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INTRODUCTION

Cold-water  aquaponics  of fers  a  susta inab le  and

innovat ive  approach to food product ion ,  combin ing

aquacu l ture and hydroponics  in  a  c losed- loop system.  My

research focuses  on exp lor ing  the potent ia l  of  non-

heated ,  pass ive  systems in  moderate c l imates ,  part icu lar ly

in  the Pac i f i c  Northwest .  By  adapt ing  aquaponics  to

seasona l  cyc les  and emphas iz ing  b iod ivers i ty ,  th i s  work

a ims to address  cha l lenges  l i ke  energy  ef f i c iency ,  water

conservat ion ,  and c l imate res i l ience .  Through educat ion ,

outreach ,  and hands-on exper imentat ion ,  we ’re

uncover ing  pract ica l  ins ights  to make aquaponics  a  v iab le

so lut ion for  susta inab le  agr icu l ture in  d iverse set t ings .



WHAT IS
AQUAPONICS?

Aquaponics  i s  a  susta inab le  farming method

that  combines  aquacu l ture (ra i s ing  f i sh)  and

hydroponics  (growing p lants  wi thout  so i l )  in  a

c losed- loop system.  The f i sh  produce waste ,

which i s  broken down by benef ic ia l  bacter ia

into nutr ients  l i ke  n i trates .  These nutr ients  are

then absorbed by p lants ,  which he lp  f i l ter  and

pur i fy  the water .  The c lean water  i s

rec ircu lated back into the f i sh  tank ,  creat ing  a

se l f - susta in ing  cyc le  that  conserves  water  and

reduces  the need for  chemica l  fert i l i zers .



BENEFITS OF COLD-WATER
AQUAPONICS

Water Ef f i c iency

Aquaponics  sys tems use s ign i f i cant ly  less  water  compared to

trad i t iona l  agr icu l ture ,  wi th  water  rec ircu lated cont inuous ly .

Susta inab i l i ty

By reus ing  f i sh  waste  as  fert i l i zer ,  aquaponics  reduces  env ironmenta l

impact  and e l iminates  the need for  synthet ic  chemica l s .

Energy  Sav ings

o ld-water  sys tems operate wi thout  add i t iona l  heat ing ,  mak ing  them

more energy-ef f i c ient  and cost -ef fect ive .

B iod ivers i ty

Promotes  a  ba lanced ecosystem with  p lants ,  f i sh ,  and benef ic ia l

bacter ia  work ing  together  to susta in  the system.

Cl imate Res i l ience

Des igned for  moderate c l imates ,  these systems are adaptab le  to

seasona l  changes ,  ensur ing  re l i ab le  product ion year-round.



CHALLENGES OF COLD-
WATER AQUAPONICS

Seasona l i ty :  Growth cyc les  are inf luenced by

water  temperature and seasona l  changes ,

requ ir ing  carefu l  p lann ing .

Energy  L imi tat ions :  Without  heat ing ,

ma inta in ing  opt ima l  condi t ions  in  extreme

weather  can be d i f f i cu l t .

Nutr ient  Ba lance :  Manag ing  the needs  of  both

p lants  and f i sh  requ ires  constant  moni tor ing .

In i t i a l  Investment :  Sett ing  up an aquaponics  sys tem

can have h igh upfront  costs .

Knowledge Gap :  Many producers  are unfami l i ar

wi th  aquaponics ,  lead ing  to misconcept ions  and

hes i ta t ions .



KEY METRICS
TRACKED IN

THE RESEARCH
ACTIVITY OUTCOME

Plant  Growth Rates :

Moni tor ing  the growth and

y ie ld  of  leafy  greens  and herbs

under co ld-water  condi t ions .

Winter  greens  demonstrated s teady growth in  co ld-water

condi t ions ,  wi th  y ie lds  comparab le  to so i l -based systems in

s imi lar  c l imates .

Warmer months  revea led s lower growth due to lower root

aerat ion ,  ident i fy ing  a  need for  a l ternat ive  grow mediums .

Water  Qua l i ty

Test ing  pH,  d i sso lved oxygen ,

and nutr ient  leve l s  to  mainta in

system ba lance .

Stab le  pH and h igh d i sso lved oxygen leve l s  dur ing  co lder

months  supported hea l thy  p lant  and f i sh  growth ,  whi le

summer requ ired ad justments  to address  nutr ient  bu i ldup

and oxygen cha l lenges .

F i sh  Hea l th

Observ ing  f i sh  growth ,  surv iva l

rates ,  and overa l l  we l l -be ing  in

co ld-water  env ironments .

