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ABSTRACT 
 

PV Hybrid system performance is closely tied to the control strategy employed. To 
develop integrated optimal control strategies, a better understanding of component and system 
behaviour is required. Natural Resources Canada has developed a comprehensive set of PV 
component models for system simulation, called PV Toolbox. These models will help 
researchers find ways to reduce the life-cycle cost of remote photovoltaic/genset hybrid power 
plants and improve their over-all performance. PV Toolbox is built under the Matlab®/Simulink® 
environment which offers an open, flexible and extensible architecture to create complex system 
models by interconnecting individual components. This tool performs continuous-time 
simulations of electrical, thermal, environmental and financial parameters in order to draw 
conclusions about system operation and to facilitate system analysis and optimisation. 

 
Extensive theoretical and practical validations have been performed on PV Toolbox. 

Individual components were examined and whole PV systems were compared against literature, 
against monitored data from real sites and from CETC-Varennes hybrid test bench and against 
other simulation tools to verify that their behaviour was sound. Results show that PV Toolbox 
appears to meet the expectations of a flexible tool for R&D purposes, which can suit research 
requirements in terms of input data, types of load, types of output, components included and 
their configuration. 

 
1 INTRODUCTION 
 

To improve PV hybrid performance, a good understanding of component and system 
behaviour is needed. Natural Resources Canada has developed a library of PV system components 
under the Matlab®/Simulink® environment. The tool called PV Toolbox is aimed at performing 
simulation runs in order to better comprehend PV hybrid systems and improving their control 
strategies and hence their over-all performance. Optimizing PV/genset hybrid systems and reducing 
their life-cycle cost fits in CANMET Energy Technology Centre-Varennes Photovoltaic Hybrid Power 
Systems Program activities; and developing a tool such as PV Toolbox meets the objectives of the 
program. 

 
This paper presents a description of PV Toolbox, its strengths and constraints. The tool has 

been thoroughly validated theoretically and practically using monitored data and other simulation 
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tools; examples of simulations and results are presented in this paper. Future work in this field using 
this tool is also discussed. 

 
2 NEED FOR A HYBRID MODELLING TOOL 
 

Natural Resources Canada, under CANMET Energy Technology Centre-Varennes 
Photovoltaic Hybrid Power Systems Program, initiated an R&D project on PV/genset hybrid systems 
in 1999 to improve the performance and cost effectiveness of these systems, and to increase the 
capacity of the solar industry in Canada to supply efficient systems. The objectives of this project 
are: 1) to reduce the life-cycle cost of remote PV/genset hybrid power plants; 2) to demonstrate that 
PV/genset hybrid is a viable alternative to power remote sites; 3) to demystify and increase visibility 
of photovoltaic through hybrid systems, and 4) to provide tools for people considering the 
installation of an hybrid system. 

 
Improving PV hybrid control strategies is not a simple task and to do so, understanding 

system behaviour in depth is a must. In order to achieve that and meet the objectives, the R&D 
team needed a modelling tool that would be flexible enough to easily model various types of PV 
components and that would have an architecture allowing analysis and visualisation of the internal 
behaviour of components and systems. 

 
Software tools related to PV hybrid systems can be classified in four categories: 1) pre-

feasibility tools, which provide a quick assessment, 2) sizing tools, which give detailed calculation of 
energy flows, 3) simulation tools, which provide a detailed analysis of the behaviour of the system, 
and 4) open-architecture tools, which allow the user to modify the routines or add wholly new 
routines [1]. Pre-feasibility and sizing tools lack the accuracy and flexibility necessary to research 
purposes. While traditional simulation tools can perform extensive sensitivity analyses, they 
generally do not permit the user to modify the algorithms that determine the behaviour and 
interactions of individual components, an essential trait in developing new control strategies. Open-
architecture tools though, offer all the flexibility required to develop extensive research packages. 
Such research tools can be either implemented within a commercially available, general-purpose 
simulation environment, or programmed and compiled in a language such as Fortran, C or Pascal. 

