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1. Presentation of 

applicant from UCN: 

Name and Education 

background short CV 

attached 

Nadeem Iftikhar 

Ph.D. in Computer Science from Aalborg University, MSc. in Information 

Science from University of New South Wales (Australia), and a Certificate in 

Big Data Analytics from University of Missouri (USA). 

Employed as an Assistant Lecturer in Computer Science 

 

Finn E. Nordbjerg 

MSc. in Mathematics and Computer Science from Aalborg University 

Employed as an Assistant Lecturer and Student Advisor in IT-Education 

 

2. Project title 

 

 

 

Description of the project 

 

 

 

Working title: Near Real-time Smart Meter Data Analytics Service Platform 

 

With the prevalence of cloud computing and Internet of things, smart meters 

and sensors are widely used in modern cities, generating huge volume of 

data, such as energy consumption data, sustainability data, e.g., CO2, and 

buildings etc. The overwhelming meter and sensor data become too large 

and complex to be effectively processed by traditional approaches. How to 

store, manage, and create values from the data become an important 

research problem. On the other hand, with the increasingly large amount of 

data, a single infrastructure which provides common functionality for 

managing and analyzing different types of big data is urgently required. To 

address this challenge, this project will develop a “big data” management 

platform that provides data analytics related services, including data-as-a-

service (DaaS), analytics-as-a-service (AaaS), and platform-as-a-service (PaaS). 

 

Smart meter is an electronic device of recording customer energy 

consumption in the time intervals of an hour or less. Smart meters normally 

communicate with utility companies for monitoring energy usage and 

management as well as with customers for observing their energy 

consumption [1]. In Denmark, all homes are expected to have smart meters 

installed (by 2020) to record their consumption. Smart meter data typically 

are characterized the “Big Data” features, such as with a large volume, high 

velocity and variety. The application of big data and cloud computing 

technologies in smart meter data analytic can improve energy management 

for both utilities and customers. For utilities, they have to provision for the 

peak demand, forecast energy demand, and improve energy flexibility. For 

customers, they require to understand their own energy consumption in 

better for saving energy and money. Hence, smart meter data analytics can 

contribute to the reduction of energy consumption and carbon emissions. 

 

 

 

 

 

 

 

 

 

 

 

 

3. What is the purpose of 

the project? 

 

http://utility/


 

Project objective: 

The objective of this project is to build a near real-time smart meter data 

analytics service platform, which assists utilities and customers in energy 

management. The readings from a large amount of meters are streamed into 

the system, analyzed by the algorithms, and visualized in a dashboard. The 

analytic results will be used to improve demand response and energy 

efficiency. The proposed analytics platform is adaptable enough to be used in 

other areas in which significant amounts of data is generated. 

 

Content of the project: 
The project is about specifying and developing a near real-time data analytics 

service platform for smart meters. Figure 1 shows the conceptual system 

architecture. We intend to build such a big data platform that can 

accommodate the data from a large number of smart meters, scalar meter 

data from legacy systems and applications, climate data, geographic data, 

demographic data, sustainable data, and any other types of data relevant to 

meter data analytics. Based on this smart meter data warehouse, the 

platform will provide a number of services for facilitating the use of the data. 

 
Figure 1. Conceptual System Architecture 



 

First, for the real-time data collection, smart meters today are able to collect 

a fine-granular time interval readings, e.g., in minutes or in seconds. A 

common problem for most data collecting systems is overusing data proxies 

in their collecting infrastructures, which is complicated, and may cause badly 

data delay. One of the tasks in this project is to implement a new data 

collector to collect real-time data. The implementation of data collector will 

be based on the current or emerging utility industry standards that can 

ensure near real-time data sources (e.g., smart meters, indoor climate 

sensors) to be easily  connected to the data management platform. The data 

collector is capable of handling very high volume and high velocity of the 

data, e.g., collecting data from millions of smart meters at the interval of a 

few minutes or seconds.  The data collector will also have the capability of 

doing data validation which can ensure the structure and types of the 

incoming data to match the format in the data warehouse. The stream 

analytic service will be responsible for all the data quality issues, and anomaly 

detection issues. For example, it can do the referential integrity checking to 

ensure the data is correctly associated, and does the anomaly check to 

identify outliers and anomalous events such as energy leakage or theft.  

