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This paper is a based on a desktop assessment aimed at determining the carbon benefits of 
using locally produced compost/digestate to improve carbon soil stocks. The aim was also to 
identify material gaps and to make recommendations for further research. 
 
The paper was produced by Felix Finlayson-Hood, a student at the University of Canterbury, 
who combined knowledge from his chemistry degree with his interest in the environment 
and agriculture and experience of growing up in a rural area.  
 
The research was initiated by the WasteMINZ Organic Materials Sector Group and was 
funded by Marlborough District Council as part of a summer student scholarship in 
2022/2023. The Organic Materials Sector Group gratefully acknowledges their support. 

Please note this research has not been peer reviewed through scientific journals. 
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Executive Summary 
 
 There is increasing global interest in raising soil carbon stocks for both agricultural and 

climatic benefits. Potentially, New Zealand could be a leader in the field by reusing 
organic wastes as soil amendments to increase soil carbon stocks. These amendments 
could be applied raw or processed prior to application.  

 Mineral associated organic matter (MAOM) is the most persistent fraction of organic 
matter in soil and the largest fraction in most soils. The ability of a soil to stabilise 
carbon in the form of MAOM is strongly correlated with soil specific surface area (As). 
The carbon stabilisation capacity of a soil and its carbon saturation deficit can be 
estimated from simple measurements of soil physical properties and use to determine 
its sequestration potential. 

 This report calculated the potential benefits, in terms of soil carbon, of using New 
Zealand’s organic wastes as soil conditioners instead of disposing of them to landfill. 
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 In most cases, repeated application of organic amendments would result in an increase 
in soil carbon stocks, but these may not be converted into persistent MAOM. So, the 
increases in stock may decrease over time unless repeated application is used to sustain 
higher stocks. 

 Organic amendments may result in a trade-off effects of increased nitrous oxide (N2O) 
emissions from soil. 

 Organic amendments may contain physical, chemical, or biological contaminants which 
may pose threats to agricultural production, or environmental and human health. 

 Organic amendments present a feasible route to improve soil quality, but 

appropriateness may vary across both site and amendment.  
 

Introduction 

New Zealand’s biological wastes contain organic carbon and critical plant nutrients such as 
nitrogen (N) and phosphorus (P). However, they may also contain chemical, or biological 
contaminants. Often the economic value of nutrients are wasted if the raw materials are 
incinerated or disposed of into landfill. A common barrier to more productive use of these 
materials is a mismatch between the chemical and biological properties of the waste material 
to provide benefits to agricultural systems to which they could be applied.  

Soil organic matter (SOM) and its carbon component (SOC) influence soil properties both 
physicochemically and biologically. SOM and SOC have high cation exchange capacities (CEC) 
per unit mass. CEC represents a soil’s capacity to retain positively charged cations, including 
important nutrients such as magnesium (Mg2+), calcium (Ca2+) and potassium (K+). In addition 
to binding cations, the density of reactive sites on SOM allows the binding of chemical species, 
both benign and harmful. This can reduce the bioavailability of chemical contaminants1. Soil 
carbon affects the physical structure of soil primarily the amount of carbon adsorbed with 
minerals to form aggregates. Improvements in aggregation and soil structure are associated 
with many co-benefits, including reduced erosion, increased pore space providing greater 
aeration, improved water holding capacity and water permeability, and improved root 
growth2. SOC influences the microbiota that perform essential functions within soil by 
providing the nutrients needed for growth, and soil fauna biomass3. As a result of these 
influences, SOC is critically important for resilient agricultural systems. 

Since 2000, there has been increased focus on the importance of SOC stocks, not just for 
agricultural reasons but for management of the global climate, such as the “4 per 1000” 
Initiative introduced at the CoP 21 meeting, as part of the Lima-Paris Plan of Action by the 
United Nations Framework Convention on Climate Change3. Application of biological wastes 
to soil is a potential component of management strategies; a report by the Composting &  
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Anaerobic Digestion Association of Ireland claims the composting and soil application of 
Ireland’s household and commercial wastes would produce an emission reduction equivalent 
to removing 44,000 cars from the roads4. In light of these claims, this report aims to determine 
the potential for New Zealand’s biological wastes to increase soil carbon stocks and 
challenges associated with application of biological wastes to soil.  

