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Abstract

Smart grids and its related applications can
potentially provide us with a fascinating ways
to improve existing electric distribution networks.
However, to realize most of the applications envi-
sioned in smart grid a large scale infra-structural
transformation is needed in the current electric
distribution network. This requires considerable
resources as well as time. For developing coun-
tries this problems becomes even more problem-
atic for two reasons: First, they have fewer fi-
nancial resources to invest in smart grid technol-
ogy, second most of these countries already have
an energy crisis and need for better management
is needed urgently. This study examines various
technologies that are already available in devel-
oping countries which can be used for smart grid
applications. The technologies in this study can
provide a scalable communication backbone for
demand side monitoring, management and con-
trol. We compare the cost and effectiveness of
these technologies with existing methods used for
mitigating supply shortfall related problems in
developing world.
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2 Introduction
Developing nations are faced with the need to

increase power production to keep up with the
demand of electricity due to rapid industrializa-
tion, urbanization and electrification of new set-
tlements. However, the development of electricity
generation is costly and takes time. Thus many
developing countries are unable to add energy
generation sources fast enough. Due to these fac-
tors, there is an ever increasing gap between the
electricity supply and demand. In many countries
the only solution to fill this gap is to employ load
shedding, i.e. cut electricity to some localities pe-
riodically. Not only this kind of power manage-
ment is a great inconvenience to consumers, but
this scheme is also detrimental to industrial de-
velopment.

In the existing infrastructure the power demand
calculations apply a top-down analysis. The total
load over the system is monitored at power dis-
tribution points or grid stations. Various models
are used to predict the total load of system. If



this total load for a distribution network is more
than the available power then an hourly plan is
made to shutdown power to sub-regions of the
network so that the system is not over loaded.
This shedding of load is based on grid station-
level granularity. However, in various situations,
such as extreme weather conditions, changes in
consumption trends are not captured adequately
by top-down models [19]. Furthermore, with the
advancement of information technology, ubiqui-
tous communication and distributed generation
and storage, it has been observed that bottom-up
models provide better solution than the prevailing
top-down models [8].

To incorporate bottom-up model, massive com-
munication infrastructure and a level of intelli-
gence is required at the consumer level. This ad-
dition of intelligence and communication can help
develop various applications in conservation, al-
ternate power generation and tailored services for
customers. This integration of IT infrastructure
into the power grid is called ”smart grid”. Our
work is an application of smart grid for our local
scenario.

To reap the benefits of smart grid, in this paper
we aims at providing a survey of infrastructure
needed to support a smart-grid inspired power
management system. We look at the technologies,
their associated costs and installation procedure
and responsibilities. We have already discussed
the planning methodology for such a system at an-
other venue [11]. The social and legal aspect and
various methods to use such a system effectively
will be discussed at a future venue.

3 Related Work
Since electricity has been used for more than

a hundred years, optimization variables such as
power dispatch, varying of cable sizes etc. has a
wealth of literature [18]. These techniques have
been applied in field to good effect.

However, smart-grid is a relatively new field.
Major contribution in the area of smart-grid are
still in the nascent stages. Some of the core areas

of research in smart grids are modeling, analysis
and prediction mechanisms for distributed man-
agement of power. We shall discuss some of
the relevant literature for modeling and analysis
which is applicable in our work.

3.1 Optimized Electricity Distribution

Electricity distribution networks generally base
their operations on predicted loads for the sys-
tem. According to these predictions power is dis-
patched to a region [21]. The load calculation
is done at the global level, that is the load of
the entire grid is calculated. However, with the
introduction of smart-grid, power grids are be-
ing driven towards a more decentralized systems.
This raises the opportunities to generate energy
locally and integrate it with the grid. He and col-
leagues proposed an architecture for such a sys-
tem [9].

There have been proposal for ways to provide
intelligence to the demand side for power load
calculations and dispatch handling. Platt pre-
sented an architecture for such systems [15]. On a
community scale Ashok proposed a model frame-
work for power management with focus on In-
dian specifications [3]. Galus and Andersson pro-
posed a method to dispatch electricity for recharg-
ing of plug-in hybrid electric vehicles(PHEV) in
a closed environment [6]. Whereas the former
approaches proposed an idea and provide basic
guidelines for achieving the goal, Galus and An-
dersson provide a concrete implementation of in-
telligence at demand side combined with central
management deriving benefit.

