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Foreword 
Predictions of ‘meat without an animal’ have been made by 
scientists and philosophers for decades, finally becoming 
a reality in 2013 when academic, Mark Post, unveiled the 
‘€300,000’ hamburger. Since then, an increasing volume 
of headlines claim that either alternative-proteins (alt-
proteins) are on the verge of disrupting everything we 
know about food within five to ten years, or that alt-protein 
proponents are at best optimists.

Every year there seem to be more reports, news stories, 
analyses and rebuttals on the topic – yet no consensus. 
The volume of commentary and lack of consensus 
make it difficult to ground-truth the discussion on how 
plausibly, and how quickly, alt-proteins may become 
a credibly large part of the food system. The current 
conversation about disruption traverses more than meat. 
Advances in recombinant protein production or ‘precision 
fermentation’ have the potential to produce actual dairy 
proteins, not simply mimic them, raising questions on 
their potential impact on the future of global dairy trade. 

Te Puna Whakaaronui has engaged with a broad range 
of contributors on the future of alternative protein. There 
is a diversity of genuinely held viewpoints as well as 
consensus that any significant impact on conventional 
farming has the potential to create social and economic 
pain for New Zealand. Sceptics and critics see major 
technological and logistical challenges for alt-protein 
production. Advocates see a pathway to reduce 
environmental impacts and improve animal welfare, 
while at the same time increasing food sovereignty via 
shorter distribution chains. Earnest belief from both 
sides of the discussion does not, however, help move 
New Zealand’s national conversation along. 

Understanding the development of alt-proteins and 
how plausible these technologies are will support an 
informed conversation about the future. Are they a 
risk, or an opportunity? How serious is the potential for 
disruption? What is the potential impact of alt-proteins on 
New Zealand’s meat and dairy sector? 

These are uncomfortable questions, but ones we cannot 
ignore. WELL_NZ: Alternative Protein 2022 – establishing 
a fact base cannot, and does not predict if, when, or by 
how much alt-proteins will disrupt conventional meat 
and dairy – but it does demonstrate that disruption is 
plausible. Managing global technological development, 
and the speed that it will impact our conventional food 
production sectors, is beyond New Zealand’s control. 
However, we can control how well prepared we are. 

The decisions we make today, and how we prepare our 
sectors, will determine whether our economy thrives or 
muddles through the next fifty years. New Zealand simply 
cannot risk taking a reactive approach and waiting until 
disruption is a certainty. The discussion to determine 
potential avenues of success can be framed using three 
drivers of change: 

 • climate change; 

 • increasingly complex consumer preferences; and,

 • technological progress.

The technology and trends that could precipitate 
disruption to our meat and dairy sectors need to be 
understood. Knowledge and awareness of competitive 
production methods will help inform proactive 
preparation to safeguard, not only our economy, but 
our people and our communities if significant disruption 
does occur. The rate of global change means we need to 
embed resilience and embrace the opportunities that the 
market creates.

Te Puna Whakaaronui’s view is that disruption, if it 
occurs, won’t be total. It is not a question of absolutes. 
The last two years have shown us that alt-proteins are 
an ‘and’ opportunity – the market will demand both 
conventional and modern foods. A competition between 
production methods for the lower environmental 
footprint is a distraction. There is a great deal of progress 
being made towards methane mitigation and on-farm 
change that will shift the environmental equation. The 
‘how many cows’ conversation is obscuring the important 
conversation about opportunity and value. 

The question of how New Zealand stakes out and 
maintains a value proposition alongside the development 
of alt-proteins should be the ‘main course’ of our 
discussion. New Zealand will need to build resilience 
in our natural food production systems as global 
disruptions impact AND develop niche modern food and 
wellbeing ingredients to grow our food and fibre sector 
for the benefit of New Zealand.

Te Puna Whakaaronui Thought Leaders Group
 • Lain Jager, Chair

 • Debbie Birch

 • Dr Laura Domigan

 • Andrew Ferrier

 • Nick Hammond

 • Rob Hewett

 • Neil Richardson CNZM

 • Murray Sherwin CNZM
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Executive Summary 
Alt-proteins, particularly the emerging technologies of 
lab-based meat and milk, are becoming a more visible 
part of the global food system narrative. In addition, 
increasing supply chain and climate change pressures 
continue to raise the profile of alternatives as solutions 
for domestic production and food security. However, 
uncertainty and mixed messages about the current 
state of the industry abound, and there is no consensus 
about the risk or opportunity for New Zealand’s 
traditional food production system. The New Zealand 
perspective is therefore also unclear: to what extent do 
alt-proteins represent an opportunity to be seized, or a 
risk to be mitigated? 

Via Alternative Protein 2022 Te Puna Whakaaronui 
is endeavouring to ground-truth the alt-protein 
discussion and enable conversations to move beyond 
‘are they real?’, and into ‘how should we respond?’ This 
publication brings together existing, publicly available, 

information: academic literature, media coverage and 
industry reports, to provide a description of the current 
landscape of alt-protein activity. Alternative Protein 
2022 then tests theoretical ‘shocks’ on global beef 
and dairy trade using existing academic and industry 
illustrative (rather than predictive) scenarios. 

This publication then explores what would need to 
happen for these scenarios to occur, the ‘signposts’ 
on the road to disruption. Our view on the plausibility 
of alt-proteins to be produced at scale and disrupt 
the conventional market, forms the final section. We 
acknowledge that this publication will quickly become 
out of date because the alt-protein landscape is moving 
rapidly. Alt-Protein 2022 represents a point in time. 
However, the direction of travel, and the emerging 
trends offer valuable insights. 

Key findings: lab-based 
meat or cultured meat?
There is no guarantee that cultured meat production 
will develop to full commercial scale at a cost 
comparable to conventionally farmed meat. However, 
there has been sufficient progress to indicate that 
constraints can plausibly be overcome. The report finds:

 • cultured meat production costs are rapidly 
approaching, or exceeding, ‘realistic minimum’ 
expectations, as determined by independent Techno-
Economic Analyses. Progress is greater than can 
be accounted for by reduction in the price of culture 
media (the solution cells are grown in and the bulk of 
current costs), alone;

 • the cost of producing a cultured meat hamburger 
patty has reduced from over NZ$1 million in 2013, 
to about NZ$26 in late 2021. Current costs can be 
halved by using cultured meat as an ingredient 
in plant-based meat analogues (blended meat 
products);

 • billions of US dollars are being invested, although 
small compared to the size of conventional meat 
and dairy sector investment, the rate of growth is 
significant. Investment is not just by boutique biotech 
start-ups, major food producers like Cargill, and 
Tyson Foods are buying in; 

 • technological constraints remain, such as developing 
a thorough understanding of the specifics of the cell 
to be grown. Tailoring culture media, overcoming 
growth challenges such as increasing cell density 
and growth rate, and designing and scaling up 
bioreactors and bio-processes to suit the cells being 
produced all need to be progressed; 

 • the results of consumer research are mixed, but 
most indicate that the majority of people, particularly 
in New Zealand’s key markets (China and the US) 
would be willing to, at least, try cultured meat;

 • capital costs (and the cost of scaling up facilities 
with enough bioreactors) remain expensive, and a 
significant constraint on growth. At the same time 
global supply chains for culture meat are still being 
developed;

 • novel food1 regulation is a significant constraint, 
with only Singapore and the Netherlands approving 
cultured meat for consumption so far, and only 
Singapore approving it for sale;

 • there are a range of factors which increase pressure 
on conventional farming and incentivise the 
development of alternative proteins, including: 

 — feeding a rapidly growing global population;

 — climate change and emission reduction;

 — supply chain constraints and buy local pressures; 



4  • Te Puna Whakaaronui

 — volume of investment in developing alternative 
protein industries; and,

 • full lifecycle cost analyses of cultured meat 
production indicate that the process can have a lower 
overall environmental footprint than conventional 
farming, but this is not guaranteed. Achieving this 
relies heavily on how it is implemented, and whether 
key inputs (such as energy) are themselves produced 
sustainably. 

Key findings: lab-based 
dairy or precision 
fermentation?
While precision fermentation is not guaranteed to 
develop to full commercial scale at a cost comparable 
to conventionally farmed dairy, it is a technology that 
has been around for decades. Achieving cost parity is 
much more a matter of the hard slog of time, effort 
and research than of overcoming major technological 
hurdles. Precision fermentation is also likely to develop 
a significant market presence much sooner than 
cultured meat. This publication’s key findings are:

 • precision fermented dairy proteins are on 
supermarket shelves in a dozen different products, 
from ice-cream to cream cheese. Precision fermented 
milk has been trialled by Starbucks with positive 
consumer results;

 • genetic modification is a tool but not essential for 
enabling precision fermentation of some complex 
proteins; 

 • there is significant investment from major 
international food producers, such as Nestlé (who 
recently teamed up with Perfect Day) and Danone, as 
well as smaller biotech start-ups;

 • there is currently no milk powder being produced 
commercially via precision fermentation, however, 
several businesses are working on casein production 
(to make cheese);

 • the most successful business-to-business precision 
fermented dairy product is whey protein, which sits 
at the higher value end of dairy products; 

 • regulations and consumer uptake are unlikely to 
present insurmountable barriers; time consuming 
ones, but not insurmountable; 

 • while the main alt-protein feedstock is sugar, which 
is expensive, precision fermentation presents 
significant opportunity to repurpose unutilised 
by-products, such as grape marc or left-over plant 
matter, into useful inputs; 

 • consumers are already eating precision fermented 
products in the form of synthetic rennet in cheese, or 
vanilla essence;

 • products are already being regulated globally and 
in New Zealand, with three recently gaining Food 
Standards Australia New Zealand (FSANZ) approval; 
and

 • regulation of the microbial strains used in the 
precision fermentation process, presents a major 
challenge to product development, with containment 
conditions currently inhibiting scaling-up, particularly 
in New Zealand. However, there is no reason to 
assume that these challenges are insurmountable, 
or that development in other countries will remain 
impeded by regulatory restrictions. 

Next steps 
Given the available evidence and acknowledging the 
current uncertainty, Te Puna Whakaaronui believes 
that waiting for certainty, or relying on modern food 
technologies not reaching market, is an insufficient 
strategic response. This is particularly the case given 
the potential size of the risk to New Zealand and 
considering the trajectory of development and make up 
of production costs we are currently seeing. Yes, either 
precision fermentation, or cultured meat, or both, could 
fail at the last hurdle, or they could take significantly 
longer to achieve reasonable market share, but their 
failure is not a certainty. We cannot safely assume 
that consumers or regulators will universally reject 
the products, and we cannot safely assume that the 
products will fail to meet environmental and economic 
credentials. There are hurdles, and while overcoming 
these is not guaranteed, it is plausible. 

Export prices for dairy and meat are currently strong, 
and demand from China is stable, which makes 
change seem counterintuitive. However, high prices 
for conventional meat and dairy, climate change and 
domestic food security around the globe will incentivise 
the development of alternatives in the short term. 



New Zealand is not the driving 
force behind the global 
development of alternative 
proteins, and we cannot stop 
the rest of the world from 
developing them.
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We also need to consider longer-term dynamics: 
what happens when the tide goes out on the current 
commodity cycle? How soon can we, as a country, 
respond to disruption if cellular agriculture continues 
its current trajectory? What investments must we 
make now, while the tide is high, to ensure our 
economic resilience in the face of potential disruption? 
New Zealand is not the driving force behind the global 
development of alternative proteins, and we cannot stop 
the rest of the world from developing them. 

If current trends continue New Zealand could be 
significantly impacted by the absence of a clear and 
cohesive strategy. We must be clear about our value 
proposition, economic resilience and the actions needed 
now to maintain them regardless of the challenges. 
However, we must also determine whether, and how, 
we can create competitive advantage with modern 
food technologies. What capabilities, investment, 
and regulatory shifts do we want to develop? What 
opportunities can – and should – New Zealand claim?

WELL_NZ: Alternative Protein 2022 is intended as 
a resource for the food industries, iwi, academics 
and government to start conversations, develop 
perspectives and consider opportunities for 
New Zealand in the modern food industry. A shared view 
will enable the strategic planning New Zealand needs 
to build resilience within our conventional systems 
and develop opportunities with modern foods that can 
strengthen our economy for the future.

Te Puna Whakaaronui welcomes perspectives on where 
the opportunities for New Zealand lie, how we should 
approach those opportunities and how we address 
barriers to success.



6  • Te Puna Whakaaronui

Introduction 
New Zealand is one of the world’s major exporters 
of protein (in the form of meat and dairy) and these 
products play a significant role in our economy, not 
only the direct export value, but also in downstream 
industries and in the social fabric and livelihoods of our 
rural communities. Understanding the potential impacts 
on future demand for New Zealand’s meat and dairy 
products is clearly critical. 

A significant factor is the impact of global population 
growth. Currently estimated at around 8 billion people, 
it is expected to increase by 1.5-2 billion in the next 
twenty to thirty years. More people inevitably means 
increased demand for protein.

The global food production system operates against a 
backdrop of geopolitics, food access inequality and the 
impacts of climate change. Increasingly, food production 
is under scrutiny for the pressure its methods place 
on resources, the environment and supply chains. In 
order to meet growing demand and address global 
constraints, alternative food sources are being 
developed at an accelerating rate. 

For New Zealand, understanding the global context of 
alternative proteins – what they are, how quickly they 
are developing, and what role they play in the global 
food chain – is key to understanding future demand for 
New Zealand’s meat and dairy and impact on the means 
and cost of food production. 



WELL_NZ Alternative Protein 2022  • 7

 
Section 1:  
Context



8  • Te Puna Whakaaronui

What are alt-proteins?
For many people alternative proteins, or alt-proteins, 
have become familiar concepts. Products such as oat 
milk or ‘Impossible Burgers’ have been available to 
New Zealand supermarket shoppers for some time. 
Alt-proteins regularly feature in media and institutional 
reports considering food and fibre sector investment, 
innovation and disruption. The scope of public 
discussion ranges across:

 • new product, business launches and acquisitions;

 • geopolitical disruption;

 • supply chain constraints;

 • technological advances;

 • shifting and emerging consumer preferences;

 • animal welfare; and

 • climate change and the environmental impacts of 
food. 

Yet, despite the explosion of publications, it is often 
unclear where the boundary sits between what is, and 
what isn’t an alt-protein. For example, burger patties 
made with protein extracted from chickpeas are alt-
proteins, but hummus made with chickpeas is not; 
cricket flour baked goods are considered an alt-protein 
product, but deep-fried crickets are not. There is no 
domestic or international yardstick.

Some of the confusion can be attributed to the 
emergent nature of the product and terminology. 
Consumer research is actively shaping product names 
and categories. Preference for the terms ‘lab-based’, 

‘cultured’ or cultivated’ are still being determined. The 
question of whether plant-based, and cultured meat 
products can even be called ‘meat’ remains contested.2 
Alt-protein production involves new technologies, new 
applications of existing technologies and emerging 
areas of research – the industry and products have 
spawned a new vocabulary that many are still learning.

However, there is some commonality of definition 
across sources, from McKinsey3 to the Good Food 
Institute (GFI)4: an alt-protein involves producing high-
protein food products that are traditionally animal 
based, without animals, without farming [an animal], or 
both. Products are typically segmented based on the 
source: plants, insects, animals or micro-organisms, 
and whether the source is in the end product itself (like 
chickpea flour), or the source produces something else 
but is not itself the product (e.g. when yeast produces 
alcohol from sugar). 

The flow chart on page 10 sets out a simplified view 
of this segmentation and demonstrates the range 
of potential foods and related products that can be 
produced. The diagram is not exhaustive. This report 
focuses on the production of milk and meat alternatives, 
particularly cultured meat, precision fermentation 
and plant-based alternatives. It does not consider 
traditional fermentation (like alcohol production), 
biomass fermentation (such as QuornTM), or insects. A 
few key terms particularly relevant to milk and meat 
alternatives are set out in the panel on the next page. A 
more comprehensive glossary is set out in Annex Two5.
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Figure 1: Alt-protein investment (2010-2021) 
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Key terms
Cellular agriculture: the broad term for growing 
or culturing cells, such as meat, seafood, algae, 
fungi or bacteria, in controlled environments 
such as a bioreactor. The cells are used to 
create products traditionally produced by animal 
agriculture.

Acellular agriculture: a sub-type of cellular 
agriculture where the cells (usually bacteria or 
fungi) are not the target product, but instead are 
used to produce an ‘acellular’ or non-living product 
like protein or fat, e.g. rennet produced by bacteria.

Cultured meat: also called lab based, or cell-
based meat, cultured meat is a sub-type of cellular 
agriculture that involves growing animal cells (e.g. 
muscle or fat cells) in a controlled environment 
such as a bioreactor. The cells are then harvested 
and able to be constituted into meat products, or 
used as an ingredient in other products.

Precision fermentation: a type of acellular 
agriculture, precision fermentation involves the 
use of microbes such as fungi or bacteria as ‘mini 
factories’, to produce desired ingredients which are 
then isolated and extracted. New DNA is generally 
incorporated into the microorganism and the 
organism’s cellular machinery, this is then used as 
a template to synthesise target products.
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Why an alt-protein report?
Alt-proteins present the potential for disruption of 
the current food system by fundamentally shifting 
both how, and where food is produced. Awareness 
and understanding of the products, technology and 
impacts vary considerably. It’s hard to cut-through the 
eclectic mix of very technical academic research papers, 
headlines announcing hundreds of millions of dollars 
in investment, and industry reports and analyses 
attempting to forecast the next ten to twenty years of 
economic impact.

Unsurprisingly, given the stakes, much of the 
information heralding alt-protein as a panacea for 
food scarcity and environmental impact is lauded by 
those that agree with the conclusions – and panned 
by critics as ‘agenda pushing’. This of course, makes 
it difficult to know what to believe. How plausible are 
the claims of milk without cows in ten years? Are the 
technical challenges of making lab-based meat at scale 
really insurmountable? Are they ‘Frankenstein foods’ 
unpalatable to the consumer, or are they just another 
ingredient?

The purpose of WELL_NZ: Alternative Protein 2022 is 
to bridge the gap between dense technical literature 
and hyperbolic headlines and to ground truth it in a 
New Zealand context. It doesn’t seek to argue for, or 
against, the development of alt-proteins, nor does it 
seek to critique conventional farming or argue that one 
is better, or worse, than the other. Most importantly it 

Investment in alt-proteins is showing exponential growth - although from a low starting point.
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both how, and where food is 
produced.
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does not seek to predict the future. Instead, this report 
has two goals:

1. to help navigate the mass of information, in order 
to understand how plausible alt-proteins are as a 
disruptor to New Zealand’s export profile, based on 
available evidence and key challenges; and

2. to explore what the size of the impact could look like 
if it were to happen.

Te Puna Whakaaronui intends that this publication will 
be used to inform a wider discussion about the impact 
of alternative proteins in a New Zealand context and to 
develop a view of ‘what’s next?’. 

Report approach
This report has three stages. Stage one, set out in 
sections two and three, completed a thorough review 
of publicly available information to establish an 
information base. The review include media, industry 
press releases, websites, academic literature, industry, 
government, and multi-lateral organisation reports. 
This literature review provided a basis to understand: 
current production costs, challenges, and focus areas 
of scientific and consumer research to form a picture of 
the plausibility of alt-protein disruption. The intent is to 
develop a genuinely balanced picture; information gaps 

that would support this are acknowledged. 

The second stage, section four, considers disruption. 
Existing scenarios, developed by industry and 
academics, were used to establish testable levels 
of disruption to global meat and dairy trade. These 
scenarios are illustrative rather than predictive. Using 
these scenarios, Te Puna Whakaaronui modelled the 
impact on New Zealand using the Organisation for 
Economic Co-operation and Development (OECD) global 
agricultural model AGLINK-COSIMO. Two modelling 
exercises were undertaken:

 • an economic shock to the dairy sector in 2030 
through a reduction in global demand for 
conventionally produced skim milk powder (SMP) 
and whole milk powder (WMP); and,

 • an economic shock to the red meat sector in 
2030 through a reduction in global demand for 
conventionally produced beef.

Finally, stage three, section five of this report, brings 
together the information base and modelled scenarios, 
discusses their plausibility and the ‘signposts’ on the 
road to disruption. A draft of :WELL_NZ Alternative 
Protein 2022 was reviewed by industry, government and 
academic experts. 
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Plant Based

Algae

Plant Based Meat

Plant Based  
Milk

InsectsAcellular Products Cellular Products

Traditional Fermentation
Microbes are used to convert ingredients into 
something else, in order to alter its flavour and 
properties, such as:
• alcohol
• yoghurt
• cheese
• tempeh
• buttermilk
• yakult
• vinegar

Precision Fermentation
Microbes are used as ‘factories’ to 
produce specific ingredients that are isolated, 
such as:
• enzymes (rennet) 
• citric acid
• insulin
• casein

• collagen
• ovalbumin (egg 

whites)
• lipids and fats

• flavours (vanillin)

Biomass Fermentation
The fermentation process produces 
high protein microbes. The microbes 
themselves are the key product or 
ingredient, such as:
• Quorn
• yeast

Cultured Meat
Cultures of animal cells are grown, 
and then used to create final products 
such as:
• beef burgers
• chicken nuggets
• adipose (animal  fats)
• seafood
• foie gras

Cell Cultures
Animals cell cultures are grown, and then induced 
to produce complex products, such as mammary 
cultures producing actual milk.