Organic wastes and their use as amendments 

Organic waste comprises any biodegradable material that originates from living or recently 
living organisms. Organic wastes are varied in nature, ranging from food wastes and crop 
residues to human wastes. Most wastes are associated with either primary production, 
processing, or consumption. Depending on the waste stream, organic wastes differ in 
consistency of composition and volume. For example, grape marc is largely homogenous but 
only produced during a short period during the year. It is estimated New Zealand’s organic 
wastes from processing seafood5, wine grapes6, milk products7, livestock8, 9, chicken5, 
grains10, and vegetables11 to amounts to 2.1 Mt annually. Given the scale of production, 
diversion of organic waste from landfill will be necessary to achieve New Zealand’s current 
goals of reducing biogenic methane emission, and disposal of waste per capita by 30% by 
203012, 13. 

A soil amendment (or soil conditioner) is applied to soil in order to improve its physical 
characteristics such as bulk density and water holding capacity. Organic amendments are 
amendments of biological origin, primarily from plants or animals. Soil amendments differ 
from fertilisers, which aim to provide nutrients for crop uptake14. However, due to their 
complex nature, organic amendments can act as alternative sources of nutrients. In general, 
organic materials with a significant dry matter fraction such as composts or solid digestate, 
influence physical characteristics more than primarily liquid organics such as dairy slurry. 
These tend to be richer in nutrients, acting more like fertilisers15. For the purpose of this 
report the term organic amendment will broadly refer to materials of organic origin applied 
to soils. In New Zealand, organic wastes are primarily used as amendments in one of two 
forms. Wastes may be applied raw (i.e. unprocessed), which is referred to as green spreading. 
However, m     any wastes are processed prior to use as amendments, which is by far the most 
common method for compost addition. 

Composting 

Composting involves the degradation of organic wastes by microorganisms in aerobic 
conditions. This presents a range of advantages:  

● The mass of waste is significantly reduced 
● Undesirable biological components such as weed seeds are often neutralised 

by the increased temperature of the process      
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● There is no risk of the underlying 
soil becoming anaerobic due to the high biological oxygen demand of 
undecomposed organic matter. 

● If conducted correctly, the product is biologically stable (displays resistance 
to further aerobic decomposition)16, 17 

The biological stability of the compost is desirable as application to soil is less likely to deplete 
resources such as oxygen within the soil, which are consumed when breaking down organic 
matter.  

However, composting processes can lead to several major disadvantages: 

● Composition is inconsistent, making nutrient loadings unpredictable   
● Undesirable biological components are not always neutralised, presenting a 

potential source of pathogens and weed seeds  
● If not properly finished composts are biologically unstable, which may induce 

anaerobic conditions in soil 
● Composts may contain a range of contaminants such as plastics, pesticides, 

and heavy metals 
● Due to low nutrient content per unit mass, composts  are more expensive to 

transport and apply than the equivalent mass of mineral fertiliser 
● Relatively low commercial value 
● The composting process can result in significant non-greenhouse gas 

emissions, including unpleasant odours. 

The potential of composts to contaminate soils or induce anaerobicity make composts a risky 
choice compared to the use of conventional fertilisers, and the lower, inconsistent nutrient 
value of composts combined with higher transport costs means the benefits may be 
considered insufficient to offset the risk18. Depending on origin, many of the same 
disadvantages can apply to green spread waste, with a much greater tendency towards 
anaerobicity due to biological instability. 

