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1. Abstract

World population is forecast to grow to 9 billion by 2040 [4]. Over 70% of the world population will live in cities by 2050 [4]. Housing and accommodation, traffic congestion, environmental sustainability, resource management, etc are just a few of the challenges.  
As traditional fossil fuels will have a “sold-out” date and alternative energy sources are being explored and their technologies being developed and tested; we must continue to innovate to solve the problem. IT is harnessed, in an intelligent way, to meet the ever growing energy demand. 
Every stakeholder of a city can contribute to the solution. We can start from the energy consumption of a household, aggregating thousands and millions of households in a city multiply the effect, and the results could be very positive, with winners from every side. Saving household utility cost is one benefit, decision optimization (on the various energy sources) enjoyed by the consumer is another; nonetheless, a more imperative mandate is to use intelligence to match capacity with demand to achieve efficiency and to reduce the negative impact to the environment. The ultimate goal is the development and sustainability of the city we live in.

This survey paper presents the searches on the related work currently underway, from smart city to smart grid to smart meter. The objective is to review and discover this business domain’s integration architecture and the possibility of applying the event-driven approach and alert management system in the software solution.
2. Introduction

It has been a central issue for businesses, governments, and individuals to meet the energy demands of our growing population, while addressing carbon dioxide reduction. Modernization and rural-city migration continuously ask for the delivery of energy supplies. As global warming accelerates, we can no longer irresponsibly neglect the impacts of energy consumption to our environment. The challenge is sustainability.
Energy efficiency and new energy technologies could certainly play a pivotal role. However, sustainability cannot be achieved without a change of behavior on the consumer’s side, towards more socially and environmentally responsible. This requires an understanding supported by data evidence, followed by an adjustment or even a compromise of needs and wants and the willingness to subject to reasonable control. 

Surrounding the topic, there are currently high-sounding discussions on the Smarter Planet strategy that IBM has been pursuing during the past several months. The effort has recently accelerated because of the economic stimulus package in the U.S. and similar initiatives taken - albeit on a smaller scale - in other regions, as well as the realization that today the public sector offers more opportunities than other key target markets, which have been more rapidly impacted by the economic downturn [4].
The concept of sustainability should be equally important to the emerging countries like China and India, both top the list of largest population in the world and both together account for about 37% of the world’s population [11]. China and India have become more developed and modernized and the buying power of their people has been on the increase, there is a propensity for these countries to have many mega-cities. It is foreseen the number of households in these mega cities that can afford electrical appliances will increase drastically. 
The huge number of households in a mega city demanding energy at the same time would cause contention, leading to potential power outages (e.g. blackouts) which could be disastrous, causing damage to a city’s sustainability.
 
Therefore, it is probably the best time to look into realizing the call for a smart energy supply system integrated with household appliance control to save energy cost and reduce carbon footprints.
The objectives of this survey paper are three-fold

1. validate the application of a B2C business model not only embracing the internet but also the smart device such as the smart meter
2. confirm the need for a two-way collaboration between electricity company and the household consumer which is the base for smart decisions
3. explore the use of  IT-enabled integration design 

Through the survey it is also discovered the existing works do not touch much on the detailed integration design. Therefore, further to this survey paper in the final course paper, the following are planned to be covered. 

1. Integration at the system context level of the different players, such as the household appliances, the smart meters, the energy supply system, etc 

2. Logic model at the application level – applying the event-driven approach and the ECA (Event-Condition-Action) rule paradigm to explain the control mechanism
3. Application of the Alert Management System to prevent power outage and disruption

