Whole Systems Impact of Composting Shelters in NZ

Background
Composting shelters are a unique animal housing structure that are attracting growing interest from farmers looking to run more
efficient, resilient and profitable businesses. Limited knowledge within the New Zealand pastoral context, however, is available to support
farmers and rural professionals in their evaluation of the system. This project builds on the knowledge base of farmers and technical
experts to help evaluate and understand the potential impacts of composting shelters on-farm.
The fundamental principle that differentiates composting shelters from other dairy housing structures is the composting process that
occurs within the loafing area. The general concept is that cows spend a portion of time under a roofed structure where they lie on a
deep bedding comprising plant-based materials. Daily tilling mixes the bedding with urine and dung creating in situ aerobic composting.
The heat generated from composting keeps the bedding warm and dry, allowing it to remain in place for one year or more before it is
replaced. Once removed, the composted material containing nutrients from dung and urine, can be applied to pasture as an organic
form of fertiliser. Unlike other dairy housing facilities, the composting process can eliminate the need for a specific effluent system.
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Project Description
This project, “Whole systems impact of composting shelters in New Zealand”, is funded through the Our Land and Water National Science
Challenge under the Rural Professionals Fund 2021. The project reports on the knowledge and experience of farmers utilising composting
shelters within New Zealand, and quantifies potential impacts to farm systems using a South Waikato case study farm. The objective is to
increase knowledge and understanding of composting shelter systems in New Zealand. The full project report with detailed analysis can be
found at www.perrinag.net.nz/ and www.ourlandandwater.nz/compostingsheltersRPF.

Phase 1: Current Farmer Knowledge of Composting Shelters
Three farms were visited (two in the Waikato and one in Canterbury) and interviews conducted in person, while a
further three farms located in Hawkes Bay, Otago and Southland were interviewed by phone. Highlights of the
different ways in which farmers have designed and incorporated the shelters within their system and the impacts on
staff and animal wellbeing are discussed, as are learnings regarding new skills required.

Read more
on page 4-6

Phase 2: Desktop Modelling of Composting Shelter on Case Study Farm
Financial and physical data from the current and preceding three seasons was analysed to develop a representative
status quo system for the case study farm. Composting shelter scenarios were developed and the physical,
environmental and financial performance of each was evaluated, including considerations for animal welfare and staff
wellbeing. A western science approach combined with a Te Taiao evaluation was used to assess the system change.
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Farmer Interview Summary
Six farms throughout New Zealand with composting shelters were interviewed as part
of Phase One of the project.
It was clear from the farmer responses, that it was the intangible or harder to quantify
drivers that were the key reason for building a composting shelter. These included a
desire to:
• Improve animal welfare;
• Improve staff working conditions, and reduce stress;
• Improve environmental performance, and reduce damage to pasture and soils.
For all farms, the ability to winter cows either 24/7 inside the shelter or for a portion
of each day was a key reason to build. Wintering was considered a difficult and
stressful time and was described as “hard on people, hard on cows and hard on the
soils”. In addition, the “fact that cows could be fed much less was hugely inviting”
given the lower maintenance requirements of cows in the shelter, which provided
significant cost savings for many of the farmers.
Many felt that their wintering system was unsustainable in terms of the damage done
to soils. The ability to get cows off pasture during inclement weather to reduce
damage was a key part of the decision making process.
Table 1: Details of farms interviewed
Location

Years with
Composting Shelter

Cow Numbers

Shelter System

Farm 1

Canterbury

1

530

Winter & calving

Farm 2

Waikato

8

290

Year-round

Farm 3

Waikato

3

350

Year-round

Farm 4

Southland

1

120

Winter

Farm 5

Hawkes Bay

4

650

Year-round

Farm 6

Otago

2

350

Year-round
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• From an animal welfare perspective, the
shelters provided an ability to house cows in
a warm and dry environment out of the cold
and mud during winter and calving, and on
a comfortable, non-concreted floor. The
ability to minimise heat stress during the
summer was also a key benefit
• Staff welfare was also a key driver where
having a labour efficient and lower stress
farm system was highly valued. Farm 1
stated “one of the ways to take the stress
out of the system for the staff is to take
the stress out of the system for the
animals”. The ability to have cows and
winter feeding all in one place, sheltered
and out of the rain was seen as a time-saver
and a way of providing a better working
environment compared to a winter cropping
system. The ability to calve in the shelter was
an added bonus for both the cow and staff
completing calving checks.
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Incorporating Composting
Shelters On-Farm
Two distinct approaches to incorporating composting shelters onfarm were apparent from the farmer interviews, including a yearround hybrid system and a 24/7 wintering system.
Structure type varied between each of the farms, and on all but farm
4 (who were trialling the system), the composting shelters were used
for calving.

