2 describes other possible incentives to expand use. on salmon-bearing streams.

15.3.2.2 LEED Cetrtification

Commercial and residential developers have begun incorporating compost into their infrastructure
projects to earn Leadership in Energy and Environmental Design (LEED) credits. For instance, to meet
several categories in the LEED-New Construction (LEED-NC) ranking system, a 1,100-acre development
project in Greenville, South Carolina, exclusively used compost-based products for a range of purposes,
including perimeter control, inlet protection, slope stabilization, bioswales and rain garden/bioretention
mechanisms (Faucette, 2009). LEED certification and other such incentives are a particularly effective
way for governments to promote compost use at scale and secure associated water quality and
conservation benefits. These measures are important in creating more sustainable and resilient water
management systems.

15.3.2.3 Water Conservation

Some municipalities now recommend or require compost use as an approach to improving water
conservation. For example, Leander, Texas, requires that compost be mixed with topsoil on all new
landscapes (residential and non-residential) (Bell & Platt, 2014). The measure constitutes a greater effort
to expand community-scale water conservation efforts in a drought-prone region with complex water
rights. Water conservation benefits have myriad implications, especially for the agricultural sector.
Commercial farming has played a central role in exacerbating ongoing U.S. water supply challenges (Jury
& Vaux Jr, 2007; Pimentel et al., 1997). Scaling up compost use in the agricultural sector may, therefore,
help conserve water supplies for not only agricultural production but also for other critical uses, such as
municipal drinking water supplies.
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15.3.3 Carbon Neutrality

Creating and using compost can help businesses, communities, municipalities and states work toward
goals of decreased GHG emissions and carbon neutrality. As discussed in Section 4, opportunities exist
to divert more organic materials from landfills, greatly reducing GHG emissions. Data from EPA suggests
that roughly 100 million tons of food waste can be diverted from landfills (EPA, 2020b) to compost
manufacturing facilities, which would decrease CH4 emissions from landfills by up to 60% (EPA, 2023g).

Scaling up compost production and use can be achieved through a combination of individuals (e.g.,
backyard and community composting) supplementing the activities of existing businesses (e.g., farms,
wood products, food processors) and by centralized facilities specializing in compost manufacturing.
Centralized composting of diverted organic materials has large-scale potential and is regarded as a
sustainable waste management alternative with numerous environmental co-benefits (ReFED, n.d.). Such
recycling solutions typically achieve scale through “large municipal programs that coordinate policy,
collection infrastructure, and centralized processing facilities”(ReFED, n.d.). However, the cumulative
effect of individuals and businesses can meet local needs where centralized composting facilities do not
exist.

There is vast potential to increase soil C sequestration across large scales within the United States. In
Washington state, it has been estimated that soil applications of compost made from available food waste
and yard trimmings could sequester nearly 44,000 tons of C annually (Brown et al., 2011). Brown, Miltner,
et al. (2012) estimated that roughly 3 million t C yr-! could be sequestered on urban lands throughout the
United States using compost derived from urban-sourced organic materials.

15.4 Examples of State Expansion Opportunities

Increasing awareness of benefits and use, incentivization programs, and restrictions on landfilling of
potential feedstock can drive the scale up of compost. In most states, the quantity of compost that could
be produced given available yard and food waste far outweighs the quantity actually produced. Growing
the supply and use of compost may require research, new technologies, policy levers, and/or targeted
education, depending on a state or region’s specific circumstances.

For instance, a study looking at composting in Florida found that more than 5.7 million tons of compost
could be produced using yard debris and food waste (Li et al., 2010). Growth of the market for compost
use in Florida could be accelerated with further research as follows (Li et al., 2010):

(1) Develop a quick method for determining the maturity of compost

(2) Develop and demonstrate simple composting devices for household use
(3) Develop passive (low maintenance) composting systems for producers
(4) Explore market development for compost use

California provides another example. California’s State Bill (SB) 1383 is one example of a statewide
strategy to scale up compost production and use. It targets landfill CH4 emissions by endeavoring to
divert 75% of organic materials from landfills by 2025. Researchers at the University of California—Merced
modeled the composting system required to achieve this target using a geospatial model (Compost
Allocation Network) that simulates waste production and transportation in all of California’s cities and
farms. The model considered various waste production, compost application and compost conversion
scenarios. Results suggested that a system that recycles nutrients between cities and local farms could
help California meet SB 1383 while reducing state emissions by 5.7 £ 11.1 million tons of COze annually
(Harrison et al., 2020). Assuming that most of the compost would be applied to local farmland, this system
could provide the state with an opportunity to improve or remediate its agricultural soils. From a national
standpoint, the potential for large-scale emissions reductions through compost production and use is
high. According to Farhidi et al. (2022), the current ratio of compost to waste in the United States is
around 10% and is expected to rise to 18% by 2030 based on trends (Farhidi et al., 2022). Scaling up
compost production through landfill diversion can minimize harmful emissions while generating
considerable economic and environmental benefits from compost use.

A study in Georgia found that the largest potential markets for compost were erosion control, kaolin mine
land reclamation and landscaping (Governo et al., 2003). The study noted that the state lacks a compost
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production facility in the region of the kaolin industry, highlighting that more connected strategic planning
may be needed to develop potential opportunities for compost use. Improved awareness of benefits and
publication of specifications from the state DOT and Soil and Water Conservation Commission were
suggested as approaches to encourage the creation of more composting facilities throughout the state
(Governo et al., 2003).

State Departments of Transportation (DOTS) provide another opportunity for scale-up. State DOTs often
apply compost to roadside soils to establish vegetation, control erosion and protect adjacent ecosystems
from pollutants. In Washington State, regulations require that 80% of the funds for soil improvement on
rights-of-way be dedicated to compost use. DOTs in Texas and California also focus on specialized use
of compost. Brown (2020) estimated that if the California DOT were to use compost annually along all the
roadway rights-of-way it manages, approximately 19% of the food waste/yard trimmings (145,000 tons
out of 750,740 tons) produced by California in a single year would be used. Local governments are
prominent consumers of compost and can directly scale up their own use.

