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Waste
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LINEAR ECONOMY

• We take material and resources from the earth,

produce and discard a pile of waste.

• Linear operations:

o require endless supplies of resources

(natural and financial).

o increase waste,

o accelerate pollution and GHG emissions,



• We need 1.75 

planets to meet our 

consumption needs 

and absorb our 

waste. 

• By 2030, we will 

need 2 planets.

• Earth Overshoot 

daya in 2022, it fell 

on 28 July



WASTE – A GLOBAL PROBLEM POLLUTING THE 

ENVIRONMENT AND AFFECTING HUMAN HEALTH

According to figures by the World Bank:

In 2020 the world generated

2.24 billion tonnesof solid waste

Daily footprint of 0.79 kg per person

By 2050 expected world generated 

solid waste is 3.88 billion tonnes

90% of waste in Global South is 

unregulated or burnt

Landfills are filling up, as are natural ecosystems. 

Greenhouse gases, chemical and biological polluters are affecting critical planetary systems



TYPES OF WASTE

Plastic

Organic 
Waste

Waste-
water

Glass

Hazardous 
Wastes 

Biological 
& Chemical 

Waste

Metals Paper

Gases



• Planetary Emergency!

• 9 systems that regulate the state of the Earth.

• Green: Safe operating Zone;  

Light Orange: Uncertainty  

Red: Crisis/ emergency 

• Biochemical flows; Biosphere Integrity 

(biodiversity); Novel Entity.

• Land systems; climate change. 

PLANETARY BOUNDARIES

Source: Stockholmresilience.org. 2022. 
Planetary boundaries.



CIRCULAR 

ECONOMY

3. Regenerate nature
by sourcing products produced 
in ways that improve local biodiversity, 
air and water quality.

1. Eliminate waste 
and pollution
through designing for 
circularity.

2. Circulate 
materials and 
products
keeping them in 
use and 
prolonging their 
value.



TYPES OF WASTE 

STREAMS

1- Inorganic

Made from non-biodegradable 

materials such as metals, glass…

2- Organic

Biodegradable material that is 

cycled in biological cycles. 

The line going down Center of 

diagram – that is a Linear 

Economy.



Source: : 
DXC Technology



10 Rs of circularity

Recover

Incinerate 
waste with 

energy 
recovery

Re-
purpose

Reuse 
product 
but with 

other 
function

Revive

Refurbish 
product

Reuse

Use 
product 

again – as 
second-

hand

Refuse

Prevent 
raw 

materials' 
use

Reduce

Decrease 
raw 

materials' 
use

Recycle

Salvage 
material 
streams 

with 
highest 
possible 

value

Repair

Maintain 
and repair 

product

Remanu-
facture

Make new 
product 

from 
second-

hand 
product

Redesign

Reshape 
product 

considering 
circularity 
principles

Priority 1

Smarter product use 
and  manufacturing

Priority 3

Useful application 
of material

Priority 2 

Extend lifespan of product and parts



CIRCULAR FOOD ECONOMY



WHAT IS FOOD?

• Food is any substance (processed, semi-processed, or raw)

intended for human consumption. 

• It includes drink and any substance used in the 

manufacture, preparation or treatment of food.

• It doesn’t include cosmetics, tobacco or substances 

used only as drugs.

- Codex alimentarius commission, procedural Manual, 2013



FOOD SYSTEM

Source: Food 
system 
Dashboard



IMPLICATIONS OF CURRENT FOOD SYSTEMS

of total global GHG Emitted

21–37%

Freshwater

use

70%

Land use

40%

Soil 

Degradation

25% 80%

Deforestation

70%

Biodiversity 

Loss

40%

Food loss 

and waste



CIRCULAR 

FOOD 

ECONOMY

MODEL



WHAT IS FOOD WASTE?

Food intended for human consumption that 

exits the food system. 

When food exists the food system it is no 

longer available for human consumption and 

all resources used to produce it are lost.



