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1. Executive Summary 

The overarching objective of this project is to further enable the planned rapid economic 
expansion of Ontario's Greenhouse Sector through the delivery of innovative distributed 
energy resource (DER) project options.  These options will be positioned improve energy 
flexibility, efficiency, and resilience. Recently, applications for expansion and increased 
demand of the greenhouse industry in the Leamington/Kingsville area have challenged the 
capacity of central grid infrastructure expansion. Installing DERs can allow greenhouses to 
provide their own power and assist with the growing demand by supplying excess electricity 
to others through grid interconnection. This helps alleviate massive grid infrastructure 
modifications as well as major utility upgrades; and increases available electricity for the 
sector’s needs. Modeling a hypothetical five-grower greenhouse network in Leamington, ON, 
illustrated that a connected DER architecture could provide a reduction in design sizing, 
excess electricity, and fuel consumption with millions saved on capital spending.  DERs can 
be strategic in the planning of future electrical grid supply and the growth of the Ontario 
Greenhouse Sector.  

 

2. Introduction and Goal  

2.1 Introduction 
The Leamington/Kingsville area is home to the greatest concentration of greenhouses in North 
America.  Over 3500 acres of under glass agriculture accounts for $2B in economic activity in the 
province.  The sector is undergoing rapid expansion and transformation.  Individual operations are 
increasingly integrating supplemental lights to extend daily and seasonal growing times.  A 
significant portion of operations are also becoming automated, from packing processes to harvesting 
routines.  These non-trivial load additions are being multiplied through massive expansions of the 
sector.  Planned expansions will exceed the capacity of centralized grid infrastructure to meet new 
loads that have been drastically increased by crop lighting. To meet this demand with conventional 
grid supplied electricity will require the buildout of new transmission infrastructure.   
New transmission lines and infrastructure upgrades for the region have been approved.  While this 
should be acknowledged, the future expansion requirements of the sector are difficult to predict.  
It is presently unrealistic to expect completion of a transmission project of this magnitude in the 
time frame required. For this reason, a flexible and adaptable solution is important in the efforts to 
develop a resilient and reliable distribution system that meets the needs of current and future 
customers.  This project will provide insights for how to integrate resources and maximize the value 
of new relationships between agencies and system variables to optimize sustainable electricity 
supply between central and decentralized solutions. 



 

 

 
Significant benefits can be realized by aggregating multiple prosumer behind-the-meter technology 
such as DERs.  While the benefits are notable, there are significant barriers, especially in the highly 
competitive agricultural sector.  This project aspires to connect growers while maintaining 
confidentiality surrounding sensitive growing practices.  Another challenges is a lack of knowledge 
of how growers can optimally use their DER assets to benefit their operations, which this project 
will examine.  Growers who are looking to expand at a rate faster than what new transmission can 
provide will be particularly interested in overcoming any obstacles to the meet the needs of their 
operations.  Furthermore, from an economic development perspective, this project fits into local 
initiatives to enhance agri-business in Essex County and increased awareness of the many benefits 
of growing in the region.   The outcomes from this project will address several of Ontario’s energy 
initiatives and will drive progress towards building a strong culture of innovation in the sector. 

2.2 Goal 
The goal of this project is to enable and bolster the economic expansion of Southwestern Ontario’s 
Greenhouse Sector through the strategic development and engagement of new and existing 
distributed energy resources. Successful outcomes from this program will highlight options that may 
reduce reliance on grid supplied electricity and enable the deferral of costly transmission 
infrastructure construction; mitigating additional costs that could be shouldered by the ratepayer. 
 

3. Approach/Methodology  

The Leamington/Kingsville region of Ontario is home to the highest concentration of Greenhouse 
Horticulture in North America.  The region has a history of growing practice innovation and has 
recently been interested in advancing the energy management of their sector.  Concerns over 
operational reliability and resilience are not new for these large operations, a number have onsite 
generation capacity, which has, to some degree, reduced their grid reliance. While a select few 
have even gone off-grid.  Much of the sector operates individually, without coordination between 
organizations to optimize resources and minimize costs.  This project will advance a novel 
harmonized effort to establish a resource map of DER assets across the sector.  It will investigate, 
for the first time, the potential of DERs for five greenhouses in the Leamington/Kingsville area 
through expertise from the University of Windsor, 360 Energy, Hydro One, Ontario Greenhouse 
Vegetable Growers (OGVG), and five local greenhouses. To do so, the electrical loads of these 
greenhouses will be analyzed: individually and collaboratively as a Five-Grower Network. From 
there, DER designs will be developed using the software HOMER and team expertise. The following 
five DER combinations will be constructed for each of the five greenhouses as well as the combined 
Five-Grower Network: 

