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ABSTRACT renewable integration/ deploying suggestions based on

Green button data format is the upcoming smart grifeir energy usage for the available local tariffs. Cloud
standard for promoting the interoperability between tHf@mputing provides a whole new deployment model
smart meters. This gives the flexibility for the consumef@" enterprise web-applications. It emerged from sev-
to download their respective usage data in a comm8fRl computing techniques like grid computing, cluster
format, where it can be used for analysing on ar§Pmputing, software-as-a-service, utility computingdan
third party services. In this paper, a cloud based serviggtonomic computing.
for demand-side management conforming to the greenReference [3], gives an introduction to the cloud
button standard has been reported. Using this service, 8§&vices and smart power grids. It explains various
users can upload their multiple green button energy usﬁé"cepts of integrating power system applications on
data files for managing their demand in real-time arfdoud. A model for smart grid data management based
understanding their energy usage patterns for potenff SPecific characteristics of cloud computing, such as
savings on energy costs. The service has the functidhstributed data management for real-time data gathering,
alities of analysing energy usage, managing peak usag@fallel processing for real-time information retrieval,
future load projections, renewable switching suggestio®d ubiquitous access is presented in reference [4].
and capability to analyse the external data like weath@gference [1] proposed a energy information systems,
parameters for assisting in taking wise decisions. ~ Which manage energy consumptions over internet. The
authors presented an innovative decision-support system
and cloud computing software methodology that brings

Smart grid is going to revolutionize the way how endiogether energy consultants, consumers, energy services
consumers are consuming the electricity. End-consunpeocedures and modern web interoperable technologies.
oriented services are the key for an effective smakuthors also tried to integrate the smart meters on the
grid implementation. In this direction, a new smart gridloud. In reference [2], authors proposed concept of
standard termed as “Green Button“ has been introducgldud provider and some real-time demand response
in year 2011 to facilitate the availability of the endservices which operates on cloud. In this paper, the
consumers energy usage data in a common formatiniplementation of the cloud based smart grid standards
provides freedom to the end-consumers to study thewmpliant demand-side management applications is pre-
power consumption patterns in any third party servicesented. So far, such kind of work has not been reported in
An opportunity to save money on electricity bills is the¢he literature. The demand-side management applications
outcome of using these services. have the capability to analyse consumer energy usage,

With reference to the upcoming smart grid standardsanage peak usage, future load projection, suggesting
we built smart grid standard compliant cloud base®newable energy switching/ deployment, and to analyse
demand-side management tools for the end-consumigrs external data like temperature, and humidity. The out-
and made it available for 27 million end-consumerome of using these applications by any end-consumer
for free usage. This platform provides various toolsan be accounted in saving the money and environment.
which not only suggest the saving measures, but alsoThe rest of the paper is organized as follows: An
projects the future consumption and recommends timtroduction to the smart grid green button standard