15.5 Feasibility of At-Scale Use

An increase in both supply and demand are needed to achieve at-scale compost use and benefits, given
the amount of available feedstock and the potential uses for compost across a range of sectors. Many
communities, businesses and institutions have already adopted compost use programs, demonstrating
that composting is a viable and practical solution to reduce waste sent to disposal and improve soll
health. Additionally, its utility to sectors from agriculture to stormwater management underlines the variety
of potential users and the potential to scale up use. The environmental benefits of compost use are well-
supported by scientific research, which provides a strong justification for governments, businesses and
individuals to invest in and promote compost use on a larger scale. The potential scale of benefits can
only be realized by exploiting opportunities to use compost as a substitute for conventional soil
amendments. However, there are gaps in existing literature and data analysis regarding the overall
supply and demand potential for compost.

Generally, compost quality does not appear to be a limiting factor for scaling up compost use, provided
recommended practices are followed. Contamination (e.g., plastics) may pose a challenge for composting
facilities processing certain feedstocks, such as mixed food waste and compostable food packaging and
service ware (more in Section 10.3). Compost production facilities can tailor compost quality (see Section
11 for context) to specific end uses (e.g., by incorporating specific feedstocks or blending certain
materials into the finished compost), and there are different quality standards for different uses. Tailoring
compost quality characteristics and marketing of compost for specific end uses and user needs (e.g.,
agricultural production or erosion control) is likely more important than concerns that relate to the
availability of compost for large-scale use.

Promoting compost use on a larger scale would maximize associated environmental benefits and reduce
per-unit costs, thereby further encouraging use and expanding market potential. Strategies to increase
compost use, such as incentives, awareness campaigns and landfill restrictions, can stimulate a positive
feedback cycle in which increased compost use drives an increase in compost production, which in turn
magnifies the cumulative environmental and societal benefits, leading to more demand for compost use.
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This report summarizes and synthesizes information from key scientific literature about the value of
compost use in the United States. Section 16.1 provides general conclusions. Section 16.2 describes
research needs to further improve the understanding of the value of compost use in sectors of interest in
this report and at a broader scale.

16.1 Conclusions

In the United States, compostable food waste, yard trimmings and wood comprise approximately 40% of
landfilled MSW and 38% of the MSW that is incinerated (EPA, 2020a). Composting these organic
materials reduces GHG emissions from landfills and produces a valuable soil amendment that benefits
many sectors. Additionally, roughly 2 trillion pounds of compostable livestock manure is generated in U.S.
agriculture each year, most of which is applied to agricultural fields in a raw form (Ribaudo et al., 2003;
Zhang & Schroder, 2014), and nearly 50% of U.S. biosolids are landfilled or incinerated (Brown, Miltner,
et al., 2012). The potential volume available emphasizes the existing opportunity to create a more
sustainable system of transforming organic materials into compost, a resource that provides benefits for
soils, water resources and climate resilience.

A large body of scientific literature reports that appropriate compost use leads to substantial
environmental benefits. Despite differences among studies (e.g., the magnitude of benefits observed, use
cases, location), the scientific evidence is clear that compost use offers numerous benefits for soil health,
plant growth and environmental sustainability. As a soil amendment, it improves the properties of soils
and growing media physically (structurally), chemically (nutritionally) and biologically. Adding organic
matter rejuvenates and fortifies overall soil health with cascading benefits for plants, water resources and
ecosystems. The soil health improvements from compost use support the growth of plants (root
development and access to water plus nutrients, such as N, P and K) and increase the abundance of
beneficial soil organisms, such as worms and certain microbes. Furthermore, the stable organic matter
from compost provides valuable benefits to soils that inorganic fertilizers do not supply. The key benefits
associated with biological, chemical and structural soil health are reviewed in Table 15.

of soil health benefits associated with compost use.
Soil health benefits

Table 15. Summar

Biological benefits

Chemical benefits

Structural benefits

Microorganism
diversity and
abundance: Up to 2
times greater soil
microbial activity
(e.g., bacteria,
fungi) has been
observed following
compost
applications (Brown
& Cotton, 2011).

SOC: Increases in SOC up to 300% have been
observed (Brown & Cotton, 2011).

Soil acidity and pH: Compost can buffer soil pH and
retain Ca and Mg, maintaining a favorable soil acidity
level that improves availability of nutrients (i.e., N and
P) for plant uptake (Wilson et al., 2018).

Soil nutrients: Although not considered a fertilizer,
compost can provide significant quantities of N, P, K
and various other plant nutrients (e.g., = 50% of an
annual crop’s initial fertilizer requirements)
(Alexander, 2020e; Ozores-Hampton, 2019).

Soil contaminants: The organic matter and microbes
in compost help immobilize and break down
contaminants that harm plants and animals, water
quality, and human health.

Soil density/ compaction: Reductions up to
35% have been observed (Brown & Cotton,
2011; Evanylo et al., 2016;
Mohammadshirazi et al., 2017; Ozores-
Hampton, 2019).

Soil permeability and water infiltration:
Increases in infiltration rates up to 183%
have been observed (Cogger et al., 2008;
Mohammadshirazi et al., 2017).

Soil water-holding capacity: 35%-57%
increases in water storage observed (Brown
& Cotton, 2011; Ozores-Hampton, 2021c).

Soil erosion: Reductions in sediment
transport of up to 99% have been observed
(Alexander, 2020c).
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The associated improvements in soil health result in co-benefits for water conservation, water quality and
broader climate resilience goals. Compost-based practices reduce stormwater runoff, conserve water and
improve water quality in various urban and rural settings (Evanylo et al., 2008; Faucette, 2009, 2012a;
Faucette et al., 2005). Compost use also assists with wildfire recovery efforts by reducing storm runoff
that can contaminate drinking water sources with ash, sediment and toxins, thereby reducing water
treatment costs. These benefits help build resilience to climate-driven changes in the water cycle
(Faucette et al., 2005; IPCC, 2022; Rynk, Cooperband, et al., 2022). At the landscape scale, associated
improvements in soil health and plant growth have the potential to support the health of a variety of
ecosystems, such as parks, wetlands, aquatic ecosystems, prairies and forests. The key water resource
management and ecosystem benefits of compost use are summarized in Table 16.

