
 

 

 
 

Abstract.  Renewable and alternative energy generation is a growing 
market for the agricultural sector. There are many options available 
to farmers, whether they are seeking another revenue stream 
through selling electricity to the grid with a provincial feed-in-tariff 
program, or a way to reduce the energy consumption of their 
operation. This leads to a critical question of how to provide the best 
financial return for a specific producer as there are many possible 
options of renewable energy systems, alternative energy sources and 
energy conservation strategies. The University of Guelph has 
undertaken work in this area to focus on creating an electronic tool 
that can be used by farmers to assist in the decision making process. 
The Complimentary Energy Decision Support Tool (CEDST) provides 
an avenue for poultry and other farmers to compare the economic 
potential of different energy systems and strategies on their property 
in an easy to use package. 

The initial stages of the CEDST were presented at CSBE AGM 2011, 
and the tool is now in its final stage of development.  This paper will 
highlight the features of the tool including: the decision processes, 
educational components, ease of use, geographical position 
software, and reliability.  Case studies will present comparisons 
between the CEDST predictions and other energy calculators, as well 
as compare predictions to production from existing renewable energy 
systems. 
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Introduction 
Renewable energy has been a topic of interest in the news and has been becoming increasingly 
more prominent over the past few years. There has been a global shift towards using greener, 
more sustainable energy sources in an attempt to combat global warming and depleting energy 
resources. This shift is occurring in Canada on all scales: national, provincial and municipal.  

Many provinces have developed incentives which subsidize the cost of renewable or alternative 
energy projects to encourage this shift (CanWEA, 2006 and 2012). Ontario developed the Feed-
in Tariff (FIT) program under the Green Energy Act in 2009 (Smitherman, 2009). The FIT 
program involves the Ontario Government paying owners of renewable energy systems for the 
electricity their system produces and feeds into the provincial electricity grid (OPA, 2010). The 
‘tariff’ (rate paid for the electricity) is dependent upon the technology type and size in order to 
provide a reasonable rate of return on the system over the anticipated lifetime (OPA, 2010).  

Agricultural operations are prime candidates to capitalize on the green energy movement. 
Renewable energy systems, such as solar photovoltaic, wind, and anaerobic digestion, have 
access to abundant resources on farms.  Additionally, alternative energy systems, including 
geothermal and solar thermal, can be used to replace traditional energy sources.  Energy 
conservation, such as retrofitting barn insulation or ventilation, is another way farmers can 
minimize energy costs.  

With the opportunity to install numerous types of renewable and alternative energy systems, it 
may be difficult for farmers to identify the technology that is best suited to their financial situation 
and farm operation. It is both financially and time consuming to seek professional assessments 
for initial evaluations of each different option the farmer would be considering. Instead, farmers 
have the option of performing initial research and assessments using the many resources 
available on the web. It is also important to have an avenue for comparing technologies as to 
determine which gives the best fit and payback for the farmer’s situation and is most feasible for 
implementation on the farm.  

The Complimentary Energy Decision Support Tool (CEDST) is a tool designed to aid poultry 
farmers in their initial investigation of renewable and alternative forms of energy by providing 
them with an easy to use calculator which produces reliable economic comparisons between 
different technologies.  This paper provides an overview of the project, highlights the 
developments that have been made since Roth et al. (2011), and discusses the tool’s reliability.  

Background 
Renewable energy calculator tools that assess individual technologies are readily available over 
the web and provide information on the economics of installing a renewable energy project. 
Twelve green energy calculators (CanWEA, 2005; DWIA, 2003; EM, 2010; NRCan, 2010; 
NREL, 2008; UoA, 2011; US EPA, 2010; De Vries et al., 2007; Kavanaugh et al., 2011; 
LeJeune and Mermoud, 2010; Lilienthal et al., 2009; Orrell and Antonich, 2007) were evaluated 
in an effort to see the quality and suitability of tools currently available and to identify gaps in 
their application for rural and agricultural situations (Roth et al., 2011).   

Based on Roth et al. (2011), a very large gap in renewable energy tools was identified: there are 
no calculators currently available that have an agricultural focus and the ability to compare 
multiple technologies at one time on a site specific basis. When looking at the comparative 



 

 
 

potential alone, this is a huge gap in renewable energy tools as it is impossible to easily view a 
comparison between two or more technologies. 

It was also found that there was a ‘give and take’ relationship between the usability or user-
friendliness of a calculator and the reliability of the results it produces (Roth et al., 2011). 
Calculators which are very simple to use and require minimal inputs are typically user-friendly.  
However, their simplistic nature in estimating energy output does not take into account unique 
site information and generate site specific assessments, and therefore the reliability of results 
generated is questionable. Conversely, calculators, such as HOMER and RETScreen, are 
detailed and use site specific information, but are very difficult for individuals to use effectively. 
A summary of the findings from the existing calculators is presented visually in Figure 1. 