. INTRODUCTION
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is presented in the Section Il. Section Il introducesf scale similar to a utility (like the electricity grid) owe
the key concepts of cloud computing. The conceptualnetwork (typically the Internet) [10]. It is the broader
architecture of cloud based demand-side managemeoicept of converged infrastructure and shared services.
tools is presented in Section IV. Design of Demanthere are three types of cloud computing: [8]
side management tools is presented in the Section V1) Infrastructure as a Service (laaS)
Conclusions and future work are discussed in Section VI.2) Platform as a Service (PaaS) and
3) Software as a Service (SaaS)
Cloud providers built data-centers by deploying hard-
National Institute of Standards and Technologyware, networking, storage, distributed systems, etc. and
(NIST) and its contractor Electric Power Research Iprovide the same as a service. Cloud users rent storage,
stitute (EPRI) led a series of workshops to identify kegnd computation from them and this whole setup is
standards of the Smart Grid, and importantly, to identifiermed as laas. PaaS is helpful for the developers in
critical gaps in the coverage of standards. Among tleeeating the services, who do not want to build their
most prominent, one such gap identified the need fown cloud. The platform for these developers is made
standardized energy usage information to inform ttevailable through the cloud providers. SaaS provides
consumer [5]. flexibility to the users to rent application software and
Green Button is the standard which facilitates electridatabases. Demand side management tools reported in
ity customers to securely download their own easy-tthis paper are using the public cloud where a model of
understand energy usage information from their electri@aS, PaaS, ans SaaS has been adopted. In our work,
ity supplier. Equipped with this information, consumersend users access cloud-based applications through a web
can use a growing array of new web and smart-phobeowser or mobile app while the development software
tools to make more informed energy decisions, optimizexd user's data are stored on cloud servers. The use
the size and cost-effectiveness of solar panels for their cloud computing allows applications to run faster
home, or verify that energy-efficiency retrofit investwith improved manageability and less maintenance, and
ments are performing as promised. Adoption of this staenables IT to more rapidly adjust resources to meet
dard by energy utilities allows software developers arlilictuating and unpredictable users demand.
other entrepreneurs to leverage a sufficiently large market
to support the creation of innovative applications that cdy: CONCEPTUAL ARCHITECTURE FOR DEPLOYMENT
help consumers make the most of their energy usage®F CLOUD BASED DEMAND-SIDE MANAGEMENT
information [6]. Adoption of demand-side management TOOLS
schemes require customer feedback and engagement t& conceptual architecture for deployment of cloud
enable them to benefit. Many electricity regulators alm®msed demand-side management tools is shown in Fig. 2.
interested in ubiquitous low cost green button capalsliti@he main components in the architecture are the pub-
to enable consumer engagement and support returnlioncloud management, cloud interface layer, and user
investments. An ecosystem of goods and services aammunication interface layer. The public cloud man-
be built around the green button standard, where thgement consists of the infrastructure maintained by the
web applications, desktop applications and applicatioo®ud provider, and a software deployment interface for
within the home can seamlessly integrate. The sequetice developer. The demand-side management tools reside
diagram of the energy information defined in the greén the developer software deployment arena and inter-
button standard is shown in Fig. 1. faced to the cloud interface layer. This interface opens its
connections with the world wide web (Internet) and any
user who want to access the demand-side management
Cloud computing is the delivery of computing andervices can connect through the user communication
storage capacity as a service to a community of enidterface layer. A firewall for the purposes of cyber-
recipients. The name comes from the use of a clouskecurity is maintained at both the cloud interface, and
shaped symbol as an abstraction for the complex infrasser communication interface layers.
tructure it contains in system diagrams. Cloud computing
entrusts services with a user’s data, software and com-
putation over a network [9]. Cloud computing relies on Demand-side management at the end-consumer
sharing of resources to achieve coherence and econornpiesnise is essential to save the energy costs both for the

Il. GREENBUTTON STANDARD

I1l. CLouD COMPUTING

V. DEMAND SIDE MANAGEMENT TOOLS
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Additional tags can be associated
depending on the customer class
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Fig. 1. Sequence diagram of energy usage information (XMipyesented through green button standard
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Fig. 2. Conceptual Architecture of Cloud based Demand Sidaddement Tools

electricity supplier and themselves. In this process, theEnergy usage data of the end-consumer is available
end-consumer has to respond to the high cost periadsgreen button XML format. This requires a software
by altering the regular demand. This requires sonaglapter to convert the files into some useful information.
handful tools for taking right decisions, which reflect th&@he XML schema prepared for the energy usage data in
savings in both short-term and long-term. The demangkeen button standard is shown in the Fig. 3. Using the
side management tools introduced in this paper have tireen button standard definitions, a separate parser-cum-
same features, and also conforming to the smart gadapter is written and made available on the software
standards in promoting the interoperability at the endhiterface of the cloud. The applications running using
consumer level. this information are as follows:
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<xs:complexType name="IntervalBlock"> Cosi Distriibition
<xs:annotation> cost per KWH
<xs:documentation>Time sequence of Readings of the same ReadingType.</xs:documentation> 30
</xs:annotation>
<xs:complexContent>
<xs:extension hase="ldentifiedObject">
<xs:sequence>
<xs:element name="interval" type="DateTimelnterval" minOccurs="0">
<xs:annotation>
<xs:documentation>Specifies the time T T a5 e s e s 0z d s e e e 20 2 e e
period during which the contained readings were taken </xs:documentation> Time (hours)
<[xs:annotation>
</xs:element>
<xs:element name="IntervalReading" type="IntervalReading" minOccurs="0" maxOccurs="unbound:
</xs:sequence>
<Ksiertension> Fig. 4. Distribution of average cost paid to the electrictypplier
<lxs:complexContent>
<[xs:complexType>

