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Abstract—With renewable energy becoming increasingly
prevalent in power systems today, new strategies for teaching
and researching these systems must be introduced. This paper
discusses the design, implementation and teaching benefits of
the nanogrid currently being installed at Victoria University
of Wellington. The system gives students practical insight into
the behaviour of renewable sources and power flow within
a nanogrid. It also gives students the opportunity to design
control systems that increase power production and convert direct
current power, to alternating current. Phase one of the four phase
installation process is complete, with the main nanogrid structure
in place. The next three phases will see refinements in the control
system to make the nanogrid a more effective teaching tool.

I. INTRODUCTION

In recent years, renewable energy has increased its share in
the global electricity market [1]. With it, comes a number of
environmental benefits and electronic engineering challenges
[2][3]. At Victoria University, School of Engineering and
Computer Science (ECS), we are exploring new strategies to
educate the engineers that will face these challenges. This has
led to the creation of the ECS nanogrid.
A nanogrid is a low power grid, typically being supplied
by renewable energy with at least one load [4][5]. The ECS
nanogrid consists of a small scale wind turbine (small scale
meaning < 25m2 blade swept area [6]), two photovoltaic (PV)
modules, battery bank, loads and controller. The nanogrid
allows students to remotely dial in and observe, control and up-
load software to the system. This enables students to research
the behaviour of renewable systems on a practical platform.
As a teaching tool, the nanogrid can be used in laboratory
sessions and also more in depth project work. Students will
have the opportunity to take these projects from a design level,
through to practical implementation. This highlights the im-
portant comparison between theory, modelling and real world
implementation. The teaching subjects provided in laboratories
and project work include:

• Renewable source characteristics and load interactions.
– Observation of the nonlinear and often dynamic

behaviour of renewable energy and its response to
variations in load.

• Power flow within a nanogrid.
– From source to sink, via a charge controller, insight

into power flow of the system.
• Design of a maximum power point tracker.

– PV modules and small scale wind turbines have one
point, for each environmental condition, at which
they produce their maximum power. To obtain max-
imum power point operation, matching the load to
power production is required. This task will see the
dynamic tracking of, and operation on this maximum
power point.

• Power inverter design
– The design of a converter that changes direct current

power to alternating current, allowing the power
produced by the nanogrid to be utilised.

The nanogrid will also be available for honours and
post graduate study. With a number of students at Victoria
University pursuing the study of renewable energy at the post
graduate level, the nanogrid will enable novel research to
take place.

This paper breaks the nanogrid build into four phases.
Within each phase, the hardware, software and teaching
opportunities are described.
The paper will begin with phase one, before moving to two,
three then four, the paper with then be concluded.

II. PHASE ONE
(COMPLETE)

Phase one of the ECS nanogrid involved the initial set up
of the renewable sources and safety/control hardware, as per
the block diagram shown in the figure 1 [7]. This phase was
implemented with the help of Victoria University’s summer
scholarship program.



Fig. 1. Block diagram of existing ECS Nanogrid

A. Hardware

Phase one began by installing a 48V (direct current
(DC)), 160W horizontal axis wind turbine (Southwest
Windpower, Inc) and battery bank. These connected to
a control panel, which was designed with appropriate
circuit breakers to ensure the safety of its users and to
protect the adjoining control circuitry. The controller, shown
in figure 2, also contained a dump load, dummy load and
a charge controller to ensure the longevity of the battery bank.

Fig. 2. ECS Nanogrid control panel

Shortly after the installation of the wind turbine, two 12V,
120W photovoltaic modules were incorporated into ECS
nanogrid. One of the PV modules is shown in figure 3,

alongside the ECS wind turbine overlooking Wellington city.

Fig. 3. Wind turbine and photovoltaic module installed on Victoria Univer-
sity’s Laby building.

An important goal of the project was the ability to monitor
the dynamic behaviour of the ECS nanogrid. This required
a variety of transducers, a multiple input analog to digital
converter (ADC) and a designated computer (PC). Voltage
and current sensors were placed between each source and
sink within the nanogrid. An anemometer and wind vane
was installed to measure the speed and direction of the
wind. A pyranometer was also installed to measure the
sun’s irradiance and a temperature sensor for monitoring the
ambient environmental temperature. Sensors were connected
to the PC via a ADC, this gave users the ability to remotely
dial into the PC and monitor the system.

B. Software

At this stage, the software was for merely observing the
system. Each sensor was calibrated and displayed, real time,
in a labview environment. Though somewhat informative,
the software lacked the ability to control any aspect of the
nanogrid, limiting its usefulness.