While most of the above disadvantages are associated with consumption of compost, gaseous 
emissions are mainly a result of production. Composting results in the emission of ammonia 
(NH3) as microorganisms dispose of excess nitrogen in the raw material. Ammonia is a 
significant atmospheric pollutant; not only is it itself toxic, it acts as a precursor to fine 
particulate matter (PM2.5), which has serious impacts on human health. As a result of 
ammonia emissions, a Californian life-cycle analysis found composting had a higher social cost 
than the use of landfill using two different public health cost tools12. This highlights the 
significance of non-greenhouse gas pollutants emitted during composting.  
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The potential to increase soil organic carbon stocks in New Zealand 

The addition of organic material to soil will not necessarily result in accumulation of SOC For 
any accumulation to occur, two things are necessary: amendments must be converted into 
stabilised forms of SOC that are resistant to microbial degradation. 

SOC components 

Soil organic matter (SOC) comprises the carbon content of all organic, non-carbonate carbon 
compounds. SOC is extremely heterogenous, but can be conceptually divided into two broad 
categories. Mineral associated organic carbon (MAOC) is the more critical as it is both the 
larger proportion and the more persistent fraction, and will be the focus of this report. MAOC 
is adsorbed to the surfaces of soil minerals and typically consists of simple, low molecular 
weight chemicals19, 20. Because organic matter is adsorbed onto the fine fraction of the soil, 
the term fine fraction OC is often used to describe MAOC. The other category, particulate 
organic carbon (POC) is unbound to soil minerals, and typically comprises larger and more 
complex compounds that are less degraded and more closely resemble the material from 
carbon inputs. A third category, dissolved organic carbon (DOC) is much less significant per 
unit mass than the other components but is important for the formation of MAOC. 

Formation of SOC from soil conditioners 

Organic amendments such as compost are a supplementary source of organic matter applied 
either to the soil surface or incorporated into the soil. Due to the complexity of the soil and 
climatic conditions and variability in microbiota, formation of SOC from these amendments 
does not occur by a single mechanism. There are, however, different mechanisms that are 
considered to dominate the formation of POC and MAOC. POC is primarily formed by the 
physical degradation of structural matter such as fibrous polymers. As such, POC primarily 
resembles its parent material chemically. MAOC formation, however, is dominated by inputs 
from DOC and products of microbial processing. The DOC pathway involves leaching of 
soluble organic molecules from parent materials derived from amendments applied to the 
soil surface. These soluble molecules are exposed to mineral surfaces as they descend 
through the soil profile, allowing the formation of mineral association. Alternatively, large 
complex residues such as those from amendments that have been incorporated into the soil 
can be processed by soil microorganisms into smaller, simpler molecules. These then 
associate in the same manner as DOC. These pathways are also known as abiotic and biotic 
routes21. The biotic pathway is strongly influenced by the C:N (carbon to nitrogen) ratio of the 
amendment. The C:N ratio of amendments is critical to match the needs of soil 
microorganisms. While the C:N ratio or microorganism is typically about 8, the organisms 
prefer substrates with C:N ratios between 25 and 35 to service their metabolic requirements. 
If there is insufficient N available, the microbial processing that converts amendments into 
stable SOC is inhibited, limiting its formation22. 
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The persistence of SOC formed via soil conditioners 

The pool of SOC is dependent on the balance between carbon inputs and outputs. The 
primary loss is mineralisation via microbial respiration. During this process organic carbon is 
oxidised to carbon dioxide (CO2) which is then emitted by the soil to the atmosphere. The 
climate influences this microbial activity through temperature and moisture levels. In 
addition, organic matter can be lost via soil erosion, or may be leached from the soil as DOC23.  

This can be considered through the inhibition limitation and constraint model, which 
partitions conditions affecting SOC persistence into three states. Firstly, when microbes are 
completely inhibited from breaking down OC, such as in frozen or anoxic soils. Secondly, when 
microbes are limited in the rate they can decompose available OC, and thirdly, when microbial 
access to OC is constrained, for instance by mineral association or occlusion in aggregates. Soil 
aggregates can be described in terms of a hierarchy above POC and MAOC, as they       
comprise both forms24. SOC is critical to bind soil aggregates, which in turn provide physical 
protection to organic matter by occluding it. However, organic matter occluded within 
aggregates is vulnerable to physical disturbance such as tilling, which disrupts aggregates, 
exposing them to degradation. As this report focuses on MAOC, microbial access constraint 
is the primary process discussed, with the exception of the priming effect, a form of limitation 
discussed below.  