Table 16. Summary of benefits and avoided impacts for water resources and ecosystems from compost
use.

Water resources and ecosystems

Benefits

Stormwater management: Compost can improve the ability of
stormwater (e.g., berms, filter socks, blankets) and Gl practices
(bioretention areas and rain gardens) to control/treat runoff (Bell &
Platt, 2014; Faucette et al., 2013; Faucette, Governo, et al.,
2009). Compost blankets or erosion control mats applied to slopes
and construction sites often prevent erosion and sediment runoff
better than conventional practices involving topsoil placement
and/or hydroseeding (Bakr et al., 2012; Faucette, 2007; Faucette
etal., 2005).

Water conservation: Compost can hold up to five times its weight
in water (Faucette, 2009). This helps increase water infiltration
into soils, improve water retention and reduce evaporation
(Ozores-Hampton et al., 2022). In this manner, compost reduces
surface runoff during wet periods and reduces irrigation needs
during dry periods (Brown et al., 2008; Ozores-Hampton et al.,
2022).

Groundwater recharge: Compost use can increase the amount of
water entering and moving through the soil, thereby recharging
groundwater (Faucette, 2012b; Magdoff & Van Es, 2021).

Ecosystem resilience: Compost use improves soil health, which
supports the biodiversity of plants and animals, including
important pollinator species (Magdoff & Van Es, 2021). In this
manner, compost can contribute to the protection and restoration
of a variety of ecosystems, such as wetlands, forests and prairies.
By improving soil health, compost can also accelerate recovery of
wildfire-damaged lands (Meyer et al., 2001).

Avoided impacts

Water use: Broad-scale compost use can help to reduce

the over-use of limited groundwater supplies and the de-
watering of streams and rivers by decreasing irrigation
requirements in agricultural and urban areas.

Water pollution: Using compost in watershed
conservation efforts can prevent contaminants (nutrient
fertilizers, sediment, pathogens (e.g., E. coli), heavy
metals, synthetic chemicals) from entering groundwater
and surface water bodies. (Faucette, Cardoso-
Gendreau, et al., 2009; Faucette et al., 2005; Nicholson
etal., 2017; Tyler et al., 2011). This helps protect water
quality and prevent aquatic ecosystem degradation.

Erosion: Compost improves vegetation cover by
providing essential nutrients and organic matter to the
soil (Brown & Beecher, 2019), reducing the amount of
bare soil exposed to rain and runoff while increasing the
amount of precipitation that infiltrates into the soil and is
absorbed by plants. This decreases the amount of
sediment transported to surface waters, thereby helping
to protect aquatic habitats.

Climate change is leading to more frequent and severe weather events (such as heavy precipitation
events and prolonged heat waves and drought) and changes to ecosystems and biodiversity across many
parts of the United States (IPCC, 2022; USGCRP, 2018). In the face of warming air temperatures and
changing precipitation patterns, compost use has emerged as a versatile, low-cost solution that supports
climate resilience and offers the potential to mitigate impacts. It is a relatively simple, effective and
scalable way to contribute to reducing C emissions and increasing climate resilience across communities.
As communities and ecosystems prepare for impacts from a changing climate, compost production and
use helps to build resilience by revitalizing soils, conserving water, sequestering C and reducing GHG
emissions (Brown et al., 2017; Brown, Miltner, et al., 2012; IPCC, 2022). The key benefits and avoided
impacts related to climate resilience and mitigation are shown in Table 17.
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Table 17. Summary of benefits and avoided impacts for climate mitigation and resilience from compost

use.

Climate mitigation and resilience

Benefits

Carbon sequestration: Compost use contributes to soil carbon
sequestration.

o Nearly four times more C is sequestered by applying food waste
compost to soil instead of landfilling it (Brown, 2016).

o Research indicates that 0.18 to 0.67 tons C per ton of C applied can
be sequestered in agricultural soils (Peltre et al., 2012).

e Roughly 3 million t C yr-* could be sequestered on U.S. urban lands
using compost derived from urban-sourced organic materials (Brown,
Miltner, et al., 2012).

Flood resilience: Compost-amended soil absorbs and retains
stormwater, reducing runoff and its contribution to flooding (Faucette,
2012a, 2007; Faucette et al., 2005).

Drought resilience: Compost application mitigates drought impacts by
enhancing soil structure, water retention and nutrient availability,
fostering resilient plants with deeper root systems. This reduces
irrigation needs and minimizes soil degradation, providing resilience
during drought conditions (Basche, 2017; Magdoff & Van Es, 2021).

Water quality resilience: Compost use reduces runoff and soil erosion
and prevents pollutants from entering water bodies (Archuletta &
Faucette, 2014; Bell & Platt, 2014; Faucette et al., 2013), which helps
increase the resilience of aquatic ecosystems to climate change.

Urban heat resilience: Urban compost use bolsters resilience against
heat by improving soil moisture levels and enhancing the growth of trees
and other plants that provide shade and evaporative cooling, especially
around buildings and paved surfaces. The enhanced conditions mitigate
heat stress, foster green spaces and promote a more livable urban
environment (Chapman et al., 2022; Faucette, 2009).

“Climate-Smart Agriculture”: Compost use can be a key technique in
Climate-Smart Agriculture, improving soil health, C sequestration, water
retention and nutrient availability, thereby enhancing crop productivity
and resilience to climate change (Winfield, 2020).

Wildfire resilience: Compost use can also help accelerate the recovery
of fire-damaged lands (e.g., forestry) through improvements in soil
health, reduced surface runoff, reduced soil erosion and provision of
essential nutrients to vegetation (McFarland, 2009; Meyer et al., 2004;
Meyer et al., 2001).