Cost (cents)
- o
5 S

\:0- costr‘

Expected Cost Range and Consumption

Fig. 3. XML schema in compliance with green button standard

Cost (cents)

1) Analyze Energy Usage
2) Manage Peak Usage
3) Look into the Future
4) Switch to Renewable
5) More Information, Get Smart Fig. 5. Expected cost range and consumption
These applications are free to use and available at
http://www.gridfortunecom/app. The only requirement
for using these applications is to have a valid greenetric, and the instance where the user has crossed
button energy usage file, which can be downloadéide baseline is treated as the unexpected usage. The
from the energy supplier portal. The analysis and resulisexpected electricity high use distribution is shown in
discussed in the preceding sub-sections are carried the Fig. 6.
on the PG&E users green button files available at [7]. The base cost paid to the utility or electricity supplier
is shown in the Fig. 7. The base electricity usage of the
user is shown in the Fig. 8. Using the unexpected usage

“Analyze Energy Usage” can help user to analyzgata, the possible savings are calculated and shown in
their energy usage and recommends how they can s@ye Fig. 9.

money on that usage. The features of this application o
includes a preliminary overview on the usage patterrs; APPlication-2: Manage Peak Usage
while identifying any unusually high periods. With that “Manage Peak Usage® is specialized to help user to
information, it also recommends ways in which usenanage their power usage at the peak (high cost) usage
can save more money on their electricity bill. Afteperiods. Using a robust optimization technique, the fea-
running this application on the cloud, it gives varioutire takes into consideration the consumer preferences,
insights into the user energy usage. Fig. 4 shows the
distribution of average cost paid to the electricity sugipli . e
across the hourly time intervals. Expected cost range, P e T
and consumption between minimum & maximum range il T
is available in the Fig. 5. This indicates the user relative '
consumption w.r.t the cost of electricity.
The usage of the electricity is classified under five
categories, namely, early morning (00:00 am - 6:00 am),
morning (6:00 am 12:00 am), afternoon (12:00 pm
- 18:00 pm) , evening (18:00 pm - 20:00 pm), and
night (20:00 pm - 00:00 pm). The consumer electric-
ity consumption is captured through the mean-variance

Time (hours)

| B actual use — minuse — maxuse‘

A. Application-1: Analyze Energy Usage

evening

—— morning

| @8 early morning @8 morning @ afternoon evening night ‘

Fig. 6. Unexpected electricity high use distribution
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Base Usage
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i ” ' Fig. 11. Future energy consumption projections

: The future projections are drawn using the regression
2 i iz b dal techniques and a sample running interface is shown in
the Fig. 11.

Usage (KWH)

Fig. 8. Base usage (24x7) D. Application-4: Switch to Renewable

“Switch to Renewables” recommends when it is most

profitable to connect user renewable energy sources,
such as day of the week and preferred level of consumgrch as solar, fuel cell, and wind, to the grid and for
tion, to help them optimize how they use the electriCityersonal use. It takes into account consumption levels
and how they want to decrease the consumption levelfyq the cost they are currently paying on electricity. This
The application interface is shown in the Fig. 10. feature, with consumer inputs about desired investment
provides three options for the user to pick, i.e, strigbyels and location, provides optimal recommendations
savings, moderate savings/comforts, or strict comforis, renewable energy usage to save and earn money. The
and accordingly, optimization will be run for suggestingppjication interface is shown in the Fig. 12.
the typical load scheduling patterns.
E. Application-5: More Information, Get Smart
“More Information, Get Smart” can provide more
“Look into the future” projects the future power usagenoney saving methods by taking into consideration
patterns. This feature is based on consumer input a@¢éhperature, humidity and wind speed. The user must
customized calculations to change ones energy usagfoad a file with additional information, through which
over a desired period of time and thus to save moneye feature will recommend the best way to reduce
energy usage and save money.
— Using this application, the user can also download
200k 1108534 the green button standard data as an excel file. The
application interface is shown in the Fig. 13.

