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n =(E-S)/7r,D =d/r,t<0

if t> n-D goto step15
n-t

W < 5+

r <« randint (0, W, -1)

t < wait(r, t) % wait for 7 time slots

% set the contention window

(e, Jo) < sense % sense the grid voltage and frequency
if (v <V ) then

P<0
else if (Ve >V,) then

P <1

1 else

Pe—w-V)/@-V)

: endif
: if rand (0,1) < P and f; < f; then

switch (ON ) % acquire service with probability 1
t < safewait (D, t)
switch (OFF) ; exit
else
t < wait (1,%) ; goto step 2
end if

FIG. 5
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PLUG ARRANGEMENTS FOR
ALLEVIATING PEAK LOADS

BACKGROUND

Generally, it is recognized that demand for electrical
energy is not constant; there are certain hours of each day
when demand “peaks” at levels considerably higher than the
remainder of the day. If utility companies buy energy during
the peak demand periods, they normally need to pay a
premium for transferring energy when the transmission lines
are congested. Flat-rate electric tariffs shield most consum-
ers from fluctuations in energy costs, especially those caused
by buying energy supplies on short notice. Utilities, how-
ever, are not insulated from these fluctuations. When the
market rate for electricity rises above the approved retail
rate, utilities are caught in the middle, which can be finan-
cially disastrous. Utilities can’t simply pass price increases
along to consumers without regulatory approval.

Further, in some countries there is a significant peak load
shortage while peak load continues to grow faster than
average usage. It has come to be recognized that it is not
cost-effective for utilities to implement a comprehensive
smart-grid infrastructure to tackle peak load problems.

As things stand, power utilities generally predict a
demand pattern throughout any particular day. Any supply-
demand imbalance thus normally arises due to inaccuracies
in the prediction, or unscheduled changes in supply (e.g., a
power station fault) and/or demand. Such imbalance thus
puts the grid in a critical state.

To address such issues, the shifting of deferrable loads has
been contemplated and addressed. Thus, deferrable loads
(e.g., as might be encountered with electric vehicles, water
heaters, energy storage devices, and washing machines) can
be shifted from on-peak times to off-peak times to reduce
peak load dramatically. Also, deferrable loads can be inter-
rupted for a short time during situations of supply-demand
imbalance. Some utilities have also proposed the use of
differential tariff plans to encourage and incentivize con-
sumers for load shifting. However, it can be appreciated that
the success of a load-shifting plan depends upon the con-
sumer’s responsiveness and compels either manual inter-
vention or some type of sophisticated load scheduling tech-
nique. While the former remedy can be unwieldy and
inefficient, the latter has hitherto proven to be elusive in any
practical and cost-effective sense.

BRIEF SUMMARY

In summary, one aspect of the invention provides a
method comprising: providing an electrical load scheduling
mechanism; placing the electrical load scheduling mecha-
nism in communication with an appliance; assessing elec-
trical grid load conditions; and scheduling delivery of elec-
trical power to the appliance via the electrical load
scheduling mechanism; the scheduling comprising altering a
predetermined delivery of electric power to the appliance
based on the assessed electrical grid conditions.

Another aspect of the invention provides an apparatus
comprising: at least one processor; and a computer readable
storage medium having computer readable program code
embodied therewith and executable by the at least one
processor, the computer readable program code comprising:
computer readable program code configured to accommo-
date an electrical load scheduling mechanism; computer
readable program code configured to placing the electrical
load scheduling mechanism in communication with an
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appliance; computer readable program code configured to
assess electrical grid load conditions; computer readable
program code configured to schedule delivery of electrical
power to the appliance via the electrical load scheduling
mechanism; and computer readable program code config-
ured to schedule altering a predetermined delivery of electric
power to the appliance based on the assessed electrical grid
conditions.

An additional aspect of the invention provides a computer
program product comprising: a computer readable storage
medium having computer readable program code embodied
therewith, the computer readable program code comprising:
computer readable program code configured to accommo-
date an electrical load scheduling mechanism; computer
readable program code configured to placing the electrical
load scheduling mechanism in communication with an
appliance; computer readable program code configured to
assess electrical grid load conditions; computer readable
program code configured to schedule delivery of electrical
power to the appliance via the electrical load scheduling
mechanism; and computer readable program code config-
ured to schedule altering a predetermined delivery of electric
power to the appliance based on the assessed electrical grid
conditions.

For a better understanding of exemplary embodiments of
the invention, together with other and further features and
advantages thereof, reference is made to the following
description, taken in conjunction with the accompanying
drawings, and the scope of the claimed embodiments of the
invention will be pointed out in the appended claims.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 schematically illustrates a plug with smart char-
acteristics, and components with which it is in communica-
tion.

FIG. 2 schematically illustrates a plug with smart char-
acteristics, and related components.

FIG. 3 illustrates a simplified power system in conveying
aspects of voltage and frequency measurement.

FIG. 4 graphically illustrates load-frequency control char-
acteristics in conveying aspects of voltage and frequency
measurement.

FIG. 5 presents pseudocode for a probabilistic negative
linear back-off algorithm to be used by a scheduling module
of a plug with smart characteristics.

FIG. 6 sets forth a process more generally for load-
shifting time deferrable devices.

FIG. 7 illustrates a computer system for implementing
aspects of the invention.

DETAILED DESCRIPTION

It will be readily understood that the components of the
embodiments of the invention, as generally described and
illustrated in the figures herein, may be arranged and
designed in a wide variety of different configurations in
addition to the described exemplary embodiments. Thus, the
following more detailed description of the embodiments of
the invention, as represented in the figures, is not intended
to limit the scope of the embodiments of the invention, as
claimed, but is merely representative of exemplary embodi-
ments of the invention.

Reference throughout this specification to “one embodi-
ment” or “an embodiment” (or the like) means that a
particular feature, structure, or characteristic described in
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connection with the embodiment is included in at least one
embodiment of the invention. Thus, appearances of the
phrases “in one embodiment” or “in an embodiment” or the
like in various places throughout this specification are not
necessarily all referring to the same embodiment.