Hybrid indoor-outdoor year round grazing
• Under this system cows spend a portion of each day inside
the shelter and the remainder outdoors grazing on pasture.
• Generally, cows are housed in the shelter at night during the
cooler months, and then during the warmer months, cows
are brought inside for parts of the day. In this way, cows are
provided with shelter over winter and shade in summer
effectively mitigating the impact of seasonal climatic
conditions on cows and production levels. This also enables
the impacts of pasture pugging and over-grazing to be
minimised.
• Farms 2, 3 and 5 noted trigger temperatures of between 2024oC for bringing cows inside during the summer months.

24/7 indoor wintering system
• Two of the farms interviewed operated their shelters on a
wintering-only basis.
• These farms were located in the South Island with the
shelters enabling the farms to move away from winter
cropping.
• For Farm 1, this meant transitioning to a system where all
cows, including replacements, were now wintered on-farm
with silage used as the sole winter feed diet. Peak cow
numbers milked also reduced from 710 to 530.
• Wintering in the shelter has resulted in significant grazing
off and feed savings with per cow requirements halved over
the winter period.
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Lessons Learned
• Significant reduction in the winter feed requirement compared to a 24/7 outdoor system.
Feed rations need to be well calculated as it very easy for cows to gain condition in the shelter and become too fat for calving. One farm noted a
50% drop in the winter feed allocation relative to their cropping system, with 8-9 kg DM/cow eaten being a common figure amongst farmers.
• Consideration for amount of pasture carried through winter
Farm 1 and 3 noted a focus on farming for their “new normal” with less pasture needed to be carried through the winter. This was a result of all
or the majority of winter feed being fed in the shelter, and therefore a lower pastoral demand. For Farm 1, the removal of winter cropping and
reduced stocking rate added to the reductions in pastoral demand and in order to retain pasture quality in spring, less autumn-saved pasture
was required to be taken through the winter.
• Effluent management
Three of the farms interviewed (Farm 2, 3 and 5) built an effluent capture system beneath the bedding that linked in with the farm’s effluent
system, with the idea that this would eliminate any risk of leaching beneath the bedding and allow liquid to drain out. In practice, all three found
that no effluent ever came out. However, if the bedding becomes overloaded with moisture (whether caused by management or climatic events),
there will be liquid to deal with. Regional council rules may influence the specific design requirements and should be checked before building.

Bedding material and management
• Understanding the key factors for successful composting and achieving longevity in
bedding material will be a driving factor for profitability.
• Type of bedding material (e.g. woodchip, sawdust, miscanthus) used varied between
the farms and in some cases has changed over time with availability, cost, new
knowledge and ability to grow bedding material on farm.
• Management of bedding was a key skill that had to be learnt by all farms.
Successful composting is key to ensuring a clean, warm and dry environment in the
shelter and relies on correct shelter design and management to retain temperature
and moisture levels in the optimum range. Daily tilling is required to create aeration
within the compost pack and is critical to stimulate the aerobic bacteria required.
• Frequency of replacing bedding varied between farms depending on how often the
shelter was used, stocking rate, structure design and management of the bedding.
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Case Study Modelling
Kokako Pi Karere LP’s dairy farm (Kokako Tuarua), located in South Waikato, was used to create a status quo farm system from which composting
shelter scenarios were evaluated against. The representative status quo system was created in accordance with the actual system operated on
Tuarua with corresponding environmental and financial performance modelled. Scenarios were assessed based on their impact to the environment,
physical farm system, including staff and animals, and financial performance, and were evaluated in the context of Te Taiao.

Location

Livestock Details

Farm Details

Rainfall: 1,527 mm/yr
Elevation: 340 m

Located
here
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Whole farm (ha)

201.5

Effective pasture (ha)

172.3

Soil type
Total milk production
(kg MS)

Pumice / Ash
231,650

Total feed eaten
(t DM/ha)

17.2

Pasture and crop eaten
(t DM/ha)

12.0

Breed type
Dairy herd size

Performance Indicators

Friesian

$4,823

Cash operating surplus
per kg MS

$3.59

565

Production per cow
(kg MS)

410

Production per hectare
(kg MS)

1,344

Feed conversion efficiency
(kg MS/kg Lwt)

0.78

Days in milk

271

Start of calving

Cash operating surplus
per ha

10 July

N leaching loss
(kg N/ha/yr)

51

N loss efficiency
(kg MS/kg N loss)

22.4

N Surplus
(kg N/ha/yr)

