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WELCOME 
 
Dear PMAPS 2014 Participants, 
 
I am delighted to welcome you to the 13th International Conference on Probabilistic Methods 
Applied to Power Systems (PMAPS 2014) at Durham University. Durham has been a great centre 
of learning stretching back to the First Century AD, and now is home to a leading modern research 
university as well as the Norman castle and cathedral. 
 
Durham University has a very significant history of energy systems engineering research over the 
last 40 years, with current interests including wind generation technology, renewables integration, 
reliability and stability analysis, energy economics, smartgrids, and flexible conventional generation 
technology. Through the Durham Energy Institute we have a particular emphasis on 
interdisciplinary research, for instance with the Statistics Group within Mathematical Sciences, and 
with Social Scientists within Anthrology and Geography. 
 
Probabilistic and statistical modelling of power systems continues to be a key discipline within 
power systems analysis, due both to emerging issues such as renewables integration and 
smartgrids, and the ongoing need to perform long-standing functions such as asset management 
and renewal programmes more efficiently. The PMAPS conferences have been at the heart of 
activity within this area over the last 30 years. I hope that the 2014 conference with its varied 
programme of plenary, tutorial and contributed presentations will continue this proud tradition. 
 
On behalf of PMAPS 2014 Local Organising Committee, I thank you all for your participation in the 
conference. I trust that you will join me in thanking the Organising Committee, the PMAPS 
International Society, the International Technical Advisory Committee, the technical paper 
reviewers, Durham Energy Institute and our sponsors for their roles in making the event happen. 
 
I wish you all a productive and enjoyable week. 
 
Chris Dent 
PMAPS 2014 General Chair  
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COMMITTEES 
 

PMAPS International Society Directors 

Roy Billinton, University of Saskatchewan, Canada, Resident Director 
Fred Turner, PMAPS International, Canada, Resident Director 
Alfredo Testa, Second University of Naples, Italy, Resident Director 
Aydogan Ozdemir, Istanbul Technical University, Turkey, Chairman of PMAPS 2012  
Chris Dent, Durham University, UK, Chairman of PMAPS 2014 
 
 
Biographies 
 

 
Roy Billinton was born in England and came to Canada in 1952. He received 
B.Sc. and M.Sc. Degrees in Electrical Engineering from the University of 
Manitoba and Ph.D. and D.Sc. Degreesfrom the University of Saskatchewan. He 
joined the University of Saskatchewan as an Assistant Professor in 1964 after 
working for Manitoba Hydro in the System Planning and Operating Divisions. He 
retired from the University of Saskatchewan in 2003 and is now an Emeritus 
Professor in the Electrical Engineering Department. He has authored/co-authored 

8 books on reliability evaluation and over 950 technical papers. He is a Fellow of 
the Institute of Electrical and Electronic Engineers, the Canadian Academy of Engineering, the 
Engineering Institute of Canada, the Royal Society of Canada, a Foreign Member of the US. 
National Academy of Engineering and a retired Professional Engineer in the Province of 
Saskatchewan, Canada. 
 

 
Fred Turner is a graduate of the University of Cape Town and a post-graduate 
training fellowship with A.E.I. in England. He was involved in electrical system 
planning at B.C. Hydro for 32 years, and led development of B.C. Hydro's first 
reliability management plan, as Director of System Reliability. Concurrently, he 
chaired the B.C. Hydro Seismic Task Group reviewing earthquake risk and 
system vulnerability. In 1997, Fred Turner chaired the local organizing committee 
for the 5th International PMAPS Conference, in Vancouver, Canada. Fred retired 
from B.C. Hydro at the end of 1997, and subsequently formalized PMAPS into an 

international non-profit society, for the advancement of probabilistic methods applied to power 
systems, with Samy Krishnasamy and Roy Billinton. He is a Founder and Honorary Life Member of 
the Canadian Emergency Preparedness for Industry and Commerce Council, Past President of the 
Vancouver Electric Club, an Honorary Life Member of the Royal Vancouver Yacht Club and a 
Director of PMAPS International Society. 
 

 
Alfredo Testa was born in Naples in 1950. He graduated with honours in 
Electrotechnical Engineering in 1975. He was first Assistant Professor and then 
Associate Professor at Calabria University from 1984 to 1990. In November 
1990, he moved to Naples University as Associate Professor; during the 
academic year 94/95 he was Full Professor at Trieste University. Since the 
academic year 95/96 he has been Full Professor of Electric Power Systems at 
Naples Second University.  Presently, he is the President of the “Scuola 

Politecnica e delle Scienze di Base” of his University. He is engaged in research on electrical 
power system reliability, power quality and harmonic analysis. He is author of more than three 
hundred scientific publications. Dr. Testa is a Fellow of IEEE PES and of AEIT (the Italian Institute 
of Electrical Engineers).  
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Aydogan Ozdemir was born in Artvin, Turkey, in 1957. He received the B.Sc., 
M.Sc. and Ph.D. degrees in Electrical Engineering from Istanbul Technical 
University, Istanbul-TURKEY in 1980, 1982 and 1990, respectively. He has been 
working at the same university since 1980. He was with Texas A&M University 
from February 2000 to June 2002 as a visiting professor. He is currently 
Professor and Head of Fuat Kulunk High Voltage Laboratory at Electrical Power 
Engineering department of Istanbul Technical University. His current research 
interests are in the area of electric power system with emphasis on reliability 

analysis, intelligent tools for power system modeling, analysis and control and high-voltage 
engineering. He is a member of National Chamber of Turkish Electrical Engineering and Senior 
Member of IEEE. He had served as a deputy head of the department for 7 years in the past. He 
has chaired 3rd National Electrical-Electronics Engineering Education Conference in 2006. 
 