Furthermore, the described features, structures, or char-
acteristics may be combined in any suitable manner in at
least one embodiment. In the following description, numer-
ous specific details are provided to give a thorough under-
standing of embodiments of the invention. One skilled in the
relevant art will recognize, however, that the various
embodiments of the invention can be practiced without at
least one of the specific details, or with other methods,
components, materials, et cetera. In other instances, well-
known structures, materials, or operations are not shown or
described in detail to avoid obscuring aspects of the inven-
tion.

The description now turns to the figures. The illustrated
embodiments of the invention will be best understood by
reference to the figures. The following description is
intended only by way of example and simply illustrates
certain selected exemplary embodiments of the invention as
claimed herein.

It should be noted that the flowchart and block diagrams
in the figures illustrate the architecture, functionality, and
operation of possible implementations of systems, appara-
tuses, methods and computer program products according to
various embodiments of the invention. In this regard, each
block in the flowchart or block diagrams may represent a
module, segment, or portion of code, which comprises at
least one executable instruction for implementing the speci-
fied logical function(s). It should also be noted that, in some
alternative implementations, the functions noted in the block
may occur out of the order noted in the figures. For example,
two blocks shown in succession may, in fact, be executed
substantially concurrently, or the blocks may sometimes be
executed in the reverse order, depending upon the function-
ality involved. It will also be noted that each block of the
block diagrams and/or flowchart illustration, and combina-
tions of blocks in the block diagrams and/or flowchart
illustration, can be implemented by special purpose hard-
ware-based systems that perform the specified functions or
acts, or combinations of special purpose hardware and
computer instructions.

Specific reference will now be made herebelow to FIGS.
1-5. It should be appreciated that the processes, arrange-
ments and products broadly illustrated therein can be carried
out on or in accordance with essentially any suitable com-
puter system or set of computer systems, which may, by way
of an illustrative and non-restrictive example, include a
system or server such as that indicated at 12' in FIG. 7. In
accordance with an example embodiment, most if not all of
the process steps, components and outputs discussed with
respect to FIGS. 1-5 can be performed or utilized by way of
a processing unit or units and system memory such as those
indicated, respectively, at 16' and 28' in FIG. 7. In at least
one embodiment of the invention, programming code in its
entirety can be executed on a microcontroller embedded in
a plug. However, it is also conceivable in at least one variant
embodiment to employ another type of computer system
arrangement to execute programming code, such as a server
computer, a client computer, a node computer in a distrib-
uted network, or any combination thereof.

In accordance with at least one embodiment of the inven-
tion, there is broadly contemplated herein a simple and
inexpensive mechanism for rescheduling deferrable high
consuming loads while maintaining a desired or expected
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comfort level for the consumer. As such, a plug, as broadly
contemplated herein, addresses power imbalance and peak
load while accommodating adaptive scheduling, user pref-
erences, grid sensing (frequency and voltage sensing), and
decentralized scheduling.

In accordance with at least one embodiment of the inven-
tion, a smart plug works in a decentralized fashion to
minimize computation and communication resource require-
ments as well as to avoid any single point of failure. Grid
load condition is sensed in real-time, and grid peak load
patterns and deferrable load usage pattern are learned based
on historical data and information. A simple scheduling
approach is implemented that shifts the loads to off-peak
times and responds to sudden fluctuations while respecting
consumer preferences.

In accordance with at least one embodiment of the inven-
tion, a plug with “smart” characteristics works merely by
using grid signals (e.g., frequency, voltage, current and
phase angle, etc.). As an intelligent and self-adaptive instru-
ment, it learns consumption profiles, grid conditions, such as
peak times and supply-demand imbalance situations, and
other external parameters, such as start times and durations
of scheduled power outages. Deferrable load can automati-
cally be rescheduled to off-peak times while respecting the
consumer preferences, thus obviating the need for any
manual switching or for reconfiguration in response to
changes in the external conditions.

In accordance with at least one embodiment of the inven-
tion, a plug with smart characteristics can be a self-standing
entity or can be integrated with an appliance (e.g., a water
heater or washing machine). It works in a decentralized
manner and realizes the peak reduction in a self-organized
way. It does not require any new infrastructure, senses grid
conditions in real-time and thereupon dynamically responds
to situations of power imbalance.

As such, and in accordance with at least one embodiment
of the invention, as shown in FIG. 1, a plug (with smart
characteristics) 2 can be interposed between a power supply
4 and appliance 6 as an entity which is independent and
separable from appliance 6. Thus, as shown, appliance 6 can
plug into the plug 2, which itself can then be plugged into
a wall socket 9, itself in communication with power supply
4. Thus, instead of plugging in the appliance 6 directly to
wall socket 9, plug 2 serves as the receptacle for a plug from
appliance 6 and itself is plugged in to socket 9. For its part,
plug 2 includes a receptacle 13 to accommodate a plug from
appliance 6, user controls 15 for a user/consumer to set
parameters for scheduling a deferrable load and a display 17
for providing a readout of entered values (and/or other
information) as needed. In a manner to be better understood
and appreciated herebelow, plug 2 serves an intermediary
role by sensing characteristics of power supply 4 and
thereupon adaptively delivering a deferrable load to appli-
ance 6 in accordance with any of a variety of determining
factors.

