
 

For further reading: 
 

Heating Systems: 

www.energysolutionscenter.org/tech/tech_boilers.asp 
www.thermalsolutions.com/index.cfm , www.modine.com 
http://munchkinboiler.net , www.hamiltonengineering.com 
 
Flue gas condensers: 
www.vandijkheating.nl , www.sidelsystems.com  
 
Computer Climate Control: 
www.acmehort.com , www.microgrow.com , www.priva.ca 
www.wadsworthcontrols.com 
 
Electricity & lighting: 
www.bchydro.com/business/success/story15884.html , www.pllight.com  
www.theoremeinnovation.com/products.html , www.ledgrowlights.com 
www.theoremeinnovation.com/products.html 
 
Cogeneration Systems: 
www.gepower.com/prod_serv/products/recip_engines/en/cogen_systems/
index.htm, www.cat.com/cda/layout?m=37471&x=7,  
www.capstoneturbine.com 
 
Low cost fuel: 
www.saskatoonboiler.com, www.allcanadianheaters.com,  
www.hurst.com, www.advancedrecyclingequip.com,  
www.braymo.com, www.deckerbrand.com, www.vyncke.be,  
www.blueflamestoker.com, www.foss-fuel.ca   
 
Thermal curtains: 
http://vresystems.com, www.cravo.com/index.htm, www.sunarc.ca, 
www.ggs-greenhouse.com, www.prinsgreenhouses.com/index.html  
 

Geo the r ma l  Hea t  P u mp  S ys te ms :  

http://geoheat.oit.edu/bulletin/bull26-1/art2.pdf,  
www1.eere.energy.gov/geothermal/heatpumps.html 
www.centreforenergy.com/silos/geothermal/geothermalOverview01.asp 
 
B io gas :  

www.waste2profits.com , http://www.mrec.org/anaerobicdigestion.html 
www.reddeercounty.ab.ca/upload/Final%20Report%20March%202006.
pdf  
http://www.epa.gov/agstar/pdf/manage.pdf 
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Greenhouse efficiencies can also be improved by monitoring 
the efficiencies of individual rows. In this picture one sees 
various codes assigned to each task and workers punch in 
codes. Every day the information is transferred to computer 
and productivity is monitored on a regular basis  
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Moveable trough systems are in experimental stage. They 
increase space use efficiencies and reduce labor costs. Plants 
are moved to one station for pruning and fruit harvesting 

Raised troughs are used for tomatoes, lettuce and strawber-
ries. It makes it easier for workers to pick the produce, thus 

Flat fillers for bedding plants and hanging baskets can save 
time and energy and thus reduce labor costs  

 

Introduction 
Energy is the second largest operating cost for a commercial green-
house in Alberta. Energy is used primarily for heating, lighting, CO2 
supply and equipment operation. The relative proportion of costs for 
fuel and electricity will vary with cost of fuel, structure of greenhouse 
and crops grown. Understanding the use of energy in a greenhouse 
operation is the first step in reducing energy costs. 
 
The three broad, inter-related methods to reduce the impact of energy 
cost on revenue are: 

1.   Increase the crop yield and market value per dollar of energy cost. 
2.   Reduce the energy required per square meter of greenhouse area. 
3.   Switch to a lower cost fuel to supply some or all of your energy 

needs. 

Reducing energy cost per dollar of saleable product is the overall ob-
jective. As every greenhouse operation is unique, an energy audit is 
recommended as the initial step towards its energy conservation. For 
reducing energy costs, operators should review fuel and electricity 
bills to better understand the relative amounts and costs of energy in-
puts. They should also review both the daily and seasonal energy use 
profile to identify opportunities to reduce energy use.   
 
Table 1 summarizes the major energy inputs to a greenhouse. During 
daylight hours, the solar heat input is often more than required and 
ventilation is needed to reduce greenhouse temperatures. In Alberta, 
the annual solar energy input to a greenhouse is about 5 to 6 GJ/m2 
while typical fuel energy use is around 2 GJ/m2. Research is well un-
derway on how to recover this extra heat and reuse it for greenhouse 
heating when it is needed the most.  

Table 2 summarizes major energy losses in a greenhouse. Ventilation 
to reduce temperature and/or to reduce humidity can be a major en-
ergy loss. Ventilation also increases consumption of natural gas to 
replace vented CO2.   
 
