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Summary

Smart-grid concept in power system operation requires intelligent
monitoring of network elements and quick response to the
demand. A Microgrid (MG) that facilitate distributed generation
including renewable sources can be a building block for smart
grid technology if it adopts smart monitoring and intelligent
control. We set up and run a campus MG with high efficiency
combined heat and power (CHP) generation and renewable
energy sources where load and generation management have
been done remotely by implementing automation and distributed
control. The loads connected to the MG are monitored by smart
wireless sensors supporting internet access. A custom designed
control system using distributed control system (DCS) is
providing remote control and protection of MGs critical
components. Multiple industry standard communication protocol
(Modbus, Profibus etc.) have been used to provide control
automation and monitoring. The study shows that the controlling
of water flow to the CHP generator along with smart monitoring
and distributed control provide energy savings. Condition
monitoring of rotating load also provides early warning for
preventive maintenance.
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1. Introduction

A Microgrid (MG) is defined as an autonomous grid
having both load and generation [1-2]. MG provides one of
the most viable infrastructures for the integration of
distributed generation (DG). Energy delivery within the
MG is monitored and controlled by its own control system
which ensure consumer freedom at the demand side [1-3].
Sensors, switches, energy storage devices, generators,
protection equipment, control systems, linear and nonlinear
loads, smart metering etc. are some key functional
components of a MG which need to be integrated to make
it functional [2]. Available energy resources, existing grid
infrastructure, and viable technology play a vital role in
MG operation [1-2]. As an autonomous entity with
automation and monitoring facility, a MG can be
considered as a building block of the smart grid approach
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[1-4]. There are two major aspects of sustainable energy
management: one is the integration of energy harvesting
from renewable sources such as solar or wind energy to the
energy infrastructure and the other is to save energy usage
by demand management [1-5]. With renewable generation
and control automation, MG provide a viable platform for
energy harvesting and energy management at the load side,
helping save energy consumption [1-2,4-6]. In this paper
we will be investigating both aspects. Using an loT
enabled open sourced software (BEMOSSTM) we control
the load connected to the MG and manage energy
consumption [7]. Simultaneously we improve efficiency of
the energy generation and consumption by deploying a
monitoring based distributed control algorithm. Internet
access of these technology provide convenience to the
customer and grid operator to make smart decision
regarding efficiency, preventive maintenance and
sustainability.

To ensure economic, efficient and reliable operation of the
network, smart monitoring of MG elements is essential [8-
16]. Bruno [8] proposed a microcontroller-based power
management system for an experimental low voltage
microgrid equipped with a battery, fuel cell (FC) and a
photovoltaic (PV) module emulator. They proposed the
control of the battery state-of-charge, which is estimated
by using an accurate algorithm developed for power
management. Katiraei [9] and others investigates
preplanned switching and fault events that lead to islanding
of a distribution subsystem and formation of a micro-grid.
Their studies show that an appropriate control strategy for
the power electronically distributed generation unit can
ensure stability and maintain voltage quality of the MG.
Pecas Lopes [10] define control strategies of islanded MG.
Ubilla, [17] proposed MG as a solution for long term
sustainable solution for rural electrification. Zamani
[18,19] proposed some protection strategy for MG.
However, to the best authors knowledge little work has
been done monitor the condition of both the MG’s
generators present and predicted generation as well as load
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demand to make appropriate control decision. Certainly, it
helps to manage optimum power delivery at the MG.

Here in this paper we are presenting the condition
monitoring of critical components of a campus MG for
preventive maintenance, efficient operation and protection.
We deployed a smart network of sensors that gather status
information of intelligent devices and provide input to
protective switchgears [20-22]. A DCS from ABB Inc.
(800-XA system) along with its human machine interface
(HMI) is deployed for data acquisition and remote control
of the MG [22]. With proper authentication and access
control the acquired data are made available to the user.

