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The Year-Round Solar Aquaponics Greenhouse Project

GROWING GREENER UNDER COVER 

    

Fig. 1 -  The Invermere, B.C. Community greenhouse 
The Invermere Community Greenhouse in B.C. is an example of a passive solar, season-extending 
greenhouse that functions for ten months of the year in Canada. It is modeled on the extensively-used
passive solar greenhouses in China. Its low energy requirements and community partnership 
programs make it one excellent model which a full year-round solar greenhouse for Guelph might 
follow.  https://groundswellnetwork.ca/community-greenhouse/

INTRODUCTION

As the world confronts the challenge of climate change, practices in the global food supply are
being called into review. This is notably true with respect to burning natural gas (a fossil fuel) 
for northern greenhouse crops, and the use and disposal of the hydroponic solution used to 
grow heavily-fertilized soil-less plants indoors for year-round human consumption. Natural gas
is expensive and contributes to the climate change problem; nutrient solution disposal 
continuously pollutes waterways adjacent to greenhouse operations. 

Ontario's greenhouse operations are the most extensive in North America. Collectively they 
comprise a $1.3 billion business that employs thousands of people and accounts for 70% of 
Canada's vegetable crop area. At the scale of the agricultural industry, there is a clear 
opportunity for the development of less fuel-consumptive, less water-polluting methods of 
food production in greenhouses.
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This paper will explore the potential role of year-round, low-impact solar greenhouse farming 
in northern climates as a solution to the energy consumption and nutrient disposal problems 
of the greenhouse industry.  On a more local level, and in relation to the vision of the 
Yorklands Green Hub, it will outline ways in which solar greenhouse farming can offer a new 
approach to community participation in food production, research in this new area, and 
sustainable food systems education.

The concept of growing-season-extending
solar passive greenhouses which use
little or no artificial heating has been
extensively developed in China over the
past four decades to grow fresh greens
for northern cities, and the capital Beijing
in particular. Over this time, repeated
iterations of greenhouse design have
progressed from thick adobe-brick
structures (Fig. 2) to pre-fab insulated
south-facing green-houses (Fig. 3) that

create growing environments which have now been successfully
tested and introduced in northern locations in several other countries.  

1.  Some Background Context: Ontario's Greenhouse Industry

The greenhouse business in Ontario is the largest in
North America with 1,443.8 hectares of greenhouses
under cover, primarily in the Leamington – Kingsville
area. Commercial greenhouse operators calculate
heating requirements and associated natural gas
consumption in terms of heating cost per hectare.
The fuel cost of heating these facilities amounts to
$137.25 million dollars per year in natural gas 1. This
amounts to a fuel cost of $95,063 per hectare, which
has a significant impact on operating margins.  

Carbon dioxide emissions from these
greenhouse operations are also
significant, at 1,231,065 kg2 of CO2 per
hectare for a total of 1,777,411,647 kg of
CO2  per year.  

The second serious drawback of
Ontario's current greenhouse food
production is water pollution. Most of the
food producing greenhouses are
hydroponic  - they grow plants in a heavily fertilized soil-less water environment. In the 
hydroponic solution a buildup of sulfates, chlorides, and bicarbonates occurs, and large 

1 http://www.omafra.gov.on.ca/english/stats/hort/greenhouse1.htm
2 http://www.nrcan.gc.ca/energy/efficiency/industry/technical-info/benchmarking/canadian-steel-industry/5193
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Fig. 2 - Early brick walled, 
straw-covered Chinese 
passive solar greenhouse.

Fig. 3 - Modern pre-fab 
version of a passive solar 
Chinese greenhouse.

Parameter Average
concentration

Standard

Nitrate          90.3 mg/L 3.0   mg/L

Phosphorus          33.6 mg/L 0.03 mg/L

Potassium        180 mg/L -      mg/L

Copper         300 μg/Lg/L 5.0 μg/Lg/L
___________________________________________
Fig. 4  - Waste Nutrient Loadings to Surface Waters



quantities of spent nutrient solution must be disposed of regularly.  Much is released into – 
and pollutes - local waterways. In the Leamington area, some streams are polluted far above 
regulatory levels3. Pollutant concentrations vs. provincial standards are shown in Fig. 4. 
The Ontario Ministry of the Environment has stated:

“The MOE cannot support further greenhouse development within either watercourse 
(Sturgeon Creek and Lebo Drain) without appropriate treatment technology in place.”4

PART I: THE YEAR-ROUND SOLAR GREENHOUSE FOR 
AQUAPONICS
Sustainable Low-Impact Greenhouse Farming In Northern 
Climates, A Climate Change And Pollution Solution

1.1 Aren't All Greenhouses Solar? 

All greenhouses use sunshine to grow plants. But a
"solar greenhouse" is a greenhouse with passive and
active heat storage systems, improved insulation, and
insulating glazing that allows for extended or all-season
growth of fruits and vegetables under cover. It uses solar
energy to produce all or most of its required heat - day
and night, year round. This is a tested technology.  Over
the past four decades, China has built in excess of
1,250,000 hectares of solar greenhouses (Fig. 5)56. 

The present proposal for a solar-heated recirculating
aquaponics greenhouse is designed to address heating
costs, greenhouse gas emissions, environmental pollution problems - and extend the indoor 
growing season - in an Ontario context.
 
Conventional Canadian greenhouses are most often one of two types: flexible polyethylene 
hoophouses on steel frames, or rectangular, double-layered rigid polycarbonate structures. 
Both types use expensive natural gas to maintain year-round growing temperatures. 

A solar greenhouses, by comparison, is designed to maximize the absorption and storage of 
available solar heat, and lessen or eliminate the need for artificial heating. This type of 
greenhouse is glazed only on the south-facing front and roof, while the back and side walls 
are thick and well-insulated to prevent absorbed heat from dissipating. The building employs 
two methods of heat storage: 

a) a heat store of stacked interior water barrels (see Fig. 10)  which provide thermal 
mass to absorb solar heat, and 

3 https://www.ontario.ca/page/greenhouse-wastewater-monitoring-project-2010-and-2011
4 https://www.ontario.ca/page/greenhouse-wastewater-monitoring-project-2010-and-2011
5 https://mte-d.com/_files/200000752-9aa0e9c95b/Solar%20Greenhouse%20Proposal%2010.pdf
6 http://www.lowtechmagazine.com/2015/12/reinventing-the-greenhouse.html  
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Fig. 5 - Hectares of solar passive 
greenhouses in northern China.

http://www.lowtechmagazine.com/2015/12/reinventing-the-greenhouse.html


b) a sub-floor rock heat store (see Fig. 11) within an insulated concrete foundation, 
which retains the solar heat from daytime sunshine. 

Solar heat stored in the water and the rocks is released and re-circulated at night to maintain 
a suitable temperature range for plant growth.

The first of these systems, a wall of stacked water barrels, is a passive solar system: the 
water absorbs and stores solar heat during the day and simply re-radiates it back into the 
indoor space at night.  The second system, the sub-floor rock store is an active solar system: 
it uses an electric fan to blow daytime-heated air from the roof peak down into the 
underground rock store; at night the fan reverses, blowing stored heat back up into the 
greenhouse growing space. Insulation plays a key role in creating a building envelope which 
retains the heat acquired during the hours of daily insolation (sunshine) for indoor recirculation
at night.

The Year-Round Solar Aquaponics Greenhouse Project incorporates this combined passive-
active solar heat-store approach with an aquaponics food-growing system. Aquaponics 
integrates the hydroponic (water-only) cultivation of food plants with the raising of fish which 
supply the nutrients for the plants. This combination offers potential benefits for year-
round indoor farming systems which are low on energy consumption and low on water 
consumption (the water is continuously re-circulated). It also  eliminates the need for 
regular, polluting disposal of waste nutrient solutions, as the fish supply the nutrients 
for the plants. Organic certification for aquaponics systems is currently under 
discussion and will not be covered here.7

1.2  New Greenhouse Goals For The Yorklands Green Hub

This Year-Round Solar Greenhouse Project
for the Yorklands Green Hub proposes
building a 26 x 30 foot aquaponics green-
house largely heated by natural solar heat.
With this type of greenhouse, solar heating
can address the heating cost problem for
undercover winter food production, and
largely eliminate carbon dioxide emissions.
Aquaponics – the integrated recirculating
cultivation of fish in tanks and plants in deep-
water culture – can address the external water
pollution problem and greatly reduce the
volume of water use.

