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Today, universities are ranked mainly based on the 
amount of funding they receive, the number of 
papers they publish and their intellectual caliber. 
Along with this, we should take into consideration 
how much we have used our research to serve the 
lowest and most vulnerable strata of society. In 
our approach to sustainable development, we 
should not forget that it is by strengthening the 
people at the base of the pyramid that the entire 
edifice of society becomes healthy and strong.
Humanity is at a crossroads. At present, mankind 
lives solely depending on science and technology. 
However, in light of our current situation, we 
should at least try to incorporate spiritual thinking 
as well. But what is spirituality? True spirituality 
is compassion in action. If we could transform 
compassion from a mere word into a path of action, 
we would be able to solve 90% of the world’s 
humanitarian problems. However, when we try to 
love or serve without understanding those whom 
we are serving, we often end up harming society 
and ourselves. In order for service to be beneficial, 
it needs to go hand and hand with discernment. 
This is the essence of sustainable development.
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university in numbers

5
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800+
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207
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20250
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12,000+

International 
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40,000+

Citations
5 Billion+
Research Funding

Ranked 9
In India

Amrita Vishwa Vidyapeetham is a multi-campus, multi-disciplinary research academia 
that is accredited ‘A’ by NAAC and is ranked as one of the best research institutions in 
India. Amrita is spread across five campuses in three states of India - Kerala, Tamil Nadu 
and Karnataka, with the headquarters at Ettimadai, Coimbatore, Tamil Nadu. Amrita 
Vishwa Vidyapeetham continuously collaborates with top US universities including Ivy 
league universities and top European universities for regular student exchange programs, 
and has emerged as one of the fastest growing institutions of higher learning in India. The 
institution is managed by the Mata Amritanandamayi Math. 
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The working of the power grid is such that generation 
balances current electricity demand to keep the Grid 
frequency stable. Demand drives generation. With 
increasing population and improving lifestyle of 
consumers, the electricity demand is ever increasing. 
This has motivated customers to  integrate micro 
and nano renewable energy sources to satisfy their 
energy demands. However, renewable energy 
resources are intermittent sources and have a strong 
unpredictability component. Moreover the lack 
of efficient energy storage options to store excess 
generated energy complicates the situation and 
hence contradicts the paradigm mentioned earlier. 
Supply drives demand. We can only consume energy 
that is available. A paradigm change. Hence, the 
government is laying a lot of emphasis on energy 
conservation and demand side management. 
Accordingly there is an immense need to move from 
traditional, centralized, static energy grid towards a 
decentralized and dynamic grid, which gives more 
freedom to producers, distributers, and consumers. 
The future of energy sector is likely to stand mainly 

on four strong pillars:
• Usage of efficient and low-cost devices for
  monitoring and control.
• Usage of Information and 
  Communication Techniques for coordination and 
  automation of smart grid functionality
• Integration of renewable energy systems and two 
  way power transfer 
• Usage of real-time data analytics and learning
  techniques to derive optimal decisions 
  for efficient smart grid management 
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Smart Grid reSearch Overview @ amrita 

Smart Grid research work @ Amrita Center 
for Wireless Networks & Applications targets 
distributed, multi scale, smart networks, which 
facilitate integration of low cost real-time monitoring 
and control devices into the grid. The System Lab 
demonstrator developed attempts to emulate a Radial 
Distribution Feeder of a typical Distribution grid 
consisting of campus loads. It provides the needed 
infrastructure to integrate several diverse devices 
such as smart meters, processing units, sensors, 
hybrid solar PV system with batteries etc.
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The System Lab demonstrator developed, which is a first-of-its-kind 
attempts to emulate a Radial Distribution Feeder of a typical Distribution 
grid. It provides the needed infrastructure to integrate several diverse 
devices such as smart meters, processing units, sensors, RE systems, 
IoT enabled hardware, Home automation devices etc. The research 
outcomes from this work such as low cost smart metering devices, wireless 
interoperable heterogenous network, aggregators, IoT middelware, self 
organizing algorithms, reconfiguration algorithms, line fault detection 
algorithm, power theft detection algorithm, contol station, integration of 
solar microgrids, real-time data analysis, learning techniques and decision 
models, smart grid mobile application, and energy management in 
microgrids and the distribution grid  are integrated into this campus level 
demonstrator. Several smart nodes are identified at different points in the 
grid which consist of data acquisition and control units integrating these 
devices. They are deployed for real-time monitoring, storing, processing 
and analysing the status and data of these individual nodes. It will also 
enable the user to analyze, decide, and reconfigure in near real time the 
grid in the event of any irregularity or fault. This will immensely help in 
improving fault management, energy wastage & eliminate to a large extent 
load shedding in case of glitches and irregularities.