3.2 Modeling

There have been few models defined for pre-
dicting load of individual households which can
be used for smart grids. These bottom-up models
vary from Capasso model and Norwegian ERD
model which uses stock of appliances in house-
hold and their usage patterns [5, 12] to the model
presented by Willis for utility level modeling [23].
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Whereas Capasso model requires extensive sur-
veys, Willis model does not. However it is not
detailed enough for meaningful load or consump-
tion management.

A different method for bottom-up modeling is
to use time-series data of usage of devices and
construct the electric consumption from it. Widn
and colleagues have used this method for model-
ing electric consumption for Swedish households
[22].

There are models which do not require exten-
sive survey yet are detailed enough. Examples of
such models include model proposed by Paatero
and Lund for household loads using stochastic
processes to generate consumption and then use
Capasso model for deriving a model[14].

To support work of modeling, Richardson and
colleagues developed a method to generate syn-
thetic data for models using Markov chain on
time-series appliance usage data [16]. This work
was further extended by Richardson and col-
leagues to construct a high resolution energy de-
mand model for domestic lighting [17].

Large scale forecasting of electric loads has
been focus of research for a long time. A survey
of existing techniques is discussed by Alfares and
Nazeeruddin in their survey [1]. However, fore-
casting for load using bottom-up approaches has
not been explored in great detail. Recently, Wallin
and colleagues recommend use of automatic me-
ter readings for grid-level forecasting [20]. Wallin
and colleagues further proposes some methods for
bottom-up load predictions [19].

4 Motivating Problem: Power Short-
age in Pakistan

Pakistan is a developing country. The economy
of the country is growing rapidly, in the last 40
years it has grown at an average rate of 7.2%. This
growth translates to higher energy consumption
by existing infrastructure. In addition, new ar-
eas are being provided electricity. The infrastruc-
ture of electricity was limited to cities till recently.

Since 1998 the number of villages with electric-
ity provision has almost doubled to 133,463 from
67,183 [13]. This growth in economy and elec-
tric network has resulted in the net 41% growth in
demand for electricity in last 10 years [13].

Due to economic reasons, resources to gen-
erate power has not kept pace with the growth
in demand. This lack of power generation is
aggravated even more during summer months.
As Pakistan lies in the subtropical region of the
northern hemisphere the summers are extremely
hot. During these summer months, domestic air-
conditioning cause a demand supply gap of up to
4000 megawatts. This gap is expected to grow to
8000 megawatts by 2010 [4]. This gap in sup-
ply and demand can cause overload in the system
which can result in failure of entire infrastructure.
In such a situation, load-shedding is used to over-
come the problem.

It is interesting to note that 42% of electric
consumption in Pakistan is by domestic users
[13]. This disproportionate consumption in fa-
vor of domestic consumer is due to the use of
air-conditioners in households during the evening
time in summer months. This is in contrast
to the consumption patterns of many other re-
gions where the daytime consumption is more
pronounced.

We noticed a similar trend of power consump-
tion in place of extreme cold weather such as
Sweden. In those regions, however, the peak con-
sumption is in winter months due to heating re-
quirements. However as both consumptions are
driven by weather and are by residential users, we
can postulate that similar solutions are applicable
in both situations.

To study this consumption further, we use a
classification of household devices. This classifi-
cation will help us target the most significant part
of consumption for conservation efforts. We then
look at the communication, cost and responsibil-
ity aspects for implementing such a system.
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4.1 Classification of Household Electric

Devices

The current technology for management of
electricity in a grid considers total load and power
requirements for the entire network. However, re-
cent research has shown that it maybe more suit-
able to model power consumption of each house
or even individual devices instead [15].

This change in methodology has attracted at-
tention of researchers to model the consumption
of devices within a house. However, it should be
noted that various devices tend to consume differ-
ent types of energy and have different usage fre-
quency and duration. This variation in power con-
sumption and frequency can be very important for
end-user device management.