Alternative Proteins

Figure 2: What can alt-proteins make?
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Protein from seaweed  
– an opportunity
Seaweed is creating interest with investors. It has been demonstrated to be able to sequester 
carbon faster than trees, efficiently produce proteins, and does not require land area. It also 
uses no freshwater, emits no methane and is environmentally restorative and sustainable. As it 
grows, seaweed sequesters water-borne carbon, nitrogen and phosphates, and promotes marine 
biodiversity. Seaweed presents a potential solution to several issues at once.

Globally, various business models are being investigated, and have been deployed making use 
of different species. Some for example are better at carbon sequestration, others are better 
at protein production, and others are better at environmental restoration (such as buffering 
dissolved gasses and pH levels in the sea). Revenue is generated from activities such as carbon 
farming, and the production of edible protein. Recent estimates suggest an NZ$60 million 
investment (over 5-6 years) would enable pre-requisites such as:

 • research to identify and select suitable species;

 • selecting and testing cultivars and growing them to production scale;

 • establishing a protein extraction process (which has potential for intermediate refining, 
chemical and fermentation processes);

 • creating an operating model; and,

 • market development for a final product.

Projections suggest a timeframe of five to ten years to produce seaweed at a scale that could 
generate revenue in the region of NZ$600 million, with potentially 80-90% of that coming from 
exports, 10-20% from domestic sales.

Table 1: Estimated returns years 1-10

Establishing a new industry happens when the right relationships and expertise come together 
with the investment needed. Developing commercial opportunities for seaweed production will 
rely on solid partnerships that include Māori, commerce and a breadth of technical expertise 
encompassing: mātauranga, plant breeding, genetics, food technology, consumer and sensory 
science and environmental monitoring. Industry development will require access to high-value 
international markets, research and development funding and enabling regulatory settings.

Estimated Returns

Horizon (yr) 2025 2030 2035

Cultivation Area (ha) 30 300 3000

Return ($NZ per tonne of biomass $3,000 $6,000 $9,00
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Section 2:  
Meat
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Conventional meat
Sheep and beef in the New Zealand economy

Conventionally farmed sheep and beef have 
historically underpinned the New Zealand economy. 
It is not only our second largest export product, 
earning around NZ$10-11 billion annually6, but it also 
contributes significantly to downstream industries 
and the communities that they support. A 2020 report 
commissioned by Beef+LambNZ and the Meat Industry 
Association estimated that the red meat sector and its 
downstream industries account for:

 • around 92,000 jobs, or 4.7% of New Zealand’s total 
employment7;

 • approximately 23,400 sheep and beef farms, covering 
8.8 million hectares, or a third of New Zealand; and

 • 26 million sheep and 3.9 million beef cattle8.

Any major shocks to the red meat industry would have 
significant impacts on both the overall economy and the 
communities that the industry supports.9 

This report focuses on sheep and beef meat production 
in New Zealand. However, it is important to remember 
that globally much more sheep and beef meat is 
produced and consumed domestically than is traded. 
In 2020 for example, the world produced an estimated 
328 million tonnes of farmed animal meat, However, 
only 36.3 million tonnes of this was subsequently 
traded10.

Table 2: Proportion of World Markets in Sheep and 
Beef Meat

1st 2nd 3rd

Producers US  
16.0%

Brazil  
13.1%

China 
11.3%

Exports Brazil 
16.8%

Australia 
14.2%

US  
9.0%

Importers China 26.9% US  
11.3%

Japan  
5.6%

Despite the comparatively small proportion of imports 
relative to domestic production, meat remains critical to 
food security for many countries. Constraints resulting 
from African Swine Flu (ASF), COVID-19 related shipping 
delays and geopolitical tensions have impacted supply 
and price, as well as disrupted market access. As a 
result, the Food and Agriculture Organisation of the 
United Nations (FAO) has observed different market 
responses in different contexts which are driving 
consumers towards alternatives11. An example of this 
can be seen in global poultry consumption.

According to the FAO, poultry consumption has 
increased at the expense of sheep, beef and pork, 
driven by a complex combination of factors. These 
include high prices and low availability in many low-
income countries, as well as consumer perceptions 
of sustainability, health and animal welfare in higher 
income countries.12

Figure 3: New Zealand’s Trade in Wool, Meat and 
Butter (1853–2000)
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Animal products have long been a core part of the 
New Zealand economy.



Conventionally farmed 
sheep and beef is an 
undeniably vital part of 
New Zealand’s economy. 
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Figure 4: New Zealand export volume, price and 
revenue
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Although New Zealand meat export volume has been 
increasing over the last few years, total export revenue is 
much more dependent on the export price.

While the overall global volume of meat imports is 
currently growing at 6% per year, most of this growth is 
attributed to China, with imports in the rest of the world 
reducing by 1.4 million tonnes per year.13 Of particular 
relevance to New Zealand, the FAO projects a 5% drop 
in global per capita consumption of beef by 2030, 
particularly in the US. Increased consumption in the 
Asia-Pacific will partially offset this. 

New Zealand accounts for a disproportionate amount 
of the world’s exports of sheep and beef meat. Global 
production of sheep and beef meat is about 78 million 
tonnes14 of which New Zealand produces about 1.5%.15 
Of the global production, only around 11million tonnes 
is traded, but we account for 8.1% (around 900,000 
tonnes), making us the world’s fourth largest exporter 
of sheep and beef meat.16 Of this, approximately 54% of 
beef is sold as ‘cuts’ and 46% is sold as ‘processer’ or 
‘grinder’ meat which is ultimately destined to become 
an ingredient in the form of mince.17 In addition to this, 
we have a highly concentrated market position, with 
most of New Zealand’s sheep and beef exports going to 
China and the US.18
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Plant-based meat
Plant-based proteins, such as tofu, have been around for 
centuries and meat ‘analogues’ – products that mimic 
meat – since at least 1896.19 However, the last thirty 
years has seen a far more concerted effort to develop 
plant-based products that mimic the mouthfeel, cooking 
behaviour and taste of meat. This has been with varying, 
but increasing degrees of, success. 

Traditional plant-based proteins are distinct food 
categories and traditional sought by, and marketed 
to, vegans and vegetarians. Recent industry efforts 
have focused on product lines targeted at meat-
eating consumers open to alternatives, ‘flexitarians’. 
Manufacturers targeting this market are aiming for plant-
based foods indistinguishable from the meat product 
they are emulating. Two of the more recognisable names, 
Beyond Meat and Impossible Foods launched in 2009 and 
2011 respectively, have used two different approaches 
to achieve this – one uses pea protein and flavour 
enhancement, the other uses soy-based protein and adds 
‘heme’ to mimic meat juices. 

New Zealand has quite concentrated export markets, with 
nearly 60% of our sheep and beef exports going to just two 
countries.

Figure 6: Worldwide plant-based meat revenue 
(2016-2021)

Figure 5: Destination markets for New Zealand 
Exports of Meat and Wool (Year to 30 June 2021)
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Plant based meats have seen steady growth in recent years, 
starting from a small base.

Overall, investment in plant-based meat has 
demonstrated significant growth over the last few years. 
Beginning from a small base, revenue from products 
has steadily grown, and plant-based meat now holds 
around 0.5% of the global meat market.20 The global 
conventional meat industry is estimated to be worth 
US$1,700 billion.21 

In February 2022, the Good Food Institute estimated the 
total US investment in plant-based protein production 
and product development (meat and dairy combined) 
at US$6.3 billion for 2010-22; US$1.9 billion of this 
was invested in 2021 alone. However, there are signs 
that this growth may have started to slow. In 2020 
for example, US plant-based meat sales rose 46%, 
but in 2021, fell 0.5%.22 The reasons behind this are 
speculatively argued to be: 

 • a phase of normalisation following consumer 
pandemic stockpiling;

 • short-term product hype that failed to translate into 
long-term sales; or,

 • signs that plant-based meat market-share has 
peaked and sub-categories are now taking market 
share from each other rather than from conventional 
proteins.23 24
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Table 3: Key challenges for plant-based meat analogues

Optimising crops • An array of plants and plant components are used, but improving efficiency and speed of 
growth are crucial to lowering costs. In addition, many useful species have been cultivated 
and grown for a specific purpose for a long time, such as soybeans for oil. Plant characteristics 
that support these purposes have been emphasised and selectively cultivated at the expense 
of other characteristics useful for another purpose, such as high fat content, at the expense of 
protein content. 

Macro-nutrients • Many plant macro-nutrients behave differently to animal-based equivalents. Fat mixed into a 
plant-based meat analogue doesn’t always melt in the same way as meat fat for example, which 
is structurally bound within the fibres of the meat. This changes the texture and mouthfeel. 

• Plant proteins may mimic the taste of animal-based proteins, but many differ in how they 
behave in large batch food mixes where certain biological compounds (such as enzymes) are 
present, some properties, such as solubility, also vary. 25

Micro-nutrients • While macro-nutrients (protein, fat and carbohydrates) are often nutritionally comparable 
to plant-based and animal-based meat, there are differences in the micro-nutrient density 
(vitamins and minerals) and bioavailability (absorption) of micro-nutrients.26

Limited supply • Global crop production tends to be specialised, meaning that as new species are found to be 
useful and developed into meat analogues, supply can be limited. 

Price • Plant-based meat remains more expensive than conventional meat to produce, and while there 
are year-on-year improvements, there is still an estimated 49% price premium across plant-
based products.27

Scale • Economies of scale are a significant challenge for plant-based meat and capital investment 
remains expensive. Scaling creates more efficient production lines and the less expensive 
capital investment becomes. Drops in wholesale plant-based meat prices tend to closely follow 
scaling of production. For example, Impossible Meat scaled up in early 2020, and again in 2021, 
reducing prices by 15%-20% each time28 29. 

Consumer preference • Plant-based meat has made significant ground in developing products that are palatable to 
consumers, particularly where consumers are interested in plant-based alternatives. Flavour 
and texture challenges remain, restricting uptake by consumers preferring conventional meat. 

• Many firms are developing plant-based structured meat analogues to respond to a consumer 
desire for familiar formats and mouth-feel – products like steak or chicken breast. Techniques 
such as 3D printing are showing promising results, research remains active, but there are 
significant challenges to bring these products to market. 
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Cultured meat
What is it?

Cultured meat, also called lab-grown meat, cell-based 
meat or cultivated meat, is a simple concept. A sample 
of cells are collected, from a slaughtered, or live animal 
and then grown in a bioreactor or ‘cultivator’ until a 
large quantity of fat and muscle cells can be harvested 
and processed into meat products. The production of 
cultured meat is contentious, sparking debate around 
the rate of technological development, environmental 
credentials, ethics and even whether the resulting 
product can be called ‘meat’.

While it is a simple concept, in reality growing cultured 
meat for consumption is complex.30 31 First, a sample of 
cells needs to be sourced. Often the cells are a type of 
‘undifferentiated’ cell such as stem cells (myoblasts in 
the case of muscle cells). These are cells that can later 
develop into a range of other cell types such as muscle 
cells (myocytes/myofibrils), skin cells (fibroblasts), or 
fat cells (adipocytes). 

The sample is then placed in a ‘culture medium’, a liquid 
solution of all the biological components needed to feed 
the cells and create a hospitable environment for them 
to grow. Importantly, to be most effective the growth 
medium needs to be tailored to the specific cell line 
that is being grown in it. This is particularly important 
for large scale production. Chicken cells for example, 

won’t grow as well in a solution that optimises cow cell 
growth, and cells from one breed of cow may need a 
different solution to another breed of cow. 

Small batches are then scaled-up for production in 
larger bioreactors under careful monitoring to maintain 
optimal conditions and ensure a sterile environment. 
Management of temperature, dissolved nutrients, 
oxygen, pH levels and concentration of waste by-
products affect the speed and density of cell growth. 
The undifferentiated cells used are then encouraged to 
differentiate (i.e. turn into fat or muscle cells). 

Once there is an optimal volume of differentiated cells 
in the batch they are extracted from the bioreactor and 
turned into what is unappealingly called ‘meat slurry’ or 
‘cell paste’. The texture of this slurry is then improved 
with plant-based ingredients or fat, and then formed 
into products such as chicken nuggets. 

There are variations emerging. Some companies 
are growing more structured products with cells 
clustering together to form muscle tissue. Others are 
growing cells on an edible scaffold resulting in a more 
structured material than a slurry. Crucially, this is not 
a process that seeks to mimic meat. The end product, 
while requiring some additional texture and structure 
(e.g. development of 3D print meat cuts), is meat from a 
biological perspective.
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Figure 7: Generic cultured meat workflow 

The current state of play
Currently it’s not unusual to see headlines announcing 
tens – or even hundreds – of millions of dollars of 
investment raised by cultured meat companies. What is 
particularly notable is the significant growth rate from 
a small base. Between 2010-20, US$490 million was 
invested in cultured meat businesses, 73% of this in 
2020 alone.32 

The trend continued in 2021 with Future Meat 
Technologies raising US$347 million33 in a Series B 
funding round34, and investment into cultured meat 
rising to US$1.4 billion. This lifted the total investment 
in cultured meat production to 2021 to US$1.9 billion.35 
To put that into perspective, a total of US$47 billion 
Series B funding was raised in the US in 2021, and the 
average amount raised was US$44.3 million.36 

In addition to the significant increase in the investment 
rate, large companies such as Cargill37, Tyson Foods38, 
and Nestlé39, are moving into this space. The number 
of overall alt-protein businesses has increased rapidly, 
particularly since 2018. Geographically, the bulk of 

firms engaged in cultured meat are based in the US 
and Europe. To date, Singapore is the only country 
to have approved cultured meat for sale for human 
consumption, but the Netherlands has approved 
cultured meat for tastings under controlled conditions.40 
Closer to home, Te Puna Whakaaronui is not aware 
of any businesses actively developing cultured meat 
products in New Zealand, Food Safety Australia and 
NZ (FSANZ) advise that they have not received any 
applications to regulate the sale of cultured meat.41 
There are, however, researchers working on technical 
aspects of cultured meat:

 • Dr Laura Domigan is leading an Auckland University 
group researching cultured beef, lamb, deer, and 
pork; and,42

 • Dr Georgina Dowd is leading a Plant & Food 
Research group looking at cultured seafood.43

The three big questions (and constraints) for the 
viability of cultured meat as an industrially produced 
food source, are whether:

 • you can sell it legally;

 • whether people will buy it; and

 • whether it is economically viable. 
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1.Regulation

Without regulatory approval for human consumption 
the economics of cultured meat are irrelevant. The 
first mover on this, Singapore, approved cultured meat 
from Eat Just to be sold as a food ingredient in chicken 
nuggets, raising ‘no concerns’ in their December 2020 
review process.44 45 As at February 2022, Singapore 
remains the only country that has approved cultured 
meat for sale. 

Determining where cultured meat fits in the regulatory 
system and how to effectively assess food safety risks 
is the principal regulatory challenge. Many jurisdictions 
have novel food regulations that would ordinarily 
cover new foods. However, the nature of cultured meat, 
particularly its manufacturing process which borrows 
heavily from pharmaceutical manufacturing, means 
the regulations are not always easy to apply. That the 
product may, or may not, use genetic modification adds 
further complexity. 

The European Union is one of the few jurisdictions that 
explicitly list foods derived from cell and tissue culture 
in their novel food regulations.46 However, they are yet 
to receive applications for the sale of cultured meat for 
human consumption. Generally regulatory approval 
requires anywhere from 6-24 months depending on 
the country and process. In the case of genetically 
modified foods this can be substantively longer. Most 
jurisdictions publicly state that they have not received 
applications seeking approval to sell cultured meat. 
This further delays timelines for the commercialisation 

of cultured meat. The table overleaf sets out a summary 
of the approach to regulating cultured meat in key 
markets of interest to New Zealand.

2.Consumers

The second key question for commercial cultured 
meat is: will consumers try it, buy it, and if so, for how 
much? Most recent empirical studies find that between 
50-80% of consumers are willing to try cultured meat. 
More importantly, most research finds that the greater 
consumer awareness of cultured meat, the more 
willing they are to try it. This is of course a stated 
consumer opinion, with no proof of levels of follow 
through currently available. The research that Te Puna 
Whakaaronui reviewed revealed the following themes:

Awareness: the more information people have the more 
open they are to cultured meat.47 This is particularly 
so where there is trust in government regulation and 
food safety assurances.48 This was a common theme 
identified across multiple studies and in countries as 
diverse as China49 and Italy.50 One survey in Spain ran 
counter to the general trend, and identified a high level 
of rejection of cultivated meat, but also identified a 
significant lack of familiarity with the concept, further 
supporting the relationship between awareness and 
willingness to try.51

Religious permissibility: would cultured meat be 
considered halal or kosher? Overall, Muslim scholars 
have mixed views. Those against see a similarity to 
cloning and cosmetic surgery for non-medical purposes, 
others argue that cultured meat serves a purpose and 
these restrictions don’t apply.52 Those in favour argue 
that if cells are sourced from an animal that was treated 
and slaughtered consistent with halal practices (and the 
animal is no longer alive), and animal by-products are 
not used in processing, cultured meat is allowable. 

Figure 8: Cultivated Meat Companies by Founding Year

Source: GFI Company Database
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2018 - 20 in particular saw a significant increase in the number of 
businesses focused on producing cultured meat.
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Table 4: Summary of the approach to regulating cultured meat in key markets of interest to New Zealand

Country/ 
Region

Status  
Feb 2022

Approach Key regulations or documents

Singapore Approved for sale as an ingredient 
for human consumption. 

• Prioritises food safety.
• Requires companies to seek pre-

market assessment, and submit 
evidence of safety. 

• Defines novel as: ‘not having 
a 20-year history of safe use in 
food’. 53

• Formed a Novel Food Safety 
Expert Working Group in March 
2020 to provide scientific advice.

• Products for sale must be 
labelled with qualifying terms 
such as “mock”, “cultured” or 
“plant-based”.54

Requirements for the Safety 
Assessment of Novel Foods and 
Novel Food Ingredients.55

EU Not yet approved for sale.  
 
Approved for human consumption 
in the Netherlands.

• Defines novel as: ‘not having 
been consumed to a significant 
degree by humans in the EU 
before 15 May 1997’.

• Focuses on three principles: 
safe for consumers; properly 
labelled, so as not to mislead 
consumers; and, if novel food 
is intended to replace another 
food, it must not differ in a way 
that the consumption of the 
novel food would be nutritionally 
disadvantageous for the 
consumer.

• It is unclear if cultured meat 
involving GE would fall under 
different regulations specific to 
Genetically Modified Organisms 
(GMOs). Historically resistant 
to approving biotech in food, 
particularly GMO.56 

• Process requires filing an 
application with the European 
Food Safety Authority (EFSA) 
for scientific assessment. If 
approved they can then be added 
to the Novel Food Catalogue, 
which allows the food product 
to be regulated under the Novel 
Food Regulations.

Novel Food regulations (Regulation 
(EU) 2015/2283).57

Novel Food applications and 
catalogue.58

Regulation on genetically modified 
food (Regulation (EC) 1829/2003).59

UK Not yet approved for sale • Essentially the same as the EU 
system, but with key decisions 
made by ministers, rather than 
the European Council. 

-
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Country/ 
Region

Status  
Feb 2022

Approach Key regulations or documents

US Not yet approved for sale • Regulatory boundaries are 
unclear between the US Food and 
Drug Administration (FDA) and 
US Dept of Agriculture (USDA). 

• In 2019 a joint regulatory 
framework between the FDA and 
USDA was announced to set out 
agency responsibilities. The FDA 
oversees cell collection, banking, 
growth and differentiation, 
the USDA oversees harvest, 
production and labelling. 

• Has the challenge of two 
regulatory agencies with different 
timeframes and exact unclear 
roles?60

• Naming products remains a 
challenge, the USDA sought 
public comment on naming 
conventions in late 2021. 

• The USDA does not intend to 
produce further regulations, as 
they see the existing regime as 
sufficient.

US Regulatory Framework.61

Text of the agreement between the 
USDA and the FDA.62

Proposal on labelling.63

New Zealand Not yet approved for sale • Food Standards Australia 
New Zealand believes “cell-
based meats would be captured 
within existing standards in the 
Code and require pre-market 
approval”.

• Operates an Advisory Committee 
on Novel Foods.

• Requires a novel food to be listed 
under Standard 1.5.1 of the Food 
Standards Code. 64

Advisory Committee.65

Food standards code.66

China Not yet approved for sale • No explicit novel foods category, 
but-high level discussions point 
towards an EU style framework 
that would bring it under existing 
regulations.67

• Lab-based meat on China’s 
agricultural 5-year plan 
indicating its level of priority and 
potential focus.

Existing novel food regulations.68

Food Safety Law.69

Food labelling provisions.70

Hong Kong Not yet approved for sale • No regulatory framework in 
place.