In accordance with at least one embodiment of the inven-
tion, FIG. 2 shows a plug arrangement, with a plug 102 (with
smart characteristics) in communication with a power sup-
ply 104 and appliance 106. The plug 102 may be a self-
standing entity that is functionally separate from both the
power supply 104 and appliance 106 (and thus functionally
interposed between those latter two entities), or could be
functionally integrated with appliance 106. Included in plug
102 is a real-time clock 107 that can be integrated with any
and all of several constituent modules of plug 102 in order
to readily provide time data to such modules for the benefit
of carrying out time-based functions.
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In accordance with at least one embodiment of the inven-
tion, a user input interface 108 is mounted on the plug 102
and is provided for a user or consumer 110 to input infor-
mation related to external parameters, e.g., time windows for
the availability of other, e.g., alternative or renewable energy
sources or load shedding etc. (If, indeed, other energy
sources such as alternative/renewable energy sources avail-
able at certain times [e.g., if solar power is available in the
daytime], the plug 102 could serve to schedule a deferrable
load to such a time so as to avoid drawing power from the
conventional grid.) User interface 108 may include controls
(e.g., buttons or a touchpad) that are directly accessible to
the consumer 110 (e.g., at an exterior surface of plug 102),
integrated or in communication with a dedicated user inter-
face manager 108a. Manager 108a, then can be used to
communicate with data storage 116 (described further
below) to input user preferences or validate user preferences
learnt by a learning module 112 (described further below).
User interface 108 can also incorporate an override switch to
permit a consumer 110 to override any decisions or com-
putations of the “smart” plug.

In accordance with at least one embodiment of the inven-
tion, user interface manager 108a accepts three user-speci-
fied constraints: earliest start time (the earliest time at which
an appliance can be switched on); latest end time (the latest
time at which an appliance needs or is desired to finish
running); and duration (a duration over which an appliance
needs or is desired to be powered). For instance, if a
consumer 110 leaves his/her residence at about 8:00 AM, he
or she may specify constraints wherein an insulated water
heater must be run for 30 minutes between 4:00 AM and
7:00 AM.

In accordance with at least one embodiment of the inven-
tion, a grid sensing module 114 is provided to sense the
voltage and frequency of a power grid which supplies power
via power supply 104. As such, and in a manner to be
elaborated upon below, the line voltage and frequency can
represent good indicators of the current grid load and
supply-demand imbalance respectively, and module 114
retrieves frequency and voltage information at predeter-
mined times or time intervals (e.g., once per minute).
Accordingly, grid sensing module 114 may include fre-
quency and voltage sensors that are integrated or in com-
munication with a dedicated data manager 114a. Manager
114a, then, can send sensed information or data to data
storage 116.

In accordance with at least one embodiment of the inven-
tion, grid sensing module 114 may sense line voltage and
frequency of the electric grid, through power supply 104, in
accordance with some principles of power systems lending
themselves to this capability. As such, FIG. 3 illustrates a
simplified power system in conveying aspects of voltage and
frequency measurement, in accordance with an illustrative
example in the context of at least one embodiment of the
invention. As shown in FIG. 3, a load is connected to a
generator using a transmission line. F is the generator
voltage, ¥V is the load voltage, Z, , is the transmission line
impedance, and 7, is the load impedance (wherein all
quantities are vectors). It can now be illustrated as to how the
magnitude of load voltage V. decreases with increasing
load.

In accordance with the illustrative example in the context
of at least one embodiment of the invention, as shown in
FIG. 3, the current flowing through the line and load, I, is
given by
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(R
ZiN+Zip
where

ZLN =Zin10 = Zyycosh + jZLNsinO and

Zip = Zypl = Zypeosd + jZypsing.

Here, 0 is the phase angle between reactive and resistive
components of the line impedance while ¢ is the phase angle
between the load current and voltage. Next, the magnitude
of current I is given by

E
I s

\/(ZLNCOSO + Zpcosd)? + (Zyysing + Zypsing)?
Therefore, the magnitude of load voltage V5 is:

Vg = Zip X1 o5

Zip Xs

\/(Zuv cosf + Zypcosd)? + (Zpwsind + Zypsing)?

Since, in accordance with the illustrative example in the
context of at least one embodiment of the invention, as
shown in FIG. 3, the source voltage E¢ and transmission line
impedance 7,/ 0 are generally constant, the load voltage
V, is essentially a function of the magnitude of load imped-
ance Z; 5, and the power factor cos ¢. Generally, to minimize
reactive power consumption, appliances are usually
designed to have a high power factor (e.g., 0.9 to 1). Thus,
from Equation (1), it can be seen that the load voltage V is
dominated by the magnitude of load impedance Z, ,,. As the
load increases (i.e., as impedance decreases), the load volt-
age V decreases and vice versa. Therefore, as the collective
load on the grid increases, the corresponding voltage drop
can be sensed at households.

In accordance with at least one embodiment of the inven-
tion, grid sensing module 114 (FIG. 2) can readily serve to
detect supply-demand imbalance by sensing grid frequency.
Particularly, grid frequency is conventionally regarded as an
indicator of imbalance between generation and demand.
During imbalance, the output of each generator is automati-
cally adjusted to meet the demand. This changes the system
frequency according to the load-frequency characteristics of
the generators, as graphically illustrated in FIG. 4. There, the
plot shows that when generation is higher than P, that is,
the generation needed to support a fixed load), then fre-
quency drops. On the other hand, if generation is lower than
P,.,, frequency shoots up.

Returning now to FIG. 2, in accordance with at least one
embodiment of the invention, the data manager 114a works
as an interface between hardware sensors in module 114 and
data storage 116. Grid sensing module 114 can sense the grid
and read line voltage and frequency at regular time intervals.
The sensed data can then be preprocessed by manager 114a
and saved in the data storage 116 for later analysis by the
learning module 112. Data manager 114a can compress
sensed data prior to storage in data storage 116, via essen-
tially any suitable data compression technique. (By way of
an illustrative and non-restrictive example, one such tech-
nique, namely Piece-wise Aggregate Approximation [PAA],
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is discussed in J. Lin, E. Keogh, S. Lonardi, and B. Chiu, “A
symbolic representation of time series, with implications for
streaming algorithms”, in Proceedings of the 8th ACM
SIGMOD workshop on Research issues in data mining and
knowledge discovery, DMKD °03, pages 2-11, New York,
N.Y,, USA, 2003.)