The mineralogy factors that can be used to predict the concentration of organic carbon in soil 
can be used to approximate the stabilisation capacity* of a soil and its saturation deficit†. 
Although bulk clay content was considered to be a primary contributor, a broader set of 

factors can give a more refined prediction, including both the specific surface area (As) and 
its mineral composition25. 

The capacity of the MAOC fraction is correlated with the As, as it reflects the area of active 

surfaces that bind organic matter. A strong influence on the As of a soil is the nature of its fine 

fraction. In general, the greater the fine fraction, the higher the As. However, in finer soil 

fractions there is significant As variability associated with other properties that can cause a 
high clay or silt content not to lead to a high MAOC content. MAOC is considered to be related 

to As by a monolayer equivalent‡. This reflects that when organic matter does not form 
perfectly homogenous monolayers on mineral surfaces, with inconsistent thickness and 
competition with inorganic compounds26, the loading rate almost never exceeds the value 
expected of an ideal monolayer§.  

 
* Stabilisation capacity is how much carbon it can stabilise by mineral association. 
† Saturation deficit is the difference between its stabilisation capacity and current concentration. 
‡ Define monolayer equivalent 
§ 1 mg C m-2 is the loading expected of an ideal monolayer. 
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As MAOC formed on the fine fraction constitutes the majority proportion (86-89%) of SOC in 

soils under a variety of land uses27, As is a strong indicator of the soil’s carbon stabilisation 
capacity. The silicates that form the majority of clay minerals can be classified as 1:1 or 2:1, 
depending on their layer structure. 1:1 minerals such as kaolinite have comparatively low 

values of As, whereas 2:1 minerals, such as vermiculite, have much higher values of As and 
CEC. This means that soils with the same fraction of clay may have significantly different 
surface areas contributing to the sorption of organic matter. 

Under differing conditions, factors such as cation content can be important in predicting the 
SOC content. In drier regions, soils tend to have higher than average alkalinity with a 
prevalence of exchangeable basic cations such as Mg2+ or Ca2+, the most abundant and 
strongest binding. Divalent cations such as Ca2+ can associate strongly with both the 
negatively charged soil surfaces and the many negative functional groups found in organic 
matter, forming ‘cation bridges’ to bind the two together. Due to this role in organic matter 
association, exchangeable calcium content can be a stronger predictor of SOC than clay 
content in areas with low precipitation25. 

The concentration of extractable iron (Fe3+) and aluminium (Al3+) in a soil is also a significant 
factor. The organic compounds that bind to these metals are typically more aromatic, with a 
higher concentration of carbonyl groups than average for organic compounds found in the 
soil28, 29. High concentrations of Fe and Al from mineral weathering promotes the formation 
of short range order (SRO) phases. These phases are dense in hydroxyl groups which readily 
stabilise organic matter25. Inner-sphere complexation of Fe and Al is thought to be an 
important stabilisation mechanism29, and cation-pi interactions may explain the preference 
for aromatic compounds at the mineral surface30. 

SOC provides the carbon required by soil microorganisms for growth and reproduction. The 
fraction of SOC that is readily available for microbial consumption is sometimes referred to 
as labile carbon31. Organic amendments all contain some proportion of carbon that will be 
labile when applied to soil. On application, this availability of labile carbon stimulates 
microbial activity. In some cases, this increased activity can facilitate the microbial 
degradation of comparatively stable SOC already present in the soil. Alternatively, it may 
divert microorganisms consuming existing stable carbon to the more readily consumable 
labile fraction, thereby protecting the existing fraction. Due to these competing effects, 
alongside a suite of additional factors, the short term effect on turnover of native SOC from 
the addition of organic amendments, known as the ‘priming effect', may be positive or 
negative. While the direction and magnitude of the priming effect is difficult to predict, 
existing SOC content, the degree of wetness, and the salinity of the soil are all associated with 
more negative priming effects32. 
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New Zealand specific case study 