 

 

 

 

 

 

 

 

 

All of these tools provide an initial assessment of the renewable energy potential of a site and 
before a system is actually installed it is advised that the farmer seek a professional inspection 
and evaluation of their operation. Of the calculators evaluated, RETScreen (NRCan, 2010) is 
the tool most frequently used to assess small scale projects, which a farmer would be interested 
in installing. As a result, this calculator can be considered the industry standard to which the 
CEDST tool can be compared against.   

CEDST 
The Complimentary Energy Decision Support Tool (CEDST) addresses and compares six 
technologies of interest, namely: solar photovoltaic (PV), wind, geothermal, anaerobic digestion, 
solar thermal, and energy conservation.  CEDST takes inputs from the user, on information 
such as property location, property size, building location and orientation, heating load of barns, 
etc., and performs an assessment of the various green energy options, as mentioned above, 
depending on which technologies the farmer has selected. The assessment made within the 
CEDST calculator is presented on a single page for all technologies where the user can view 
the anticipated cash flow, payback period, and return on investment for each technology. An 
overview of the calculator methodology is provided in Figure 2.  

The CEDST project was conceived with the idea of producing a renewable energy calculator for 
poultry farmers that will meet the aforementioned gaps in current technology. The intentions of 
the project are to produce an accurate agriculturally focused assessment tool that is easy to use 
and provides guidance to the users as to which technologies are best suited for their operation 

Figure 1: Conclusions drawn from Roth et al.’s (2011) evaluation of currently existing 
renewable energy calculators. 
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through interpretation of the presented feasibility comparison. Features such as Google Earth 
and educational components are incorporated into the various modules of CEDST in order to 
enhance the user-friendliness of the calculator. The features of the CEDST calculator are 
illustrated in Figure 3. 

  
Figure 2: Flow diagram illustrating the decision flow process for the Complimentary Energy Decision Support Tool 
(CEDST). 
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Figure 3: Complimentary Energy Decision Support Tool features. 



 

 
 

Roth et al. (2011) presented the initial stages of CEDST development, focusing on three of the 
individual technologies: wind, solar PV, and geothermal.  A case study for each of the three 
technologies demonstrated that the prototype CEDST calculator was as accurate as the 
industry standard calculator (RETScreen). 

Over the past year numerous developments have been made. Solar PV and wind calculators 
were developed in full and numerous case studies were generated against actual performance 
of currently installed systems to gauge their prediction accuracy. The geothermal and energy 
conservation calculators were developed and the solar thermal calculator is currently under 
way. Additionally, the CEDST software framework has been created, integrating the existing 
calculator modules into one overall program.   

The CEDST application has been designed to fulfill the needs and gaps identified in existing 
calculators through the incorporation of different features as outlined in Table 1.  

Table 1: Needs and gaps identified within existing green energy calculators and how the CEDST application meets 
them. 

Need/Gap How CEDST will achieve it 
Agricultural Focus Inputs of land and operation data specific to farming 

Comparison Potential Multiple technologies assessed within one program and results presented on a 
single page in easily comparable fashion (cash flow graphs and ROI) 

Easy to Use Incorporate Google Earth, educational and explanatory diagrams, help buttons, 
minimize inputs required, default values and drop down menus 

Site Specific Use Google Earth to extract precise latitude and longitude, use highest resolution 
resource databases available to link up with site latitude and longitude 

Accurate Prediction Validate CEDST tool against actual system performances to determine accuracy 
of predictions 

 
CEDST is a web based program which provides users with an introduction and explanation of 
the tool. It gives a background context for the project as well as provides supplementary 
information. When the user accesses the program, a prompt appears asking for a unique user 
name, which is used to help organize information within the background calculations of the 
program when multiple users are present. The opening page of the CEDST application takes 
the user through a Google Earth view in which they are able to find their property and identify 
property boundaries, buildings, and building heights. Using Google Earth reduces the number of 
inputs required from the user as data is extracted directly by the CEDST program (e.g. latitude 
and longitude coordinates, property and building size, and building orientation). After completion 
of the initial window, the user continues onto pages for solar PV, wind, and geothermal 
technologies (with the remaining three modules soon to be implemented). Locations of inputs 
are clearly identified and, where possible, default values and drop down menus are provided. 
Diagrams and explanatory images are also provided within the windows to help the user 
understand what information is being requested. In addition, help buttons are available if the 
user would like more detailed description and explanation of the information being requested.  

Importance of Site Specific Information 
There are many benefits to using Google Earth within the CEDST program, with the main 
benefits being increased user-friendliness and better energy output predictions based on more 
accurate geographic locations.  



