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INDIVIDUAL PROJECT #2

Bees & Honey

Beekeeping

Multiplier | Switches | Bees | Honey

Rachel Toh

In relation to Keller Easterling’s Extrastatecraft, active forms such 
as switches and multipliers are employed to alter the disposition 
within the infrastructure space. This is analysed along Bruno 
Latour’s Actor Network Theory (ANT) on the study of network of 
relationships between social and natural world. Architecture often 
deals with weather elements, and greenery through the rising 
emphasis on green plot ratio, neglecting the third component 
activating this ecosystem - bees. 

Bees play an important role in shaping a sustainable urban ecology, 
supporting the lives it. Capitalising on the nation’s shift towards 
“city in nature” that aims to reinvigorate the urban with landscape 
and reconstruct natural habitats, this thesis is a critique on the 
unproductive urban parks in SingaporeSingapore in response to 
the government’s 30 by 30 goal through an urban time device that 
utilises bees as a bioindicator for the weather, climate and ecology. 

Office workers in the CBD often rely on laundromats to do their 
laundry especially during wet weather. Singapore has an average 
of 167 days of rain, often lasting several hours apart from a few 
instances of continuous days of monsoon rain. Taking advantage of 
the tropical sun and benefits of sundrying laundry, office workers 
can now hang their wet laundry in the urban park with the bee 
clock as an indicator of the wet weather to come.

Programs: Bee Clock, Laundromat, Urban Farm, Honey Factory, 
Café

CAPITAL

WORK DISPOSITION

KEYWORDS

PLAN BEE
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WEATHER RELIANT ACTIVITIES

SITE



PLAN BEE RACHEL TOH 98

LILIAN CHEE STUDIO | NUS DOA | M.ARCH 1 AY20/21 SEM 2 | DESIGN RESEARCH JOURNAL

PROPOSED PROGRAM
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HERBS POLLINATED BY BEES

RESEARCH
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LOCAL FLOWERS POLLINATED BY BEES
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CROPS POLLINATED BY BEES
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CROPS SUITABLE FOR MONSOON
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SITE PLANTING

Cosmos
(Cosmos bipinnatus Cav.)

Holy Basil
(Ocimum tenuiflorum)

Brinjal
(Solanum melongena)

Roselle
(Hibiscus sabdariffa)

Corn
(Zea mays L.)

Lime
(Citrus × aurantiifolia)

Lemon 
(Citrus limon)

Lemon 
(Citrus limon)

Winged Bean
(Psophocarpus
 tetragonolobus

Coffee
(Coffea arabica L.)

Banana
(Musa acuminata var.
 sumatrana)

Coconut
(Cocos nucifera L.)

Mango
(Mangifera indica L.)

Coriander 
(Coriandrum sativum L.)

Mint 
(Mentha cultivar)

Rosemary 
(Salvia rosmarinus Schleid)

Spinach
(Spinacia oleracea L.)

Chili
(Capsicum annuum)

Pumpkin
(Cucurbita moschata
 Duchesne)

Pumpkin
(Cucurbita moschata
 Duchesne)

Sweet Potato
(Ipomoea batatas (L.) Lam.)

Watermelon
(Citrullus lanatus)

Okra
(Abelmoschus esculentus 
(L.)

Sunflower
(Helianthus annuus L.)

Rose
(Rosa damascena)

Blue Butterfly Bush 
(Rotheca myricoides
 (Hochst. Steane & Mabb.)

Peacock Flower 
(Caesalpinia pulcherrima 
(L.) Sw.

Red Leea 
(Leea rubra Blume)

Golden Bell 
(Tecoma stan(L.) Juss. ex 
Kunth)

Hibiscus
(Hibiscus rosa-sirensis)

Candle Bush
(Senna alata (Linnaeus) 
Roxburgh)

Jasmine 
(Jasmine grandiflorum L.)
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SITE PLAN
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SITE SECTION
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SITE SECTION
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BEE CLOCK AXONOMETRIC - OPEN ROOF BEE CLOCK AXONOMETRIC - CLOSED ROOF 
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BEE CLOCK SECTION - OPEN ROOF 
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BEE CLOCK SECTION - SEMI OPEN ROOF 
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BEE CLOCK SECTION - CLOSED ROOF 



PLAN BEE RACHEL TOH 3534

LILIAN CHEE STUDIO | NUS DOA | M.ARCH 1 AY20/21 SEM 2 | DESIGN RESEARCH JOURNAL

BEE CLOCK SECTION
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BEE CLOCK PERSPECTIVE
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BEE CLOCK PERSPECTIVE
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SUNDRYING LAUNDRY LINE PERSPECTIVE
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LAUNDROMAT PERSPECTIVE
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YOGA LAWN PERSPECTIVE
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BEE CLOCK PERSPECTIVE
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BEES & MONSOON

RESEARCH

APPLY A-MASTER FOR ALL 
YOUR PAGES
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GRAVITY

Food/Water
Source

Food/Water
Source

15
 s

to
re

ys

15
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to
re

ys

When water source is on ground storey vs When water source is on upper storey

Rooftop Apiary Rooftop Apiary

Bees cannot swim, hence they require a landing spot 
where they can rest on while they hydrate themselves. 
This often comes in the form of floating leaves on 
water bodies, rainwater collected on leaves, or 
feeding trays in the urban setting. Honey bees seem 
to prefer agricultural or urban water runoff, perhaps 
because it is common and contains salts.

Studies have shown that “it is well known that 
honeybees tend to collect water from many 
undesirable sources, such as rain-water gutters 
that are choked with decaying organic matter, on 
the puddles that form on the top of cow dung and 
sewage effluent, rather than from a source of clean 
water provided in the apiary for their use.”

As much as bees are able to travel 8 kilometres to 
forage, gravity poses as a hurdle for the bees when 
they have to fly vertically when they are fully loaded 
with nectar, pollen or water. The further the bees fly 
to forage, the harder they work, which will lead to a 
shorter lifespan. Fatigue will affect the quality of the 
hive and honey.

When the apiary is higher than 8 metres, it can help 
the bees when the food and water sources are raised  
as well. However, this is very often not the case 
when urban hives are kept on rooftops with limited 
resources.