The proposal details which follow describe the
context for the timeliness of this type of
project, details of the greenhouse structure
and heat-retaining systems, and an
explanation of aquaponics as an efficient and

7 Bagent, Will. Something Fishy About Aquaponics? Organic Council, Sept. 19, 2018 
https://www.organiccouncil.ca/author/will-baigent/
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Fig. 6 - An example of a small aquaponic system 
growing fish (tilapia) and greens (lettuce and bok 
choy) at the Mississauga Food Bank. 



sustainable local food-growing system. The descriptions are followed by day-by-day modeling
of the projected solar heating performance for this type of project at three different Ontario 
locations: Mount Forest, Thunder Bay and Windsor.
The goals of this proposal are three-fold: 

1) to build and conduct performance testing on a suggested model of a demonstration, 
commercially viable low-energy solar greenhouse suitable for growing crops year-
round, with results of thermal performance monitoring to be used for possible revisions 
and future iterations;

2) to describe and build the basic components and operation of an aquaponics system for
growing interdependent greens and fish year-round in Ontario, Canada, at the 
Yorklands Green Hub site in Guelph, with results of biological systems monitoring to be
used for possible revisions and future iterations;

3) to find and engage an architect or civil engineer (possibly working with architectural 
students) to produce finalized plans and specs and obtain approvals for construction of
this greenhouse.

The inspiration for this project was the 1970s PEI Ark (Fig. 
7), a model self-sufficient bioshelter that included an 
aquaponics system in a greenhouse (see 
https://peiark.com/introduction/). 

1.3 A Multidisciplinary Project within a Project 

In essence, this proposal offers two separate projects, one within the other. The first focus is 
to model, build and test a sun-heated greenhouse capable of allowing year-round indoor 
cultivation in Ontario. The second is to outline, for further detailed design development, the 
components of an aquaponics (fish and greens-growing) system which would work inside the 
greenhouse. These two elements of the project, the building and the food-growing system, 
are described separately in Part II and Part III below. It is envisioned that this project is likely 
to require at least two or more independent teams of participants: the builders/energy 
monitors and the food producers/aquaponics monitors. 

In terms of community participation and input into a solar greenhouse project in Guelph, the 
range of scholarship and expertise which could be brought to bear on this new kind of food 
growing facility is very broad.  Consultation and input from fields as broad as architecture, 
engineering, solar design, construction, agriculture, aquaculture, integrated pest 
management, community collaboration, sustainability fundraising, and community food-related
partnerships would all be relevant. 

This project could benefit from the input and involvement of students and interested 
professionals in a variety of disciplines, to elaborate further on details specific to their areas of
study.
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Fig. 7 - West view, the PEI Ark.
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1.4  Meeting Smart Cities “Circular 
Food Economy” Standards 

Building a solar greenhouse in Guelph would 
support the local food movement by 
demonstrating a new way to provide fresh food, 
incur little food transportation time and cost, and 
reduce spoilage. It would model energy 
conservation and aquaponics, invite innovative 
partnerships between food production and use, 
and explore the future business viability of building
minimal gas heat winter greenhouses.
This innovative agricultural closed-loop, water-
efficient, non-polluting cultivation infrastructure fits
with YGH's participation in the Town of Guelph's 
bid for funding under the Smart Cities Challenge: 
it is an ideal example of design for a “circular food 
economy.”8 The program's Smart Cities Booklet 
states: “The Circular Food Economy Lab will 
foster partnerships and collaborations to re-invent 

local food systems and solve local food problems that are globally relevant.”9 

The solar aquaponics greenhouse fulfills this criterion, which makes it an ideal YGH 
contribution to the city's collaborative project. The Smart Cities Challenge further states, “We’ll
shrink our environmental footprint by reducing waste. We’ll create new revenue streams and 
new jobs by extracting value from the by-products we currently throw away.10“  In a solar 
greenhouse, heat, water and fish waste are all recycled, with nutrients from the fish being 
monetized through conversion to plant fertilizer.

1.5  Meeting U.N. Sustainable Development Goals (SDGs)

On January 1, 2016, the United Nations' 17 Sustainable Development Goals (SDGs) of the 
2030 Agenda for Sustainable Development came into force. These goals, designed to be 
appropriate for universal application, aim to mobilize efforts to eliminate poverty, fight 
inequality and address climate change. 

8 https://guelph.ca/wp-content/uploads/SmartCities_Booklet.pdf
9 ibid
10 ibid
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This solar greenhouse project contributes to several United Nations Sustainable Development
Goals (SDGs) as a community build, management, research and training facility which 
addresses food, energy, water and climate issues:

• Goal 2: End hunger, achieve food security and improved nutrition and promote 
sustainable agriculture.

• Goal 7: Affordable and clean energy.  Ensure access to affordable, reliable, sustainable
and modern energy for all.

• Goal 8: Promote inclusive and sustainable economic growth, employment and decent 
work for all.

• Goal 9: Build resilient infrastructure, promote sustainable industrialization and foster 
innovation.

• Goal 13: Climate action: take urgent action to combat climate change and its impacts.

PART II: THE GREENHOUSE BUILDING    
Solar Greenhouse Structure and Layout 

2.1 The Structure 

The proposed demonstration solar greenhouse measures 7.9 by 9.14 metres (26 x 30 ft.). 
The walls and back roof are built of wood, framed with steel-sheeting exteriors and interiors. 
All walls have an 8” layer of foam insulation inside them, which provides an insulation value of
R 44 (US)  or RSI 7.74 (CDN). 

In order for the insulation to work effectively, the building must have a tight and effective 
vapour barrier inside the inner wall surface. The outside of the insulation has a layer of Typar 
as a moisture-permeable wind barrier. Heavy insulation prevents the greenhouse from 
dropping to freezing temperatures, allows the growing season to be extended to about ten 
months of the year using only solar energy and twelve months of the year with minimal gas 
heat. This reduces gas-heating to a fraction (11%) of what is required in conventional 
greenhouses. 

The south-facing sloped roof and vertical front wall are steel-framed, with a triple layer of 
transparent polycarbonate glazing. Tripling the layers of roof and front glazing helps retain 
heat with an R factor of R 2.5.  

Fig. 8 below shows the main architectural features of the solar greenhouse.
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  Fig. 8 - Solar Aquaponics Greenhouse Features

2.2  Building Layout: The Interior Floor Plan

The proposed floor plan of the solar greenhouse is comprised of three main areas: 

a) a front 4.26m x 9.13m (14 x 30') plant cultivation area beneath the transparent glazing, 
divided into three sections:

◦  4 deep-water-culture floating raft plant beds for greens such as lettuce, spinach or 
bok choi, which take 5 to 6 weeks to mature

◦ 2 nutrient film-techqnique (NFT) areas for fruiting plants such as tomatoes, 
cucumbers or peppers, beans, which take 12 weeks weeks to mature

◦ walkways for maintenance and harvesting 
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b) a 3.65m x 6.1m (12 x 20') rear fish-raising and filtration equipment area which includes

◦ two fish tanks to accommodate 263 tilapia (fish), a sedimentation tank, a biological 
filter,and a sump. Additionally, this room includes a sink for cleaning the fish-raising 
area

c) A 3.05m x 3.65m (10 x 12') rear utility room equipped for cleaning, processing and 
refrigerating vegetables and fish for sale, and a sprouting nursery for new plants. 

The latter two spaces are located behind, and shaded by, a central dividing wall lined on the 
front side by the stacked water barrels. An illustration of this proposed arrangement is shown 
below in Figure 9.

Fig. 9 - Interior Solar Aquaponics Greenhouse Layout

 

Left: Utility Room/plant
nursery

Right. Fish tanks and
water filtration system

Thermal storage water
barrels

Growing area:
• 4 floating raft

plant beds
• 2 NFT (nutrient-

film technique)
beds

Note: a recirculating water
system connects the fish
tanks to the plant beds to
provide nutrients and filter
the water.

Appendix 2 below provides a detailed breakdown of estimated of costs for the construction of 
the solar greenhouse building
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 PART III: SOLAR AQUAPONICS GREENHOUSE HEAT AND 
OPERATIONAL SYSTEMS 

3.1  The Solar Heat Storage Systems

The greenhouse's passive (water barrels) and active (rock store) solar heat storage systems 
provide the majority of the year-round warmth required for plant growth.

a) The passive heat storage unit consists of thirty-three 
208-litre (45-gallon) red or blue coloured water barrels 
stacked in front of the 4”-thick insulated white (reflective) 
central dividing wall of the greenhouse (see Fig. 10 ). 

