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Introduction. Grape marc is both a resource and a problem.  It is the residue left after grape pressing and, 
if not repurposed, becomes stranded as stockpiles with poor environmental outcomes. In Marlborough, 
attempts to compost have resulted in some practitioners being charged with non-compliance to 
environmental standards.  Possibly for this reason, direct land-spreading of raw grape marc has become a 
significant activity, although not without environmental risk.    

This study investigates four thermal processing options to completely repurpose grape marc and remove 
these environmental liabilities.  These are: drying to make dried grape marc for sale, combustion to generate 
electricity, gasification to produce electricity and excess heat, and pyrolysis to produce biochar and excess 
heat.  They are compared to best-practice composting, which involves centralised treatment on prepared 
land, with windrowing of the grape marc, protection from rain, leachate collection and frequent turning.  
Some calculations are also included for comparison to direct land-spreading of raw grape marc.  Figure 1 
shows the options. 

The study provides a techno-enviro-economic comparison.  The techno- part details the processing steps, 
their size and complexity, the utility requirements, the discharges to the environment and the product 
volumes.  Figures from this techno-analysis are crucial for the enviro- and economic analyses.  
Environmental analysis is focussed on the carbon footprint from discharges to air, including the emissions 
associated with construction, transport, facility operation and end-of-life.  In some, carbon is sequestered, 
but in others it returns to atmosphere through further decomposition.  Discharges to water are assumed to 
be properly collected and sent for trade waste treatment at standard charges.  Long-term stockpile 
management is treated as equivalent to landfill management.  Economic analysis investigates the viability 
of each process over a 25 year period, where initial capital cost and the annual operating and maintenance 
cost must be recouped with sufficient revenue to reduce the net present value to zero.  The cost of capital 
is set at 5%.    It must be noted here that the economic analyses presented here are distinct from business 
cases.  A business case is conducted to determine whether a particular course of action should be taken by 
a legal entity, whereas an economic analysis is a systematic exercise in identifying and analysing alternatives.   

A regional approach has been taken.  All scenarios assume processing of 70,000 tonnes of grape marc at 
67% moisture, which is the expected moisture content off the juice presses.  This is larger than the 2018 
vintage, which was estimated at 46,000, and allows for future production of an industry that is growing on 
average at 6% p.a.  

Risk is difficult to quantify, because it is manifested in many ways, from activity limits in national regulations 
or regional environmental plans, to consequences of non-compliance, to market backlash, and legal 
precedent.  Nevertheless, as a first step, the liabilities of each option are highlighted.  Each of the options 
is summarised in the subsections below. 
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Figure 1.  Diagram of the processing options for grape marc investigated in this study.  Product streams 
are also shown.  

Direct land-spreading of raw grape marc.  This has no infrastructure capital cost except the spreading 
equipment.  Raw grape marc is estimated to have an intrinsic fertiliser value of $16.76/t raw GM1, but no 
known sale value.  If spreading cost (transport, spreading and ploughing into the soil) varies between $10-
$30/t, then for the 70,000 t of raw grape marc, the benefit to the region varies between +$0.47M to 
−$0.93M, i.e., at $10/t, the spreading cost is less than the fertiliser value and so returns a net benefit of 
$6.76/t raw GM, but at $30/t the spreading cost is more than the fertiliser value so the exercise of spreading 
raw grape marc is a net cost of $13.24/t raw GM.  Spreading requires a substantial amount of land which 
producers must secure for this activity (See box). 

Liabilities are both physical and environmental.  The physical liability is raw grape marc that is not land-
spread, for whatever reason.  This ends up in stockpiles, which will have significant methane emissions if 
left, as they become anoxic and produce leachate.  Nevertheless, stockpiling is an allowable activity subject 
to MEP constraints.  Long-term management costs for such a stockpile are regarded as the same as a landfill 
which, for all 70,000 tonnes, would be equivalent to the gate fee of $9.45M ($135/t). For land-spread raw 
grape marc, the environmental liability is BOD overload of the soil, where the likelihood will depend on 
the loading, soil type and its water saturation.  The magnitude of the consequences is unquantifiable.  Soil 
effects were out-of-scope of this project.  