We use this variation to classify household de-
vices into four classes[11]. These classifications
are based on power consumed and frequency of
consumption. Examples of these four classes are
shown in table 1.

4.2 Hypothesis

Our hypothesis in this work is that if we some-
how can optimize the use of the devices in the
fourth category, we could eliminate or at least re-
duce the gap between supply and demand.

To manage these devices we require three mod-
ules. The planning module considers the power
consumption habit for households, the total en-
ergy available and the service level guarantees.
Based on this data, a planner will construct an
hourly plan of 10 minutes windows. The details
of this planning module are discussed in our pre-
vious work [11]. The goal of the plan is to syn-
chronize all high power devices in a district so as
to keep the consumption under the available sup-
ply while ensuring the service level guarantee.

As the plan will be constructed at a grid-
station level granularity, we will need a distribu-
tion medium to distribute this plan to each de-
vice. Furthermore, we will need a hardware con-
troller which will execute this plan on the device.

We have to consider the fact that the electric net-
work is widely distributed. To manage such a
vastly distributed system, conventional network-
ing methods will be costly and will take time to
setup. Secondly, wired networks are fixed and re-
quire rewiring for every addition or movement of
device. Instead we focus on wireless technologies
available today with which we can connect the de-
vice and have the smart grid application available
in lesser time with lesser installation and mainte-
nance costs.

In the following sections we will discuss the
feasibility for different available communication
methods and provide implementation of a pilot
hardware controller to implement our hypothesis.

5 Bottom-up Power Planning
Our vision of bottom-up power management

entails a modeling scheme which considers each
individual household or device as a basic man-
aged element. We can monitor and plan for
each device and can effect power supply to de-
vice remotely from a central authority. Need for
such central authority is discussed elsewhere [11].
Here we discuss the various technical issues that
need to be addressed for the realization of such a
system.

The three issues are:
• Communication framework
• Hardware support for managing devices
remotely
• Cost and responsibilities of installation

We have discussed issue of modeling of such a
system in our previous work [11]. In the follow-
ing sections we will discuss the remaining issues
to elaborate the feasibility of application of our
work.

5.1 Communication Framework

Managing hundreds of thousands of devices
spread over a relatively large geographical loca-
tion offer different challenge than computing net-
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Low usage High Usage
Low Vacuum- 200 watts TV 70 watts

Power Cleaner Fan 50 watts
Shaver 15 watts Computer 150 watts

High Micro- 1000 watts Air Cond- 2000 watts
Power wave itioner

Toaster 1500 watts

Table 1. Classification of household appliances according to power and usage profile

works in general. Since the devices are numerous
and they are physically apart, reliability, and scal-
ability are important factors. There are few com-
munication protocols that researchers have use for
such systems. Some of these protocols are dis-
cussed below:

5.1.1 ZigBee

ZigBee is a specification based on IEEE 802.15.4-
2003 standard. It is a suite of high level commu-
nication protocols using small, low-power digi-
tal radios [7]. Since ZigBee is a low cost, low-
power, wireless mesh standard, some projects
have used ZigBee to monitor electric devices in
a city district. ZigBee enabled power monitors
are installed at each house and two way commu-
nication provides monitoring and actuator con-
trol over each house. Since ZibBee are applica-
ble in ad-hoc sensor networks, they can easily be
extended to monitor and manage individual de-
vices. This is important because user devices can
be added to or removed from a system. However,
according to our knowledge large scale installa-
tions of ZigBee for management of devices has
not been realized yet especially in the context of
smart grid.

5.1.2 GPRS

General Packet Eadio Service (GPRS) is a packet
oriented mobile data service. GPRS in general is
used for mobile internet connectivity. Huang and
colleagues have, however, used this protocol for
power management of distributed systems [10].

Since GPRS networks are managed by Telecom-
munication industry and already has a large and
scalable networks available in urban as well as
rural areas, implementation of a GPRS based sys-
tem is possible in the near future.