• Likely to rely on overseas 
approvals.71 

High level guidance only.72
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Cultured meat in China
New Zealand’s GDP is currently estimated at around NZ$345 billion, with exports 
accounting for around 20% of GDP.73 China is currently our largest export partner 
accounting for over 30% of our goods and services exports, 38% of our sheep and 
beef exports, and 42% of our dairy exports.74 In addition, while sheep and beef 
exports are falling around the world, demand from China is growing, driven in part 
by reduced pork supply following African Swine Flu.75 Running counter to this trend, 
China has announced a target of halving its meat consumption by 2030.76

Given China’s role in our economy, understanding the Chinese perspective on 
alt-proteins and how that perspective shapes their domestic policies is crucial to 
understanding how alt-proteins may impact on New Zealand in the future. If China 
was to rapidly pivot towards alt-proteins, for example, it is not immediately clear 
where New Zealand’s exports would go. Counterfactually, if China decides to restrict 
alt-proteins, then New Zealand retains a key market, but one that we are increasingly 
more reliant on. Further to this, China may be a large part of New Zealand’s export 
profile, but New Zealand is only a small part of China’s consumption profile, limiting 
New Zealand’s ability to influence outcomes. 

China has rapidly accounted for most of our exports. For Chinese consumers, the 
principal drivers of consumer uptake are price sensitivity,77 reliable food safety,78 
and for many, brand recognition and visibility.79 Environmental sustainability and 
animal welfare issues are far less important. 80 However, security of food supply is 
a key concern for both consumers and policymakers, based on deep-seated historic 
experiences.81

 $0

 $5.00

 $10.00

 $15.00

 $20.00

 $25.00

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

To
ta

l E
xp

or
ts

 ($
 b

io
ol

io
n 

NZ
D)   Australia   China, People's Republic of   Japan

  United Kingdom   United States of America
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Since the entry into force of a free trade agreement with China in 2008, China has rapidly accounted for 
most of our exports.
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These historic experiences continue to influence policy, which can be seen in one of the key policy 
tools the Chinese government deploys – its’ five year plans. These plans set out priorities and key 
focus areas for the following years and underpin China’s economic strategy. The dual circulation 
policy for example, is part of the 14th five-year plan (2021-25) and is geared towards growing 
domestic production to support domestic needs, as well as off-shore production to meet export 
needs.82 The aim is greater economic and technological self-sufficiency for China. 

Significantly, China included cultured meat and other alt-proteins in its 2022 five-year agricultural 
plan for food security for the first time in 2022, signalling their official importance and the intent 
to develop capability on-shore to deliver them.83 Showing a glimpse into how Chinese officials are 
thinking, the plans refer to alt-protein as ‘New Protein’, emphasising that it is something new that 
can be added to the diet, rather than as a full replacement for meat. The idea is to reduce overall 
consumption, but not eliminate it.84

As at March 2022, the Chinese government had not yet approved cultured meat for sale for human 
consumption. There are only a small number of cultured meat businesses in China. The rate at 
which they are moving is important:

• Professor Zhou Guanghong at the College of Food Science and Technology in Nanjing 
Agricultural University led work that went from isolating porcine and bovine cells in 2015-17, to 
developing a viable lab-based prototype in 2019, to founding Joe’s Future Food in late 2019, and 
then debuting consumer facing pork mince in 2021.85

• In June 2020, Chinese officials publicly stated that “cell-based meat is being viewed as the 
most likely solution to meat supply via clean and sustainable means. Cell-based meat analysis 
and technological advancements are key to guaranteeing China’s future meat supply. Gaining 
a leading position with this production technology will also have strategic importance for the 
country.” 86 In January 2022 alt-proteins were put in the five-year agricultural plan.87 

• Herotein, a plant-based meat company founded in 2020, has now shifted to include hybrid 
products (cellular agriculture combined with plant-based materials) showcasing its new 
products in 2021.88 

• CellX was founded in 2020, and showcased a product at a tasting event in September 2021.89

Figure 9: Biotech food companies 2022
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There are similar discussions in Jewish communities 
with some arguing that cultured meat has lost its 
original identity and so is kosher by default (potentially 
opening up pork consumption), others argue that if the 
source was kosher the product is kosher.90 One 2020 
paper notes that many rabbis, including one currently 
responsible for kosher certification, are generally 
supportive, but questions remain around specifics, 
hinging on whether the product is actually considered 
meat.91

Surveys show a generally high level of product 
dependent support (65-70%) across Hindu, Buddhist, 
Muslim and Jewish scholars; and in principle support 
from the Orthodox Union’s Kosher Certification Scheme, 
the world’s largest scheme.92

Willingness to try: research generally indicates a high 
proportion of people that state they would definitely try, 
or would be willing to try cultured meat at least once, 
although there is variation from, and within countries. 
Across three surveys in China for example, 52.9% were 
willing to accept it as an alternative,93 70% were willing 
to try it94 and 50% said they would not eat it.95 Surveys 
in the UK found that 80% were willing to try it at least 
once,96 but also that 49% reported unwillingness to 
try lab-grown meat.97 In New Zealand’s other major 
market, the US, studies have had mixed results. A 2020 
study found that, given a choice between products, only 
5% of respondents chose lab-based and 72% choose 
conventionally farmed meat.98

A Dutch research team attempted to test willingness 
to try, asking participants which of two samples 
tasted better, advising one was lab-based and one 
conventional meat. Most rated the lab-based sample as 
better tasting even though both samples were actually 
conventionally farmed.99

Studies tend to find that younger generations are 
more likely to be open to cultured meat, with one 
survey of US and UK consumers finding 88% of Gen-Z 
respondents were willing to try, but only 72% of baby-
boomers.100 Another paper found that politically liberal, 
low income male respondents were significantly more 
willing to try cultured meat.101 A particularly interesting 
result from a 2020 study of Canadian youth found that 
they generally have a positive view of cultured meat, 
and while they view it as unnatural, unnaturalness 
is not necessarily a negative nor a barrier to trying 
cultured meat.102 

Willingness to buy: studies around willingness to pay 
tended to find that consumers with higher incomes and 
higher levels of education were more willing to pay for 
cultured meat, particularly if it came with environmental 
and sustainability credentials. One study in the US 
found that, if taste was equivalent and environmental 
considerations were emphasised, willingness to pay 
was more than doubled.103 An earlier study in the US 
assessed choice and willingness to pay if given a choice 
of products, finding that: 

 • 65% of consumers would purchase a beef burger;

 • 21% a plant-based burger; and,

 • 11% a cultured meat burger.104

In China, 87.2% indicated that they would be willing to 
buy cultured meat it if it was cheaper.105

While there are some mixed results, particularly in the 
US, and there is no way of knowing if stated willingness 
to try will turn into actually trying cultured meat, the 
body of consumer research available indicates that 
many consumers are open to trying cultured meat at 
least once. All that product then has to do, at the very 
least, is taste good. 

3. Economic viability

In addition to regulations and consumer perception, 
cultured meat must tackle a range of technical 
challenges to become economically viable. Across the 
available information, the areas of the greatest potential 
gains tend to fall into three categories:

 • cell lines and characteristics;

 • culture media; and,

 • bioreactors and process design.

Cell lines

The specific cells or ‘cell lines’ being developed for 
culturing are crucial for a commercially viable product. 
Anecdotally, Te Puna Whakaaronui has been advised 
that a single vial of cells from high-quality stock cells 
can fetch upwards of NZ$100,000. To be economically 
viable cultured meat production must push the 
biological boundaries: 

 • because the cells being cultured grow through 
cell division, the speed and efficiency of the overall 
process is determined by how quickly cells can 
grow and be harvested. Because of the type of 
cells used, they often have a doubling rate of up to 
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48 hours (compared to bacteria which usually double 
in around 20 minutes). While fast compared to the 
growth of an entire cow, this is insufficiently fast 
for cost effective production of cultured meat. The 
alternative to fast growth would be to have many 
more bioreactors running simultaneously, but this 
does not lower costs. 

 • genetic material is copied with each cell division, so 
the greater the number of divisions, the higher the 
risk of genetic abnormality. To avoid cell cultures 
developing unexpected properties (e.g. unpredictable 
growth) cell lines must be genetically stable. 

 • in order to be grown efficiently, cells need to be able 
to reach a certain concentration, that is, they must 
be able to survive being densely packed within a 
bioreactor. Too few cells per batch means that more 
batches need to be cultured, adding additional time, 
and ultimately expense. Too many cells per batch, 
however, can produce cell waste products that kill 
other cells and can stop the flow of nutrients to cells 
that need them. Further to this, some cells grow 
suspended in solution, and others are able to grow 
while attached to a scaffold (adherent cells). 

 • producing sufficiently large batches of cultured 
meat requires a large number of cells to begin 
with, or, to use cells that divide a great many 
times. Unfortunately, most cells have a limited 
number of divisions before they die (the Hayflick 
Limit), generally 40-60 times for mammal cells. 
Undifferentiated cells, which can often divide many 
times more than differentiated muscle and fat cells, 
are most frequently used for this reason. Special 
cells, called ‘immortal cell lines’, are able to divide 
indefinitely, allowing them to be endlessly cultured.106 
Interestingly, fish cells often spontaneously develop 
immortality when being cultured, but it is very rare 
for mammal cells to do so. 

 • to minimise the cost of culture media the cell line 
needs to be efficient at metabolising nutrients in the 
culture media. This means producing minimal by-
product, minimising process waste (such as too much 
culture media) and requiring minimal nutrients. 

Identifying which cells to culture and how to efficiently 
culture them, requires knowledge of the best growing 
media recipe, as well as the optimal temperature and 
pH for cells to thrive in. Understanding how much 
stress cell walls can handle from the movement of 

the bioreactor tank (called sheer force), or whether 
they need to be anchored to something is important 
to know too. Animal cell line knowledge for the 
cultured meat industry is limited. The pharmaceutical 
industry has made progress in this field, to date it has 
focused on understanding both human cell cultures 
and Chinese hamster ovary cultures (used to test 
pharmaceuticals).107 Work is ongoing to develop and 
characterise new cell lines, but this can take 6-18 
months per cell line.108

More efficient cell lines could be developed using 
CRISPR genetic modification technology. Its use 
is, however, a complicating factor as regulation of 
genetically modified food often falls under different 
regulations to other novel foods. Gene technology is 
regulated differently in various countries and often 
faces scepticism from consumers, leading many 
cultured meat companies to avoid using genetic 
engineering. 

Culture media

To bring down costs it is necessary to increase cell 
growth rates, increase cell density in bioreactors, and 
improve cell metabolic efficiency.109 110 However, the 
most significant cost-saving would be a reduction in the 
cost of the culture media, the solution cells are grown 
in. Currently it accounts for 99% of costs, the eight most 
common ingredients equate to around US$376 per litre, 
or US$7.5 million to fill a 20,000 litre bioreactor.111

There are three main challenges for culture media to 
overcome:

1. Commonly culture media includes an ingredient 
called foetal bovine serum (FBS). As its name 
suggests, FBS is derived from the blood of cow 
foetuses after the mother is slaughtered. This 
means that cultured meat that uses FBS is not 
animal free.112 The serum is also expensive, costing 
up to NZ$1,000 per litre, and suffers from variation 
between batches, which in turn creates variation 
in cell cultures.113 114 Alternatives to FBS do exist, 
including chemically defined serums which are 
more predictable.115 Depending on the cell line being 
cultured however, they can also be: less efficient, 
have reduced growth rates, and rely on ingredients 
that are either of limited availability or are not 
produced in high enough quantities due to current 
low demand.116 Significant progress with serum-free 
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media has been made in recent years, and there is 
evidence that some formulations can perform as 
well as serum media and at significantly lower cost. 
For example, Beefy-9, can be made at lab-scale for 
US$16/NZ$32 per litre.117 118 119

2. Culture media includes other products called 
‘growth factors’, such as hormones and proteins, 
that allow the cells to thrive, and grow. Often these 
are expensive and in low supply, either due to low 
demand only justifying limited production, or due to 
rarity and expense of components.120

3. Culture media needs to be tailored to specific cell 
lines, requiring detailed research and formula 
optimisation, making the development of a universal 
formula unrealistic.121

Bioreactors

The third area of challenge is capital cost, particularly 
of bioreactors or cultivators. A key piece of equipment 
for enabling the growth of cultured meat, current 
bioreactor models are based on pharmaceutical 
designs, which are smaller and more expensive than 
those needed for industrial food grade production. 

Different cell lines, with different characteristics such 
as cell wall strength, are more suited to different types 
of bioreactors. Stirred tank bioreactors have a rotating 
agitator that can cause physical stress on cells; other 
models use air bubbles which rise through the solution 
and mix it more gently, but can also be less efficient; 
other models use a rocking motion. 

In addition to being optimised for the cell line being 
cultured, bioreactors also need to be scaled-up, and 
mass produced more than they currently are. As 
bioreactors are one of the most expensive pieces of 
capital expenditure, reducing their cost is another 
necessary component of commercially viable cultured 
meat. 

Production Costs
Conventional meat

We need to understand what alt-protein production 
costs look like to compare them to conventionally 
farmed meat, as well as assess when they might start 
to present a credible economic risk. It would be ideal 
to compare NZ$ per kilogram production costs prior 
to packaging for retail sale.122 However, cultured meat 
is not currently on supermarket shelves, and the cost 
to produce a kilogram of conventional minced beef in 
New Zealand is difficult to estimate because: 

 • sheep and cows are complementary pasture 
management species, and are commonly farmed 
together;123

 • production costs in New Zealand are commonly 
expressed as ‘stock units’ based on how much a 
particular animal eats. For example, a lactating  
dairy cow could score 8.5 stock units, and a ram as 
little as 0.7;124 and,

 • New Zealand sheep and beef farms are classified 
into eight types by land use, soil and topography. Not 
all farms send animals for slaughter – some raise 
stock before sending it on to a finishing farm prior to 
slaughter. This means that the cost per stock unit on 
a finishing farm does not account for the full life-
cycle cost of raising the cattle.125  

Figure 10: Average Production costs ($NZ per 
Stock Unit) by Farm Type (2019/20)

Source: Beef+Lamb NZ farm benchmark survey
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Figure 11: Average Production Cost Stacks 
for High and Low Cost Sheep and Beef Farm 
Systems.

Source: Beef + Lamb NZ farm benchmark survey
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 • production systems in New Zealand do not compare 
easily to other major producers and exporters of 
sheep and beef; US animals are 95% grain fed, 
producing higher fat beef. New Zealand is the 
opposite with pasture fed stock at around 95%.126 
Grain consumption is easier to accurately account for. 

The on-farm production differences create variability 
in the environmental footprint, the cost profile and the 
price point of the end product.

Looking at the average production cost per stock 
unit across farm system types (Figure 8), it’s clear 
that production costs are quite variable. Averaging 
production costs across all farm types would not 
provide a useful base for discussion. In addition, 
Class 8 farms (not included) would skew results, 
they have significantly higher production costs but 
often profit from cropping, making them atypical for 
meat production costs. Given the variability, Class 8 
farms have been excluded and a range within which 
production costs sit across the farm types, based on the 
lowest and highest cost systems, has been derived. 

The cost profiles for sheep and beef farms are similar 
across the farm types (Figure 9), with administrative 
costs (e.g. loan interest, insurance) usually the largest 
expense, closely followed by pasture related expenses 
(e.g. fertiliser and seed).127 This is particularly important 
to bear in mind as we move into a period of interest 
rate rises and high inflation, whilst also facing global 

supply chain constraints. These cost impacts are not 
reflected in the data above, however, they will increase 
production costs and consequently may reduce the 
gap between conventionally farmed meat and alt-
proteins. Cost impacts will be complex as supply chain 
constraints may impact on the development of cultured 
meat supply chains, particularly as these are not well 
established.

Figure 12: Operating Expenditure by Farm Type: 2011/11 to 2019/20 

Source: Beef+Lamb NZ farm benchmark survey

Production costs have steadily increased over the last 10 years, figures not inflation adjusted.
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similar proportions.
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Aggregating costs up demonstrates increasing cost 
pressures, average agricultural production costs have 
increased by more than 31% per stock unit over the 
last ten years (Figure 11) compared to inflation of 
around 16% over the same period. It is worth noting 
that production cost distribution has shifted over time 
(Figure 12). Looking at the percentage of farms that can 
produce a stock unit worth of animal at each price point, 
you can see that in 2010/11 costs peaked at around 
NZ$60-70 per stock unit. In 2019/20 not only were more 
farms at the high end of the distribution, but the entire 
curve had shifted to higher prices. 

While a production cost per stock unit figure works well 
from a farming efficiency and stocking rate perspective, 
it is less useful as a comparison for alt-proteins, which 
are usually costed on a dollar by weight basis. Deriving 
a cost approximation per kilogram of conventionally 
farmed meat means disaggregating data, which is both 
difficult and unreliable. 

For example, in a mixed beef and sheep system it is not 
possible to determine whether fertiliser contributed 
to grass growth that fed cows, or sheep. Instead, it is 
sufficient for the purpose of this report to look at a band 
of reasonable production costs using:

 • average production cost per stock unit;

 • average meat produced (kg carcass weight per head);

 • average stock units per head.

This method is of course crude, and will compound 

averages, with low accuracy at the margins. It would be 
beneficial to develop a more accurate understanding of 
New Zealand’s sheep and beef meat production costs on 
a per kilogram basis. 

Our estimate puts the current figure at between $1.30 
and $3.80 per kg of meat, excluding Class 8 farms. This 
is a ballpark, sensible answer, given that Australian 
production was estimated to be an average of $1.79 
cents per kilogram in 2018–19 across all farming 
types, and this increased to $2.39 cents per kilogram in 
2019–20 due to drought related feeding costs.128 

Plant-based meat

The range of plant-based meats and technologies in use 
makes it difficult to estimate what each cost to produce 
and makes an aggregate ‘plant-based meat production 
cost’ meaningless. Where estimates are available, they 
place Beyond Meat’s cost of production at US$4.50 per 
pound in 2019 and US$3.50 per pound in 2020.129

Cultured meat

The critical question is what cultivated meat costs to 
produce. As cultured meat pioneer, Mark Post, identifies 
there is “a lack of access to information that individual 
companies are not incentivised to share”.130 There is 
general agreement that cultured meat production costs 
are comprised of growth medium, currently 99%, then 
labour and capital costs. Capital costs include expensive 
bioreactors and other equipment that is currently 

Figure 13: Range of Production Costs across Farm Types (2019/20) 

Source: Beef + Lamb NZ farm benchmark survey

Fertiliser costs (ranging from 11% to 21.8% depending on farm type) and interest (ranging from 4.7% to 17.5%) tend to be the two 
highest expenses.
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produced at a smaller scale than would be needed for 
industrial production of cultured meat. The figure 15 
depicts the operating costs from the Risner Technical 
Economic Analyses baseline scenario excluding growth 
media, discussed further below.

There is a lack of access to detailed data on actual 
production costs and the rates of change of individual 
components. There are generally two main sources 
of information, cultured meat company public 
announcements and third party Technical Economic 
Analyses and predictions. The public announcements 

tend to mark major milestones, and are useful for a 
general track of rates of change, but they are of mixed 
use for comparison. 

For example, Eat Just (the company approved to sell 
chicken nuggets in Singapore) has identified a US$50 
per chicken nugget production cost but no details about 
the rate of change or the cost per kilo. These numbers 
should be treated as general given that the actual data 
is commercially sensitive. To date, most of the publicly 
available information is from Future Meat Technologies. 
A summary table of these values follows.

The second source for cultured meat production costs 
are third party Technical Economic Analyses (TEAs) 
and predictions. There have been three extensive TEAs 
related to cultured meat since 2019:

 • In 2020 Dr Michael Humbird, funded by Open 
Philanthropy, completed a report using publicly 
available information.143 This modelled a production 
system that produces 100,000 tonnes of cell mass 
per year and then analyses how improvements to 
various factors would impact on underlying costs. He 
concludes the best possible minimum cost would be 
US$3.87 per kg (NZ$5.80), but that this is implausible. 
Humbird then models four scenarios he considers 
more plausible. Humbird’s lowest ‘plausible’ scenario 
was US$21.00 per kg (NZ$31.5).

 • In 2021 Dutch consulting firm CE Delft carried out 
a TEA funded by the Good Food Institute.144 This 
report used both publicly available information 

and anonymised survey data from cultured meat 
companies. A cell mass production line of 10,000 
tonne per year was modelled, then eight scenarios 
tested. Of these, three scenarios changed growth 
media costs and five had compounding cost 
reductions. CE Delft’s lowest cost scenario was 
US$6.43 per kg (NZ$9.65). 

 • In 2020, researchers led by Derick Risner carried out 
a TEA funded by the Innovation Institute for Food and 
Health at UC Davis.145 Based on publicly available 
information, they modelled a food grade bioreactor 
process producing 121,000 tonnes of bovine cell 
mass. They modelled four cost reduction scenarios 
the lowest resulting in US$1.95 per kg (NZ$2.93). 
However, as with Humbird, they did not consider 
this low-cost scenario to be plausible. Instead, they 
considered a more plausible scenario at US$44,500 
per kg (NZ$66,750). The calculator they developed is 
publicly available.146

Table 5: Production costs publicly announced by cultured meat firms

Company Announcements $NZ/kg131 (rounded to nearest $NZ)

Mosa Meat US$325,000 per pound of beef (2013)132 
€9 per beef burger patty estimated (Sep 2019)133

$1.083 million (2013)
$136 (Sep 2019)

Future Meat 
Technologies

US$800 per kg (Feb 2018)134

US$150 per pound of chicken (Oct 2019)135

US$200 per pound of beef (Oct 2019)136

US$18 per pound of chicken (Jun 2021)137

US$7.70 per pound/$1.70 per 110g chicken (Dec 2021)138

US$4 per pound plant/cultivated chicken blend (Dec 2021)139

$1,200 (Feb 2018)
$500 (Oct 2019)
$667(Oct 2019)
$60 (Jun 2021)
$26 (Dec 2021)
$13 (Dec 2021)

Eat Just US$1,000 per chicken nugget (2015/16) 140

US$50 per chicken nugget (Oct 2019)141

$75,000.00 (2015/16)
$3,750.00 (Oct 2019)

Biotech Foods €100 per kg (Jul 2019)142 $170.00 (Jul 2019)
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The TEA cost estimates and producer announcements 
differ, however, it is worth noting two things:

 • the Risner and Humbird TEAs both make use of 
publicly available information, which limits their 
ability to provide an “under the hood” perspective (as 
per Mark Post’s response147); and,

 • while the CE Delft TEA makes use of data provided 
by cultured meat firms, there were some notable 
errors requiring a retraction and update of some 
of their scenarios to the new low-cost scenario of 
US$6.43 per kg (NZ$9.65). 