Food “Loss and Waste” happens along the entire value chain

Production
Handling 

and Storage
Processing and 

Packaging
Distribution and 

Market
Consumption

Food WasteFood Loss

During or 
immediately after 
harvesting on the 

farm

After leaving the 
farm for handling, 

storage, and 
transport

During industrial or 
domestic 

processing and/or 
packaging

During distribution to 
markets, including at 
wholesale and retail 

markets

In the home or business 
of the consumer, 

including restaurants and
caterers

Examples:
Direct cause

&

Left in field during 
harvesting 

Lack of buyer

Degraded by fungus 
or disease

Poor infrastructure

Spilled during 
processing

Gaps in knowledge

Sorted out due to 
quality

Lack of buyer

Purchased but not 
eaten

Poor forecasting

Source: WRI analysis based on FAO. 2011. 

Global food losses and food waste – extent, 

causes and prevention. Rome: UN FAO. 



FOOD LOSS AND WASTE –A GLOBAL PROBLEM

ECONOMIC COSTS OF FLW ≈ US$ 1 TRILLION/YR.      

ENVIRONMENTAL COSTS ≈  US$ 700 BILLION/YR.                          SOCIAL COSTS ≈ US$ 900 BILLION/YR.

40% 
of  food is lost or waste d 

annually  (2.5 billion tons)
14% is lost from post-harvest 

to retail

1/4  
of  f re shwate r is 

consume d by agriculture

28% 
of  cultivate d land 

( f a rmla nd s ize  o f  Ch in a )

10%
of  global GHG 

e missions
( 3 rd e mitte r)

Source UN FAO, WWF



FOOD LOSS AND WASTE
• Global Issue with a Global Target

SDG TARGET 12.3

BY 2030 HALVE per capita global food waste at 

the retail and consumer levels & REDUCE food 

losses along production and supply chains 

(including post-harvest losses)

Indicator  12.3.1: Global food loss index

Indicator  12.3.1: Global food waste index

Food Systems Summit 2021

Food is Never Waste Coalition

Target

Halve food waste by 2030 and to reduce food 

losses by at least 25%.



PACKAGING
• Protects food from being damaged.

• Promotes health and safety along the supply chain.

• Prevents tampering of product.

• Extends shelf life therefore reduces spoilage.

Packaging increases consumer base. 

Packaging can have an environmental impact.

The most harmful packaging to the environment are Styrofoam

and Plastics.



PLASTIC ISLAND

• Great Pacific Garbage Patch: a collection of

marine debris in the North Pacific Ocean

between Japan and the West Coast of the

USA.

• It is 1.6 million square kilometers (3 times the

size of France).

• It is estimated that 80% of the plastics come

from land sources. 20% from boats.



Circular strategies for businesses:

• Packaging elimination

• Using sustainable packaging options

• Material circulation

Enabling Environment:

- Supporting policies and regulations that incentivize 

sustainable packaging. 

- A working recycling system in place. 

- Sustainable packaging available and attainable. 

- Conscious customers. 



Source: 
Ellen MacArthur Foundation

Diverse

• Diverse ingredients for 
better nutrition, food 
security, resilience, 
sustainability, and  
more flavors.

• Promotes biodiversity

Lower impact

• Swap “convenient” 
ingredients with those 
with fewer negative 
environmental 
impacts. 

Upcycled

• Transform inedible 
food byproducts to 
ingredients.

Regeneratively 
Produced

• e.g. Permaculture

• Suitable for local 
conditions.

• Creates healthier soils.

• Enhances biodiversity.

SOURCING



SOURCING
• We live on a narrow diet.

• 75% of global food comes from 12 plant and 

5 animal species. 

• 63% of our energy comes from 3 

carbohydrates: Rice, Maize and Wheat.

• Industrial farming: mono-cultivations 

dependent on high inputs. 



HEALTHY AND 

NUTRITIOUS FOOD



Hungry

828 million > 670 million 
Adults

120 million 5 –
19 yrs

Obesity

3 billion

Cannot 
afford a 

healthy diet

1.9 billion Adults

Overweight

Source: 
FAO



BENEFITS OF A CIRCULAR
• Eliminates waste – reduces our waste management costs.

• Reduces need for extracting natural resources + production is done in wastes that regenerate nature 

- enhances biodiversity, and ecosystem services. 

• Saves money. 

• Creates opportunities for new businesses – according to ILO

transitions to a circular economy could create 6 million jobs. 

• Supports local communities.

• Improve access to Nutritious Foods

• Tackles Climate Change. 



“Global economy is only 7.2% circular.” 

Circularity Gap Report 2023

Pursue a systemic change to our 
production, consumption and waste 
management. 