 

 
 

Accurately selecting a location is extremely important in renewable energy predictions, 
particularly in wind energy, as the energy resources can vary quite significantly from location to 
location and, therefore, impact the predicted energy production. Google Earth is able to extract 
the site longitude and latitude coordinates. These site specific coordinates are used in the 
CEDST resource databases to find and use the closest resource data set available.  

As an example, in predicting the wind energy potential of a site, RETScreen bases resource 
data on the user selecting the closest meteorological station to their site. In many cases, the 
user must choose a station that is closest to their own, which can be many kilometers away. 
This can, for example, cause severely unrepresentative predictions to be made in comparison to 
what a turbine could actually produce. This is illustrated in Figure 4 for a case study in New York 
State which is representative of all twenty turbine cases. If the user was knowledgeable and 
could either find or has recorded more precise site wind resource data, RETScreen allows the 
user to enter it, but this is not a logical process, especially for people not familiar with wind 
energy assessments or RETScreen.  

In contrast, the CEDST Wind Energy Calculator (WEC) utilizes the site specific latitude and 
longitude coordinates from Google Earth and performs an internal interpolation between the 
wind speed data to get estimates of site specific wind speed values. This produces much more 
realistic wind energy predictions when compared to actual turbine production, as illustrated in 
Figure 4. 

As a result, the incorporation of Google Earth into the CEDST application increases both the 
usability and also the prediction accuracy of the tool, especially when compared to those tools 
currently available.  

 
Figure 4: The importance of the CEDST WEC use site specific resource data compared to the basic settings and use 
of RETScreen when performing renewable energy assessments is illustrated as the site specific assessment is much 

more accurate to actual turbine production. 

Wind Case Studies 
For the CEDST WEC, twenty one turbines were available with performance data. Of these 
turbines, one was located in Ontario, three in Nova Scotia and the remaining seventeen located 
in New York State. The Ontario turbine was a roof mounted turbine in the city of Guelph. The 
performance predictions for this particular turbine were much higher than observed performance 
which can be attributed to numerous factors, for example roof and site turbulence. As a result, 
only those turbines in Nova Scotia and New York were used to validate the WEC model.  



 

 
 

Although the CEDST tool is designed specifically for Ontario, the wind prediction methodology is 
applicable across the globe. The wind speed database (taken from the Canadian Wind Energy 
Atlas (CWEA) (CWEA, 2003)) covers both Nova Scotia and New York, in addition to Ontario, 
and thus the same data source could be used for these predictions. While Nova Scotia and New 
York are not locations of interest for CEDST, with the methodology and data sources being 
consistent across the turbine locations, it was possible to use these sites for case studies. The 
energy production period varied from turbine to turbine and spanned up to four years.   

Figure 5a looks at the performance of one turbine where the CEDST WEC prediction was 
equivalent to the actual turbine’s production. The figure demonstrates that the CEDST WEC 
does a good job at following the seasonal trends of actual energy production and that seasonal 
and annual predictions are fairly accurate to what a turbine actually produces. Figure 5b 
illustrates the prediction accuracy for all twenty turbine case studies. As can be seen, for 25% of 
the cases the CEDST WEC generated results that were deemed equivalent to the actual turbine 
production over the period of data collection, with the remainder either under or over-predicting 
production. For feasibility assessment purposes, if there were to be a discrepancy between the 
calculator predictions and actual production, it is better for the calculator to under-predict turbine 
performance because the farmer would have a faster payback period and higher return on 
investment than originally anticipated. Of the remaining cases, 20% were under-predicted by 
10-40% and another 35% were under-predicted by 40-60%, which results in a total of 80% of 
prediction case studies being either equivalent or under-predictions of the actual turbine 
production.  

 
Figure 5a and b: Bar (a) and pie (b) graphs illustrating the overall prediction performance of the CEDST WEC. 

While the CEDST WEC may have over or under-predicted turbine production for the production 
period monitored for individual turbines, this may be the result of abnormally high or low wind 
speeds not observed by the CWEA averaged seasonal data. The CWEA data is based on a 43 
year seasonal average and should be representative of the wind speed seen by the turbines 
over the course of their lifetime. Though the average wind speeds seen by a turbine would be 
consistent with the data average, there is the possibility that it may see winds higher or lower 
than average over certain meteorological periods. To examine the impact of high or low wind 
speeds on wind turbine economics, it was assumed that five years of the twenty five year 
turbine lifetime would have abnormal wind speeds, with the remaining lifetime being based off of 
average speeds generated from the CWEA data. For these trials, it was also assumed that the 
entire project cost was financed. Table 2 illustrates that, while a turbine may experience years of 
high or low production, the impact on the turbine economics is very minimal, causing the return 
on investment (ROI) to only deviate by 2-3%.  
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Table 2: Economic case study illustrating that there is little impact on project economics from 5 years of under or 
over-prediction of wind turbine production. 