3. Background

3.1 Energy Conservation and Renewable Energy Sources

Energy conservation is always a hot topic because the traditional fossil fuels, still the backbone of the energy systems, are scarce and limited. Nowadays, the concept of effective and efficient use of energy is extended to a city’s sustainability. Voula Mega mentioned in order to offer citizens the conditions for fulfilling life, cities have to provide secure, sustainable, competitive and affordable energy [1].  Technology and innovation towards efficient energy systems, gradually integrating new and renewable energy sources, are fundamental [2].
Hydropower, solar, wind, biomass and biofuels, geothermal and tidal energy, are considered renewable sources of energy. They are not only environmentally sound but also provide a safe option to the security of the energy supply. 
Electricity systems’ reliability together with effective management in terms of electric transmission and distribution networks will decrease the risk of electricity supply disruptions. Blackouts can paralyze economies and societies and seriously affect the knowledge-based society [1].
The spring 2002 energy poll shed lights on the thoughts of the citizens of the EU. Voula Mega further reported, the most sought after pieces of information were those of a practical nature: how to save energy at home (53%), followed by the more complex issue of how to use new energy sources at home (42%) [1], the same proportion of respondents said they paid attention, when buying new equipment or appliances, to the amount of energy they required [3].
3.2 Smart City - environmental impact and sustainable development

Recent statistics show the year 2007 marked the first time in history that more people worldwide have lived in cities than in the countryside [4]. Mega-cities, those with populations of more than 10 million, have great challenges facing them and thus have great impetus to implement solutions, preferably sustainable ones [4]. 

In the summer of 2009 IBM hosted a series of events with decision makers from cities across Europe to discuss the use of technologies for cities to achieve sustainability and competitiveness. 
Gartner reported the below four key findings and two recommendations from this IBM event.

Key Findings:

1. World population is forecast to grow to 9 billion by 2040 [4]
2. Over 70% of the world population will live in cities by 2050 [4]
3. Cities are "systems of systems," and facing their sustainability challenges requires a systemic approach that cuts across different policy portfolios [4]
4. Technologies are available, but major challenges remain in how to govern long-term initiatives and balance them against short-term priorities [4]
Recommendations:
1. City government executives: Build a vision of a smart city, based on business and political priorities. Target diverse stakeholders, including utilities, IT product and service suppliers, academia, and research; and use approaches like crowdsourcing [4]
2. CIOs and other IT leaders in city government: Engage IT product and service vendors in sharing their views of a smart city, in order to check their strengths in different areas [4]
3.3 Smart Power Grid

It is believed what IBM defines cities as "systems of systems" include large and complex infrastructure systems like the power grid. What this technology leader tries to convey is to harness IT to build intelligence into the (electricity) structure to make it smarter (or, in IBM's words, "more instrumented, interconnected and intelligent"). The Smart Grid, together with Health Information Technology and Smart Transportation, are the key initiatives of IBM’s “Smarter Planet Strategy”.
Unlike the traditional “paternalistic attitude” embraced by the utilities in their interaction with customers - caring for them, but not allowing them to have much responsibility [5], the Smart Grid will require a breakthrough in communication, as Peter Honebein has called it the “new energy interface”. This interface calls for a much more democratized design approach involving collaboration between the two ends, the supplier and the consumer, to communicate and exchange data and information. 

4. Related Work

4.1 Human-Computer Interaction

Peter Honebein continued to explain the role of utility customers (consumers) as cocreators of value, facilitated and enabled by the HCI (Human-Computer Interaction) designers in the areas of performance, operational efficiency, demand response, energy efficiency, and load shifting [5].

In the conceptual horizon, Alejandro Buchmann has the following expectations on a smart city – seamlessness, ubiquitousness, intelligence, spontaneity and proactivity.
Smart cities are part of the Ambient Intelligence vision that foresees the vanishing of computational devices into the fabric of society and the ubiquitous availability of intelligent services in support of our daily lives. In this vision we should not be burdened by conscious manipulation of devices and ever more powerful but also complex interfaces. Instead, devices should be able to communicate and cooperate and support us in a proactive manner. [6]

Intelligently, Buchmann stipulated the very important forefront success factor of this smart integration. 
Accordingly, the notion of context must be very rich and must encompass a deep understanding of the user and his or her needs and preferences, as well as the availability of resources in a dynamically reconfiguring environment. [6]
4.2 Event-Driven 

Buchmann declared event services are a crucial part of the infrastructure for smart cities and event-based computing plays a central role in the realization of the vision [6].
The spontaneous interaction of devices and the wealth of sensors providing data and detecting events make the traditional computing paradigms based on simple request/reply or point to point messaging inadequate. Instead, event-driven processing is needed, in which producers and consumers of events are not aware of each other’s existence and events are delivered to interested parties by a broker (network) and the corresponding notification mechanisms [7].
Gartner echoed with Buchmann, saying “Smart Devices and Sense-and-Respond Systems Are Event-Driven”.

