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Abstract - Intensive agricultural food production currently faces a number of serious challenges. These involve a variety of 
environmental, social, moral, and productivity issues which are likely to be exacerbated in the future as the planet’s 
population increases and the middleclass grows. A new technological process, cellular agriculture, offers some potentially 
solutions. However, cellular agriculture has the potential to be highly disruptive to the current agricultural sector and to 
economies in which agricultural production plays a significant role. New Zealand is one such economy. The New Zealand 
agricultural sector needs to start considering how it will be impacted by cellular agriculture and what it must do to adapt in 
order to survive this disruption. 
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I. INTRODUCTION 
 
The concept of technological disruption is generally 
attributed to Bower and Christensen [1],who made a 
distinction between sustaining technologies and 
disruptive technologies. Sustaining technologies 
“tend to maintain a rate of improvements; that is they 
give customers something more or better in the 
attributes they already value” (p.45).  Disruptive 
technologies “introduce a very different package of 
attributes from the one mainstream customers 
historically value” (p.45). Initially, the new disruptive 
technology may be inferior on the historical market 
valued attributes, or introduce new attributes not 
generally desired by existing markets, and therefore 
primarily be attractive to niche markets or for new 
applications and new markets.  
Christensen et al. [2]claim disruptive innovation can 
take hold in two different types of markets; niche 
low-end markets where a low cost good-enough 
product satisfies less demanding customers, and new 
markets where the innovation is targeted at a market 
that is not currently catered for. If the new technology 
makes very rapid gains in performance, either for the 
old valued attributes or for new applications, then the 
new technology has the potential to undermine and 
overtake the old technology, and in some cases, make 
it obsolete. Christensen et al. [2]assert that disruption 
is a process involving evolution of the product or 
service and that this occurs over time and this 
temporal element means that incumbents frequently 
overlook disrupters. 
A new revolution is beginning in food production, 
synthetic food (sometime referred to as cellular 
agriculture, cell cultured meat, clean meat, or in-vitro 
meat) that is, food made in the laboratory, food made 
without farms and almost without animals. 
Companies developing these synthetic foods are 
currently receiving significant financial investment 
from super-rich investors such as Richard Branson, 
Sergey Brin and Bill Gates. Mega traditional food 

companies such as Tyson Foods and Cargill are also 
investing in these synthetic food start-ups. Recently 
China signed a $300m agreement to purchase 
cultured meat from three Israeli companies –
SuperMeat, Future Meat Technologies and Meat the 
Future [3].Consumers spend nearly $US1 trillion per 
year on meat with China importingmore than $US10b 
worthin 2016. Meat consumption is expected to 
increase by up to 73% by 2050 [4] when the world’s 
population reaches 9.8 billion.  The developers of 
synthetic foods claim that they will help provide a 
cheap, reliable, safe, healthy, environmentally 
cleaner, secure source of food for the planet’s 
growing population. However, if synthetic foods take 
off, they may be extremely disruptive to the current 
agricultural production system. These new 
technologies may be particularly challenging for a 
country like New Zealand, where a significant 
percentage of employment and export earnings is 
dependent upon the agricultural sector. 
This paper has three aims: 1) to provide an overview 
of the current state of the art in synthetic food 
production (products already available or soon to be), 
2) to identify some potential societal benefits of, and 
reasons for,producing and consuming synthetically 
produced foods, and 3) to speculate on a 
potentialadaptation strategy for New Zealand 
agriculture.  
 
