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Insect Farms are Scaling Up—and Crossing the
Atlantic—in a Play for Sustainable Protein

Black soldier flies convert food waste into feed for pets, aquaculture, and livestock.
But as agribusiness giants partner with European companies, concerns about high
energy use hover over the fast-developing insect production industry.

BY LYNN FANTOM - DECEMBER 20, 2022

A black soldier fly. (Photo courtesy of Protix)

When they’re raised in indoor farms, black soldier flies (BSF) will only mate with o o @

the lights on. Each female lays 500 eggs and, after they hatch, the larvae also
have a bit of a Goldilocks complex, preferring just the right levels of warmth and
humidity.

READ MORE ABOUT
But when it comes to their diet, the little maggots aren’t fussy. They crunch through any

. . . . . Business
and all food waste, consuming twice their body mass daily. When they’re satiated, they
crawl up the sides of their rearing bins toward a high, clean place, a behavior insect Environment
researchers enthusiastically refer to as “self-harvesting.” .
Farming

‘What insect farmers collect is valuable biomass that contains as much as 40 percent
protein and 30 percent fat. And all in about two weeks.

Now, some leading European insect-farming companies are betting on growing the
opportunity to turn this biomass into feed for fish, livestock, and pets by expanding to
the U.S. These companies run high-tech. commercial-scale overations in France and
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the Netherlands, and they’re coming to America amid a swarm of multi-year deals and
big investments, such as the $250 million that the Paris-headquartered InnovakFeed
raised in September.

The magnet drawing them across the Atlantic is not a market of 335 million people,
though. It’s America’s waste. Instead of smoldering in landfills, the byproducts of the
vast U.S. agricultural system can be given a second life—as feed for insects.

“We are interested in accessing the feedstock, rather than the market,” the newly
announced general manager of Innovafeed’s U.S. venture Maye Walraven said on a
recent phone call while in a cab to O’Hare Airport on her way back to Paris. InnovaFeed
is on track to break ground in Decatur, Illinois, in January—just “over the fence” from

the world’s largest corn processing complex, owned by Archer Daniels Midland (ADM).

But while some see the black soldier fly as a more

“We risk creating an sustainable ingredient for aquaculture and animal
feed—compared to soy and fishmeal—concerns

industry that replaces one about high energy use continue to hover over the

environmental problem fast-developing insect production industry.

with another, » &S occurr ed “Are we going to use fossil fuels for heating and

with biofuel,” where the cooling the facilities where insects are grown?
What about transportation?” Asa Berggren asked in
an interview with the Thomson Reuters Foundation
fuel has been thwarted by following a 2019 article in Trends in Ecology &

the realities of using land,

promise of plant-based

Evolution that fixed a spotlight on unanswered

questions about the right species to grow, feed
water, and fertilizer. options, use of insect waste, and more.

A professor of ecology at the Swedish University of
Agricultural Science, Berggren and her colleagues called for more research and an
“empirical measure of ecological impact and sustainability of production,” saying they
were “critical” for the emerging industry.

“Otherwise we risk creating an industry that replaces one environmental problem with
another, as occurred with biofuel,” where the promise of plant-based fuel has been
thwarted by the realities of using land, water, and fertilizer, she added.

‘What’s happening now, especially as E.U. insect companies expand to the U.S., begins

to answer some of Berggren’s clarion questions.
InnovaFeed and ADM: The Deal

DM and InnovaFeed may seem like strange partners, but each has something the

other wants. For the French biotech company, it’s a “very deep” supply of
competitively priced feedstock, Walraven said. For the food processing and
commodities trading giant, it’s the opportunity to burnish its image with new
sustainability credentials and bolster its relationship with city and state officials by
bringing in a new employer.

The two firms plan to “collaborate on the construction and operation of the world’s
largest insect production site” InnovaFeed will own and operate the facility, which will
be co-located with ADM’s corn processing plant. ADM will supply corn byproducts to
feed the insects, as well as waste heat, water recycling, and other utilities services,
according to ADM spokesperson Jackie Anderson. Some 60 percent of the new plant’s

energy requirement will be supplied by ADM’s waste energy, Walraven said.

The factory is scheduled to open in late
2024 and, when it’s running at full
capacity, it will produce an annual
volume of 60,000 metric tons of protein
meal (a brown powder that looks like |
cocoa), 20,000 metric tons of oil (a I
source of essential fatty acids and !
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fertilizer.