The sun-warmed thermal mass of the water in these 
barrels will alone keep the greenhouse from freezing 
should the power fail. 

b) The active heat storage system
consists of a one metre thick bed of rip-
rap rock below the entire greenhouse
floor, inside the insulated concrete
foundation.  An example is shown in the
facing image, (Fig. 11). A  single 50-watt
fan circulates sun-warmed air ducted
from the peak of the greenhouse down
into the porous rock bed to heat it.
When the greenhouse interior cools
down at night, the fan reverses and
blows warmed air in the rock bed back
up into the greenhouse space. In
summer, if the greenhouse temperature
rises above 25°C, motorized,
thermostatically-controlled vents at the
top and bottom open to prevent overheating. In the winter, to ensure that the interior 
greenhouse temperature does not drop below 16°C, a through-wall natural gas heater is 
included as a backup system for the coldest days and nights, and for extended periods of 
cloudy weather. 

The walls and back ceiling enclosing these systems are well-insulated with foam insulation, 
and reinforced with a tight and effective vapour barrier.
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Fig. 11 - An example of a sub-floor rock store in a 
greenhouse, with a fan.

Fig. 10 - Stacked water barrels  (red 
or blue is preferable) serve as a heat
store, warmed by the sun by day, 
releasing heat by night.



3.2  Humidity Control and Ventilation/Heat-Recovery System

To prevent excess humidity from accumulating inside the greenhouse, this demonstration 
model includes an air to air counterflow heat exchanger.  A  
counterflow heat exchanger works by recovering the heat from
warm exhaust air and transferring it to the cooler fresh air inlet
stream. This simple but effective heat-transfer technology 
provides a continuous air exchange between the inside of the 
greenhouse and the outside, while, importantly, conserving 
the hard-won interior solar heat during the air exchange. The 
ventilator is driven by two fans, and sized to provide one 
complete air exchange every 8 minutes, which gives an 
exchange flow of 0.4 cubic metres of air per second. Constant
ventilation removes humid air from the greenhouse while 
keeping the carbon dioxide level up by supplying fresh 
outdoor air and minimizing heat loss. 

3.3  Systems Monitor and Control

An off-the-shelf system monitor continuously monitors and controls air temperature and water 
temperature for fish and plants, and dissolved oxygen and pH of the fish water.  It also 
monitors and controls water levels throughout the system, and can start backup equipment if 
needed. It is programmed to notify an operator in case of a fault condition.  

3.4 Backup Systems 

Guelph is susceptible to occasional power outages. And fish have a low tolerance of abrupt 
changes in their environment. To protect both plants and fish in case of any system problems 
that might affect consistent heating, aeration or system circulation, backup electrical and 
pumping equipment are recommended. 

3.4.1 Generator 
Since fish cannot survive more than 5 minutes if deprived of oxygen, a backup auto-
start natural gas generator is needed to ensure the air-pump and recirculating pump 
are working at all times in case of power interruptions.

3.4.2 Pump Backups 
A redundant water pump and air pump are provided to automatically take over should 
the primary pumps fail.

Should a backup system engage, the systems monitor will notify a trained operator, 
who will take appropriate followup action. 

11

Fig. 12 - Outflowing warm air 
heats incoming cool fresh air in 
a counterflow heat exchanger.



3.5  Utilities/Greenhouse Inputs

The greenhouse is designed to be fully connected to public utilities – electricity, water and 
gas. It requires electricity for lighting, running the active solar and ventilation fans, 
refrigeration, heating water for the kitchen/food processing station, fish area sink, and 
pumping for the fish tank aeration and whole-system water circulation.  It requires water for 
the fish and aquaculture systems, and for cleaning and processing. Natural gas is needed for 
supplementary heating on cold winter days and nights.  

Renewable energy (solar and/or wind) as a power source could be considered as part of 
future planning of YGH's integrated demonstration projects.

Natural gas is needed for supplementary interior heating for the coldest days of winter.  Water
is required for the aquaponics system, for cleaning and processing fish, and maintaining the 
overall facility. (This plan does not include washrooms.).

• Natural gas: It is estimated that supplementary winter heating for the greenhouse 
would require 230.5 cubic metres of natural gas, costing $46.10 for a year.

• Electricity:  for lights, fans and pumps would require 423.23 kilowatt hours of electricity 
costing $ 65.59 for a total of $111.69.

• Water: to replace water lost to evapo-transpiration,  and for washing, cleaning and food
preparation.

Appendix 3 below provides a breakdown of the estimated costs to build the aquaponics 
system described.

PART IV: FUEL USE AND GREENHOUSE EMISSIONS: SOLAR vs. 
CONVENTIONAL GREENHOUSES 

4.1 Heating Fuel Use and Greenhouse Gas Emissions 
Comparisons

A conventional greenhouse of equivalent size to our demonstration model (72.2 m2.) would 
have a fuel cost of $686.41 per year. For commercial scale solar greenhouses this would give 
a fuel cost of $13,802 per hectare, or 11% of the cost of a conventional greenhouse which has
a fuel cost of $95,063 per hectare. The greeenhouse would produce 450 kg. Of CO2 per year; 
a convential greenhouse of this size would produce 6,692 kg. Of CO2.

Carbon dioxide emissions from greenhouse operations for this proposed model solar 
greenhouse would be 69,011 kg11 of CO2 per hectare, compared to 1,231,065 kg12 of CO2 per 
hectare for a conventional greenhouse. 

11 http://www.nrcan.gc.ca/energy/efficiency/industry/technical-info/benchmarking/canadian-steel-industry/5193
12 http://www.nrcan.gc.ca/energy/efficiency/industry/technical-info/benchmarking/canadian-steel-industry/5193
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PART V: THE FOOD-PRODUCING AQUAPONICS SYSTEM
Solar Aquaponics Elements

The food-producing part of the project outlined here describes in broad strokes the basic 
requirements to set up a fish and vegetable-producing aquaponic system inside the solar 
greenhouse. At the date of writing, aquaponics appears to be a new introduction to Guelph. 
This presents an opportunity for research and practical experimentation in developing and 
fine-tuning this type of integrated food system. The main, integrated, parts of the system are 
fish tanks, plant beds and a bacterial filter, with a nutrient-circulating water system that 
connects them.  The physical setup and the types of fish and plants to be grown will be 
outlined in this section. For a more complete introduction to this water-efficient, non-polluting 
method of aquaculture, see The Aquaponic Farmer: A Complete Guide to Building and 
Operating a Commercial Aquaponic System, by Adiran Southern and Whelm King (2017) in 
the References section below.

135.1 History
5.1.1  Aquaculture

C. F. Hickling citing S. Y. Lin a noted Chinese aquaculturist puts the start of Chinese fresh 
water aquaculture during the period 2000 – 1000 BC using the silver carp. In 473 BC Fan Lai 
published his book “The Classic of Fish Culture14”for the common carp. During the period 618 
to 906 A.D fish culture expanded to include the silver carp, the big-head carp, the grass carp 
and the mud carp. During the period 1644 to 1911 AD, fish culture expanded to  India, French 
Indochina, Europe, and North America where
a book was published “A Manual of Fish
Culture” in 1897. Many attempts were started
in Africa involving the species tilapia, common
carp and catfish. Today the decline in wild fish
stocks has increased the demand for farmed
fish. Rainbow trout are the most common with
about 48 million pounds raised annually15 in
the US.  Aquaculture, or the culturing of fish in
a controlled environment, now accounts for 50
percent of the fish consumed globally16. The
most common farmed fish now are carp, 
salmon, tilapia, and catfish17. Good animal
welfare involves Five Freedoms from the
 Farm Animal Welfare Council of Great
Britain18:

1. Freedom from hunger & thirst

2. Freedom from discomfort

13 https://en.wikipedia.org/wiki/Aquaculture
14 http://www.fao.org/docrep/field/009/ag158e/AG158E04.htm
15 http://pubs.ext.vt.edu/420/420-010/420-010.html
16 https://www.livescience.com/5682-milestone-50-percent-fish-farmed.html
17  Based on data sourced from the FishStat databaseArchived November 7, 2012, at the Wayback Machine
18 https://www.gov.uk/government/groups/farm-animal-welfare-committee-fawc
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Fig. 13 - The aquaponics cycle converts fish wastes to 
food for plants, and provides oxygen from the plants for 
the fish.

https://en.wikipedia.org/wiki/Farm_Animal_Welfare_Council
https://en.wikipedia.org/wiki/Catfish
https://en.wikipedia.org/wiki/Tilapia
https://en.wikipedia.org/wiki/Salmon
https://en.wikipedia.org/wiki/Carp
https://en.wikipedia.org/wiki/Wayback_Machine
https://web.archive.org/web/20121107001620/http://faostat.fao.org/site/629/default.aspx
http://faostat.fao.org/site/629/default.aspx


3. Freedom from pain, disease, or injury

4. Freedom to express normal behaviour

5. Freedom from fear and distress

A aquaculture system provides these needs by:

1. Feeding on a regular schedule.
2. Controlling the temperature to that required by the fish species without sudden 

temperature changes.
3. Controlling the fish density.
4. Adequate tank size.
5. Controlling the water pH.
6. Maintaining adequate dissolved oxygen content.
7. Minimizing fish tank disturbances.
8. Feed water sterilization to reduce disease.