Avoided impacts

GHG generation: Compost production avoids
GHG generation (COz, CH4 and N20) when
organic materials are diverted from landfills and
when animal manure is composted before
application (Brown & Beecher, 2019; Brown et al.,
2009; Morris et al., 2014). In addition, substantial
GHG reductions occur when compost is
substituted for conventional materials in various
management practices:

o Compared to landfilling, it is estimated that
composting food waste and applying it to soils
results in nearly 5 times less GHG emissions to
the atmosphere (Brown, 2016).

o Composting agricultural manure followed by
application to crop fields can reduce GHG
production compared to the application of raw
manure (Brown et al., 2009; Kim et al., 2014;
Lazcano et al., 2021; Walling & Vaneeckhaute,
2020)

o Substituting inorganic N fertilizer with compost
can decrease N20 (another potent GHG)
released from soils and aquatic environments
receiving fertilizer runoff (Brown et al., 2008).

o Peatland ecosystems sequester roughly one-
third of the global soil C and play an important
role in the global C cycle (Nelson et al., 2021).
Substitution of peat used in agriculture and
horticulture with compost can significantly
reduce GHG generation associated with the
mining and use of peat (Levis & Barlaz, 2011;
Saer et al., 2013). It also reduces the extraction
of the C sequestered in peatland ecosystems.

Compost use has considerable value for a variety of sectors, including agriculture, horticulture and
landscaping, Gl and stormwater management, ecosystem conservation and restoration (e.g., wetlands
creation, wildfire rehabilitation), and contaminated site remediation (Ozores-Hampton et al., 2022).
Furthermore, scientific studies have demonstrated that compost use can outperform conventional
materials and practices that are typically utilized in sectors such as landscaping and stormwater
management (Evanylo et al., 2016; Faucette, Governo, et al., 2009; Faucette et al., 2005). Table 18
highlights the key benefits of compost use for the five sectors examined in this report:
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Table 18. Summary of key benefits of compost use across different sectors.
Sector

infrastructure = Ecosystem  Contaminated
Horticulture & | & stormwater conservation & site
Benefit Agriculture landscaping | management  restoration remediation

Decreased stormwater v
runoff

Decreased soil erosion

<
<
<
<

Reduced surface water &
groundwater pollution

Decreased irrigation
requirements

Reduced contamination of
crops by human pathogens

Improved plant
establishment & growth

Improved crop yield &
crop quality
Increased carbon
sequestration

Soil fertilization

<
<
<

Immobilization/degradation
of soil contaminants

Plant disease suppression

CIOC LK
CIEOC S¢S
<
<
<

Weed suppression

<
<

There are, however, challenges and risks associated with compost use that vary with the feedstock
blends used to manufacture compost and how the finished compost is used (e.g., use for large-scale
production of edible crops versus the replacement of peat in potting mixes for ornamental plants versus a
compost filter sock used to filter pollutants from stormwater). For example, compost feedstocks may
contain undesirable contaminants, such as plastic, glass and/or harmful chemicals such as PFAS (Rynk,
Schwarz, et al., 2022), which could be introduced to a site through compost use. Research is active and
needed on the transformation and fate of microplastics and PFAS in compost, and a risk assessment for
PFAS in soil-like media is yet to be developed. Additionally, research indicates that for some applications,
such as stormwater control, it is important to consider levels of nutrients in compost and potential
leaching to surface or groundwater (Davis et al., 2023; Faucette et al., 2005; Heyman et al., 2019).

Economically, compost manufacturing and use sustains green jobs throughout the organics recovery
cycle and subsequent use (Beattie, 2014; Platt et al., 2013). For example, composting facilities have been
found to generate an average of approximately seven jobs per 10,000 tons of organic materials
processed (EREF, 2024). Markets and applications for compost include agriculture and horticulture,
landscaping and nurseries, vegetable and flower gardens, sod production and roadside projects,
wetlands creation, Gl, soil remediation and land reclamation, sports fields and golf courses, sediment and
erosion control, and stormwater management. The avoided environmental impacts (e.g., GHG emissions,
fertilizer use) and improvement in ecosystem sustainability (e.g., C sequestration, soil health and water
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quality) also translate to economic benefits that can be
estimated as a dollar value (see examples in call-out box).
Social benefits are also evident through the enhancement of
ecosystem services, although these are difficult to quantify
using traditional market valuation methods.

Compost use at greater scales can contribute to broader
sustainability efforts in the United States due to its relatively
low cost, versatility and potential for integration with other
sustainable practices. The large volume of compostable
materials (e.g., food waste, yard trimmings and animal
manure) generated in the United States offers vast potential to
scale up compost production, compost use and associated
environmental benefits. However, it has been estimated that
the annual demand for compost is ten times greater than the
supply (Goldstein, 2020b). Local factors can dictate the
availability of organic material, with food waste, yard trimmings
and biosolids more typically obtainable in urban areas, while
agricultural residues, byproducts and manure are readily
attainable in rural settings. Compost use tends to be localized,
largely due to the costs associated with transporting bulky
materials with relatively low per-unit monetary value. The
measurable benefits also tend to be localized; however,
scaled-up compost use across multiple projects and sectors
can generate cumulative and cascading benefits that support
national or regional environmental sustainability goals (e.g., C
neutrality, food sustainability, water quality targets).

Incentives for composting (e.g., collection services, rewards
programs) and limitations on the landfilling of organic
materials, particularly food waste, can increase the availability
of compost to better meet demand. State and local
governments are well-positioned to increase awareness about
the value of compost and can play a leading role in promoting
use in sectors such as stormwater management or agriculture.
Such approaches can stimulate a positive feedback cycle in
which increasing compost use drives compost production,
which in turn magnifies the cumulative environmental and
societal benefits and leads to further demand for compost.
This can maximize environmental benefits and reduce per-unit
costs, further encouraging use and expanding the market
potential. Whether at the individual, community, municipal or
regional level, expanding compost use can contribute to the
broader goals associated with climate change and
environmental sustainability.

16.2 Research Needs

Additional research is needed in the following areas to
improve understanding of the environmental and economic
value of compost use at scale and address current challenges
to increasing the use of compost.

Comparative studies: Additional comparative studies are
needed to evaluate the effectiveness of compost use relative
to conventional land management practices (e.g., inorganic

Economic Value — Examples

Soil health: According to the
University of Vermont, the value of
improved soil health on Vermont
farms is approximately
$31/acrelyear, providing a total value
of nearly $25 million/year (Dube et
al., 2022).