 
Matlab® [2] is an open-architecture tool that has a high level of flexibility in the interaction of 

the components and that allows to perform R&D at components and systems levels. It provides 
multiple toolboxes for optimisation and systems analysis. Coupled with Simulink®, a graphical 
modular simulation environment, it provides an easy to use modelling and simulation tool. The 
Matlab®/Simulink® environment characteristics make this software a tool of choice for developing 
Natural Resources Canada PV hybrid modelling tool PV Toolbox.  

 
3 INSIDE PV TOOLBOX 
 

PV Toolbox is a comprehensive set of components for PV systems simulation. Designed 
within the powerful Matlab®/Simulink® environment, it offers an open, flexible and extensible 
architecture to create complex system models. It performs variable time step simulations of 
electrical, thermal, environmental and financial parameters in order to better comprehend hybrid 
systems behaviour and draw conclusions on potential optimization strategies. 

 
3.1 PV Toolbox Key Features 
 

PV Toolbox offers the flexibility to model a wide variety of PV systems with minor 
modifications and to easily adapt to a range of component and configuration needs. A base set of 
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individual component models have been developed by Natural Resources Canada’s team and can 
be adapted by modifying the internal configuration to meet the user’s requirements.  

 
The system configurations can be created by interconnecting individual components. Dialog 

boxes allow easy modification of component parameters such as the size, the type, the efficiency, 
the location of the system, etc. PV Toolbox offers a great flexibility and control over configuration 
and control strategy; therefore, it requires significant effort and should be used principally for 
research and development and not for quick analysis. 

 
Since PV Toolbox is developed within the Matlab®/Simulink® environment, it has to be used 

in conjunction with this software. Matlab®’s open architecture gives access to internal component 
and provides tools to visualise the status at any point of the system. The various output format 
obtained facilitates the understanding and analysis of the system behaviour. Readings of system 
status and outputs can be accomplished everywhere in the model with Simulink® scopes which can 
provide readouts or text data files that can be used in another simulation or visualization tool. The 
software is quite easy to use for non-programmers and non-mathematicians and is well known and 
supported. 

 
PV Toolbox allows the modification of algorithms in order to perform automated sensitivity 

analysis on the behaviour and interactions of individual components, and not merely analysis of 
outputs and energy flows. 

 
Models can be used in stand-alone programs through a C compiler. The code can be 

exported to other simulation environments or imported from other sources into PV Toolbox. 
 

3.2 PV Toolbox’s Library of Components 
 

A library of PV hybrid components included in typical 
PV/genset hybrid systems (see Figure 1) has been 
developed to build PV Toolbox [3][4]. Most of the models 
take into account various environmental conditions such as 
irradiance and temperature. 

 
The weather generator calculates solar radiation on 

the plane of the array as well as ambient temperature. The 
synthesis can be done using an existing weather generator 
software such as Watgen [5], which has been fully tested 
and validated, or using a file of monitored data. With monthly 
mean and standard deviation for daily insolation and 
temperature, it generates a file for the location that is then 
read by Simulink® during model initialisation. PV Toolbox 
estimates the radiation in the plane of the array or arrays 
given hourly global insolation data on the horizontal. 

 
PV Toolbox includes two different models of PV 

modules that predict the electrical output of an arbitrary 
array using a one-diode equivalent circuit or a maximum 
power point tracking (MPPT) circuit connected to the array. 
Inputs required are the irradiance and ambient temperature. 
A thermal model calculates the module temperature. 
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Photovoltaic/Genset Hybrid System. 
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As a complementary source, a generator set (genset) model has been developed. It 
calculates the fuel consumption based on the load and is compensated for environmental conditions 
such as altitude and temperature. It also indicates the rate of waste heat generation by the genset in 
order to allow the user to investigate waste heat recuperation. 