220

Page 7

Scenarios Modelled

• Two core scenarios are modelled – the status quo farm system (current system) and the base composting shelter (CS) system. The base
composting shelter system is then varied based on the structural design, specifically roof type, and materials used.
• High capital cost scenarios (S1H $2.6 mil; S1L $2.3 mil) are based on use of concrete for all feed infrastructure including the cow standing area,
feed walls and tractor alleys, as well as for the compost retaining walls and turning aprons. In contrast, the low capital cost scenarios
(S2H $1.9 mil; S2L $1.6 mil) substitute areas of concrete for timber and gravel surfaces. Physical farm system assumptions remain the same
between each of the four composting shelter scenarios, with changes to financial parameters being the key variable.
• Incorporation of the shelters on farm was based on a hybrid year-round indoor-outdoor grazing system with cows spending a portion of each
day in the shelter. Feed imports and stocking rate remained the same, however all cows were modelled to be wintered on-farm as opposed to
230 cows wintered off-farm for four weeks.
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Physical Performance
While total feed imported remained the same under both
systems, total feed eaten increased by 6% under the
composting shelter model. This was a result of an increase in
feed utilisation combined with a 5% increase in pasture
growth from mitigating the impacts of over-grazing and
winter pasture damage.

Table 2: Physical Indicators
Physical Indicators

172.3

172.3

201.5
580
(230 off farm 4 wks)
565

201.5

3.3

3.3

Effective area (ha)
Total farm area (ha)
Cows wintered
Peak cows milked

Overall, milk production was modelled to increase by 14%
with an additional 57 kg MS/cow (+186 kg MS/ha).

Efficiencies able to be achieved may vary for other farm
systems, particularly where there is no existing feed
infrastructure or in systems where intensive winter cropping
can be replaced.

Base Composting
Shelter Scenario

Farm Details

In addition, the composting shelters allowed for improved
body condition and an extended lactation period, reduced
winter feed requirements and mitigated heat stress. These
factors combined resulted in a 7% improvement in feed
conversion efficiency down to 12.0 kg DM/kg MS with the
composting shelters. Similarly, production as a percentage of
live weight increased by 10% to 0.86 kg MS/kg liveweight.

The 6% increase in feed conversion efficiency reflects the
efficiencies that are modelled to be achieved irrespective of
feed inputs from a composting shelter on this case study
farm.

Status Quo

Stocking rate (cows/ha)
Cow liveweight (kg)

580
565

525

545

Friesian

Friesian

Planned start of calving

10-Jul

10-Jul

Mean calving date

24-Jul

24-Jul

Mean dry-off

10-May

4-Jun

Labour (FTE)

3.0

3.0

Breed

t DM/ha

t DM/cow

t DM/ha

t DM/cow

Total feed eaten

17.2

5.3

18.3

5.6

Total imported feed eaten

5.3

1.6

4.4

1.4

- Supplements eaten

4.8

1.5

4.4

1.4

- Winter grazing

0.5

0.2

0.0

0.0

12.0

3.7

13.6

4.2

Feed

Pasture and crop eaten
Summer crop

Turnips (6 ha)

none

Oats (3 ha)

none

Feed conversion efficiency (kg
DM/kg MS)

12.8

12.0

Nitrogen use (kg N/ha)

150

150

231,650

263,719

Winter crop

Production
Production (kg MS)
kg MS/cow

410

467

kg MS/ha

1,344

1,531

kg MS/kg lwt

0.78

0.86

273

292

Days in milk
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Environmental Performance

Table 3. Environmental indicators

Nitrogen

Environmental Indicators

Incorporation of composting shelters resulted in a
45% reduction in N leaching to 28 kg N/ha/yr. Of
this, 87% was attributed to reduced urinary N
leaching from housing cows off-pasture (average of
6.6 hours per day in the shelter), while the balance
(13%) was attributed to the removal of cropping. In
addition, there is also the benefit of reduced urinary
N leaching on the grazing block where 230 cows
were previously wintered under the status quo
system. This impact is not accounted for in farmlevel modelling.