RainBee movement

Relative Humidity & Temperature

December - January  Northeast Monsoon (Wet Phase)
February - March  Northeast Monsoon (Dry Phase)
April - May   Inter-Monsoon
June - September  Southwest Monsoon
October - November   Inter-Monsoon

Rain

0800          0900        1000 1100         1200        1300        1400        1500        1600        1700       1800      1900          2000  

0800          0900        1000 1100         1200        1300        1400        1500        1600        1700       1800      1900          2000  

http://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S0065-17372007000100004

Relative 
Humidity

Temperature

BEE FORAGING IN RELATION WITH WEATHER BEE & ‘DIRTY WATER’
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HABITABLE HEIGHT - NATURAL VS URBAN

Natural Environment

Urban - Tate Modern

URBAN HIVES IN SINGAPORE

1. Temasek Shophouse Rooftop

2. Sundowner Singapore
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HIVE ANATOMY BEES IN THE WEB OF LIFE

Bees are considered a keystone group in an ecosystem, 
so deeply embedded in the web of connections that 
their removal can cause the entire edifice to collapse. 
Losing bees and other wild pollinators causes ripples 
of devastation up and down the food chain, removing 
a source of food for predators, and causing serious 
damage to the plants that underpin most food webs
and which bees help pollinate.

Honey bees in an ecosystem 
This simplified web of interactions shows the key role that bee species play and 

the number of different groups they can affect.

Relationships
of predation or
consumption

Pollination or
producer roles

Sources: Fergus Chadwick, Steve Alton, Emma Sarah Tennant, Bill Fitzmaurice, Judy Earl. 2016. The Bee Book . Great Britain: Dorling Kindersley Limited.Sources: Fergus Chadwick, Steve Alton, Emma Sarah Tennant, Bill Fitzmaurice, Judy Earl. 2016. The Bee Book . Great Britain: Dorling Kindersley Limited.
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BLOOMING SEASON

RESEARCH
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Model 1

Model 2

Model 3

Model 3

RELIEF MODELS

Model 4

Model 4
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ITERATION 1

As part of the park, pathways are lined with the bee watch to tell weather 
and when to harvest through the 5 scenarios using the weight of the hive 
and bee movement as an indicator. Beehives naturally do not have any 
preference where the entrance faces, but beekeeper tend to face the 
hives in south or east direction to take advantage of the sunrise to get 
the bees to forage.

Scenario 1: Balance state
Meaning: There is sufficient honey just for the bees.

Scenario 3: Hives are light and rises, bees movement absent.

Meaning: bees swarmed and left the hives, within 30m there could be a 
new swarm, to attract the bees into the hives, lemongrass oil can be used 
to direct the bees into new hives available.

Scenario 4: Hives are heavy and drops, bees movement present.

Meaning: This is the best time to harvest honey, the bees are constantly 
foraging, there is ample supply of honey within the hive.

Scenario 5: Hives are heavy and drops, bees movement absent.

Meaning: The lack of bee movement around is an indicator of wet 
weather, the supply of honey that the bees produced is for them to last 
through the storm. Do not harvest honey from the bees.

Scenario 2: Hives are light and rises, bees movement present.

Meaning: insufficient honey within the hive even when bees are 
constantly foraging. Passageway obstructed, humans need to detour and 
let the bees work.
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ITERATION 2
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COLLAGE - POLLINATION

APPENDIX
COLLAGE - PRODUCTION
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COLLAGE - PRODUCTION COLLAGE - CONSUMPTION
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SUNPATH 

PROCESS
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PROGRAMS IN RELATION TO SUNPATH
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BEES MOVEMENT WITHIN THE CITY

Youtube link to stopmotion: https://youtu.be/2m5Pr5WP7o8
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BEES MOVEMENT AT VARIOUS HEIGHT

Youtube link to stopmotion: https://youtu.be/qvOuryziWvI
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JOINT RESEARCH

Extrastatecraft by Keller Easterling

Bees

CBD

This project begins by interpreting Bruno Latour’s readings on 
the Actor Network Theory and Keller Easterling’s active forms 
in the extrastatecraft, through the exploration of the interplay of 
relationships and the network between the actors and actants 
within this capitalistic economy. The chosen work type is bees 
in relation to climate and environment. The idea of elevating the 
relationship between bees, climatic conditions and environment as 
they work together to produce agricultural crops and honey is the 
result of this work type.

The site is within the Central Business District (CBD). The reason 
for this decision is to relate the work of beekeeping back into 
Singapore’s domestic cultivation context. As Singapore does not 
have a strong beekeeping community at the moment and with its 
rapid urbanization injected with green spaces, it’s about exploring 
the possibilities of bolstering and extending the work of beekeeping 
to the masses, enabling the public to be beekeepers and to foster 
the bee population in Singapore.

The proposed program for this project is an urban farm. In the 
larger scheme of things, it considers its environmental, social 
and economic impact in the long run and seeks to  explore the 
effects of personal honey harvesting within the capitalistic society. 
However, the architecture focuses on designing for the bees as the 
protagonist. The urban farm forms part of the spatial conditions for 
both bees and people. Whilst the bees have a curated environment 
for them to function in, the people within the CBD are able to 
observe the bees in their habitat and get to know more about the 
sequence of processes behind their food products.

THEORETICAL TEXT

GROUP STUDIED

SITE STUDIED

TITLE
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THEORETICAL RESPONSE
COLLAGES - SWITCHES/REMOTECOLLAGE - MULTIPLIER
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COLLAGE - WIRING/TOPOLOGY COLLAGES - INTERPLAY/GOVERNOR
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ACTOR NETWORK THEORY
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BEES IN SOUTHEAST ASIA HONEY BEES IN SINGAPORE

RESEARCH

INDIA
AD AL

MYANMAR
AD AC AA AF

LAOS
AD AC AA AF

THAILAND
AD AC AA AF

PHILIPPINES
AD AC AK ANS AA AF

MALAYSIA - BORNEO
AD AC AK AN ANS AA AF

INDONESIA
AD AC AK ANS AP AF

MALAYSIA
AD AC AK AA AF

SINGAPORE
AD AC AA AF

VIETNAM
AD AC AA AF

Scientific Names

Apis dorsasta
Apis labriosa

Apis cerana 
Apis koschevnikovi 
Apis nigrocincta S.
Apis nuluensis

Apis andreniformis S. (black)
Apis florea F. (red)

Abbrevation

AD
AL

AC
AK
ANS
AN

AA
AF

Common Names

Giant Honey Bees
Giant Honey Bee
Himalayan Giant Honey Bee

Cavity nesting honey bees
Asian Honey Bee
Koschevnikov’s Honey Bee
Philippine Honey Bee
Borneo Honey Bee

Dwarf Honey Bee
Black Dwarf Honey Bee
Red Dwarf Honey Bee

Richness in overall bee species

Sources: 1. Guerin, Eric. 2020. Native Honey Bees of Southeast Asia and Conservation Challenges. 13 February. Accessed 2021. https://th.boell.org/en/2020/02/13/native-
honey-bees-southeast-asia-and-conservation-challenges.
2. Michael C. Orr, Alice C. Hughes, Douglas Chesters, John Pickering, Chao-Dong Zhao, John S. Ascher. 2020. Global Patterns and Drivers of Bee Distribution. 19 November. 
Accessed 2021. https://www.cell.com/current-biology/fulltext/S0960-9822(20)31596-7.