In accordance with at least one embodiment of the inven-
tion, data are compressed by segmenting a data sequence
into fixed-length sections and calculating the mean value of
these sections. Using the aforementioned PAA technique,
given a time series V with n data points V={v ,v,, ..., v, },
the series is divided into segments of length w and creates
a compressed series V'={v,", v,', . . ., v,.'} of length

n
m=—,
w
where
1 xXw
’ ;
Vi:v_v_ Z viViell ... m}.
J=GTpontL

Thus, the original data are compressed by a factor of w.
The process here attempts to preserve similarities in the
original time series and allows data analysis on the com-
pressed representation instead of the original. Furthermore,
the process supports stream processing that is beneficial in
the resource-constrained environments such as encountered
in the context of embodiments of the invention. By way of
an illustrative and non-restrictive example, w can be 300,
and this would provide sufficient dimensionality reduction
and still retain granular information (5 minutes’ interval) for
further data analysis.

In accordance with at least one embodiment of the inven-
tion, data storage 116 comprises a small non-volatile
memory that stores user input information, the frequency
sensing history and the load consumption history. Any and
all of such information may be used by learning module 112
and a scheduling module 118 (both discussed in more detail
herebelow), while data storage 116 can also serve to store
outputs from such modules.

In accordance with at least one embodiment of the inven-
tion, the learning module 112 imparts a self-adaptive capa-
bility to the plug 102. As such, it receives the frequency and
voltage sensing history (for a predetermined previous time
period, e.g., the previous week or previous month) from the
data storage 116 and implements a data mining approach to
identify the frequent off-peak time slots at which the load on
the grid is low or frequency is stable. It can also be used in
the bootstrap phase to learn the usage pattern (duration of
use/frequent usage time slots, etc.) of the appliance 106 from
the load consumption history. (The “bootstrap” phase would
be an initial phase wherein the plug 102 only collects
information such as voltage, frequency sensing and actual
consumption history for the deferrable appliance 106, but
does not execute a scheduling mechanism. It then can learn
consumer preferences [e.g., earliest start time, latest end
time, duration, etc.] self-adaptively, instead of taking this
information from the consumer 110 directly.)

In accordance with at least one embodiment of the inven-
tion, learning module 112 adaptively learns the peak and
off-peak periods in the grid by analyzing the voltage time
series data collected and stored by the data manager 116.
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This information is then used to make scheduling decisions
for the deferrable load (e.g., appliance 106) attached to or
associated with plug 102.

In accordance with at least one embodiment of the inven-
tion, peak and off-peak periods are identified using two
steps. First, stored data (e.g., PAA data) are transformed into
a more meaningful symbolic representation (e.g. low,
medium, or high load) by using an approach similar to
Symbolic Aggregate Approximation (SAX) (as discussed in
Lin et al., supra). The SAX representation is used when the
time series exhibits a Gaussian distribution. In order to
discretize or label a time-series with k alphabets, the SAX
approach defines k-1 break points 3, P, - . . , Psp; in the
Gaussian curve, producing k equal-sized areas under the
curve. All values within an interval (§,, p,, ) are coded with
a symbol corresponding to the interval. However, the volt-
age time series does not follow a Gaussian distribution and
yields a distribution that is skewed towards one side. There-
fore, domain knowledge can be employed wherein lower
and upper break-points are identified using the following
heuristic:

Vemin(7)+0.3x(max(V)-min( V"))

V,=min(¥")+0.7x(max(¥")-min(¥"))

Thus, values <V, are classified as low load, those >V, are
classified as high load, and those in between are classified as
medium load. The resulting three-alphabet time series is
regarded as a grid load pattern V.

Continuing, in accordance with at least one embodiment
of the invention, let V*, . . ., V' denote the grid load pattern
for previous 1 days. In a second step, a median grid load-
pattern V for a 24-hour period is computed by considering
the grid-load pattern of the previous 1 days, where each entry
at time t is the median of the previous 1 entries at the same
time, that is, ¥,=median,_,(v,"). All time periods of high load
in the median grid load pattern are then regarded as peak
periods, and the balance as off-peak periods.

In accordance with at least one embodiment of the inven-
tion, to ensure grid and appliance safety, scheduling power
to appliances during periods of supply-demand imbalance is
avoided. Unlike peak load, a supply-demand imbalance
situation does not repeat periodically every day, and can
come about from an unplanned or sudden change in demand
or supply, detectable via detecting line frequency. Learning
module 112 can thus learn a normal operating range of grid
frequency by analyzing the sensed frequency data and
identifying the imbalance as an outlier. By way of an
illustrative and non-restrictive example, a 2-SD (two stan-
dard deviation) statistical test can be used to compute the
thresholds of normal operating frequency. (Such a test is
discussed, e.g., in V. Barnett and T. Lewis, Outliers in
Statistical Data, John Wiley and Sons, 1994.)

Accordingly, in accordance with at least one embodiment
of'the invention, lower and upper operating thresholds, f; and
f,, can be computed as:

S 2%

S+ 2%

where f, and f, are the mean and standard deviation of
sensed frequency data. Since mean and standard deviation
can be computed in an online manner on a microcontroller,
it would not be essential to store the entire frequency time
series data. In order to reduce sensitivity to the extreme
outliers that can change f,, and {,;, values beyond 3-SD can
be discarded from computations. At every sampling time



US 9,748,771 B2

9

interval, grid sensing module 114 can sense the line fre-
quency, f, and if it is less than £, it is identified as the
situation of supply-demand imbalance. Otherwise, in the
event of no sensed supply-demand imbalance, {; ends up
being updated (i.e., recalculated) by way of f, (which itself
ends up modifying f, and 1.