 

Second, this project will use a data warehouse system to manage both of 

smart meter data and socio-economic data, while also making the data 

readily available to the analytics. The conventional approach of managing 

energy data, such as a centralized data warehouse, is becoming hard to 

manage the scalable data. As the evidence, many enterprise systems today 

are only able to do household-based analytic, but not beyond this, even for 

the simple aggregations across households, which is largely due to the 

scalability issue. Energy industry calls for the innovative solution to manage 

big energy data. In this project, we will implement such a data warehouse 

system supporting for scalable data sets. We may employ both relational and 

non-relational (NoSQL key/value store) databases as the data warehouse in 

our platform. The relational one is designed to manage structured and slow-

changing data, such as demographic data, building data etc., while the non-

relational one will be used to manage very large volumes of time-series data, 

such as meter and sensor data. A relational database supports for random 

read and updates, while the non-relational is for the large streams of append-

only data that read is more important. The other co-related technology is 

data analytics technologies for big data. This platform is intended to support 

scalable data analytics in clusters. There are two mainstream technical 

options. One is Hadoop-based (or non-in-memory based), such as Mahout 

[24] and Hive, and the other is distributed in-memory based system, such as 

Spark. Both types of the system have pros and cons. We intend to support 

both.  

 



 

Third, the platform will provide Data as a Service (DaaS), Platform as a Service 

(PaaS), and Analytics as a Service (AaaS). This project is intended to build the 

service platform for users better using of the data. Figure 1 shows the 

services that will be offered by this platform. The platform will use open data 

protocol to interface the data in the data warehouse, such as RESTful 

protocol. User can access the data use RESTful APIs with user authorization. 

Since the data in the data warehouse system is well-formatted, organized, 

and with good quality, when users use the data, they can focus on data 

analyzing. The analytic service will provides a library of analytical functions 

that can be invoked for stream analytics and batch parallel analytics. Stream 

analytics performs sophisticated analyses on real-time data streams, and 

based on the results provides alert services, e.g., utility may want to receive 

alerts when there is an unexpected and significant drop or spike in load, and 

customers may want to alerts when (s)he has anomaly high consumption 

compared with his/her history consumption or a group (e.g., neighbors). This 

platform also intends to provide platform as a service to users. For example, 

software developers develop data analytics applications using our data and 

analytic library, and run their applications on our platform. Correspondingly, 

an application container (or store) will be implemented to host the 

applications. The benefit is that users have the freedom to develop their own 

applications, while we could control the legal use of the data, and the 

security for both of the data and the application. 

 

In conclusion, the service platform built during this project will able to 

provide extract-Clean-Transform-Load technologies, in addition to Data as a 

Service (DaaS), Platform as a Service (PaaS) and Analytics as a Service (AaaS). 

4. What is the background 

of the project? 

Background 

 
Smart meters are increasingly used worldwide. According to a GTM 

Research’s report, the Advanced Metering Infrastructure (AMI) market is 

expected to total $9.7 billion by 2020 [24]. Gartner has identified smart 

meter data analytics as one of the top 10 technology trends in the Energy 

and Utilities sector for 2013 [23]. In Denmark, smart meters have been used 

in smart grid, and are being installed in the other sectors, including heat, 

water and gas. The use of smart meters has become a part of Danish Smart 

Grid strategy [3, 4], and the Danish government has set the target of using 

smart electric meters for all homes by 2020 [2]. Aarhus city plans to install 

53,000 smart meters before 2017 and DONG Energy will be rolling out their 

smart meter program in the coming 5 years [3]. 