The Marlborough Environment Plan(MEP) stipulates allowable spreading rates up to 200 kg nitrogen 
per hectare per year, equating to 42.6 t raw GM/ha/yr.  This is despite a 2012 AgResearch report to the 
Marlborough District Council recommending that raw grape marc not be spread at more than 3 dry 
matter tonnes per hectare per year (3 t DM/ha/yr), which is equivalent to 9 tonnes of raw grape marc 
per hectare per year (9 t raw GM/ha/yr or 60 kg N/ha/yr).  This recommendation by AgResearch was 
to avoid possible biological oxygen demand (BOD) overload of the soil, leading to odour, emissions of 
methane and potential leachate problems.  Nevertheless, even at 42.6 t raw GM/ha/yr, spreading 70,000 
tonnes requires 1643 ha of land.  If the AgResearch recommendation were followed, this would rise to 
5,470 ha.  Another recommendation of the AgResearch report is that nitrogen application should be 
limited to 150 kg/ha/yr to avoid the liability of leaching nitrogen into waterways and groundwater.  As 

                                                           
1 /t raw GM means per tonne of raw grape marc at 67% moisture content. 
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composting (below) avoids the BOD problem because it has been stabilised, the nitrogen limit is the 
appropriate metric for compost.  Spreading compost at the MEP limit of 200 kg N/ha/yr requires 1603 
hectares.   

 

Composting grape marc.  Best-practice composting has been examined in this study, which involves 
prepared land with impermeable barriers, windrowing of the grape marc, covered windrows, leachate 
collection and recycle, and frequent turning.  Large-scale infrastructure of this type is not currently present 
in Marlborough.  Best-practice composting ensures aerobic fermentation conditions, which minimises 
emissions of methane and nitrous oxide, which increase when management is poor.  The relatively fine 
particle size of grape marc requires more frequent turning than would be expected of a bulky porous 
material.   Composting reduces the 70,000 tonnes of raw grape marc at 67% moisture content to 22,960 
tonnes of compost at 40% moisture.  The facility requires 12.6 hectares of land and needs an investment in 
capital of $14.22M, has an annual operating cost of $1.51M and requires an annual revenue of $2.08M to 
pay back the investment over 25 years.  To be profitable, the compost needs to be sold for $91/tonne.  
This is a lot more than the intrinsic fertiliser value of the compost, estimated at $51.10/t, which in turn is 
a lot more than the $20-$30/t that the industry are currently willing to pay for compost.    Compost does 
offer benefits to the soil other than its nutrient content, such as water holding capacity, but these are not 
easy to monetise so are not included in the present analysis. Spreading costs are expected to be the same as 
for raw grape marc at between $10-$30/t compost. 

However, the economics are more favourable when compared to direct land-spreading of raw grape marc.  
Revenue of $2.08M/yr is achievable if producers were levied at $29.72/t raw GM.  This would pay for the 
composting operation.  Then, because compost has a reduced mass, the spreading costs are less.  Assuming 
the spreading costs varying from $10 - $30/t compost, the return of fertiliser value to the soil means the 
net levy cost reduces to between $16.24 and $22.80/t raw GM.2   This cost compares to -$6.76 to $13.24/t 
raw GM for direct land-spreading. Similarly, composting requires land which producers must secure for 
this activity. 

So while best-practice composting is marginally more expensive, its advantage is that it avoids the liability 
of BOD overload in soils that could occur if direct land-spreading of raw grape marc.  It also avoids the 
immediacy that land-spreading requires because, by forming windrows and frequent turning, composting 
maintains aerobic fermentation and so avoids excessive methane emissions.  Composting also reduces the 
physical liability of stranded resource from 70,000 tonnes of raw GM to 22,960 tonnes of compost (if not 
spread to land) which, if all stockpiled long term, attracts a smaller management cost of $3.04M/yr.  The 
environmental liabilities are the emissions during composting.  The carbon footprint of best-practice 
composting over a 25 year period is calculated to be 20 kg CO2e/t raw GM, rising to 50 kg CO2e/t raw 
GM when composting is poorly managed. 

Understanding the carbon footprint.  Ideal aerobic breakdown of grape marc returns all biological carbon to 
the atmosphere as CO2 and has a net footprint of 0 kg CO2e/t raw GM.  Therefore, in the calculations 
for the processes presented here, a negative value (as some of the thermal scenarios achieve) is better 
than the optimal natural cycle and effectively prevents some carbon entering the atmosphere.  
Conversely, a positive value adds more emissions to the atmosphere than the natural cycle. 
 
Overall the carbon footprint includes calculation of the embodied construction emissions, and emissions 
associated with the transport of the raw grape marc to the facility, transport and spreading of the compost 
back to land, the operating costs of turning windrows and the emissions of background methane and 
nitrous oxide during composting.  Similarly, all embodied and operating emissions are included for the 
thermal scenarios.  A thorough analysis of carbon footprinting is contained in the full report. 
The current value of a New Zealand Unit is $26.50/t CO2e.  Emissions from activities with grape marc 
are not currently included in the NZETS.  Therefore, the economic analyses performed here have not 
included them, except as an addendum to the calculations to highlight the cost or value of their inclusion. 