 
Chris Dent was born in Bury, in the south of Lancashire in the UK, in 1976. He received his BA in 
Mathematics from Cambridge University in 1997, and PhD in Theoretical Physics from 

Loughborough University in 2001. Following four years as a researcher in 
Physics, he studied for the MSc degree in Operational Research at Edinburgh 
University in 2005/6, graduating with distinction. He joined the Institute for 
Energy Systems at Edinburgh as a Research Fellow in January 2007, before 
moving to Durham University as a Research Fellow in autumn 2009. He has 
been Lecturer in Energy Systems Modelling at Durham since 2011 and Durham 
Energy Institute Impact Fellow since 2013, and from October 2014 will be 
promoted to Senior Lecturer. His interests range widely across power system 
analysis, including reliability assessment, network planning, economic modelling, 

optimisation, control and stability. In addition to his academic work, he was contracted by National 
Grid to design technical modelling for Great Britain’s statutory Electricity Capacity Assessment 
Study. He is a Senior Member of IEEE, Associate Fellow of the Operational Research Society and 
a Chartered Physicist. In 2012 he received the IET’s Mike Sargeant Young Engineer Career 
Achievement Award, and in 2014 he received an award from Durham University for Excellence in 
Research Impact. 
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Local Organising Committee 

(Durham University unless stated) 
Chris Dent, General Chair 
Janusz Bialek, Technical Chair 
Manolis Loukarakis, Assistant Technical Chair 
Christopher Crabtree, Finance  
Evelyn Tehrani and Matthias Troffaes, Publications 
Sean Norris (Psymetrix), Paper Submission  
Judith Aird, Daryl Dowding and Stina Maynard, Event Durham Liaison 
Frank Coolen and Peter Tavner 
Patrick McNabb (Psymetrix) 
Simon Blake, Phil Taylor, and Neal Wade (Newcastle University)  
 

International Technical Advisory Committee 

Allan, R., UK 
Abur, A., USA  
Anders, G., Canada  
Asgapoor, S, USA  
Bagen, B., Canada 
Bertling, L., Sweden 
Bialek, J., UK 
Billinton, R., Canada 
Borges, C., Brazil 
Caglar, R., Turkey 
Carpinelli, G., Italy 
Cheng, L., China 
Choi, J., Korea 
Chowdhury, A., USA  
Dent, C., UK 
Endrenyi, J., Canada  
Fotuhi Firuzabad, M., Iran  
Goel, L., Singapore  
Haldar, A., Canada  
Herman, R., South Africa 
Irizarry Rivera, A., USA 

Kjolle, G., Norway  
Krishnasamy, S., Canada  
Leite de Silva, A., Brazil  
Li. W., Canada  
Meyn, S., USA 
Milanovic, J., UK 
Miranda, V., Portugal  
Ozdemir, A., Turkey  
Pinson, P., Denmark 
Schilling, M., Brazil  
Simpson, R., NZ  
Singh, C., USA  
Testa, A., Italy  
Turner, F., Canada  
Wang, X., China 
Wang, P., Singapore  
Wangdee, W., Thailand 
Wellssow, W., Germany 
Xie, K., China 
Zachary, S., UK 
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PROGRAMME AT A GLANCE 
 

Venue 
Arnold Wolfendale 
Lecture Theatre 

Rosemary Cramp 
Lecture Theatre 

Ken Wade 
Lecture Theatre 

 

Monday July 7 

0930-1300 

Tutorials 

 

Asset Management – 
Condition and Risk 

Assessment Strategies 
(Anders) 

0930-1100 Smartgrid 
Deployment (Taylor); 

1130-1300 Generation 
Adequacy (Dent) 

1400-1745 Opening Plenary (Wolfendale Lecture Theatre) 

1900-2200 Welcome Reception (Durham Castle) 
 

Tuesday July 8 

0900-1045 Network Reliability I Time Series & 
Forecasting I 

System Operation & 
Control I 

1115-1300 Network Reliability II Uncertainty Assessment 
Renewables 
Integration I 

1400-1545 

Seismic Events, 
Weather & Other 

Influences on Power 
System Reliability 

Renewables Integration 
II 

Asset Management I 

1615-1800 Statistical Modelling 
Probability & Reliability 

Theory II / Asset 
Management II 

System Planning 

 

Wednesday July 9 

0900-1045 Network Reliability III 
Time Series & 
Forecasting II 

Generation Adequacy 
I (3) 

1115-1300 Network Reliability IV 
Renewables Integration 

III 
Probability & 

Reliability Theory I 

1400-1545 
Smart Grids & 

Microgrids 
Asset Management II 

System Operation & 
Control II 

1615-1800 System Planning II 
System Operation & 

Control III 
Monte Carlo 

Simulation Methods 

1800-2200 Reception (4th Floor Calman) and Banquet (Grey College) 
 

Thursday July 10 

0900-1030 Generation Adequacy II Network Reliability V 
Reliability of 
Generation 

Technologies 

1100-1230 Closing Plenary (Wolfendale Lecture Theatre) 

 
 
Tea and coffee will be served on the top floor of the Calman Learning Centre in the break midway 
through each morning and afternoon. On Monday July 7, tea and coffee will be served from 1100-
1130 (midway through the tutorials), and from 1545-1615 (between the keynote presentation and 
the panel presentations). 
 