C. Teaching Opportunities

The conversion of wind/sun to electric power, by the
renewable sources, offered some interesting teaching points.
It provided the ability to observe the efficiency of the wind
turbines and PV modules when converting power. The
anemometer and pyranometer displayed the available power
and this was compared to the produced power displayed by
the voltage and current sensors.
The power flow of the renewable sources to the battery bank,
dump loads and dummy loads could also be observed. This
gave insight into the behaviour of the charge controller and
how each element interacted.

Though minimal teaching opportunities were presented, the
majority of hardware was installed during phase one. Phases
two through four were based around fine tuning the system
to maximise its teaching opportunities.



III. PHASE TWO
(COMPLETION DATE: DEC 2014)

Phase two introduced controllability into the nanogrid
system. This gives students the ability to connect to the
nanogrids PC and not only observe behaviour, but also
control variables. Figure 4 shows a block diagram of the
proposed additions to the existing nanogrid, these are
explained below.

Fig. 4. Block diagram of phase two

A. Hardware

It can be seen in figure 4 that three switches and a variable
load have been added to the nanogrid. As the block diagram
indicates, these are controlled by the dial in network. This
gives students the freedom of connecting to the nanogrid PC
from their lab, and toggle the sources and sinks. The required
hardware installation for phase two builds on phase one with
minimal changes. The three relay switches will insert into the
existing system and the variable load will replace the current
dummy load.

B. Software

Phase two will continue to use labview to remotely observe
and control the nanogrid. The virtual instrument (VI) created
for phase one will be altered for phase two to include switches
that control the newly installed relays. It will also include a
dial switch that will allow students to set a particular value
of resistance to the dummy load. Though the initial VI will
be provided, students will have the opportunity to customise
the software to suit a given task.

C. Teaching Opportunities

The addition of a control aspect, to the nanogrid, gives
students the opportunity to interact with the system and not just
observe. This introduces a series of tasks that can be performed
in laboratories to give further insight into renewable sources,
while familiarising students with the labview program.
The relay switches can isolate a specific source, allowing
students to explore the wind turbine or PV module individually
from their work station.
It is common, in real world applications, for renewable sources
to supply power to variable loads. Take, for example, a renew-
able source powering a residential home. During a typical day,
the home can draw anything from 0 watts into the kilowatts
(the load in this case being the home). When dealing with
renewables, it is important to understand how they interact
with different sized loads. The variable dummy load will give
students a chance to explore this aspect of renewable sources.
The variable load will allow the following tasks to be per-
formed in laboratories:

• Students can explore the behaviour of the renewable
sources when over, and under loaded.

• The labview VI can be altered to automate a sweep of
loads, giving the PV module’s characteristic current-
voltage curve.

• The opportunity to create a maximum power point
tracker, for either the wind turbine or PV module, presents
itself as an interesting project. As explained in the intro-
duction, the wind turbine and PV module need a specific
load to produce maximum power for an environmental
condition. By using the available sensors, the load can
be adjusted to the optimal size for the source. This gives
students a chance to use the sensors in a feedback loop
to control the load.
There several key aspects of learning in this experiment.
These include:

– Renewable behaviour.
– The theory of maximum power point tracking.
– Feedback control
– Further exploration of the labview environment.

Phase two of the nanogrid project has added substantial
teaching wealth to that presented in phase one. However, in a
real world scenario, adjusting the load to match the source, is
often unachievable. So although phase two gives insight into
how maximum power point tracking is achieved, phase three
introduces commonly used techniques.

IV. PHASE THREE
(COMPLETION DATE: MAR 2015)

Phase three introduces more advanced control techniques
to the nanogrid system. The concepts will take students away
from the laboratory based learning that the nanogrid has



offered thus far, and into lengthier project work. Phase three
progresses the nanogrid’s control system hardware, making it
available for user interface. Figure 5 shows the block diagram
which is explained below.

+

PWM PWM

Fig. 5. Block diagram of phase three

A. Hardware

The phase three hardware integrates into the existing
nanogrid control system. The nanogrids control system to this
point, has controlled the charging of the battery bank. This
phase adds control of the PV module to increase its power
production.
This control is broken into two stages; maximum power point
tracker (MPPT) and constant voltage out (CVO). The hardware
consists of two direct current to direct current (DC-DC)
converters (one for each stage), two switches, three voltage
sensors and three current sensors.
The DC-DC converters work on the premise that ”power in”
is equal to ”power out” but voltage and current can vary on
either side. The output current/voltage is controlled by varying
the duty cycle of the pulse width modulation (PWM) control
signal, which switches the converters active components.
This means, for the MPPT, the converter can behave like a
variable resistor (load) with a value set by the PWM. The
second converter is used to give a constant output voltage

matching that of the regulated 48V the wind turbine produces.
This can also be achieved by varying the duty cycle of the
PWM.
For both converters, the PWM is user defined via the dial in
network. Additionally, the two switches are user controlled
and allow the students to bypass either the MPPT, CVO or
both.