 
The battery model has been fit to measured data from two lead-acid batteries, a tubular 

flooded-vented cell with low antimony grids and an absorbed glass mat cell. It accounts for many 
aspects of the battery’s behaviour, including temperature dependence, self-discharge, gassing, 
water loss, ageing, and heat generation. The battery model does not explicitly account for transport 
phenomena in the electrolyte, however, and does not model such effects as stratification. 

 
The inverter model determines the DC input power required for a given level of AC output 

demanded by the load. The inverter model expresses DC input power as a quadratic function of AC 
output power. This approach assumes that inverter power losses consist of constant losses (self-
consumption), losses linearly related to output power (voltage drops) and losses related to the 
square of output power (ohmic losses). The use of a single quadratic equation will probably not 
reproduce the complex efficiency curves of cascaded (“master-slave”) inverters. For these inverters, 
the use of multiple quadratic equations or higher order equations may be necessary. 

 
PV Toolbox rectifier model is used to determine the AC power required to meet an actual 

DC output for a rectifier given its efficiency characteristics.  As for the inverter model, the rectifier 
model is based on a quadratic equation. 

 
Two battery charge controller models are included in PV Toolbox. One is a three stage 

controller that permits all current to pass until a certain voltage threshold is reached (bulk charging), 
then, for a specified period of time, limits the current in order to maintain the voltage threshold 
(absorb charging) and finally float charges the battery at a reduced voltage threshold. This model 
can be used with either PV only or PV/genset hybrid systems. 

 
The second charge controller model is of the on/off type. The model is not entirely realistic, 

but a more realistic model can not be implemented due to the battery model, which ignores 
transport effects in the battery. These transport effects are responsible for determining the rate at 
which a real controller cycles between on and off. Nevertheless, the output of the model appears 
convincing. 

 
Both charge controllers permit the user to specify automatic equalisation charging. All 

voltage setpoints are user controlled. 
 
The genset controller model includes components that allow the user to specify the 

conditions that start and stop the genset. Start conditions include low battery voltage, genset 
temperature, low SOC, elapsed time since genset last on, high load and need for equalisation. In 
addition to conditions that applies all the time, the user can specify conditions that are applied only 
at a preferred start time, for example at the end of the day. Stop conditions can be based on battery 
voltage, genset temperature, SOC, change in SOC since the genset was turned on, load, or state of 
the 3 stage charge controller.  

 
The control center is the interface between the power generators, the loads, the power 

converters and the battery. It incorporates the genset controller, a charge controller and auxiliary 
signal management code in a single package.  

 
A model for thermal masses has been developed to be able to optimize electrical and heat 

energy flows between components and the environment. Because temperature is an important 
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parameter in the operation of the genset and the battery, the way that these heat flows are 
managed may have a significant impact on overall system efficiency, reliability, and maintenance 
requirements. Two models have been developed: a fuel reservoir thermal model, and, for all other 
components, a thermal mass model. The outputs are the temperature of the component and the 
heat flow between the component and its environment as a function of time. 

 
A financial model for operation and maintenance (O&M) is included in the toolbox. The 

output is a vector comprised of four values: Fuel, Maintenance, Overhaul and Replacement. 
Combined in an O&M calculator, these vectors can provide the total life-cycle cost of the system 
considering ageing and wear.  

 
A greenhouse gas (GHG) emissions counter calculates the amount of CO2 emitted by the 

combustion of fossil fuel. 
 

3.3 PV Toolbox Strengths and Constraints 
 

The assets of Matlab®/Simulink® combined with the models developed by CETC-Varennes 
makes PV Toolbox an ideal tool for PV Hybrid optimisation R&D. Strengths of the tool include its 
flexibility to model a wide variety of PV systems with minor modifications, its flexibility to adapt each 
component and configuration and its ability to visualise status at any point of the system.  