1. Photovoltaic & Battery 
2. Cogeneration & Battery [Fuel: Natural Gas (NG)] 
3. Cogeneration & Battery [Fuel: Biogas] 
4. Cogeneration, Photovoltaic, & Battery [Fuel: Natural Gas (NG)] 
5. Cogeneration, Photovoltaic, & Battery [Fuel: Biogas] 



 

 

 

Based on major criteria like land availability, cost, ease of implementation, and greenhouse owner 
preference a DER design winner will be chosen for the greenhouses. These winners will then be 
totaled and compared to the Five-Grower Network to determine if there are significant benefits from 
greenhouse resource collaboration.  

 

3.1 Greenhouse Participants Profile 
The greenhouse profile for the participants in this project can be found in Table #1. Greenhouses 
#1 and #2 do not use supplemental lighting whereas greenhouses #3, #4, and #5 use HPS lights. 
The electrical load of greenhouses #1 and #2 will reflect what is often referred to as “base load”: 
irrigation, boiler operations, fans, pumps, etc. Greenhouses #3, #4, and #5 have electrical loads 
that reflect base load as well as supplemental lighting load from the HPS lights. To fully understand 
the difference between these greenhouses, electricity demand and consumption need to be 
analyzed. From this analysis, key electricity figures can be made that illustrate greenhouse material 
and lighting differences. 

Table #1: Five-Grower Network Overview  

Greenhouse Crop Supplemental Lighting 

1 Pepper Unlit 

2 Pepper Unlit 

3 Cucumbers & Tomatoes HPS  

4 Cucumbers & Tomatoes HPS 

5 Long English Cucumbers HPS 

 

3.1.1 Electricity Demand 
Electricity demand is defined by the highest amount of electricity consumed in a one-hour period 
during a month. In Figure #1, this demand in kW/acre is shown for the five greenhouses from 
January to December. Note that during the summer months, the demand for lit greenhouses is 
significantly lower due to the lack of supplemental lighting usage as there is natural sunlight.  



 

 

 
Figure #1: Demand per Acre  

3.1.2 Average Hourly Electricity Consumption 
The average hourly electricity consumption is on average what an hour’s consumption is for each 
greenhouse in that month. In Figure #2, this average electricity consumption in kW/acre is shown 
for the five greenhouses from January to December. This varies from demand as it demonstrates 
an average of all the hours in the month rather than looking at the highest one-hour period. For 
the lit greenhouses, this is especially important during the Winter months where the average hourly 
consumption remains relatively high in comparison to the Spring and Fall months. This is due to the 
Spring and Fall months having more sunlight than the Winter months, which means that lighting 
may not be used every single day of that month, reducing the overall average hourly consumption. 
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Figure #2: Average Hourly Electrical Consumption per Acre 
 

3.1.3 Key Electricity Figures 
Two key figures for DER designs include the maximum one-hour demand and the total annual 
consumption. These figures can be found in Table #2.  

Table #2: Electrical Summary  

Greenhouse Maximum Annual Demand 
(kW/Acre) 

Total Annual Electrical 
Consumption (kWh/Acre) 

1 11 46,899 

2 13 51,830 

3 355 1,199,135 

4 520 996,735 

5 559 1,977,416 

 

3.2 Distributed Energy Resource Designs  
DERs that will be considered in this study include cogeneration, battery, and photovoltaic (solar 
panels). The specifications for these systems are found in Table #3-#5. Using the design software 
HOMER Pro and industry expertise, the electrical load analysis is here used to generate a DER 
system that serves to meet greenhouse needs at minimized costs.  
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Table #3: DER Specifications 

Resource Company Specifications Lifetime 

Battery Generic 

o Initial State of Charge at 
60% 

o Minimum State of Charge 
20% 

15 

Cogenerator Gruppo Ab 
o Can operate on both NG 

and RNG 

o 5% downtime per year 
25 

Inverter Generic  15 

Photovoltaic 
Panels 

Canadian 
Solar o Power Capacity: 425W 25 

 