II. SYNTHETICFOODS: CURRENT STATE 
 
2.1. Cultured milk 
It is possible to make milk without a cow. The 
process uses genetically engineered (GE) yeast to 
bio-brew milk in vats. The technology is very similar 
to the process currently used to make insulin for 
diabetics which also uses GE yeast (or bacteria) or 
like beer which is brewed in a similar fashion. The 
milk can be “adjusted” so that those with dairy 
allergies are able to consume it. Roughly 65% of 
adults have some difficulty digesting lactose – while 
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less common in European populations, this problem 
is particularly common in East Asian populations. 
Cultured milk may also be fortified with other 
vitamins or nutrients to enhance its health giving 
potential. Currently, cultured milk costs about twice 
the price of ordinary milk [5].  
However, once in full scale production, it is likely 
that the price will rapidly fall and become cheaper 
than cow derived milk. There will also be significant 
environmental benefits from less intensive dairy 
farming [6]. A Silicon Valley company, formerly 
called Muufri but now called Perfect Day Foods, is 
currently developing the production of cultured milk, 
which they are initially targeting at the vegan market. 
While the fact that a GE organism is involved may 
deter some of the public, and some vegans are 
opposed to GE, this is not a deterrent to other vegans, 
such as, for example, the three vegans who started 
Perfect Day Foods. In the future, Perfect Day Foods 
intends to use its milk to produce ‘dairy’ products 
such as cheese, yogurt and icecream. 
 
2.2. Cell cultured flesh, fish and fowl 
It is also possible to grow meat, fish and fowl in a 
cellular process [7].Muscle cells are painlessly 
harvested from a donor animal via a biopsy and 
nurtured in a bioreactor to multiply and create muscle 
tissue. This process does not harm the animal and the 
resulting cultured meat is biologically the same as 
meat tissue from the animal.It is estimated that one 
sample could produce 20,000 tons of cell cultured 
meat [8]. These products would be produced in 
brewery like factoriesin clean conditions. The 
production of cell cultured meat does not require 
genetic engineering. 
In 2013 the first cell cultured hamburger patty was 
produced for a cost of $US325,000 by Mark Post 
from Maastricht University. In 2015 the same item 
was produced for under $US12 [9]. Since then a 
range of different meats have been produced in 
laboratories including beef, sheep, pork, chicken and 
turkey. This technology will continue to improve in 
quality and reduce in cost.  
Currently, cultured meat is usually in the form of 
meat balls or a mince like product. It is still too 
difficult to produce a marbled steak which also 
contains fat cells, nerves and connective tissue. 
However, at some point in time the technology may 
produce meat that is indistinguishable from meat 
grown on animals and is also cheaper. When these 
conditions occur,cell cultured meat could become a 
commodity product capturing the traditional meat 
eating market and become the dominant meat 
production regime.  
Until that point in time, cell cultured meat is likely to 
be mainly consumed by niche market segments. 
While not all vegetarians and vegans will want to eat 
cell cultured meat some will view it as acceptable in 
that it does not require the slaughter of animals. 
PETA (People for Ethical Treatment of Animals) 

helped fund some of the early research into cell 
cultured meat [10] and even offered a $1m prize to 
the first companyto bring lab-grown chicken to the 
consumer. Other early niche adopters of cell cultured 
meat might be people who wish to have a lighter 
environmental footprint on the planet and those who 
want meat with particular attributes which they 
consider healthier (e.g., increased omega 3 content 
and less saturated or unhealthy fats). 
Other animal products, such as leather, fur and horns 
may also be produced, without animals, using cell 
culture techniques. Thus, cellular agriculture may 
also challenge agricultural based, fiber production 
industries. 
 