Agricultural productivity:
Agricultural lands amended with
compost may be of higher quality
due to improvements in soil health.
This can translate to improved crop
yield, quality and revenue. For
example, a single application of
compost (at 22 t ac?) increased the
average yield of dryland wheat in
Utah by 1.0 t ac! in the two years
immediately following application
(Reeve et al., 2012). After 16 years,
the wheat yield associated with the
compost application remained
greater (0.2 t ac?) than control plot
yields.

Reduced input and maintenance
costs: Compost application reduces
costs associated with fertilizers,
pesticides, herbicides and irrigation
(Alexander, 2020e; Maynard & Hill,
2000). In a Massachusetts turfgrass
maintenance program, cost savings
of approximately $38,000 per year
were seen by using compost
(Hussey & Harrison, 2005).

Soil carbon sequestration: An EPA
study in Leadville, CO where
biosolids and compost were applied
to reduce metal toxicity found that
net carbon sequestration was worth
$10,974-$19,510 per hectare (Brown
& Chaney, 2016).

Water conservation: Potential
annual losses from inefficient water
use or inadequate infiltration of water
into soils can vary from $165 per
acre for irrigated pasture to as much
as $988 per acre for orchards (Boyle
et al., 1989).

fertilizer use, application of raw manure, traditional stormwater BMPs, erosion control practices such as
topsoil placement and hydroseeding), and the associated life cycle environmental and economic tradeoffs
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(e.g., net GHG emissions of composting and applying manure versus storage and application of raw
manure).

Compost characteristics for specific uses: Although information exists on compost quality for different
end uses, there remains a need to better characterize the environmental performance of compost blends,
e.g., to standardize or optimize compost recipes to achieve characteristics suitable for different end uses.
Further research about designing and producing composts for specific end uses can help inform
stakeholders (e.g., making compost blends specifically for contaminant removal from stormwater). There
is also a need to characterize how variations in compost stability and maturity affect its suitability and
performance for common applications.

Compost contamination: Research is needed on the transformation and fate of microplastics and other
emerging contaminants such as PFAS in compost, and a risk assessment for PFAS in soil-like media
needs to be developed. Research is also needed to explore acceptable compost contamination levels
dependent on the setting and purpose of compost use (e.g., for the revegetation of a mine site versus in
agriculture to produce food). Strategies, methods, and technologies should be further developed to
reduce contaminant (e.g., soluble salts, PFAS, plastics) levels in feedstocks and final compost to reduce
or avoid undesirable consequences for certain compost uses, such as food production. Additionally,
further research is needed on contaminant removal from food waste feedstocks and compostable
labels/packaging, as well as whether in-home food dehydrators or other pre-processing technologies
reduce the level of contamination.

Longer-term studies: Many studies on the benefits of compost use are short-term (e.g., less than 10
years) and do not consider the long-term effects of compost on soil health, C sequestration and other
environmental factors. Long-term studies are needed to fully understand the effects of compost use over
time.

Economic studies: As discussed earlier in the report, further economic analysis of compost use for
various sectors is needed. This would help to distinguish circumstances in which compost use reduces
net costs and/or increases net profitability from circumstances where compost use is not economical.

Tool development: Developing a calculator that quantifies potential environmental outcomes and
economic costs from compost use would be useful for stakeholders considering increased compost use.
Such a tool could be informed by the best-available science and compare compost use to conventional
land management practices. A user could assess variations in key environmental factors based on site
conditions and use cases.

Environmental benefits of compost use at scale: Further analysis is needed to quantify the potential
net environmental benefits that might occur if compost is more widely used over large scales. Current
scientific studies focus more on localized use or site-specific benefits. There is limited literature that
assesses potential benefits over regional to national scales, considering broad potential uses of compost
in all sectors discussed in this report.

Combining compost with inorganic nutrients or amendments: New research is needed to explore
optimizing compost use by combining both organic and inorganic nutrient sources or other amendments
(for example, biochar) to better align with crop nutrient requirements. The goal would be to increase crop
yield, reduce leaching, improve nutrient use efficiency and reduce environmental impacts. Determining N
mineralization rates and gaining an improved understanding of how various composts affect P cycling is a
critical component of utilizing diverse compost feedstocks because mineralization rates are affected by
the interaction of compost type, soil, application rates and methods, and environmental conditions
(Ozores-Hampton, 2019).
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Aerobic: Relating to, involving, or requiring free oxygen.

Anaerobic: Relating to, involving, or requiring an absence of free oxygen.

Anaerobic digestion (AD): A process in which microorganisms break down organic materials,
such as food waste, grease, manure and wastewater solids, in the absence of oxygen. The
products of AD are digestate, which can be used as a fertilizer or soil amendment, and biogas,
which can be captured and used for energy production.

Banding: The placement of compost in concentrated bands or rows near plant roots, maximizing
nutrient availability and reducing competition from weeds.

Biochar: Fine-grained charcoal made by heating biomass (e.g., wood, manure, crop residues
and solid waste) with limited to no oxygen (Camps & Tomlinson, 2015). It has a greater
persistence in the environment than its parent materials because its C is in a more stable form
(Meyer-Kohlstock et al., 2015).

Biosolids: A product of the wastewater treatment process. During wastewater treatment, the
liquids are separated from the solids. Those solids are then treated to produce a nutrient-rich
product known as biosolids. Biosolids are divided into Class A and Class B based on treatment
methods for pollutants, pathogens and vector attraction reduction. Biosolids that are beneficially
used must meet federal and state requirements.

Broadcast spreading: The even distribution of compost across a wide area, typically using a
spreader or spreading by hand, to ensure uniform coverage and nutrient availability.

Bulking agent: Organic material, such as wood chips, added to compost primarily to help create
good pore structure for air flow. Often provides part of C source as well.

Carbonaceous feedstocks: Compost feedstocks with a C:N ratio are considered to be high,
generally above 40:1.