Comparison of TEA plausible estimates, New Zealand 
meat production cost estimates and public 
announcements of production costs (Figure 16) shows 
that the reported production costs of some cultured 
meat firms have already fallen below the Humbird best 
case scenario. When cultured meat is blended with 
plant content the price rapidly approaches the CE Delft 
scenario. 

Three things should be noted in reading the Figure 16 
graph:

 • uses a logarithmic scale on the y-axis, to smooth out 
the significant production cost drops, making the 
gap between NZ$1million and NZ$13 more readable. 
Unamended, the distortions would seem far more 
dramatic;

 • it is unclear which single, or combined solutions, 
have seen costs fall. Publicly available information 
indicates that cheaper growth medium has been 
key, however, even if growth medium has a $0 cost 
this would not achieve the reported cost reductions. 
This indicates progress has been made against other 
challenges facing cultured meat production; and,

 • bases beef production on current estimates. 
Given the current trajectory of costs, as well as 
pressures from supply chains and regulations, it is 
reasonable to assume these will increase. 

Figure 14: Shift in the Percentage of Farms Operating at Various Costs of Production: $NZ per Stock Unit    
          (2010/11 - 2019/20) 

Source: Beef + Lamb NZ farm benchmark survey

The distribution of farms at various costs of production have shifted over the last ten years.  Previously more farms were at the 
lower production cost range, but now, proportionately, more farms are at the higher end of the spectrum of production costs.

Figure 15: Cultured Meat Production Costs 
Risner (2020) baseline scenario

Source: https://acbmcostcalculator.ucdavis.edu/ 
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The production costs of cultured meat are fairly consistently  
set-out across various analyses.
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Figure 16: Cultured Meat Production Costs (Logarithmic Scale)
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Cultured meat production costs are rapidly approaching the low-cost scenarios identified by the TEAs.
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Section 3:  
Dairy
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Conventional dairy
Dairy in New Zealand

Like meat, dairy product has long been one of the three 
pillars of New Zealand’s export economy and remains 
our largest goods export.148 It is directly responsible for 
over 50,000 jobs 149 and makes a significant contribution 
to downstream industries. In 2020 for example, farmers 
contributed NZ$14.7 billion and dairy processors 
contributed NZ$7.7 billion to GDP.150 

New Zealand distinguishes itself from comparator 
exporters (e.g. EU/US) by being primarily a pasture-
based system, with some supplementary feeding. This 
compares to more intensive farm systems in other 
countries where dry-lot and freestall systems are more 
common. New Zealand is home to around 11,100 dairy 
farms (21% of total farms), covering 2.4 million hectares 
of land.151

These farms were home to 6.2 million dairy cattle, in 
herds averaging 440 animals in 2021.152 It is worth 
noting the close link between the dairy and beef 
industries in New Zealand. Annually 2.7 million cows 
are slaughtered (38% of the total), this figure includes 
1.05 million dairy cows as well as 1.9 million bobby 
calves.153

In fact, without the dairy industry, it would be 
challenging for the meat industry to replenish animal 
numbers fast enough to maintain supply. 

New Zealand dairy – a global perspective

In 2021, 40% of New Zealand’s export revenue was 
from dairy, worth NZ$19.1 billion to the economy.154 
The overwhelming majority of this was in whole milk 
powder (WMP). In 2021 New Zealand was responsible 
for around 1.64 million tonnes (60%) of the world’s WMP 
exports, and around 360,000 tonnes (12%) of the world’s 
skim milk powder (SMP) exports.155 156

In a global context, New Zealand was the world’s fifth 
largest producer of milk in 2021, but, with a 25% share, 
the largest single country exporter of milk products (the 
EU exported 28%).157 China, the world’s largest importer 
of milk products,158 is New Zealand’s largest market, 
taking 42% of our exports.159

Employment from the dairy sector is a key part of many regional 
economies

Source: Dorigo, Enrico, and John Ballingall. Dairy’s Economic 
Contribution
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Although we are only the fifth largest dairy producer, 
New Zealand is one of the world’s largest dairy exporters.

Figure 18: Global Trade in Milk Products (2021)
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Figure 17: Jobs in the Dairy Industry by Region  
(2020)
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Figure 19: Export revenue ($NZ millions 2021)

Source: SOPI

Figure 20: Destination for New Zealands Dairy 
Exports (Year ended 30 June 2021)
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With disproportionately large exports relative to 
production volume New Zealand has a limited ability 
to influence dairy prices. Globally only around 7-8% 
of dairy production is traded across borders, with the 
bulk produced and consumed domestically. Some 
of the largest dairy production and consumption 
markets (e.g. India) are not heavily integrated into the 
global dairy trade. Current high prices are leading to 
significant returns for New Zealand due to weakening 
supply from overseas producers.160 However, key 
export tonnage (WMP in particular) was down in 2021 
compared to 2020, but revenue was higher. Other high 

Average export price ($NZ/tonne 2021)

Export volume (million tonne 2021)
China accounts for the majority of New Zealand's dairy 
exports by a significant margin.

Figure 21: FAO Dairy Price Index  

(January 1990 to February 2022)

Dairy prices have a high degree of variability, meaning that 
long term planning needs to consider what happens when the 
‘tide goes out’.
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protein products like SMP and casein were up in export 
volume.161

Over the next year, the United Nations Food and 
Agriculture Organisation expects global milk product 
demand to grow, particularly milk powder and whey 
protein demand in China, other parts of Asia and Central 
America.162 However, they also expect substantial 
decline from the EU, UK, US, Japan and parts of the 
Middle East, due to slowing economic conditions and 
COVID-related supply chain disruptions.163

Plant-based milk
Current state of play

Plant-based milk, probably the most established alt-
protein category, currently accounts for around 15% 
of retail milk sales.164 Plant-based milk has had steady 
growth over recent years and multiple products are 
now available, increasing market segmentation. While 
some consumers may switch from cow to oat or soy 
milk, many refrigerators will have both, and often for 
different purposes (e.g. coffee, cooking, cereal, drinking). 

Most major dairy and food companies now have 
plant-based production interests (Unilever, Nestlé, 
Danone). Based on retail sales of around $2.5 billion 
the US market grew 20% in 2020. Although slowing in 
2021, plant-based production is generally predicted to 
continue with linear growth over the next few years.165 

However, while milk alternative sales have increased, 
traditional dairy sales appear to have been growing 

faster (Figure 23). This means that as global sales of 
fluid milk have increased, whether from population 
growth or more consumers buying fluid milk products, 
conventional dairy seems to have gained ground on 
alternatives. 

The New Zealand context

Despite relatively steady growth, plant-based milk 
is not expected to present significant disruption to 
New Zealand’s exports. Plant-based milks tend to 
compete with fluid milk alternatives, given our export 
focus on milk powder they are unlikely to present 
significant direct competition. 

Figure 22: Retail Sales Value of Milk and Milk  
Alternatives Worldwide by Region (2020)
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While plant-based dairy products have managed to grow a 
significant market-share, animal-based dairy remains the 
dominant category.



WELL_NZ Alternative Protein 2022  • 37

Figure 23: Proportion of Growth in Fluid Milk Retail 
Volume Due to Milk Alternatives

Source: Mintel
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From 2008 to 2013, milk alternatives accounted for between 30% 
and 40% of the overall growth in fluid milk volume retail sales. 
This has been lower since 2014.

Where there is competition, this is likely to be from 
plant protein concentrates looking to replace traditional 
dairy whey protein concentrate used in confectionery 
products, cereal and nutrition bars, processed cheeses, 
baked goods, sports beverages and muscle gain 
formulations.

Competition could also be a consequence of disruption 
among other fluid milk producers diverting surplus 
product to make powder. Given the lack of plant-based 
milk powder products, this report does not consider 
plant-based milks in depth.166 

Precision Fermentation
What is it?

While precision fermentation is a relatively new term, 
it is a decades old process. It allows microbes such 
as bacteria or fungi to act as mini-factories, producing 
compounds called ‘target products’, such as casein 
protein. Importantly, the process does not result in a 
target product that is similar, it produces the same 
desired product. A whey protein extracted from cow’s 
milk and one produced from precision fermentation, are 
virtually indistinguishable. 

The precision fermentation process is similar to 
other types of fermentation such as wine and beer 
production.167 A desirable micro-organism is grown 
in solution with a food source (e.g. sugar), and other 
elements the micro-organism needs to thrive (nitrogen 
availability is particularly important for protein 
production). As the micro-organism feeds and grows, it 
produces the desired ‘target product’ as a by-product.168 
In wine and beer, yeast feeds on fruit sugars, or malt, 
to produce alcohol. In precision fermentation, it might 
produce casein protein, or vitamin B12. 

The target product is then extracted and purified, 
which is why precision fermentation is classed as 
a type of acellular agriculture. It is not the cells (in 
this case microbes) that are the target product, it is 
something non-living (acellular) that they produce. In 
order to produce a cow’s milk alternative via precision 
fermentation the different proteins, fats and sugars 
would need to be produced separately and then 
combined, providing the opportunity to leave things out, 
like lactose. 

Current state of play

Many New Zealanders will have encountered precision 
fermented ingredients, potentially without realising it: 

 • synthetic rennet (Chymosin) is a cheesemaking 
enzyme that has been produced by precision 
fermentation since 1990 and is now used in over 80% 
of the world’s rennet supply;169 170

 • synthetic insulin has been produced by precision 
fermentation since 1978,171 and now accounts for 
almost all global production;172

 • enzymes used in powders for washing machines and 
dishwashers;173 and,

 • vanilla essence (not to be confused with vanilla 
extract). Previously this was produced from a beaver 
gland. 

Historically, precision fermentation has been focused 
on pharmaceutical and industrial ingredients, relying 
on a small number of bacterial and fungal strains to 
produce a similarly small number of target products. 
Precision fermentation is currently used to produce 
a variety of enzymes, flavourings, vitamins, and other 
food additives.174 Using it to produce alternatives to 
entire foodstuffs is a relatively recent one. It could, 
however, allow individual dairy proteins and fats to be 
produced, extracted and combined to form an animal-
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free alternative that didn’t just mimic the taste and 
behaviour of animal milk, but was virtually identical.

One of the more established precision fermentation 
companies working on dairy replacements, US-based 
Perfect Day, produces whey protein as a business-to-
business ingredient. They have partnered with a range 
of organisations to produce consumer products that 
are now on supermarket shelves. Their first product, an 
ice-cream, was launched in 2020 and is now available in 
5,000 stores across the US.175 176 
In February 2022, they expanded this to a wide range of 
dairy products: 

 • ice-cream (Nicks, Graeter’s, Brave Robot, Ice Age in 
Hong Kong);177

 • cake box mixes (Brave Robot);

 • cream-cheese (Modern Kitchen; The Urgent 
Company); and,

 • sports nutrition protein powders (Natreve, California 
Performance Co.).178 179

Perfect Day also partnered with Starbucks in late 2021 
to run a trial in Seattle using precision fermented 
milk. Reviews indicate that the final product is 
indistinguishable from the conventional cow’s milk.180  
 In March 2022 Perfect Day partnered with Betterland 
Foods to produce a whole milk replacement.181 
 With just under two years on the market, this company 
has made impressive progress, however, context is 
important. The US produces about 1.3 billion gallons 
of ice-cream a year,182 Brave Robot sold about 125,000 
gallons of ice-cream in 2021 equating to about 0.001% of 
the market. Ben and Jerry’s holds about 14% of the US 
market after over forty years in business.183

While Perfect Day is one of the biggest precision 
fermentation players, they are by no means the only 
one, there are dozens of others around the world. For 
example: 

 • Dutch plant-based ingredient manufacturer, 
Fooditive Group is working towards having precision 
fermented casein on the market in 2022;184 185

 • Australian Change Foods is working towards a 2023 
consumer launch of its cheese which uses precision 
fermented casein;186

 • Australian Eden Brew (a collaboration between the 
dairy cooperative Norco, venture capital firm, Main 
Sequence and the government research agency 
CSIRO) is working towards an end of 2022 launch 
date for their precision fermented milk;187

 • Australian All G Foods is working on both alt-protein 
meat and dairy;

 • South African De Novo Dairy is working on ice-cream, 
cheese, and yoghurt;188

 • US General Mills has partnered with Bold Cultr 
(formerly Renegade Creamery). They have launched 
their first cream-cheese product and are developing 
sliced and shredded cheese using precision 
fermented casein; and,189

 • New Culture (New Zealand founded but now based in 
San Francisco) and New Zealand’s Daisy Lab are both 
working to developing precision fermented casein 
and ultimately cheese products. 

As with cultured meat, the volume and speed of capital 
raised for precision fermentation has increased. The 
Good Food Institute estimates a total of US$2.8 billion in 
investment raised to date with US$587 million in 2020190 
and US$1.7 billion in 2021.191

Figure 24: Precision fermentation product development
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Regulation

There are two regulatory challenges precision 
fermentation must address: regulation of the target 
product for use as a food ingredient, and importation of 
the micro-organism used to create the target product.

Regulation of the target product would generally 
fall under novel food regulations where they exist, 
but, unlike cultured meat, the pathway from product 
development to approval for use and sale is generally 
clear. New Zealand does, however, have more restrictive 
regulations around the importation and development 
of microbial strains and genetically modified organisms 
than many other countries. 

Precision fermentation for food doesn’t face the same 
regulatory hurdles as pharmaceutical products. While 
products in both categories must maintain quality 
and safety, foodstuffs do not face the same degree 
of regulation and oversight that pharmaceuticals do, 
such as the need for expensive clinical trials.192 This is 
because manufacturers are generally producing food 
ingredients that already exist and have been consumed 
for a long period of time, they are simply changing 
the production process. As long as the manufacturing 
process is safe, the approval process is generally not 
complex. In the US for example, achieving a ‘Generally 
Recognised as Safe’ status removes the need for future 
novel food approvals, precision fermented whey protein, 
for example, now has.193

Regulation can become more complicated when a new 
microbial strain has been created or is looking for 
importation approval (particularly to New Zealand). 
Complications also arise if a microbe is being 
genetically modified to support the creation of a 
target product for the first time. Even though the final 
product has no genetically modified components in it, 
the microbe will need approval for use/importation. In 
New Zealand products must be assessed for food safety.

The regulatory regime for importation is complex 
involving NZ Customs, the Ministry for Primary 
Industries and the Environmental Protection Authority; 
there are also implications from other pieces of 
legislation. Three precision fermented products have 
been approved by Food Safety Australia New Zealand: 

 • the soy-based ‘heme’ (Soy Leghemoglobin) additive 
to the Impossible Burger;194

 • Lacto-N-neotetraose (LNnT),195 normally produced in 
human breast milk, has been approved as an additive 
to baby formula; and,

 • human milk component, 2’-Fucosyllactose (2’FL) 
was approved in 2019 but is repeating the approval 
process as the manufacturers are seeking approval 
to produce it with a different micro-organism.196

As with cultured meat, contention arises over labelling. 
Is it correct to label the product ‘milk’ or ‘cheese’? 
Does the production process need to be disclosed, 
particularly if genetic modification is involved in the 
process?
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Consumers

Unlike cultured meat, precision fermentation has 
garnered remarkably limited research into consumer 
perspectives. One study in 2021 looked at consumer 
interest in Brazil, Germany, India, the UK and the US.197 
In this study, 78.8% of consumers indicated they 
probably, or definitely, would buy products made 
through precision fermentation. 

Current consumption of cheese was a strong driving 
factor in someone’s willingness to try an alternative, 
with non-vegans and vegetarians more likely to be 
open to the idea. Many expected cheese produced via 
precision fermented to taste better than current vegan 
options. The study also noted that consumer perception 
hurdles to animal-free dairy are much lower than for 
cultivated meat.

One of the main barriers to consumer uptake is 
expected to be the role of genetic engineering in 
precision fermentation. Genetically modified organisms 
are commonly distrusted and poorly perceived by 
consumers.198 However, precision fermented food 
products are already on supermarket shelves, and 
consumer reviews are generally favourable, indicating 
that this is not necessarily a barrier. Milk derivatives 
are in many products, from baked goods to potato chips, 
and the origin of the milk powder in these is rarely 
considered by consumers. In addition to this, indications 
from the Starbucks precision fermented milk trial are 
that the products taste the same, foam the same and 
are indistinguishable from conventionally produced 
cow’s milk.199

New Zealand has more restrictive 
regulations around the importation 
and development of microbial 
strains and genetically modified 
organisms than many other 
countries. 
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Technology
As an established technology precision fermentation 
is, in general, not waiting for major technical 
breakthroughs, it is limited instead by an historic focus 
on a small number of strains and target products. 
Expanding precision fermentation to produce food 
ingredient substitutes is mostly a matter of time, effort, 
and funding to develop strains, reduce production costs, 
and scale-up production. Current technical constraints 
tend to be grouped around five areas:

 • identifying and selecting the target product;

 • selecting and developing the right strain of micro-
organism;

 • developing the right feedstock;

 • customising and scaling bio-processing; and,

 • formulating end products.

1.Identifying and selecting the target product

In order to produce something from precision 
fermentation (proteins, fats, or flavour compounds), you 
need to know what you want to produce. This requires 
extensive research of existing foods to determine which 
constituent molecules are the most important. 

Cow’s milk for example contains hundreds of different 
proteins, fats, vitamins and minerals but the bulk of the 
protein is comprised of just six:

 • two whey proteins make up 15% of the total protein;

 • four casein proteins make up another 80%.200

Determining which of these is necessary for the end 
product, and which you would, could, or might want 
to intentionally leave out (such as lactose) is critical 
to developing comparable end products. You don’t 
necessarily need all four casein proteins to produce 
cheese or milk for example.201 However, given one of 
the benefits of cows’ milk over plant milk is the high 
nutritional density and the ability to deliver bioavailable 
nutrients (like calcium), including the casein will ensure 
that that the end product is nutritionally equivalent to 
cow’s milk.202 203 204

In addition to knowing what the target product is, it’s 
also crucial to understand the biochemistry of the target 
product.205 206 This is to engineer the micro-organism to 
create the right target product and to understand how 
that target product behaves when being processed, so 

that you are able to efficiently extract and purify it to 
food-grade standards. You would not for example simply 
need to know that you want to produce a particular 
casein protein, but rather how organisms produce 
casein, the conditions that affect how they produce 
casein (such as pH and temperature) and how you go 
about extracting casein from solution without damaging 
or changing it, and without leaving the microbes in it.

2. Selecting and developing the right strain 

As with the challenges around cell lines in cultured 
meat, precision fermentation is constrained by a 
limited choice of bacteria or fungi strains that are well 
understood or characterised.207 Historically, the same 
small number of strains have been used resulting 
in systems, processes and ingredients optimised for 
them.208 Developing and characterising new strains 
requires significant time, effort and expense to 
determine if they can create the desired target product, 
and if not, to then engineer them. 

Further complicating matters, different microbial 
strains have different growth rates, and produce target 
products in slightly different ways, meaning that there 
may be multiple paths to the same target product. 
Once the strain has been identified and developed, 
further work is needed to optimise it for higher yields, 
encourage faster growth, more efficiently secrete the 
target product, reduce waste by-product and grow more 
robust cultures.209

The time, effort, and expense that it takes to develop 
new strains and target products reduces the willingness 
to share information. When regulatory approval has 
been achieved it is generally specific to the strain or 
product, not the business investing the time and effort 
in gaining the approval. This means that others are 
then able to use this approval to import strains, without 
having invested in the regulatory process. 

In New Zealand, the Ministry for Business, Innovation 
and Employment (MBIE) funded ‘Future Fermentation’ 
programme at AgResearch is leading research on ways 
to considerably speed up the characterisation of new 
strains, at a lower cost.210 They have developed a non-
GMO process to rapidly grow and evolve strains with 
desirable characteristics and produce target products 
consistent with food-grade standards.



WELL_NZ Alternative Protein 2022  • 4242  • Te Puna Whakaaronui

Daisy Lab 
 – a perspective 
on precision 
fermentation in 
New Zealand 

Daisy Lab, launched in 2021 is New Zealand’s 
first precision fermentation start-up. It is 
working on training micro-organisms to 
produce casein – the most common protein 
in cow’s milk. Daisy Lab’s objective is to use 
this to make cheeses for consumers. At 
the end of 2021 CEO, Irina Miller, and Chief 
Scientific Officer, Dr Nikki Freed, gave Te Puna 
Whakaaronui their perspective on Precision 
Fermentation in New Zealand. 