2. Microgrid Setup

At McNeese State University in Lake Charles Louisiana a
MG, with generation from two 65 KW of combined heat
and power (CHP) generators manufactured by Capston Inc.
USA and 15 KW of photo voltaic (PV) sources has been
established and running. PV simulator with battery storage
unites from Chroma Inc. USA feeding a smart inverter
(Trio from ABB Inc.) [20-22]. Along with the CHP
generator output the invertor is supplying loads connected
to the MG. Several resistive and rotating loads are
connected via a machine control center (MCC) at a 480 V
level. A three phase Y-connected resistor bank with 0-200
KW was used to vary load, two motors are connected to
MCC can be run by a variable speed drive and universal
motor controller (UMC) respectively. MG single line
diagram in Figure 1 shows connected components. As
shown in figure building power can be disconnected by
operating a manual/automatic switch and enable the MG
run in islanded mode [11].
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remotely by using the DCS. CHP Generator is protected by
a microprocessor based protective relay system imbedded
in the inverter electronics. Resistive load feeder is
protected by using REF 615 relay from ABB Inc. On the
other hand, REM 615 relay from the same supplier provide
motor protection. Two real-time web-based motor
condition monitoring systems from ABB Inc. are deployed
to collect their status information [23] We conducted a
rigorous simulation of our MG’s different operation modes
to study its loading behaviors and response to abnormal
perturbation such as fault, arc flash etc. before taking real
time measurement. Our licensed ETAP simulators were
engaged to perform load flow, fault, and arc flash analysis
and compare the test with experimental measurement.
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Fig. 1 Single line diagram of a campus MG

MG operation has been controlled by a DCS from ABB
Inc. (800-XA system). All circuit breakers are enabled to
operate manually by pressing the local switch as well as
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Fig. 2(a): High level diagram of building energy management system (b):
Conceptual diagram of prototype MG with renewable source and
controllable load

We also developed another prototype MG at Islamic
University of Madinah (IUM) with controllable loads feed
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by renewable sources as shown in Figure 2. Photovoltaic
sources charge the battery which provide DC voltage input
to an inverter (shown in fig. 3). Microprocessor based
charge controller provide control of battery charging. The
inverter provides 120 v ac to several rotating and lighting
loads which are controlled by 10T smart switches. We
customized an 10T based, open source software: BEMOSS
for control [7] The software provide option to control
overall, room light and air conditioning systems using
room controller. Whereas group of all rotating loads and
appliances can be controlled by using plug controllers and
smart plugs.

Fig. 3 Photograph of connected parts: solar panel, battery charger, light,
Wi-Fi router, smart plug and switch.

3. Results and Discussion

3.1 Distributed control

DCS is proven to be effective to control and coordinate
energy delivery of a MG. Control operation of our MG is
performed by a DCS along with OLE for process control
(OPC) server. We custom built an HMI for data
acquisition and control action using proprietary software
from ABB Inc. named “controlbuilder”. A set of sensors
indicating the status of different components such as
battery charge level, temperature, and output from each
turbine in a multi-pack arrangement etc. is deployed for
automation. Register at the DCS 10 module receive this
status information and HMI can visually display
information in more user-friendly manner.

Alternatively, to do the same control operation, we also
use remote monitoring and control systems provided by the
turbine manufacturer Capston Inc.: proprietary software
Capston Remote Monitoring (CRM) [11, 21]. It uses serial
data port for data transmission. The CHP generator is
equipped with multiple sensors. These outputs are
available in local display as well as remote terminal
through DCS with HMI capability. Modbus protocol is

followed for communication between generator and DCS.
Figure 4 displayed data acquired by CRM and DCS. This
real-time data acquisition with archiving facility provide
user the tools for smart monitoring, control and future
network planning.

(b)

Fig. 4 Generator status information (a) CRM acquired data display and
(b) acquired data by DCS displayed in HMI (graphic builder from ABB
Inc.)

3.2 Thermal Recovery by CHP generator

CHP generator connected to MG has thermal recovery unit
to achieve higher overall efficiency. The circulating cold
water recover unused heat from the flue gas and that can be
used for space heating. Using condition monitoring and
distributed control operator can decide the control
operation of turbines: such as opening or closing of circuit
breakers or keeping the turbine in standby mode based on
acquired data. Based on the measured data such as inlet
and outlet water temperature, water flow, system overall
load etc., a software algorithm can be set to automate the
control operation to achieve higher overall efficiency and
peak shaving. The inlet water flow of the CHP generator
can be controlled to achieve higher efficiency
corresponding to the load. Figure 5 shows the heat
recapture unit and the status information of different
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components of this heat recovery unit using proprietary
Capston Remote Monitoring (CRM).