New Zealand researchers33 have developed a best fit quantile regression model to assess the 
soil carbon sequestration potential of New Zealand soils under permanent pasture and 
continuous cropping. This model predicts the concentration of fine-fraction carbon based on 

the As and pyrophosphate-extractable Al concentrations. Additionally the model includes 
factors that provide a better fit for allophanic soils that are found predominantly in volcanic 
regions of the North Island. By taking the 90th quantiles of the model as stabilisation capacities 
and the median values as current concentrations, saturation deficits were determined for 
different soil orders under both pasture and cropping. Deficit and land area combined 
contribute to a soil order’s sequestration potential, e.g. melanic soils had the greatest mean 
C saturation deficit of all soils tested, but comprised the second lowest land area nationally. 
New Zealand contains a range of soil orders, but the largest areas are the Brown, Pallic, and 
Recent soils with mean C saturation deficiencies of 12, 13, and 14 mg C g-1 soil respectively33. 

Generally, SOC stocks can be increased through the application of organic amendments. 
While the efficacy of amendment application depends on a wide array of variables, especially 
soil type, climate, management, and type of amendment, SOC stocks can usually be expected 
to increase with repeated application of appropriate loadings. 

However, in experiments attempting to increase the carbon content of soils using compost 
applications, an initial rapid increase is often observed, which gradually slows until continued 
application produces little or no further increases in carbon concentration. The carbon stock 
when this asymptote is reached depends on the aforementioned factors influencing stability 
and persistence. While this means the asymptotic value may be influenced by changes in 
management, such as altering tillage practices, limitations on potential stability are still 
dominated by the mineralogy of the soil34. In addition to having practical upper limits, SOC 
increases from amendment application can be dependent on continual application, with the 
potential for levels to decrease when application ceases35 

Potential trade-off effects 

Nitrous oxide emission 

While there is significant interest globally in the capacity for soils to sequester carbon to 
mitigate climate change, it is important to recognise that use of organic amendments may 
influence existing emissions of greenhouse gases, including N2O. N2O is a very powerful 
greenhouse gas, with a global warming potential 298 greater than that for CO2, and it also 
depletes stratospheric ozone. N2O can be produced in soils by multiple pathways, by the 
processes of nitrification (conversion of ammonium to nitrate) and denitrification (conversion 
of nitrate to nitrogen gas)36.  
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Unlike application of synthetic fertilisers, where N2O emissions can be well predicted from 
nitrogen application rates, organic amendments have complex influences on N2O emissions37. 
For example, mineralisation and nitrification of nitrogen from organic amendments will be a 
source of N2O. On the other hand, increased C inputs due to organic amendment promotes 
microbial growth, increasing the competition for existing ammonium and limiting its 
availability to nitrifying microorganisms, thus reducing N2O emissions37. Generally, C:N ratios 
are negatively correlated with N2O emissions38. Thus, there is a risk that attempts to offset 
carbon emissions by increasing soil carbon via organic amendments may result in increased 
N2O emissions. If scaled by  widespread application, this could offset any positive effects of 
increasing carbo stocks because of the higher global warming potential for N2O.  

Contamination from organic amendments 

Unlike agrochemicals, which are often synthetic in origin with tightly controlled levels of 
contaminants, organic amendments are derived from highly varied origins which may 
increase the risks to contamination.  

These contaminants can be broadly be divided into:  

● biological contaminants (pathogens, weed seeds etc) 
● chemical contaminants (heavy metals, xenobiotics etc)  
● physical (plastics, glass etc) contaminants 

These contaminants may be damaging to the environment, agricultural production, and 
human health.  