Lunch will be provided at 1300 (Monday, Tuesday and Wednesday) and 1230 (Thursday) on the 
top floor of the Calman Learning Centre. 
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GENERAL INFORMATION 
 

About The City of Durham 

Former seat of the Prince Bishops of the county palatine, Durham is a spectacular cathedral city 
with an amazing heritage. Narrow cobbled streets wind their way around the rocky peninsula 
leading up to the majestic Norman cathedral and castle. The cathedral and castle not only 
dominate the skyline, they are also a designated World Heritage Site.  
 
Durham is a small and compact city, and everything is within easy walking distance. Just minutes 
from the bustling centre, you can enjoy the tranquility of leafy riverside footpaths along the banks of 
the River Wear, or the changing seasonal displays at the Botanic Garden. The Oriental and 
Archeological Museums hold fascinating collections of international significance, as well as offering 
key insights into local history.  
 
For the more energetic, why not take a boat out on the river, enjoy a round of golf at Mount Oswald 
Golf Course, or admire the breathtaking view from the top of the cathedral tower?  Hidden gems 
abound across the city, and never fail to delight the visitor. Why not pay a visit to medieval Crook 
Hall, or explore the ruins of Finchale Priory? Durham's bustling selection of riverside cafes, bars 
and restaurants await you at the end of the day, and provide the perfect location to relax and get 
away from it all. 

 

Durham University 

Durham University is distinctive - a Collegiate University with ancient traditions and modern values. 
We seek to achieve the highest distinction in research and scholarship which make a real 
difference to societies world-wide. We are equally committed to excellence in all aspects of 
learning, education and the transmission of knowledge. 
 
Research is at the core of Durham University. It shapes and inspires the disciplinary structure of 
our departments, several of which lead the UK - and even the world - in their fields. Research 
leads the content and development of our teaching at undergraduate and postgraduate levels, and 
creates new cross-disciplinary programmes through our centres and institutes. In partnership with 
policy-makers, industry, healthcare and education, Durham's cross-disciplinary and cross-cultural 
research shapes local, national and international agendas. 
 
The quality and influence of Durham's research across our three faculties of Sciences, Social 
Sciences & Health, and Arts & Humanities, was recently recognised with a ranking of 26th for the 
'citations' of Durham research by global academics (THE World Rankings 2011-12). Durham is 
ranked 5th in The Complete University Guide 2014, and in the top 20 in the world by employers for 
the quality and employability of its graduates (2012 QS World University League Rankings). 
 
Durham University is the third oldest university in England, after Oxford and Cambridge. Durham 
has been a leading European centre of learning for 1,000 years. 

 

Durham Energy Institute 

The Durham Energy Institute (DEI) supports and produces cutting-edge research that tackles the 
societal aspects of energy technology through a unique interdisciplinary approach. The Institute 
draws on the expertise of world-leading researchers in 8 Science Departments, 6 Social Science 
Departments and 2 Humanities Departments across the University.The Institute aims to unlock 
research synergies existing between different disciplines, producing major breakthroughs in our 
understanding of how to best meet the energy demands of the future. 
 
DEI was created in 2009 from a recognition that energy challenges transcend conventional 
disciplinary boundaries and an ambition to use new perspectives in thinking about, conducting and 

https://www.dur.ac.uk/dei
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implementing cross-industry energy research. DEI has now grown into an internationally leading 
institution, recognised for its ability to apply new methods and perspectives to existing and 
emerging energy challenges. Its unique “Science and Society” approach has led to world leading 
research on key energy areas such as smart grids and networks, shale fracturing, carbon capture 
and storage, smart cities, low carbon transitions, energy risk and resilience, and energy for 
development. 

 

School of Engineering and Computing Sciences 

The work of the School of Engineering and Computing Sciences is organised through five 
Research Groups: 

 Algorithms and Complexity; 

 Innovative Computing; 

 Mechanics; 

 Electronics; 

 Energy. 
 
As a small to medium sized School, it focuses its research in order to achieve recognition for 
international excellence in selected areas. In the 2008 UK Research Assessment Exercise all of its 
Engineering research output was assessed as being of of International Quality and over 70% was 
recognised as Internationally Excellent or World Leading (3* and 4*). The School was particularly 
praised for its research impact and the panel singled out its excellent research support and training 
arrangements.  
 
A strong School ethos exists for collaborative research. While individual academics are usually 
members of only one of the five RGs, they often enter into research collaborations with academics 
from other groups (elsewhere in the University, nationally and internationally), and regularly work in 
close collaboration with industry. The School has a strong record of successful technology transfer 
through KTP (Knowledge Transfer Partnerships) projects. Investigations not funded solely by 
industry are supported through EPSRC, Royal Society, BIS and EU grants. 
 

Statistics and Probability Group (Department of Mathematical Sciences) 

The Statistics Group at Durham University has an excellent track record in uncertainty modelling 
and uncertainty analysis. The group covers a wide range of topics associated with statistics and 
probability, including risk analysis, compex systems, decision making, non-parametric predictive 
inference, Bayes linear modelling, simulation, dimension reduction, and mathematical finance. 
Applications include environmental problems such as food safety and land use, energy systems 
such as electrical networks, storage and renewable resources, galaxy formation, software testing, 
systems biology, survival analysis, among many more. 
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HISTORY of PMAPS 
 
The International Conference on Probabilistic Methods Applied to Power Systems fills a vital role in 
the power engineering community, by providing a regular forum for engineers and scientists 
worldwide to interact around the common theme of power engineering decision problems under 
uncertainty. Looking back across all of the nine conferences, one sees a rich history of excellence. 
The following summarizes the series. 
 