Table #4: DER Costs 

Category Cost 

Battery Capital ($/kWh) $520 

Battery Replacement ($/kWh) $365 

Battery O&M ($/kW) $14 

Cogeneration Capital ($/MW) $1,750,000 

Cogeneration O&M ($/MW-yr) $75,000 

Inverter Capital ($/W) $0.13 

Inverter O&M ($/yr) Included in PV 

Inverter Replacement ($/W) $0.052 

Photovoltaic Capital ($/W) $2.87 

Photovoltaic O&M ($/kW/yr) $12 

 

Table #5: Fuel Costs 

Fuel Cost 

Natural Gas ($/m3) $0.23 



 

 

Biogas ($/m3) $0.81 

 

This project features thirty total designs. Five DER designs are developed for each of the 
five greenhouses and five designs for the Five-Grower Network (which is all five greenhouses 
connected as one load). From these designs, three key figures will be noted: project cost 
($), cost of electricity (COE) ($/kWh), and grid consumption (%). Project cost is the total 
project cost over the course of 25 years. This includes savings from no longer purchasing 
the electricity generated and boiler savings from generated thermal when possible. The cost 
of electricity is the cost of electricity over the course of 25 years. This is the total project 
cost over the total electricity produced. Grid consumption is the percentage of the load that 
is still purchased from the grid. To understand the benefits of combining the system as a 
five-grower network, design winners for each of the five greenhouses will be chosen. The 
design winners will be chosen based on the following: cost optimization, greenhouse owner 
preference, land/roof availability at the site, and diversifying DER choice. Using these 
parameters and the design winning factors, the DERs from the design winners of the five 
greenhouses will be compared to the Five-Grower Network to determine if there is any 
benefit from the combination. 

 

4. Results  

4.1 Electricity Results 
When comparing a double-poly greenhouse to a glass greenhouse for unlit peppers is: 

• 1.09x more demand in a double-poly greenhouse 
• 1.11x more monthly electricity consumption in a double-poly greenhouse 

 
When comparing annual averages of unlit to a lit:  

• Greenhouse using heavy lighting trends (September-May), it has 43x more demand 
and 40x more electrical consumption per acre 

• Greenhouse using moderate lighting trends (October-March with less lighting 
fixtures), it has 22x more demand and 22x more electrical consumption per acre 
 

Comparing an unlit pepper crop to a lit cucumber crop:  
• Yearly consumption for the lit crop was 43x more the amount per acre than of an 

unlit crop 
• Yearly average demand for the lit crop was 46x more the amount per acre than of 

an unlit crop 

4.2 DER Design Results – 5 Greenhouses 
 
The DER design results for the 5 greenhouses can be found in Tables #6-#10.  



 

 

Table #6: Greenhouse #1 Design Results 

Table #7: Greenhouse #2 Design Results 

Table #8: Greenhouse #3 Design Results 

Table #9: Greenhouse #4 Design Results 

 

 

 

 



 

 

Table #10: Greenhouse #5 Design Results 

 

The design winners for the five greenhouses can be found in Table #11.  

Table #11: Greenhouse Design Winners 

 
 

 

 

 

 

 

 



 

 

4.3 DER Design Results – Five Grower Network 
The five grower network DER results can be found in Table #12.  
 

Table #12: Five-Grower Network Design Results 

Design Project Cost 
Cost of 
Electricity 
($/kWh) 

Grid 
Consumption 
(%) 

#1 Cogeneration & 
Battery (NG) $88,074,434 $0.03 10.1 

#2 Cogeneration & 
Battery (Biogas) $547,192,788 $0.19 10.1 

#3 Cogeneration, 
Solar, & Battery 
(NG) 

$114,881,477 $0.049 10.1 

#4 Cogeneration, 
Solar, & Battery 
(Biogas) 

$114,881,477 $0.16 10.1 

#5 Solar & Battery $2,672,159,203 $0.911 10.1 

 

The DERs were then totaled for total cogeneration, solar, and battery capacity. An analysis 
on the five greenhouse design winners as a total was completed, also referred to as “original 
total” and the same five designs were done for the five-grower network to see if any 
reduction of DERs can be made from the combination. These results are found in Table #13.  

 

Table #13: Original Total vs. Five-Grower Network 

Due to the solar and battery design being unrealistic for a load this large, the conclusions 
will be made on the cogeneration designs. Based on these results, the five-grower network 
results in the following:  

 



 

 

 

• Reduction of up to 10 MW of batteries and ~11 MW of cogeneration  

• Capital savings of approximately $22 million dollars 

• ~12% less electricity produced 

• ~70% less excess electricity 

 

5. Conclusion 

The following conclusions are made from the limited, but reasonably representative 5 grower 
operation cross-section examined in this study:  

• When comparing a double-poly greenhouse to a glass greenhouse, the pepper crop has 1.09x and 
1.11x more demand and electricity consumption respectively in a double-poly greenhouse. 
 