Biological contamination 

Biological contaminants are typically pathogens, which can include viruses, bacteria, 
helminths, and protozoa. Biosolids and animal manures are both major sources of enteric 
pathogens which can pose a threat to both livestock and humans. Escherichia coli, Listeria 
monocytogenes, Campylobacter jejuni and coli, Clostridia, Cryptosporidium parvum, and 
Giardia lamblia are widespread in the manures of various livestock species. The oral route of 
contamination is most common, which can even occur directly from soil. For example, prions 
can adsorb to soil minerals in a similar manner to other organic matter, retaining infectivity. 
The use of organic amendments containing such pathogens can contribute to their spread. If 
amendments originate offsite this may result in spread between herds. Pathogens can greatly 
impact stock health and can cause fatalities.  

Contaminated food products, such as those containing Salmonella can transmit diseases to 
humans. Similarly, pollution of water resources can lead to another way of transmission. 
Whilst it was likely not deliberately applied as an amendment, sheep faeces was considered 
to be the likely origin of the 2016 Campylobacteriosis outbreak in Havelock North39.  
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Plant-derived organic wastes, if sourced from infected areas, can be infested with plant 
pathogens, such as Armillaria mellea or members of the destructive Phytophthora genus 
responsible for potato blight and Kauri dieback40. While untreated wastes may act as a 
potential source, composting when performed correctly is a viable option for reducing 
pathogen risk, primarily through the heat released. Composts can be in fact an effective tool 
in suppression of certain plant diseases, potentially through changes in microbial community 
structure41. 

Weed species are a significant cost to agricultural systems through lost production and 
management costs. Grass weeds make up the majority of species whose seeds are commonly 
found in organic amendments. Contamination can be present from the origin, such as seeds 
ingested by livestock then found in manure, or can occur afterwards, such as stored wastes 
colonised by wind-dispersed seeds. A study comparing the relative contamination of 
amendments found urban and green waste to be the least contaminated, the worst being 
composted farmyard manure and cattle slurry, with fresh manure tending to be less 
contaminated42. 

Chemical contamination 

Elevated levels of trace elements in soils can pose a serious threat to agricultural production 
and human health. Although trace elements may be present in various forms with differing 
mobility and bioavailability, unlike some more complex organic pollutants, trace elements do 
not biodegrade. This presents a significant challenge for remediation, where immobilisation 
may be feasible but not removal. Currently New Zealand faces issues associated with the 
accumulation of cadmium (Cd) from application of superphosphate. The offal of New Zealand 
livestock over 2.5 years of age can no longer be sold for human consumption due to 
accumulation of Cd43. 

Trace elements can be associated with organic amendments through a variety of sources. 
Municipal sewage sludges tend to be enriched in trace elements, not from human excrement 
or food wastes, but from stormwater or industrial effluents. This results in a highly diverse 
range of contaminants, which may lead to a variety of environmental risks associated with 
mobility, toxicity, and bioavailability44. Elements commonly found in higher concentrations 
include Cd, chromium (Cr), copper (Cu), lead (Pb), nickel (Ni), and zinc (Zn). Multiple years of 
sludge application to soils have been shown to result in decreases in crop yield due to the 
phytotoxicity of these elements at elevated concentrations, an effect that persisted after 
application ceased45. Composts produced from urban wastes can also be subject to similar 
sources of contamination, and may suffer from inadequate separation of organic and non-
organic source materials.  
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Trace elements are often used to supplement animal feeds. As trace elements in appropriate 
concentrations are necessary for many biological functions, this can provide a range of 
benefits, including disease control and increased animal weight gains. The use of trace 
elements varies depending on species and local feed deficiencies. Due to limitations in 
absorption and potentially excessive dosages, animal manures can be enriched in such 
elements and this can lead to increased inputs to soils46. 

Xenobiotics** can include compounds used in the production or processing of organic 
products, or contaminants introduced from non-organic sources such as in municipal sewage 
sludge. While these are too diverse to comprehensively cover, key examples include 
antibiotics and persistent organic pollutants. Antibiotics are very commonly used in animal 
systems both to reduce disease and as prophylactics and, as with trace elements, significant 
proportions of the administered doses ultimately reside in manures.  