What opportunity do you see for New Zealand to 
add value in the precision fermentation space?

From the general biotech and precision fermentation 
perspective – New Zealand has great talent in 
molecular biology and genetics. Our COVID response 
has highlighted how we punch above our weight in the 
sciences. We have great universities which produce 
many thousands of students each year who are skilled 
in biology and biotech. If we create jobs in this space, 
we can build a successful industry. 

When it comes to making dairy with precision 
fermentation nobody is better placed than New Zealand 
to do it! Establishing an organism that produces 
casein is only the beginning of the journey. Then come 
challenges in separating/filtering, purification, drying, 
preservation, and reformulation of the ingredients. In 
the last thirty years New Zealand has split milk into 
individual components and re-assembled it a thousand 
times over – we know everything there is to know 
about milk. We are an innovative nation – we just need 
to apply our innovation to extracting protein from a 
fermentation liquid instead of milk. 

If we don’t do it, others will. Singapore (a country with 
the land size of Lake Taupo) will build this technology; 
and will not only produce dairy, but will also export the 
technology across Southeast Asia and the world. If we 
don’t jump on this train we will be left behind.

What have you found to be the main pros and 
cons of starting Daisy Lab in New Zealand, and 
where could government help mitigate some of 
the challenges?

The genetically modified organism (GMO) legislation 
could be updated to reflect the different types of 
technologies in use and the ethics behind them. We 
were lucky to have our host organism of interest 
already in New Zealand. If we wanted to work with 
an organism that was new to New Zealand, this could 
have caused significant delays. Currently, all of our 
cloning work and work with GMOs is done in an already 
established containment facility in accordance with 
existing MPI approvals, rules, and regulations. We were 
lucky to have found such facility, as there aren’t many 
of them in New Zealand. Establishing such a facility 
would have been impossible within our time frames and 
budget. 

We believe the approvals process could be streamlined 
and modified to better reflect the real risk from certain 
GMOs. Currently there seem to be fewer limits placed 
on tracking and movement of human pathogens than 
on GMOs. This seems imbalanced. New Zealand has 
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some of the strictest monitoring of GMOs in the world, 
however, the risks from the vast majority of these 
organisms is low. Some of these regulations could be 
updated to reflect the real risk.

Staying in the containment facility is ok while we 
are still in development. The scale-up process and 
further commercialisation may see obstacles if the 
organism we are using has to continue to be kept 
in a containment facility. We would like to see this 
technology grow beyond Daisy Lab. Therefore ideally, 
in parallel with the scale-up process, it would be 
advantageous to review this organism’s environmental 
safety and have the opportunity to move it out of the 
approved MPI containment, as the risks associated with 
this organism are exceedingly low. Who knows, one day 
the farmers may be able to ‘brew’ their dairy using our 
micro-organism.

There’s currently a lot of discussion about the 
high cost of set-up capital, growth factors and 
recombinant proteins that cellular agriculture 
relies on. Views appear to be split on when, 
or if, the price of these production factors will 
fall far enough to make cellular agriculture 
competitive with traditional agriculture. What 
are your thoughts on this in relation to precision 
fermentation?

As with any new technology, there will be capital 
costs to set-up production on a comparable scale 
(e.g. fermenters, dryers). In saying this, some 
current equipment may potentially be redesigned or 
repurposed. The capital costs don’t have to occur at 
once and the technology is not going to grow overnight. 
I believe we still have ten to fifteen years to transition 
and organically scale-up this technology. Growth factors 
are not as critical for precision fermentation as they are 
for cellular meat. In saying this, even the price of the 
cellular meat medium has come down substantially in 
the last five years. Biomass production commonly uses 
food by-products (like mycelium in QuornTM). We would 
like to consider this avenue for precision fermentation 
as well in the long run.

What do you see as some of the most exciting 
aspects of precision fermentation?

Precision fermentation has incredible versatility: it has 
flexible capacity as, unlike cows, you can scale output 
literally overnight based on demand; it offers great 
environmental benefits, no effluent, no methane; and it 
is also guilt free from an animal welfare perspective – 
no husbandry, no bobby calves. 
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3. Developing the right feedstock

As with the culture media for cultured meat, the 
feedstock used for precision fermentation is one of the 
major cost drivers. Unlike cultured meat, the majority 
of fermentation relies on fairly standardised, refined, 
sugar-based feedstocks as well as a source of nitrogen, 
depending on the strain and the target product. Foetal 
bovine serum is not used in precision fermentation 
making the process usually animal-free. The feedstock 
does, however, include other, often expensive 
ingredients, or ingredients that are produced in small 
quantities such as simple proteins and enzymes, which 
will differ depending on the target product. 

Much feedstock research looks at either lowering 
costs by selecting a cheaper source of food for the 
microbes, or utilising by-products from other production 
systems. This research tends to be focused on specific 
target products and a small number of strains. While 
promising, the results are not necessarily transferable. 
For example, one study made use of cheaper and more 
widely available ingredients reducing costs by 91.5% to 
produce a specific enzyme.211 However, this feedstock 
mix, or cost reductions do not necessarily support other 
strains or target products. 

There is some promising work looking at alternative 
feedstock from by-products such as cellulose, sugar 
beet and other plant matter.212 213 One study looked at 
using an orange juice by-product in this way to create a 
profitable income stream, rather than a waste disposal 
cost.214 Extending this research presents the opportunity 
to take a strategic view, and shift streams of existing 
un-utilised by-products into productive resources. For 
example, grape marc, a wine industry by-product is 
difficult to re-purpose at the scale that it is produced in 
New Zealand.215 Research to develop microbe strains 
that feed on grape marc in order to produce useful 
ingredients would be doubly beneficial.

4. Customising and scaling bio-processing

As with feedstocks, developing the most efficient, 
cost-effective process to grow specific strains and 
to progress bioprocess design has been constrained 
by the historic focus on the same strains and small 
number of products (e.g. insulin and rennet).216 Existing 
bioprocess designs (such as stirred tank bio-reactors) 
are optimised for specific production processes.217 218

Scaling-up may require tools, facilities and 
customisations not widely available. The extraction and 
purification of target products needs to be optimised 
for that product. While more work is needed to enable 
a wider range of strains and target products, this is 
notably a function of time, effort, and cost, rather than 
major technological breakthroughs.

5. Formulating end products

The last area of constraint is that of formulating 
end products.219 220 This involves both the process of 
manufacturing the final product and the recipe. Do you 
need to include all one hundred proteins in milk, or 
would the most common two or three suffice? Can you 
fortify the product with other desirable components to 
ensure comparable nutritional density, and if so how? 

Some existing precision fermented products use 
ingredients that must be phased out. Bold Cultr, 
cream cheese for example, uses palm oil (a species 
conservation issue) and titanium dioxide (a whitening 
agent legal in the US, banned in the EU from mid-
2022).221

Another example is cheese made using precision 
fermented casein. Currently production relies on 
plant-based fats, which behave differently to animal-
based fats. Producers are working on creating both 
fats and casein as precision fermented target products 
to overcome this challenge.222 This requires time, 
investment and effort, but also presents an opportunity 
to strategically consider what other ingredients would 
be useful to produce – particularly at a business-to-
business commodity scale – and to develop the relevant 
expertise and intellectual property.
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Figure 26: New Zealand Dairy Farm Average 
production costs

Source: MPI
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Production costs
Conventional milk

In order to understand how the production costs of 
precision fermentation compare to those of conventional 
dairy, we need to understand the operating expenditure 
on dairy farms in New Zealand. Helpfully operating 
expenditure per kg of milk solids is one of the operating 
metrics used for benchmarking farms by DairyNZ so is 
far easier to quantify than meat products. 

In New Zealand, production systems for dairy are 
classified into five groups based around the amount 
of supplementary feed (in addition to pasture) that 
cows eat, and the point in the dairy production cycle 
the supplementary feed is used.223 For analysis, these 
are commonly aggregated into Low, Medium, and High 
Intensity Systems:

 • Low Intensity System – Systems 1 and 2. 
Predominantly pasture based with no more than 10% 
of total feed derived from purchased supplements;

 • Medium Intensity System – System 3. 10-20% of feed 
is imported to extend lactation or for dry cows; and,

 • High Intensity System – systems 4 and 5. Over 20% of 
feed is imported and used all year round.

In the case of New Zealand, although there is some 
variation in operating expenditure over time, the 
variation between Low, Medium and High Intensity 
Systems, on an NZ$ per kg milk solids basis over 
2009/10 to 2018/19 was limited (figure 21): 

 • $4.24 – $5.05 for Low Intensity Systems;

 • $4.51 – $5.00 for Medium Intensity Systems; and,

 • $4.40 – $5.26 for High Intensity Systems.

This allows us to use an average operating cost range 
of NZ$4.24-5.26 per kilogram of milk solids. Looking at 
the percentage of farms able to achieve various levels 
of operating costs per kilogram of milk solids also 
shows similar distributions (figure 22). This means that 
separating out data by farm system would only show 
marginal differences, an aggregate measure across 
farm types is sufficient for the high-level analysis in 
this report. In addition, distribution hasn’t changed 
significantly over the last decade, although there has 
been some skewing of operating expenditure towards 
higher operating costs (figure 29). 

The two largest dairy farm operating costs are labour 
and feed (figure 28). Labour costs do not tend to 
fluctuate wildly, although they do increase over time. 
Feed costs, however, are affected by a wide range of 
factors from weather and seasonal change, farm system 
intensity to supply chain constraints. A good growing 
seasons mean less supplementary feed is needed, 

While there is some variation over time, the cost differences 
between the low, medium and high intensity systems on a 
per kg of milk solid basis is not substantial.

Figure 27: Disctribution of Dairy Farms Operating 
Expenditure per kg/MS

Source: DairyNZ Economic Survey, MPI Farm Monitoring
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The percentage of farms that operate at particular price 
points doesn’t differ wildly between low, medium and high 
intensity systems.
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and is cheaper, a poor growing season means more is 
needed and its more expensive. 

Plant-based milk

There is limited information available on plant-based 
milk production costs due to the differing manufacturing 
techniques of the various plant-based milks. As 
noted, Te Puna Whakaaronui does not consider plant-
based milks presents a significant credible risk to 
New Zealand’s milk powder production and they are not 
a focus of this report. 

Precision fermentation

Precision fermentation production costs vary 
significantly depending on the target product. Precision 
fermentation is used to produce pharmaceuticals, food-
grade products and industrial products. Some industrial 
products sell for less than US$10 per kg, whereas 
some pharmaceutical products sell for literally billions 
of dollars per kg.224 This limits the comparability of 
these products as their cost structures are often very 
different. Compared to industrial and food products, 
pharmaceutical production has higher up front costs 
in the form of clinical trials, cell types, culture media, 
reactor and process design and quality control. 
Industrial products are also more commonly produced 
from fungi and bacteria, whereas pharmaceuticals 
often use cultivated mammal cells, principally Chinese 
hamster ovary cells.225 

Retail costs show that food products containing 
precision fermented ingredients are either at, or are 
close to, price parity with premium conventional 
products:

 • Brave Robot ice-cream for example, which includes 
Perfect Day whey protein, retails for the equivalent 
of NZ$9.00 a pint; Duck Island, a New Zealand 
based luxury brand retails in New Zealand for the 
equivalent NZ$11.50 a pint. 

 • Modern Kitchen cream-cheese retails for the 
equivalent of NZ$15.00 per 226g pot, compared to 
NZ$4-5 for a 250g pot of the conventionally produced 
product. 

Figure 28: Changes to the distribution of dairy costs from 2009 to 2019
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Figure 29: Average Dairy Operating Expenditure 
(2020)

Source: DairyNZ Economic Survey
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The main operating costs for dairy tend to be labour and 
feed costs.
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In an ideal world, product costs and retail process 
would be closely linked, and so retail prices would make 
an adequate proxy for production costs. However, in 
reality, production costs for microbial fermentation are 
less straightforward than for cultured meat. Culturing 
meat generally focuses on producing muscle cells 
(or muscle and fat cells) and then blending these into 
a food product. Precision fermentation may involve 
producing one target product added as an ingredient to 
a food stuff, or producing and combining multiple target 
products to create, for example, a milk alternative. 

Variability depends on the strain being used, the 
intended target product and the mix of target products 
making up the final product. Each of these target 
products has their own microbial strain, and similar, 
but different cost stacks. There has not been the same 
level of interest in producing TEAs, or public information 
releases from precision fermentation companies on 
their production costs. Available information tends to 
come from academic journal articles looking at specific 
strains to produce a specific product.226 227 228

In summary, there are no publicly available analyses 
of the costs of producing the various proteins in milk 
powder, combining them and producing an equivalent 
product.

Because strains, processes and production costs 
are specific to the target product, there is limited 
information to draw on to identify specific prices, and 
the cost curves for each product. In addition, while 
some companies publish statements about achieving 
cost reductions, precision fermentation firms seem to 
be reluctant to publish specific dollar values, instead 
alluding to improving process efficiency.229

Where TEAs and cost analyses have been completed, 
they have tended to look at specific proteins rather than 
a final product, and at simulated, rather than actual 
results. For example:

 • a 2016 paper simulated the production of one protein 
in cow’s milk (Bovine Alpha Lactalbumin) finding that 
production was economically feasible if the existing 
market price of materials was assumed and higher 
levels of process efficiency and productivity were 
achieved;230 
 

Source: Various – see list of papers

 $0

 $10.00

 $20.00

 $30.00

 $40.00

 $50.00

 $60.00

Bacterial PF
Lactic Acid

Fungi PF 
Lactic Acid

Yeast PF 
LacticAcid

ꞵ-Glucosidase Recombinant
protien

(Unspecified)

Turtle Tree
Labs

$N
ZD

 p
er

 k
g

Production Costs of PF products
Low Dairy Production Costs
High Dairy Production Costs

Figure 30: Production costs for some precision 
fermentated target products

Some target products are already able to be produced for well 
below the cost of dairy, others are significantly higher. It is not 
yet clear which target products and in what combination they 
will be needed in order to build a cost stack for a precision 
fermented WMP equivalent.
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Figure 31: Industrial precision fermentation costs

Source: Ravindran, Rajeev, and Amit K. Jaiswal
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 • a 2018 TEA found that production of one enzyme 
(-Glucosidase, which helps convert plant matter 
into glucose) could see a significant price 
reduction from US$316 kg (NZ$472.4) to US$37 
kg (NZ$55.30) through improved process design, 
more efficient enzyme expression and changes in 
feedstocks;231

 • a 2020 TEA looking at lactic acid production found 
that lactic acid, usually retailing at US$1.30-2.70 
per kg (NZ$1.94-4.03 kg) can be produced by:

 — bacteria for US$1,181 per tonne (NZ$1.76 kg)

 — fungi for US$1,251 per tonne (NZ$1.87 kg); 
and, 

 — yeast for US$844 per tonne (NZ$1.26 per kg) 
using corn grain as a feed stock;232

 • a 2021 TEA production cost comparison looking 
at food protein production using wheat straw as the 
feed source: 

 — €9,007 per tonne (NZ$13.78 per kg) for 
recombinant proteins;

 — €7,400 per tonne (NZ$10.09 per kg) for plant-
based proteins; and

 — €10,500 per tonne (NZ$16.09 per kg) for egg and 
milk proteins.

 • Importantly, precision fermented proteins were 
produced as ingredients, but plant-based and animal-
based products were final products.233 
a 2022 paper looking at the overall feasibility of 
precision fermented milk noted that casein currently 
retails for around €10 per kg, which is a similar 
price point to other industrially produced precision 
fermented target products. Te Puna Whakaarounui 
notes that while precision fermentation leading 
to a milk replacement is technically feasible, the 
cost equivalency has yet to been seen and the 
environmental credentials are still in question 
(e.g. energy usage).234

The costs of some products need reducing to reach 
price parity with traditional dairy products and these 
are identified in Figure 30.235 236 Production costs are 
heavily skewed towards capital and raw materials 
(the feedstock), but these vary depending on the 
target product. There is also substantial research 
and development time that is not accounted for here. 
Developing the strain, optimising the conditions and 
scaling production can easily take 18-48 months. 
Pharmaceutical production costs are commonly used 
for comparison given they are relatively well-known, 
However, precision fermentation has significantly 
different cost stacks.237

Capital costs and raw materials (in the feedstock) tend to 
make up the largest elements of the production costs for 
precision fermentation.
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Source: Ravindran, Rajeev, and Amit K. Jaiswal

Turtle Tree Labs

Singapore based Turtle Tree Labs is the first company to make cell-based dairy with a final 
product biologically identical to cow’s milk in every way. They are also working on human 
breast milk. 

The company produced an acellular product (the grown cells are not themselves the product) 
using precision fermentation. However, unlike precision fermentation, they use similar 
processes to cultured meat, growing mammary gland cells that are then induced to produce 
milk. 

In 2021, Turtle Tree was producing milk at a US$30-35 per litre (NZ$44.85-52.3). While still 
more expensive than cow’s milk, this price point is comparable when compared with human 
breastmilk, which can sell in the range of US$20 for a 150ml bottle, up to US$800 a litre.

Figure 32: Capital costs and raw materials (in the feedstock) tend to make up the 
largest elements of the production costs for precision fermentation.

TURTLETREE TECHNOLOGY VS. CONVENTIONAL AGRICULTURE
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Section 4:  
Scenarios
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The purpose of the 
scenarios
Having established which alt-protein production costs 
can be verified, the next step of this report is to explore 
some scenarios in a New Zealand context. 

As shown by the cultured meat TEAs, one scenario 
modelling approach is to: develop a quantitative model, 
adjust variables based on assumptions and then see 
what situations arise. Another approach, and the one 
adopted here is to determine a specific economic 
shock (such as a 30% reduction in meat consumption) 
and work backwards to investigate the events which 
would need to occur for that scenario to arise. These 
scenarios can then be put through a quantitative model 
to understand the broader economic and social impacts 
of that scenario.

While the specific way that scenarios might play out is 
complex, the important determinant for this report is 
whether something plausibly increases or decreases 
overall alt-protein uptake. For example, consider two 
scenarios:

 • alt-proteins are able to demonstrate their 
environmental credentials relative to conventional 
farming, and consumers are willing to spend more 
for alt-proteins based on these credentials; and,

 • alt-proteins are able to achieve price points below 
conventional protein prices, and price-sensitive 
consumers buy them, even though the product’s 
environmental impact is slightly worse than 
conventionally farmed product. 

Although the dynamics of these two scenarios are very 
different and the downstream impacts and potential 
responses by industry are different, both have the same 
effect: a reduction in consumption of conventionally 
farmed proteins. Using this approach allows an 
exploration of whether a scenario is plausible, based on 
the assumptions that would need to be made for it to 
occur, as opposed to arguing that specific scenarios are 
likely to occur or trying to predict actual events.

Developing scenarios
To develop potential scenarios and understand what 
key assumptions can be made, Te Puna Whakaaronui 
reviewed several industry reports and scenario 
modelling exercises to synthesise common themes and 
insights, including:

Meat

 • (2018) The Future of Meat, by Beef + Lamb NZ;238

 • (2020) State of the Industry Report: Cultivated Meat, 
the Good Food Institute;239

 • (2021) Food for Thought, Boston Consulting Group;240

Dairy

 • (2017) Envisaging future New Zealand dairy farm 
systems: a scenario analysis approach; and 241

 • (2020) State of the Industry Report: Fermentation, the 
Good Food Institute;242

 • (2021) The Future of the Dairy Industry: 2030 
Scenario Analysis, Lund University and Tetrapak;243 
and 

 • (2021) Dairy Market Review: Emerging trends and 
outlook, the FAO.244

Meat and dairy

 • (2020) The Changing Landscape of Protein 
Production: Opportunities and Challenges for 
Australian Agriculture, the Australian Farm 
Institute;245

 • (2020) The Asia Alternative Protein Industry Report, 
Green Queen Media;246

 • (2021) Emerging Proteins in Aotearoa New Zealand: 
What will it take for the sector to thrive, Food HQ;247

 • (2021) Agribusiness Agenda 2021, KPMG 
New Zealand;248

 • (2021) Situation and Outlook for Primary Industries, 
the Ministry for Primary Industries;249 and,

 • (2021) OECD-FAO Agricultural Outlook 2021-2030, the 
OECD and FAO.250

From this body of work, we developed low, moderate 
and high impact scenarios for two key products: beef 
and milk powder (both whole and skim). Drops in beef 
and milk powder consumption were then modelled in 
order to simulate an increase in alt-proteins’ global 
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market share. This allowed for a consideration of 
how these scenarios would play out for New Zealand. 
In reviewing the above reports, ten common factors 
emerged:

Novel food regulation

Novel food regulation is crucial, if products are not 
approved for human consumption, they cannot enter the 
market. This factor considers to what degree countries 
approve alt-proteins and novel target products for 
human consumption and whether a critical mass of 
firms can gain approval for products to be sold for 
human consumption. 

Consumer uptake

Consumer uptake is the next most important factor, 
if there is no willingness to consume alt-proteins 
then they are a non-starter. Consumer awareness is 
an element of this factor, it will not be obvious that 
many existing products already include alt-proteins 
unless they are explicitly labelled as such. Precision 
fermentation ingredients are a good example – where 
did the milk powder in your last packet of Tim TamsTM 
come from?

Consumer willingness to buy

This factor considers how many consumers willing 
to try will then buy alt-proteins on an ongoing basis; 
whether they are price-sensitive and whether some will 
pay a premium for environmental and values-based 
benefits.