In a second deal, announced last
February, InnovaFeed agreed to supply
insect protein to ADM’s pet food
division. But ADM will not claim all of
the Decatur plant’s output.

InnovaFeed is also working with

An overhead view of the facility where
InnovaFeed and ADM will colocate production of
insect protein. (Photo courtesy of InnovaFeed)

Cargill, and the two companies
announced in June that they would
extend their existing partnership from three years to 10 to supply insect-based feed for
aquaculture, as well as for chicks and piglets. Hello Nature, an organic fertilizer
producer operating in 80 countries, uses InnovaFeed’s insect frasse (excrement)
fertilizer.

As all of this happens, InnovaFeed’s first commercial-scale factory in northern France,
which opened in 2020, continues to pump out black soldier fly products. Located next
to a starch plant that supplies its byproducts through a pipeline, it also operates under
what Walraven referred to as the “symbiosis model” and yields 15,000 tons of protein
annually.

The Circular Economy at Work

ike Rumpelstiltskin spinning straw into gold, the black soldier fly is the
bioconverter at the beginning of the circle that yields all of this.

Its frenetic eating could be part of a solution to daunting global challenges: feeding a
growing world population, countering overfishing of wild stocks for fishmeal, and

managing waste.

Much of the appeal of insect farming, in fact, is that the wastes of one process become
the resources for another. And in the process of converting a low-value input to a high-
value output, insect farms have the potential to use less land and water and emit fewer
greenhouse gases than the production of the vast quantity of soy that goes into animal
feed. It also means that consumers don’t have to grapple directly with the stigma of
eating organisms that eat waste themselves.

“We care a lot about the impact our industry can have. The more we can replace other
sources of protein and have a better environmental impact, the happier we will be,”
‘Walraven said.

Scrutinizing Environmental Impacts

hen Berggren and her Swedish research colleagues wrote their article in 2019,

life cycle assessments (LCA) had only just begun to be applied to insect rearing
systems. Now many such studies have been conducted to provide sustainability
diagnostics by examining every stage of the insect production chain. Beyond capturing
the environmental footprint, the LCAs compare findings regarding global warming
potential and land and water use directly to benchmarks.

But there are many challenges. Even when an LCA isolates a single species, like the
black soldier fly (mealworms, house flies, and house crickets have also been assessed),
the complexity of the insect-rearing process and differences in products manufactured
have yielded “uncertainties and variabilities” among studies, according to a 2022 paper
by an Italian research team that examined more than 20 LCAs conducted during the
last decade.
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“Despite the numerous advantages of BSF larvae, there are several critical
environmental aspects, particularly its global warming potential, that need to be
considered before large-scale adoption,” the authors of the 2022 paper continued,
echoing Berggren. They noted that CO2 emissions ranged from 1 to 4 kilograms of CO2
equivalent (CO2e) for every kilogram of BSF dry matter produced.

“Energy use is one of the major environmental

“D espite the numerous concerns,” wrote the paper’s authors. That’s
because heat, humidity, and other elements of a
advantages of BSF larv. ac, facility’s climate must be carefully controlled for
there are several critical optimal production and animal welfare. Lighting,
. production of feedstock, and processing insects into
environmental aspects, the meal and oil products also consume energy.
particularly its global

. . But when companies transitioned to alternative
warming potential, that P , ,
renewable sources, according to this recent paper,
need to be considered energy use improved significantly: switching to
solar photovoltaic panels reduced their energy

before large-scale
impacts by 25 to 46 percent.

adoption.”
‘When Protix, a Netherlands-based company that
farms black soldier flies, built its new industrial-
scale, technology-intensive plant that opened in 2019, it not only installed solar panels
but also benefited from the Dutch government’s commitment to wind power. “In some
cases, we cut utilities by some 70 percent,” said Eric Schmitt, research and

development director at Protix.

Schmitt knows the energy requirements of the different systems intimately. He recently
coordinated the development of an LCA with the German Institute of Food
Technologies based on Protix’s operations at its plant in Bergen op Zoom.

The study found that the CO2 footprint of the Protix insect meal (at 1.1 kilogram CO2e)
was 85 percent lower that of the soy protein concentrate (at 7.5 kilogram CO2e)
commonly used in livestock and fish feed. Insect meal production also required much
less water: 64 percent less than what was needed for the soy product.