Sources: National Parks Board. 2021. Bees & Wasps. February 5. Accessed 2021. https://www.nparks.gov.sg/gardens-parks-and-nature/dos-and-donts/animal-advisories/
bees-,-a-,-wasps.

Largest honey bee in the region, 
they forages actively after dusk. 

Their hive is usually a single 
large comb, formed underneath 
a sloping branch of a tall tree.

Asian Honey Bees are about 1 
cm long and they have distinct 
yellow and black bands. They 
usually build their nests in 
enclosed areas. In nature, they 
usually build their colonies 
in old trees, holes and small 
caves. The size of the hive is 
dependent on the size of the 
cavity. 

The Asian Honey Bee is also 
more resistant to disease and 
mites.

Dwarf honey bees are naturally 
nomadic and often abandon 
their hive to find a new site within 
3 - 6 months. They construct a 
single small comb usually high 
up on thin branches. 

Contrary to popular belief, 
stingless bees actually have 
stings. They are much smaller 
in size and build hives in hollow 
trees or within rock crevices or 
caves.

Asian Honey Bee 
(Apis cerana)

Dwarf Honey Bee 
(Apis andreniformis)

Stingless Bees 
(Trigona)

Giant Honey Bee 
Apis dorsasta
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QUEEN

BEE SPACE

B
E

E
 S

P
A

C
E

DRONE WORKER 

Drones are formed from 
unfertilised eggs.

The hardest worker of the 
hive, the worker bees are 
responsible for the building and 
maintenance of the hove.

Potential queen bee is brought 
up feeding on royal jelly rich in 
nutrients.

Bee space is crucial to allow 
bees to navigate the hive. It is 
kept between 6-9mm in Asian 
Honey Bee hives.

The queen is able to lay eggs for up to 3 years with 2000 eggs per 
day but very often, she will be  replaced by a new queen in a year 
to maintain quality in the colony. 

Day 3

Day 3

Day 1

Day 1

Day 9 

Day 9 

Day 11

Day 12

Day 14

Day 17

Day 14

Day 18

Day 21

Day 16

Day 24

LIFECYCLE LIFECYCLE - WORKER BEE

Day 21 - 26

Day 35 - 39

Day 27 - 34

Day 40 - 46

Day 35 - 39

Day 47 - Day 60 
(death)

Cleaner:
Apart from maintaining and cleaning 
the honeycomb, worker bees also 
remove dead bodies from the hive to 
minimise diseases.

Builder:
Apart from building the honeycomb, 
worker bees also seal the pollen and 
honey for storage.

Nurse:
Worker bees move on to nurse larvae 
by feeding them with bee pollen.

Guard:
Worker bees then guard the entrance 
of the hive from predators and threat.

Builder: 
Bees secrete wax from their 
abdomen and they take turn 
harvesting it from each other, 
before chewing it to form hon-
eycomb.

Foragers:
Worker bees leave the hive 
to forage pollen earlier in day 
and nectar later in the day.

Sources: 1. Fergus Chadwick, Steve Alton, Emma Sarah Tennant, Bill Fitzmaurice, Judy Earl. 2016. The Bee Book . Great Britain: Dorling Kindersley Limited.
2. The Bee Store. 2019. What is the Bee Space and why is it important to understand. August 19. https://thebeestore.com.au/blogs/bee-blog/what-is-the-bee-space-and-
why-is-it-important-to-understand. Sources: Fergus Chadwick, Steve Alton, Emma Sarah Tennant, Bill Fitzmaurice, Judy Earl. 2016. The Bee Book . Great Britain: Dorling Kindersley Limited.
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Within a mile of the hive, there are a drone congregation 
areas where the queen visit meet the drone. Flying 
further away would also reduce inbreeding. 

By day 36, the drone becomes sexually matured 
and is ready to mate with the queen.

Upon arriving at the drone congregation area, the 
strongest and fastest drone will chase her and mate 
during the flight.

Soon after, the drone will fall and die as the 
male reproductive organ barb and stay with the 
queen. 

Day 36 onwards

MATING

Honeycombs 
(up to 14 
combs)

maintained @ 
32 - 35°CEntrance

PLAN

Honey Storage

Propolis Envelope

Brood Cell

Drone Cell

Entrance

Queen Cell

Worker Cell 
(5mm diameter)
Drone Cell 
(6.25mm diameter)
Queen Cell
(25mm length)

Daughter Queen

Naturally there is only one queen in the hive. When 
the existing queen becomes less favourable, the 
colony will raise a new queen.

HIVE ANATOMY

Sources: Jay. 2010. Beehavior: The Drones. September 2. Accessed 2021. http://www.ivegothives.com/2010/09/beehavior-drones.html.
Sources: Johnson, Brian. 2008. Pattern formation on the combs of honeybees: Increasing fitness by coupling self-organization with templates. October. Accessed 2021. 
https://www.researchgate.net/figure/a-Idealized-drawing-of-the-characteristic-pattern-on-the-surface-of-wild-honeybee_fig1_23248445.
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When the hive gets too warm, bees pump their abdomen 
system such that more air can pass through their spiracle 
and trachae, which in turn evaporates more water and 
collectively the ambient temperature. 

Bees stationed throughout hive (many on bottom landing 
board) & fan wings; increased ventilation in hive to cool 
down to 35deg C

Spread fluid to induce evaporative cooling

If hear stress is localised:
Heat shielding; worker bees absorb heat by pressing 
themselves against brood nest wall

Brood will die

Honey dehydrated

MORE THAN 35°C LESS THAN 32°C

When the hive gets too cold, bees vibrate their flight 
muscles to generate warmth and collectively warming up 
the hive to 32-35 degrees celcius.

Brood will die

Nectar cannot dehydrate fast enough to make honey

Bees will cluster over brood in the frame to maintain brood 
temperature

Bees inside cluster  = move outside + bees outside cluster 
= move inside

Movement + contraction of thoracic muscles (like 
shivering) = produce heat

Bees will overlap wings (like cellophane plastic) to keep 
heat on the frame = warming brood

spiracle air sac trachae

flight muscle

THERMOREGULATION

Sources: Koning, Ross E. 1994. The Biology of the Honeybee, Apis Mellifera. Accessed 2021. http://www1.biologie.uni-hamburg.de/b-online/ibc99/koning/bees.html.
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When a daughter queen is 
raised, the mother queen will 
depart with 70% of the colony 
in search of a new hive, and 
the daughter inherit the existing 
hive.

The first daughter queen will 
depart with 70% of the new 
colony in search of a new hive, 
and the second daughter inherit 
the existing hive.

Swarming is a naturally occurring phenomenon where 
bees reproduce by splitting the colony into 2 or more 
colonies often led by a queen bee. 