  
  

Measured % Deviation between 
Predicted Production and Actual 

Production  

Average Lifetime Production Prediction 5 Years of High/Low 
Energy Production  

Lifetime Net Income Return on Investment 

Turbine 16 -64% -$ 77,364.46 -134% High 

Turbine 17 63% -$ 70,166.36 -122% Low 

  
  

Extreme Lifetime Production Prediction Difference between Average and Extreme 
Predictions 

Lifetime Net Income Return on Investment Lifetime Net Income Return on Investment 

Turbine 16 -$ 75,331.21 -131% $ 2,033.25 3% 

Turbine 17 -$ 71,413.20 -124% -$ 1,246.84 -2% 

 

Solar Photovoltaic (PV) Case Studies 
For the CEDST Solar PV calculator, four case studies were conducted to determine the 
accuracy of production predictions.  Two case studies were double axis solar tracking systems, 
one in Palmerston, ON and one in Smithville, ON.  The other case studies were for fixed axis 
roof mount systems located in Guelph and Smithville, ON. Figure 6 presents the monthly 
production predictions generated by the CEDST Solar PV calculator for one specific PV system 
using four solar data sources and compares them to the actual results seen for the production 
year. 

For the double axis tracking system case studies, the differences between observed annual 
production and predicted annual production fell within 0.5-12%. The differences between 
observed and predicted production for the fixed roof mounted systems ranged between 11-32%. 
Deviation seen for the fixed systems could be attributed to the fact that the actual sites were not 
visited and thus it was hard to accurately account for shading of the systems. 

The CEDST Solar PV calculator is based on production predictions for an average year, by 
using data sources that average multiple years of recorded data. The case studies only capture 
a one year sampling period, which would not necessarily be representative of an average year 
for solar radiation. Therefore it is important to look at the economics as well to determine if the 
system is feasible. Table 3 is an economic case study for the same system presented in Figure 
6, assuming the project was 100% financed. The table looks at the lifetime net income and ROI 
for the average production predictions from the CEDST Solar PV calculator. An analysis of 
extreme lifetime production on project feasibility predictions was also performed, similar to what 
had been done with the CEDST WEC. It was assumed that the first five years of production for 
the system were consistent with the production data obtained from the actual system production 
(which was lower than predicted), and with the remaining lifetime of the system experiencing 
average production. As can be seen, there is no significant difference between the feasibility of 
a project if a farmer were to have poor luck with a solar PV system that experiences some years 
where production is less than what CEDST predicts.  



 

 
 

 
Figure 6: Seasonal energy production of a Double-axis solar PV system in comparison to the CEDST Solar PV 

predictions using the three data sources employed by CEDST. 

Table 3: Economics evaluation of a double axis solar PV case study (Palmerston (A)). This evaluation examines the 
impact of having years during the solar PV system lifetime where the actual production is less than what is predicted 
by the CEDST tool, and, as illustrated, there is very little impact.  

Data 
Sources 

Average Lifetime Production Predictions Extreme Lifetime production predictions 

Lifetime Net Income Return on 
Investment Lifetime Net Income Return on 

Investment 
CWEED $29,665.34 37% $29,852.27 37% 
CWEC $44,504.04 56% $40,981.30 51% 
TMY2 $39,955.03 50% $37,569.53 47% 
NASA $38,506.89 48% $36,483.43 46% 

Data 
Sources 

Difference between Average and Extreme 
Lifetime Net Income Return on Investment 

CWEED $186.93 0% 
CWEC -$3,522.74 -4% 
TMY2 -$2,385.50 -3% 
NASA -$2,023.46 -3% 

 

Conclusion 
This paper has illustrated a need for an agriculturally focused, comparative renewable energy 
decision making tool, as none exist in currently available tools. The CEDST was created to fill 
this gap and has been shown to perform equivalently, if not better, to industry standard tools. 
Developments on the project have included: application development, incorporation of Google 
Earth, validation of predictions, and development of additional technology modules. Google 
Earth allows CEDST to be user-friendly and to make site specific assessments, hence 
increasing prediction reliability. Case studies were performed and overall demonstrate good 
results in supporting the robustness and reliability of CEDST predictions.  
 
While the CEDST application has been developed, there is still work to be done in the upcoming 
months. The remaining technology modules (solar thermal, energy conservation, anaerobic 
digestion) are formulated and ready to be implemented. Supporting material, including user 
manuals, will also be created and published on the project website. 
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