• Lighting methodology has a major influence on the electricity required. 
 

• Greenhouse lighting measured for a specific operation from September to May had 43x more 
electrical demand and 40x and consumption per acre in comparison to an unlit acre.  
 

• Greenhouse lighting measured from October to March using less fixtures had 22x electrical demand 
and 22x more consumption per acre in comparison to an unlit acre.  
 

• The annual consumption for the lit crop was up to 43x more than an unlit crop. 
 

• The average demand for the lit crop was 46x more than an unlit crop. 
 

• When installing DERs, creating a network of greenhouses can reduce the overall infrastructure 
costs. 
 

• In a case study of a hypothetical five-grower greenhouse network in Leamington, ON, the results 
showed the following when a connected DER architecture is used there was:  

 Reduction in design sizing  
 Reduction in excess electricity  
 Reduced fuel consumption  
 Millions saved on capital spending 

 
 
 

 
 



 

 

6. Lessons Learned 

6.1 Lessons from the project implementation  
• The addition of supplemental lighting significantly increases greenhouse loads. 

• Greenhouse electrical loads are highest in the months of September to May when supplemental 
lighting is used. 

• DER implementation can be optimized through the development of connected DER networks 
that also have central grid connection.  

• Photovoltaic (PV) projects without storage in Ontario for supplementally lit greenhouses are not 
strategic.  This is due to the misalignment of the peaking summer performance for PV and the 
winter peaking demand for lighting; which results in underutilized asset usage.  

• Cogeneration provides greenhouses the ability to generate their own electricity, heat, and CO2 
however, these assets are oversized in the summer months and could be used for meeting peak 
loads of other industries. 

• Biogas could be a potential solution in the future, however, the fuel cost and requirement is not 
feasible today. 

 

7. Next Steps 

NB: Statements provided in 7.1 and 7.2 are verbatim remarks from Stakeholder 
Webinar Exercise held w ith growers and other sector contributors. 

7.1 Where does the project go next?  
• Investigation of the innovative use of transmission contracted wind farms in a hybrid role to 

also serve local markets – see “Hydrogen Integrated Greenhouse Horticultural 
(HIGH) Energy” Proposal in APPENDIX 1. 

 
• Evaluate the impact of future electric demand forecast erosion that may occur in the 

Greenhouse industry due to high electricity prices. 
 

• Investigate other potential electrification projects such as Electric transport charging and the 
impact/opportunities it will create in the electricity marketplace. 

 
• A micro grid in the Leamington area may not yet be cost efficient for the customers in the 

end.  Growth and power demand in Southern Ontario, and specifically Leamington/Essex 
area, may be too fast and large to be able to sustain this area with energy with micro grids 
alone. 



 

 

 
• Look at a system where local generators are focused on the local market rather than the 

Ontario market. Currently we operate based on the Market Clearing Price and HOEP.  These 
are based on supply and demand for all of Ontario and are not looking at the specific loads 
in our area. If large loads are present in our area and there are generators available in the 
area, they should turn on.  This is currently not the case. 

 
• Create incentives for the increased installation of Battery Energy Storage Systems (BESS) 

that will increase local grid dynamism and enable valuable peak shaving capabilities to 
growers that need it. 

7.2 Are there opportunities to scale up the project/program, provide IESO 
market services or participate in IESO programs? 

• Treat Leamington/Kingsville area as a pilot area to implement DERs. 
 

• Simplify the interconnection process for end-use customers to add additional generation at 
the facility. The current process is seen as resource intensive and a financial burden. Make 
the process easy, cost-effective, and quick for clients to evaluate and implement power 
production in whole or for a part of their electrical needs and allow for the ability to sell 
excess power to clients within the pilot area. 

 
• Provide funding for education or expertise in the region for DER implementation by clients. 

 
• Facilitate a blockchain infrastructure that allows the end-to-end clients to sell and buy an 

electron commodity. 
 

• Provide incentives to sites to produce their own power.  



 

 

Appendix 1 – Hydrogen Integrated Greenhouse 
Horticultural (HIGH) Energy 
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