The Asian Honey Bee (Apis Cerana) is a species that swarm 
to reproduce, taking 70% of the colony and settling in a 
temporary nest 20-30m away from the existing nest, they 
will depart once scout bees return with information of the 
new nest. 

SWARMING BEE WINGS

Hamuli

The bee flaps its wings 230 beats per second in a swift 
and short rotational movement forming a 90 degrees arc. 

Hamuli are teeth like structure 
that allow the two wings to act 
as one large surface and help 
the bee create greater lift when 
flying.

LANDING MOVEMENT

It is more common to land on 
an angled surface in the wild.

Sources: 1. C. Evangelista, P. Kraft , M. Dacke , J. Reinhard , M. V. Srinivasan. 2010. The moment before touchdown: landing manoeuvres 
of the honeybee Apis mellifera. January 15. Accessed 2021. https://journals.biologists.com/jeb/article/213/2/262/9950/The-moment-
before-touchdown-landing-manoeuvres-of.
2. Arizona State University . n.d. What’s All the Buzz—How Do Bees Fly? Accessed 2021. https://askabiologist.asu.edu/how-do-bees-fly.Sources: Fergus Chadwick, Steve Alton, Emma Sarah Tennant, Bill Fitzmaurice, Judy Earl. 2016. The Bee Book . Great Britain: Dorling Kindersley Limited.
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1. As nature’s hardest working foragers, the bee visits 
up to 5000 flowers a day, collecting pollen in the 
morning and nectar later of the day. 

3. Nectar that was regurgitated is high in water content. 
Hence, flapping of the wings help to accelerate the 
evaporation of the water to 18%.

2. Nectar is collected in the honey sack and mixed 
with enzyme and proteins from the bee. This is 
stored till the bee returns to the hive to regurgitate 
it in empty cells.

4. Once the honey is reduced to a thick and viscous 
substance, the bees will seal it with beeswax for 
storage. 

Yield
1 pound of honey = 2 million flowers, the process to dehydrate nectar is highly 
dependent on the colony size ranging from 24 hours to a few weeks.

1 bee: 
 - visits 5000 flowers/day
 - 50-100 flowers/flight from hive.
 - flies 19.31 Km/h
1 hive: 
 - must fly 88514km to produce 453.6ml of honey
 - can produce 27.2 – 45.3L of honey/year. 
 - Can gather pollen & nectar from up to 500 million flower/year

453.6ml = 2 million flowers; 556 worker bees gathering
1 flower = est. 0.0002268ml
4.08L = 453.6ml of beeswax
30.28L of water = 3.78L of honey

Honey exports doubled in past decade. Honey bees are 
healthier and more productive in urban environments as 
they have access to greater biodiversity, resulting in a 
more varied diet and stronger immune systems. 

Urban Honey: 
Greater diversity of flowers = greater diversity of honey taste
Eg Paris;
Orange trees, jasmine etc. = honey like cherry & bubble gum = higher demand & 
prices (geography shapes flavour of honey)
Higher yields:
Feeding on plants from windows, terraces, public parks without neonicotinoid pesti-
cides 
Temperature in city is higher; warmer conditions for bees

Rural Honey:
Mono crop = single flavour note = less ex compared to urban honey
Eg. California:
Almond crop field
Lower yields:
No diversity, single crop exposure + neonicotinoid pesticides
Temperature lower compared to urban settings

HONEY PRODUCTION

Sources: Dtek Live Bee Removal. 2019. How Do Bees Make Honey? October 16. Accessed 2021. https://dteklivebeeremoval.com/how-do-bees-make-honey/.

Sources: 1. Elton, Sarah. 2010. Urban Hives Make Better Honey. September 1. Accessed 2021. https://www.theatlantic.com/health/archive/2010/09/urban-hives-make-
better-honey/62251/.
2. Wolfe, Daniel. 2018. Urban bees are living healthier lives than rural bees. September 25. Accessed 2021. https://qz.com/1365290/cities-could-save-the-bees-theyre-
healthier-than-farm-bees/.
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Bees are able to predict the weather and forage for 
longer period of time to store more food prior to a storm. 
This is through the atmospheric changes as detected by 
the hair on a bee. Forager bees are able to return to the 
hive before the rain and convey to the colony about the 
weather. 

Waggle Dance Round Dance
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WEATHER FORECAST POLLINATION

In the process of pollination, the relationship between 
bees and flowers seem to be straightforward. However, 
upon closer study, it is actually a complex system that 
contribute to the whole cycle of pollination, growth and 
bees.

It starts with forager 
bees. They exit the 
hive in search of 
nectar, and through 
their interactions 
with the flowers and 
accumulation of nectar, 
they also collect pollen 
grains from flowers. 
These types of flowers 
that they visit tend 
to rely on insects for 
pollination.

On the other hand, during their 
search for nectar, the bees go 
around pollinating the same 
species of flowers. From there, 
the fertilized flower eventually 
grows into foods and fruits that 
we have in the markets today.

As they visit the flowers 
around the hive, they 
bring pollen grains 
from previous flowers 
they visited, thereby, 
dropping them off on to 
the next flower they visit, 
effectively pollinating the 
flowers as they go about 
their foraging. 

The bees then head back 
to their hives for the 
day with pollen baskets 
attached to their legs, 
then repeat the cycle of 
foraging the next day.

Sources: Tarpy, David. 2016. The Honey Bee Dance Language. February 23. Accessed 2021. https://content.ces.ncsu.edu/honey-bee-dance-language.

Sources: 1. Perfect Bee. n.d. Exploring the Process of Pollination. Accessed 2021. https://www.perfectbee.com/learn-about-bees/the-science-of-bees/exploring-the-
process-of-pollination.
2. Michigan State University. n.d. Pollination. Accessed 2021. https://www.canr.msu.edu/nativeplants/pollination/#:~:text=Bees%20make%20excellent%20pollinators%20
because,pollen%20grains%20through%20electrostatic%20forces.
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FLORAL FIDELITY QUANTITY

SUGAR CONTENT

Honey bees exhibit floral fidelity despite being poylectic 
meaning they  visit many different species of flowering 
plants. Floral fidelity in honey bees is observed as they 
visit only one kind of flower on any given foraging trip. This 
also benefits the flower by pollinating the right species.

Greater priority is then given to the species of flowers that 
are in higher quantity around the hive, maximising the pol-
len gain without the extra distance.

Amidst the flower field, different flowers contain different 
amounts of sugar. The bees,  therefore, seek flowers with 
higher sugar content as to reduce the required work to 
make honey.

PROXIMITY

Bees apply the principle of efficiency to their gathering, 
therefore, they usually start by selecting the flowers that 
bloom closest to the hive.

CHOOSING THE RIGHT FLOWER

Sources: Perfect Bee. n.d. Exploring the Process of Pollination. Accessed 2021. https://www.perfectbee.com/learn-about-bees/the-science-of-bees/exploring-the-process-
of-pollination
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The honey bees’ third pair of legs are x5 
times hairier than its other body parts. Its 
hairs on its legs are called the corbiculae.