In accordance with at least one embodiment of the inven-
tion, the scheduling module 118 generally controls an on/off
control 119 (e.g., in the form of a relay switch) for regulating
the delivery of electrical power to appliance 106. As such,
scheduling module 118 undertakes two sub-tasks of offline
and online scheduling, respectively. For offline scheduling,
a related sub-module 120 determines a feasible working
time window for usage of the appliance 106, based on the
constraints such as grid off-peak times (generated by learn-
ing module 112), user comfort preferences (provided by
consumer 110 through user interface 108 or learnt by the
learning module 112), appliance-related constraints (work
duration, hold times, etc.) and external parameters (e.g.,
availability of renewable energy, load-shedding schedules,
etc.). (Appliance-related constraints can be provided by
consumer 110 via user interface 108, or learnt by learning
module 112 in the aforementioned bootstrap phase.) Offline
scheduling module 120 can thus output a schedule that is
based on historic data and store it in data storage 116.

In accordance with at least one embodiment of the inven-
tion, the online scheduling module 122, on the other hand,
responds to sudden or temporary changes or fluctuations in
the earlier stated constraints. The frequency sensing module
114, for example, can provide information about the real-
time load on the grid. If there are any sudden changes in the
grid load conditions, the online scheduling module 122
would use a back-off approach to wait for a certain random
number of time slots before switching on the appliance 106,
while respecting user/consumer preferences (e.g., earliest
start time, latest end time, etc.). This module 122 can also
divide the working duration of the appliance 106 into
multiple “chunks” (e.g., based on appliance specifications)
and make a real-time decision considering the grid load at
the start of every new chunk. Generally, a chunk is a block
of time for which an appliance can be run or is desired to be
run. For instance, if an electrical vehicle needs to be charged
for several hours (e.g., 4 hours), the charging time can be
broken up into 4 one-hour chunks or 8 half-hour chunks. As
such, the chunk size can be decided upon by the end user 110
based on the deferrable load being worked with. Accord-
ingly, if a chunk is too small, it would involve switching the
ON/OFF control 119 too frequently, or if it is too large, it
would miss out on addressing sudden changes in the grid
during that chunk time. By way of examples, in case of a
water heater, a single chunk of 30 minutes could be involved
while, in the case of a washing machine, each of the rinse,
spin cycles could be considered as separate chunks.

By way of further elaboration on the functioning of a
scheduling module 122, in accordance with at least one
embodiment of the invention, it can be appreciated that
user-specified constraints as well as grid load conditions are
taken into account. With an earliest start time S,, latest end
time E, and operational duration d of the appliance 106
obtained from consumer 110, the time between S, and E, can
treated as divided into discrete time intervals each of width
T. Let n=(E,-S,)/t be the total number of time slots and
D=d/t be the number of contiguous slots needed by the
appliance to finish work. (As such, loads here can be
assumed to be non-splittable.) Three scheduling schemes
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may now be discussed, namely, off-peak scheduling, ran-
domized scheduling, and probabilistic negative linear back-
off (PNLB) scheduling.

In accordance with at least one embodiment of the inven-
tion, off-peak scheduling involves attempts to avoid peak
time intervals to the extent possible. Inasmuch as peak time
intervals can be learned adaptively by sensing the grid, a set
of feasible start times to schedule the appliance would be all
slots €[S,, E,~D] excluding the set of peak time slots, where
the appliance can be run for D continuous slots. A simple
rule-based approach can then be employed wherein the
appliance is scheduled at the earliest possible time slot that
provides minimum overlap between the operational slots
and the peak time slots.

In accordance with at least one embodiment of the inven-
tion, it can be recognized that while off-peak scheduling is
useful and easy to implement, it may cause coordinated
peaking during off-peak hours if several plugs with smart
characteristics use the same rule to shift loads to common
time slots. Randomized scheduling can thus be employed to
distribute the loads uniformly across time. To this end, a
plug 102 can pick a time uniformly at random among all
slots €[S,, E,~DJ, and schedule an appliance 106 at the start
of the slot. Peak time slots may also be excluded if deemed
necessary. Given a sufficient number of time slots, random-
ized scheduling can yield a uniform demand distribution
across the off-peak slots and a commensurate reduction in
the peak load.

In accordance with at least one embodiment of the inven-
tion, PNLB scheduling can serve to respond to fluctuations
in demand or supply by considering the running load in the
grid. Here, multiple plugs with smart characteristics can
continuously sense the grid and attempt to acquire service in
the presence of varying load. Particularly, voltage sensing
can help determine if the load on the grid is low or high (i.e.,
if spare capacity is available or not). If the sensed voltage is
sufficiently high, the appliance is switched on, otherwise the
scheduling module 118 “backs off” and attempts to under-
take, at a later time, a scheduling of power to the appliance
106. The length of each time slot T can be assumed to be long
enough so that if appliances are switched on or off in the
previous time slot, the altered grid capacity can be sensed in
the next slot.

In accordance with at least one embodiment of the inven-
tion, FIG. 5 provides pseudocode for probabilistic negative
linear back-off (PNLB) algorithm to be used by a scheduling
module 112. Here, contention between multiple plugs can be
resolved in two steps. Firstly, if at time t, a plug 102 is to
sense the grid via grid sensing module 114, it uses a
contention window of length w_(t) and senses the grid at
time slot t +r, in which r is chosen uniformly at random €[0,
w(t)-1]. Thence, after sensing the current voltage v_ during
a time slot, plug 102 will switch on the appliance 106 with
a probability p that is proportional to the currently available
grid capacity. For their part, w(t) and p are given by the
following equation:

E -1
we(r) = max{l, rd },
0 if ve <V
1 if ve >V,
p=\
ve =V therwi
vV, otherwise,
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where V, and V,, are the safe operating voltage thresholds
(lower and upper, respectively) of the grid inferred from the
sensed data. Thus, essentially, a first step mimics the behav-
ior of the randomized scheduling scheme discussed above,
and the second step ensures that plugs react to varying grid
load whenever possible. In other words, in order to avoid a
situation wherein multiple plugs sense the grid simultane-
ously and all find the voltage to be high enough (above V)
to switch on their respective appliances, and thereby over-
load the grid above available capacity, a probabilistic
approach is incorporated. In this approach, the probability p
is proportional to the currently available grid capacity (cal-
culated based on voltages). Plugs then switch on appliances
with probability p, thus approximately p % of contending
plugs switch on without overloading the grid excessively. If
voltage is less than V, then p=0, and none of the plugs switch
on their respective appliances.