PMAPS was first held in June, 1986, in Toronto, Canada, organized by Samy Krishnasamy, of 
what was then Ontario Hydro. It was called the International Symposium on Probabilistic Methods 
Applied to Power Systems. There were about 75 papers presented, and about 180 attendees from 
15 countries attended the Symposium. At that time a temporary International Council on 
Probabilistic Methods Applied to Power Systems (PMAPS) was formed with members from North 
America, Europe and Asia. The purpose of the Council was to assist in the selection of venues for 
the conferences and to provide continuity 
 
The surprising large interest in attending the first symposium resulted in the second symposium, 
held in September 1988 in Oakland, California, organized by Samy Krishnasamy and Richard 
Kennon of the Electric Power Research Institute. There were 45 papers presented at the Oakland 
Symposium, with over 150 attendees. 
 
The 3rd PMAPS Symposium (from then on it is called Conference) was held in July 1991, in 
London, England, organized by Professor Ron Allan and sponsored by IEE. There were 59 papers 
included in the proceedings. 
 
The 4th PMAPS Conference was held in September 1994, in Rio de Janeiro, Brazil, sponsored by 
Eletrobras and the World Energy Council. There were 71 papers included in the proceedings with 
about 150 attendees. Four tutorials were organized. 
 
The 5th PMAPS Conference was held in September 1997, in Vancouver Canada, organized by 
Fred Turner of BC Hydro. There were 92 papers in the proceedings, and attendance was about 
180. Also, 2 panel discussions and 1 tutorial were organized for this conference. Immediately after 
the fifth PMAPS in Vancouver, the PMAPS International Society was incorporated with Roy 
Billinton, Samy Krishnasamy and Fred Turner as directors. The PMAPS International Society is 
comprised of the directors, the local organizing committee chair of the immediately preceding 
conference, and the local organizing committee chair of the next conference. 
 
The 6th PMAPS was held in September, 2000, in Madeira Island, Portugal, organized by Vladimiro 
Miranda of INESC Porto and the University of Porto. There were 100 papers included in the 
proceedings plus an additional 16 in a small parallel event called RIMAPS’2000 aimed at European 
young researchers. Professor Ron Allan was recognized with a special honoring for his work in the 
development of probabilistic methods applied to power systems. 
 
The 7th PMAPS was held in September, 2002, in Naples Italy, organized by Alfredo Testa of the 
University of Naples and Guido Carpinelli of the University of Cassino. There were 150 papers 
included in the proceedings; 3 tutorials and 9 special sessions were also organized for this 
conference. Professor Roy Billinton was recognized with a special honoring for his work in the 
development of probabilistic methods applied to power systems. 
 
The 8th PMAPS was held in September, 2004, in Ames, Iowa USA at the Iowa State University, 
organized by Jim McCalley of ISU. There were 173 papers included in the proceedings, and 3 
tutorials, 2 workshops, and 11 special sessions were organized for the conference. The conference 
was attended by over 200 people. Dr. John Endrenyi was recognized with a special honoring for 
his work in the development of probabilistic methods applied to power systems. 
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The 9th PMAPS was held in June, 2006, in Stockholm, Sweden, at the Royal Institute of 
Technology (KTH), organized by Lina Bertling. There were 192 papers from 35 countries included 
in the proceedings, and 3 tutorials, 6 workshops, and 38 special sessions were organized for the 
conference. The conference was attended by 318 people.  
 
The 10th conference was hosted in Rincón, Puerto Rico, by the University of Puerto Rico - 
Mayaguez. There were 86 papers presented and 101 attendees from 30 countries. Professor 
Chanan Singh was recognized with a special honoring for his work in the development of 
probabilistic methods applied to power systems. 
 
The 11th conference, PMAPS2010, is organized by the IEEE Power & Energy Society (PES) 
Singapore Chapter, with the IEEE PES as the technical co-sponsor and the Nanyang 
Technological University & National University of Singapore as co-organizers. The conference 
received 184 full paper submissions, of which 137 have been accepted and scheduled for 
presentation. The full paper submissions came from 26 countries, and about 165 delegates have 
registered for the conference, of which about 64 are student delegates. Professor Armando M. 
Leite da Silva was recognized with a special honoring for his work in the development of 
probabilistic methods applied to power systems. 
 
The 12th conference, PMAPS2012, was held in Istanbul at Istanbul Technical University, 
organized by Aydogan Ozdemir.  The conference received 312 full paper submissions, of which 
197 have been scheduled for presentation. 177 papers were presented. 233 delegates and 45 
accompaniers from 50 countries have registered for the conference. Professor Wenyuan Li was 
recognized with a special honoring for his work in the development of probabilistic methods applied 
to power systems. 
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World Wide PMAPS 

A 1986 Toronto, Canada, S. Krishnasamy, Ontario Hydro 
B 1988 Oakland, California, S. Krishnasamy & R. Kennon, EPRI 
C 1991 London, England, R. Allan, IEE 
D 1994 Rio de Janeiro, Brazil, Eletrobras & World Energy Council 
E 1997 Vancouver, Canada, F. Turner, BC Hydro 
F 2000 Madeira Island, Portugal, V. Miranda, INESC Porto & Univ. of Porto 
G 2002 Naples, Italy, A. Testa, Univ. of Naples, G. Carpinelli, Univ. of Cassino 
H 2004 Ames, Iowa, J. McCalley, Iowa State University 
I 2006 Stockholm, Sweden, L. Bertling, Royal Institute of Technology (KTH) 
J 2008 Rincon, Puerto Rico, Agustin Irizarry Rivera, Univ. of Puerto Rico 
K 2010 Singapore, Lalit Goel 
L 2012 Istanbul, Turkey, A. Ozdemir, Istanbul Technical University 
 2014 Durham, UK. Chris Dent, Durham University 
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SOCIAL PROGRAMME 
 
A variety of social and cultural events are available for both technical delegates and their 
companions, based around the University’s historic properties and museums. They are all included 
in the relevant registration fees except the Thursday afternoon tour. 
 