 
Smart meter data analytics raises the ever-growing interest in both industry 

and academia in recent years. Some efforts towards smart meter data 

analytics have been found. 

What are the ”State-of-

the-art” a) What are the 

previous investigations in 

this field both nationally 

and internationally? 

(Please include reference 

list) b) How does this 

project is related to 

previous studies and 

results? 

http://grid/


 

Synthetic data generator. Some works of data generation have been 

reported, e.g., [4, 5, 6, 7] developed the weather data generators that are 

capable of generating weather data according to the observed climate. 

Similarly, data generator tool for cloud sized applications has been reported 

in [8], which is able to generate data in parallel. Moreover, a synthetic data 

generator that generates multi-dimensional numerical data has been 

developed by [9]. A generic relational data generation tool that can efficiently 

generate realistic test data for OLTP, OLAP and data streaming application 

has also been presented in [10]. In contrast, in smart meter area, due to the 

privacy issue, it usually hard to get the real-world smart meter data for the 

analytics, while smart meter data is crucial for the energy evaluation and 

building  analytic systems. Smart meter data generator has not been found 

available to the public so far. In this project, one of our tasks is to create a 

smart meter data generator. Unlike other data generators, we intend to use 

the Big Data technologies, such as Hadoop MapReduce framework, to 

generate large-scale synthetic data in parallel. And, we will also use 

quantitative data analysis approach, such as ANOVA (analysis of variance), to 

evaluate the quality of the generated data. 

 

Smart meter data analytics technologies. Statistical analytic tools, such as R, 

Minitab, SPSS, Matlab and Mathematica, can be used in smart meter data 

analytics. Proper selection of the tools, however, is essential to the data 

analytics [11]. One of the latest trends in data analytics is of using Big Data 

technologies, such as using MapReduce, scalable NoSQL databases, and SQL-

on-Hadoop.  According to [12, 13], in-memory based analytic tools can make 

crucial business related decisions faster. According to these findings, we plan 

to use in-memory technologies in the smart meter data analytics, such as 

using PostgreSQL/MADlib [14]. In data visualization, a smart meter dashboard 

(SmartD) is reported for visualizing near real-time smart meter data [15]. 

[16], improves Hadoop/Hive’s performance on smart meter big data analysis 

by incorporating multidimensional range index. Furthermore, a cluster-based 

analysis approach of smart meter data within a business intelligence 

environment has been implemented and evaluated [17]. The technique 

provides detailed customer segmentation based on their consumption 

behaviors, as a result, metering service companies can offer innovative 

service products, such as energy management planning or regional load 

profiles. In contrast to these works, our project will aim at developing a 

complete solution for smart meters data analytics that includes data 

integration, data cleansing,  data analytics and data visualization. To achieve 

near real-time big data analytics, we will use Big Data technologies, such as 

Hadoop/Hive for batch processing, and use Spark Streaming/Kafka/MADlib 

for real-time data processing. 

 



 

Smart meter data storage. A comparative study of data storage and 

management for the smart grid has been reported by [18]. The study 

compares the differences of using central databases, distributed databases, 

NoSQL databases, and their hybrid solutions. In accordance with our initial 

findings, the study concluded that in-memory multi-core processing can 

accelerate the processing of data, which satisfied the real-time goal of the 

Smart Grid. 

 

Furthermore, in recent we have conducted a survey of the near real-time 

data processing systems for big data, titled “Survey of Real-time Processing 

Systems for Big Data”, and published our findings in an international peer-

reviewed conference proceeding [19]. Besides, our paper about verifying the 

quality of sensor data, titled “Relational-based Sensor Data Cleansing” [20], 

has been accepted in another international peer-reviewed conference. The 

findings in both of the papers will be used in this project. 