Condensation on the inner roof reduces greenhouse humidity and 
ventilation required to reduce humidity. At the same time, this con-
densation can significantly increase heat losses through the roof. 
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Energy In Comments 

Solar energy •    about 70 to 90% transmitted through roof 

•    more than 50% of transmitted light energy 
is used for plant transpiration of water 

Fuel for heating •    mainly required at night 

•    replaces building losses and venting losses 

Electricity for artifi-
cial lighting 

•    artificial lighting may account for up to 
50% of the heat requirements for the 
greenhouse 

Fuel for CO2 genera-
tors 

•    heat release from natural gas fired CO2 
generators 

Electricity for motors, 
etc. 

•    heat from electrical equipment 

Table 1:  Energy Inputs to a Greenhouse 

Table 2:  Energy Losses from a Greenhouse 

Energy Out Comment 

Heat transfer through 
greenhouse structure 

•    roof accounts for over 80% of heat losses 

•    wind increases heat loss by up to 25% 

•    condensation increases heat loss 

Radiative heat loss 
through the roof 

•    from 30 to 50% of heat loss at night is ra-
diation to cold night sky 

•    losses are highest on clear nights 

Controlled ventilation •    both hot air and CO2 are lost during venti-
lation 

Leaks in the structure •    source of about 0.5 to 1 air changes per 
hour 

•    wind increases heat loss due to leaks 

Furnace stack gases •    15 to 40% of the natural gas bill goes up 
the furnace stack as hot combustion prod-
ucts 

•    potential source of CO2 for greenhouse 
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Roof energy curtains can save heating costs by 30% in cold 
climates like Alberta. They are also used for shading in sum-
mer, thus reducing plants stress and increasing productivity 

In Holland Ultra Violet light lamps are used to destroy older 
leaves on the stems of cucumbers. Exposure to UV light 
slowly kills the leaves and also reduces diseases 

Plug transplanting machines can save on labor costs. These 
are versatile and adopted to handling many types of plugs  
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This system from Holland combines flood irrigation in 
troughs and plant movement to a belt. Thus plants don’t have 
to be hand picked 

Flood benches are easily adopted by larger growers to grow a 
variety of plants. All water in this greenhouse is recycled af-
ter ozonation 

This system is specifically designed to grow and handle herb. 
The system is unitized to monitor efficiencies 

 

Item Relative 

Cost 

Estimated Pay-

back1 

Heating system maintenance low < 1 year 

Computerized climate control medium 1 to 5 years 

Repair leaks in greenhouse low 1 to 5 years 

Insulation of north wall low 3 years 

Alternative fuels high 5 to 10 years 

Windbreaks medium difficult to define 

Thermal curtains high 5 to 10 years 

Recovery of CO2 from stack gas medium 1 to 5 years 

Time of day electricity rates low < 1 year 

Stack gas condensing heat exchanger medium 2 to 10 years 

Cogeneration high >10 years 

1 payback periods are estimates only and will depend on specific greenhouse 
conditions and operation parameters 

Table 3:  Methods for Reducing Greenhouse Energy Costs 

Methods for Reducing Energy Costs  

The primary goal for any operator is to reduce energy costs per dollar 
value of crop produced.  Increasing crop yields and quality is another 
way of reducing energy costs. Energy costs savings can be achieved 
by the following three ways: 
 

1. Improved maintenance of existing equipment and buildings  
2. Capital investments to improve energy efficiency   
3. Switching to a lower cost fuel. 

 
Improvements to reduce energy costs usually require an investment of 
time and money that result in lower operating cost. There may be sev-
eral methods to reduce energy costs and the alternatives should be 
compared and prioritized. Table 3 presents some examples of meth-

Here are a few more tips to reduce energy costs in a green-
house operation. The possible impact on greenhouse crop pro-
ductivity should always be kept in mind when considering 
methods to reduce energy costs. 

5 



 

Heating System  

A well-designed and maintained conventional natural gas furnace or 
boiler should recover 80 to 85% of the energy in the fuel as useful 
heat input to the greenhouse. The remaining 15 to 20% of the fuel 
energy is lost up the stack as ‘sensible heat’ (i.e. hot gas) and ‘latent 
heat’ (i.e. water vapour).  Improvements to the heating system can 
reduce energy costs by 10 to 40% depending on the efficiency of the 
current system. A modern furnace with a condensing heat exchanger 
can recover all of the latent heat and some of the sensible heat, 
achieving over 90% efficiency. Improved maintenance of an existing 
heating system is one of the lowest cost and fastest payback invest-
ments in reducing energy costs in a greenhouse. 