5.1.2 Hydroponics
The Chinese have been growing rice hydroponically since roughly 11000BC in their rice 
padies. 
The Aztecs when faced with the problem of growing food in a large very swampy around their 
capital city 
Tenochtitlán built
large, artificial floating
islands using mud,
decaying plant matter,
and woven reeds.
These islands, or
chinampas, could be
fixed in place, or
movable. Crops such
as maize, beans, and
squash were planted
on these chinampas,
and thus large areas
of previously useless
lake and swamp land
could now grow vast
quantities of food.

The earliest published
work on growing
terrestrial plants without soil was the 1627 book Sylva Sylvarum or 'A Natural History' 
by Francis Bacon, 
1860 & 1861 marked the end of a long search for the nutrient source essential for plants' 
growing when two German botanists, Julius von Sachs and Wilhelm Knop delivered the first 
standard formula for the nutrient solutions dissolved in water, in which plants could be grown.
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In the early 1930s, W.F. Gericke of the University of California at Berkeley experimented with 
nutriculture for the production of agricultural crops. W.A. Setchell recommended the term 
"hydroponics" to Gericke in 1937. 
The earliest well-known application of Hydroponic plant cultivation was in the early 1940s 
when Hydroponic was used on Wake Island, a soil-less island in the Pacific Ocean.
In the 1970s, Allen Cooper of England developed the Nutrient film technique19.

According to the International Greenhouse Vegetable Production - Statistics (2017 
Edition), the total commercial production area of greenhouse vegetables was 
estimated at 489,214 hectares (1,208,874 acres)20.
Hydroponics also prevents soil-born plant diseases, pests, weeds, and reduces the use of 
herbicides and pesticides that could be harmful to the environment and quality f produce21

5.1.3 Aquaponics

Aquaponics is a portmanteau of aquaculture and hydroponics. By the 6th Century 
AD the Chinese had improved their hydroponics by adding, ducks and fish to their 
rice paddies22 which formed a fairly complete ecological cycle, and provided 
additional food.
At the New Alchemy Institute in the 1970s, tilapia were raised in large circular 

transparent containers. The quality of water in The 
Arks’ fish tanks would deteriorate quickly, and 
required regular cleaning and replacement. Plants 
were added to this system just to clean the water 
for the fish. This was the first modern mainstream 
example of aquaponics.
 Dr McMurty and Professor Sanders of North 
Carolina State University in the 1980s introduced 
the idea of separate growbeds (they used sand as 
their

growth media), and popularized the
use of tilapia, 

Dr. James Rakocy carried the work of
North Carolina State to the University of
the Virgin Islands where he established
The UVI Aquaculture Program where he
developed a commercial-scale
aquaponic system that produces 5 MT
of tilapia annually,harvested at 6-week
intervals and a variety of vegetables
such as lettuce harvested weekly.

19  Cooper, A. J. (1979). The ABC of NFT: nutrient film technique: the world's first method of crop production without a solid  
rooting medium. London: Grower Books. ISBN 0901361224
20 https://www.greenandvibrant.com/history-of-hydroponics
21 Saijai, S., et al (2016) Analysis of microbial community and nitrogen transition with enriched nitrifying soil microbes 

for organic hydroponics, Bioscience, Biotechnology, and Biochemistry, 80:11, 2247-2254
22 https://thelifeaquaponic.wordpress.com/2015/07/10/history-of-aquaponics/
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Illustration 1: New Alchemy Institute

Illustration 2: Aquaponics Univrsity of the Virgin Islands
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These first large aquaponics systems used floating rafts planted with vegetables in shallow 
tanks connected with fish tanks. 

In 2003, Dr. Nick Savidov, who at the time was head of Alberta Agriculture’s greenhouse 
program, working closely with Dr James Rakocy began working at Lethbridge College in 
conjunction with the Aquaculture Centre of Excellence, Savidov designed and tested four 
different generations of systems prototypes for commercial aquaponics. He ultimately 
developed a fully automated zero-waste aquaponics system that utilized both liquid and solid 
waste – the first in the world.
The first Canadian commercial aquaponics prototype was tested between 2011 and 2013 by 
Red Hat Co-operative, one of the largest greenhouse companies in Canada.
The problems they solved included:

• anaerobic decay of organic materia

• ammonia and other toxic compound build-up
• fast growth of opportunistic pathogens
• plant stress and yield loss due to disease

Researchers determined that 95 per cent of complete system failures were caused by 
sludge accumulation brought on though improper waste management.

From the trial and error of research emerged the new generation of aquaponics systems
at Lethbridge College, which feature:

1. stable pH at 6.0-6.4
2. zero waste
3. zero water discharge
4. minimum labour
5. 100 per cent nutrient use efficiency
6. no fertilizer supplements
7. highest water use efficiency
8. faster growth

From the work of Lethbridge College study
Phase II23

This study indicated that there was a factor
stimulating nutrient uptake and assimilation by
plants grown in aquaponics solutions where
nutrients and many organic compounds were
derived from fish feed. This plant growth
promotion Rhizobacteria results from the interaction of nutrients, organic compounds and 
bacteria in soilless culture. The growth of aquaponic cucumbers versus hydroponic 
cucumbers is shown in Illustration 3.

23 Evaluation and Development of Aquaponics Production and Product Market Capabilities in Alberta. Phase 
II.;http://www.ecogrow.ca/pdf/CDC_Report_Phase_II.pdf
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Illustration 3:  Aquaponic vs Hydroponic cucumbers



5.1.4 Economics

The price of fish is rising faster than inflation24. Illustration 4 shows the price of fish as the blue
line, and inflation as the red line from the year 2000 to the present normalized to 100 in 2000..

 

Since the 1990s all the growth in fish production has come from aquaculture. Illustration 5 
shows the production of world caught seafood (orange line) and world aquaculture production
(blue line) in tonnes from 1950 to 201825.

24 http://www.in2013dollars.com/Fresh-fish-and-seafood/price-inflation

25 http://www.fao.org/3/i9540en/I9540EN.pdf
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Illustration 4: Fish price(blue) and inflation(red) from 2000 
to 2019

Illustration 5: http://www.fao.org/3/i9540en/I9540EN.pdf



1. Fish prices rising faster than inflation(Illustration 4) assures profitability will only 
increase with time.  

2. The fact that aquaculture is now the dominant method of fish production(illustration 5 ) 
means there is a large body of work to draw upon for success.

5.2 The Closed-Loop Aquaponics System

The proposed aquaponic system for this size of greenhouse combines aquaculture (raising 
fish in two 1,200-litre tanks) with hydroponics (cultivating plants in 6 raised beds in a soil-less 
water medium). The merging of these two
methods of cultivation has been dubbed
aquaponics. These two processes are
linked in a symbiotic, closed-loop water-
circulating system that delivers nutrients
from the fish to the plants. Fish waste
provides plant food, and plants clean the
water for the fish (Fig. 13).

An aquaponic system is very water-efficient because the water does not need to be disposed 
of and regularly replaced as it does in hydroponic (plant-only) systems. Here, the water is only
filtered, re-circulated and topped up as necessary. Solid waste produced by the fish is 
removed by settling in the radial-flow clarifier, and may be used or sold for fertilizer outside of 
this system. Remaining liquid and dissolved fish waste continue to the bio-filter where 
ammonia is converted to nitrite and then to nitrate. The liquid then continues to the plant beds 
where it provides nutrition for the plants. Next, it returns to the sump where it is pumped back 
to the fish via a UV filter which kills pathogens in the water.