Organic amendments containing antibiotics or antibacterial compounds present a potential 
hazard when applied to soil due to the development of antibiotic resistance47. Organic 
amendments (primarily biosolids and wastewater) may contain organic pollutants, including 
persistent organic pollutants (POPs) such as polychlorinated biphenyls (PCBs)48. While all 
organic pollutants are of concern, POPs are generally very resistant to degradation, 
bioaccumulate, and are toxic to both wildlife and humans49.   

Physical contaminants 

Glass, metal, and plastics are the primarily physical contaminants found in organic 
amendments. While physical contamination may occur from any source, it is often 
pronounced in composts from municipal organic materials. It is a common public concern 
with the use of composts, and standards vary globally. Although concerns are usually 
associated with contaminants entering the food chain, the physical characteristics of soil can 
be altered as well, for instance the blocking of pores by inert materials50. Microplastics†† are 
an emerging contamination issue for organic amendments, especially biosolids. Soil 
microplastics have been found to alter the composition of subterranean fauna and reduce 
their overall abundance 52. Microplastics are capable of both leaching contaminants used in 
their production such as phthalates, and adsorbing other contaminants on their surfaces.  

 

 
** referring to synthetic compounds foreign to biological systems 
†† Microplastics are particles smaller than 5 mm, and originate primarily from the disintegration of plastic 
products such as packaging and synthetic clothing (51) Laminzana, B. Plastic planet: How tiny plastic particles 
are polluting our soil. UN Environment Programme, 2021. https://www.unep.org/news-and-
stories/story/plastic-planet-how-tiny-plastic-particles-are-polluting-our-soil (accessed 2023 31-03-2023).. 
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Conclusion 

New Zealand soils provide the opportunity to sequester up to a theoretical maximum of 124 
Mt of carbon33. Continuous application of organic amendments is a feasible option for 
increasing carbon stocks within the stabilisation limits set by soil mineralogy. This will likely 
result in reduced returns over time and may require continued application to maintain 
attained levels. There are additionally potential issues regarding increased soil N2O emissions 
and physical, chemical, or biological contamination of soils in response to organic amendment 
application. 
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Appendix – Current and emerging management practices  
 
There is currently a diverse range of organic waste management practices used in New 
Zealand. These include both centralised and decentralised practices.  

Landfilling 

Landfilling is a method commonly used for general public waste and that from commercial 
operations, involving the burial of wastes in specially engineered sites. While this is primarily 
intended for non-organic wastes, landfills usually contain a large organic fraction. This is 
undesirable for multiple reasons:  

● It consumes finite landfill space 
● It is a waste of the valuable nutrients contained with the organic material 
● It results in harmful greenhouse gas emissions  

Although modern landfills capture gas emissions, rogue emissions are inevitable. This is 
problematic as although landfills emit carbon dioxide (CO2), the anaerobic conditions favour 
the formation of methane (CH4), which has a global warming potential 28 times that of CO2. 
Nitrous oxide (N2O), which has a global warming potential 273 times greater than CO2, is also 
emitted. As a result, landfilling is considered to result in the highest emissions of greenhouse 
gases from organic waste disposal, with emissions of almost 400 kg CO2 per tonne of organic 
waste12. 

Stubble Burning 

Stubble burning uses controlled combustion to remove stubble and other crop residues after 
grain harvesting, with the additional purposes of disease and pest control. This occurs 
primarily in Canterbury due to its concentration of arable farming. Nationally, approximately 
425,000 tonnes of residues were burnt in 201253. Stubble burning has been criticised 
internationally for its contribution to air pollution through producing gaseous contaminants 
such as nitrogen oxides, sulphur oxides, and carbon monoxide. In addition, combustion 
produces considerable CO2 emissions and particulate matter, including black and brown 
carbon, which contribute to both air pollution and radiative forcing54. While there is debate 
over whether stubble burning negatively impacts soil organic carbon (SOC), it is consistently 
shown to be less influential than tilling55. This is of consequence as most alternatives to 
stubble burning require some degree of tillage. Additionally, stubble burning may alter the 
quality of SOC as it reduces inputs of fresh organic matter (OM) but increases inputs of black 
carbon56.  
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Anaerobic digestion 