                                                           
2 The fertiliser value of compost is only 2% less than raw GM (on a per tonne of raw GM basis) so it omitted here. 
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Drying grape marc.  Producing dried grape marc is a standalone product, but also a necessary step to the 
thermal processes explored below.  It enables the grape marc to be stored indefinitely for later land-
spreading or for other uses. Drying uses some of the dried grape marc as fuel, which is combusted to 
provide the heat for drying. In this way, it does not use fossil fuels except at start-up. The most efficient 
plant configuration requires pre-storage of raw grape marc, so a growth inhibitor is applied to the stockpile 
so that drying can extend over 337 days of the year.  To save on drying energy, the plant includes mechanical 
dewatering to reduce the initial 67% moisture content to 50%, which has been achieved in laboratory trials 
(even to 40%) but needs testing at scale. From 70,000 tonnes of raw grape marc, this produces 24,566 
tonnes of pressate with BOD of 85 g/L.  The process also produces a residue of 181 tonnes of ash.  

Production is 20,717 tonnes of dried GM at 20% moisture content.  The capital cost of the most efficient 
configuration drying plant is $5.10M and the operating cost is $2.56M/yr, which includes the cost of ash 
disposal to landfill and trade waste treatment of pressate from mechanical dewatering. The annual revenue 
needed to be profitable over 25 years is $2.76M/yr.  To achieve profitability, the dried grape marc needs to 
be sold at $133/t.   It can be land-spread but its intrinsic fertiliser value of $40.63/t dried GM (at 20% m.c.) 
is insufficient to cover the cost of drying.  Other products are heating pellets and animal feed.  The industrial 
heating value of pellets is $125/t (based on $10/GJ of heat), but as pine pellets retail for $450/t, the 
wholesale price for GM pellets is expected to be well over $200/t.  The animal feed value is unknown. As 
a comparison, palm kernel expeller retails for $220-300/t. Therefore, if markets can be found for the 
tonnage, drying is expected to be profitable.   

The environmental liability of drying lies in the carbon footprint of production, of 61 kg CO2e/t raw GM, 
which is three times higher than best-practise composting, but similar to the emissions from poor practise 
composting.  Emissions are not included in the NZETS but, at the current NZU price ($26.50/t CO2e), 
the purchase of NZUs would cost $113k/yr.  Furthermore, if dried grape marc is sold rather than land-
spread, the fertiliser value is not returned to soil, for which the deferred cost to the region is $1.17M/yr.   

For all thermal processes, the design and capital costings include the equipment necessary to ensure stack 
emissions meet European standards, e.g., through efficient low-temperature combustion, catalytic 
crackers and flue gas clean-up. 

 

Drying followed by combustion of grape marc.  Dried grape marc can be combusted to generate 
electricity using steam turbines.  The most efficient plant configuration has a capital cost of $31.27M and 
an operating cost of $2.69M/yr.  The revenue required to break even over 25 years is $5.15M/yr.  However, 
the electricity produced, which is 18.14 GWh (valued here at 12¢/kWh), is only able to attract a revenue of 
$2.18M/yr.  This means the plant is not profitable, with a shortfall of $2.97M/yr.  To break even, producers 
would need to be levied at $42.43/t raw GM.  The advantage of the drying-combustion plant is that it 
eliminates the physical liability of stranded grape marc, or possible negative environmental outcomes of 
land-spreading.  It also represents a single transfer of responsibility for the end-of-life fate from the 
producer to the plant operator.  On the downside, it does not return the fertiliser value to the region, which 
is a deferred cost of $1.17M/yr.   

From 70,000 tonnes of raw grape marc, the only residues are ash (704 tonnes, which is landfilled) and 
pressate from mechanical dewatering prior to drying, as noted above.  Disposal and treatment of both are 
costed into the operation of the plant.  The plant is designed so that flue stack emissions are all within 
European limits.  The GHG emission liabilities are given by the carbon footprint.  For the most efficient 
configuration of the drying and combustion plant, calculated over a 25 year period, the emissions are 62 kg 
CO2e/t raw GM, which is three times higher than a well-managed composting facility, but similar to the 
emissions from poor practise composting. Emissions are not included in the NZETS but, at the current 
NZU price ($26.50/t CO2e), the purchase of NZUs would cost $115k/yr.  However, if the combustion 
power plant were to replace a coal fired plant for a large industrial facility, this would offset the fossil fuel 
emissions of that plant.  Including these offsets for equivalent power production, the overall carbon 
footprint reduces to − 161 kg CO2e/t raw GM, where the negative value indicates a significant mitigation 
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of global climate change.  If so, the current value of the offset, if permitted in the NZETS, would be 
$11.27M/yr, which would make the venture profitable. 