campuS wide Smart diStributiOn Grid 
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MCP (metering, control, processing) 
unit  

EPS (Electrical Protection and 
Switching) unit  

Smart mOnitOrinG & cOntrOl SyStemS

It consists of the Smart Meter, R-Pi,Communication 
Gateway, relays. Installed meter is powred by 
the latest ARM processors and gigabit Ethernet 
interface, enables low latency data collection in real 
time. Allows 4wire or 3wire configuration. The entire 
sub-system operates on 24VDC. The PSU used to 
power the MCP unit is a 230VAC/24VDC backed 
up by a UPS-Battery unit. The 24VDC system design 
is with a view to have the MCP unit operating even 
in the event of a Power Outage. The UPS can provide 
a backup of 30 mins which allows the processing unit 
to execute its algorithms for reconfiguring the grid 
and restoring AC power. 

It consists of 
24VDC operated 
Latch Controlled 
4-Pole Contactors. 
The contactors are 
sized as per the 
max. grid current 
requirements. The 
Contactors are 
controlled from 
the MCP unit 
via relays. It also 
houses the CT’s. 
The secondary 
of the CT’s are 
wired to the Smart 
Meter residing 
in the MCP unit. 
Separate VT’s are not envisaged as the Meter is 
capable of sensing the voltage within via voltage 
divider circuitry. Voltage tapped and wired to 
Meter in MCP unit. 

The system consists of two parts – the MCP (metering, control, processing) unit and the EPS (Electrical 
Protection & Switching) unit.
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m2m cOmmunicatiOn

hybrid diStributed enerGy reSOurceS (der) 

System ready for HetNet (next generation heterogeneous network) allowing user to experiment data transfers 
with multiple communication modules. The HetNet is capable of selecting the appropriate communication 
module based on the packet size, network traffic etc.

The DER System is a Hybrid Solar PV Battery 
based system. Installed PV capacity is 12kW while 
the Hybrid Inverter is rated for 9kW capable of 
operating up to 9.9kW for 30 mins upon grid outage. 
The inverter is of Outback, Alpha (make). The same 
unit can work in both On-Grid and Off-grid modes 
eliminating the need of separate inverters and PV 
panels. Battery backup is designed to provide power 
for an hour in the event of grid outage. The Inverter 
not only offers remote monitoring, but also offers 
the flexibility of modifying a large no of Inverter, 
Charge Controller & Battery settings remotely via 
its Monitoring package or optionally via MODBUS 
TCP/IP interface. The DER System is a Hybrid 
Solar PV Battery based system. Installed PV capacity 
is 12kW while the Hybrid Inverter is rated for 9kW 
capable of operating up to 9.9kW for 30 mins upon 
grid outage. The inverter is of Outback, Alpha (make). 
The same unit can work in both On-Grid and Off-
grid modes eliminating the need of separate inverters 
and PV panels. Battery backup is designed to provide 

power for an hour in tte monitoring, but also offers 
the flexibility of modifying a large no of Inverter, 
Charge Controller & Battery settings remotely via 
its Monitoring package or optionally via MODBUS 
TCP/IP interface.  



line Fault detectiOn and 
recOnFiGuratiOn

pOwer theFt detectiOn 

inFOrmatiOn & warninG 
diSSeminatiOn 

Theft of electricity amounts to 1.5% GDP, of most 
of the developing nations like India. Hence there 
is a great need to detect power thefts in developing 
nations. The wireless network based campus wide 
distribution grid is capable of detecting power thefts. 
The coordinated action of distributed intelligent 
devices with Power Theft Detection Algorithm 
(PTDA) enables not only the detection of power 
theft. The algorithm is also capable of localization 
of power theft in the micro-grid. Once localised, the 
entire section can be isolated so that illegal access of 
power can be restricted.

Using mobile computing techniques, a mobile app 
based on Android platform has been developed for 
delivering different smart services as well as messages, 
nudges and incentives to individuals (smart building 
occupants) and communities of users. These smart 
services will provide opportunities to automatically 
disseminate information and warning messages to the 
beneficiaries of the system as well as the maintenance 
crew.

real-time data analyticS

Amrita IoT common data model helps to abstract 
the database schema of a Relational database so that 
the visualization application may work independent 
of the underlying database schema. The visualisation 
software helps the user to observe the behaviour of 
the test bed in real time.