Computerized climate control 

A computerized climate control system is an important component to 
reduce heating costs. This system continuously monitors variables 
such as sunlight, outdoor temperature, wind speed, indoor tempera-
ture, CO2 concentration and humidity. It uses this information to con-
trol greenhouse temperature, humidity, CO2 level and artificial light-
ing (if used) to maximize crop yield, while saving energy costs.  

Greenhouse Structure 

Proper maintenance of the greenhouse structure can reduce heating 
costs between 5 and 20%.  Even a well-constructed double poly 
greenhouse will have 0.5 to 1.0 air exchanges per hour. Greenhouse 
maintenance to reduce energy cost includes repairing leaks in all ar-
eas of the outer structure, ensuring proper inflation of a double poly 
roof and regular replacement of roof poly to maintain anti-condensate 
and IR properties. Good maintenance and inflation of double poly 
roof systems should get the highest priority as 60 to 80% of a green-
house structure heat loss is through the roof. Proper insulation of 
heating pipes entering the greenhouse, boiler or hot water tank and 
greenhouse walls (especially north wall) will reduce heating costs by 
0.5 to 4%. 
 
Use of proper greenhouse roofing materials is very important. Newly 
available roofing materials should be considered when renewing the 
greenhouse roof.  An economic evaluation of heating cost savings, 
changes in light transmittance, lifetime of material and additional 
costs is required to determine the benefits of new materials. Some 
properties of roofing materials are high photosynthetic active radia-
tion (PAR) transmittance, low ultraviolet, far-red and infrared trans-
mittance, and low vapour condensation.  
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The  system is installed by one greenhouse in Alberta. All 
hanging baskets are brought to one station and watered auto-
matically. This results in saving of manpower and energy 

Potted plants are handled in this automatic system resulting 
into saving labor costs 

Simple flood irrigation systems can be used for sub-
irrigation. Water can be recycled, thus reducing costs and 
also it is an environmentally friendly practice 
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Biogas as a Heating Fuel 

Biogas is produced by bacteria operating in an anaerobic (oxygen 
free) environment. Commercial biogas is usually produced from live-
stock manure in above ground digester tanks or from municipal waste 
landfills.  Biogas is about 60% methane, 40% carbon dioxide with up 
to 0.4% hydrogen sulphide. The heating value is less than 60% of that 
of natural gas. Although the process is simple, the cost of building 
and operating a manure digester is significant.  To produce sufficient 
biogas to operate a 1 million Btu/hr boiler would require about 30 
tonnes per day of manure and disposal of 2 tonnes per day of dry 
solid waste (suitable for land as manure). 

Use of computers for environmental and irrigation controls 
offer energy saving opportunities. Productions can be in-
creased by precise control of environmental factors 
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Electricity 

Electricity cost is typically less than 20% of the total energy costs for 
a greenhouse operation.  However, if artificial lighting is used, then 
electricity cost can be up to 50% of the total energy costs. The opera-
tor should examine options to reduce the use of electricity and lower 
the purchase price per unit of electricity. Artificial lighting also re-
duce greenhouse heating requirements. For example, high pressure 
sodium lights, convert about 75% of the electricity to heat, sometimes 
supplying 30% of the greenhouse annual heat demand. If this heating 
is not required or not significant, then LED (light emitting diodes) 
lights can be used, which are cool and more energy efficient (use 75% 
less electricity than high pressure sodium lamps). They supply light 
only in wavelengths required for growth and have longer lamp life-
time compared to high pressure sodium or metal halide. Some other 
options for reducing electricity costs include: 
•    schedule electricity use to reduce peak demand charges 
•    negotiate time of day rates and schedule electricity demand at the 

time of day with cheapest rates  
•    operate artificial lighting preferably when heating is also required 

in the greenhouse. 
•    clean lights and light reflectors to maximize light to the plants 
•    regularly inspect electrical equipment for overheating or other 

problems 
•    replace incandescent lighting with fluorescent lighting in office 

areas 
•    replace conventional electric motors with high efficiency motors 
•    install equipment for power factor correction to reduce kW de-

mand charges 
•    convert from ventilation fans to natural venting 
•    Cogeneration of heat and electricity can also be considered as an 

option, however, the capital cost is high and the payback period 
may be up to 10 years. 