First mover advantage.  A first mover advantage is the opportunity for offsetting fossil fuel consumption in 
an existing facility by replacing it with a renewable energy source.  It is an advantage that disappears once 
the conversion has occurred.  An example might be replacing coal with wood pellets in a hospital heating 
plant.  First mover advantages are not considered in economic analyses, as conducted here.  Rather, they 
are the sort of thing a business case may consider.  

   

Drying followed by gasification of grape marc.  An alternative process to combustion is gasification, 
which produces a combustible syngas, which can be combusted in a gas engine.  The process also produces 
excess heat, which is recycled back to the drying plant.  This efficiency reduces the amount of dried marc 
consumed in providing heat for the dryers.  The gasification plant is the most technically complex because 
it requires several gas clean-up steps.  For the most thermally efficient configuration of plant, the capital 
cost is $90.72M with an operating and maintenance cost of $3.03M/yr.  The revenue required to break even 
over 25 years is $7.87M/yr.   The only revenue streams are electricity and heat, which together can earn 
$1.93M/yr.  This is a huge shortfall to that needed for profitability.  The producer levy would have to be 
$67.57/t raw GM. Gasification carries the same advantage as combustion, that is, a single transfer of 
responsibility for the end-of-life fate from the producer to the gasification plant operator. 

The process produces a residue of 2,882 tonnes of gasification char which is landfilled, and the pressate 
from mechanical dewatering, as previously noted, both of which are costed within the plant operation.  The 
plant is designed so that flue stack emissions are all within European limits.  From a carbon footprint 
perspective, the combined drying-gasification plant performs better than drying-combustion plant because 
some carbon is sequestered in the gasification char which offsets the net emissions embodied in the plant 
construction and operation.  The carbon footprint averaged over 25 years is −38 kg CO2e/t raw GM, but 
improves to −243 kg CO2e/t raw GM, if replacing an existing coal fired plant, where the offsets for the 
fossil fuel emissions can be included.  This is a significant mitigation of the effects of climate change.  If 
these carbon footprints were able to be monetised in the NZETS at the current value of a NZU ($26.50/t 
CO2e), they would return $70k/yr and $451k/yr.  Neither makes much difference to profitability.   

The two options of drying-combustion and drying-gasification repurpose all grape marc and therefore 
remove any physical or environmental liabilities associated with stranded stockpiles and those of 
emissions and leaching that may occur if raw grape marc or compost is amended to soil.  They also 
transfer the responsibility for the end-of-life fate of the grape marc from the producer to the plant 
operator. 

 

Drying followed by pyrolysis of grape marc.  Dried grape marc can be pyrolysed to make biochar and 
some excess heat.  Biochar is the name given to charcoal made from a sustainable source that is returned 
to the soil.  For all other uses, it is simply called ‘charcoal.’  The pyrolysis plant is the least sophisticated of 
the thermal plants.  For the most efficient plant configuration, the capital cost is $27.93M with operating 
costs of $2.72M/yr, and so requires an annual revenue of $5.05M/yr to break even over 25 years.  The 
most thermally efficient process produces 7,689 tonnes of charcoal.  To achieve profitability, the charcoal 
must sell for $657/t charcoal.  This cannot be achieved as biochar, because its intrinsic fertiliser value is 
only $87/t BC, although other benefits are present for which the monetary value is not able to be calculated 
without further research: water retention which gives added drought resistance, nutrient retention and the 
sequestration value of the carbon.  Instead, charcoal can be sold as heating pellets which coal-equivalent 
heating values (30 GJ/t cf pine pellets at 20 GJ/t), or used for environmental remediation as an adsorbent, 
or upgraded to activated carbon.  The industrial heating value of charcoal is $300/t (at $10/GJ), but as pine 
pellets retail at $450/t, charcoal pellets with their superior heating value should be able to retail at $675/t. 
As an environmental or bioremediation adsorbent, a value of $500/t can be expected, because the charcoal 
is expected to have a relatively high surface area.   However, the real opportunity lies in activated charcoal 
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which ranges from $1,500/t to several thousand depending on grade.  Activation is an additional processing 
step.   Therefore, with a mix of products, pyrolysis for charcoal has potential to be profitable without a 
producer levy. 