Nitrogen (N)

Nitrogen loss efficiency also improved significantly
with the amount of milk produced per kilogram of
nitrogen lost doubling in the base composting
shelter system. In addition, nitrogen surplus also
reduced by 36%.

bGHG (t CO2 eq./ha/yr)

Status Quo

Base Composting Shelter

10,341

5,714

51

28

- Urinary N loss (kg N/ha/yr)

40

20

- Other N loss (kg N/ha/yr)

11

8

Total N loss (kg N/yr)
N loss per hectare (kg N/ha/yr)

N loss efficiency (kg MS/kg N)

22

46

N surplus (kg N/ha/yr)

220

141

Total P loss (kg P/yr)

570

576

P loss per hectare (kg P/ha/yr)

2.8

2.9

11.3

-

8.9

10.2

7.7

7.8

Phosphorus (P)

Biological greenhouse gas emissions (bGHG)
Methane (t CO2 eq./ha/yr)
- methane efficiency (kg CO 2 eq./kg MS)
Nitrous oxide (t CO2 eq./ha/yr)
- nitrous oxide efficiency (kg CO 2 eq./kg MS)
bGHG efficiency (kg CO2 eq./kg MS)

2.4

-

2.1

-

9.8

-

Biological Greenhouse Gas (bGHG) Emissions
Modelling of greenhouse gas emissions from the
composting shelter scenarios is challenging given
OverseerFM (v6.4.3) does not currently model the
impacts to emissions from the in situ composting
process. In addition, reduction in maintenance
energy requirements, which are likely to lead to
increased methane efficiency, are also ignored by
the model.
Although some nitrous oxide is likely to be released
from the compost while in the shelter, this is likely
to be more than compensated by a reduction in onpaddock release of nitrous oxide from deposited
urine. However, research is required to quantify this.
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Financial Performance
Financial metrics for the composting shelter high and low capital
scenarios (S1H & S2H; S1L & S2L) are similar with the key
difference being the level of repairs and maintenance (R&M)
expenditure. The low capital models include an additional $7,000 of
R&M per annum related to repairing timber boards within the
shelter and re-metalling surrounding areas
Net cash income for both high and low capital models increased by
14%, largely as a result of increased production. The net change to
farm working expenses was a 3% increase. While there was a large
reduction in winter grazing expense (-$41,400), this was offset by
the new bedding costs and increased R&M. Overall, total cash
operating surplus (earnings before interest, tax, depreciation and
amortisation; EBITDA) increased by 33% per hectare and 16% per
kilogram of milksolids for both the high and low capital models,
respectively.

Table 4. Financial indicators.

Composting Shelter Composting Shelter
(S1H & S2H)
(S1L & S2L)

Status Quo
Financial Indicators

$/ha

$/kg MS

$/ha

$/kg MS

$/ha

$/kg MS

12,928

9.62

14,658

9.58

14,658

9.58

Farm cash working expenses

8,104

6.03

8,246

5.39

8,287

5.41

Cash operating surplus (EBITDA)

4,823

3.59

6,412

4.19

6,371

4.16

Net cash income

*Budgets have been completed at current (2022) values and are based on $9.00/kg MS and a 25c/share Fonterra dividend.
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Whole Farm Business and Investment Analysis
Performance of the composting shelter investment was evaluated using discounted cash flow analysis on the pre-tax farm returns. Internal rate
of return (IRR) was used to assess the whole business performance of the composting shelter scenarios relative to the status quo. Returns from
the individual composting shelter investments were also assessed using IRR and NPV by determining the change to the cash flows in each year
compared to the status quo (‘marginal analysis’).
Over a 50-year investment period, the expected lifespan of the structure, the whole business return ranged from 6.8% (S1H) to 7.4% (S2L),
depending on specific infrastructure decisions, and was above the 6.3% return achieved from the status quo system. The return on the
composting shelter investment itself, based on the new capital expenditure and consequent changes in net cash flows, ranged from 8.4% (S1H)
to 12.4% (S2L). Analysis of the net present value on the investment indicated improved business profitability, irrespective of capital costs and
lifespan, where the discount rate was 8% or less.
Sensitivity analysis indicated that the IRRs for the investment itself were remarkably robust to changes in the milk price, with the investment IRR
increasing by approximately 1.0% – 1.5%, depending on specific infrastructure costs, for each $1.00/kg MS increase in the milk price. Likewise,
for every $1.00/kg MS decrease, the marginal IRR decreased by 1.0% - 1.5%. Similarly, the IRR of the investment was influenced in only a minor
way by reducing the project life from 50 years to 25 years. Also, salvage values assigned at the end of the investment had only a minor effect on
the project IRR. Accordingly, based on economic criteria, the investments were assessed as profitable.
Key parameters impacting on the IRR include capital costs and bedding expenses. The difference in IRR between the high and low capital
models under the rigid roof scenarios (S1) is +1% in favour of the lower capital investment. This is expanded to +1.6% for the tunnel roof
structures (S2). The key capital cost change between these models is the amount of concrete used. It should be noted that even in the low
capital cost scenarios, concrete is included where the cows stand to eat. However, some farmers choose not to include this concrete and so the
IRR is expected to be even greater in this situation, provided any additional bedding costs do not outweigh this reduction in capital.
Additional milk production is needed for the composting shelter scenarios to generate a return greater than the status quo on the case
study farm. At $9.00/kg MS, the breakeven increase in production required to generate the same return as the status quo
system is +31 to +43 kg MS/cow, depending on the level of capital costs, with greater production needed from the higher capital
investments. On farms where the operating cost structure can be reduced by incorporating a composting shelter, the level of additional
milk production required will be lower. In some situations, where significant off-farm grazing or intensive winter cropping costs can be
removed by wintering in the shelter, it may even be possible to improve returns without any increase in production.
Overall, the economics of the composting shelter scenarios appear sound. However, significant capital expenditure is required and this
needs to be budgeted with care.
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Te Taiao Evaluation