We monitor the inlet and outlet water temperature as T1
and T2 respectively in 0C. We monitor the water flow, Q
in GPM either from local reading or by using DCS. The
measured data from water flow meter enter the analog
input of the DCS and display in HMI screen. Recovered
Heat calculated as [4,6,11]:
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Cp is the heat capacity for water it is 4184 J/kg-°C
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Fig. 5 Heat recapturing of CHP units: (a) Photograph of heat recovery
unit and (b) CRM view of CHP operation monitoring

Figure 6 shows the thermal power recovered by the cold
water flowing through the heat recovery unit of the micro
turbine at different water flows. As observed from the
figure the thermal power gain increases substantially as the

electrical output increases. In brief, more load means more
generation and eventually more heat recovery. However,
the measurement show that the best thermal recovery was
possible at a water flow rate of 43 gallons per minute
(gpm). Also, a linear increase of thermal recovery is
observed with respect to the mechanical speed of the
generator. DCS allows remote recording and archiving of
these sorts of data.

3.3 Condition Monitoring of MG loads using Internet
of Thing (loT) based smart sensor

Smart wireless and 10T technology provide consumer
facility to operate and control connected loads by
constantly monitoring them and operating remotely when
required. Traditionally rotating machines are monitored
and controlled by using local controller and data
acquisition system which are currently been done using
internet. Recent development of smart wired and wireless
communication technology along with high signal
processing power makes this activity into a reality. Motor
condition monitoring by utilizing the 10T can bring any
motor into the proper servicing before unwanted failure
popularly known as preventive maintenance and makes it
very economical for large operation.
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Fig. 6 Thermal recovery of CHP generator at different loading and water
flow condition
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In our MG, we used two different types of motor condition
monitoring systems. In the first system, an induction motor
equipped with four sensors shown in Figure 7(a) collect
line current, speed, vibration and other relevant data. The
collected data then transmit to ABB Machsense server
through a dedicated wireless channel and the ABB
proprietary algorithm then processes the data and presents
the report in the online portal [11, 22]. Figure 7(b) shows
the value of an induction motor collected from the
Machsense portal. To compare the processed value
available in on line portal with locally measured value; we
designed a measurement system to collect the vibration
data: displacement with time. Figure 8(a) shows the testing
arrangement. In the testing arrangement, four sensors are
providing low intensity signal which then amplified and
processed by a signal analyzer with the supporting
LabVIEW  measurement software from  National
Instrument Inc. The measurement provides time domain
signal which is later transfer into the frequency domain
signal using discrete Fourier Transform describe the
equation 2 below

N-1
K[ k] = ZX [ ¥ ] e'.,:':.'r.tr: N

= @

where x[n] is the positional value of the displacement of
the motor. N is the number of samples. Velocity has been
evaluated by taking the first derivative of x(t) with respect
to time, t. A MATLAB code has been written for this
conversion using First Fourier Transform (FFT) algorithm.
Figure 8 shows the time domain and frequency domain
signal of vibration.
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Fig. 7 Motor supported by Machsense condition monitoring system: (a)
Four sensors connected to the motor (b) web portal showing processed
vibration data
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Fig. 8 Vibration measurement of a Motor: (a) measurement set up for

sensor and time sampled vibration data displayed in local computer (b)

displacement in time domain and (c) normalized frequency response of
displacement

In the second system we use a smart sensor from ABB to
record data at an hourly interval. A Bluetooth activated
Mobile proprietary phone application allows the user to
download data such as speed, vibration, energy usage,
number of starts, etc. and send those to the cloud for later
use [11, 16]. Users evaluate the desired quantity to
determine health trends and necessary alert generation for
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Fig. 9 Condition of a running induction motor: (a) induction motor with
smart sensor attached and (b) relation between speed and energy
consumption.

Fig. 10(a) Snapshot of deployed camera images of MG critical assets (a)
two CHP generator

preventive maintenance. Figure 9 shows the recorded
motor data at different time and customizes it by
comparing the relation between speed with energy
consumption. It observed that energy may be consumed
more even at lower speed. Vibration, skin temperature
contributes to the overall consumption of energy.

In our microgrid we deployed an IP camera to visualize the
operation of MG’s critical resources such as generator,
load and control module. Figure 10 shows snapshots of
MG critical assets by using IP camera. We access the
camera and take over its control by using internet. The
technology is matured, economic as well as provide
convenience to the customer. The operator can remotely
pan and zoom camera, activate night vision as well as
sound mode over the internet with proper authentication
and administrative privilege.
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Fig. 10(c) motor running with night vision on

4. Conclusion

10T enable condition monitoring and distributed control of
MG critical assets make its operation more viable by
providing more accurate control decision. Smart sensor-
based condition monitoring facilitates customer easily
accessible assets health information and warn them for any
possible failure so that they can make decision of
preventive maintenance/replacement. The study shows that
the controlling of water flow to the CHP generator by
using distributed control provide higher thermal recovery.
Also, the 10T based control of building electrical load
provide energy savings.
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