 
Naturally, PV Toolbox possesses a certain number of constraints. First, since it is developed 

within Matlab®/Simulink®, the user must invest to buy the software and needs to learn how to use it. 
A second limiting factor of PV Toolbox is that the execution is slower than with most simulation 
tools.  For example, using a Pentium II computer at 400 MHz, a one-year simulation would last 
20 minutes using PV Toolbox while some other tools may only take about 20 seconds. Moreover, 
the complexity of PV Toolbox and of Matlab®/Simulink® brings stability issues in the simulations. For 
example, one has to be careful when sharp transitions occur in battery current or when using loops 
since models may fail to converge. One also needs a good knowledge of Matlab®/Simulink® since 
this tool is specifically created for performing R&D oriented simulations. 

 
4 VALIDATION METHODOLOGY 
 

In order to use the full potential of this tool and to ensure models accuracy, there was a need 
to test and validate the implementation of each models and system configurations. Testing was 
conducted in two stages: 1) component model testing, where the tester examined the behaviour of 
PV Toolbox components in isolation, and 2) system model testing, where the tester ensured that the 
component models can be assembled into functioning system models [6]. The procedure used is 
grounded in standard software testing practices [7]. This methodology includes statement of goal, 
validation of theoretical approach, examination of the approach implemented, examination of the 
input-output behaviour, identification of options and making of recommendations. Each testing and 
validation steps involve improvements of the models, consequently the validation requires multiple 
iterations. 

 
Comparisons of simulations against real field data, test bench data and other sizing and 

simulation software have been done and are still undergoing. The next paragraphs give a 
description of some of the tests done and outline the results obtained. 
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5 SIMULATION OF A GRID-TIED SYSTEM USING PV TOOLBOX AND COMPARISON AGAINST 
MONITORED DATA AND OTHER SIMULATION TOOLS 

 
Monitored data from the Nunavut Arctic College 

grid-tied PV system in Iqaluit was used to verify the 
accuracy of PV Toolbox weather, PV array, and inverter 
models (see Figure 3 for system configuration in 
PV Toolbox) [8]. This system has a 3.2 kW PV array 
mounted on a wall facing 30° west of south. Three of the 
strings are Siemens M55 modules and two of them are 
Solec S-53 modules. The grid-tied inverter used is a 
3 kW Statpower Prosine. For the sake of comparison, the 
system was also simulated using WATSUN-PV [9]. Their 
output was compared with the measured data for 
insolation in the plane of the array, system DC output, 
and system AC output.  As it will be showed later, the 
results matched quite closely. 

 
5.1 System Particularities 
 

Although the Iqaluit system is grid-tied and 
PV Toolbox is designed for hybrid system 
simulation, the use of the Iqaluit system data to 
validate PV Toolbox makes sense. First, Natural 
Resources Canada possesses a complete, 
accurate data set for this system. Second, the 
system is located at high latitude, and thus poses a 
difficult test-case for weather modelling routines. 
Third, the use of the PV Toolbox to simulate a grid-
tied system challenged its flexibility when faced 
with system configurations different from those 
foreseen during the conception of the toolbox. 
Moreover, the system has 2 sub-arrays of different 
types of modules presenting mismatch conditions. 
Most of the other simulation tools, such as 
WATSUN-PV, do not permit the array to consist of 
modules of different types. 

 
5.2 Results of Comparison 
 

PV Toolbox’s output matches that of WATSUN-PV quite closely compared with reality. This 
suggests that PV Toolbox is functioning correctly. The evolution of relative errors in the simulation is 
showed in Table 1. 

Both tools overestimate the solar radiation in 
the plane of the array on an annual and monthly 
basis. On the other hand, on an hourly basis, there 
is a significant error in the conversion of horizontal 
to vertical insolation data. However, this is a 
limitation of the algorithms available, not their 
implementation in PV Toolbox or WATSUN-PV. 