Carbon-to-nitrogen ratio (C:N ratio): The ratio of C to N mass in organic materials being
composted. A balanced C:N ratio (generally 25-40:1) in a compost feedstock mixture promotes
optimal decomposition and microbial activity (Rynk, Schwarz, et al., 2022). Compost feedstocks
with C:N ratios below 40 are generally referred to as “nitrogenous,” while feedstocks with higher
ratios are referred to as “carbonaceous.”

Carbon sequestration: Biologically or geologically mediated storage of C in a C pool that inhibits
the emission of CO2 (a GHG) to the atmosphere.

Cation exchange capacity (CEC): The capacity of the soil to attract and hold onto positively
charged mineral ions, or cations. The presence of clay and organic matter increases a soil’'s CEC.
Climate adaptation: Actions or conditions that increase the ability to cope with changing climate
conditions, such as changes in air temperature and precipitation patterns and amounts.

Climate mitigation: Actions that reduce the emission of GHGs that contribute to climate change.
Climate resilience: The ability to recover from or reduce vulnerability to climate-related
disturbances, such as floods, wildfire and drought.

Co-composting: The process of combining different types of organic materials, such as food
waste and yard waste, to be composted together, benefiting from their complementary
characteristics.

Cold composting: A slower composting method that occurs at ambient temperatures, usually
50-77 °F (10-25 °C). Cold composting requires more time for organic materials to break down
completely.

Compost: A biologically stable soil amendment produced by the aerobic (i.e., oxygen-required)
decomposition of organic (i.e., C-based) materials.

Compost application: The process of adding compost to the soil, typically through broadcast
spreading, banding, incorporating into soils, topdressing, side-dressing or applying as a mulch.
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Compost application rates: The recommended amount of compost to be applied to soil or
plants, usually measured in cubic yards, tons, or pounds per area, to ensure proper nutrient
balance and desired soil improvements.

Compost blanket: The application of compost in a thin layer used to provide immediate soil
protection and promote vegetation growth on a slope or area prone to erosion. Grass seed is
typically incorporated into the compost before application.

Compost maturity: The point at which the more readily degraded organic materials/compounds
have completed their degradation while less readily degradable organic materials/compounds
remain. Compost maturity can be evaluated through analysis of C:N ratio, oxygen uptake and
seed germination rates. Mature compost is low in phytotoxic acids.

Compost quality standards: Guidelines or criteria used to evaluate the physical, chemical and
biological characteristics of compost, ensuring it meets specific requirements for agricultural,
horticultural, landscaping and other purposes.

Compost stability: An indication of the rate of organic material degradation under existing
conditions. The organic matter in a stable compost is resistant to further decomposition.
Compostable materials: Any organic materials capable of being broken down by
microorganisms through composting. Manufactured compostable products (e.g., compostable
plates, forks and food packaging) are certified by recognized organizations that use standardized
test protocols.

Composting: The managed, aerobic (oxygen-required) biological decomposition of organic
materials by microorganisms.

Composting amendment: An ingredient in a mixture of composting raw materials included to
improve the overall characteristics of the mixture. Composting amendments often add C, dryness,
or porosity to the mixture.

Composting ratio: The proportion of N-rich and C-rich materials in a compost pile or system. A
balanced composting ratio is important for successful composting and proper decomposition.
Conventional composting: Degradation of organic materials through the biological processes of
microorganisms (e.g., bacteria, fungi and actinomycetes) under aerobic conditions at moderately
high temperatures (generally 130-160 °F).

Denitrification: An anaerobic biological process that converts N compounds to N gas (N2) or
nitrous oxide (N20).

Erosion control: The prevention or reduction of soil erosion by increasing soil stability and
promoting vegetative cover.

Feedstocks: Different types of raw organic materials (e.g., food waste, manure and yard
trimmings) used for composting.

Fertility enhancement: The improvement of soil fertility by adding compost, which provides
essential nutrients, enhances nutrient retention and promotes microbial activity.

Hot composting: A composting method that generates high temperatures (130-160 °F, or about
54-71 °C) by actively managing the compost pile. The heat accelerates decomposition and kills
pathogens and weed seeds.

Incorporation: The mixing of compost into the soil through techniques such as tilling, digging, or
plowing, ensuring the organic matter is distributed throughout the root zone.

Inorganic fertilizers: Fertilizers that provide essential plant nutrients not derived from organic
materials, such as synthesized N (e.g., via the Haber-Bosch process) and mined P.

Landfill diversion: The practice of diverting organic materials from landfills to other pathways,
such as composting, to reduce the generation of GHGs and produce resources that can generate
environmental benefits.

Macronutrients: Essential nutrients required by plants in relatively large quantities, including
nitrogen (N), phosphorus (P) and potassium (K), which are provided by compost.
Micronutrients: Essential nutrients required by plants in small quantities, such as boron (B),
copper (Cu), iron (Fe), manganese (Mn), molybdenum (Mo) and zinc (Zn), which can be supplied
by compost.

Microorganisms: Small living organisms, including bacteria, fungi, actinomycetes and protozoa.
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Mulch: A layer of material applied to the soil surface to conserve moisture, suppress weeds and
moderate soil temperature. Examples of materials that can be used as mulch include compost,
wood chips, grass clippings, leaves, straw, cardboard and newspaper.

Municipal solid waste, organic fraction (OFMSW): The fraction of municipal solid waste that is
biodegradable. It typically consists of yard trimmings and food waste but also might include other
organic materials such as paper, cardboard and wood.

Nitrogenous feedstocks: Compost feedstocks considered to have a low-to-moderate C:N ratio,
generally below 40:1.

Nutrient release: The gradual release of nutrients from compost into the soil solution, making
them available for plant uptake over an extended period.

pH: A measure of the acidity or basicity of a solution, measured as the concentration of hydrogen
ions.

Regenerative agriculture: A food production system that nurtures and restores soil health;
seeks to protect climate, water resources and biodiversity; and enhances farms' productivity and
profitability.

Soil aggregation: Binding together of soil particles through various chemical, physical and
biological soil processes.

Soil amendment: Any material, such as compost, added to soil to improve its physical properties
(e.g., structure, drainage and water-holding capacity) and provide nutrients for plant growth.