In accordance with at least one embodiment of the inven-
tion, a plug can be tightly coupled with the appliance such
as an electric vehicle or inverter (used for power backup). It
can sense the existing electricity storage level in the appli-
ance, determine the charging duration adaptively and sched-
ule appliance charging based on the grid conditions and user
specified time constraints.

FIG. 6 sets forth a process more generally for load-
shifting time deferrable devices, in accordance with at least
one embodiment of the invention. It should be appreciated
that a process such as that broadly illustrated in FIG. 6 can
be executed in its entirety on a microcontroller embedded in
a plug (such as the plug 102 described and illustrated herein
with respect to FIG. 2). The process may alternatively be
carried out on essentially any suitable computer system or
set of computer systems, which may, by way of an illustra-
tive and on-restrictive example, include a system such as
that indicated at 12' in FIG. 7. In accordance with an
example embodiment, most if not all of the process steps
discussed with respect to FIG. 6 can be performed by way
a processing unit or units and system memory such as those
indicated, respectively, at 16' and 28' in FIG. 7.

As shown in FIG. 6, in accordance with at least one
embodiment of the invention, an electrical load scheduling
mechanism is provided (224), and this is placed in commu-
nication with an appliance (226). Electrical grid load con-
ditions are assessed (228), and delivery of electrical power
to the appliance is scheduled via the electrical load sched-
uling mechanism (230). The scheduling includes deferring
delivery of electrical power to the appliance from a peak
load period to a non-peak load period based on the assessed
electrical grid load conditions (232).

Referring now to FIG. 7, a schematic of an example of a
cloud computing node is shown. Cloud computing node 10'
is only one example of a suitable cloud computing node and
is not intended to suggest any limitation as to the scope of
use or functionality of embodiments of the invention
described herein. Regardless, cloud computing node 10' is
capable of being implemented and/or performing any of the
functionality set forth hereinabove. In accordance with
embodiments of the invention, computing node 10' may not
necessarily even be part of a cloud network but instead could
be part of another type of distributed or other network, or
could represent a stand-alone node. For the purposes of
discussion and illustration, however, node 10' is variously
referred to herein as a “cloud computing node”. Components
of node 10', in the context of at least one embodiment of the
invention, can also be included in a microcontroller embed-
ded in a plug (such as the plug 102 described and illustrated
with respect to FIG. 2).
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In cloud computing node 10' there is a computer system/
server 12', which is operational with numerous other general
purpose or special purpose computing system environments
or configurations. Examples of well-known computing sys-
tems, environments, and/or configurations that may be suit-
able for use with computer system/server 12' include, but are
not limited to, personal computer systems, server computer
systems, thin clients, thick clients, hand-held or laptop
devices, multiprocessor systems, microprocessor-based sys-
tems, set top boxes, programmable consumer electronics,
network PCs, minicomputer systems, mainframe computer
systems, and distributed cloud computing environments that
include any of the above systems or devices, and the like.

Computer system/server 12' may be described in the
general context of computer system-executable instructions,
such as program modules, being executed by a computer
system. Generally, program modules may include routines,
programs, objects, components, logic, data structures, and so
on that perform particular tasks or implement particular
abstract data types. Computer system/server 12' may be
practiced in distributed cloud computing environments
where tasks are performed by remote processing devices that
are linked through a communications network. In a distrib-
uted cloud computing environment, program modules may
be located in both local and remote computer system storage
media including memory storage devices.

As shown in FIG. 7, computer system/server 12' in cloud
computing node 10 is shown in the form of a general-
purpose computing device. The components of computer
system/server 12' may include, but are not limited to, at least
one processor or processing unit 16', a system memory 28",
and a bus 18' that couples various system components
including system memory 28' to processor 16'.

Bus 18' represents at least one of any of several types of
bus structures, including a memory bus or memory control-
ler, a peripheral bus, an accelerated graphics port, and a
processor or local bus using any of a variety of bus archi-
tectures. By way of example, and not limitation, such
architectures include Industry Standard Architecture (ISA)
bus, Micro Channel Architecture (MCA) bus, Enhanced ISA
(EISA) bus, Video Electronics Standards Association
(VESA) local bus, and Peripheral Component Interconnects
(PCI) bus.

Computer system/server 12' typically includes a variety of
computer system readable media. Such media may be any
available media that is accessible by computer system/server
12', and it includes both volatile and non-volatile media,
removable and non-removable media.

System memory 28' can include computer system read-
able media in the form of volatile memory, such as random
access memory (RAM) 30" and/or cache memory 32'. Com-
puter system/server 12' may further include other remov-
able/non-removable, volatile/non-volatile computer system
storage media. By way of example only, storage system 34'
can be provided for reading from and writing to a non-
removable, non-volatile magnetic media (not shown and
typically called a “hard drive”). Although not shown, a
magnetic disk drive for reading from and writing to a
removable, non-volatile magnetic disk (e.g., a “floppy
disk™), and an optical disk drive for reading from or writing
to a removable, non-volatile optical disk such as a CD-
ROM, DVD-ROM or other optical media can be provided.
In such instances, each can be connected to bus 18' by at
least one data media interface. As will be further depicted
and described below, memory 28' may include at least one
program product having a set (e.g., at least one) of program
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modules that are configured to carry out the functions of
embodiments of the invention.

Program/utility 40", having a set (at least one) of program
modules 42', may be stored in memory 28' by way of
example, and not limitation, as well as an operating system,
at least one application program, other program modules,
and program data. Each of the operating systems, at least one
application program, other program modules, and program
data or some combination thereof, may include an imple-
mentation of a networking environment. Program modules
42' generally carry out the functions and/or methodologies
of embodiments of the invention as described herein.