The stiff hairs, arranged in rows on the 
inner portion, enables the lets to act like 
a comb when the bee combs itself to 
move the pollen grains from its body to 
its legs. Its hairs are spaced apart enough 
for pollen grains to attach on to the hairs, 
yet hang loosely enough for pollen grain 
transfer from flower to flower. 

The outer surface of the legs have long 
curved hairs in special arrangements to 
form the pollen basket for transport back 
to the hive.

corbiculae

pollen grain

POLLEN BASKET

In order to form the pollen basket on the bee’s legs, the 
bee starts by using its front legs to comb the pollen grains 
on its body and move it to its back legs. It then bends its 
hinds legs and pushes the grains into the pollen press. 

The pollen press are the two plates between its hind legs. 
When filled with pollen, the bee then straightens its leg, 
essentially, pushing and squeezing the pollen grains into 
the pollen basket where the pollen grains are collected.

To make sure the pollen grains stick together to form a firm 
mass, the bee mixes sticky nectar on top of the pollenkitt 
(an adhesive layer to help the pollen stick to the bee) to 
glue the pollen together and resist wind forces when it 
flies. This results in a bond that can resist up to 20x the 
forces a bee experiences during flight.

comb press

pollen
press

tibia
pollen 
basket

basitarsus

nectar
pollen grain

nectar

pollen kit

exine

pollen 
grain

Sources: 1. Ashley A. Egelie, Ashely N. Mortensen, Jennifer L. Gillett-Kaufman, James D. Ellis. n.d. Asian honey bee. Accessed 2021. http://entnemdept.ufl.edu/creatures/
misc/bees/Apis_cerana.htm.
2. Bee Health. 2019. Adult Bee Anatomy (Basic Bee Biology for Beekeepers). August 20. Accessed 2021. https://bee-health.extension.org/adult-bee-anatomy-basic-bee-
biology-for-beekeepers/#:~:text=Bees%20are%20well%20covered%20by,and%20form%20to%20a%20bee.
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LIFE CYCLE OF FLOWERING 
PLANTS

GERMINATION

GROWTH

POLLINATION

FERTILISATION

FRUIT & MATURE SEED DISPERSAL

GERMINATION

When seeds are dispersed, they travel around via 
various means (animal/wind) before settling on ground. 
When in contact with the soil, water and under the right 
temperatures conditions, the seeds begin to sprout and 
root itself into the ground.

GROWTH

The plant continues to grow, relying on the seed for food. 
Stems and leaves sprout upwards and as they leaves 
develop, it begins harvesting sunlight to generate its own 
energy. Eventually, as the plant matures, it begins to flower.

POLLINATION

When the flowers are mature, it begins to produce pollen. 
As bees come and go on their foraging journey, these 
pollen grains get transported around via the bees to other 
flowers. This results in the fertilization of the other flowers, 
and as such, the fruit matures as the ovary swells more 
and grows.

FRUIT & MATURE SEED DISPERSAL

Once the fruit ripens, it is likely to be consumed by 
animals or dispersed by wind. These mature seeds cannot 
be digested by animals, hence, they are passed out in 
fecal matter, effectively dispersing the seeds away from 
the parent plant. The cycle of growth repeats once again.

LIFE CYCLE OF FLOWERING PLANT

Sources: 1. Tippins, Nicholas. n.d. Flowering Plants Life Cycle. Accessed 2021. https://garden.lovetoknow.com/garden-basics/flowering-plants-life-cycle.
2. Science Learning Hub. 2012. Flowering plant life cycles. June 6. Accessed 2021. https://www.sciencelearn.org.nz/resources/82-flowering-plant-life-cycles.
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Pollen is produced in the anthers of the angiosperm flower (flowering plants). the pollen grains come in a wide 
variety of shapes and sizes, however, as a general note, the range of sizes that pollen grains are found in falls 
between 10 - 200 μm, or, 0.01 - 0.2mm in size. 

Pollen grains have a double wall structure, the external exine and the internal intine. The external exine is made 
of sporopollenin, a complex polymer that is resistant to most oxidising or reducing agents as well as weather. 
Hence, the organic or inorganic matrix in which the pollen grains are trapped can be removed chemically without 
destroying the pollen. Beyond the walls, its is much like a cell, containing cytoplasm and the nucleoi.

The little indentations on the exine are called germpores. They are tinner walled areas on the surface of the 
pollen grain. Its function to aid in the formation of the pollen tube down to the ovary for the release of the male 
gametes for fertilization.

LIFE CYCLE OF FLOWERING PLANT

The honey bees arrive and lands on the petals of the 
flower. It then proceeds to seek out and harvest nectar 
from the flower.

In the midst of harvesting, the pollen present on the 
bee’s body (from other flowers) gets rubbed off onto 
the stigma of the flower.

The pollen grain on the stigma now attaches itself 
securely and begins secreting chemicals to begin the 
process of creating a pollen tube down to the ovary, 
through the tissue of the style.

Once the pollen tube is created, the male gamete 
passes through the tube and reaches the ovary to 
fuse with the egg. Fertilization is completed and the 
egg cell begins the process of cell division. 

The cells divide continuously and the ovary starts to 
swell as it grows. The petals and anthers wither and fall 
away, leaving behind the sepals.

The swollen ovary eventually grows to become a 
fruit. When it matures and ripens, it can be harvested 
and packed for consumption.

Sources: 1.Embibe Beta. n.d. Structure of Pollen Grain. Accessed 2021. https://www.embibe.com/study/structure-of-pollen-grain-concept.
2. Science Learning Hub. 2012. Flowering plant life cycles. June 6. Accessed 2021. https://www.sciencelearn.org.nz/resources/82-flowering-plant-life-cycles.
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1. The anther of the plant releases           
    pollen grains.

2. Pollen particles gets dispersed by  
    wind throughout the field.

3. Pollen grains tend to miss the  
   flowers, low efficiency of pollination  
    as it is hit or miss.

WIND POLLINATION

1. Bees choose the flower species in large quantities 
around the hive, effectively pollinating the flowers as it 
forages for nectar and pollen. 

2. Bees choose the flower species with higher nectar 
content, effectively pollinating the flowers as it forages 
for nectar and pollen. 