 

In conclusion, there exist some related works, but still lacks a comprehensive 

solution for smart meter data analytics, particularly lacking in near real-time 

and big data capability. This project will develop a complete and innovative 

smart meter data management platform in filling this gap. The system can 

streamline smart meters data analytics, including data integration, data 

storage, data analytics, and visualization, which can be run in a cloud 

environment to provide services.  

5. Which research 

questions the project 

addresses? 

What is the overall 

problem statement? 

Possible clarification of the 

research questions 

pertaining to the project. 

Research Questions 

● How to create a synthetic smart meter data generator tool with the 

ability of generating large volumes of realistic smart meter data? 

● How to evaluate the quality of the data generated by the data 

generator? 

● How to manage/store smart meter data? 

● How to validate smart meter data? 

● How to process/analyze smart meter data in near real-time, scalable 

and efficient manner? 

● How to effectively visualize data analysis results? 

● What kinds of algorithms can be implemented for supply- and 

demand-side smart meter data analytics? 

6. Description of the design and the methods used and the consideration underlying the choice of design 

and methods 

 

The project is about specifying and developing near real-time data processing and analytic service platform 

for smart meter data. The project will focus on clarifying the design and technological issues. First, we will 

make literature reviews and surveys to investigate the existing or similar systems, and then we will 

evaluate the strengths and weaknesses of others. Finally, based on the investigation results, we will design 

our smart meter data analytic service platform. 



 

Smart meter data analytics not only involves smart meter data, but also involves the related social-

economic data, such as the weather condition at the sites of meter installation, customer information, and 

the geographic information, etc. which complicate the meter data analytics process. Meter data analytics 

algorithms such as forecasting have to consider the impact from social-economic metrics. Therefore, the 

volume of the data to be analyzed will be large, and the data might be of variety since the data are from 

different data sources.  

 

This project will develop a prototype system to facilitate the analytics using smart meter data, as well as 

socio-economic data. This project will use open source big data technologies, and the potential options 

might include Hadoop-based systems [21] such as Hive and Mahout, and streaming data processing system 

such as Spark streaming, Storm etc. We will create a web-based application that uses the high performance 

relational database management system, PostgreSQL, as the underlying database, and MADlib [14] as the 

machine learning and analytic toolkit. We may also develop mobile phone applications to facilitate the use, 

e.g., utilities can monitor energy supply and demand, and customers can monitor their own energy usage 

and billing information on handset devices. 

 

To ease our development tasks and evaluate the research results, we divide the whole process into the 

following four phases, also as the milestones of this project. 

 

In the first phase, data generation tool will be designed and developed. The tool will use MapReduce 

framework, and use real-world smart meter data as the seed to generate the data.  We will use the data 

from The Commission for Energy Regulation Smart Metering Project in Ireland [22] in 2007 with the 

purpose of taking trails to judge the smart meter data generator in both performance and data quality.  

 

In the second phase, we will do the database schema design for managing smart meter time-series data. 

UML tool might be used to create the diagram of expressing the schema, which will be mapped to a 

relational schema in relational data management system, such as PostgreSQL. After that, the database will 

be populated with the data generated by the data generator. In this phase, the necessary analytic 

algorithms will be implemented by using the in-database machine learning toolkit, MADlib.  In addition, 

some benchmarking work will be conducted to evaluate the system, which in the end will lead to the 

improvement of the system by doing optimizations. 

 

In the third phase, we will implement a data streaming system to integrate smart meter data in a real-time 

fashion. The streaming system is able to extract the data from smart meters directly at a regular time 

interval, e.g., every 5 minutes, and it can do some necessary data cleansing work before loading the data 

into the database.  In particular, we will design an algorithm to detect anomalous energy consumption. It is 

interesting for both utility and customers to monitor energy consumption in real time, e.g., utility can 

discover the energy leakage or theft in time, and a customer can notice the anomalous usage immediately 

if (s)he forgets to turn off stove after cooking. Spark streaming, Kafka, or Storm may be used as our 

streaming system. 