Biochar has the best carbon footprint of all thermal processes, because carbon is sequestered into the soil.  
However, making biochar is a cost sink.  Cost are minimised for a different pyrolysis scenario (Pyro 3) to 
that discussed above (Pyro 6).  See the full report for details.  (Pyrolysis 3 produces 5,712 t biochar and 
21,500 GJ of heat, and requires revenue of $4.51M/yr.)  Here, the carbon footprint is -245 kg CO2e/t raw 
GM when biochar is returned to soil, which represents a significant mitigation for climate change.  In Pyro 
6 where charcoal is sold as heating pellets and activated carbon, the carbon footprint is +24 kg CO2e/t raw 
GM, which is similar to that of best-practice composting.   

To deliver the best environmental outcome by sequestering carbon into soil, a producer levy is required.  
With the revenue from heat deducted ($10/GJ), but the cost of land-spreading included ($10-$30/t BC), 
and deducting the fertiliser value ($87/t BC), the net cost to the producer of the levy ranges from $55.14-
$56.71/t raw GM.  Although carbon sequestration in biochar is not permitted in the NZETS, it may be in 
future.  If so, at the current NZU price of $26.50/t CO2e, this would reduce the net cost of the producer 
levy to between $50.43 and $52.29.    

 

Where to next? 

This study outlines a range of options to repurpose the annual production of grape marc while minimising 
both the carbon footprint and future environmental liability.  All processing options require infrastructure, 
as opposed to direct land-spreading which is an annualised trucking and spreading cost.  Therefore, the 
above analysis assesses each option against this same criteria, as an annualised cost to producers in order to 
make each option profitable.  The only processing option that is not feasible is gasification, because it is 
technically more complex and so more expensive to operate.  Drying, to make dried grape marc for sale, 
and pyrolysis, to make charcoal for sale, do not need a producer levy, although any business case 
investigations will need to assess the market and supply chains.  The other options require a producer levy.  
Of these, combustion for electricity has the principal advantage that it repurposes the entire harvest and so 
removes any liabilities associated with stranded stockpiles.  Composting has the principal advantage that it 
is low-tech and well understood.  It also significantly reduces the residue volume, which is stable and can 
be stored before land-spreading.  Pyrolysis to make biochar for soil incorporation has by far the best 
environmental outcome, although it is not the most profitable use of biochar.  

The study is not exhaustive.  Nevertheless, the full report does contain a detailed discussion on biorefining 
where a range of high and low value products are produced.   

The wine industry are now asked to consider how the processing options presented here may fit with 
medium and long-term strategic plans for the economics, sustainability, marketing and risk mitigation of 
wine production in Marlborough.  There are strong arguments for either composting, combustion, or 
pyrolysis, depending on strategic objectives.  With a preferred direction from a stakeholder group, the next 
step is to design and commission a pilot/demonstration plant to progress towards commercial readiness 
and/or conduct field trials if applicable.  All options are summarised in the table below. 
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Table: Summary of options, costs, environmental outcomes and liabilities.  For the thermal processes, the figures given are for the most thermally efficient process scenario (numbers given in 
parentheses).  Refer to the Research Report: Repurposing Grape Marc, for the detailed analyses. 

Activity Tonnage, 
t/yr 

Activity 
cost, $/yr 

Product 
Value, 
$/yr 

Net 
activity 
cost1, 
$/yr 

Deferred 
cost2, 
$/yr 

Net 
Marlborough 

regional 
cost3, 
$/yr 

Liabilities Max cost of liability 
$/yr 

Notes 

Direct land-
spreading of 
raw grape marc 

70,000 t 
raw GM4 

$0.7 to 
$2.1M5 
 
 
Cost of 
land-
spreading 
$10-$30/t 

Fertiliser 
value6 
$1.17M 
 
Fertiliser 
value 
$16.76/t 
compost 

−$0.47M 
to $0.93M 

none 
 
 

−$0.47M to 
$0.93M 

1. Carbon footprint of 
normal land-spreading 
activity including GHG 
emissions from soil  

2. Carbon footprint of land-
spreading activity after 
BOD overload of soil 

3. Leaching impacts after 
BOD overload of soil 

4. Management of 
stranded stockpiles of 
non-spread raw GM  

5. Carbon footprint of 
stranded stockpile over 
time 

• Unknown7 
 
 
 
• Unknown 
 
 
• Unknown 

 
• $9.45M8 
 
 
• Unknown 
 

No levy.  Exposed to liabilities 1-5. 
 