Soil bulk density: The level compactness of a soil measured as the dry mass of a soil sample
divided by its volume, typically reported in units of grams per cubic centimeter. It is affected by
the density of mineral particles and organic matter as well as the amount of pore space in the soil.
Soil carbon sequestration: The long-term storage of C within soils through biologically and
physically mediated processes that inhibit the emission of CO: into the atmosphere.

Soil conditioner: A soil additive that stabilizes the soil, improves its resistance to erosion,
increases its permeability to air and water, improves its texture and the resistance of its surface to
crusting, makes it easier to cultivate, and otherwise improves its quality.

Soil fertility: The ability of soil to support plant growth by providing essential nutrients, good
structure and favorable water-holding capacity, which can be enhanced by adding compost.

Soil health: The continued capacity of the soil to function as a vital living ecosystem that sustains
plants, animal and humans.

Soil organic carbon (SOC): C compounds in the soil derived from soil organic matter (i.e.,
degradable C).

Soil organic matter: Live plant and animal tissues, along with dead organisms, organic C-based
secretions and excretions from organisms, in various phases of decomposition within the soil.
Soil porosity: The amount of void space in the soil into which air and water can flow. Greater soil
porosity results in lower soil bulk density.

Soil structure: The spatial arrangement of soil particles and aggregates. Soil structure affects
water infiltration, aeration, root penetration and microorganism habitat.

Soil texture: A characterization of soil type based on the relative proportions of sand, silt and
clay in a particular soil.

Soil tilth: The physical condition of soil as related to its ease of tillage, fithess as a seedbed and
promotion of seedling emergence and root penetration.

Sustainable agriculture: A farming system that aims to minimize environmental impact,
conserve natural resources and enhance soil health by using practices such as composting, crop
rotation, reduced tillage, leaving more crop residue on fields and reduced chemical inputs.
Thermophilic composting: The phase of the composting process in which temperatures reach
above 104 °F. During this stage, heat-tolerant bacteria continue to eat simple compounds with
high-energy yield. With sufficient food, water and air, these microbes can bring the temperature
up to 150 °F or higher.

Topdressing: The application of a thin layer of compost on the surface of the soil around plants,
providing a slow release of nutrients and improving soil structure.

Vermicomposting: A process involving the use of worms (such as Eisenia fetida) and
microorganisms to accelerate the decomposition of organic materials at moderately low
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temperatures (generally 55-85 °F) and produce “worm castings” for their value to soil and plant
health.

e Water-holding capacity: The ability of soil to hold and retain moisture.
Water infiltration: The process by which water enters the soil surface, largely affected by soil
porosity.

e Water percolation: The process by which water moves through the soil profile after infiltrating
the soil surface.

e Weed suppression: Reducing weed growth by creating a favorable environment for desired
plants, improving competition, and providing a physical barrier to weed establishment.

e Yard trimmings: A general term used to describe organic materials such as grass clippings,
leaves and branches trimmed from trees, shrubs and gardens. Usually does not include logs,
stumps, or other woody materials.
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Appendix

Literature Search Methodology

Literature Search Strategy

To inform the development of this report, a literature search and screen of publications was conducted to
identify and retrieve publications relevant to the following six research questions:

1. What are the national and U.S. regional environmental benefits of compost application?

2. What environmental impacts can be avoided by using compost?

3. What is the economic value of the environmental benefits of applying compost?

4. How do the environmental and economic benefits of applying compost vary based upon the type
of soil to which the compost is applied?

How do benefits vary depending on the feedstocks used to produce the compost?

What would the environmental and economic benefits of compost application be “at scale”?

oo

The aim was to compile approximately 30 publications per research question, including both peer
reviewed and grey literature. This summary describes the literature search strategy, including the search
criteria and search strings that were be applied. Figure A illustrates this stepwise process.
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Keywords
Test and finalize keywords and search strings

v

Search
Apply final search strings to bibliographic databases and search
engines, applying eligibility criteria.

v

Mine Additional Literature
e  EPA provided sources
e Sources citing/cited by key references

v

Upload Results to EndNote

v

Review Results
Apply inclusion criteria to identify relevant sources from the
library of citations and abstracts

Identify

v

Retrieve Full Text PDFs
for relevant sources and add them to
EndNote

v

Screen

Expert Interviews
Conduct 3 interviews to assess literature comprehensiveness and expert
input on research questions.

Supplement

Figure A-1. Summary of the literature search process that was applied to identify relevant publications
and information.
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Literature Search Terms

Search Strings. Information sources were queried using Boolean search strings to address each of the
six research questions. Example search strings are presented in Table A below. Search strings and
keywords were adapted as needed during the search process to target the right literature.

Table A-1. Draft search strings to address research questions.
Research Question Draft Search String

a) What are the national and U.S. regional “compost” AND (“green infrastructure” OR “erosion” OR “stormwater”
environmental benefits of compost application? | OR “water quality” OR “water retention” OR “soil” OR “remediation” OR

“revegetation” OR “fire” OR “hazard” OR “climate” OR “carbon

sequestration”) AND (*benefit’ OR “ecosystem service”)

b) What environmental impacts can be avoided by | Results from the search above were used. Additional searches about
using compost? the environmental impacts of traditional or typical strategies (e.g.,
inorganic fertilizers) conducted.

c) What is the economic value of the environmental | “compost” AND (“economic” OR “financial’) AND (“value” OR “cost”)

benefits of applying compost? AND “ecosystem service” AND (“green infrastructure” OR “erosion” OR
“stormwater” OR “water quality” OR “water retention” OR “soil” OR
“remediation” OR “revegetation” OR “fire” OR “hazard” OR “climate”
OR *“carbon sequestration”)

d) How do the environmental and economic benefits | “compost” AND (“environment” OR “economic”) AND (*benefit” OR
of applying compost vary based upon the type of | “value”) AND (“soil” OR “mineral” OR “land use”)
soil to which the compost is applied?

e) How do benefits vary depending on the “compost” AND (“feedstock” or “food waste”) AND “benefit’
feedstocks used to produce the compost?

f)  What would the environmental and economic “compost” AND (“environment” OR “economic”) AND (“demand” OR
benefits of compost application be “at scale™? “revenue” OR “benefit’) AND (“scale” OR “widespread” OR

“availability”) AND (“national” OR “state” OR “county” OR “community”)
Note: Searches were adapted as needed to account for variations in how different databases handle search strings.