2.3. Companies developing cell cultured products 
Mosameat, based in the Netherlands, is a spin-out 
from the laboratory of Mark Post. The companyhas 
the stated mission to “develop tissue engineering into 
a technology that can mass-produce affordable meat” 
[11].Mosameatclaims that they should have cultured 
meat commercially available within 10-20 years. 
Modern Meadow is a Boston based company that 
makes lab-cultured animal products, meat and leather 
products, without animal slaughter and with far less 
water, land, chemical and energy consumption [12]. 
Currently, their main focus is the production of 
leather - with cultured meat alsoin the pipeline. To 
make their “biofabricated leather material” Modern 
Meadows uses a genetically engineered yeast to 
produce collagen; the principle structural protein in 
animal skins. Once the collagen forms a network of 
fibers they are processed into a hide, tanned and made 
into products. The whole process takes just a few 
weeks. 
Memphis Meats is a company based in San Francisco 
that is making hotdogs, sausages, burgers and 
meatballs from cultured cells of cows, pigs and 
chickens. The CEO, Uma Valeti, claims “…cultured 
meat will completely replace the status quo and make 
raising animals to eat them simply unthinkable” [13]. 
Memphis Meats has the ambitious goal “to change 
the way meat gets to your plate. We’re developing a 
way to produce real meat from animal cells, without 
the need to feed, breed and slaughter actual animals” 
[14]. 
SuperMeat is an Israeli start-up that aims to make cell 
cultured chicken strips. They state that “SuperMeat is 
powered by an ideologically and scientifically driven 
effort to create a humane, animal-free solution for 
nutritional security, which will drastically reduce 
carbon emissions and increase food safety 
worldwide” [15]. SuperMeat are starting with 
chickens, as they are numerically one of the most 
eaten animals on the planet, often raised in factory 
farms that compromise animal safety and 
welfare.SuperMeat envisages that one day consumers 
and households will have their own meat cultivation 
machine to produce cellular meat. 
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Future Meat Technologies is another Israeli company 
working on cultured meat technologies. The company 
founder, Professor Yaakov Nahmias licensed his 
cultured meat technology to SuperMeat but retained 
the IP. Nahmias is developing a ‘distributed 
manufacturing’ business model for growing and 
marketing cell cultured chicken (or as he prefers to 
call it ‘animal-free meat’). “We essentially give the 
farmers a collection of cells in a matrix or a piece of 
tissue that is roughly the size of an espresso capsule – 
just a few milligrams – and the nutrients to feed the 
cells, and then they grow them for about 10-18 days 
and that would produce fully fledged tissue [i.e. 
‘meat’], or a raw material [such as fat, or muscle] – 
that would get sent on to a meat preparation facility” 
[16]. Nahmias claims that, in the first instance, this 
farmer based model would be the “most socially 
correct and economically appropriate model” [16]. 
Finless Foods is a San Francisco based company that 
plans to bring the cell culture revolution to seafood. 
The co-founders, Brian Wyrwas and Mike Selden are 
developing a process for growing bluefin tuna, an 
iconic but threatened species,from cultured cells. In 
order to make fish fillets they intend to take their 
cultured fish base and use the sophisticated 
production processes of the Japanese surimi industry 
– a process that pulverizes white fish flesh, mixes it 
with salt, sugar and MSG and then extrudes it into 
imitation shrimp, crab and lobster. They hope to have 
products to market in 2019 [17].  
New Harvest is a non-profit organization established 
in 2004 with the stated mission to “build and 
establish the field of cellular agriculture” with a 
vision to “build a post-animal bioeconomy, where we 
harvest animal products from cell cultures, not 
animals, to feed agrowingglobal population 
sustainably and affordably” [18].  To this end, New 
Harvest strategically funds and conducts open, public 
collaborative research. They claim that by using 
cellular agriculture the supply chain of animal 
products will be revolutionized to provide affordable 
and sustainable food.  
New Harvest has helped fund a number of cellular 
agriculture projects including Maastricht University’s 
Mark Post’s cultured beef, cultured chicken and 
turkey research at North Carolina State University, 
bioreactor development for cultured beef and pork at 
Kent State University, the cellular agriculture 
graduate program at Tufts University, Perfect Day - 
the cow free milk company, and Clara Food– eggs 
without hens. They also fund research which looks at 
the environmental impacts of cultured meats and 
public perceptions of cellular agriculture [18]. 
 
2.4.Plant based meat and fowlsimulacra 
As well as competition from cellular agriculture, 
traditional agriculture is also threatened by plant 
based flesh, fish and fowl simulacra. These are foods 
made to look, feel and taste like flesh, fish, or fowl – 
with varying degrees of success. 