BEE POLLINATION
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Chinese CabbageChestnut

BroccoliAsparagus

AvocadoApple

CantaloupeKiwifruit

Orange

Apricot

Carrot

Persimmon

Rhubarb

Cranberry

Cauliflower

Plum

Cabbage

Blueberry

Cherry

Strawberry

Almond

Brussel Sprouts

Corn

Kale

RambutanOnion

EggplantChilli

BasilPassionfruit

TamarindStarfruit

Watermelon

Papaya

Lemon

Guava

Turnip

Coconut

Mango

Lime

Tangerine

Okra

Pumpkin

Cucumber

Durian

Nutmeg

Longan

Coffee

TEMPERATE CROPS POLLINATED BY BEES TROPICAL CROPS POLLINATED BY BEES

Sources: 1. 2007. Pollination and Bee Plants . September 30. Accessed 2021. Bee Health. 2019. Adult Bee Anatomy (Basic Bee Biology for Beekeepers). August 20. Accessed 
2021. https://bee-health.extension.org/adult-bee-anatomy-basic-bee-biology-for-beekeepers/#:~:text=Bees%20are%20well%20covered%20by,and%20form%20to%20
a%20bee.
2. n.d. The importance of pollinators. Accessed 2021. https://www.uaex.edu/farm-ranch/special-programs/beekeeping/pollinators.aspx.biology-for-
beekeepers/#:~:text=Bees%20are%20well%20covered%20by,and%20form%20to%20a%20bee.
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BEE POPULATION LOSS IN THE US

The honey bee population in the us has been seeing high percentages 
of losses since 2006, especially during the winter months.

Though the losses have decreased over the years, it is still way past 
the levels of acceptable loss during winter. Statistics show that 
colony losses during winter make up majority of annual colony loss.

These alarming numbers bring to light contributing factors of colony 
loss such as, colony collapse disorder (CDC), parasites and pests, 
pathogens, poor nutrition and pesticides.

These high rates of loss pose a challenge for beekeepers to 
replenish colonies and maintain a consistent bee population as 
these contributing factors are not in their control.

Bees are responsible for pollinating 70% of all plants and 30-40% 
of agricultural products that we consume. They are vital to the 
food chain and without them, food products such as fruits, nuts, 
vegetables and forage crops would not exist.

If they keep declining, repercussions along the food chain are 
extreme and our food supply dwindles along with them.

IMPACT OF BEES ON US

Sources: 1. Erickson, Emily. n.d. The Vanishing of the Bees. Accessed 2021. https://www.planetbee.org/colony-collapse-disorder.
2. United States Environmental Protection Agency . n.d. Colony Collapse Disorder. Accessed 2021. https://www.epa.gov/pollinator-protection/colony-collapse-disorder#what.
3. Dennis vanEngelsdorp, Jay D. Evans,Claude Saegerman,Chris Mullin,Eric Haubruge,Bach Kim Nguyen,Maryann Frazier,Jim Frazier,Diana Cox-Foster,Yanping 
Chen,Robyn Underwood,David R. Tarpy,Jeffery S. Pettis. 2009. Colony Collapse Disorder: A Descriptive Study. August 3. Accessed 2021. https://journals.plos.org/plosone/
article?id=10.1371/journal.pone.0006481.
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CCD is a phenomenon when majority of the worker bees 
leave the colony, leaving behind almost no adult bees but a 
live queen and few immature bees present. Often, the hive 
still possesses honey and there are no dead bees found in 
the area.

Bees leaving their hive is not an uncommon situation. 
However, in 2006, beekeepers around the world reported 
similar situations of worker-less hives, with some of them 
losing up to 90% of their hives. There have been similar 
recordings of such phenomenon on the 1880s, 1920s and 
1960s, however, nothing of such a scale has been seen 
before until 2006.

Scientists have been studying the phenomenon and 
have found that there is no single stressor that stood out 
as the primary cause of CCD, instead, there might be an 
accumulation of multiple factors working together that 
resulted in this situation.

Statistics show that these rates have been decreasing since 
2008. Losses have gone down to 23% in 2013 - 2014, as 
compared to 60% of colony decline in 2008, but have risen 
again in recent years. During the year 2018 - 2019, the 
managed bee population has seen a decrease by 40.7%, a 
17.7% increase from 2013.

CCD is still very much a concern as it is still well above the 
levels of acceptable loss. 

COLONY COLLAPSE DISORDER (CCD) CCD ON AGRICULTURE

The honey bee is responsible for the pollination of many crops 
including spoce crops, fruits, nuts, oilseeds, cauliflower, okra and 
onion. The bees are transported across the country and managed 
by the commercial beekeepers for the pollination of large areas of 
farming crops.

In the US, crops are produced using the 2.6 million colonies during 
peak flowering. Of the $20 billion worth of US crops, managed 
honey bees are responsible for an estimated half of the crops.

With losses that are hard to mitigate, the agricultural sector will 
suffer as a result of lower rates of pollination. Food prices would 
increase due to increased demand and lower supply.

Sources: 1. Erickson, Emily. n.d. The Vanishing of the Bees. Accessed 2021. https://www.planetbee.org/colony-collapse-disorder.
2. United States Environmental Protection Agency . n.d. Colony Collapse Disorder. Accessed 2021. https://www.epa.gov/pollinator-protection/colony-collapse-disorder#what.
3. Dennis vanEngelsdorp, Jay D. Evans,Claude Saegerman,Chris Mullin,Eric Haubruge,Bach Kim Nguyen,Maryann Frazier,Jim Frazier,Diana Cox-Foster,Yanping 
Chen,Robyn Underwood,David R. Tarpy,Jeffery S. Pettis. 2009. Colony Collapse Disorder: A Descriptive Study. August 3. Accessed 2021. https://journals.plos.org/plosone/
article?id=10.1371/journal.pone.0006481.
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PARASITES / PESTS

The varroa mite has been responsible for a large 
decrease in bee population. It parasitizes the Asian 
honey bee, apis cerana, by attaching to the bee 
and sucking its ‘blood’. They also carry an array of 
pathogenic viruses such as the deformed wing cirus, 
causing more colony degeneration.

PATHOGENS

More pathogens have been found to infect honey bees 
and have been increasing in variation since the 1980s. 
These pathogens include the deformed wing virus, 
paralytic virus such as the Israeli acute paralysis virus, 
European foul brood bacteria and the Nosema Caranae 
fungi.

POOR NUTRITION

The bee’s diet primarily relies on nectar and pollen 
gathered from the flowers during its foraging. 
Insufficient or incomplete nutrition weakens the honey 
bee’s immune system and increases the susceptibility 
to diseases. As the demand for pollination services 
grow, the bees tend to be exposed to mono-crop areas 
for longer period of time. The mono-crop diet does not 
provide the bees with adequate nutrition due to the 
lack of variety.

PESTICIDES

The most common form of pesticides used in 
agriculture today are the neonicotinoids class. These 
chemicals are systemic, meaning that the plant takes 
the chemicals into its vascular system and spread 
it to all its tissues. This is a problem for bees when 
they harvest the pollen fro these plants and consume 
its pollen. The chemicals have been shown to alter 
the foraging behavior, communication and larval 
development since these are reliant on chemical and 
physical signals from the bees.