This system is powered by a pump able to circulate 17.2 L/min of water from the sump up to 
the fish tanks, from where water flows by gravity through the filters and the plant beds.  An air 
pump is required to deliver oxygen to the water in the fish tanks, the plant beds, and to the 
biological filter to keep it aerobic (22 L/min of air).
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Fig. 13 - The aquaponics cycle converts fish wastes to 
food for plants, and provides oxygen from the plants for 
the fish.



A schematic drawing of the elements of the circulating fish-to-plant-bed system is shown 
below in Fig. 14.  

       Fig. 14 - The circulating aquaponic water flow. 

5.3   The Fish 

The fish species chosen for an aquaponic setup are largely determined by the temperature 
range they can tolerate, as well as growth rate and market price. In this solar aquaponic 
greenhouse model, the fish tank temperature ranges over the year, by design, from 17° C to 
24° C (See Graph #3 in Part V: Fish Tank Temperatures for Mount Forest).

The three species of fish suitable for this temperature range are: 

1. Tilapia Tilapia aurea survival range: 16° C – 32° C
2. Yellow perch Perca flavescens growth range: 16° C – 24° C
3. Striped bass Morone saxatils  growth range: 16° C – 32° C26

Tilapia, which are vegetarian fish, grow at nearly twice the rate of yellow perch or striped bass
and produce a higher protein yield in a shorter time period.

Rainbow trout, Oncorhynchus mykiss, require a temperature range of  7° C – 20° C which is 
not within the temperature range of this greenhouse design without cooling. 

In an aquaponics system, the main input is fish food. The calculations for this system were 
based on using Purina trout chow. The waste from the fish in the cultivation tanks is passed 
through a radial flow separator to remove solids. The remaining liquid and dissolved nutrients 

26 Stickney, Robert; Culture of NonSalmond Freshwater Fishes 2’nd Edition.
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then pass through a biological filter which converts dissolved ammonia from the fish to 
nitrates, which provide the nutrients for the plants. The remaining organics in the water aid the
plant roots in taking up nutrients from the water. The minerals remaining in the water are 
taken up by the plant roots for growth. The water is cleansed by the plants, and then 
recirculated back to the fish. There is thus a balanced ecosystem, and no excess or spent 
nutrient chemicals which require disposal and replacement of all the water in the system, as in
hydroponic systems. Only the amount of water lost to evaporation and transpiration needs to 
be periodically replaced. Typically about 18% of fish food settles to the bottom of the fish tank 
and remains uneaten. Soluble fish waste is about 37% of feed, and the indigestible fraction 
23%27. All these solids are removed by the radial flow separator. The average amount of solid 
waste produced per day for 263 tilapia fed at 2% of body weight is about 1.6 kg.  

Nitrogenous waste excretion by fish is accomplished largely by the gills. The nutrients for the 
plants are almost entirely provided by fish in the form of ammonia produced by their gills and 
phosphorus from their excreta. The ammonia is converted in the bacterial filter to nitrite by the
bacteria Nitrosomonas. The nitrite is then converted to nitrate by a second type of bacteria 
called Nitrobacter.  Fish excreta provide a secondary source of nutrition to the plants after the 
solid wastes are removed and filtered out by the radial separator (clarifier), leaving dissolved 
nutrients and organics. The dissolved nutrients in the filtered water continue through the 
biological filter to the plants. Non-soluble fish solid waste settles to the bottom of the radial 
flow clarifier, where it is periodically drained out, and could be sold as plant fertilizer.

The nitrification process raises the pH of the water, necessitating the addition of a pH buffer to
the water. The is typically calcium and phosphorus hydroxide or carbonate depending on 
results of water tests. Maintaining the right pH is very important. The desirable pH range in an
aquaponics systems is  6.0 to 6.5. - a compromise between the desired pH for fish, bacteria 
and plants. pH level and electrical conductivity (EC) must be checked every day and a buffer 
or hydroxide added as necessary. Trace elements and chelated iron are added as necessary 
based on the condition of the plants. Additionally, the plant macro-nutrients potassium and 
calcium are added as needed to the water as pH buffers. Occasionally, as need is indicated 
by periodic water tests, plant micro nutrients are also added to the water.

In addition to water cleaning by filtration, algae needs to be manually removed from fish tanks,
plant beds and the bacterial filter on a regular basis. When fish tanks are emptied, they are 
sterilized before adding the next round of fish. (See Southern & King, p. 172 on sterilization of 
emptied tanks.)

5.4  The Plants 

The layout proposed in this solar greenhouse model includes two types of plant growing beds:
Deep Water Culture (4 large beds) and Nutrient Film Technique (2 smaller beds). Plants that 
do well in aquaponics deep water culture are lettuce, kale, Swiss chard, basil, and bok choi28. 
Plants well suited to a Nutrient Film Technique setup are tomatoes, peppers, strawberries, 
and eggplants29.

27 Neto R, Ostrensky A: https://gia.org.br/portal/wp-content/uploads/2013/05/2013_Nutrient_Load.pdf
28 Valdez J: https://university.upstartfarmers.com/blog/best-crops-raft-systems-dwc
29 https://aquaponicsexposed.com/nutrient-film-technique-in-aquaponics/
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5.5  Pest Management

In an aquaponic system, pest control for plants must be done without the use of traditional 
chemical herbicides and pesticides, which are toxic to the fish. Regular monitoring of 
greenhouse environmental controls, inspection of plants, and mechanical removal of diseased
plants are essential. If plants should be affected by insect pests, one method of  controlling 
them is integrated pest management, using introduced predatory or parasitic insects to control
the undesired pests. 

Biological pest control requires close inspection of plants and is thus more labour intensive 
than chemical control. Whitefly is so common that it is probably best to release encarsia 
formosa at time of planting and to have a few host plants in the greenhouse to act as 
reservoirs. In general, more than one pest found per square inch during inspection calls for a 
biological control3031.

Typical pests, and predators and parasites used to control them are shown in Fig. 15 below:

Fig. 15 - Integrated (Biological) Pest Management Species 

Pest Predators Parasites

Whitefly Green lacewing,
Delphastus catalinae Lady bug

Encarsia formosa

Mite Amblyseius californicus,
Phytoseiulus persimilis

Peach Aphid Green lacewings,
Lady bugs

Aphidius matricariae

Mealybug Cryptolaemus montrouzieri Lady
bug,
Green Lacewing

Scale Lindorus lophanthae Aphytis melinus,
Metaphycus helvolus,
Eucyrtus infelix

In case of serious infestations, OMRI (Organic Materials Review Institute)-listed pesticides 
and fungicides may be needed. These products must be carefully used within tested levels of 
fish tolerance (see Southern & King, p. 222) as part of an integrated pest management plan. 

PART VI: GREENHOUSE ECONOMICS

As soon as fish and plants are mature in the solar greenhouse, there will be produce with 
commercial value as a result.  The fish and greens can be used for community or university 
food programs, for a local food bank, or for sale commercially. 

30 Mahr D L: Biological control of insects and other pests of greenhouse crops https://learningstore.uwex.edu/Assets/pdfs/
NCR581.pdf

31 Jordan W H: Windowsill Ecology ISBN 0-87857-157-4
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6.1  Projected Crop Yields 

This proposed demonstration-size model of a Year-Round Solar Greenhouse is calculated to 
provide 111 heads of lettuce per week and and an average of 4.5 kilograms of tomatoes per 
week.  If lettuce was sold at $2.50 apiece, it would yield $14,430 per annum.  Tomato sales at 
$3.77/kilo would net $882 over a year, taking into consideration variations in temperature and 
plant growth rates over the year.

Tilapia is a fish which matures in six months. The sale of 526 tilapia per year at $6.00 each 
would yield $3,156 total, for greenhouse gross sales of $18,468 per year.  To feed 263 fully 
grown tilapia at 1.5% of body weight would require 4.275 kg. of feed per day. At $59.00 per 25
kg. bag of Purina trout chow, fish food would cost $10.09 per day. Over a year of growing 
tilapia from 10 grams to 1 kg that would average $5.05 dollars a day for a total of $1,841.24 
per year.  The net calculated market value of fish and vegetables grown at this scale of 
production would be $16,626.76 for one year.  (This figure reflects produce value only, 
exclusive of labour and operating costs.) 