 
Welcome Reception for delegates and companions, Monday at 1900 
Held in the Great Hall of Durham Castle, with drinks available from 1900 and food served at 1930. 
After the reception the Undercroft Bar (dating from the 11th Century, though not in continuous use 
for that purpose) will be available. 
 
Tuesday afternoon (companion programme) 
Guided tours of Durham Castle (1430) and Durham Cathedral (1530). In each case meet at the 
main entrance on Palace Green. 
 
Wednesday afternoon (companion programme) 
Guided tour of Durham University Botanic Garden. Meet at the Botanic Garden Visitor Centre at 
1430. Free entry to the Botanic Garden is available all week for delegates and registered 
companions. 
 
Conference Banquet for delegates and companions, Wednesday at 1800 
The pre-dinner reception will be held at 1800 on the top floor of the Calman Learning Centre (the 
conference venue), which has spectacular views over the Castle and Cathedral. The banquet itself 
will be served at 1930 in the Hall of Grey College, which is a short walk away. 
 
Thursday afternoon (delegates, extra charge applies) 
Guided tours of Durham Castle (1430) and Durham Cathedral (1530). As for the companion tours 
on Tuesday, in each case meet at the main entrance on Palace Green. 
 
 
Other activities in Durham city: 
 
Durham Cathedral 
Durham Cathedral is one of the great buildings of Europe. Set grandly on a rocky promontory next 
to the Castle with the medieval city huddled below and the river sweeping round. Its origins date 
back to the first millennium when the Community of St Cuthbert settled in Durham. The current 
building was started in 1093 and took forty years to complete. It existed as a Benedictine Cathedral 
Priory until the dissolution of the monasteries in 1539 when it was designated as a Church of 
England cathedral. In 1986 it was inscribed as part of the Durham UNESCO World Heritage Site. 
Entry to the Cathedral itself is free. You can climb the Cathedral tower for £5 and enjoy 
breathtaking views across Durham.  
 
Durham Castle and tours 
Situated in the heart of the City the Castle, along with Durham's world famous Cathedral, forms 
part of a UNESCO World Heritage Site. The Castle is open for tours on afternoons during term-
time and mornings during vacation periods as well as some afternoons 
 
River walks and rowing 
Take a walk or row a boat around Durham’s breathtaking and historic peninsula. Boats can be 
hired underneath Old Elvet Bridge in the centre of Durham City 
 
Durham University’s Botanic Garden 
Our 10 hectare University Botanic Garden is set amongst beautiful mature woodlands just five 
minutes walk from the Science Site and Calman Centre. We have plant collections from around the 
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world, including China, Japan, North America, South Africa, New Zealand and Chile, as well as a 
woodland garden, alpine garden and bamboo grove. 
 
Durham University’s Oriental Museum  
The Oriental Museum is the only museum in the North of Britain devoted entirely to the art and 
archaeology of the Orient. Its Chinese and Egyptian collections are among the finest to be found 
anywhere in Britain. The Museum is 5 minutes walk away from the Science site and Calman 
Centre. 
 
The Durham Light Infantry Museum and art gallery 
The DLI Museum is one of the North of England's finest military museums. It tells the story of one 
of the most famous County Regiments in the British Army. More importantly, it tells the story of 
ordinary people who lived extraordinary lives. 
 
Crook Hall and Gardens 
The 13th century Grade I listed medieval hall provides a spectacular backdrop to the stunning 
gardens. Visitors from all over the world come to share in the timeless magic of Crook Hall and 
leave inspired by these idylic English theme gardens. Soak up the atmosphere over a home-made 
cream tea in the pretty courtyard or in front of a log fire in the Georgian dining room. Crook Hall is 
situated in the Centre of Durham just a few minutes walk away from North Road. 
 
Further afield: 
Located in the North East of England, Durham is surrounded by some of the most iconic 
destinations in the United Kingdom. Everything worth seeing is only a short train, coach, or car ride 
away. Follow the footpath along Hadrian’s Wall; visit Bamburgh Castle near the Holy Island of 
Lindisfarne; take the train into Newcastle (15 minutes) and catch a glimpse of the Angel of the 
North. 
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TUTORIALS 
 
 
 

Asset Management – Condition and Risk Assessment Strategies 

Prof. George Anders, Lodz University, Poland 
Rosemary Cramp Lecture Theatre, second floor 
(Monday 0930-1300) 
 
Abstract 
Asset Management uses established processes and specific methodologies that enable asset 
intensive companies to achieve optimum balance between cost-effective financial performance and 
corporate risk, while maintaining the desired operating performance. 
 
Some methodologies are equipment-focused, i.e. Asset Condition Assessment, and some are 
strategy-focused, i.e. processes aligned with Publicly Available Specification (PAS 55) by the 
Institute of Asset Management in Britain.  
• Equipment-focused methodologies assess the condition of equipment, evaluate the 
associated risk of failure, and develop a replacement / refurbishment plan. 
• Strategy-focused methodologies assess the effectiveness of corporate processes in making 
optimum investment and prioritization decisions. 
This presentation will examine question such as: 
• What is asset management? 
• What methods are currently used for Asset Condition Assessment? 
• What steps should be used in Asset Condition Assessment and Risk Assessment Process? 
The goal is to give the participants some background of the state-of-the-art and some tools to 
assess not only the current asset conditions but also to discuss the method that can be applied to 
determine asset remaining life, its probability of failure and how to include Risk Management for 
ageing assets in the investment decision making process. Several examples of practical studies 
will be presented. 
 