Anaerobic digestion (AD) involves the breakdown of organic matter via bacteria and archaea 
under anaerobic conditions. While this is technically the same process that organics undergo 
when sent to landfill, anaerobic digestion usually refers to the process occurring in a purpose-
built bioreactor, with the intent to treat waste or produce biogas. The majority of biogas is 
CH4 with a large CO2 fraction and trace gasses making up the rest. Biogas can either be used 
to produce onsite electricity or combined heat and power (CHP), or purified into biomethane 
which is suitable for injection into existing gas networks57. 

Anaerobic digestion is widely utilised internationally, and particularly in European countries 
that have provided incentives, it is an established process for waste and energy systems. In 
some cases, such as Germany, the emphasis has arguably moved from waste management to 
energy generation. This is reflected in the fact that in 2015, 10.7% of Germany’s arable land 
was used to produce feedstock crops for biogas57. 

In the past, New Zealand has operated anaerobic digestion plants specifically for the 
production of gas to augment its natural gas reserves; this, however, was driven by the oil 
crises of the 1970s and was relatively small-scale. Existing anaerobic digestion facilities in New 
Zealand are primarily waste treatment facilities rather than biogas producers. These include 
municipal wastewater treatment plants (WWTPs) and effluent treatment at industrial 
facilities, such as Fonterra’s Tirau plant. Biogas produced by these facilities usually contributes 
to providing the energy requirements for the treatment or other onsite activities. New 
Zealand has one biogas focused operation, the newly opened Ecogas Reporoa Organics 
Processing Facility. When fully operational, this facility is expected to process 75,000 tonnes 
of organic waste annually, including kerbside organic wastes sorted offsite58. Energy and 
carbon dioxide produced by the facility is planned to be utilised by the nearby T&G tomato 
glasshouse. 

Anaerobic digestion is feasible for most organic wastes, but is not suitable for wastes with 
high lignin content (e.g. wood waste) due to its chemical recalcitrance, especially to 
breakdown by most anaerobic microorganisms. Digesters are typically designed to process a 
specific waste or type of wastes based on the solid fraction of the waste: high solids digesters 
can be either wet or dry with the later producing slurry, while low solids digesters are always 
wet59. The different systems possess advantages and disadvantages; for instance, dry 
digesters do not produce a pumpable product but are much more resilient to physical 
contamination. In addition, to physical contaminants such as plastics, anaerobic digestion can 
be inhibited by chemical components such as ammonia and metals.  

Aside from biogas, the main product of anaerobic digestion is digestate, the matter remaining 
after processing. There are two kinds of digestate, named for the processing stage in which 
they occur. Acidogenic digestate is a solid comprised of fibrous plant material such as lignin  
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and cellulose, whereas methanogenic digestate is a liquid high in nutrients, especially 
ammonia60. Depending on the design of the bioreactor these may be produced separately or 
as a whole product (which is often then separated), which resembles livestock slurry in 
appearance and pumpability61. Whole or liquor digestate is commonly applied as a fertiliser 
by injection or trailing-shoe methods in countries where AD is common62. The solid fraction 
however typically requires further processing such as drying and composting before it can be 
utilised as an organic amendment. This is due to its high moisture content that makes 
transport and storage difficult, and because it is biologically unstable in aerobic 
environments63. 

While AD can produce valuable biogas, manage a range of organic materials, reduces residue 
odours, it is expensive when compared to composting, and requires a continuous supply of 
organic material to operate efficiently64. Additionally, the digestate (the solid fraction 
especially) may be of agronomic value, but often requires further treatment and may become 
a disposal issue in its own right.  
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