PART VII:  SIMULATING SOLAR GREENHOUSE THERMAL 
PERFORMANCE

The goal of the thermal design of this greenhouse project is to capture and retain as much 
solar heat as possible over the entire year, extending the growing season for a northern 
climate and reducing the need for supplementary fossil-fuel-based heating to a minimum. The
greenhouse is equipped with a natural gas heater intended to supplement the solar heat 
systems only when the indoor temperature drops below 13° C. 

A key part of the purpose of this proposal has been to mathematically model the heat-
retentive capacity of the design choices made to produce the building plan. In other words, to 
document the performance of the structure and its passive and active solar systems in 
capturing, retaining and re-circulating the solar energy available in our northern climate.  The 
ultimate objective of this part of the exercise is to construct the modeled building and 
document how its real solar performance matches its projected heat-retaining capacity.

7.1  Thermal Modeling Of Solar Greenhouse Heat Performance at 3 Ontario
Locations: Mount Forest, Windsor, And Thunder Bay

The following temperature models were created using actual hourly climate data from three 
locations in Ontario – Mount Forest, North Bay, and Windsor – over the period of one year. 
Carrying out this kind of simulation allowed the exploration of the thermal performance of a 
range of building configurations and material combinations prior to finalizing a design. In 
carrying out this simulation, comparisons were made among a range of possibilities for 
building materials, insulation, type of thermal storage systems, heat capacity of water barrels 
and rock store, air duct size and required fan power, number of glazing layers, number and 
colour of water barrels, ventilation to prevent excess humidity and refresh oxygen supply, type
of supplementary heating, the overall range of indoor temperatures, and ideal differences in 
temperature between front (plant) and rear (fish) areas.
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Thermal performance models for the year-round solar greenhouse were simulated using 
Energy Plus, the US. Department of Energy's building-simulation program. Energy Plus 
allows designers to simulate and study the heat gains, heat flows and heat losses with 
variables in a given building design. Calculations were done once per minute using 
temperature data for the year 1966, based on the ambient temperature, wind speed and solar
radiation as measured every hour at the Ontario Ministry of the Environment locations of 
Mount Forest, Windsor and North Bay. From all these calculations, the indoor temperature at 
any given moment is shown. 

The horizontal axis shows the hour in the year, and the vertical axis shows the temperature in 
degrees Celsius. The performance graphs show the actual outdoor temperatures over the 
chosen 12-month period (in blue) and the simulated indoor solar greenhouse temperatures (in
pink), demonstrating the potential performance of the building design, materials and systems 
choices described in Parts II and III. The simulations model the the greenhouse's heat gains 
by solar radiation: the heat storage by the rock store, the water barrels and the water in the 
aquaponics system and all the building's surfaces. They incorporate calculations of heat 
transfer by air current convection inside the building, and the heat flow through all the building
surfaces by conduction and radiation. They also factor in the heat loss by infiltration and 
through the counterflow heat exchanger.  

The horizontal red line shown on each greenhouse temperature graph below is O° C (the 
freezing point), and the horizontal green line indicates 20° C, a good temperature for plant 
growth.  On the fish tank temperature graphs, the blue horizontal line is 16° C, the minimum 
temperature for tilapia. 

7.2 Mount Forest

7.2.1  Exterior/Interior Greenhouse Temperatures, Solar Only

Using only solar heat, the winter  temperature within the greenhouse would not go below 
freezing (Graph #1, shown to the left in pink). 
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Graph #1: Exterior Mount Forest ambient temperature (blue) vs. interior 
greenhouse temperature (pink) over one year, simulated using only solar heat.



The plant area in this model goes down to 5.8° C. The minimum temperature required for 
active plant growth is 13° C. The minimum temperature for sensitive plant survival is 4° C.  
(Southern & King allow their greenhouse on Vancouver Island to go down to 5° C32.)

7.2.2  Exterior/Interior Greenhouse Temperatures, Solar Plus Supplementary Gas 
Heating

Adding natural gas heat on cold days and during sunless spells makes it possible to maintain 
a minimum temperature of 13°C year-round (Graph #2). 

7.2.3  Fish Tank Temperatures

The hardiest and fastest growing
warm water fish for greenhouse
aquaponics is tilapia (Tilapea
aurea)33. The minimum temperature
this species tolerates is 16° C, and
the maximum 36° C. The fish tank
temperature simulated is within
these extremes. 

Graph # 3 shows the simulated
year-round solar greenhouse fish
tank temperature for Mount Forest
over a year, with natural gas heat
when needed. The simulated

32 Southern, Adrian & King, Whelm; The Aquaponic Farmer A Complete Guide to Building and Operating a Commercial 
Aquaponic System.p 220
33 Stickney, Robert; Culture of NonSalmond Freshwater Fishes, 2nd Edition p. 83. 
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Graph #2: Exterior Mount Forest ambient temperature (blue) vs. interior 
greenhouse temperature (pink) over one year, simulated with gas heat added.

Graph#3: Mount Forest, fish tank temperatures over one year, 
with supplementary gas heat as needed.



temperature in the shaded fish tanks at the back of the greenhouse remains within a range of 
16.5 to 25° C.

7.2.4  Gas and Electricity Use for Heating Required for Mount Forest
Heating the Mount Forest greenhouse for a year would require 231 cubic metres of natural 
gas costing $46.10, and 423.23 kilowatt hours of electricity for fans circulating air, costing 
$65.59, for a total of $111.69.  Mount Forest is the closest MOE monitoring site to Guelph with
hourly data.

7.3   Windsor

7.3.1  Exterior/Interior Greenhouse Temperatures, Solar Only

As one test of the greenhouse, its performance was simulated using Windsor weather data 
which is very close to that of Leamimgton, the southernmost location in Ontario. Using only 
solar heat, the winter temperature within the greenhouse would not freeze (as shown below in
Graph #4): it would go down to 5.84° C. This temperature is above the critical temperature of 
4° C for sensitive plant survival. For hardier plants, temperatures below 13° C would make 
them go dormant during this time. The temperature also goes too low for tilapia to survive. 
Yellow perch, however, would survive at the penalty of taking a full year to grow to a 
marketable size instead of the six months for tilapia.
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Graph #4: Exterior Windsor ambient temperature (blue) vs. interior temperature (pink) over
one year, simulated using only solar heat.



7.3.2  Exterior/Interior Greenhouse Temperatures, solar plus supplementary gas 
heating

Adding in natural gas heat to bring the minimum interior Windsor temperature up to 13°C 
gives the following indoor-outdoor temperature comparison:

7.3.3  Fish Tank Temperatures
The fish tank temperature for Windsor, with supplementary heat, is shown below. The 
simulated temperature in the shaded fish tanks at the back of the greenhouse remains within 
a range of 16.5 to 26° C using natural gas heat as needed.
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Graph#6: Windsor, fish tank temperatures over one year, with 
supplementary gas heat.

Graph #5: Exterior Windsor ambient temperature (blue) vs. interior greenhouse 
temperature (pink) over one year, with added gas heat.



7.3.4  Annual Gas Use for Heating Required for Windsor Compared to Commercial Non-
Solar Greenhouses in Leamington

For comparison purposes, heating a solar greenhouse in Windsor (the southernmost location 
modeled here) for a year would require 158 cubic metres of natural gas costing $31.56, plus 
409.2 kilowatt hours of electricity (for the fans running the active solar system) costing $61.38,
for a total of $92.94.  This gives $9,450 per hectare for total heating of a solar greenhouse, 
compared to the standard Leamington greenhouse cost of $95,063 per hectare. Solar heating
reduces the cost to 11% of conventional greenhouse heating.

7.4  Thunder Bay
 
7.4.1  Exterior/Interior temperatures, Solar Only 

An additional model of the solar greenhouse was done for a farther north location, with a 
simulation using Thunder Bay weather data. With only solar heat, the winter temperatures 
within the greenhouse would drop below freezing in the coldest part of the year (as shown 
below in Graph #7), going down to -2.26° C. At this latitude, solar-heat-only temperatures 
would be too low for tilapia and plants to survive. Yellow perch would survive at the penalty of 
taking a full year to grow to a marketable size instead of the six months for tilapia.
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Graph #7: Exterior Thunder Bay ambient temperature (blue) vs. interior greenhouse 
temperature (pink) over one year, solar heat only. Coldest temperatures drop to -2.26°
C.