THREAT TO THE BEE POPULATION

Sources: Grossman, Elizabeth. 2013. Declining Bee Populations Pose a Threat to Global Agriculture. April 30. Accessed 2021. https://e360.yale.edu/features/declining_bee_
populations_pose_a_threat_to_global_agriculture.

The decline in the bee population globally sees the 
importance of beekeepers not only as a work but a 
environmental specialist that cultivate bees to grow 
the population. 

INSPECTION

PEST

MICROBIAL 
GROWTH

PARASITE

PRESENCE OF 
QUEEN BEE 
WITHIN THE 

HIVE

2. MAINTENANCE

DISEASES

BEEKEEPER

Sources: Arcuri, Lauren. 2019. Beekeeping Tasks by the Season. August 15. Accessed 2021. https://www.thespruce.com/beekeeping-tasks-by-season-3016776.
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SEASONAL FLOWERS

MEXICAN CORAL VINE
EARLY SPRING

FALSE HEATHER
PEAK IN SUMMER
SOME PRESENT ALL YEAR ROUND

CANDLE BUSH
SPRING

RED LEEA
SUMMER

BLUE BUTTERFLY BUSH
SPRING

BUAS BUAS
ALL YEAR ROUND

SPONGE GOURD
ALL YEAR ROUND
PEAK IN SUMMER

YELLOW BELLS
SUMMER

PIGEON ORCHID
9 DAYS AFTER HEAVY RAINSTORM

PEACOCK FLOWER
ALL YEAR ROUND
(AS LONG AS UNDER FULL SUN)

GOLDENROD
ALL YEAR ROUND

COSMOS
-

CORIANDER
SUMMER

PEPPERMINT
SUMMER & EARLY AUTUMN

LAVENDER
SUMMER

ROSEMARY
BEGINS IN SPRING
CAN GROW ALL YEAR ROUND

OREGANO
SUMMER & EARLY AUTUMN

CHRYSANTHEMUM
AUTUMN

BASIL
SUMMER

THYME
SUMMER

Winter: Dec- Jan
Spring: Mar - May
Summer: Jun - Aug
Autumn: Sept - Nov

Northeast monsoon season: Dec - Mar
                        - Wet phase: Dec - Jan
                        - Dry phase: Feb - Mar
Inter-monsoon season: Apr - May & Oct - Nov
Southwest monsoon season: Jun - Sept

Sources: 1. Friends of the Earth . n.d. Best herbs for cooking and bees. Accessed 2021. https://friendsoftheearth.uk/bees/best-herbs-for-bees.
2. National Parks Board. 2019. Growing Herbs in your High-rise Home. Accessed 2021. https://www.nparks.gov.sg/nparksbuzz/issue-41-vol-2-2019/gardening/growing-
herbs-in-your-high-rise-home.

SINGAPORE 30 BY 30 GOAL

Singapore’s 30 x 30 goal touches upon food sources that 
supply the nations nutritional needs. The goal is to have 
30% of the nations food and nutritional foods produced 
locally by 2030. Currently, over 90% of our food supply 
is imported from multiple sources around the world.  
 
As of now, our local farms are only producing about 
10% of foods and are already operating at full capacity. 
This means that in order to hit the goal of 30 x 30, 
there is a need to extend this new mode of local food 
sourcing to every Singaporean, hence, introducing the 
idea of domesticated urban farming and beekeeping 
that is situated witihin every home. This would enable 
every household to produce a certain percentage of 
their own food supply, including honey harvested from 
the hives, to contribute to greater self-sustenance.

Sources: 1. Ai-Lien, Chang. 2019. Singapore sets 30% goal for home-grown food by 2030. March 8. Accessed 2021. https://www.straitstimes.com/singapore/spore-sets-
30-goal-for-home-grown-food-by-2030.
2. Singapore Food Agency. n.d. Food Farming . Accessed 2021. https://www.sfa.gov.sg/food-farming.
3. Tan, Steffi. 2020. How Singapore Aims to Secure its Food Supply With its ’30 by 30� Plan. July 8. Accessed 2021. https://earth.org/singapore-30-by-30-plan/.
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TIME BASED ARCHITECTURE

The Swiss Sound Pavilion was designed by Peter Zumthor in the 
2000 for the World Expo in Hamburg. It is a time based architecture 
that allow the people to experience the pavilion differently across 
the exhibition period with the change in seasons, wind and weather. 
The pavilion was designed not only to showcase the spaces, but 
also to allow visitors to experience the Swiss culture through 
performances, food, lighting and even costume. 

The pavilion aims to bring visitors on a sensorial journey, through 
music, sound, scent, tactility of materials, scent of food.
The duration of the exhibition hall becomes a kind of sounding 
board. The scent of the forest and the sound of crackling wood 
drying, melodies that a group of musicians play and the voices 
of soloists who improvise and react to changes in the music are 
added.

The layout allow for people to stream in from all sides, exploring the 
spaces with their senses.

SWISS SOUND PAVILION BY PETER ZUMTHOR

PRECEDENT STUDIES

The wood is carefully stacked and held by tension rods and 
steel spring, the lack of bolts and screw in the structure 
allow the wood to be perfectly undamaged throughout the 
duration of the exhibition.

At the end of it, all the wood were dried and used reused 
in other works around the area. Sources: Wikiarquitectura. n.d. Swiss Sound Pavilion. Accessed 2021. https://en.wikiarquitectura.com/building/swiss-sound-pavilion/.



HIVEWAY ELISABETH CHOO & RACHEL TOH 123122

LILIAN CHEE STUDIO | NUS DOA | M.ARCH 1 AY20/21 SEM 2 | DESIGN RESEARCH JOURNAL

NOMADIC ARCHITECTURE

Pao, ‘yurt in japanese, is a project designed by Toyo Ito and 
Kazuyo Sejima to house the new urban dweller.

Its designed based on a sceneraion where most domestic 
functions are dissolved in the city and the  living unit 
becomes an entity reduced to just shelter and access to 
the informational network.

Its tent like structure providing minimal accomodations 
for the user, and because it is a light metal space-frame 
structure, it can be easily transported anywhere for 
setting up. Its maerial dissolves itself into the metropolis 
and is reduced to a series of design objects. The surfaces 
become a screen to incorporate the technology of those 
times and absorb the information from the outside world 
into the intimate living spaces. 