Impossible Foods, based in Redmond California, 
makes a plant based synthetic burger patty which is 
already on the market.Their aim is to reduce the 
environmental harm caused by unsustainable 
agriculture. Recently they refused a $US300 million 
buyout offer by Google [19].Their mission, similar to 
most other companies in the synthetic food space, is 
nothing less than transforming the global food system 
by inventing better ways to make food.  
They produce a burger patty made from plants such 
as wheat, coconut oils and potatoes. The ‘magic’ 
ingredient is heme; a substance abundant in meat and, 
according to Impossible Foods, responsible for the 
characteristic taste and aroma of meat. Heme is an 
iron-containing molecule which also occurs naturally 
in plants. Impossible Foods produces heme in a 
fermentation process using genetically engineered 
yeast [20].  
Beyond Meat, based in Los Angeles, is another 
company producing plant based meat simulacrum. 
Their burgers have been on the market since 2013. 
They are made entirely from plant material and 
contain no GMOs. Beyond Meat also make plant 
based chicken strips. Their mission is to “create 
mass-market solutions that perfectly replace animal 
protein with plant protein” [21]. 
 
2.5.Plant based ‘seafood’simulacra 
New Wave Foods is another Californian company 
which aims to manufacture a plant based ‘popcorn’ 
that looks, tastes, smells and feels like real shrimp 
[21].Their shrimp is made from algae and plants. 
Currently, their shrimp is only sold to food service 
operators. New Wave Foods hope to havetheir shrimp 
available to selected retailers in 2018. They claim 
“using natural ingredients and cutting edge science, 
we bring you a shrimp that is uncompromising in 
taste. A shrimp without slavery, bycatch, shellfish 
allergens, antibiotics and ecosystem devastation.” 
They are also developing lobster, crab, and fish fillet 
simulacra [22]. 
 
2.6.Plant based synthetic ‘Eggs’ 
Hampton Creek is a San Francisco based company 
that makes a range of products,initially starting with 
mayonnaise and chocolate chip cookies,using 
synthetic plant based eggs – Beyond Eggs. The 
company founder, Josh Tetrick,wants to “take 
animals out of the equation” by making egg 
substitutes which mimic nutritional values, taste and 
the cooking properties of eggs, from a mixture of 
easy to grow plants. Their mayonnaise and cookies 
are already marketed in major US supermarkets 
andthe company isin discussion with major food 
manufacturers from across the globe. By several 
accounts the products taste as good if not better than 
similar products made with real eggs [24].  
Hampton Creek intends to make a range of other 
products, not related to eggs, all based on the 
properties of plants [25].However, recently the 
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company has been experiencing problems with the 
FDA investigating allegations of food safety issues 
(eventually cleared), the resignation of all the board 
members except the CEO, and the loss of a major 
client, Target [26]. 
 
2.7 Synthetic ‘Wine’ 
Ava Winery makes artificial wine copying the 
chemical composition of famed real wines by 
combining water with flavored compounds and 
ethanol in a fifteen minute process. In order to 
achieve this they use gas and liquid chromatography 
coupled with mass spectrometry in order to determine 
and quantify the hundreds of compounds that give 
wine its aroma taste and body. They claim to able to 
analyze the wine’s precise molecular profile and use 
this information to reproduce the wine by mixing 
together precise amounts of water, ethanol, sugars 
and the identified molecules (sourced from the food 
industry), making a wine which is chemically 
identical to the original. They plan to reproduce 
expensive vintages and aim to have wine on retail 
shelves by the end of 2017[27]. 
 
III. BENEFITS OF SYNTHETIC FOODS 
 
In general, the companies developing synthetic foods 
claim that these will produce a wide range of benefits 
including help feed the increasing world population 
and its growing middle class, reduce the 
environmental impact of food production, reduce 
food miles and transportation costs, enhance food 
safety, nutritional value and security, and improve 
animal welfare. 
Most of the companies aim to revolutionize the 
production of food. Some of themhave the specific 
aim of eliminating the current agricultural production 
system. Clearly, even if they are only partially 
successful, it will be truly disruptive to current 
agricultural practice, the people employed in 
agriculture, and many of both the upstream and 
downstreambusinesses associated with agricultural 
production. 
 