Asset Management involves centralization of key decision making to maximize long-term effective- 
ness of investments, while maintaining high service levels. The Asset Manager is responsible for 
asset performance and the Service Provider for workforce performance. 
 
Speaker Biography 
Throughout his 36 years with Ontario Hydro, its successor companies and as a consultant, Dr. 
Anders has been involved in several aspects of power system analysis and design.  Dr. Anders’ 
main interests are in the field of reliability evaluation and ampacity calculations of electric power 
cables.  He published over 90 papers in IEEE Transactions on this subject, wrote 3 books and 
taught numerous courses on reliability cable and rating issues. Dr. Anders is the author of the 
computational algorithms implemented in the CYMCAP programme.  The programme is now de 
facto the industry standard for cable ampacity calculations and is used by over 500 users in 50 
countries on five continents. 
 
George Anders received a Master’s Degree in Electrical Engineering from the Technical University 
of Lodz in Poland in 1973, a M.Sc. Degree in Mathematics and Ph.D. Degree in Power System 
Reliability from the University of Toronto in 1977 and 1980 respectively and a Doctor of Science 
degree from the Technical University of Lodz in Poland in 2000. Dr. Anders is a registered 
Professional Engineer in the Province of Ontario and a Fellow of IEEE. 
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Impact of Smart Grids on Real time control of power systems and of  Real-Time 
Thermal Ratings on Power Network Reliability 

Prof. Phil Taylor, Newcastle University, UK 
Ken Wade Lecture Theatre, second floor 
(Monday 0930-1100) 
 

Abstract 
This tutorial will discuss the Customer Led Network Revolution Project and the real time control 
techniques being trialled to enhance the ability of distribution networks to accommodate emerging 
load and generation technologies without the need to for widespread reinforcement. It then moves 
on to consider Real time thermal ratings. Real-Time Thermal Rating (RTTR) is a smart-grid 
technology that allows electrical conductors to operate at an enhanced rating based on local 
weather conditions. RTTR also provides thermal visibility of the network, making system operators 
aware if the actual rating drops below the static seasonal rating. This work investigates how using 
these enhanced variable ratings affects power network reliability. A methodology has been 
developed to assess network reliability with variable conductor ratings. The effect of failures and 
uncertainties in the RTTR system are also considered, and the effect of the correlation between 
conductor ratings due to common weather conditions is built into the model. State sampling and 
sequential Monte Carlo simulations are used to estimate the reliability of the RBTS 6-bus test 
network. At low loading levels, the RTTR appears to reduce network reliability but actually 
illustrates occasions when the existing ratings are being unknowingly infringed. For higher loading, 
the network reliability is significantly improved by the use of RTTR, with reductions in loss of load 
expectation of up to 67%. 
 
Speaker Biography 
Phil Taylor joined Newcastle University in April 2013 when he was appointed Director of the 
Institute for Sustainability, Professor of Electrical Power Systems and tasked with overseeing 
development of the Science Central facility. His research focuses on the challenges associated 
with the widespread integration and control of distributed/renewable generation in electrical 
distribution networks. He received an Engineering Doctorate in the field of intelligent demand side 
management techniques from the University of Manchester Institute of Science and Technology 
(UMIST) in 2001. 
 
He has significant industrial experience as an electrical engineer including a period working in the 
transmission and distribution projects team at GEC Alsthom. His most recent position was 
Research and Development Director at Econnect (Now Senergy Econnect), a consultancy firm 
specialising in the grid integration of renewable energy. He previously held the DONG Energy 
Chair in Renewable Energy and was Deputy Director of the Durham Energy Institute and Director 
of the Multi-disciplinary Centre for Doctoral Training in Energy. 
 

Statistical Modelling for Generation Adequacy Assessment 

Dr. Chris Dent, Durham University, UK 
Ken Wade Lecture Theatre, second floor 
(Monday 1130-1300) 
 

Abstract 
Ensuring an appropriate level of generation adequacy risk is one of the key issues in power system 
planning and in market design. Probabilistic modelling is well established in many systems 
worldwide as the appropriate way of quanitifying adequacy risk. This tutorial will describe recent 
research on statistical modelling for adequacy assessment, with emphasis on systems with a 
substantial penetration of variable generation such as wind or solar. A key issue here is that 
typically that are very few data points directly relevant to times of coincident high demand and low 
VG resource, which dominate the calculated risk in many systems. Mention will also however be 
made of modelling uncertainty associated with more traditional systems containing only 
conventional generation and demand. Finally, important issues in adequacy assessment which 
require further research and development will be summarised.  
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TECHNICAL PROGRAMME 

 
Opening Plenary Session (Monday 1400-1745) 

 
Welcome remarks 
Dr. Chris Dent (General Chair, PMAPS 2014) 
Prof. Chris Higgins (Vice Chancellor, Durham University) 
Prof. Simon Hogg (Executive Director, Durham Energy Institute) 
Prof. Roy Billinton (Chair, PMAPS International Society) 
 
Sponsor of Welcome Reception 
Prof. Mario Paolone, EPFL (Switzerland), Editor-in-Chief of the Journal of Sustainable Energy, 
Grids and Networks 
 
Introduction to the technical programme 
Prof. Janusz Bialek (Technical Chair, PMAPS 2014) 
 
Keynote Presentation: Probabilistic modelling for renewables integration 
Prof. Mark O’Malley, University College Dublin (Director, UCD Electricity Research Centre and 
Energy Institute, and Director, International Institute for Energy Systems Integration) 
 
Abstract 
Integration of renewables in particular variable renewables, solar photovoltaic and wind, into 
electricity grids do pose interesting operational and planning challenges.  Many of these challenges 
are amenable to solutions that involve probabilistic modelling, but this is true of many of the 
challenges for electricity grids regardless of the growth in the penetration of variable renewables. A 
number of example challenges (e.g. reserves, scheduling, planning) and probabilistic type 
solutions with increasing levels of variable renewable penetrations will be highlighted.  The need 
for data, tangible practical applications and industry acceptance will be stressed in order to make 
the promise of probabilistic planning a reality. 
 