Computer system/server 12' may also communicate with
at least one external device 14' such as a keyboard, a
pointing device, a display 24, etc.; at least one device that
enables a user to interact with computer system/server 12;
and/or any devices (e.g., network card, modem, etc.) that
enable computer system/server 12' to communicate with at
least one other computing device. Such communication can
occur via I/O interfaces 22'. Still yet, computer system/
server 12' can communicate with at least one network such
as a local area network (LAN), a general wide area network
(WAN), and/or a public network (e.g., the Internet) via
network adapter 20'. As depicted, network adapter 20' com-
municates with the other components of computer system/
server 12' via bus 18'". It should be understood that although
not shown, other hardware and/or software components
could be used in conjunction with computer system/server
12'. Examples, include, but are not limited to: microcode,
device drivers, redundant processing units, external disk
drive arrays, RAID systems, tape drives, and data archival
storage systems, etc.

It should be noted that aspects of the invention may be
embodied as a system, method or computer program prod-
uct. Accordingly, aspects of the invention may take the form
of an entirely hardware embodiment, an entirely software
embodiment (including firmware, resident software, micro-
code, etc.) or an embodiment combining software and
hardware aspects that may all generally be referred to herein
as a “circuit,” “module” or “system.” Furthermore, aspects
of the invention may take the form of a computer program
product embodied in at least one computer readable medium
having computer readable program code embodied thereon.

Any combination of one or more computer readable
media may be utilized. The computer readable medium may
be a computer readable signal medium or a computer
readable storage medium. A computer readable storage
medium may be, for example, but not limited to, an elec-
tronic, magnetic, optical, electromagnetic, infrared, or semi-
conductor system, apparatus, or device, or any suitable
combination of the foregoing. More specific examples (a
non-exhaustive list) of the computer readable storage
medium would include the following: an electrical connec-
tion having at least one wire, a portable computer diskette,
a hard disk, a random access memory (RAM), a read-only
memory (ROM), an erasable programmable read-only
memory (EPROM or Flash memory), an optical fiber, a
portable compact disc read-only memory (CD-ROM), an
optical storage device, a magnetic storage device, or any
suitable combination of the foregoing. In the context of this
document, a computer readable storage medium may be any
tangible medium that can contain, or store a program for use
by or in connection with an instruction execution system,
apparatus, or device.

A computer readable signal medium may include a propa-
gated data signal with computer readable program code
embodied therein, for example, in baseband or as part of a
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carrier wave. Such a propagated signal may take any of a
variety of forms, including, but not limited to, electro-
magnetic, optical, or any suitable combination thereof. A
computer readable signal medium may be any computer
readable medium that is not a computer readable storage
medium and that can communicate, propagate, or transport
a program for use by or in connection with an instruction
execution system, apparatus, or device.

Program code embodied on a computer readable medium
may be transmitted using any appropriate medium, includ-
ing but not limited to wireless, wire line, optical fiber cable,
RF, etc., or any suitable combination of the foregoing.

Computer program code for carrying out operations for
aspects of the invention may be written in any combination
of at least one programming language, including an object
oriented programming language such as Java®, Smalltalk,
C++ or the like and conventional procedural programming
languages, such as the “C” programming language or similar
programming languages. The program code may execute
entirely on the user’s computer (device), partly on the user’s
computer, as a stand-alone software package, partly on the
user’s computer and partly on a remote computer or entirely
on the remote computer or server. In the latter scenario, the
remote computer may be connected to the user’s computer
through any type of network, including a local area network
(LAN) or a wide area network (WAN), or the connection
may be made to an external computer (for example, through
the Internet using an Internet Service Provider).

Aspects of the invention are described herein with refer-
ence to flowchart illustrations and/or block diagrams of
methods, apparatus (systems) and computer program prod-
ucts. It will be understood that each block of the flowchart
illustrations and/or block diagrams, and combinations of
blocks in the flowchart illustrations and/or block diagrams,
can be implemented by computer program instructions.
These computer program instructions may be provided to a
processor of a general purpose computer, special purpose
computer, or other programmable data processing apparatus
to produce a machine, such that the instructions, which
execute via the processor of the computer or other program-
mable data processing apparatus, create means for imple-
menting the functions/acts specified in the flowchart and/or
block diagram block or blocks.

These computer program instructions may also be stored
in a computer readable medium that can direct a computer,
other programmable data processing apparatus, or other
devices to function in a particular manner, such that the
instructions stored in the computer readable medium pro-
duce an article of manufacture. Such an article of manufac-
ture can include instructions which implement the function/
act specified in the flowchart and/or block diagram block or
blocks.

The computer program instructions may also be loaded
onto a computer, other programmable data processing appa-
ratus, or other devices to cause a series of operational steps
to be performed on the computer, other programmable
apparatus or other devices to produce a computer imple-
mented process such that the instructions which execute on
the computer or other programmable apparatus provide
processes for implementing the functions/acts specified in
the flowchart and/or block diagram block or blocks.

This disclosure has been presented for purposes of illus-
tration and description but is not intended to be exhaustive
or limiting. Many modifications and variations will be
apparent to those of ordinary skill in the art. The embodi-
ments were chosen and described in order to explain prin-
ciples and practical application, and to enable others of
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ordinary skill in the art to understand the disclosure for
various embodiments with various modifications as are
suited to the particular use contemplated.

Although illustrative embodiments of the invention have
been described herein with reference to the accompanying
drawings, it is to be understood that the embodiments of the
invention are not limited to those precise embodiments, and
that various other changes and modifications may be
affected therein by one skilled in the art without departing
from the scope or spirit of the disclosure.