HOW CIRCULAR ARE WE?

WHAT MUST WE DO?

9.1 9
8.6 8.6 8.6

7.2

2018 2019 2020 2021 2022 2023

Source: Circularity Gap Reports



FUNDAMENTAL 

BARRIERS TO 

TRANSITION

Institutional
(vested interests) Organizational

(lack of 
coordination)

Legal
(legislation that 
disincentivizes 

change and 
hampers 

innovation)

Economic
(facilitates current 

business model, 
external costs not 
included in prices)

Behavioral
reluctance to 

change, comfort 
zones)

Technical
(resistance to 

renew systems; lack 
of technical 

capacity)

Jacqueline Cramer 2020, 
How Network 
Governance Powers the 
Circular Economy, 
Amsterdam Economic 
Board 



Policy Framework

National, regional, global regulatory framework 
facilitate the 10Rs of circularity.  Phasing out of 

waste to landfills & incineration.

Investment, Finance, Funding
Investment and de-risking facility to accelerate 

investments in waste reduction and circular 
economy. Capitalize on existing finance 
mechanisms early on to avoid delays.  

New Social Norms
It is no longer considered acceptable to 
continue with our wasteful linear model

Awareness, Skill-base
Broad-base awareness (360ْ) across all society 
coupled with building skill-base to support the 

transition. 

ENABLING ENVIRONMENT 

Public-Private Platforms
Collaboration between all public and 
private sector actors across the full 

value chain. 



QUESTIONS?
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A Sustainable Path To Food Security
Fully Autonomous Black Soldier Fly Facility

HIVEMIND
INDU STR IES



EXECUTIVE SUMMARY

Hivemind Industries is building the facility in the UAE that will lead to organic waste being 

considered a value stream, putting an end to the devastating impact it has on our environment 

when it is sent to landfills to rot and pollute. Our Black Soldier Fly (BSF) larvae will recycle organic 

waste into:

Certified organic fertiliser that is probiotic superfood for plants and will improve soil health, 

activate natural plant defences and accelerate plant growth.

Create a sustainable & nutritious protein that can replace traditional feed sources in pet, pig,

poultry, aquaculture diets and many other products.

We offer an integrated solution to reduce waste management cost and provide a more sustainable 

recovery while reducing greenhouse gases, tackling protein shortages, strengthening domestic 

supply chains and more.

“The alternative protein arena 

is wide open, and progress is 

happening fast. There is a real 

opportunity here for investors 

to make their moves early and 

become integral players in the 

future of food” (1)

Sources: (1) Alternative-Protein

Market to Reach at Least $290

Bill ion by 2035 | BCG | 2021.



THE PROBLEM
THE LINEAR ECONOMYOF WASTE

FOOD SECURITY

One-Third of food is wasted 

annually with over 70% 

ending up on landfills.

LIVESTOCK FARMING

Traditional Livestock farming has a 

vast environmental footprint, 

representing 14.5% of all GHG 

emissions and accounting for 80% of 

all agricultural land use

THEUN’S FERTILISER WARNING

Aglobal fertiliser crunch is threatening to starve 

the planet (exasperated by The Russia-Ukraine 

Conflict) and resulted in prices rising 

exponentially in just over 24 months, which is 

set to continue

FUTURE OF FOOD

Food Insecurity is set to continue 

due to increased pricing and lack 

of availability with nearly 2.5 billion 

people do not have access to 

adequate food in 2022

USE DISPOSE WASTE POLLUTE



Hivemind utilizes organic food waste collected from 

restaurants, hotels, and domestic households that 

would otherwise be dumped in landfills and uses it 

as food for Black Soldier Flies.

Protein derived from these insects is then 

manufactured into various protein-rich products. 

This circular economy generates a positive impact 

on the environment and promotes recyclability.