Including the return of fertiliser value, the net cost 
of spreading becomes -$6.76 to $13.24/t raw GM 
for the range of spreading costs 

Best-practice 
composting 
followed by 
land-spreading 

22,960 t 
compost 

$2.38M to 
$2.77M 
 
 
Annualised 
cost of 
plant, 
$2.08M, 
plus cost 
of 
spreading, 
$10-$30/t 

Fertiliser 
value 
$1.17M 
 
Fertiliser 
value 
$51.10/t 
compost 

$1.21M to 
$1.39M 

none $1.21M to 
$1.39M 

6. Management of 
stranded stockpiles of 
stranded non-spread 
compost   

7. Carbon footprint of 
composting, well-
managed 

8. Carbon footprint of 
composting, poorly-
managed 

 

• $3.04M 
 
 
 
• 20 kg CO2e/kg raw 

GM ($37,000)9 
 

• 50 kg CO2e/kg raw 
GM ($93,000) 
 

 

Composting removes liabilities 1-5.   
 
A levy of $29.72/t raw GM to producers will cover 
the cost of operating the composting facility. 
 
After return of fertiliser value, the net cost of the 
levy reduces to $16.24 to $22.80/t raw GM for the 
range of spreading costs. 
  
Composting is exposed to liabilities 6-8. 

  

                                                           
1 The net activity cost is the activity cost minus the product value. 
2 A deferred cost is a cost that removal of grape marc from the land-to-land cycle incurs, e.g., if combusted, its fertiliser value becomes a deferred cost. 
3 The net Marlborough regional cost is the net activity cost plus the deferred cost. 
4 Raw grape marc (GM) has 67% moisture content  ex-press. 
5 Cost of spreading is an estimate that includes transport from the pressing facility to the land, vehicle transfer, spreading and ploughing. 
6 Fertiliser value is an estimate based on elemental analysis. 
7 Unknown because research on grape marc-compost-soil interactions was out-of-scope for this study. 
8 The only feasible destination for stranded stockpiles is landfill, costed at the gate fee of $135/t inclusive of GST. 
9 These figures in parentheses assume agriculture enters the NZETS and NZUs are priced at $26.50/t CO2e (February, 2020). 
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Activity Tonnage, 
t/yr 

Activity 
cost, $/yr 

Value, 
$/yr 

Net 
activity 

cost, 
$/yr 

Deferred 
cost, 
$/yr 

Net 
Marlborough 
regional  cost, 

$/yr 

Liabilities Max cost of liability 
$/yr 

Notes 

Drying10 
(Drying 3) 

20,717 t 
dried GM 

$2.76M 
 
 

Annualised 
cost of 
plant 

$2.59M to 
$4.66M 

 
For GM 
heating 
pellets, 
range 

$125/t to 
$225/t11 

−$1.9M to 
$0.17M 

$1.17M 
 
 

Fertiliser 
replacement 

−$0.73M to 
$1.34M 

 

9. Carbon footprint of 
activity 

10. Mechanical dewatering 
produces 24,556 tonnes 
of pressate with 85 g/L 
BOD 
 
 

11. Disposal of 181 tonnes 
of ash from drying plant 
 
 

12. Air emissions of PICs and 
PM from drying plant12 

 
 

 
13. Disposal of unsold dried 

GM to land-spreading, if 
take-back agreements 
exist 

14. Management of unsold 
dried GM in stockpile 

• 61 kg CO2e/t raw 
GM ($113,000) 

• Treatment of 
pressate as trade 
waste is costed into 
O&M13 at $1.21M 
and so is not a 
liability 

• Ash disposal to 
landfill is costed into 
O&M at $0.02M and 
so is not a liability 

• Mitigated by to 
European limits by 
including emissions 
reduction technology 
in the design 

• $0.21-$0.62M  
 

 
 

• $2.80M 

Drying removes liabilities 1-8.  Liabilities 10-12 are 
costed within the O&M.   
 
No levy required.  Drying is a viable commercial 
activity.   
 
Drying is exposed to liabilities 9, 13 & 14. 
 
At a regional level, the deferred cost of fertiliser 
replacement is $1.17M. 

Drying followed 
by combustion 
to produce 
electricity 
(Combustion 3) 
 
 
 
 

- 
 

All GM is 
consumed 

$5.15M 
 

Annualised 
cost of 
plant 

$2.18M 
 

Electricity 
at 

12¢/kWh 

$2.97M $1.17M 
 

Fertiliser 
replacement 

 

$4.14M 15. Carbon footprint of 
activity 
 

16. Disposal of 704 tonnes 
of ash (523 t additional 
to drying) 

 
17. Air emissions of PICs 

and PM 

• 62 kg CO2e/t raw GM 
($115,000) 
 

• Ash disposal to 
landfill is costed into 
O&M at $0.10M and 
so is not a liability 

• Mitigated by to 
European limits by 
including emissions 
reduction technology 
in the design. 