5.1.3 SMS

Short Message Service (SMS) is a communi-
cation service standardized in the GSM mobile
communication system, using standardized com-
munications protocols allowing the interchange of
short text messages between mobile telephone de-
vices. SMS service, in general is a very cheap
and highly efficient transportation medium. Since
it is more cost effective than GPRS and it satis-
fies the requirements for transportation protocol
for management, SMS is being considered as the
technology of choice for remote management of
devices [2]. This is evident from the range of
SMS based products available online for manage-
ment of home automation. However use of SMS
for large scale device management has not been
observed by the authors yet.

5.2 Hardware Support for Managing De-

vices Remotely

Our method for optimizing electricity usage
and distribution is by controlling user devices at
their premises. This requires the propagation of
plan and affecting the devices according to the
plan. For this we require a ”controller”. This de-
vice controller will interface with the communi-
cation layer for receiving the plan, and will inter-
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face with the electric circuitry to implement the
plan. In the following sections we present a pilot
implementation of this device controller.

5.2.1 Hardware Implementation

Switches are used to make or break an electric cir-
cuit causing the current to stop or flow through a
loop respectively and driving the associated elec-
trical device on or off. The first focus of this im-
plementation is to automate this action so that the
switching on and off of an electric device is done
automatically based on some criteria without any
human intervention. This automated switching
technique is already available in many devices
such as air-conditioners, etc. Usually this auto-
mated switching is done through relays with some
controller controlling the relay. In our implemen-
tation we use similar hardware to implement the
controller for the hardware.

5.2.2 Working with Relays

We connected 12V relays in series with the elec-
trical device operating on 220V. In our implemen-
tation, the relay is connected so that by default,
when no input voltage is supplied to the relay, the
circuit of the electric device is complete and the
device is switched on. This choice of electric path
through the relay was based on the consideration
that if the relay fails, it must not break the electric
circuit. Of course, if the nature of use demands
the opposite requirements, the other conducting
path of the relay can be used. As soon as the re-
lay gets a 12V input, it switches connections to
break the circuit of the electric device to switch it
off. Thus, using a 12V supply to the relay, a 220V
circuit is established and broken.

5.2.3 Interfacing Relays to Micro-Controller

We used a standard micro-controller to control the
relay for our device. Fig. 1 is the schematic for
the micro-controller interface with the relays. The
micro-controller used is 18F452, which has ports
that can be used either as an input or output. In the
scope of this implementation, these ports are used

Figure 1. Relay interfacing to microcontroller

to provide signals to the relays that are connected
in series with the electric devices. Of the two pins
of the relays across which 12V is supplied, one of
them is connected directly to a +12V and the other
is connected to a pin of the micro-controller port
through a transistor - the polarity does not mat-
ter in this context. Effectively, the relay changes
its state whenever the associated micro-controller
pin changes state from HIGH to LOW or from
LOW to HIGH. Our micro-controller manages the
relay which in turn manages the user’s electric de-
vice. To control the micro-controller we can con-
nect it with an SMS, GPRS or ZibBee communi-
cation device. For our pilot implementation we
use SMS as our transportation medium.

5.2.4 Communication Medium

Although there are many communication medi-
ums to choose from such as GPRS, SMS, Wi-Fi,
Bluetooth, for this pilot we use SMS as the com-
munication channel to provide commands to the
microcontroller from a remote location.

The 18F452 microcontroller sits on the
easyPIC2 development board by mikroElektron-
ika. We used this device because it is easily pro-
grammable from a PC through USB and assists
RS232 interfacing to micro-controller to commu-
nicate with the serial port.

A GSM modem by Enfora is connected to
RS232 on the easyPIC2 development board
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through a serial cable. Below is a male connec-
tor, two of which are used to create serial cable
for connecting the GSM modem to RS232 on the
development board.

The GSM modem serves to receive SMS mes-
sages and transmit them to the microcontroller for
processing and action. The feedback from the
microcontroller against the action taken, error or
warning is transmitted back via an SMS to the
number from which the command was received.