Companies are deploying more smart devices and sense-and-respond application systems that react quickly and intelligently to changing environmental conditions. These systems are fundamentally event-driven, rather than request- or time-driven. [10]

4.3 Smart Meter

Aaron Weiss’ description of “Elastic Smarts” [8] highlights the criticality of matching capacity to demand. The infrastructure must be adaptive to changing needs, instrumented, and connected to a larger network. The effect can also achieve the benefits of positive behavioral changes.
Weiss cited a program called “Smart Grid City” developed by regional power provider Xcel Energy. 
On the demand side, the hub of a smart grid system is a digital, two-way power meter. A two-way digital power meter reports usage directly to the utility. Beyond that, it provides real-time data to users (through a Web browser) about power consumption. This instant feedback itself can have a powerful effect on demand reduction – like printing calorie counts on fast-food menus - motivating customers to alter their behavior to lower their bills. [8]
A digital meter can also maximize the use of variable pricing models, where power is cheaper when demand is lower [8]. Variable pricing also allows customers to choose their source of power [8], whether wind-sourced or solar. 

When applying aggregation, a broader sense of demand elasticity can be achieved across thousands and millions of customers, towards the goal of matching supply to demand, as closely as possible.
The benefit of this concept is best illustrated by the ability to possibly prevent the incident of (large-scale) power outage. 
Weiss cited that the two-way grids being built in Boulder, as well as another by Duke Energy in Charlotte, NC are being designed to “know” about anomalies in the system [8]. Today, most power outages are reported directly by customers, but, with sensors as part of critical components, utilities will know when and where power has stopped flowing and, in some cases, anticipates problems before they lead to an outage. [8]
The benefits of smart metering are also widely enunciated in the UK. 
The UK government's Department of Trade and Industry has been allocated

10 million GBP to help co-finance, with energy companies, a pilot study in the use of smart meters and feedback devices and interest in the technology is rapidly growing [9].
Despite the fuel in heating up this initiative around the globe, just like any system integration project, smart metering has its own technical challenges, which are far bigger and more complex due to the foreseeable huge deployment scale.

Gary Vasey raised the below technical challenges. 

1. There is currently no standard communication protocol coupled with constant rapid changes in terms of new device introduction, new protocols and proprietary standards [9]

2. It requires the ability to network large numbers of meters, comprising different types and using different communication standards, collect and dispatch data and instructions, keep track of meter errors, validate and transform the data and simply store that magnitude of data [9]

3. It requires a software infrastructure that is scalable, performs in real-time, is truly adaptable to cater for new protocols and has built in error handling and audit capabilities [9]

5. Future Work
The scope of this paper focuses on the household consumers, therefore, the concept and design can be extended to the industrial and institutional consumers.
Likewise, future work can be done on Green Building, a holistic process that addresses a broad range of issues including community and site design, energy efficiency, water conservation, resource-efficient material selection, indoor environmental quality, construction management and building maintenance [12].
6. Discussion

The following objectives are achieved through this survey.

1. The need for a two-way collaboration between electricity company and the household consumer, the base for smart decisions, is confirmed

2. The use of  IT-enabled integration design is explored 

Further survey is still required to validate the application of a B2C business model embracing both the internet and the smart device.

In order to cover the following areas in the final course paper, more research is required on SOA, Architectures of Federated Event-Driven Systems, BPM software for business/technical challenges, and the utility-specific software platform such as Microsoft’s SERA (Smart Energy Reference Architecture), IBM’s Solution Architecture for Energy and Utilities Framework (SAFE) platform.
Planned areas to be covered in the final course paper:

· Integration at the system context level of the different players, such as the household appliances, the smart meters, the energy supply system, etc 

· Logic model at the application level – applying the event-driven approach and the ECA (Event-Condition-Action) rule paradigm to explain the control mechanism

· Application of the Alert Management System to prevent power outage and disruption
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