These findings, along with some others, were announced in November and Schmitt
says a full academic paper will soon follow.

“We definitely use energy, but it’s much less now than at the pilot plant,” he added. “I
think it’s still more than we would like, but there are clear ways it’s coming down. We
see opportunities for the next plant.”

Inside an Insect Farm

rotix, founded in 2009, has also been on scouting missions to expand
P internationally since it raised over $57 million in equity from impact investors last
February. After a recent trip to the U.S., CEO Kees Aarts said during a Zoom meeting,
“We see a big opportunity in the U.S. so it’s likely that we’re going to be there quite

soon.”

Protix’s current (and only) facility in the Netherlands cost over $50 million to build.
‘Within its 15,000 square feet, it is staffed by more robots than people. A few technicians
are posted at central consoles who, among other things, ensure the very clean interior
of the vertical farm feels more like the tropics (30°C/86°F) than the south of the
Netherlands.

‘What is most striking, though, are thousands of columns of green crates, each more
than 12 feet high and some 50 feet deep. Here, the black soldier fly larvae eat and grow
under the watchful eve of image sensors and comouters that count their number and
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size and collect data to identify which have the best hereditary characteristics.

Inside the Protix insect-protein vertical farm. (Photo courtesy of Protix)

All in all, the larvae consume more than 70,000 tons of food waste annually. Those feed
ingredients are delivered daily by truck and turned into a proprietary puree in giant
mixers.

“The diet formulation has been getting better, and we’re getting more sustainability
from that,” said Schmitt, noting a decrease from roughly 5 to 3.7 units of food for every 1
unit of output.

The company said it has also invested in a genetics program to breed the most
desirable traits. In two years, that has resulted in 39 percent heavier larvae, 32 percent
more protein harvested per crate, and 21 percent more fat harvested per crate,

according to a paper published in Frontiers in Genetics.

“Now we’re looking into how much energy Jand]| feed they use per kilogram,” added
Schmitt. “I think genetics in general is going to cut the consumption of inputs and, in
the long run, may be more significant than the technology. We’ll see”

From Pet Food to Aquafeed

p to this point, most of Protix’s output has been sold to produce pet food, but that
is also changing.

In September, for example, the company unveiled a new partnership to produce feed
for European land-based shrimp that replaces marine ingredients with insect protein.
“Why are we feeding fish to fish if we can do it more sustainably?” Kees Aarts of Protix
has said. “Insects are natural and make more sense.”

Rabobank, the Dutch bank that focuses on the global food and agriculture sector,
estimates the insect protein market will increase from 120,000 metric tons in 2020 to
half a million by 2030. The industry group International Platform of Insects for Food
and Feed (IPIFF) cites an even higher “aspirational” target of 1 million tons.

Currently, over half of the insect protein that is produced is used as an ingredient in pet
food, but that percentage is expected to decline during this decade as more insects go to
feed farmed fish, industry watchers say.

Still, pet food is where InnovaFeed and ADM are

“Why are we feeding fish starting. “Pet solutions is a strategic growth
opportunity for ADM, with $100 billion in demand

to fish if we can do it more cemovearinae A & ramnant  saan? Inea Marknas
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sustainably?” president, pet solutions for ADM, said in a press
release. Consumers want pet food that mirrors
what they look for in their own foods, including

alternative proteins, traceability, and responsible sourcing.

And, from an environmental standpoint, it’s a good place to start because dogs and cats
account for 25 to 30 percent of the impact of meat consumption in the U.S., according to
a UCLA study.

We’ll bring the news to you.

Get the weekly Civil Eats newsletter, delivered to your inbox.

‘When Protix director of product development Aman Paul spoke at an event called
Petfood Forum Europe earlier this year, he also emphasized the health benefits of fat
from the black soldier fly. For dogs and cats, he said, it provides high digestibility,
strong antimicrobial activity, and brain health improvement.

As insect producers expand from pet food to aquaculture feed, they’re also finding a
market that is 50 percent larger and growing. Globally, people are consuming more fish
than ever before, according to the Food and Agriculture Organization (FAO) of the
United Nations, and aquaculture will fill the gap between what wild fishers catch and
what people want (and need) for protein.