Environmental and climate regulation 

Increasing global environmental pressures and to what 
degree environmental regulations increase pressure 
on conventional farming are factors. Do alt-proteins 
fare better? This factor considers the degree to which 
technological mitigations and practice changes reduce 
the environmental impacts of conventional farming 
practices (e.g. methane inhibitors), and by extension the 
burden placed on conventional farming.

Geopolitics

This factor considers the degree to which alt-protein 
production is supported at a governmental level 
as a way to mitigate food security issues, such as 
high import reliance and supply chain constraints. It 
also considers whether strategies to reduce protein 

consumption (e.g. the UK and China’s current initiatives) 
will lead to increased protection of domestic producers. 
It considers whether ‘buy local’ pressures will shift 
conventional meat and dairy consumption from 
imported product to domestic alt-protein supply if 
production facilities do come on-line.

Commercial pressures

This factor considers whether major food producers 
(e.g. Nestlé, Danone, or Tyson Foods) will participate 
in the production of alt-proteins and their product 
lines, to include alt-protein ingredients, and whether 
a critical mass of small firms do the same. It also 
considers whether major food chains (e.g. Starbucks or 
McDonald’s) include alt-protein products in their ranges.

Price parity

This factor considers whether alt-proteins can reduce 
their production costs and by how much: marginally 
more than the conventionally farmed product, 
equivalent to or below? In addition, it considers to 
what degree the additional environmental or ethical 
credentials of alt-proteins incentivise uptake at that 
price point – are they cheaper but environmentally 
worse, or more expensive but more sustainable? The 
price parity factor considers whether credentials will 
open a larger target market.

Technical barriers 

This factor considers the degree to which technical 
constraints can be overcome, particularly in identifying 
and developing cell lines, microbial strains and 
target products. Consideration is given to how well 
characterised cell lines and strains are, and how well 
we can optimise production, extraction and process 
target products.

Scaling facilities

This factor considers whether facilities can be built at 
the necessary scale to produce sufficient alt-protein 
product. The discussion includes whether there is 
sufficient investment capital availability, capital costs 
reduction due to increased scale and demand, as well 
as the volume of specialised equipment available (e.g. 
tailored cell line bioreactors).



WELL_NZ Alternative Protein 2022  • 53

Operating inputs

This factor considers how well input limitations, such 
as the cost and make-up of culture media or feedstock, 
can be overcome. In addition it looks at the availability 
of some limited and expensive ingredients and whether 
they can be made available at sufficient scale. 

Aglink-COSIMO model 

The scenario modelling uses the Organisation for 
Economic Co-operation and Development’s (OECD) 
global agricultural Aglink-COSIMO model. Aglink-
Cosimo is a ‘recursive-dynamic, partial equilibrium 
model’, meaning that it considers individual sectors 
of the economy (such as dairy) and when changes are 
introduced (such as a fall in global demand for whole 
milk powder) it models the resulting adjustments to 
trading volumes and prices as the system settles into 

a new ‘equilibrium’. The adjustments are then fed back 
into the model recursively for multiple years.

Because the model considers the economy on a sector 
basis, factors such as land-use changes (e.g. dairy 
conversion to forestry) are not included. There are 
also limitations on how large a shock the model can 
demonstrate – it may not be able to find an equilibrium 
point for very large, complex, simultaneous shocks. 

New Zealand’s existing 
industry structure is more 
resilient to shocks in the 
short term than most of our 
competitor countries.
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Meat scenarios
Scenario outline

In order to understand the potential impact of cultured 
meat production on New Zealand’s beef industry this 
report considered how a global reduction of beef 
consumption would affect global beef and veal trade 
dynamics in 2030. Three scenarios were modelled 
and compared to an OECD-FAO baseline scenario 
(essentially a continuation of the status quo as cultured 
meat does not yet feature). The three scenarios 
modelled were:

 • a low impact scenario where cultured meat accounts 
for an across-the-board reduction in 3% beef 
consumption from conventional sources;

 • a moderate impact scenario where cultured meat 
accounts for an across-the-board reduction in 14% 
beef consumption from conventional sources; and,

 • a high impact scenario where cultured meat accounts 
for an across-the-board reduction in 30% of beef 
consumption from conventional sources.

Key insights

The modelled results can be seen in the table below. 
Most notably, a high impact, 30% scenario was too 
great a shock to successfully model – the model was 
not able to adjust consumption flows sufficiently to 
account for such a large reduction in conventional beef 
consumption. The moderate, 14% reduction scenario 
resulted in a 27% reduction in global beef export 
prices, but only a 7% reduction in beef export volumes, 
reflecting New Zealand’s product resilience. It should 
be noted that the interdependency of the beef and 
dairy industry means that a reduction in global beef 
consumption could also impact on dairy herds, and by 
extension, milk output.

Limitations

As with all modelling, there were some limitations, 
while the insights from the modelling exercise are 
useful, they are not necessarily a reflection of reality. 
As the model does not support differentiation between 
premium cuts and ground beef, the assumption that 
beef and veal consumption was uniformly impacted was 
made to simplify matters. The model did not include 
countries taking steps to implement domestic industry 
protection policies and limit trade. 

Table 6: High level results

Changes to 
New Zealand 
production

Low 
Scenario 

(3%)

Moderate 
Scenario 

(14%)

High 
Scenario 

(30%)

Export changes

Beef export 
price -4.3% -27.2% No solution

Beef export 
volumes -1.1% -7.0% No solution

Stock changes

Total beef 
cattle -1.0% -6.4% No solution

Beef cow and 
heifers -2.6% -15.8% No solution

Dairy cows 
and heifers -1.0% -6.1% No solution

Milk output -0.9% -5.7% No solution

Low impact or baseline scenario  
(3% reduction in beef consumption)

The baseline, or low impact scenario, describes a 
situation where cultured meat fails to enter the market 
in any substantial way. A failure to gain regulatory 
approval in most jurisdictions, or an unwillingness from 
consumers to adopt cultured meat, would cause this 
scenario. Failure to make at least moderate progress 
on any of the major challenges could also lead to this 
outcome. For example, even with regulatory approval 
and consumer willingness to adopt alt-proteins, 
inability to build production facilities at scale or failure 
to demonstrate comparatively better environmental 
credentials, could each lead to virtually no uptake of 
cultured meat. 

Moderate impact scenario 
(14% reduction in beef consumption)

The moderate impact scenario results in a 14% 
reduction in conventional beef consumption globally, 
driven by increased cultured meat consumption. The 
two principal assumptions under this scenario are that 
there have been sufficient approvals to sell cultured 
meat and that a significant number of consumers are 
willing to switch at least part of their diet to cultured 
meat-based products. 

Lower priced cultured meat products, tempered by 
taste and texture issues, or, marginally higher priced 
product with strong environmental credentials could 
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attract consumers to purchase. In addition, if cultured 
meat was able to demonstrate robust sustainability 
credentials it could command a higher price than 
conventional meat. In this scenario challenges around 
capital costs, cell lines and a significant reduction in the 
price of culture media would need to be overcome.

High impact scenario 
(30% reduction in beef consumption)

The high impact scenario results in a 60% reduction 
in conventional beef consumption globally, driven by 
increased cultured meat consumption. This scenario 
has much less wiggle room in terms of assumptions, 
and would require most, if not all of the assumptions to 
align in order for it to occur. 

This scenario assumes the factors from the moderate 
scenario, sufficient approvals and number of consumers 

willing to switch, are in place. To capture a larger 
market share cultured meat would need to convincingly 
achieve price parity, as well as demonstrate safety, 
sustainability and nutritional credentials. Technical 
challenges would need to be overcome. The scenario 
assumes: 

 • an effective growth medium that doesn’t rely on 
Foetal Bovine Serum; 

 • multiple large-scale production facilities; and

 • well characterised cell lines that can be efficiently 
cultured.

To impact global trade levels, most major importers, 
and many of the smaller ones, would need to have 
some domestic cultured meat production capability and 
actively prioritise purchase of conventional meat from 
domestic farmers over imported conventional meat.

Table 7: Summary of assumptions

Factor What would we have to assume for the 
low impact (3%) scenario to develop?

What would we have to assume for the 
moderate (14%) impact scenario to 
develop?

What would we have to assume for the 
high impact (30%) scenario to develop?

Novel food regulations Either
• very few countries approve cultured 

meat for human consumption;or
• several countries approve cultured meat 

for human consumption; and
• there are very few applications by 

cultured meat companies.

Either
• several small countries approve cultured 

meat for human consumption; or,
• a small number of major meat importers 

(China or the US) approve cultured meat 
for human consumption; and

• there are only a small number of 
applications by cultured meat companies.

Either:
• there are many applications by cultured 

meat companies; or
• there are a few applications my several 

large, well scaled cultured meat 
companies; and

• most countries approve cultured meat 
for human consumption, including major 
importers.

Consumer uptake Consumers are willing to try cultured meat 
as a novelty, but negligible numbers are 
willing to incorporate it into their regular 
diet. 

Either
• many consumers are willing to try 

cultured meat, but most do not switch; or,
• only a small number of consumers are 

willing to try cultured meat, but most of 
those that do, switch.

Many consumers are willing to try cultured 
meat, with many incorporating cultured 
meat products into their diet in addition to, 
or as a replacement for, conventional meat. 

Consumer willingness 
to buy

Either
• cultured meat is similarly priced to 

conventional meat, but has other 
downsides (environmental impact 
is only marginally better, taste and 
texture is not as good as conventional, 
nutritional value is lower, perceptions of 
unnaturalness remains a barrier); or,

• cultured meat is marginally more 
expensive than conventional meat and 
has other downsides (environmental 
impact is only marginally better, 
taste and texture is not as good as 
conventional, nutritional value is lower, 
perceptions of unnaturalness remains a 
barrier).

Either
• cultured meat is cheaper, or similarly 

priced to conventional meat and 
becomes a viable alternative, but has 
other downsides (environmental impact 
is only marginally better, taste and 
texture is not as good as conventional, 
nutritional value is lower, perceptions of 
unnaturalness remains a barrier); or,

• cultured meat is marginally more 
expensive than conventional meat, but 
higher income consumers are willing 
to pay for it due to its upsides (lower 
environmental impact, improved animal 
welfare, higher nutritional content).

Cultured meat is cheaper, or similarly priced 
to conventional meat and becomes a viable 
alternative, and has significant upsides 
(lower environmental impact, improved 
animal welfare, higher nutritional content).

Environmental and 
climate regulation

Either:
• environmental regulations only slightly 

increase pressure on conventional 
farming and cellular agriculture 
is unable to demonstrate a lower 
environmental impact; or,technological 
mitigations come on-line that reduce the 
environmental impact of conventional 
farming.

Either:
• environmental regulations only slightly 

increase pressure on conventional 
farming as cultured meat can 
demonstrate a marginally lower 
environmental impact; or

• environmental regulations equally impact 
on conventional and cellular agriculture 
as cellular agriculture is unable to 
demonstrate a lower environmental 
impact.

Environmental regulations significantly 
increase pressure on conventional farming 
as cultured meat is able to demonstrate a 
lower environmental impact.
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Factor What would we have to assume for the 
low impact (3%) scenario to develop?

What would we have to assume for the 
moderate (14%) impact scenario to 
develop?

What would we have to assume for the 
high impact (30%) scenario to develop?

Geopolitics Either:

very few countries bring cultured meat 
production facilities on-line, beyond pilot 
scale programmes;

and,

rely on reduced meat consumption 
and ‘buy local’ to reduce food security 
concerns; or

imported food remains at similar or 
increased levels.

Either:
• a small number of major importers 

(US and China) bring some domestic 
cultured meat production on-line, in 
order to reduce their reliance on overseas 
production; or

• several smaller importers bring some 
domestic cultured meat production on-
line, in order to reduce their reliance on 
overseas production; or

• a few smaller importers (Singapore) 
shift primarily to domestic production 
of cultured meat in order to reduce their 
reliance on overseas production; or

• a mix of these three.

Either:
• most major importers (US and China) 

bring significant domestic cultured meat 
production on-line, in order to reduce 
their reliance on overseas production; or

• many smaller importers bring significant 
domestic cultured meat production on-
line, in order to reduce their reliance on 
overseas production; and

• conventional meat from domestic farmers 
is prioritised in the domestic market.

Commercial pressures Very few, if any major food producers bring 
cultured meat production facilities on-line, 
beyond pilot scale programmes, and 
therefore products are not in market.

Either:
• a small number of major food producers 

(Tyson Foods, Nestlé, Cargill) bring 
their cultured meat facilities on-line, 
and include it as an ingredient in some 
products; or,

• several smaller food producers switch 
some of their products to be based on 
cultured meat; or,

• a few smaller producers focus solely on 
cultured meat-based products; or

• a combination of these three; and,
• fast food restaurants begin to include 

cultured meat in their product offerings.

• Several major food producers (Tyson, 
Nestlé, Cargills) bring their cultured meat 
facilities on-line, and switch to cultured 
meat in a significant number of products; 
and,many smaller food producers switch 
some of their products to be based on 
cultured meat, or focus solely on cultured 
meat-based products; and,

• fast food restaurants have cultured 
meat well established in their product 
offerings.

Alt-protein price parity 
with conventionally 
farmed proteins

Either:
• cultured meat is similarly priced to 

conventional meat but has other 
downsides (environmental impact 
is only marginally better, taste and 
texture is not as good as conventional, 
nutritional value is lower, perceptions of 
unnaturalness remains a barrier); or

• cultured meat is more expensive than 
conventional meat.

Either:
• cultured meat is cheaper, or similarly 

priced to conventional meat but has 
other downsides (environmental impact 
is only marginally better, taste and 
texture is not as good as conventional, 
nutritional value is lower, perceptions of 
unnaturalness remains a barrier); or,

• cultured meat is marginally more 
expensive than conventional meat, 
but has upsides (lower environmental 
impact, improved animal welfare, higher 
nutritional content).

Cultured meat is cheaper, or similarly priced 
to conventional meat and has upsides 
(lower environmental impact, improved 
animal welfare, higher nutritional content).

Technical barriers There is limited progress in developing and 
characterising cell lines beyond research 
settings. 

We are able to expand our knowledge to 
a small number of cell lines, but they are 
well characterised, and able to be cultured 
efficiently.

Either:
• we can expand our knowledge to a large 

number of diverse cell lines, that are well 
characterised, and able to be cultured 
efficiently; or,

• we can expand our knowledge to a small 
number of well characterised cell lines 
and supply a significant proportion of the 
world’s meat consumption.

Scaling of facilities Cultured meat production facilities remain 
expensive and constraints on capital limit 
the ability to scale. 

Either:
• a small number of larger cultured meat 

producers scale to massive production 
facilities; or’

•  several small cultured meat producers 
are able to bring production facilities on-
line, and scale them to moderate sizes.

Either:
• several larger cultured meat producers 

scale to massive production facilities; or
• many small cultured meat producers are 

able to bring production facilities on-line 
and scale them to moderate sizes.

Availability of operating 
inputs

• Culture media remains expensive and 
many formulations still rely on Foetal 
Bovine Serum; and’

• key ingredients remain in limited supply 
and are costly. 

• Culture media becomes cheap, and 
is able to be produced without Foetal 
Bovine Serum; and’

• rare ingredients can be manufactured 
more readily; or’

• cell lines are developed that don’t require 
rare ingredients.

• Culture media becomes cheap, and 
can be produced without Foetal Bovine 
Serum; and’

• rare ingredients can be manufactured 
more readily; or’

• cell lines are developed that don’t require 
rare ingredients.
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Dairy scenarios
To understand the potential impact of precision 
fermentation on New Zealand’s dairy sector, the impact 
of global reduction in whole milk powder and skim milk 
powder consumption on global dairy trade dynamics 
must be understood. Three scenarios for global dairy 
trade in 2030 were modelled:

 • the OECD-FAO baseline scenario, which acts as a 
continuation of the status quo trends, where alt-
proteins do not feature in any significant way;

 • a moderate impact scenario where alt-proteins 
account a 30% reduction of global Whole Milk Powder 
(WMP) and Skim Milk Powder (SMP) consumption 
from conventional sources; and,

 • a high impact scenario where alt-proteins account for 
a 60% reduction of global Whole Milk Powder (WMP) 
and Skim Milk Powder (SMP) consumption from 
conventional sources.

Key insights

Under a 30% reduction scenario, the initial impact on 
New Zealand is limited, WMP exports would decrease, 
but (assuming domestic production can respond) 
SMP, cheese and butter exports would each increase. 
Consequently the global butter and cheese price 
would rise as lower milk production, from less efficient 
overseas producers, leads to a supply induced shortage 
of milkfats, especially butter as production volume is 
related to SMP volume. 

The changes in overseas prices for dairy products would 
lead to an 11% drop in New Zealand milk prices, and a 
3% drop in milk production. These drops flow through 
to the domestic market, but are not exceptional swings 
when compared to normal volatility in annual production 
and milk prices. However, even if production could pivot 
quickly to meet demand, this would still result in an 
overall loss of around 12% of export revenue from dairy 
products. 

Under the 60% scenario, the initial impact is starker: 
a 26% drop in the New Zealand milk price, a 7% drop 
in milk production and a 42% drop in WMP exports. As 
with the 30% scenario, New Zealand’s comparatively 
more efficient dairy sector would mitigate the impact. 
Assuming structured products like cheese remain 
undisrupted and the New Zealand dairy sector could 

pivot to meet demand, an 8% increase in butter exports, 
31% increase in SMP exports and a 60% increase in 
cheese exports could result. Even with these significant 
increases in product substitution, a 60% reduction in 
global WMP and SMP demand would result in an overall 
loss of around 25% of New Zealand export revenue from 
dairy products.

If we had run these simulations over a longer time period 
it is likely that NZ milk production would show a greater 
decline as farmers adjusted herd numbers but milk 
prices would fall somewhat less resulting overall in a 
greater decline in export revenues than those described 
above. 

Modelling limitations

The scenarios model a sudden shock in 2030 as this 
tends to be the pattern that disruptive technology 
follows. The pattern is known as an S-curve: a long slow 
tail as products develop, facilities and supply chains are 
built and then rapid, accelerated growth. This is not the 
only way that a scenario could play out, but considering 
investment acceleration and price announcements 
(where available) and production scaling (like that of 
Geltor)251 this is a plausible growth trajectory. 

The three scenarios only modelled commodity milk 
powder disruption, and did not consider constrains on 
other conventional dairy product (e.g. cheese production), 
meaning that, within the model, cheese production 
will increase to meet demand. However, there are 
practical constraints on how much, and how quickly, the 
New Zealand dairy sector could pivot production to other 
products (we do not have good information on these 
constraints). This also presents a challenge in that this 
scenario models a reduction in commodity milk powder, 
but there are producers working on precision fermented 
casein for cheese, which means that cheese could also 
be disrupted. 

An additional scenario was run which modelled 
constrained production based on estimates of maximum 
increases of 13% (SMP), 5% (cheese) and 7% (butter). 
This resulted in a 31% drop in milk price, an 8% drop in 
New Zealand milk production and a 32% drop in dairy 
export revenue. This shows that the impact could be 
much greater, depending on how constrained we are in 
pivoting to alternate products. 
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Low Impact or baseline scenario  
(3% reduction)

In the baseline, or low impact, scenario precision 
fermented milk powder replacements fail to enter the 
market in any substantial way. As with cultured meat, a 
failure to gain regulatory approval, or an unwillingness 
from consumers to purchase foods containing precision 
fermented ingredients, would cause this scenario to 
eventuate. In addition, a failure to resolve any of the 
major challenges for key target products could also 
lead to this outcome. For example, even with regulatory 
approval and consumer willingness to adopt, an inability 
to adequately characterise, and therefore efficiently 
produce the targeted milk proteins, would leave WMP 
and SMP safe from disruption. 

Moderate impact scenario (30% reduction)

The moderate impact scenario describes a 30% 
reduction in conventionally produced WMP and SMP 
consumption globally, driven by uptake of precision 
fermented alternatives. This scenario assumes sufficient 

approvals for precision fermented dairy products to 
account for 30% of global consumption, and a significant 
number of consumers willing to switch at least part of 
their diet to precision fermented products. 

While these factors are necessary to cause an impact, 
they are not enough – most other factors would have to 
make significant ground in order for the 30% reduction 
scenario to eventuate. There are different means to the 
same end: a small number of major precision fermented 
milk importers, for example, would need to bring 
facilities on-line and start producing, or, a large number 
of small countries would need to bring an equivalent 
volume of precision fermentation production on-line. 

Consumer uptake potentially rests on either precision 
fermented alternatives being cheaper than conventional 
products but having other negatives, or, if prices remain 
marginally higher, that the alternatives can demonstrate 
strong environmental credentials. Challenges around 
capital costs and microbial strains that can efficiently 
produce desired target products would also need to  
be met. 