THE SOLUTION
THE CIRCULAR ECONOMYOF WASTE

WASTE IS GENERATED
FROMHOUSEHOLDS &

COMMERCIAL

WASTE IS COLLECTED
WASTE USEDTOFEED 
BLACKSOLDIER FLY

COMPLETIONOF 
BLACKSOLDIERFLY 
CYCLE

SEPARATION OF 
END PRODUCTS

FERTILISER FOR FARMING, 
FOODSUBSTITUTE FOR 

WHEAT,COOKINGOIL, PET 
FOOD,ANIMALFEED



HIVEMIND’S VISION

25 Tonnes Of 
Organic Waste Daily

8-10 Days BSF Process

6-7 Tonnes Of Organic 
Fertilizer Daily

2-3 Tonnes Of Dried 
BSF Larvae Daily



FORWARD THINKING TECHNOLOGY

Neonate CounterFeed Doser Conveyance SystemFly Counter



Greenhouse Gas Per 1kg

of Protein (CO2e) 140 g 1,900g 3,700 g 13,300 g

Land Use Per 1kg of

Protein (m2) 0.5 m2 18 m2 24 m2 164m2

Feed Conv ersion Ratio

(Kg of Feed Per 1kg of

Protein)
1.0 kg* 2.2 kg 5.0 kg 25.0kg

Water Use Per 1kg of

Protein (Litres) 1,000 L 3,500L 3,900 L 15,500 L

*Not only is Feed required less, but this feed is fully organic waste rather than processed foods.

BLACK SOLIDER FLY
WHY IT MAKES SENSE



Characteristics Black Soldier Fly Mealworms Crickets Grasshoppers

Feeding Efficiency High Moderate Moderate Low

Growth Rate Fast Moderate Fast Fast

Environmental impact Low Moderate High High

Water Usage Low High Moderate Moderate

Land Usage Low Moderate High High

NutritionalValue For Animals High Moderate High High

NutritionalValue For Humans High Moderate Moderate Moderate

"Black soldier flies area more sustainable and efficient source 
of protein thancricketsandmealworms. Theycanbe raisedon 
a varietyof organic waste materials. This makes them amore 
sustainable sourceof protein than crickets and mealworms, 
which are typically raised on feed that is derived from crops.
Black soldier flies canalso reachmaturity in as little as10 days, 
much faster thancricketsandmealworms.” Dr. David Zilberman, 
Professorof Agricultural and Resource Economics at theUniversity 
of California, Berkeley

BSF PROTEIN
THE SUSTAINABLEALTERNATIVE



END PRODUCTS

LARVAE

1 . PE T FOOD ( in c lu ding s pec ial i sed Pe t Fo od)

B S F L a rva e c a n be us e d i n pe t food i n d i ffe re nt forms, i nc l ud i ng dr i ed l arvae,  

i ns e c t me a l a nd i ns e c t oil. Th i s i s be c a use B S F a re r i c h i n protei n, fa t a nd  

ot he r nut r i e nt s a nd a re c he ape r a nd s afe r t ha n re gu l ar pe tfood. The y a re

a l s o i nc rea si ngl y us e d i n Zoos , P r i vat e Ani ma l Sa nc tuar ie s, Ba c kyard  

Ch i c ke ns

2 . AQ U ACU L T U R E & L I V E S T OCK FE E D

The l a rva e of Bl a c k s o l d ier fl ies a re a s us t ai na b le a nd e c o -fr ie nd ly a lt ernati ve 

t o t ra d i ti onal prot ei n s ourc es s uc h a s s oybe an mea l, fi s h me al, a nd ot her  

a n i ma l b y-produc t s, whi c h c a n be e xpe ns ive a nd e nvironmental ly  

uns us t a i na bl e t o  produce.

B S F l a rva e i n l i ves tock a nd a qua c u lt ure fe e d i s h i gh l y d i gest ib le. The y c a n be  

e a s i ly broke n d own a nd a bs orbed by a n i mal s, re su l ti ng i n be tt er  fe ed  

c onve rs i on a nd growt h ra t es. Addi ti onal ly, B S F l a rvae ha ve be e n s hown t o 

i mprove t he ove ral l he a lt h a nd i mmuni t y of a n i mal s, whi c h c a n he l p re duc e 

t he ne e d for a nt i b iot ic s a nd ot her me di c ati ons.

FRASS

FUTURE

Th ere are f u rth er Th e B S F c o n tain s an t imic ro b ial  
p ep t id es , wh ic h c an b e valu ab le in me d ic in e .