Switching to a Lower Cost Fuel 

Switching to a lower cost fuel usually involves the replacement of (or 
amendment to) existing gas heating system.  This may be expensive 
initially as natural gas requires relatively inexpensive furnace equip-
ment.  Alternative fuels that may have a lower cost than natural gas 
include coal, wood waste or wood pellets, straw or other biomass, 
waste engine oil, biogas from a landfill or a manure digester and geo-
thermal system. A detailed analysis of the cost of equipment and op-
eration and relative efficiency should be done before switching to any 
new fuel system.  
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Table 4 gives some example comparisons of cost of possible alternate 
fuels.  The costs and availability of these fuels may vary from green-
house to greenhouse. Biogas from landfills, sewage treatment systems 
and manure digesters may be an attractive source of heating fuel for a 
greenhouse.  Biogas cannot be transported long distances effectively 
so a greenhouse must be located near the source.  Biogas may contain 
poisonous gas (hydrogen sulphide) and may require modifications to 
an existing natural gas furnace 

Table 4: Example cost comparison of some alterative fuels 

Fuel Fuel Cost  
($/GJ) 

Heating 
System 

Efficiency 

Cost of Heat 
to Green-

house 
($/GJ) 

Other Con-
siderations 

Electricity  
(10 cents/
kWhr) 

$28 0.95 $29 none 

Diesel Oil  
(80 cents/
litre) 

$21 0.85 $25 none 

Natural Gas 
(0.037 GJ/
m3) 

$8.00 0.80 $10 price fluctua-
tion 

Natural Gas 
with high eff. 
furnace 

$8.00 0.95 $8.40 price fluctua-
tion 

Coal deliv-
ered  
($40/tonne @ 
18 GJ/tonne) 

$2.22 0.75 $2.96 3-7 kg/GJ of 
ash 

Wood Pellets 
($170/tonne, 
18 GJ/tonne) 

$9.44 0.75 $12.60 0.2 kg/GJ of 
ash 

Propane  
(40 cents/
litre) 

$16.00 0.80 $20 none 

Biogas  0.80 varying cost 
& availability 

safety of gas  
(H2S) 
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Thermal Curtains and Shading Systems 

Thermal curtains installed under the roof of a greenhouse can result in 
heat energy savings of 10 to 50%, depending on the type of green-
house structure and operating conditions. Thermal curtains are typi-
cally a thin retractable cloth that is used at night to separate the roof 
from the main portion of the greenhouse. Night time heat loss is low-
ered by reducing the radiative heat transfer and by providing a still air 
mass between the roof and growing area. Curtains can also provide 
shade or diffuse light during the day to reduce cooling or venting re-
quirements. Most thermal curtain installations will cost $13.45 - 
$26.90/sq. meter.   

A recent alternative to thermal curtains for a inflated double poly 
greenhouse is an injected foam system. The system injects liquid 
foam between the layers of the roof either at night for insulation or 
during the day for shading.  Foam is constantly replenished while it is 
needed.  In the morning, foam breaks down and drains to a tank for 
recycling.  It is estimated that such system can reduce heating cost by 
50% or more for a double poly greenhouse. 

Windbreaks 

Wind increases heat loss through the roof and walls and the infiltra-
tion of cold air through leaks in the greenhouse structure. Windbreaks 
can reduce heating costs by between 5-20% annually. Higher the av-
erage wind speed during the heating season, the larger the energy sav-
ings from installing a windbreak.  Windbreaks can consist of trees 
and shrubs or a fence or other structure. Tree and shrub windbreaks or 
shelterbelts are inexpensive, long-lived and require little maintenance. 
These lower the wind force by 50% and provide protection to an area 
20 times more than the height. 

Geothermal Heat Pump Systems 

Geothermal heat pumps or ground source heat pumps can be used for 
heating and cooling a greenhouse. Geothermal energy can also be 
used directly for greenhouses heating if the greenhouse is located 
near a geothermal reservoir of hot water near the surface.   
Most geothermal systems are either closed loop or open loop.  Closed 
loop systems circulate a mix of water and antifreeze through coils 
installed in the ground. Open loop systems draw water from an under-
ground aquifer or nearby water body and discharge water back into 
the source. Heat pumps are used to extract heat from the source and 
boost the temperature to a level suitable for the greenhouse. The sys-
tem can be reversed for cooling the greenhouse with heat rejection 
into the ground. Capital cost of the equipments is high. 
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