7.4.2  Exterior/Interior Greenhouse Temperatures, Solar Plus Supplementary Gas 
Heating 
For Thunder Bay, adding natural gas heat to bring the minimum temperature up to 13°C gives
the following:

7.4.3  Fish Tank Temperatures 
The fish tank temperatures for Thunder Bay, with supplementary heat, are shown below.  
The simulated temperature in the shaded fish tanks at the back of the greenhouse remains 
within a range of 16.5° to 24° C.
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Graph #9: Thunder Bay, fish tank temperatures over one year, with 
supplementary gas heat.

Graph #8: Exterior Thunder Bay ambient temperature (blue) vs. interior temperature 
(pink) over one year, with supplementary gas heat on coldest days.



7.4.4  Gas and Electricity Use for Heating Required for Thunder Bay 

Heating the Thunder Bay greenhouse would require 517 cubic metres of natural gas costing 
$103.39, and 437.35 kilowatt hours of electricity for fans circulating air, costing $65.59, for a 
total of $168.98.  

PART VIII: OPERATIONAL REQUIREMENTS FOR AQUAPONICS 

8.1 Daily, Weekly, Monthly Systems Operations

In an aquaponics system, where chemical use to deal with pests is constrained by the 
tolerance of the fish (see section 5.4, p.16 above), staff must be vigilant to optimize 
environmental conditions within the greenhouse, as well as to closely observe the health of 
the plants and the fish and deal with any problems that arise.

The following is an outline of the basic operational requirements of an aquaponics system to 
help define system and staffing needs. 

8.1.1 Daily Operations

Mornings
1. Check pH
2. Inspect plants
3. Inspect fish
4. Feed fish & observe fish reaction
5. Check calcium buffer
6. Clean plant trough standpipe filters
7. Water seedlings
8. Flush fish tank standpipes
9. Check sump water level and fill as needed
10. Check system filters
11. Count pests on yellow sticky pest strips

Noon
1. Feed fish
2. Flush fish tank standpipe

Evenings
1. Feed fish
2. Clean plant trough standpipe filters
3. Water seedlings
4. Flush fish tank standpipes
5. Check and flush fish tank standpipes
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8.1.2  Weekly Operations 

1. Harvest oldest weekly crop
2. Rinse harvested plants
3. Package plants
4. Put plants in bins
5. Put plant bins in refrigerator
6. Clean plant troughs
7 Transplant seedlings to plant bed
8. Plant seeds
9. Measure ammonia level
10. Measure nitrite level
11. Measure dissolved oxygen level
12. Measure nitrate level
13. Measure calcium level
14. Measure potassium level
15. Measure iron level
16. Check electrical conductivity (EC)
17. Add elements that measured low to buffer tank
18. Clean greenhouse

8.1.3  Monthly Operations 

1. Test backup systems
2. Drain solids from settling tank
3. Sample fish
4. Weigh fish sample
5. Calibrate pH meter

8.1.4  Three-Monthly Operations 

1. Add new fish to quarantine tank
2. Process fish from one tank
3. Clean and sterilize emptied tank

PART IX: AQUAPONICS CALCULATIONS - SIZING THE SYSTEM

A preliminary consultation with the Yorklands Green Hub set the size of this proposed 
demonstration greenhouse at a maximum length of 30 feet. The width of the plant-growing 
space in a solar greenhouse is determined by the angle of its south-facing glazed roof, which 
in turn is determined by the the position of the sun in winter (depending on latitude).  In this 
model, the glazed greenhouse plant-growing space is 14 x 30 feet, which accommodates the 
4 principal hydroponic grow beds. The fish are raised in two tanks located in a shaded rear 
room behind the plant-growing space, which adds an additional 12 feet to the width of the 
building (total area: 26 x 30'). 
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The area of the four fully planted grow beds determines the achievable total weight of fish 
able to be raised in this aquaponic system. (The two nutrient-film beds are for fruiting plants 
and have negligible impact on the nutrient cycle.) The plants consume nutrients excreted by 
the fish, as well as the nitrate produced by the biofilter by processing the ammonia produced 
by the fish. In so doing, they provide water-cleaning services for the fish in this balanced, 
food-producing ecosystem. 

The total volume of fish tanks required is determined by the maximum mature weight of fish 
(average .5 kilos/fish). The water flow rate must be set to provide a one-hour complete fish 
tank turnover time, as well as the Total Ammonia Nitrogen (TAN) removal rate by the biofilter.  
The sedimentation tank size is determined by the flow rate of the combined fish tanks and 
settling time. 

Appendix 1 below provides provides full details with the data used to size this aquaponic 
system.  It covers how many fish can be supported to maturity by the area of plants in in the 
greenhouse, and requirements for tank volume, solids separation, fish feed, oxygen, water 
flow rates, biofilter capacity, and aeration equipment needed.

PART X: CONCLUSION AND OPPORTUNITIES FOR 
COLLABORATION

This work presents a proposal to build a small solar year-round aquaponic greenhouse that 
would consume one tenth the energy of a typical Leamington - Kingsville style greenhouse, 
and produce near zero waste. 

The project is conducive to forward-looking research in a variety of fields: solar architecture, 
energy modeling, engineering and materials for energy efficiency, aquaponics systems for 
Ontario, community building, community participation in fish and vegetable cultivation and 
use, partnerships with local food and culinary programs, and community shared agriculture 
(CSA).

Like other renewable-energy project, it will require capital investment up-front to build the 
insulated building and the solar heating systems that would replace fossil-fuel heating to 
extend the indoor growing season in southern Ontario.  Well-insulated solar greenhouses 
have proven their worth in northern China and other locations as being sustainable 
alternatives to conventional gas-heated greenhouses for producing year-round vegetables. 

This project represents an exciting opportunity to introduce a merger of two sustainable 
systems to Ontario -  a low-energy, year-round solar greenhouse with a water-conserving, 
low-waste aquaponics food system. A second opportunity lies in instrumenting the 
performance of both of these systems for for improvement of future iterations. 

The Yorklands Green Hub envisions the creation of a self-sustaining research, demonstration 
and education sustainable environments centre for Guelph, focused on water protection, 
urban agriculture and renewable energy.  This project dovetails with each of those three 
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objectives.  It provides a venue for solar heat modeling, urban food production, and water-
quality/water-use monitoring related to an aquaponics system. It would offer a local leading-
edge research site for Guelph students in a variety of fields.  Food produced by this type of 
facility could be used in collaborative projects (culinary programs, local food banks, etc.) and 
studied in terms of yields at this scale of production and space.
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APPENDICES 

Appendix 1:  Fish and Plant bed Sizing

Maximum Weight of Fish Calculated from Total Plant Bed 
Area - YGH Solar Greenhouse kg

Each plant bed length (in metres) 3.04

Each plant bed width (in metres) 1.22

Total # of plant beds 4

Total area of main plant beds/ sq. m. 14.8352

Fish food  gm/total sq.m. of plant beds/day 60

Fish food gm /day 890.112 0.89011

Fish food kg/year 324.891

Feed conversion ratio 1.5

Total fish harvest weight in kg. (mature) 216.594

Growing time in months 6

Harvest frequency 1

Number of fish tanks 2

Fish feed per tank kg 0.44505

Fish eat rate per body wt %/day 1.5

Fish wt per tank (total mature fish in kilos) 59.3408

Individual fish, max wt. in kilos 0.45

Number of fish per tank 131.868

Total number of fish 263.737

Fish pop. density -  kg/1000 litres water 50

Tank size in litres 1186.82
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Tank size in US gallons 313.524