5.2.5 Micro-controller Software

Our micro-controller receive commands from the
GSM modem as a string of ones and zeros, act
upon them by setting the states of its pins and
provide feedback. In this implementation, when
an SMS is received at the GSM, it stores this
SMS message in the SIM card and sends an in-
terrupt to the micro-controller. Micro-controller
retrieves the string over an RS232 line. The data
that the micro-controller retrieves contains an in-
dex number at which the message is stored in the
SIM card. The micro-controller sends an instruc-
tion to the GSM modem with this index number to
retrieve the message containing the schedule en-
coded as a string of ones and zeros. The program
parses this string analyzing each index and setting
the desired state at the pin associated with that in-
dex. The program loops again to wait for another
command. In the lab environment, the program
was also tested for multiple instructions in a sin-
gle SMS with a gap of a predefined time frame
between the instructions and this was a successful
feature incorporated in the implementation later
which allowed the user to pre-program the sys-
tem and define the states of the electrical devices
for the time to come.

5.2.6 Discussion on Hardware Implementa-
tion

The use of micro-controller to control the switch-
ing of electrical devices and interacting with the
machine running the algorithm over a wireless

channel also introduces a great level of flexibil-
ity in terms of how the system should interact,
how it should handle the different signals, how
it should respond to a failure and recover from it,
how it should provide reports and feedback and
even how it should authenticate a machine. This
level of flexibility makes it possible to use this
system in a custom environment and adapt to dif-
ferent policies accordingly and hence it steps for-
ward as a generic system that can programmed as
per any requirement of the user. Although, this
system is not limited to these features and can be
put forward in many different variations, some of
the most notable features are explained below.

• Pre-programming: We can pre-program
our system to define a timeline whereby the
system automatically sets the states of asso-
ciated devices at specific intervals.

• Plan Recovery During Failure: SMS mes-
sages are stored in the SIM which acts as a
backup storage for retrieval of plan in case of
power failure.

• Low Cost: Estimated cost for custom made
system equivalent to our test bed is roughly
$65 to $75.

5.3 Putting It All Together

In the previous sections we have discussed the
feasibility of communication infrastructure and a
pilot hardware implementation as a proof of con-
cept for large scale smart grid application with-
out affecting the existing electric distribution net-
work. We now briefly discuss how we plan to
weave this picture together.

As we have discussed in section 4, our hypoth-
esis is that if we can control the devices which
consume the most power and regulate these de-
vices then we can save the maximum power. This
is in contrast to load shedding where electricity of
a whole city district is turned off to manage the
load. Furthermore, we would like to provide cus-
tomers of these high powered devices with some
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service level guarantees that the device will be
turned off for X% of time in an hour.

Our planning module will be deployed at grid
stations. Using a simulated grid environment, our
initial evaluations revealed that our planners can
plan for a 100,000 devices within 150 seconds
on a commodity machine. Thus the planner is
scalable and a commodity machine will be suf-
ficient for grid station level planning. This plan
will be passed to the telecommunication provider
through their communication service. The plan
will be uploaded to the SMS delivery queue of
the cells located in the vicinity of the grid sta-
tion. Telco providers usually guarantee a fast and
reliable delivery of SMS messages to the recipi-
ent after they are delivered to the local cell. Thus
we can be sure that our plan will reach the de-
vice in time. The hardware similar to discussed
above will receive the SMS and save it in their
GSM sims. The micro-controllers will read this
plan and power the relays accordingly whereby
synchronizing the power consumption of an en-
tire district.

We have discussed the technical details for im-
plementing our smart grid application. We now
discuss two of the most pertinent questions re-
garding the practicality of our system, the cost
and responsibility of installation.

5.4 Discussion on Cost and Responsibili-

ties of Installation

Managing electricity to specific devices in res-
idential electric networks is a novel idea. There
are various aspects to consider for such a system.
Some of the key issues that need to be considered
for deployment of such a system are the costs of
installation and responsibility for the cost. In this
section, we will discuss the costs associated with
the communication infrastructure for the system
we are designing and how we can dispense the re-
sponsibility of installation and cost of user side
device.

5.4.1 Existing Setup

To cope with the load shedding , most of the do-
mestic users install Un-interruptible Power Sup-
ply (UPS) units from their own expenses. These
UPS units store electricity in batteries and pro-
vide supply for category 2 electric devices (fans
and lighting) during the load shedding hours. A
UPS generally costs close to$175 for installation.
In addition, UPS batteries have a life of 1000
recharges. With frequent power outages, a bat-
tery is changed usually every year at the cost of
close to $88.