 Relative Error 

Data Source Insolation DC 
Output 

AC 
Output 

WATSUN-PV 11% 21% 23% 

PV Toolbox 11% 20% 22% 

Figure 2: Nunavut Arctic College Grid-
Tied System, Iqaluit. 

Figure 3: System Configuration of the Iqaluit 
Grid-Tied System in PV Toolbox. 

Table 1: Evolution of Errors in the 
Simulations of the Iqaluit Grid-Tied System.
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Both tools overestimate the energy production of the array. The error in the DC output is again very 
similar using PV Toolbox or WATSUN-PV. In absolute terms, the biggest errors are introduced 
during the summer months as shown in Figure 4. 

The error introduced in the calculation of 
the system AC output is minor, and much of it is 
actually due to the exaggeration of errors 
introduced in previous stages of the simulation. 

 
These results show that PV Toolbox is 

sufficiently flexible that, despite being a hybrid 
simulation tool, it can model grid-tied systems with 
relatively minor modifications. The development of 
a grid-tied inverter model did not require changes 
to other component models, demonstrating that a 
user can make changes to individual components 
as necessary, without being too concerned about 
how this will affect the rest of the simulation 
components. This type of modification would be 
much more complicated with a tool such as 
WATSUN-PV. 

6 SIMULATION OF A PV/GENSET HYBRID SYSTEM USING PV TOOLBOX AND COMPARISON 
AGAINST MONITORED DATA AND OTHER SIMULATION TOOLS 

 As part of the CETC-Varennes Photovoltaic 
Hybrid Power Systems Program, the operation of this 
power system has been monitored since July 2001. 
The data thus collected has proven very useful for 
validation of PV Toolbox (see Figure 6 for system 
configuration in PV Toolbox) [10][11]. The results were 
also compared with those obtained using SOMES [12], 
HOMER [13] and WATSUN-PV. 

 
The Gwaii Haanas PV Hybrid system is 

located at the park warden station in Gwaii 
Haanas National Park Reserve, on Ellen 
Island, Queen Charlottes, British Columbia, 
Canada. Its coordinates are approximately 
132º West and 52.5º North. 

 
The system provides power to various 

loads in the park warden residence. The 
residence is occupied during the summer only. 
During the spring and fall, there are occasional 
visits by park personnel. 

Figure 5: The Gwaii Haanas Park Warden 
Residence. 

Figure 6: System Configuration of the Gwaii 
Haanas PV/Gesnet Hybrid System in PV Toolbox.

Figure 4: Monthly System DC Output. 
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The power system consists of a 1.5 kW PV array composed of two sub arrays made of 
Siemens Solar SP75 modules, a Honda SE5000 5 kW gasoline genset, a 12 V battery bank of 
85T25 flooded tubular cells from Global Yuasa, two Xantrex Trace C-40 charge controllers, a 
Xantrex Trace SW2512 2.5 kVA bidirectional inverter/charger, with 120 VAC output. 

 
The genset is operated under manual control - it is turned on and off by a local operator. The 

genset is used very infrequently (apparently on the order of once per year), and the system can be 
considered a stand-alone PV system with genset backup. 

 
6.1 Results of Comparison 
 

The four simulation tools, SOMES, HOMER, WATSUN-PV and PV Toolbox, were run and 
their results were compared in five ways between each other as well as with reality. The parameters 
accounted for are: insolation in the plane of the array, array power output, useful array power 
output, battery state-of-charge, and battery voltage. 

 
The insolation in the plane of the array was available from all the simulations, but 

unfortunately it was not monitored. All tools produced comparable estimates. WATSUN-PV 
sometimes calculates spikes at the beginning and at the end of the day, presumably because it 
permits unrealistically high beam ratios. PV Toolbox and the other tools limit the beam ratio to 
physically reasonable levels. 

 
The average daily array output power (i.e., before the charge controller) is not monitored. 