Tank height in. m. 0.8376

Tank diameter in m. 1.34316

Total fish tank volume in litres 2373.63

Flow rate tank volume/hour 1

Flow rate litres/hour 2373.63

Flow rate US gal/hour 627.047

Sedimentation retention time in hrs. 0.5

Sedimentation tank size in litres 1186.82

Sedimentation tank size in US gallons 313.524

Sedimentation tank Diameter 1.34316

Flow Rate Estimation and Biofilter Sizing

YGH Solar Greenhouse

Total Ammonia Nitrogen (TAN) Mass Balance Calculations

Feed protein content % 38.00

Total Ammonia Nitrogen(TAN) production Rate 0.02 kg/day

%TAN from feed 2.47 %

Desired TAN concentration in recirculating water 1.80 mg/L

Passive nitrification 10.00 %

TAN available after passive nitrification 0.02 kg/day

Passive denitrification 0.00 %

Maximum nitrate concentration desired 150.00 mg/L

New water required to maintain nitrate concentration 148.20 kg/day

TAN available to Biofilter after effluent removal 0.02 kg/day

Biofilter efficiency for TAN removal 50.00 %

Flow rate to remove TAN to desired concentration 24403.60 L/day

16.95 L/min

4.48 gal/min

268.64 gal/hr

Biofilter Sizing Calculation - YGH Solar Greenhouse

Estimated nitrification rate 0.45 g Tan/m^2/day

Active nitrification surface required at rate 48.81 m^2

Surface area of media 200.00 m^2/m^3

Total volume media 0.24

Media unit price 200.00 $/m^3

Media cost 48.81 media cost

Media depth 1.02 m

Volume/depth yields face area 0.24 m^2
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Diameter of biofilter 0.55 m

Solids Mass Balance Calculations - YGH Solar Greenhouse

Estimated percentage of feed becoming solid 
waste 25.00 %

Waste solids produced 0.25 kg/day

Desired Suspended Solids conc. 10.00 mg/L

Est. % removed by particle trap 50.00 % partical trap

Waste solids remaining after particle trap 0.13 kg/day

Waste solids remaining solids removal in effluent 0.12 kg/day

Settling tank, bead filter, drum filter etc. Efficiency 50.00 %

Flow rate to remove Susp.solids to desired 
concentration 24703.60 L/day

17.16 L/min

4.53 gal/min

271.95 gal/hr

Oxygen Mass Balance Calculations - YGH Solar Greenhouse

Submerged filter? (1=yes and 0=no) 1.00

Oxygen used/kg. feed 40.00 %

Oxygen used by feed addition 0.712090 kg/day

Desired oxygen concentration in tank 5.00 mg/L

Dissolved oxygen concentration supplied to tank 18.00 mg/L

Oxygen used by passive nitrification 0.01129 kg/day

Oxygen used for nitritication in biofilter 0.10037 kg/day

Total oxygen used 0.82375 kg/day

Air used 3.92262 kg/day

Estimated flow rate 301739.75 L/day

209.54 L/min

55.43 gpm

3326.06 gal/hr

Total Air 8.99 CFM

System Oxygen Consumption Calculation         
YGH Solar Greenhouse
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Fish Feed/day 0.89 kg

O2 Fish kg 0.02

O2 Nitrifying bacteria kg 0.011

O2 Heterotrophic bacteria kg 0.09

Total O2 kg/day 1.01

O2 kg/min 0.00070282

Air kg/day 4.82

Air kg/hr 0.200805 0.00335

Air kg/min 0.003347

Air m3/min 0.002732

Air cfm 0.096441

Air L/min 2.732041

Air m3/hr 0.163922 0.00273

Air m3/min 0.002732 0.09644

Air cfm 0.09644

Air L/min 2.73204

Fish Feed/day 0.89 kg

O2 kg/day 0.76 kg

O2 kg/min 0.0005271 kg

Air kg/min 0.0022918

Air m3/min 0.0018709

Air cfm/min 0.06604

Air L/min 1.87

Air stone m3/min 0.01500

Air stone cfm 'as150' 0.53

6" 'as159' air stone cfm 0.50000000

Air stone m3/min 0.01416431

Air stone kg air/min 0.01735127

Air stone O2/min 0.00002038

Air stone SOTE 0.01500000

Air stone FTE 0.50000000

Air stone kg O2/min 0.00003328

#of Air stones 21.12

Air cu.ft./min. (cfm) 11.00
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Appendix 2: Greenhouse Building Costing (fish = fish room, gh = greenhouse space)

Greenhouse Costing

Length north 
wall 30 136

Length west wall

gh

14

Length west wall
fish 12 Rect 2x8

13.9213
Rect 
Steel Steel 1/4 inch Steel area-> Extruded

Length Height Thickness 2x4-8
2x4-
10

2x4-
12 2x4-14 2x4-16

2x3-
18.736 2x3-6 Plywood Siding Concrete

Glazing 
Triple Door Foam

Cost ea. 4.29 6.99 7.79 8.99 10.99 132.676 43.56 39.99 4.25 5.79 5.05 300 2.49938

North 
wallgreenhouse 30 17.75 16 32 1 532.5

North wall fish 30 8 14 8 240 480

West wall gh 14 14 4 2 2 2 8 7 195 392

West wall fish 12 9 4 8 4 8 86 1 216

East wall gh 14 14 4 2 2 2 8 7 195 392

East wall fish 12 9 4 8 4 4 86 1 216

South wall gh 30 6 8 180

Roof gh 30 18.7367 8 562.1

Roof fish 30 12.6491 14 758.947

Floor gh 30 14 0.33333 140

Floor fish 30 12 0.33333 120

Heat store south 
wall 30 3.28 0.33333 32.8

Heat store west 
wall 26 3.28 0.33333 28.4267

Heat store north 
wall 30 3.28 0.33333 32.8

Heat store east 26 3.28 0.33333 28.4267



wall

Heat store 
ceiling 30 26

Number 46 20 12 18 48 8 8 34 802 382.453 742.1 3 2987.45

Cost ea. $ 4.29 6.99 7.79 8.99 10.99 132.676 43.56 39.99 4.25 5.79 5.05 300 2.49938

$ 197.34 139.8 93.48 161.82 527.52 1061.41 348.48 1359.66 3408.5 2214.4 3747.6 900 7466.75

Total Building $21626.77 $ 21626.8



Appendix 3: Aquaponics System Costing

Item Cost ea. Quantity Amount

Conical Fish Tank 46" Dia CB-4A-5 $2085.00 3 $6,255.00

Radial Flow Seperator 30" dia $2938.78 1 $2,938.78

UV sterilizer E105 $1801.50 1 $1,801.50

Water pump 80gpm SHE2.9 $1016.00 2 $2,032.00

Air pump S11 $721.20 2 $1,442.40

cpc pipe 4in x10ft $ $13.38 4 $53.52

cpc pipe 2in x 10ft $ $9.00 4 $36.00

4" valve $97.80 4 $391.20

4" bulkhead fitting $196.65 4 $786.60

4" elbow $8.99 4 $35.96

4" T $21.99 6 $131.94

2" T $5.99 4 $23.96

2" elbow $2.49 12 $29.88

3" pipe x 10' $20.00 2 $40.00

3" bulkhead fitting $106.95 8 $855.60

3" 90 elbow $10.73 14 $150.22

3" Tee $15.75 1 $15.75

NFT Trays 10' $21.30 4 $85.20

NFT Tops 5' $10.50 8 $84.00

NFT end cap $3.40 8 $27.20

1/2"G1s Plywood $46.55 4 $186.20

2x3-8' $3.00 18 $54.00

2x 8'extruded polystrene $41.00 10 $410.00

30 mil polyethylene m squared $7.00 62 $434.00

AS50 Airstones 0.3cfm $9.40 20 $188.00

AS150 Airstones 0.5cfm $21.30 13 $276.90

cfm

Total Aquaponics $18,765.81
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Appendix 4: Final Totals

Total Building $21,626.77

Total Aquaponics $18,765.81

Elkay 14-3C18X24-R-24X Triple Sink 1211.25 1 $1,211.25

Natural Gas heater 699 1 $699.00

Hot water heater 598 1 $598.00

Electrical Service(wiring etc) 1500 1 $1,500.00

Refrigerator 800 1 $800.00

Backup generator 1000 1 $1,000.00

Backup Water pump 80gpm SHE2.9 $1016.00 2 $2,032.00

Backup Air pump S11 $721.20 2 $1,442.40

System Monitor $1000.00 1 $1,000.00

Miscellaneous 2000 1 $2,000.00

Sub total $52,675.23

Tax $7,901.28

Final Total $60,576.52

ABOUT THE DESIGNER - OPEN SOURCE PROJECT 

Paul Neelands is a physicist, computer scientist, and mathematician. He is a retired 
programmer and electronics designer and a lifelong proponent of sustainable living.  He has 
lived off-grid for nearly 30 years in a solar-and-wind-powered house he designed and built, 
inspired by the PEI Ark, where he assisted in the instrumentation and monitoring of its 
systems.

This project is licensed under the Creative Commons License version 4 and is therefore open 
source. 
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