Present distribution grid lacks real time knowledge 
about its performance and quality of service. To 
enhance the capabilities of the distribution grid, it 
is required to integrate real time data analysis and 
visualization of the data derived from the smart 
measurement systems.

iot enabled perSOnalized 
enerGy manaGement 
SyStem
We focus on IoT based solutions for buildings that 
will cater to optimized usage of energy resources 
without affecting the physical working comfort of 
the occupants. Spatio-temporal based algorithms 
were developed for personalized and group based 
device automation. A wearable device and wireless 
switch board will collect the energy data as well as 
capable to locate the occupants inside the building. 
Machine learning and Artificial Intelligent methods 
are adopted to learn and model the personalized 
energy usage which used to give energy awareness to 
the occupants through mobile application.
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heterOGeneOuS wireleSS 
cOmmunicatiOn
In a smart distribution 
power grid, cost 
efficient and reliable 
c o m m u n i c a t i o n 
architecture plays a 
crucial role in achieving 
complete functionality. 
There are different sets 
of Quality of Services 
(QoS) requirements for 
different data packets 
transmitting inside the 
microgrid (a regionally 
limited smart 
distribution grid), making it challenging to derive 
optimal communication architecture. Therefore, in 
order to cater to the different information packet 
delivery with respected to the latency consideration, 
spatial distribution of source and destination nodes, 
a heterogeneous and hierarchical communication 
network is required for smart grid.

Alogrithms are coded in the Raspberry Pi of the MCP 
Unit for Fault Detection, Isolation & Restoration. 

The algorithms attempt to pin-point the exact fault 
location, signal the EPS unit to sectionalize the by 
switching open the contactors thereby isolating 
the fault section. The algorithm then signals the 
contactors servicing the tie-lines to close thereby 
establishing an alternate power path restoring power 
to areas of the grid unaffected by fault.



amritaSphuranam E-Cycle: An Offgrid Solution for Rural Electrification

micro-hydro

Residents of Vallaramkunnu, a tribal village in hills 
of Wayyand, were living in complete darkness as 
they were unable to pay for Grid power. Due to this, 
children and elderly women of the village suffered the 
most. On identifying this difficulty, Amrita Vishwa 
Vidyapeetham had a designed and deployed the Solar 
PV based electrification system in the village. Spread 
over two hills, 6 KWp system was installed in each of 
the 6 clusters and was capable of catering to the basic 
energy requirements of all the 50 houses in the village. 
This system, in use for last 3 years, has been lighting 
up 3 LED bulbs and other minor loads connected to 
each home. This off-grid system has truly played a key 
role in the enhancing the development indexes linked 
to education, health, safety and income generation.

In 2015, we deployed micro hydro power generator at 
Komazhikudi, Idukki, Kerala. The system constructed 
by the perennial water stream, currently provides 24/7 
electricity to 8 homes, 2 street lights, the multi-grade 
learning center, the village’s Anganwadi (pre-school), 
and the youth center. Furthermore, each home has 4 
connection points with 3 lighting points and a plug 
point. Villagers currently use energy efficient 7 watt 
LED bulbs for energy conservation.

Amrita E-Cycle, aims to provide rural electrification 
by utilizing available resources present in rural 
communities as an affordable alternative to current 
electrification schemes. The project transforms a 
common mode of transportation – a bicycle – into 
an innovative mechanism to provide free electricity 
to villagers who have intermittent or zero access to 
electricity. In 2017, we launched our first prototype, 
“E-Cycle: An Off-Grid Solution for Rural 
Electrification” for rural villagers to generate clean 
energy in a sustainable and low-cost approach. This 
idea was proposed by an 11th-grade student of Amrita 
Vidyalayam, who worked with our research team to 
built the system. This innovative alternative energy 
source was designed and developed by integrating and 

harnessing the mechanical energy generated from the 
cycling process and the available solar power captured 
during the cycling process and while at rest via fixed 
solar panels. This innovative solution has transformed 
the utility of a normal bicycle into a smart power 
generation unit for addressing the challenges of 
sustainable rural electrification. The captured and 
stored energy can now be used to power three bulbs 
and a mobile charger for up to 24 hours in each home. 
Currently, 5 E-Cycles has been distributed to villagers 
in Chhattisgarh, with the objective of building a total 
of 1000 E-Cycles in a years time frame. Over 60 
people in the tribal village of Dherubal, located in the 
Koregaon district of Chhattisgarh, will benefit from 
utilizing the Amrita E-Cycles.
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Amrita Center for Wireless Networks & Applications
Amrita Vishwa Vidyapeetham

Amritapuri Campus
Kollam-690525, Kerala, India

Ph: +91 476 280 4141
Email: smartgrid@am.amrita.edu

Web: www.amrita.edu/research/smartgrid
www.indigoprojects.eu/object/project/34
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