To do that, though, aquaculture must find alternatives, such as insects, to feed its
farmed fish. Over the last 20 years, it has lowered the fish-in-fish-out ratio for all fed
species, increasingly relying on terrestrial ingredients. But it’s also faced intense

pressure to source soy responsibly.

So, though insect protein currently costs more, the aquaculture industry is on the hunt
for sustainable suppliers who can produce enough to deliver reliably.

Will U.S.-Based Insect Farmers Contribute?

T he ascent of U.S. insect start-ups has zigzagged, though some companies took

shape as early as Protix.

EnviroFlight, for example, was founded in 2009 in Ohio and opened its first
commercial production center in Kentucky in 2019 with a capacity of 900 metric tons of
black soldier fly protein meal. That will increase to 3,000 next year, according to Carrie
Kubeall, head of sales and marketing. Still, its volume will be dwarfed by InnovaFeed’s
plans for 60,000 metric tons.

Another U.S company, Chapul, launched when its

There has been s omething founder appeared on Shark Tank and attracted an
. investment from Mark Cuban for the first U.S.

of a Gold Rush mentahty m cricket protein bar, a market the founder exited in

insect production, not 2019. This year, with a $2.5 million investment, the

. company has partnered with a
confined to Americans. construction/engineering firm and now focuses on

And, as in all Gold Rushes, building insect farms for others. One of their
services is to customize co-located facilities based

the money1s ﬂ! g and the on different waste streams, signaling there will be
science can be murky. others that mimic the InnovaFeed-ADM model.

French mealworm producer ¥nsect is already
following in their tracks. In early December, it announced that it would “explore
potential synergies” with flour milling company Ardent Mills, a joint venture among



ConAgra Foods, Cargill, and the farmer- and rancher-owned agribusiness CHS. ¥nsect
plans to construct its first large-scale farm in the U.S. next to one of Ardent Mills’

midwestern sites by the end of 2023, according to Reuters.

There has been something of a Gold Rush mentality in insect production, not confined
to Americans. And, as in all Gold Rushes, the money is flying and the science can be
murky. (The researchers themselves have called for efforts to “harmonize” data.)

“Lots of people get into the business because of the financial potential in it,” said Asa
Berggren during a recent Zoom call. “Like flies to a piece of sugar.” But there have also
been “heaps of initiatives” and substantial research moving the industry in positive

directions.

And that includes what’s happening at some U.S. start-ups. Last summer, Beta Halch,
which was founded in 2015 by an entomologist, opened a 50,000-square-foot mealworm
production facility in Washington state. Designed in collaboration with another
construction and energy services firm, it derives 100 percent of its electricity from

renewable sources.
‘What Will It Take to Succeed?

onny Ramaswamy, an entomologist and agricultural scientist who headed the
USDA’s National Institute of Food and Agriculture for six years under President
Obama, calls the co-location model that is emerging as an important prototype a “win-

win.”

“The bottom line is insect producers must have a reliable stream of the byproduct they
can raise their insects on, and then they can scale and be a reliable supply;” he added.

To that end, the U.S. has a great deal to offer. “It’s a large economy. There’s a lot of waste
coming from all those production and manufacturing conversion processes,” added
Protix’s Aarts. “If agro-processors would become more circular, it would be very
imaginable that a country like the U.S. could improve productivity in this sector by 15,
20 percent.”

And that is to say nothing of the environmental benefits that would accrue by keeping
the peels, seeds, husks, hulls, stems, and trimmings from food processing out of
landfills. After all, these leftovers are part of the food loss and waste that is the second-
highest cause of greenhouse gas emission, according to the FAO.

‘What’s more, scientists see potential medical value in the black soldier fly’s
“supernormal capacity” to survive in decaying waste by defending itself against
pathogen invasion with antimicrobial peptides (AMPs). They are studying how these

AMPs might act as substitutes for antibiotics in livestock farming—and for humans.

“My guess is this area will develop a lot because this could be a way to combat the
problem of antibiotic drug resistance,” said Berggren. “We need a long-term study, but

this shows a lot of promise.”

And while there is no one model for helping the insect farming industry become more
sustainable, the focus on insects as a novel source of protein for the food industry
clearly isn’t going away anytime soon. As Berggren sees it, all this interest “has
increased the understanding of insects themselves and the value of the services they
provide, beyond pollination.”
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