Nevertheless, PV Toolbox, SOMES, and WATSUN-PV predictions are generally similar. During the 
winter months, PV Toolbox slightly underestimates this output in comparison with WATSUN-PV and 
SOMES. HOMER, on the other hand, generates estimates of the summer array output power that 
far exceed those of the other tools. This probably stems from HOMER’s use of a maximum power 
point tracker, as opposed to a direct connection, between the array and the battery. 

 
The four tools were compared to monitored data for the useful power output of the array (i.e., 

once the charge controller had limited charge to the battery). On both an annual basis and a 
monthly basis, PV Toolbox was the most accurate tool according to every measure of error as 
outlined in Table 2 and 3 and in Figure 7. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
It is interesting to note that while, on an annual basis, HOMER’s estimate of the useful array 

output is nearly as accurate as the PV Toolbox’s; this masks very large monthly errors that happen 
to cancel out over the year. 

Data Source Average Array 
Output Power 

(Wh/day) 

Relative 
Error 

Monitored Data 1087 N/A 

PV Toolbox 1113 2.4% 

WATSUN-PV 1389 27.8% 

HOMER 1120 3.0% 

SOMES 987 -9.2% 

Table 2: Monitored and Simulated Daily Useful 
Array Output Power (Average over 
Entire Year). 
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Under sunny skies, all simulations appear to greatly overestimate the available array current. 
This may be a problem with the underlying models, but it is more likely to be due to the particular 
site conditions at Gwaii Haanas. With coniferous forest to east, west and north, the array likely 
receives less diffuse irradiation from these directions and may also be partially shaded at certain 
times of the day. 

 
The battery state of charge (SOC) was not monitored, but was compared using SOMES, 

HOMER and PV Toolbox. PV Toolbox indicates a much deeper discharge during the winter months 
than either HOMER or SOMES as outlined in Figure 8. 
 

Part of this is due to the difference in the state of charge at the end of the summer (PV 
Toolbox indicates that the battery is never fully charged). But a major part of this stems from PV 
Toolbox underestimating the useful array power during this period at the same time that HOMER 
and SOMES overestimate it. During the winter, PV Toolbox shows the system being near failure, 
while the other tools suggest that the system is oversized. In reality, the situation is probably 
between the two, although the very low voltages exhibited by the real system in late January 
suggest that PV Toolbox may not be too far off the mark. 

 
According to PV Toolbox, the battery is never fully charged by the array; rather, it reaches a 

maximum state-of-charge of about 87%. All other tools indicate that the battery is fully charged. This 
behaviour predicted by PV Toolbox is quite a radical departure from the other tools. It does, 
however, seem reasonable based on laboratory tests of the Global Yuasa battery. Furthermore, 
when PV Toolbox was run with both the bulk charge and float setpoints raised to 15 V, a 100% state 
of charge was achieved. These setpoints correspond to what was used in the laboratory to achieve 
full charge. 

 
Only PV Toolbox and WATSUN-PV provide as output the predicted voltage of the battery as a 

function of time. Unfortunately, because WATSUN-PV uses monthly average loads, comparisons 
between its prediction of the battery voltage and that monitored or predicted by PV Toolbox must be 
qualitative rather than quantitative. This comparison is further complicated by the use of the 
WATSUN-PV default battery model, rather than a model based on Global Yuasa charge and 
discharge curves. 

 

 

Error Measure PV 
Toolbox 

WATSUN-PV HOMER SOMES 

Mean Monthly % 
Error 

-0.3% 30.8% 10.0% -3.8% 

Maximum Magnitude 
Monthly % Error 

32.5% 91.4% 54.8% -34.8% 

RMS Monthly % 
Error 

4.1% 11.5% 8.3% 6.3% 

RMS Monthly 
Absolute Error 

40  
Wh/day 

128  
Wh/day 

75 
Wh/day 

68 
Wh/day 

Table 3: Comparison of Errors for the Simulated Useful Array Power 
Output. 
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Neither PV Toolbox nor WATSUN-PV are especially good at predicting the battery voltage. 
During different times of the year, they err in different ways, and sometimes one looks better than 
the other, while at other times the situation is reversed. The principal problem for both tools is their 
inability to account for transport effects in the battery. 