Table 8: Low, moderate and high impact scenario analysis

Unit

Baseline/ low 
impact scenario SMP/WMP demand shock (30% reduction) SMP/WMP demand shock (60% reduction)

actual change actual change % change actual change % change

World Reference Prices
WMP US$/T 3621.7 3001.9 –17 2268.3 –37

SMP US$/T 3371.0 2244.7 –33 1009.2 –70

Butter US$/T 4599.7 5344.3 16 5919.7 29

Cheese US$/T 4545.4 4618.9 1.6 4643.8 2

New Zealand
NZ milk price NZ$/T 560.8 499.9 –11 417.78 –26

NZ milk production kt 22233.8 21634.6 –3 20727.1 –7

NZ WMP exports kt 1546.5 1322.8 –14 894.9 –42

NZ SMP exports kt 413.7 456.7 10 542.8 31

NZ butter exports kt 462.7 473.7 2 499.8 8

NZ cheese exports kt 336.5 403.3 20 538.8 60

World

WMP consumption kt 5944.8 4190.4 –30 2242.0 –62

WMP exports/imports kt 2903.0 2596.5 –11 2203.6 –24

SMP consumption kt 5228.0 3773.0 –28 2088.0 –60

SMP exports /imports kt 3059.0 2573.8 –16 1923.2 –37

Butter consumption kt 14283.0 14209.0 –0.5 14138 –1

Butter exports /imports kt 1145.0 1096.0 –4.3 1055.0 –8

Cheese consumption kt 27613.0 27425.0 –0.7 27251 –1

Cheese exports/imports kt 3857 3834 –0.6 3831 –1
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High impact scenario (60% reduction)

The high impact scenario, resulting in a 60% reduction 
in global WMP and SMP consumption, driven by 
precision fermented alternative product uptake, relies on 
overcoming most, if not all, of the identified challenges: 
cheap feedstock options, multiple large-scale production 
facilities, and well characterised strains and target 
products that can be efficiently cultured and extracted.

Again, the two principal assumptions from the moderate 
scenario would need to be in place: sufficient approvals 
to sell precision fermented products and a significant 
number of consumers willing to switch at least part 

of their diet to products including precision fermented 
ingredients – or are agnostic as to the source of 
ingredients. 

While these factors are necessary, they are not sufficient 
for a 60% reduction. To capture a large section of 
the market, precision fermentation would need to 
convincingly achieve price parity, as well as demonstrate 
safety, sustainability, and nutritional credentials. In 
addition, either most major importers, or major food 
producers and many of the smaller ones, would need to 
switch to precision fermented ingredients across a large 
proportion of their product ranges.

Table 9: Summary of assumptions

Factor What would we have to assume for the 
low impact scenario to develop?

What would we have to assume for mid 
impact scenario to develop?

What would we have to assume for the 
high impact scenario to develop?

Novel food regulations Either:
• very few countries approve new strains 

for development or importation, 
hindering research; or,

• very few countries approve new precision 
fermented target products for human 
consumption.

Either:
• several small countries approve new 

strains for development or importation 
and new precision fermented target 
products for human consumption; or,

• a small number of major milk importers 
(China, Russia, Mexico) approve new 
strains for development or importation 
and new precision fermented target 
products for human consumption; and,

• there are only a small number of 
applications by precision fermentation 
companies.

Either:
• most countries approve new strains for 

development or importation and new 
precision fermented target products for 
human consumption; or,

• there are many applications by precision 
fermentation companies.

Consumer uptake • Very few consumers are willing to eat 
foods containing precision fermented 
products; and,

• labelling requirements ensure that 
consumers are aware when precision 
fermented equivalents are included as 
ingredients.

Either:
• many consumers are willing to try 

precision fermented products, but most 
do not switch; or, 

• only a small number of consumers are 
willing to precision fermented products, 
but most of those that do, switch; or,

• consumers are generally unaware of 
precision fermented products used as 
ingredients in common foodstuffs.

Either:
• many consumers are willing to try 

precision fermented products, and many 
switch; or,

• consumers are generally unaware of 
precision fermented products used as 
ingredients in common foodstuffs.

Consumer willingness 
to Buy

Either:
• precision fermented products are 

similarly priced to conventional dairy 
equivalents, but have other downsides 
(environmental impact the same 
or worse, nutritional value is lower, 
perceptions of unnaturalness remain a 
barrier); 

• or,
• precision fermented products are more 

expensive than conventional dairy 
equivalents, and have other downsides 
(environmental impact is only marginally 
better, nutritional value is lower, 
perceptions of unnaturalness remain a 
barrier).

• Precision fermented products make 
significant headway into consumer diets 
on a regular basis either at the bulk, or 
high value end of the market: 

• the products are cheaper, or similarly 
priced to conventional dairy equivalents, 
but have other downsides (environmental 
impact is only marginally better, the 
same or worse, nutritional value is lower, 
perceptions of unnaturalness remain a 
barrier); or,

• products are marginally more expensive 
than conventional dairy products, but 
higher income consumers are willing 
to pay for it due to its upsides (Lower 
environmental impact, improved animal 
welfare, higher nutritional content).

Precision fermented products take 
significant market share in both premium 
and bulk products, and precision 
fermented products are cheaper or 
similarly priced to conventional dairy 
equivalents, and have upsides (lower 
environmental impact, improved animal 
welfare, higher nutritional content).

Environmental and 
climate regulation

Either:
• environmental regulations only slightly 

increase pressure on conventional 
farming and precision fermentation 
is unable to demonstrate a lower 
environmental impact; or,

• technological mitigations and practice 
changes come online that reduce the 
environmental impact of conventional 
farming.

Either:
• environmental regulations only slightly 

increase pressure on conventional 
farming as precision fermentation is 
able to demonstrate a marginally lower 
environmental impact; or,

• environmental regulations equally 
impact on conventional and precision 
fermentation as precision fermentation 
is unable to demonstrate a lower 
environmental impact.

Environmental regulations increase 
pressure on conventional farming as 
precision fermentation can demonstrate a 
lower environmental impact.
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Factor What would we have to assume for the 
low impact scenario to develop?

What would we have to assume for mid 
impact scenario to develop?

What would we have to assume for the 
high impact scenario to develop?

Geopolitics Either:
• very few countries bring precision 

fermentation production facilities online, 
beyond pilot scale programmes; and,

• countries rely on reduced dairy 
consumption, or increased domestic 
production to reduce food security 
concerns; or,

• imported food remains at similar or 
increased levels.

Either:
• a small number of major importers 

(China, Russia, Mexico) bring some 
domestic production of precision 
fermented dairy online, to reduce their 
reliance on conventional dairy; or,

• several smaller importers bring some 
domestic production of precision 
fermented dairy online to reduce their 
reliance on overseas imports; or,

• several smaller importers (Singapore) 
shift primarily to domestic production of 
precision fermented dairy to reduce their 
reliance on overseas imports; or,

• a mix of these three.

Several major importers (China, Russia, 
Mexico) bring significant domestic 
production of precision fermented 
dairy online to reduce their reliance on 
conventionally produced products.

Commercial pressures Very few, if any major food producers bring 
precision fermentation production facilities 
online, beyond pilot scale programmes, 
and products are not in market.

Either:
• a small number of major food producers 

(Nestlé, Danone) bring their precision 
fermentation facilities online, and include 
it as an ingredient in some products; or,

• several smaller food producers switch 
some of their products to be based on 
precision fermented dairy ingredients; or,

• a few smaller producers focus solely 
on precision fermented dairy-based 
products; or,

• a mix of all three; and,
• fast food restaurants (Starbucks) include 

precision fermented dairy in their 
product offerings.

Several major food producers (Nestlé, 
Danone) bring their precision fermentation 
facilities online, and significantly shift 
product lines to include it.

Alt-protein price parity 
with conventionally 
farmed proteins

Either:
• precision fermented products are 

similarly priced to conventional dairy 
equivalents, but have other downsides 
(environmental impact is only marginally 
better, nutritional value is lower, 
perceptions of unnaturalness remain a 
barrier); or,

• precision fermented products are more 
expensive than conventional dairy 
equivalents, and have other downsides 
(environmental impact is only marginally 
better, nutritional value is lower, 
perceptions of unnaturalness remains a 
barrier).

Either:
• precision fermented products 

are cheaper, or similarly priced to 
conventional dairy equivalents, but 
have other downsides (environmental 
impact is only marginally better, the 
same or worse, nutritional value is lower, 
perceptions of unnaturalness remain a 
barrier); or,

• precision fermented products are 
marginally more expensive than 
conventional dairy products, but higher 
income consumers are willing to pay for 
it due to its upsides (lower environmental 
impact, improved animal welfare, higher 
nutritional content).

Precision fermented products are cheaper 
or similarly priced to conventional dairy 
equivalents, and have upsides (lower 
environmental impact, improved animal 
welfare, higher nutritional content).

Technical barriers There is limited progress in developing and 
characterising new strains that produce key 
target products outside research settings. 

Knowledge can be expanded to a small 
number of strains and key target products, 
but they are well characterised, and able to 
be cultured and extracted efficiently.

Knowledge can be expanded to many 
strains and key target products, that are 
well characterised, and able to be cultured 
and extracted efficiently.

Scaling of facilities Precision fermentation production facilities 
remain expensive, and constraints on 
capital limit the ability to scale.  

Either:
• a small number of larger precision 

fermented dairy producers are able to 
scale to massive production facilities; or,

• a several small precision fermented dairy 
producers are able to bring production 
facilities online, and scale them to 
moderate sizes; or,

• some combination of these two.

• Several larger precision fermented dairy 
producers are able to scale to massive 
production facilities; or,

• a significant number of small precisions 
fermented dairy producers can bring 
production facilities online, and scale 
them to moderate sizes; or,

• some combination of these two.

Availability of operating 
inputs

Key ingredients remain in limited supply, 
and costly.

Either:
• key ingredients can be manufactured 

more readily; or,
• strains are developed that don’t require 

rare ingredients.

Either:
• key ingredients are able to be 

manufactured more readily; or,
• strains are developed that don’t require 

rare ingredients.
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The key purpose of ‘WELL_NZ: Alternative Protein 2022 
is to better understand the plausibility of disruption to 
New Zealand’s key export products from alt-proteins. Te 
Puna Whakaaronui has assessed that plausibility, given 
the available evidence discussed through the report so 
far and developed a view. We readily acknowledge that 
the evidence base is far from complete, and crucially, 
plausibility does not necessarily mean ‘guaranteed’. 

Currently most reports and datasets have reasonable 
projections out to 2030, so this date was chosen for 
modelling. However, the date itself is not particularly 
significant, for alt-proteins to scale-up and take a 30% 
market share in eight years’ time is highly unlikely. 
Supply chains are still being developed, pilot-scale 
production facilities are still being built and scaled up. 
Strains are still being characterised. There would need 
to be consistent, accelerated progress to meet the 2030 
projection, and everything would have to go ‘right’ from 
an alt-protein perspective. 

Discussion and research into the plausibility of alt-
proteins taking market share does not mean that 
what is possible will actually eventuate. If it does, we 
might not see significant change for a decade or more. 
However, it is prudent to take these technologies 
seriously. Te Puna Whakaaronui’s view is that 
New Zealand needs to develop a national position on alt-
protein – are they friend or foe, threat or opportunity? 
A strategy needs to be developed soon – otherwise 
we may miss out on an opportunity and be too late 
to manage the impacts of global alt-protein industry 
growth. 

What does this mean  
for meat?
On balance, Te Puna Whakaaronui’s view is that there 
is a great deal of evidence supporting the plausibility 
of cultured meat and precision fermentation claiming 
some market share by 2030. There are a great many 
challenges and aspects that could fail to eventuate. 
But there is sufficient evidence of rapid progress that 
the prospect of cultured meat holding some market 
share cannot be dismissed. That said, the pathway to 
disruption of 30% of the market is steep and would 
require an ideal, and rapid, development scenario for 
cultured meat. A 14% disruption is much more plausible, 
as there are several pathways, which do not depend on 
the resolution of all the identified challenges. 

Novel food regulations

Well-functioning novel food regulation is critical 
to enable cultured meat to be brought to market. 
Sufficient applications will need be submitted and 
approved in New Zealand, but this eventuality is entirely 
plausible as pressure builds globally. Singapore has 
set the precedent, and the Netherlands has approved 
cultured meat for human consumption in controlled 
environments. Both the UK and China have signalled an 
intention to consider cultured meat. The EU explicitly 
includes animal cell cultures in their novel food 
regulations. The US and New Zealand both consider 
their regulations to already be sufficiently capable of 
regulating cultured meat products. 
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Te Puna Whakaaronui is only aware of a small number 
of applications for cultured meat sale in any jurisdiction 
other than Singapore. Future applications are likely to 
take at least twelve months. However, assuming that 
products are able to be produced at a sufficiently low 
price point, and capital continues to flow into cultured 
meat firms to keep them viable in the interim, there 
is no reason why well-funded firms would not seek 
regulatory approval to sell cultured meat products. 

Consumer willingness to try

Surveys of consumer willingness to try cultured meat 
tend to indicate high acceptance of the new products. 
However, there are exceptions, with very mixed results 
from the US for example. Overall, consumers indicate 
that they are likely to at least try cultured meat, and 
consumers in the major importing countries of US, 
China, Japan, South Korea and Hong Kong, indicate 
openness. Except for one study in the Netherlands, 
there is no clear evidence of how much this will 
eventuate into actually trying cultured meat. But it is 
plausible that a significant proportion of the population 
would do so. 

This means that if cultured meat makes it to the 
supermarket shelves, the main barriers to consumer 
uptake are likely to be factors other than a conceptual 
distrust of the unnaturalness of cultured meat. There is 
no evidence to support an en masse consumer switch to 
cultured meat however, at least in the near term. 

Consumer willingness to buy

Consumers may be willing to try cultured meat out 
of curiosity and novelty. However, the only way for 
cultured meat to plausibly take market share is if 
consumers are willing to incorporate it into their diet 
on a regular basis. As with willingness to try, evidence 
on willingness to buy is limited. What evidence is 
available indicates that consumers would be willing 
to buy cultured meat if it was either cheaper than 
conventionally produced meat, or more expensive 
but with additional benefits such as environmental 
sustainability and animal welfare friendliness. 

This potential acceptance widens the margin within 
which cultured meat prices can operate compared 
to conventionally produced meat. However, the 
alternatives would still need to either achieve a similar 
price and robustly demonstrate their environmental 

credentials – or achieve lower costs. Cultured meat 
would need to taste good, regardless of the price 
point. Consumer tasting sessions indicate that some 
cultured meat passes the taste test, with some products 
indistinguishable from conventionally farmed ones. 
Therefore, consumer willingness to buy is plausible but 
relies on progress being made in some areas.

Environmental and climate regulation

In order to plausibly achieve some market share, 
cultured meat will need to demonstrate that it either 
holds: 

 • comparable, or marginally worse, environmental 
credentials to conventionally farmed meat; as well as 
lower prices; or

 • better environmental credentials. 

Given current consumer pressures towards 
sustainability it is not plausible that cultured meat 
could gain any meaningful market share if it was both 
more expensive, and worse for the environment than 
conventional farming. In order to plausibly achieve a 
much larger market share (such as the 30% scenario), 
cultured meat will need to be both cheaper, and more 
sustainable, as neither the premium products market, 
nor the low-cost market are large enough on their own. 

It also remains to be seen how much global competition 
towards more sustainable farming practices and 
technologies (nitrogen monitoring, methane mitigation, 
nutrient management) will alter the environmental 
footprint of conventional farming. There is a high 
level of uncertainty as countries impose more 
restrictive climate and environmental commitments 
on conventional farming. The degree to which these 
regulations will impact on costs, whether they will differ 
for cultured meat and how they will shift the price point 
that cultured meat would need to reach, are unknown.

Geopolitics

To plausibly take global market share, it will not 
be enough for only one country, even a major meat 
importer like China, to develop cultured meat capability. 
The greater the degree of disruption, the greater the 
number of countries will need to develop this capability 
in order for these scenarios to be plausible. But for 
New Zealand, if a major meat importer such as China 
were to develop that capability, and reduce meat and 
dairy imports, the impact would be significant. It is 
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not immediately obvious where new or existing export 
markets are for New Zealand.

A key driver of alt-protein development is likely to be 
global food security. Supply chain disruption has been 
exacerbated by the COVID-19 pandemic as well as the 
Russia-Ukraine war. For many food insecure countries 
– and many previously food secure countries, policy has 
focused on reducing meat consumption and shortening 
supply chains by buying local. For major meat importers 
this strategy is unlikely to adequately meet domestic 
demand. 

Te Puna Whakaaronui’s view is that food insecurity 
is likely to increase the incentive on these states to 
develop domestic cultured meat production. This 
alternative could be substituted for imported meat, 
shorten supply chains and allow a policy focus on 
supporting domestic conventional farming to meet local 
demand. 

We are already seeing movement in this direction, with 
the US, UK, EU, Singapore and China actively investing 
research funding into cultured meat, policy initiatives 
to reduce meat consumption in the UK and China, and 
clear pushes towards ‘buy local’ in many jurisdictions. 

Commercial pressures

Te Puna Whakaaronui believes that, in principle, 
cultured meat could enter the market through a small 
number of categories such as fast food, and take 
majority market share in those categories. However, the 
only plausible way for cultured meat to take a significant 
market share would be for it to enter multiple market 
segments: budget, fast food, and premium products. It 
would probably need to extend into structured products, 
such as cuts of steak.

This sort of a shift would have significant impacts 
through the value chain. A reduction in conventional 
ground beef consumption, for example, doesn’t just 
impact on ground beef but also on premium cuts and 
on dairy production. Entering multiple market segments 
would require not just several small producers to 
scale-up, but also large food production and distribution 
companies to be involved. With major producers like 
Tyson Foods and Nestlé already actively investing in 
cultured meat and bringing their distribution channels 
and relationships to bear, cultured meat taking a 
significant market share becomes more plausible. 

Price parity

Price parity remains one of the biggest challenges 
in bringing cultured meat to market and plausibly 
taking market share. As noted earlier in this report, 
production cost information is based on either public 
announcements (limited transparency) or techno-
economic analyses (TEAs), which tend to rely on limited 
publicly available data. Neither of these sources provide 
much insight into the trajectory of the cultured meat 
cost stack. It is worth noting that the (announced) 
cultured meat companies’ price points are rapidly 
approaching, or exceeding, the best case, plausible, cost 
scenarios described in the TEAs.

Culture media is the most significant cultured meat 
production cost – reducing it is necessary to achieve 
price parity with conventional meat. It is possible that 
most of the recorded gains by cultured meat companies 
have been made by reducing media costs. However, 
now prices at the cutting edge of production are so low 
that it is highly unlikely to be the sole reason. Additional 
price reduction gains are probable due to progress 
against other technological challenges.252 It is possible 
that some technical challenges, such as improving cell 
density, prove too difficult to overcome at a low enough 
threshold. However, based on current progress Te Puna 
Whakaaronui believes that price parity is plausible, 
particularly if costs continue to fall at their current rate, 
scale begins to grow and emulate the patterns that 
we have seen for other cheap food commodities being 
produced at massive scale. 

Technical barriers 

Technical barriers are difficult to assess for plausibility 
as much of the information is closely guarded by 
cultured meat producers; alongside this, issues are 
technical and specific. The priority challenge – cheaply 
available culture media (and additionally the use of non-
foetal bovine serum (FBS) culture media) – has had the 
most scrutiny and has demonstrated the most public 
progress.

Several companies have announced that they no longer 
rely on FBS and have been able to reduce their culture 
media cost by as much as 88%. When these companies 
are producing their own culture media at commercial 
scale, they will see significant, massive efficiencies and 
further cost reductions. Academic research shows some 
promising alternatives to FBS. 
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The challenge of a limited number of adequately 
characterised cell lines is a time and effort issue 
rather than a technical barrier. Good progress is being 
made with commercial and research cell banks being 
built as a resource for the research and commercial 
opportunities they present. A diverse range of research 
projects are being funded and major companies are 
investing heavily. 

Similarly, literature studies show significant progress 
on improving genetic stability, optimisation of media 
consumption and developing immortal cell lines. It 
is not clear however, whether sufficient progress is 
being made on two of the more challenging aspects 
of cultured meat production: increasing both cell 
division rates and cell yield per batch. Price competitive 
cultured meat products will need to overcome these 
two barriers, as well as additional technical barriers. 

Overall, Te Puna Whakaaronui’s view, due to the 
concerted effort, investment and progress to date, is 
that overcoming culture media cost and other technical 
barriers is plausible – but it is not guaranteed. Given the 
current rate at which cultured meat producers claim to 
be addressing key constraints, achieving some market 
share in ten to fifteen years is not unreasonable. 

Scaling of facilities

Currently, scaling-up cultured meat production facilities 
relies on sourcing expensive equipment, which often 
has limited availability and usually needs tailoring to 
meet the needs of specific cell lines and production 
processes. Sterile food-grade equipment, as opposed 
to pharmaceutical-grade, needs developing. Scaling-
up is therefore constrained by two key things – access 
to sufficient investment to afford to scale-up, and the 
availability of key equipment. 

There is no doubt that scaling-up will be expensive. 
The Humbird TEA estimated around NZ$688 million per 
production line capable of producing 10,000 tonnes of 
meat per year. However, the greater the demand for 
cultured meat bioreactors, the more incentive there is 
for manufacturers to produce them, and the cheaper 
they become. Many current bioreactors are proprietary 
technology, up-scaling production via external 

manufacturers increases the economies of scale that 
can be achieved. These two metrics are mutually 
reinforcing.

Scaling-up has begun, Upside Foods, for example, are 
moving from a 23 tonne per year facility, to a 180 tonne 
per year facility. Bioreactors are getting larger and 
more businesses are developing ‘bioreactor services’ 
production models. There is also sufficient capital 
investment flowing, at an increasing rate, to support 
scale-up. 