What is claimed is:

1. A method comprising:

providing an electrical load scheduling mechanism;

placing the electrical load scheduling mechanism in com-

munication with an appliance;

the electrical load scheduling mechanism comprising an

object which is separable from the appliance and which
transmits electrical power between an electrical grid
and the appliance, wherein the appliance plugs into the
electrical load scheduling mechanism and wherein the
electrical load scheduling mechanism connects to the
electrical grid;

assessing electrical grid load conditions from the electri-

cal load scheduling mechanism;

accepting user input at a user interface of the electrical

load scheduling mechanism, wherein said user input
comprises at least one user-specified time constraint
related to a time frame of delivery of electrical power
to the appliance and user-specified time windows asso-
ciated with at least one alternative energy source,
wherein the at least one alternative energy source is
different than the electrical grid; and

scheduling delivery of electrical power to the appliance

via the electrical load scheduling mechanism from the
at least one alternative energy source;

said scheduling comprising altering a predetermined

delivery of electric power to the appliance based on the
assessed electrical grid conditions and on the accepted
user input.

2. The method according to claim 1, wherein said sched-
uling is performed solely with respect to the appliance with
which the electrical load scheduling mechanism is in com-
munication.

3. The method according to claim 1, wherein the object
comprises a plug.

4. The method according to claim 1, wherein said altering
comprises interrupting delivery of electrical power to the
appliance responsive to grid imbalance.

5. The method according to claim 4, wherein the assessed
electrical grid conditions include electrical grid line fre-
quency.

6. The method according to claim 1, wherein said altering
comprises rescheduling delivery of electrical power to the
appliance from a peak load period to a non-peak load period
based on assessed electrical grid load conditions.

7. The method according to claim 6, wherein the assessed
electrical grid load conditions include electrical grid line
voltage.

8. The method according to claim 6, wherein said resched-
uling comprises rescheduling delivery of electrical power to
a randomly determined time.

9. The method according to claim 1, wherein said altering
comprises deferring delivery of electrical power responsive
to a probabilistic determination of current grid capacity.
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10. The method according to claim 1, wherein said
altering comprises altering delivery of electrical power to
the appliance based additionally on historical grid load
patterns.

11. An apparatus comprising:

at least one processor; and

a computer readable storage medium having computer
readable program code embodied therewith and execut-
able by the at least one processor, the computer read-
able program code comprising:

computer readable program code configured to accom-
modate an electrical load scheduling mechanism;

computer readable program code configured to placing
the electrical load scheduling mechanism in commu-
nication with an appliance;

the electrical load scheduling mechanism comprising an
object which is separable from the appliance and which
transmits electrical power between an electrical grid
and the appliance, wherein the appliance plugs into the
electrical load scheduling mechanism and wherein the
electrical load scheduling mechanism connects to the
electrical grid;

computer readable program code configured to assess
electrical grid load conditions from the electrical load
scheduling mechanism;

computer readable program code configured to accept
user input at a user interface of the electrical load
scheduling mechanism, wherein said user input com-
prises at least one user-specified time constraint related
to a time frame of delivery of electrical power to the
appliance and user-specified time windows associated
with at least one alternative energy source, wherein the
at least one alternative energy source is different than
the electrical grid;

computer readable program code configured to schedule
delivery of electrical power to the appliance via the
electrical load scheduling mechanism from the at least
one alternative energy source;

computer readable program code configured to schedule
via altering a predetermined delivery of electric power
to the appliance based on the assessed electrical grid
conditions and on the accepted user input; and

computer readable program code configured to control,
based on the computer readable program code config-
ured to schedule, delivery of electrical power.

12. A computer program product comprising:

a non-transitory computer readable storage medium hav-
ing computer readable program code embodied there-
with, the computer readable program code comprising:

computer readable program code configured to accom-
modate an electrical load scheduling mechanism;

computer readable program code configured to placing
the electrical load scheduling mechanism in commu-
nication with an appliance;

the electrical load scheduling mechanism comprising an
object which is separable from the appliance and which
transmits electrical power between an electrical grid
and the appliance, wherein the appliance plugs into the
electrical load scheduling mechanism and wherein the
electrical load scheduling mechanism connects to the
electrical grid;

computer readable program code configured to assess
electrical grid load conditions from the electrical load
scheduling mechanism;

computer readable program code configured to accept
user input at a user interface of the electrical load
scheduling mechanism, wherein said user input com-
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prises at least one user-specified time constraint related
to a time frame of delivery of electrical power to the
appliance and user-specified time windows associated
with at least one alternative energy source, wherein the
at least one alternative energy source is different than
the electrical grid;

computer readable program code configured to schedule

delivery of electrical power to the appliance via the
electrical load scheduling mechanism from the at least
one alternative energy source;
computer readable program code configured to schedule
via altering a predetermined delivery of electric power
to the appliance based on the assessed electrical grid
conditions and on the accepted user input; and

computer readable program code configured to control,
based on the computer readable program code config-
ured to schedule, delivery of electrical power.

13. The computer program product according to claim 12,
wherein said computer readable program code is configured
to perform the scheduling solely with respect to the appli-
ance with which the electrical load scheduling mechanism is
in communication.

14. The computer program product according to claim 12,
wherein the object comprises a plug.

15. The computer program product according to claim 12,
wherein said computer readable program code is configured
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to interrupt delivery of electrical power to the appliance
responsive to grid imbalance.

16. The computer program product according to claim 15,
wherein the assessed electrical grid conditions include elec-
trical grid line frequency.

17. The computer program product according to claim 12,
wherein said computer readable program code is configured
to reschedule delivery of electrical power to the appliance
from a peak load period to a non-peak load period based on
assessed electrical grid load conditions.

18. The computer program product according to claim 17,
wherein the assessed electrical grid load conditions include
electrical grid line voltage.

19. The computer program product according to claim 17,
wherein said computer readable program code is configured
to reschedule delivery of electrical power to a randomly
determined time.

20. The computer program product according to claim 12,
wherein said computer readable program code is configured
to defer delivery of electrical power responsive to a proba-
bilistic determination of current grid capacity.

21. The computer program product according to claim 12,
wherein said computer readable program code is configured
to alter delivery of electrical power to the appliance based
additionally on historical grid load patterns.
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