It should be noted that UPS does not produce
it’s own energy rather it stores electric energy
in form of chemical energy. This transformation
usually results in loss of energy. This loss is de-
pendent on the technology and quality of batter-
ies. Since this charging is done from the same
electric supply, the amount of energy that is stored
in UPS is drawn from the distribution network and
the user is charged for it. Hence due to the energy
losses, subscribers pay more for each unit con-
sumed of electricity through this indirect method.

5.4.2 Cost

Cost of installation for management device is de-
pendent on the technology of communication and
number of devices to be managed in a house. We
have three competing communication strategies.
ZigBee, GPRS and SMS.

The quickest way possible is to use GSM mo-
biles available in the market connected with re-
lays to control the device. These GSM devices
then can manage the electric devices and can
be controlled through a communication protocol
over SMS.

In Pakistan a GSM mobile phone can be pur-
chased for as little as $20. The cost of an SMS
is as low as $0.0037 per message. If we consider
hourly planning then our total yearly cost for mes-
saging will be or $33.

Zigbee is designed for low-cost sensor net-
works. The hardware required for ZigBee is min-
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imal. We do not have any ZigBee enabled meters
available in Pakistan but it can be assumed that
such meters will cost marginally more than the
existing meters available in the market.

GPRS enabled controllers are perhaps the most
expensive option that we have considered. GPRS
enabled mobile phones are expensive however,
chip-sets with GPRS technology embedded are
available in the market. The cost of these devices
start from $50.

In conclusion, we find that price of a man-
agement gadget can cost at the maximum of
or $125 for installation and $33 as yearly cost
which is roughly 29% and 37% of corresponding
costs of a UPS. Furthermore managing of high-
consumption devices will provide a better service
to consumers than the UPS at lower cost of en-
ergy.

5.4.3 Responsibility of Installation

There are various methods employed by power
companies to share the cost and responsibility of
power meter installed at user premises. These
methods are based on the legislation related to
power in a country. For example, in Pakistan util-
ity provider charges a rent for meter installed in
user premises. Furthermore, in case of damages
caused by user actions, the user is responsible for
any repair costs to the meter. In comparison, in
Sweden some cities have made it mandatory for
utility providers to install meters for all the sub-
scribers without any cost to the subscriber.

Our electric management framework provides
a facility through which population of the entire
region can benefit. That is, through this frame-
work users can get benefit of continuous power
supply for categories 1,2 and 3 devices whilst lim-
ited usage of category 4 devices at times of short-
age of supply. Since this benefit is shared by all,
it is imperative that legislation should be put in
place so that all users can benefit from this tech-
nology.

6 Conclusion and Future Work
In this paper we have provide the infra-

structural groundwork for a smart-grid inspired
micro-management of end user devices to miti-
gate load-shedding. We discussed the differences
between prevalent top-down modeling and the
proposed bottom-up models. We discussed the
power issues of Pakistan and how we categorize
the electrical devices used in household.

We described four important aspects that we
feel are needed for implementing such a system:
communication framework, hardware controller
and costs and responsibilities. We discussed in
detail the communication frameworks that can as-
sist our system. We have provided a proof of con-
cept for the device controller. Finally, we ana-
lyzed the costs that are applicable for our system
and described a way to define responsibilities of
installation for the system.

We found that the communication framework
and associated hardware needed for smart grid
will have significantly lower installation and run-
ning costs in comparison to the prevalent UPS
based system. Furthermore, our system will con-
sume less power in total than the UPS based sys-
tems. We found that a smart-grid based system
will be a better way to mitigate power shortage
than the top-down, blanket load-shedding that is
being applied today.

Smart grid can be used for variety of purposes
such as fault detection, enhanced metering etc.
However, our smart grid application is focused
on managing electricity of end-user devices using
existing communication and hardware infrastruc-
ture. As part of our future work we investigate
various applications of smart grid which can ben-
efit from our work.
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