• Evaluation of a farm systems change in the context of Te Taiao allows whole farm system resilience to be assessed and is a good
starting point for investigation. In the context of composting shelters on the case study farm, the investment demonstrates an ability
to provide an environment in which the land, animals, people and business can thrive (see diagram above).
• Once a system change or mitigation is chosen, it is then a matter of refining the specifics. For composting shelters, this includes
deciding how the shelter will be incorporated, selecting a design fit for purpose and determining whether the capital cost can be met.
• For composting shelters, continuing regulation both from an animal welfare and environmental perspective will impact the speed
with which farmers take up composting shelters as a mitigation tool.
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Conclusion
•

It was the intangible benefits that were weighted most highly by famers following incorporation of composting shelters on-farm. These
included the benefits to animal welfare through provision of a comfortable environment that protected animals from both the heat in
summer and cold, wet conditions in winter. For staff, the shelters meant the ability to work out of the weather (particularly beneficial
during calving checks), and resulted in significant workload reduction where the shelters replaced intensive winter grazing. The ability to
manage over-grazing and pugging damage also reduced farmer stress.

•

Modelling of composting shelters on a South Waikato case study farm measured a 45% reduction in nitrogen leaching loss through the
practice of duration-controlled grazing with cows housed in the shelter for an average of 6.6 hours per day.

•

Financial analysis of the system on Kokako Tuarua showed an increase in the per hectare cash operating surplus of 33%. This was largely
as a result of a 14% increase in milk production due to improved feed conversion efficiency, improved pasture growth and mitigation of
heat stress.

•

The composting shelter investment gave a marginal pre-tax IRR of 8.5 - 12.7% over a 50 year period, depending on level of capital costs.
At the whole business level, this provided returns of 6.8% - 7.4%, compared with 6.3% in the status quo. The impact of investment period
and salvage values had only a minor impact on the project IRR.

•

Key drivers of the returns from the composting shelter models included capital cost, bedding expense, milk price and production. Capital
costs are largely influenced by structure type, extent of concrete and per cow spacing allowance.

•

Overall, desktop modelling indicated that incorporation of composting shelters on the case study farm can provide an environment in
which the land, animals, people and business can thrive. Further research is required to reduce uncertainty in some of the modelling
assumptions, including research into the specific bedding space requirements and nitrous oxide emissions from the composting process.

•

Farmers considering composting shelters need to take care in ensuring sufficient personal research is undertaken before committing to
the project, to make certain that the design will be fit for the specific location and purpose.
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Farmer Quotes
• “ wintering was hard on people, hard on cows and hard on the soils”
• “fact that cows could be fed much less [over winter] was hugely inviting”
• “one of the ways to take the stress out of the system for the staff, is to take the stress out of the system for
the animals”.
• “it’s not just about it costs this much and will save this much, all the benefit is environmental and animal
welfare”
• “cows have become exceptionally calm, can calve any cow in the middle of the barn”
•

“the cows and the yearlings just get so quiet. They are different animals and the yearlings they’re in here and
they’re just inquisitive. They’re just so incredibly friendly”

•

“do your homework and don’t take any shortcuts”

• “No other stock on the farm so this is where the action is for winter. It takes one person 3.5 hours in a split shift.
And it can bucket down with rain, and it can be a flood outside and it’s still one person 3.5 hours and that’s it.
What do you do with all the other manpower that’s floating around?”
•

“And the calving in the spring time, normally one of the staff would do 2,000 or 2,500 km on their motorbike in
the spring time. I think he did something like 250 km this spring because all of the action was located here.”

• “I used to wake up in the middle of the night and it would be pouring with rain and I’ve gone through my life
going ‘oh need to go shift those cows or it is going to be a mess in the morning’ but now I go to bed and don’t
even worry about it”.
• Pasture cover: “three weeks ahead of surrounding farms”
• “we can be more aggressive in spring and take more risks. We always have a back-up plan now”
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