F i sh  thr ived in  cooler  water  temperatures ,  showing h igh

surv iva l  rates  and min ima l  s tress  throughout  the s tudy .



LESSONS LEARNED
Seasona l i ty  Matters :  Cold-water  aquaponics

requ ires  p lann ing  around seasona l  cyc les ,  jus t

l i ke  trad i t iona l  farming .

B iod ivers i ty  i s  Key :  Embrac ing  d iverse p lant  and

f i sh  spec ies  enhances  system res i l ience and

susta inab i l i ty .

Educat ion i s  Cruc ia l :  Address ing  misconcept ions

about  aquaponics  improves  s takeholder

understand ing  and adopt ion .

Adaptat ion i s  Necessary :  Modi f i cat ions ,  such as

a l ternat ive  grow mediums ,  are essent ia l  for

opt ima l  performance in  warmer months .

Stakeholder  Col laborat ion :  Engagement  wi th

farmers  and educators  prov ided va luab le

feedback and s trengthened outreach ef forts .



Seasona l  L imi tat ions :  Cold-water  sys tems requ ired adaptat ions

for  both winter  and summer condi t ions ,  wi th  reduced growth

dur ing  warmer months .

Nutr ient  Imba lances :  Manag ing  nutr ient  leve l s  proved more

complex dur ing  peak growing seasons ,  espec ia l l y  in  summer .

Publ ic  Misconcept ions :  Stakeholders  of ten assumed aquaponics

was  a  ma intenance-free ,  year-round so lut ion ,  requ ir ing

addi t iona l  educat iona l  ef forts .

F i sh  in  the System:  Ba lanc ing  f i sh  hea l th  wi th  p lant  nutr ient

needs  added complex i ty ,  espec ia l l y  dur ing  sys tem trans i t ions  and

maintenance .

Grow Medium Issues :  Root  aerat ion in  warmer months  was

insuf f i c ient ,  impact ing  p lant  growth and prompt ing  the need for

exper imentat ion wi th  a l ternat ive  mediums .

System Moni tor ing :  Ma inta in ing  cons i s tent  water  qua l i ty  and f i sh

hea l th  requ ired constant  v ig i l ance and ad justments .

CHALLENGES
ENCOUNTERED



UNFORESEEN CHALLENGE:
CARP IN THE SYSTEM

Study F i sh :  We used carp instead of  the commonly

recommended t i l ap ia  for  th i s  s tudy due to co ld-water

condi t ions  better  su i ted to carp .

Unique I s sue :  Unl ike  t i l ap ia ,  carp eggs  are much smal ler

and passed through the f i l t rat ion system into the grow

beds .

Impact  on System:  Carp hatched in  the grow beds ,

d i srupt ing  p lant  growth and resu l t ing  in  the loss  of

months ’  worth of  produce .

So lut ion :  A complete redes ign of  the f i l t rat ion system

was necessary  to prevent  f i sh  eggs  from enter ing  the

grow beds in  the future .

Takeaway :

Th is  cha l lenge h igh l i ghted the importance of  ta i lor ing

aquaponic  sys tems to the spec i f i c  character i s t i cs  of  the f i sh

spec ies  be ing  used .



FUTURE DIRECTIONS
Improved F i l t rat ion Systems :

Implement ing  a  more robust  f i l t rat ion

des ign to prevent  f i sh  eggs  from

enter ing  grow beds .

Seasona l  Opt imizat ion :  Exper iment ing

with  a l ternat ive  grow mediums to

enhance root  aerat ion and

product iv i ty  dur ing  warmer months .

Divers i f ied Systems :  Exp lor ing

addi t iona l  f i sh  spec ies  and p lant

var iet ies  to increase system res i l ience

and product iv i ty .

Enhanced Educat ion :  Cont inu ing  to address

misconcept ions  about  aquaponics  and expanding

outreach to underserved communit ies .

Long-term Susta inab i l i ty :  Invest igat ing  the ro le  of

b iod ivers i ty  in  creat ing  more se l f - susta in ing

aquaponic  sys tems .



RECOMMENDATIONS FOR
STAKEHOLDERS

Embrace Seasonality: Understand that aquaponics, like
traditional farming, has seasonal variations that need to be
accounted for in planning.
Consider Fish Species: Choose fish that align with local climate
conditions to ensure long-term viability (e.g., cold-water
species like carp for certain regions).
Adaptation to Climate: Implement modifications such as
alternative grow mediums for improved plant growth in warmer
months.
Continual Education: Ongoing training and information sharing
are vital to overcoming misconceptions and improving system
adoption.
Community Engagement: Strengthen outreach efforts to engage
local farmers, communities, and educational institutions in
aquaponic practices.
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