Speaker Biography 
Mark O'Malley is the Professor of Electrical Engineering at University College Dublin (UCD), 
founder and Director of the Electricity Research Centre (http://erc.ucd.ie ) a multidisciplinary, multi 
institutional, industry supported research centre.  He has also just been appointed as the Director 
of the UCD Energy Institute (http://www.ucd.ie/energy21/energyinstitute/) a multidisciplinary energy 
research institute focusing on Energy Systems Integration, Chaired by David O’Reilly former CEO 
and Chairman of Chevron.  He is recognized as a world authority on Grid Integration of Renewable 
Energy and has active research collaborations in Europe, the United States (US) and China.  He 
has received two Fulbright Scholarships (1994 & 1999), is a Fellow of the Institute of Electrical and 
Electronic Engineers (IEEE) and a Member of the Royal Irish Academy. 

http://erc.ucd.ie/
http://www.ucd.ie/energy21/energyinstitute/
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Panel Presentations and Discussion: Industrial requirements for probabilistic 
modelling 

Dr. Yi Gao (State Power Economic Research Institute (SPERI), China) 
Brandon Heath (MISO and IEEE LOLE Working Group Chair) 
Prof. Peter Meibom (Danish Energy Association) 
Paul Plumptre (formerly National Grid, UK) 
Dr. Tomasz Sikorski, PSE (Polish Transmission System Operator) 
Chair: Prof. Janusz Bialek (Durham University, Technical Chair of PMAPS 2014) 
 
Panellist Biographies 
 
Yi Gao received the Ph.D. degree from the University of Saskatchewan, SK, Canada in 2010. 
Since July 2010, she has been working for the State Power Economic Research Institute, under 
the State Grid Corporation of China. She is a senior engineer with experience in electric power grid 
planning and reliability evaluation. 
 
Brandon Heath received his Bachelor’s degree in Electrical Engineering from the University of 
Wisconsin Platteville in 2004, majoring in power and energy. While in college, he had multiple 
summer internships with the the Dairyland Power Cooperative, in the reliability department of a 380 
MW coal power plant and in transmission planning. Since graduation he has been with the regional 
transmission organization Midcontinent Independent System Operator (MISO), in Saint Paul, 
Minnesota, where he is currently an Advisor in the Policy and Economic Studies Department. He 
has 10 years of experience in Loss-of-Load Expectation studies wihtin MISO. 
 
Peter Meibom is head of the Analysis department at the Danish Energy Association and Adjunct 
Professor at the Technical University of Denmark. He has a PhD from the Technical University of 
Denmark and a M.Sc. in Mathematics and Physics from Roskilde University. Peter has during the 
last 17 years worked with the modeling of energy systems characterized by a large share of 
renewable energy sources in the system, and with technology analysis and modeling of transport 
systems with special emphasis on the energy consumption of transport modes. He was the 
coordinator of the EU research project WILMAR (Wind power integration in liberalized electricity 
markets), developing a stochastic optimization model of the power markets in Germany and the 
Scandinavian countries. This model has subsequently been used in wind power integration studies 
for the whole of Europe and the Eastern part of US. He has likewise contributed to the 
development of the Balmorel model (www.balmorel.com) and used it for analysis of the long-term 
development of power systems with hydrogen technologies and large amounts of renewable 
energy sources. His further work includes analysis of security of supply issues on power markets 
using real-options investment theory 
 
Paul Plumptre worked for the Central Electricity Generating Board and National Grid for all his 
working life.  He was instrumental in the set-up of the arrangements whereby the Transmission 
Owner, National Grid, is exposed to a proportion of the costs of balancing the system.  Recently, 
he has used the forecast cost of Transmission Constraints (termed Congestion) to justify planned 
investments in the Transmission System. 
 
Tomasz Sikorski is a Director of Market Operations Department at PSE, the Polish Transmission 
System Operator. He has been with PSE for 14 years and is responsible for executive oversight of 
PSE’s Market Operations, including market design and implementation issues. He serves as the 
PSE representative for the ENTSO-E Market Committee (European Network of Transmission 
System Operators for Electricity). Dr. Sikorski has been involved in electricity markets related 
research and development since 1996. He holds the MS in Electronics Engineering and PhD in 
Automatic Control from the Warsaw University of Technology. 
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Closing Plenary Session (Thursday 1100-1230) 

 
Summary remarks on conference programme (Engineering) 
Fred Turner (PMAPS International Society, biography under PMAPS IS) 
 
Summary remarks on conference programme (Mathematics and Statistics) 
Prof. Pierre Pinson (Danish Technical University) 
 
Pierre Pinson is a Professor at the Centre for Electric Power and Energy (CEE) of the Technical 
University of Denmark, also heading the Energy Analytics & Markets group. He holds the M.Sc. In 
Applied Mathematics (INSA Toulouse, France) and Ph.D. In Energetics from Ecole de Mines de 
Paris (France, now known as Mines ParisTech). He is a Senior Member of the IEEE Power & 
Energy Society, also acting as an Editor for the IEEE Transactions on Power Systems and Wind 
Energy. His main research interests are in mathematical methods for electricity markets and power 
systems operations. Prof. Pinson has published extensively in some of the leading journals in 
Meteorology, Power Systems Engineering, Statistics and Operations Research. He is a regular 
contributing and invited speaker at numerous international conferences. He has been a visiting 
researcher at the University of Oxford (Mathematical Institute) and the University of Washington in 
Seattle (Dpt. of Statistics). Finally, he currently coordinates the Danish project “5s – Future 
Electricity Markets”, focusing on design and operations of future electricity markets with large scale 
penetration of renewable energy sources. In May 2014, he was placed on the Recharge4040 list 
(40 under 40), a list of the world’s brightest young energy pioneers. 
 