Testing and Refinement. A preliminary search of available literature was conducted to optimize search
strings before initiating a comprehensive search of literature databases. During this preliminary search,
Scopus was used to search combinations of the initial keywords and search strings proposed in Table A
above. The general availability of relevant literature and the effectiveness of proposed search terms
provided information needed to inform and refine the search strategy, including combinations of search
strings to address multiple research questions. The accuracy of the search strategy was evaluated using
a predetermined test set of approximately five references.

Information Sources. The following potential literature sources were used to identify relevant literature.
Note that this list is not exclusive and was modified as needed, depending on the search returns.

Initial Resources. An initial list of potentially applicable literature resources for consideration was
generated (see below). These resources were searched and mined for relevant literature to include.
Content and cited references in the report titled “From Prevention to Landfill: The Environmental Impacts
of Food Waste (Part 2)” were also considered initially.

Initial Resource List. Resources included:

e The U.S. Composting Council has collaborated with Association of American Plant Food Control
Officials (AAPECO) to create a list of benefits of compost backed up by research:
o https://cdn.ymaws.com/www.compostingcouncil.org/resource/resmgr/images/use_compo
st/AAPFCO_Uniform_Product_Claim.pdf
e U.S. Composting Council (USCC) website:
o https://www.compostingcouncil.org/page/CompostBenefits
e Target Organics, A Compost Program Research Hub:
o https://hub.compostingcouncil.org/
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https://cdn.ymaws.com/www.compostingcouncil.org/resource/resmgr/images/use_compost/AAPFCO_Uniform_Product_Claim.pdf
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e USCC Compost Research and Education and Foundation website:

o Research—https://compostfoundation.org/Research/CREF-Research

o The Composting Handbook—https://www.compostfoundation.org/Education/The-
Composting-Handbook

o “The Climate and Compost Connection” by Sally Brown, Ph.D.
(https://www.compostfoundation.org/Education/Publications)

o Look at work/book by Britt Faucette, Ph.D.
(https://www.compostfoundation.org/Education/Publications) — an academic who works
on the soil/water connection. May be able to get books on Google for free.

e Research and publications by Robert Michitsch, Ph.D. — University of Wisconsin
(rmichits@uwsp.edu)
¢ Research being done at University of CA, Davis on carbon sequestration.
e Publications from Soil Science Society of America:
o  https://lwww.soils.org/
e Rodale Institute:
o https://rodaleinstitute.org/?s=compost
e Composting Collaborative (a project of BioCycle, GreenBlue and USCC):
o https://lwww.compostingcollaborative.org/

Bibliographic Databases. Elsevier's Scopus abstract and citation database was the primary search tool.
Scopus coverage comprises about 23,452 active journal titles, 120,000 conferences and 206,000 books
from more than 5,000 international publishers. Publication types covered in Scopus include peer-
reviewed articles and reports. EconLit was used to supplement Scopus searches as needed to identify
publications addressing research questions related to economics issues.

Search Engines and Specialist Websites. Searches of websites (Google, state environmental websites,
etc.) were also carried out to identify grey literature that may not be returned in other databases (e.g.,
Scopus, EconLit).

Literature Eligibility Criteria

Publication type. Initially, searches were focused on peer-reviewed published literature, such as
published journal articles and book chapters. Subsequently, grey literature (scientific reports and
assessments typically authored or sponsored by federal, state or local government agencies or nonprofit
organizations that have a clear title, identified writer or organization, and publication year) was targeted.

Time period. The search was restricted to publication dates post-2010 (to gather timely information).
However, pre-2010 references were also considered if the initial searches did not produce sufficient
information or if highly relevant sources that predated the 2010 cutoff were identified through citation
mapping or other means (e.g., expert interviews).

Geographic range. Searches were limited to literature published in English from the United States
(priority focus), Canada, the United Kingdom and the European Union (secondary focus). The geographic
extent was expanded if search returns for specific research questions were found to be limited.

Citation Mapping. If database searches returned insufficient results for any research questions, citation
mapping of highly relevant papers was conducted. Highly relevant papers were selected based on
relevance to the research question(s) and best professional judgment.

Screening References

Data Management and Compilation. Reference citations returned from the search strategy were
uploaded to EndNote, creating a library of available literature. The literature was cataloged by research
guestion within the Endnote library.

Inclusion Criteria. The criteria in Table B were applied to screen the reference results.
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Table A-2. Inclusion criteria for screening references for relevance.
Categories Inclusion criteria

Geographic location Primary focus: United States
Secondary focus: Canada, United Kingdom, European Union
Timeframe Primary focus: 2010 or newer

Secondary focus: Pre-2010 references if the initial searches do not produce sufficient information
or if a highly relevant source that predates the 2010 cutoff is identified through citation mapping
or other means (e.g., expert communication)

Publication types Peer-reviewed published literature; grey literature (scientific reports and assessments typically
authored or sponsored by federal, state or local government agencies or nonprofit organizations
that have a clear title, identified writer or organization, and publication year)

Potential keywords See initial search strings in Table A; to be refined as necessary during the search process.

Any returns not meeting the criteria were excluded at this stage. Returns that met the inclusion criteria
were included for title/abstract screening and further consideration and categorization based on the
individual research questions.

Title/Abstract Screening. Inclusion criteria were considered at the title/abstract level using EndNote
Online. Resources that did not inform the research questions were excluded from further consideration.
All excluded references were moved to a separate, exclusion EndNote library for each research topic or
combined research topics. Full-text pdf files were obtained for included references through available
resources.

Assessing Search Comprehensiveness: Expert Interviews
Searches were augmented by interviewing three composting experts for (1) insights and perspectives on
the report content and (2) to ensure the literature review was comprehensive, especially regarding grey

literature, which includes literature published by government, not-for-profit and other organizations that
may not appear in literature databases.
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