3.1. Feeding the world per unit of land 
The world population is currently 7.4 billion expected 
to reach 9.8 billion by 2050, meaning more food must 
be produced from less land per person. To compound 
this issue, the number of people in the global 
middleclass is projected to almost double by 2030, 
increasing from 3.2 billion in 2016 to 5.2 billion [28]. 
This will produce increased demand for food, 
particularly meat, amongst the new middleclass. 
Synthetic foods could help to produce the required 
amount of food with a much lower land footprint per 
unit of food. For example, a life cycle analysis (LCA) 
of Perfect Day’s synthetic milk suggests that the same 
quantity of milk could be produced using 91% less 
land than traditional production [29]. An early life 
cycle analysis of cultured meat suggested 99% lower 

land use than conventional beef production [30]. 
Using different feedstocks, a more recent anticipatory 
LCA also found that land use would be dramatically 
cut, though not to quite the same extent [31]. 
 
3.2. Environmental benefits 
As well as using less land to produce the food 
required to feed burgeoning populations and the new 
middleclass, there are also likely to be other 
environmental benefits from producing foods in this 
way rather than on-farm. The LCA of Perfect Day 
milk estimated 84% less greenhouse gas (GHG) 
emissions, 65% less energy consumption and 90% 
less water consumption [29]. The earlier LCA for 
cultured meat found 7-45% lower energy use, 78-
96% lower GHG emissions and 82-96% lower water 
usage compared to conventional agriculture [30]. In 
contrast, the later LCA found that energy use, under 
some scenarios may increase with industrial in-vitro 
meat production process, while agricultural inputs 
and global warming potential were reduced [31]. 
Memphis Meats claim that their cultured meat 
produces up to 90% fewer GHG emissions, and 
90%less land and water use than conventionally 
produced meat [14]. Note that there was a 
considerable degree of uncertainty around the values 
found in the anticipatory life cycle analyses.  
If livestock farming was replaced by or reduced 
because of in-vitro meat production, this would help 
reduce the nutrient pollution of waterways with 
nitrogen and phosphorus. Because synthetic food can 
be produced near population centers this may also 
help cut transportation costs and reduce carbon 
pollution. 
 
3.3. Enhanced food security, safety, nutritional 
value and improved animal welfare 
Because synthetic food may be produced in factories 
near main population centers, food security may be 
enhanced, and dependency on supply, from remote 
areas of livestock production,may be reduced. 
Cultured meat might be safer if produced in a sterile 
environment; free of bacteria and animal diseases that 
affect humans (e.g. BSE, salmonellosis and E.coli 
poisoning). It also has the potential to have improved 
health benefits through the elimination of antibiotics 
and growth hormones used in some intensive 
agriculture production systems.Improved nutritional 
value may be delivered through added nutrients such 
as increased quantities of omega 3 and the removal of 
undesirable elements such as unsaturated fats. 
Currently, millions of animals are slaughtered each 
year to provide food for humans. Many of these 
animals are kept in intensive feed lots or other 
unsatisfactory welfare conditions. If synthetic foods 
replaced a significant portion of agricultural food 
production, these welfare concerns could be much 
reduced. 
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IV. IMPACTS ON AGRICULTURAL 
ECONOMIES 
 
Historically, New Zealand’s economy was largely 
been based on the production of agricultural 
commodities. However, this reliance has been 
declining over the past four decades. In 1972 
agriculture accounted for 10% of New Zealand’s 
GDP. By 2015, agriculture accounted for 4% of GDP, 
with food processing and downstream activities 
accounting for a further 4%. Dairy accounted for 45% 
of total agricultural sales while cattle and sheepmeat 
accounted for a further 12.4% and 10.3% respectively 
[32]. The primary sector (agriculture, forestry and 
fishing) employed approximately 7% of the New 
Zealand workforce. Thus, although agriculture has 
been declining in relative importance to the economy, 
it is still a very important contributor. 
 