B. Software

At this stage of the project, it is uncertain which software
will be used, as two software options are candidates. The
project can continue using labview or move to Matlab’s
Simulink. Labview’s relatively intuitive user interface and
controls make it a good option for a large portion of this
project, and, it has already been used for phase one of the
nanogrid. However, simulinks modelling ability is one aspect
that can be utilised for this advanced stage of the project.
Models created of the system can be used by students to test
their design before loading them to the nanogrid. A simulink
model can also be loaded directly onto a microcontroller, so
when a simulated scenario is complete, the design can be
tested. For the nanogrid system, matlabs simulink real time
control will be trialled and the performance will be compared
to the labview VI before the final decision is made.

C. Teaching Opportunities

This phase of the project continues to teach renewable
energy and control techniques, but it also adds “power elec-
tronics” to the teaching repertoire. Power electronics is the
use of switching converters, such as DC-DC converters, to
process input power and deliver a conditioned output power
[8]. Moreover, phase three will incorporate modelling and
simulating of power and control systems. These subjects will
be delivered in a cohesive project that will see students
understand the fundamentals of renewable energy systems.
Before beginning their projects, students will complete the
laboratories from phase one and two. This will ensure students
understand the behaviour of renewable sources and how they
interact with the environment. They will also grasp the concept
of the renewable source’s maximum power point, and the
ability to track it with feedback.
The following tasks will be performed during the project:

• The student will be given a simulink model of the MPPT
DC-DC converter, PV module, appropriate sensors and
the load. They will then be asked to design a control
loop that tracks the PV modules maximum power point.
This will require calculating a switching frequency
suitable for the DC-DC converters components and
selecting a MPPT control algorithm (a large number of
algorithms are well documented). The student will then
have the opportunity to run simulations on their control
loop model to confirm it behaves as it should. Once
designed and functional in simulations, the control loop
will be tested on the nanogrid with the CVO bypassed.
Real world application is an important part of the design



process as, often, the results can vary from simulated
scenarios. These variations are generally a function of
unpredictable variables that arise in dynamic systems
and are difficult to model.

• The CVO DC-DC converter topology differs to that
of the MPPT, but a similar design process can be
undertaken. The students will be required to convert a
varying input voltage to a constant output voltage. This
will again require a feedback loop that will be tested on
a model then transferred to the nanogrid.

• Once the designs are complete and functional, students
can analyse the change in efficiency of the system.
This will allow them to quantify the improvements they
have made and understand the importance of power
electronics in a system such as this.

Phase three of the nanogrid creates a system similar to that
seen in real world renewable control. Giving students hands
on experience with a dynamic system, shows the challenges
that renewable energy presents.

V. PHASE FOUR
(LONG TERM GOALS)

It is expected, that in the future, the nanogrid will
continuously evolve. Phase four identifies a number of
improvements that will be implemented in nanogrids
next progression. The following tasks will be investigated
subsequent to the completion of phase three:

• The addition of an inverter, converting the DC voltage
to alternating current (AC) is an essential element of any
nanogrid. It allows the connection of AC supplied loads
and enables the nanogrid’s power to be utilised. Inverter
design is another key aspect to renewable energy, power
electronics and teaching opportunities.

• Visual and thermal cameras will be installed for safety.
This is to ensure, when being used remotely, the nanogrid
can be monitored by students and staff.

• The ability to sense the frequency at which the wind
turbine is spinning will be added. This will allow further
exploration into the effects of loading the wind turbine
and control.

• A wind turbine maximum power point tracker will also
be installed giving students the option to control the
wind turbine or PV module.

• Renewable energy emulators will be designed and
installed with characteristics that match the nanogrids
wind turbine and PV module. This means controlled
trials can be performed by students before uploading

their designs to the nanogrid.

Though a completion date for the tasks presented in phase
four has not been set, it is expected that 2015 will see a
majority of the tasks completed.

VI. CONCLUSION

This paper presents the installation of the ECS nanogrid and
describes its usefulness in teaching renewable energy concepts.
The build is broken into four phases;

• Phase one: Installation
• Phase two: Ability to control the system remotely.
• Phase three: Addition of power electronics.
• Phase four: Future improvements.

During the first two phases, renewable source characteristics
can be explored. This leads to several laboratories in which
students can learn how a wind turbine and PV module behave
in the real world environment. Phase three teaches the power
electronics involved in controlling renewable sources and the
inherent complications that arise in dynamic systems.
The nanogrid will give students the experience of taking a
project from the design phase, through to practical implemen-
tation.
The system will also allow advanced projects to take place.
There are multiple students undertaking renewable energy
based honors projects and post graduate study at Victoria
university. The nanogrid is a test bed for new research into
renewable energy, load control and nanogrid behaviour.
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