It is not clear how quickly production can scale-up, this 
is dependent on investment and manufacturing capacity. 
Given the current trajectory of capital investment, 
including massive institutional investment in the Middle 
East, Te Puna Whakaaronui believes we will plausibly 
see signs of scaling-up within ten to fifteen years.

Availability of operating inputs

Aside from capital, the two major cultured meat input 
costs are labour and culture media. Skilled labour, 
particularly to scale and operate these technologies, 
continues to be a significant constraint. While the 
industry needs a volume of trained people to support 
growth labour market, talent recruitment and retention 
constraints will be quite different from those faced by 
conventional food producers. Cultured meat production 
facilities can be located inside cities and the biological 
manufacturing skills already available in existing food 
manufacturing and pharmaceutical production. 

The other factor, culture media, has been touched on 
earlier in regard to foetal bovine serum, but there are 
also other ingredients in culture media that are costly, 
rare, or both, and they need to be food safe. For some, 
there is simply a need to scale-up manufacturing 
in line with demand, for others there is a need to 
find alternatives or cheaper production methods. 
Evidence of promising research into all of these can be 
demonstrated, and interestingly, precision fermentation 
is being used to produce some ingredients – such as 
albumin. Once again, while there is insufficient evidence 
to be certain of when and to what degree culture media 
can be produced cheaply and in large quantities, it is 
plausible. 
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What does this mean  
for dairy?
Cultured meat still faces significant technological 
boundaries, but the work to deliver precision 
fermentation is mostly investment, time and effort. 
While there are technical challenges, novel, exciting 
science is being done, for example: 

 • to develop feedstocks from new sources;

 • re-characterising by-products that would have 
become waste to as valuable input; and

 • seeing how far we can push the creation of target 
products. 

However, the bulk of the work to develop cost effective 
products is less about breakthroughs, and more 
about putting in the hard work to develop strains and 
characterise them, and then continually, incrementally 
optimise production, extraction, and purification. 

Te Puna Whakaaronui’s view is that by 2030-35 it is 
plausible that there will be milk powders produced by 
precision fermentation on the market, and able to be 
sold in commodity ingredient quantities. They may not 
have reached 30% disruption (the timeframes to scale-
up that much will be very tight). We are not aware of 
any precision fermentation businesses that are working 
explicitly on developing a milk powder substitute. 
Instead most precision fermentation work is focused on 
consumer products (cheese, ice cream, yoghurt). The 
main producer, focusing on ingredients for business-to-
business sales, Perfect Day, is focused on whey protein. 
While Israeli company Remilk has recently announced it 
is scaling up its facility to the equivalent of a 50,000-cow 
production facility, they are similarly aimed at producing 
consumer products like cheese, yogurt and ice cream. 

In less than a decade, Perfect Day, has moved from 
research to providing ingredients for a range of 
products already on the supermarket shelf, and is 
working on scaling-up. Remilk was founded in 2019 
and is making rapid progress. Where plant-based milks 
lack the nutrient density of cow’s milk, and as we have 
seen in recent years, begin to compete with each other 
for market share, precision fermented milk is simply a 
different way to produce cow’s milk.

It is plausible that conventional product markets will be 
disrupted within a ten to fifteen year time horizon. Could 

disruption reach 30% or 60%, or will that take a bit 
longer? No-one knows. But it is not plausible to assume 
that it simply cannot happen. 

Novel food regulations

Bringing precision fermented dairy to market depends 
on a well-functioning novel food regulatory system. 
However, unlike cultured meat, there are many 
precision fermented products already on the shelves. 
Where a product has already been consumed for a long 
period of time (such as rennet in cheese), approval to 
produce a precision fermented equivalent should not 
prove difficult. New Zealand, for example, already has 
three precision fermented products able to be sold for 
human consumption, but exporting precision fermented 
ingredients, particularly given they are often classed as 
genetically modified, is a major challenge. 

For hopeful domestic producers however, rather 
than the target product, the key regulatory constraint 
for precision fermentation is the microbial strain 
being used to produce it. Often the strain needs to be 
imported through a time consuming and costly process, 
or it needs to be developed which generally involves 
genetic engineering, or both. 

Approvals are generally attached to a specific strain not 
the business applying for it, putting a cost burden on 
the original applicant and allowing for others to uptake 
development without making an import investment. 
Despite this, many companies are active in this space 
and have gained regulatory approval for production 
strains. While target products are fewer, they are being 
approved -some, such as Perfect Day’s whey protein, 
have been granted ‘Generally Recognised as Safe’ 
status in the US. 

While there are time and cost challenges in going 
through the process, and undoubtedly improvements 
that could make regulatory systems more efficient, 
there is no plausible reason to believe that existing 
regulation will impede the development of precision 
fermented dairy.

Consumer willingness to try

Survey evidence of consumer willingness to try 
precision fermented dairy products is limited, 
however, precision fermented products are already on 
supermarket shelves – a strong indicator of consumer 
behaviour. Over 80% of the world’s rennet, used 
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in cheese production, is precision fermented, as is 
vanilla essence. Yet there seems to be little consumer 
awareness or concern, perhaps demonstrating an ‘out 
of sight, out of mind’ approach or a lack of knowledge. 

Consumer surveys report distrust of genetically 
modified food, however, most of the world’s corn and 
soy beans are, in fact, genetically modified. While much 
of this supply is destined for animal food, some makes it 
into the human food chain – very few consumers query 
where the corn-starch, corn-syrup, or soybean oil in 
manufactured products comes from. Likewise, there 
is little concern about the use of products that contain 
canola oil and white granulated sugar which are largely 
derived from genetically modified crops.253

Although consumers may hesitate to try structured 
products (like cheese) bearing a ‘GE’ label, foods with 
precision fermented ingredients, particularly business-
to-business commodity level ingredients, are unlikely to 
raise much consumer concern. Furthermore, precision 
fermented products in the form of Perfect Day whey 
protein, are already being consumed. If, for example, 
Nestlé changed its source of milk powder, very few 
consumers, if any, would notice – unless labelling 
requirements made the change obvious. 

Future labelling requirements are uncertain, but, if 
all precision fermented products were required to 
be labelled as genetically engineered products, then 
all cheese produced using synthetic rennet would as 
well (80% of global production). Precision fermented 
products could potentially seek to use labels such 
‘slaughter free’, and if they are able to demonstrate 
their climate credentials, then also lean on that as part 
of their labelling narrative. 

In summary, it is unlikely that conventionally farmed 
products could rely on potential consumer aversion 
to genetic engineering to prevent consumer uptake of 
precision fermented foods. 

Consumer willingness to buy

Where survey evidence was available, it indicated that 
consumers were generally willing to buy products 
containing precision fermented ingredients. Data 
included current dairy consumers and identified that, 
while vegan cheese has never properly captured 
the taste and function of conventional cheese, the 

alternative allows a continuation of cheese eating with a 
reduction in animal product intake. 

Given that precision fermented product taste is unlikely 
to be a hurdle, as these products have the same 
proteins and fats as conventional foods, its plausible 
that the main barriers to consumers incorporating 
precision fermented structured protein, such as cheese, 
into their diet is likely to be cost and the sustainability 
credentials of the products, rather than consumer 
aversion to the products themselves. 

Precision fermented products also have an advantage 
over conventional dairy in that they tend not to have the 
same level of biological variability of end product. Dairy 
products, while generally considered to be commodity 
goods, do still demonstrate a great deal of variation 
between producers – consumer preferences drive 
whole research divisions within these organisations. 

Consistency was one of the drivers of synthetic 
rennet uptake as a food ingredient, and chemically 
defined serums have demonstrated similar patterns of 
improved predictability. But precision fermentation is 
able to produce far more consistent products. 

Environmental and climate regulation

Precision fermentation and cultured meat face similar 
environmental challenges, as do conventional dairy 
and meat production. Unsurprisingly, this means that 
consumers would need precision fermented products 
to be cheaper and have comparable environmental 
credentials- or better credentials if the product is 
marginally more expensive. To plausibly take a large 
market share, precision fermented product would need 
to be both cheaper, and more environmentally friendly. 
However, that dynamic could potentially shift in the 
price sensitive business-to-business ingredient sales 
market, where small changes in price can mean large 
cost changes overall. 

Both precision fermentation and conventional 
farming will be impacted by the degree to which 
precision fermentation can robustly demonstrate 
its environmental credentials and further climate 
and environmental regulations impact on the cost of 
production. 

It remains to be seen how much the global competition 
for greater sustainability in farming practice, and 
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the use of new technologies (nitrogen monitoring, 
methane mitigation, nutrient management), will alter 
the environmental footprint of conventional farming. 
Whether this differs for precision fermentation and how 
this shifts the price point that precision fermentation 
would need to reach create a high level of uncertainty, 
relies very much on the relative environmental 
credentials. 

Geopolitics

As noted previously, food security and geopolitics are 
likely to be key drivers of alt-protein development in 
many states. Te Puna Whakaaronui expects this to 
play out through attempts to shorten supply chains, 
reduce consumption and support domestic producers. 
Precision fermentation is likely to be less of a risk to 
fresh milk, which typically has shorter supply chains, 
and is less often exported. Instead, it presents more of a 
risk for structured products like cheese, and commodity 
ingredients such as milk powder and protein powder 
which tend to be shipped further and stored longer. 
At the same time, the current dynamic of high dairy 
costs, while good for farmers, increases the incentive 
on states to develop products with less volatile prices. 
The highly variable prices incentivise production of, for 
example, casein to be produced from alternate sources. 

As with cultured meat, although China could make a 
significant impact on global markets should it choose 
to adopt precision fermented milk powder substitutes, 
this will not be enough to reach even the moderate, 
30% market impact scenario, given China imports 
only 25% of globally traded dairy products. Reaching 
a 30% market share would need several countries, or 
several large multi-national food producers, to have 
incorporated precision fermented dairy into their supply 
chain and products. In order to achieve the 60% market 
disruption scenario, we would have to assume that 
a rapid change had occurred and most states have 
embraced precision fermentation for the bulk of their 
protein needs.

Commercial pressures

One of the biggest question marks over precision 
fermentation taking a reasonable market share, is 
whether it will be led by large firms that buy large 
quantities of commodity ingredients to manufacture 
consumer products en-masse, or smaller boutique firms 

that create direct-to-consumer products. The crucial 
difference is that consumer products will be subject to 
the whims of consumer preference, whereas commodity 
ingredients will primarily be driven by price. In the 
business-to-business commodity ingredient market, 
precision fermentation has more room to move in 
relation to factors such as environmental credentials, as 
long as it can achieve lower prices. 

While there are many factors at play, input price plays 
the most significant role. Consider that many major food 
producing firms have sustainability and environmental 
policies in place, yet palm oil, a cheap ingredient in 
some chocolates is still in use, despite the fact that 
it is generally considered an unsustainable product. 
While fewer companies now use it due to consumer and 
global pressure, and others are phasing it out, it is still 
used because of its low price. Precision fermentation 
may be able to demonstrate its improved environmental 
credentials relative to other ingredients (and there 
is evidence on some metrics that it already has) but 
only by achieving the same or lower price, on a more 
predictable basis, will large food manufacturers help 
accelerate its up-take. 

It is plausible to assume that there will be a market for 
precision fermented products, but on a smaller scale. 
If precision fermented dairy products do not achieve 
comparative or lower prices, and are demonstrated 
to be environmentally worse, then they will be highly 
unlikely to claim much market share.

Price parity

Other than research and development, precision 
fermentation’s primary cost drivers are capital 
(bioreactors) and feedstock (sugar solution). Bioreactors 
are commonly produced for either industrial or 
pharmaceutical purposes, which makes them large but 
not always suited to food-grade production, or small. 
Bioreactors also need to be tailored to the microbial 
strain to be cultured and the target product to be 
extracted and processed. In addition, while the microbial 
strain does not form part of the final product, in order to 
maintain food safety, the strain needs to be removed in 
a way that doesn’t impact the target product and leaves 
minimal trace of the strain behind. 

Achieving price parity with conventional protein will 
rely on the cost of bioreactors coming down, which 
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relies on demand for bioreactors going up. Similarly, 
while the sugar (or other carbon source) in the 
feedstock is usually comparatively cheap, the feedstock 
contains other ingredients, such as simple proteins 
and enzymes. These are often tailor-made produced 
in small quantities and therefore expensive. As with 
bioreactors, as demand increases, these ingredients 
will be produced in greater quantities with associated 
economies of scale. Research is underway to test 
alternative feedstock sources and to make use of 
often wasted by-products from other food production 
processes, which will also contribute to cost reduction. 

In terms of the plausibility of price parity, there are 
already many precision fermented products that 
are produced in this way and present lower cost 
alternatives to conventionally product. At the same time, 
there are many precision fermented products that are 
very expensive. Only time will tell whether the specific 
mix of proteins needed to replicate milk will achieve 
cost parity but, given the available evidence, we cannot 
assume that they will not. 

Technical barriers

Bringing a precision fermented food to market has a 
number of technical barriers to surmount:

 • identifying and selecting the target product;

 • selecting and developing the right strain of micro-
organism; 

 • developing the right feedstock;

 • customising and scaling bio-processing; and,

 • building recipes to formulate end products. 

These processes involve significant amounts of time, 
effort and funding, but none of them are plausibly 
insurmountable. Characterising a microbial strain can 
take 12-18 months, but there are many researchers, and 
many producers focused on this. There is also a rich 
research background to draw on, commercial processes 
in place and commodity level ingredients being 
produced. Developing feedstock relies on characterising 
strains well, and trialling alternatives. Extracting and 
refining target products at commercial scale is tricky, 
formulating end products is currently a constraint for 
consumer product development

Scaling of facilities

As with cultured meat, the key constraints to scaling 
production are access to capital to fund the scale-up 
and availability of sufficiently customised, food grade 
equipment. Once again, significant amounts of capital 
is currently available to enable precision fermentation 
scale-up, and the volume has been rapidly increasing 
year on year. Further to this, as demand for expensive 
equipment increases, it is reasonable to assume that 
manufacturing will pivot to meet that demand, and 
costs will fall. The rate of scaling will naturally be a key 
constraint, and reliant on multiple factors, However, we 
cannot assume that facilities will not be able to scale. 

Availability of operating inputs

Aside from capital, the two biggest input costs are 
labour and feedstocks. Unlike cultured meat, skilled 
labour is unlikely to pose a significant constraint, with 
recombinant and fermentation biology having been 
taught at universities globally for decades. Like cultured 
meat, production facilities for precision fermentation 
can be located inside cities, close to market and the 
skills required for various biological manufacturing 
processes are widely available in food manufacturing 
and pharmaceuticals. 

The other factor, feedstock, is an active area of 
research. Where ingredients are in short supply, 
work is underway to find cheaper alternatives, and 
research is promising. It is also reasonable to assume 
that increased demand is likely to lead to reductions 
in the price of key inputs and to the manufacture 
of an increased volume. In some cases, precision 
fermentation is being used to produce simple proteins 
that can then be used in a feedstock designed to 
produce more complex proteins. While feedstock needs 
are specific to the target products, and there will no 
doubt be emergent challenges, it is sufficiently plausible 
that as production scales-up, the operating inputs will 
be able to pivot to meet demand. 
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What are the next steps 
for this work?
Alternative Protein 2022 sets out to ground-truth 
publicly available information about alternative proteins 
and explore how some modelled scenarios could play 
out for New Zealand. Te Puna Whakaaronui hopes that 
this platform of understanding will enable the sector to 
form a view on the plausibility of alternative proteins 
and to continue the conversation about competitive 
food production technologies and the implications for 
New Zealand. 

Te Puna Whakaaronui’s believes that disruption to 
New Zealand’s conventional meat and dairy industry, if 
it occurs, won’t be total. The last two years has shown 
us that alternative proteins offer us an ‘and’ opportunity, 
one where conventional and modern foods – together – 
meet increasingly complex consumer needs. 

Limiting environmental impact is a focus for the primary 
industries sector, but the ‘how many cows’ conversation 
is obscuring a valuable discussion about opportunity. 
Work to mitigate on-farm environmental impacts and 
develop resilience in the face of climate change and 
other disruptions is essential to maintain domestic food 
supply and export capacity. But there are opportunities 
to develop niche modern foods, wellbeing and beauty 
ingredients to grow our food and fibre sector for the 
benefit of all New Zealand.

How New Zealand stakes out and maintains its value 
proposition alongside the development of a global and 
domestic alternative protein industry is a conversation 
we must have with some urgency. 
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Annex 2: Glossary of cellular agriculture terms
Acellular Non-living. Something that contains no living material. This includes molecules like proteins and 

fats. 

Acellular agriculture Acellular agriculture is a type of cellular ‘farming’. which produces non-living cells such as 
proteins or fat molecules. Cells are selected and cultured; the target product, the fat or protein 
molecule, is then isolated and extracted. These molecules are then formulated into, or included 
in, edible products.

Products harvested from cell culture are exactly the same as those harvested from animals 
or plants, the difference is how they are made. Examples include milk proteins (casein, beta 
lactoglobulin), vanillin and collagen. 

Adipocytes A type of cell found in adipose, or fat, tissue. Also known as fat cells.

Alternative protein A broad term to describe sources of dietary protein that are alternatives to conventional meat 
and dairy products. They include plant-based milk and meat, insects, cellular agriculture 
products, unconventional grains and novel crops. 

Cell bank A collection of cells stored in cryo conditions (at very low temperatures). 

Cell culture A process of growing cells (animal, bacteria or fungi) in a laboratory. Cells are first isolated from 
living tissue, then fed and proliferated under controlled conditions. 

Cell line Isolated/cultured cells that can grow in vitro (outside of the living organism) for an extended 
period. Cell lines generally have defined characteristics and are categorised as continuous, stem 
cell lines, or finite cell lines. 

Cell sourcing The process of isolating (primary) cells from an animal. 

Cell substrate A cell population that is used to manufacture biological products, such as proteins or vaccines. 

Cell-based meat Describes meat produced from animal cells using cell culture. 

Cellular agriculture Cellular agriculture is the process of producing agricultural products (proteins, flavours, animal 
cells) using cell culture. 

Cellular products Are products made of living or once living cells including products such as meat, wood, fur and 
leather. 

Co-cultures When two or more cell types are simultaneously cultured. 

Continuous cell line Are cells with an infinite capacity to double. They do not age (or age very slowly) and are also 
known as immortal cell lines. Typically, they are derived from tumours or embryonic tissues. 

Cryo Cold, typically referring to temperatures below 80 °C. 

Cryopreservation A process used to preserve intact living cells using low temperatures. 

Culture medium A liquid that cells live in and consume during culture outside of an animal. Also known as media. 

Differentiate The process of one cell type becoming another, usually involving specialisation. 

Diploid cell line Cell line that contains two complete sets of chromosomes. 

Feedstock A liquid that cells live in and consume.

Fibroblasts A type of cell found in connective tissues and skin.

Foetal bovine serum Abbreviated as FBS. A serum isolated from cow foetus that is traditionally used as a nutrient 
during cell culture. 

Finite cell lines Are cells that have a passage limit due to aging. 
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Food As defined in the Food Standards Australia New Zealand Act 1991; food is any substance or thing 
that is capable of being used for human consumption. Food encompasses live animals and 
plants. 

In vitro A term that describes lab processes in which the conditions differ from the normal biological 
environment. Cell culture is an in vitro process. 

IP Intellectual property – the ownership of knowledge 

Master cell bank Abbreviated as MCB. A cell bank produced from an initial cell batch at low passage level. 

Myocyte A key cell type in muscle tissue. 

Media A liquid that is fed to cells during tissue-engineering which contains a mixture of nutrients and 
growth factors including serum. 

Myofibril Structures within myocytes that are composed of actin, myosin and tropomyosin. They are 
responsible for muscle contraction. 

Myogenesis The process through which myocyte cells develop. 

Non-traditional food Is defined as a food that does not have a history of human consumption in Australia or 
New Zealand. 

Novel food As defined in Standard 1.5.1, under the Food Standards Australia and 

New Zealand Act 1991, a novel food means novel food means “a non-traditional food that requires 
an assessment of the public health and safety considerations”. 

Passage The process of subculturing cells into a new culture vessel to allow propagation and growth. Each 
subsequent transfer is called a passage. 

Patent A legally binding ownership of an invention. 

Poultry Chicken 

Primary cell culture Cells that are freshly sourced from an animal. 

Serum An essential ingredient for in vitro cell culture that contains essential molecules for cell 
metabolism including immunoglobulin, growth factors and hormones, binding and transport 
proteins, amino acids, vitamins, trace elements, fatty acids, lipids and protease inhibitors. It can 
be animal-derived or animal-free. 

Stem cell A type of cell that can mature into other cell types.

Stem cell line A continuous cell line generated from stem cells. Stem cells it can differentiate into several 
different cell types. 

Strain A genetically different bacteria, fungi or virus.

Tissue-engineering The engineering of cells in vitro to form functional structures including organs, scaffolds and 
tissues. 

Undifferentiated A term used to describe a stage in cells life where it can mature into other cell types. Similar to a 
child aging into an adult.

Working cell bank Abbreviated as WCB. A sub-bank produced from one or more vials of the MCB by serial expansion 
or passaging. 

Source: Office of the Prime Minister’s Chief Science Adviser.254
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