4.1. Mitigating the impacts of synthetic foods on 
the New Zealand economy 
If synthetic foods live up to their potential promise of 
producing a cheap and plentiful replacement of 
current agricultural commodities they could out-
compete New Zealand’s agricultural products. This 
could have a significant negative impact on New 
Zealand’s economy.The New Zealand agricultural 
sector needs to start considering whether it can 
survive the disruptive and transformative onslaught 
about to be unleashed by synthetic food, and how it 
can remain relevant in the new food production 
environment.What should New Zealand do to prepare 
for the rapidly advancing synthetic food revolution? 
Aside from jumping on the synthetic food 
bandwagon, which could be one prong of New 
Zealand’s resilience defense (if we wish to continue 
to be an exporter of commodities), what point of 
difference can New Zealand leverage to maintain 
markets for its agricultural produce? New Zealand 
needs to consider what the market for traditional 
agricultural products will look like when synthetic 
food is cheaper, safer, and equal, perhaps even better, 
quality. Who will want to buy agricultural products 
produced traditionally under such circumstances? 
What attributes will this market segment demand 
from agricultural products?Clearly, moving away 
from dependence on the production of low value 
agricultural commodities will be essential. 
One prospect is, that the wealthy and the very 
wealthy will take pride and gain status through the 
consumption of non-synthetic or “real foods”. Likely, 
they will demand that these be of the highest safety 
and quality and produced by the most ethical 
processes with regard to working standards and 
conditions of producers and employees, animal 
welfare, and environmental care. Therefore, one 
adaptive approach, for the New Zealand agricultural 
sector, might be to focus on the production of high 
quality, value-added agricultural products, aimed at 
very wealthy markets and consumers.Clever 

marketing to wealthy consumers over the next two 
decades could reinforce a direction in which their 
consumer preferences are already headed, and open 
up a new wealthier market segment for high-end 
quality agricultural produce. For producers who can 
meet this particular market segment’s exacting 
requirements, there will be a significant price 
premium, as this market segment is not concerned 
about cost. Indeed, higher cost may merely add to the 
status of these products.  
 
CONCLUSIONS 
 
Synthetic foods are coming. In their fledgling form, 
the companies producing these products are receiving 
support and encouragement from the wealthiest and 
most visionary companies and investors in the high 
technology sector of Silicon Valley. They are 
redefining the ontological and epistemological 
boundaries of what food is, how it is produced, and 
what it means. They are also redefining the 
axiological boundaries of food and food production 
and attacking traditional agricultural production by 
exploiting its moral weaknesses. As yet, they are 
largely ignored as being irrelevant, or dismissed as 
not attractive to mainstream consumers by the New 
Zealand agricultural sector [33]. Therefore, this 
technology has the characteristics necessary, as 
described by Christensen et al. [2], to be truly 
disruptive to the current agricultural production 
system.  
Many of the synthetic food products discussed above 
are initially unlikely to appeal to mainstream 
consumers, especially while quality is still lower, cost 
is higher, product familiarity is low and apprehension 
high about new technologies in regard to the highly 
physically and culturally important production of 
food. Currently, these foods may appeal to both niche 
and new market consumers. Niche markets include 
current consumers who are uncomfortable about 
animal welfare conditions in the current agricultural 
system and consumers who are concerned about the 
negative environmental impacts and unsustainability 
of modern agriculture. New markets are vegetarians 
and vegans who currently do not consume the 
products for the above reasons. However, as the 
quality of the products improves, the price drops, and 
cellular agriculture technologies become more 
commonplace, synthetic foods may start to appeal to 
mainstream consumers and eventually become 
normalized. 
If New Zealand agriculture is to survive in this new 
environment it will have to adapt. Given the systemic 
lock-in nature of agricultural investment and the often 
long lag times between intensive agricultural 
production and environmental impacts, this adaptive 
process needs to begin soon.In preparation for this 
coming future, the New Zealand agricultural sector 
needs to change its current primary focus from 
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intensive high volume production to high quality 
value-added produce.  
New Zealand already has a reputational advantage for 
producing healthy food in a clean, green, natural 
environment. Over the next two decades it will be 
imperative to maintain this status and reputation. Care 
will be required to ensure that the typical, often short 
sighted, agricultural industry drive for production and 
intensification do not negatively impact the 
environment and destroy New Zealand agriculture’s 
strategic and reputational advantage.  
New Zealand needs to ensure that the pathway to 
capture the opportunity resident in these future high 
value markets is not closed off for short-term gains. 
The more natural and organic the New Zealand 
agricultural sector can demonstrably claim to be, and 
the higher the quality of its agricultural products, the 
better positioned the agricultural sector will be to 
complement the synthetic food market with high 
value traditionally produced “real foods”. 
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