C u rren t ly p alm oil an d c o c o n u t oil are o f ten u s ed  
in c o s me tic s . B S F oil c o u ld b e ap p l ied as a 
rep lac emen t in th o s e p ro d u c ts

M elan in c o n d u c ts elec tr ic i ty an d c an b e u s ed in
s e mic o n d u c to rs , s u p e rc ap ac ito rs o r b atte rie s

●

●

● U SE C ASE: o rgan ic fertilizer for s o i l en h an c emen t

● TARG ET M ARK ETS: G ard en in g c o mp an ies for mu n ic ip al  

gard en s , mal ls , h o tels , u p market es tates , f armin g an d

agric u l tu re

OP P ORTU N I TY F O R VAL U E- A D D b y s emi- p ro c es s in g in  

ad jac en t facility, p ac kagin g ( 2 5 kg) an d market in g as o rgan ic  

fertilizer th ro u gh gard en  s h o p s o r B - to - C o n l in e, leverage 

c i rc u lar ec o n o my

V A L U E D AS P OTTIN G SOIL f o r in d o o r/ ve rt ic al ve ge tab le &

b e rry f armin g o p e ratio n s ~ U AE gro wth market



AN EVOLVING & FAVORABLE LEGISLATIVE LANDSCAPE

Characteristics
Livestock 

Feed
Organic 

Fertilisers
Pet Food

Technical 
Uses

Human 
Consumption

Technical 
Uses

EuropeanUnion
Yes (InSome 

Forms)
Yes Yes Yes

No (Mealworms 
& Crickets 
Approved)

Yes

United Statesof 
America

Yes (ForMost 
Livestock)

Yes

Yes (Only For 
Dog Food 
Currently)

Yes No Yes

United Kingdom Yes Yes Yes Yes No Yes

Japan Yes Yes Yes Yes Yes Yes

South Korea Yes Yes Yes Yes Yes Yes

South Africa Yes Yes Yes Yes Yes Yes

Less Stringent 

Feedstock 
Requirements

The global BSF legal framework varies 

widely between markets, but a fewgeneral 
trends can be discerned. On a simplified 

spectrum, developed marketssuch as the 
EU, the USA, and Canada are on one end, 

with a high degree of prescriptive 
legislation. On the other end developing 

markets, such as South Africa and 
Malaysia, tend to have looser frameworks.

“Legislation will not be a barrier 

for long.”

IPIFF | Rabobank | 2021



Market Short Term (2022) Long Term (2023) CAGR Required Volume

Pet Food $6.3bn $17.29bn 9.30% 250,000 Tonnes

Livestock & Aqua Feed $7.2bn $45bn 30.2% 700,000 Tonnes

Organic Frass $1.2bn $5.8bn 17.7% 200Million Tonnes

RAPIDLY GROWING MARKET

Company Funding Round Date Amount Raised (USD)

Enterra Feed Series C 2023 $200m

Protix Series D 2022 $100m

InnovaFeed Series C 2022 $240m

Ynsect Series D 2022 $400m

AgriProtein Series C 2021 $100m

Beta Hatch Series A 2021 $15m

"The black soldier fly market is a key part of the future 

of food, and is expected to play a major role in meeting 
the world's growing demand for protein."

JPMorgan Chase

"The black soldier fly is a potential source of affordable 
and nutritious protein for people living in poverty. It is a 

sustainable and environmentally friendly source of 
protein”

Bill & Melina GatesFoundation

"The black soldier fly is a potential source of high-

quality protein for animal feed and human 
consumption. The FAO is supporting research on the 

development of black soldier fly production systems 
and the use of black soldier fly products in animal 

feed and human food.“
UN Food & Agriculture Organization



FINANCIAL OPPORTUNITY

End products are a commodity and we have noted 

continually increasing pricing as Demand outstrips supply

Profitability is highly dependent on the Feed Conversion Ratio.

Through tests Hivemind have already completed we estimate it at 25%

Standard utility pricing can also be reduced through subsidies and

partnerships with local municipalities and larger government entities

Total CAPEX pricing includes all required planning,

engineering and full technology CAPEX items



Thank You
Questions.



THANK YOU

To register for upcoming webinars, you can visit 

www.foodsystemsnutrition.com. Follow us on Facebook 

(@FoodSysNutrLab) and Twitter (@FoodSysNutrLab) for more 

updates!

Recordings and slides for each webinar will also be posted on our 

website. 

https://foodsystemsnutrition.org/
https://www.facebook.com/FoodSysNutrLab/
https://twitter.com/foodsysnutrlab?lang=en


www.feedthefuture.gov

http://www.feedthefuture.gov/