PAO: DWELLINGS FOR THE TOKYO NOMAD WOMAN 
BY TOYO ITO AND KAZUYO SEJIMA

Sources: Fabrizi, Mariabruna. 2016. Pao: Dwellings For the Tokyo Nomad Woman by Toyo Ito (1985 and 1989). February 7. Accessed 2021. http://socks-studio.com/2016/02/07/
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IN RELATION TO KELLER EASTERLING SWITCHES

PHYSICAL MODEL
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COLLAGES IN RESPONSE TO BRUNO LATOUR READINGS

APPENDIX
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HISTORY OF SUGAR ECONOMY
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CAPITALISM IN SUGAR ECONOMY

As capitalism grew to become the governing economic 
form in the late 18th century, the sugar industry, amongst 
many others, focused on mass production for mass 
consumption. With that change in focus, exploitation of 
wage labour become even more prevalent. In addition 
to that, the intense process of harvesting raw sugar for 
mass consumption meant that much more manpower 
was needed, hence, the employment of slaves became 
common practice. Slaves were exploited for their labour 
and ill-treated for the sake of high production rates as 
now sugar was quickly becoming a commodity for all, 
not just the wealthy. It also meant that sugar was also 
being mass consumed globally, meaning that if the 
country possessed the means for sugar production (Like 
Brazil), then importation of these sugars would elevate the 
country’s position on a global scale.

The history of sugar can be traced to 8000BC in New 
Guinea, where people consumed sugarcane. In the next 
4000 years, sugar spread to the Southeast Asia, India 
and China. People started to crystallise the sugarcane 
juice into sugar power and granules that was able to be 
stored and transported easily. It was also traded between 
neighbouring countries until the 300BC when Alexandra 
the Great took some from India to Europe. Even then, 
sugar was not used until another 1000 years later.

Most notably, the need for establishing numerous 
plantations in the tropics intensified slave trade of African 
slaves, dispering them all around the world, mostly to 
North and Central America.

The sweetness of sugar, however, holds a bitter history of 
a commodity harvested by slaves as Africans sold to white 
traders replaced Europeans in the plantations.

HISTORY OF SUGAR ECONOMY
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LEADING CAUSES OF DEATH IN SINGAPORE

Cancer is a global issue. In 2008, an estimated 12,332,300 
cancer cases were recorded with 5.4 million in developed 
countries and 6.7 million in developing countries. 

It is currently the leading cause of death in Singapore, 
holding its top place at a total of 28.4% in 2019. In second 
place is pneumonia and third, cardiovascular diseases. 

Though technology and medical treatments are advancing 
in the healthcare industry, it still puts unnecessary stress 
on the healthcare system as resources are being spent to 
try and keep death rates lower.
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CAPITALISM IN SUGAR ECONOMY
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GREENWASHINGSUGAR ECONOMY TODAY

The term greenwashing was coinedby environmentalist 
Jay Westerveld in 1986, back when most consumers 
received their news from television, radio and print media 
- the same outlets that corporations regularly flooded with 
a wave of high-priced, slicky-produced commercials and 
print ads. The combination of limited public access to 
information and seemingly unlimited advertising enabled 
companies to present themselves as carring environmnetal 
stewards, even as they were engaging in environmentally 
unsustainable practices.

Sugar is a water-intensive crop that remains in the soil all 
year long. As one of the world’s thirstiest crops, sugarcane 
has a significant impact on many environmentally sensitive 
regions, like the Mekong Delta and the Atlantic Forest. 
Historic planting of sugarcane around the world has led to 
significant impacts on biodiversity. 

A vast global market for sugarcane derivatives keeps the 
industry booming. Sugar is prevalent in the modern diet 
and increasingly a source of biofuels and bioplastics. As 
prices of petroleum rise, there is a growing market for 
ethanol from sugarcane. 

Managing social and environmental risks is important 
for sugarcane growers, processors and food companies 
due to regulatory pressures as well as shareholder and 
consumer expectations for sustainably produced goods.

Sugar today is still a thriving economy and a commodity 
widely traded globally.
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The sugar economy has its roots deep in capitalism. From its direct relation to 
food and health, to its place within politics and economics.

This diagram highlights sugars’ relationships with various sectors present 
in the capitalistic economy, making known its connections with one another, 
direct or indirect, thereby, drawing upon its relations to study its chain of 
effect should one factor in this web change.

Through the study of the network in which the capialistic ecnomy is based 
upon, the general pattern of a radial distribution is seen. There is a chain of 
command that is often linear in nature despite its interconnections. There is 
always a domino effect that ripples throughout the economy when one factor 
changes, hence, resulting in a major change within the system.

The connections also seek to highlight the pros and cons within the sugar 
economy, albeit, mostly harmful and negative effects are bserved. 

This diagram provides the basis in which the mirror economy is based upon.

This diagram visualizes the distribution sequence of sugar within the economy. 

What is obsserved is a radial pattern in which all leads to one singular source. 
This recalls the sugarcane in which ten countries reign top in the world for 
export and trade. 

Even though its pattern is radial in nature, the chain is still linear. This means 
that if any one component fails within this equation, the chain breaks down. 
This is since the consumers are largely dependant on the suppliers (which are 
few), which in turn are dependant on the crop growth rate and quality. 

SUGAR ECONOMY SUGAR DISTRIBUTION
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This diagram explores the effects that come about when sugar is replaced 
entirely by bees and their honey production. Factors within the web changes 
and sectors are now largely positively impacted.

Even with correlations that perhaps did not change, the effects of substituting 
sugar with honey & hives will ripple throughout this top-down capitalistic 
economy.

In this case, this top-down hierarchy remains. There is a dichotomy of 
structures found between the capitalistic and the mirror, which are the 
introduction of bees and hives into the infracstructure. To further elaborate, the 
introduction of bees and their hives into the infrastructure forms an epiphytic 
relationship between this mirror economy and capitilism. The hierarchy of the 
infrastructure is still required for this mirror economy to thrive alongside it. 
The connections also seek to highlight the pros and cons within the sugar 
economy, albeit, mostly harmful and negative effects are bserved. 

This diagram provides the basis in which the mirror economy is based upon.

Within this mirror economy, the structure changes radically from a radial pattern to one of an even distribution. All 
components within this rhizome like structure are connected and consists of the same elements, mainly:

Multipliers: Hives
Switches: Bees
Wiring/Topology: Relationships between entities
Interplay/Governing: Density & nature

The adaptation of this rhizome like economy takes on a non hierarchical spatial infrastructure, and as such, is able 
to function independantly as well as collectively. To further elaborate, within this system, each component functions 
simarly to one another. In the event that one fails or is unable to perform, the other components are still able to 
function as per normal, just having the collective power weakened for a while.

In relation to the bigger picture, this mirrored economy requires the capitalistic economy to function as its host, while 
forming this epiphytic relationship with it. Without the capitalistic economy, this mirror economy will cease to exist. 

Between both economies, a contrast between the infrastructural systems is established. The capitalistic economy 
maintaining its top-down hierarchy, while, the mirror economy adopting the non hierarchical, distribution rhizome 
system. 

BEES & HONEY DISTRIBUTION BEES - MIRROR ECONOMY
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PHYSICAL MODELS
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