C. Application-3: Look into the Future

V1. CONCLUSIONS

This paper has introduced the free cloud based
s34 demand-side management tools conformed to the smart
T grid standard called green button to the electricity end-
consumer community. These tools are helpful for the
consumers to manage their demand to reduce the energy
costs. Furthermore, the effective usage of these tools by
the end-consumers will also drastically impact on the

Savings (cents)
S
38
2

15736

Year

‘-Savmgsi

Fig. 9. Possible savings drawn based on the regular congumpt
patterns
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minimum of 1-6 % : 15.37 maximum of 1-6 in% : 70
minimum of 6-12 in%: 15.37 maximum of 6-12in%: | 70
minimum of 12-18 in%: 18.37 meximum of 12-18 in%: | 70
minimum of 18-24 in%: 15.37 maximum of 18-24 in%: | 70

Please choose & preference on how you would like to use your energy. This will sutomatically generate a range (minimum end mazimum) of your suggested power usage above.
If you would like, you can input your own range too! Type in your new desired range and please click on Draw Graph to display the graph with your customized inputs.

Optimal Usage
10000WH 60 cents
Graph shows the best way in which you can
- 7500WH 50 cents S - 1
= o optimize your power usage!
2 4
¥ S000WH A0 cents B The savings are:
= . a 40 cents
500WH 30 cents
OWH T T T T 20 cents
0 5 10 15 20
Time (hours)
-# actual use -#- cost per unit 8- optimal use
Fig. 10. Interface of manage peak usage
VSK
Grid Ffortune

What is the acceptable penetration of Renewables to you?
) High, equal to my existing installed capacity

© Moderate, ranpes from 50-90% of my installed capacity
@ Low, ranes from 0-50% of my installed capacity

Enter your preferred investment in dollars $: | 12000

Enter your zipcode: 90008

Gel Resulls Below is the Window-2 |

How You Use Your Money:

Money Spent
75
Investment Level (in §): 12000

3

City: Los Angeles

State: California

Cost [cents)

Out calculations (which the above graph
displays) show that you ate paying a hiph price

& dusing the Moming (6:00 am - 12:00 noon).

0 1 23 45 6 7 B 5 101l 12 13'14 1516 17 18 19 20 21 22 23 We recommend vou invest in Of Use YU
Time (hours) existing Wind, PHEV, or Fuel cell for more
i b profitable results
| cost

Fig. 12. Application interface of “switch to renewables"

costs of power procurement of the energy utility. Green smart provision of adaptive digital energy services ovaudl
button standard is currently in practice only in the US technologies,"lET Software Journalsyol. 5, no. 5, Oct. 2011.
and European nations. Rest of the nations should algbS. K. Bose, M. A. Salsburg, M. F. Mithani, “Leveraging Srha
localize the standard as per their local requirements due Meters for Initiating Application Migration across Cloudsr

. . . . . he d d-sid Performance and Power-Expenditure Trade-Off&st IEEE In-
to Its prime importance in encouraging the demand-side ternational Conference on Smart Grid Communications ($mar

management. GridComm),Oct. 2010.
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More Information,
Get Smart

Download your Green Button data in CSV format (for MS5-Ezcel and Open-Office users).

csv
The Green Button data in the format of C5V can be used to do the user specific analysis.

Please upload the downloaded CSV file by appending the Temperature and wind data
Note: (fill the data inaccordance with the CSV file format)

Filename: | Choose File | No file chosen

Fig. 13. More information, get smart interface
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