 

In the final phase, the streaming system and the upfront analytic system will be integrated, which will form 

a complete solution for streamlining smart meter data analytics, including data capturing, cleansing, 



 

anomaly detection, data loading, analyzing, and visualizing.  We will find the real-world cases of using our 

system that provides real-time analytics services consistently.  

 

  

7. What are the prospects for the project results? Below whom the project is beneficial? And how the 

project can be related to other programs at UCN 

 

● Theoretical results: a number of algorithms for smart meter time series data will be developed, 

such as abnormal detection algorithm, data models for fitting energy consumption with social-

economic data, and time-series data management, etc. 

● Prototype system:  A prototype system will be developed for streamlining smart meter data 

analytics 

● Publications: we expect to produce 4-5 papers 

● Training of students: We expect that at least five students will participate in this project, and based 

on this project to finish their bachelor projects. 

● Related to other programs at UCN: The results will be interesting and useful widely by Danish 

utilities companies, UCN - particularly in IT and Energy Technology. 

● We would also like to use the project findings, results, and developed knowledge as the use cases 

or examples for our teaching at UCN - in IT and Energy Technology. 

● The analytical infrastructure built by this project could also be used by other big data related 

projects, for example sustainable building projects, etc. The other projects could make use of this 

platform to manage the data, analytics, visualization, and further development. 

● Moreover, we intend to collaborate with UCN - Architectural Technology and Construction 

Management since we have identified the similar problems of them. This analytic-based service 

platform would be useful to solve their problems. 

  

8. Which internal and 

external partners are 

involved in the project? 

 

 The project is a collaboration between UCN (Computer Science) and DTU 

(Management Engineering) 

 

DTU Participant: Xiufeng Liu (xiuli) 

Xiufeng Liu: He is a Postdoctoral researcher at Management Engineering 

Department of Technical University of Denmark. He holds the PhD of 

Computer Science from Aalborg University, Denmark. He worked as a 

Postdoctoral researcher on Smart Meter Data Analytics Project in University 

of Waterloo, Canada, and the research scientist in IBM Toronto research 

center between 2013 and 2014. He has several publications of Smart Meter 

Data analytics in the proceedings of the top conferences, EDBT and ICDE, and 

has a submission to the leading Journal of Database System, TODS. His 

research interests are smart meter data analytics, big data, and data 



 

warehousing. 

9. Describe how the 

project results are 

expected to be conveyed 

 

The following indicate the 

publishing options 

 

 

 

The project results will be communicated in peer-reviewed journals and 

conferences. The relevant journals and conferences are listed below: 

a) Big Data Research by Elsevier 

b) International Journal of Intelligent Information and Database 

Systems by Inderscience 

c) Advances in Data Analysis and Classification by Springer 

d) International Journal of Big Data Intelligence by Inderscience 

e) Journal of Big Data by Springer 

f) The ACM/SIGAPP Symposium On Applied Computing (SAC) 

g) International Conference on Big Data Analytics and Knowledge 

Discovery (DaWaK) 

h) ACM International Workshop On Data Warehousing and OLAP 

(DOLAP)  

i) International Database Engineering & Applications Symposium 

(IDEAS)  

j) International Conference on Knowledge-Based and Intelligent 

Information & Engineering Systems (KES)  

k) East-European Conference on Advances in Databases and 

Information Systems (ADBIS) 

 

Also, we expect that the outcomes of the project will be outset for student 

projects and cases in the teaching of IT and Energy Technology at UCN, and 

we expect that we can offer specialization courses in energy data 

management. We will organize a number of energy data management 

related seminars, and invite our colleagues and industry specialist to 

participate. Moreover, we intend to open source this analytics platform in 

the end. Users could use this platform to manage their own energy data by 

the free use of our software, but we may commercialize the consultant 

services. 

10. Budget, time consumption and schedule (attached as separate annexes) 
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