Combustion removes liabilities 1-9, 13 & 14.  
Liabilities 10-12 & 16-17 are costed within the O&M.  
 
A levy of $42.43/ t raw GM to producers will cover 
the cost of operation after sale of the electricity.   
 
Combustion is exposed to liability 15. 
 
At a regional level, the deferred cost of fertiliser 
replacement is $1.17M. 

  

                                                           
10 Dried to 20% moisture content. 
11 The breakeven sale price is $133/t dried grape marc.  Other revenue is possible as animal feed, value unknown.  The intrinsic fertiliser value dried grape marc is $40.63/t. 
12 PIC (products of incomplete combustion) and PM (particulate matter) have global warming potentials. 
13 O&M means the operating and maintenance costs.  Trade waste charged at $0.81/m3 plus $0.57/kg BOD inclusive of GST.   Landfill is costed at the gate fee of $135/t inclusive of GST. 



Techno-Enviro-Economic Analysis of Options for Grape Marc Repurposing 
 

Jim Jones, Sarah McLaren, Qun Chen & Moha Seraj, Massey University [j.r.jones@massey.ac.nz] 
 

9 
 

Activity Tonnage, 
t/yr 

Activity 
cost, $/yr 

Value, 
$/yr 

Net 
activity 

cost, 
$/yr 

Deferred 
cost, 
$/yr 

Net 
Marlborough 
regional  cost, 

$/yr 

Liabilities Max cost of liability 
$/yr 

Levy to avoid liabilities 

Drying followed 
by gasification 
to produce 
electricity and 
industrial heat 
(Gasification 6) 
 
 
 
 

- 
 

All GM is 
consumed 

$7.87M 
 

Annualised 
cost of 
plant 

$1.93M 
 

Electricity 
at 

12¢/kWh 
and 

industrial 
heat at 
$10/GJ 

$5.94M $1.17M 
 

Fertiliser 
replacement 

 

$7.11M 18. Carbon footprint of 
activity 

 
19. Disposal of 2,882 tonnes 

of gasification char to 
landfill 

 
 
20. Air emissions of PICs 

and PM from 
gasification plant14 

• −38 kg CO2e/t raw 
GM (−$70,000) 
 

• Gasification char 
disposal to landfill is 
costed into O&M at 
$0.39M and so is not 
a liability 

• Mitigated by to 
European limits by 
including emissions 
reduction technology 
in the design. 

Gasification removes liabilities 1-9, 13 & 14, and 15-
17.  Liabilities 10-12 and 19-20 are costed into the 
O&M. 
 
A levy of $84.86/t raw GM to producers will cover 
the cost of operation after sale of electricity and 
industrial heat.   
 
Gasification does not have any liabilities, as 18 is a 
net removal of carbon from the atmospheric cycle. 
 
At a regional level, the deferred cost of fertiliser 
replacement is $1.17M. 

Drying followed 
by pyrolysis to 
produce 
biochar with 
upgrade to 
activated 
carbon 
(Pyrolysis 6) 
 
 
 
 

7,689 t 
biochar 

$5.05M 
 

Annualised 
cost of 
plant 

$11.53M 
 

For 
activated 
carbon, 

$1,500/t15 
 

−$6.48M $1.17M 
 

Fertiliser 
replacement 

 

−$5.31M 21. Carbon footprint of 
activity 
 

22. Disposal of 181 tonnes 
of drying ash  

 
 
23. Air emissions of PICs 

and PM from pyrolysis 
plant 

 
 

24. Disposal of unsold 
biochar to land-
spreading if take-back 
agreements exist 

25. Disposal of unsold 
biochar to landfilled 
when no take-back 
agreements exist 

• 24 kg CO2e/t raw GM 
($45,000) 
 

• Ash disposal to 
landfill is costed at 
$0.02M into O&M 
and so is not a liability 

• Mitigated by to 
European limits by 
including emissions 
reduction technology 
in the design. 

• $0.08 to $0.23M 
 
 
 

• $1.04M 

Pyrolysis with upgrade to activated charcoal avoids 
liabilities 1-9 and 13-20.  Liabilities 10-12 and 22-23 
are costed within the O&M. 
 
No levy required.  This is potentially a viable 
commercial activity.  However, more research is 
recommended.  Upgrading and activated charcoal 
studies were out-of-scope in this project. 
 
The activity is exposed to liabilities 21, 24 & 25. 
 
At a regional level, the deferred cost of fertiliser 
replacement is $1.17M. 
 