 
While running the four tools used in these comparisons, it became clear that a major 

advantage of PV Toolbox as a research tool is its flexibility and open architecture. In numerous 
areas, the other tools were unable to do exactly what was required, while PV Toolbox could be 
adjusted to suit our requirements in terms of input data, types of loads, types of output, components 
included and their configuration. Furthermore, being able to “look” into components to see how they 
were operating was very helpful with PV Toolbox, but not possible with the other tools. On the other 
hand, PV Toolbox was orders of magnitude slower than the other tools. 

 
7 HOW PV TOOLBOX WILL BE USED WITHIN CTEC-VARENNES PHOTOVOLTAIC HYBRID POWER 

SYSTEMS PROGRAM 
 

CETC-Varennes’ team is quite confident that PV Toolbox can produce reliable results. 
However, further validation of the tool is planned using test bench data and monitored data. 

 
Under the Photovoltaic Hybrid Power Systems Program, five PV hybrid systems are 

monitored: Two (2) telecommunication repeater systems; one in the North-West Territories owned 
by NorthWesTel and one in Labrador owned by Aliant Telecom, a residence in the Yukon, a lodge 
in the Rocky Mountains, Alberta called the Aurum Lodge and the Gwaii Haanas Park facility 
described earlier.  

 
A hybrid test bench has been set up at the CETC-Varennes facility to get more information 

on hybrid systems, validate assumptions, test models and evaluate different parameters of a 
system. The initial conceptual design includes a 7.5 kW Onan diesel generator, a 4 kW Trace 
SW4024 inverter/charger with transfer switch, a 1.5 kW APC 4716 PV array and a 500 Ah-24 V 
GNB Absolyte battery bank. Different dispatch strategies can be programmed in C via the 
acquisition and control system. 
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PV Toolbox will help CETC-Varennes’ research team perform hybrid systems optimisation. 
To do so, an experimental test procedure has been developed to evaluate the influence of: 

• Demand fluctuations in relation with battery bank size; 

• Sizing (PV, genset, batteries, loads, inverter, etc.); 

• The use of multiple depth-of-discharge setpoints; 

• The use of weather forecasting algorithms; and, 

• Setpoint types (battery voltage or SOC) to start the genset and disconnect the loads. 

 
Output parameters are all the values that have an impact on the fuel consumption, 

maintenance, life expectancy of the components as well as noise and atmospheric pollution. To 
perform this sensitivity analysis, CETC-Varennes will first make use of PV Toolbox to explore a 
defined experimental field.  Some of these simulations will be reproduced on the test bench to 
confront the obtained results.  Finally, rules will be derived from these investigations that will allow 
the construction of multi-dimensional optimisation charts for hybrid sizing and control strategies 
depending on the expected operation conditions. 

 
8 CONCLUSION 
 

The simulation tool PV Toolbox developed by Natural Resources Canada is aimed at 
improving the design, operation and control strategies of PV systems, particularly PV hybrid 
systems used in Canadian climatic conditions. Its flexibility allows the user to visualize and modify 
internal components, to create components, and to analyse system configuration and control 
strategies. 

 
A thorough verification and validation of PV Toolbox has been performed. The comparison 

with monitored data and with other simulation tools showed that PV Toolbox is quite accurate. 
 
Even though PV Toolbox simulations are executed slower than with other tools, based on our 

validation, PV Toolbox appears to meet the expectations of a flexible tool for R&D purposes. In fact, 
it has been designed specifically for researchers in the field of PV hybrid optimisation, and it fulfills 
Natural Resources Canada’s objectives. 
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