  

                                                           
14 PIC (products of incomplete combustion) and PM (particulate matter) have global warming potentials. 
15 The cost of plant to upgrade biochar to activated carbon is not included.  Prices range from $1,500/t to several thousand depending on grade and market. 
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Activity Tonnage, 
t/yr 

Activity 
cost, $/yr 

Value, 
$/yr 

Net 
activity 

cost, 
$/yr 

Deferred 
cost, 
$/yr 

Net 
Marlborough 

regional  
cost, 
$/yr 

Liabilities Max cost of liability 
$/yr 

Levy to avoid liabilities 

Drying followed 
by pyrolysis to 
produce 
biochar for sale 
as charcoal 
heating pellets 
with coal-
equivalent 
heating value. 
(Pyrolysis 6) 
 
 
 
 

7,689 t 
biochar 

$5.05M 
 

Annualised 
cost of 
plant 

$2.31M to 
$5.19M 

 
For heating 

pellets,  
$300/t to 
$675/t16 

 

−$0.14M 
to $2.74M 

$1.17M 
 

Fertiliser 
replacement 

 

$1.03M to 
$3.91M 

21. Carbon footprint of 
activity 
 

22. Disposal of 181 tonnes of 
drying ash 

 
  
23. Air emissions of PICs and 

PM from pyrolysis plant 
 

 
24. Disposal of unsold biochar 

if take-back agreements 
exist 

25. Disposal of unsold biochar 
if landfilled when no take-
back agreements exist 

• 24 kg CO2e/kg raw GM 
($45,000) 

•  
• Gasification char disposal 

to landfill is costed into 
O&M and so is not a 
liability 

• Mitigated by to European 
limits by including 
emissions reduction 
technology in the design. 

• $0.08 to $0.23M 
 
 

• $1.04M 

Pyrolysis to produce charcoal for sale as heating 
pellets avoids liabilities 1-9 and 13-20.  
Liabilities 10-12 and 22-23 are costed within the 
O&M. 
 
No levy required.  This is a marginal commercial 
activity. 
 
The activity is exposed to liabilities 21, 24 & 25. 
 
At a regional level, the deferred cost of fertiliser 
replacement remains, $1.17M. 
 

Drying followed 
by pyrolysis to 
produce 
biochar for 
incorporation 
into soil and 
excess heat 
(Pyrolysis 3) 
 
 
 
 
 
 
 
 

5,713 t 
biochar 

$4.57M to 
$4.68M 

 
Annualised 

cost of 
plant, plus 

cost of 
spreading 

at $10-
$30/t 

$0.71M 
 

$0.21M 
Industrial 
heat and 
$0.50M 
fertiliser 
value17 

 
($1.04M) 

 
( If adding 

$0.33M 
carbon seq. 

value) 

$3.86M to 
$3.97M 

 
 
 
 
 
 
 

($3.53M to 
$3.66M) 

$0.67M 
 
 

Fertiliser 
replacement18 

 

$4.53M to 
$4.64M 

 
 
 
 
 
 
 

($4.20M to 
$4.33M) 

21. Carbon footprint of 
activity 
 

22. Disposal of 181 tonnes of 
drying ash  

 
 

23. Air emissions of PICs and 
PM from pyrolysis plant 

 
 
24. Disposal of unsold biochar 

if take-back agreements 
exist 

25. Disposal of unsold biochar 
if landfilled when no take-
back agreements exist 

• −225 kg CO2e/kg raw GM 
(−$417,000) 
 

• Ash disposal to landfill is 
costed into O&M and so 
is not a liability 

 
• Mitigated by to European 

limits by including 
emissions reduction 
technology in the design 

• $0.08-$0.23M 
 
 
• $1.04M 

Pyrolysis to produce biochar for incorporation 
into soil avoids liabilities 1-9, 13-20.  Liabilities 
22-23 are costed within the O&M. 
 
A net levy of $55.14 to $56.71/t raw GM to 
winegrowers covers the operational cost of the 
plant plus land-spreading the biochar minus the 
fertiliser value returned to soil. 
 
This decreases to $50.43 to $52.29/t raw GM 
when the sequestration value of the carbon into 
the biochar is included (at the current NZU 
value of $26.50/t CO2e)  
 
However, the activity is still exposed to 
liabilities 6, 24 & 25 and, at a regional level, the 
deferred cost of fertiliser replacement is 
$0.67M. 
 

 

                                                           
16 The industrial heat value is $300/t at $10/GJ.  As pellets burner fuel with coal-equivalent LHV (30 GJ/t), the value of $675 translates from wood pellets.  Other uses within this range include environmental adsorbent.   
17 Fertiliser value of biochar, $87.34/t. 
18 Biochar does not retain the nitrogen fertiliser value. 
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