Announcement of the venue for PMAPS 2016 
Prof. Aydogan Ozdemir (Istanbul Technical University and Chair of PMAPS 2012) 
 
Closing remarks 
Prof. Roy Billinton (Chair, PMAPS International Society) 
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Tuesday 0900–1045 

Session Network Reliability I 
 

Arnold Wolfendale Lecture Theatre 
 

Paper 
ID 

Title Author(s) 

6 
Transmission planning and unexpected events: An economic 
framework 

Simon Todd, Graeme Ancell 

11 
Reliability Evaluation of Multiple Substations with Distribution 
Networks 

Wenyuan Li, Roy Billinton 

23 
Effect of Network Simplification on Reliability of Distribution 
Systems 

Ying He, Emil Eriksson 

29 
Typical Medium Voltage Distribution System Topologies in 
China: a Review and a Comparison of Reliability 

Lin Cheng, Yao Chang, Manjun 
Liu, Hua Feng, Qiang Wu 

 

Session Time Series and Forecasting I 
 

Rosemary Cramp Lecture Theatre 
 

Paper 
ID 

Title Author(s) 

7 
Artificial Neural Network Application to Load Forecasting in a 
Large Hospital Facility 

Andrea Bagnasco, Samuele Grillo, 
Matteo Saviozzi, Federico 
Silvestro, Emanuele Zennaro, 
Andrea Vinci 

30 
Spatio-Temporal Prediction of Wind Speed and Direction by 
Continuous Directional Regime 

Jethro Dowell, Stephan Weiss, 
David Infield 

87 
Statistical Forecasting for Offshore Wind Helicopter 
Operations 

David McMillan, José Antonio 
Domíngu, Iain Dinwoodie 

66 
Short-term forecasting of the daily load curve for residential 
electricity usage in the Smart Grid 

Jonathan Hosking, Ramesh 
Natarajan, Soumyadip Ghosh, 
Shivaram Subramanian, Xiaoxuan 
Zhang 

 

Session System Operation and Control I 
 

Ken Wade Lecture Theatre 
 

Paper 
ID 

Title Author(s) 

104 
Optimal Planning of Slow-Ramping Power Production in 
Energy Systems with Renewables Forecasts and Limited 
Storage 

Nathaniel Richmond, Peter Jacko, 
Armand Makowski 

105 
Decentralized Control of Power System Zones based on 
Probabilistic Constrained Load Flow 

Dimitris Trakas, Emmanouil 
Voumvoulakis, Nikos Hatziargyriou 

106 
On the Status of Reliability Studies Involving Primary and 
Secondary Equipment Applied to Power System 

Sajeesh Babu, Patrik Hilber, Jan 
Jürgensen 

134 
Economic System Operation Considering the Cost of Wear of 
Transformers 

Panagis Vovos, Janusz Bialek 

  



19 
 

Tuesday 1115–1300 

Session Network Reliability II 
 

Arnold Wolfendale Lecture Theatre 
 

Paper 
ID 

Title Author(s) 

60 

Composite Reliability Evaluation With Renewable Sources 

Based on Quasi-Sequential Monte Carlo and Cross Entropy 

Methods 

Armando Leite da Silva, Reinaldo 

Gonzalez-Fernandez, Silvan 

Flavio, Luiz Antonio da Fonseca 

Manso 

68 
Composite System Reliability Analysis using an Accelerated 
State Evaluation Considering Bus Load Correlation  

Zhen Shu, Panida Jirutitijaroen 

103 
Sensitivity Analysis of Power System Reliability Indices Under 
Emission Constraints 

Mohammed Benidris, Joydeep 
Mitra 

107 
A Novel Method for Feasibility Study of Wind Farm Installation 
Based on Reliability Indices 

Sina Soltani, Mahmoor-Reza 
Haghifam, Nima Soltani, Mehdi 
Zareian Jahrom 

 

Session Uncertainty Assessment 
 

Rosemary Cramp Lecture Theatre 
 

Paper 
ID 

Title Author(s) 

9 
Probabilistic Assessment of the Impact of Distributed 
Generator Unavailability and Load Forecasting Errors on the 
Distribution Network Performance Indices 

Marcos Montelo, Anselmo 
Rodrigues, Maria Da Guia 

21 
Operating risk considerations in wind integrated power 
systems  

Suman Thapa, Rajesh Karki, Roy 
Billinton 

58 
Statistical Analysis of Optimal Energy and Security Controls 
Under Different Sources of Uncertainties 

Omid Alizadeh Mousavi, Rachid 
Cherkaoui, Mokhtar Bozorg 

114 
Effect of renewable and load uncertainties on the assessment 
of power system operational risk 

Emanuele Ciapessoni, Diego Cirio, 
Andrea Pitto 

 

Session Renewables Integration I 
 

Ken Wade Lecture Theatre 
 

Paper 
ID 

Title Author(s) 

10 
Distribution network expansion planning considering 
distributed generation using probabilistic voltage constraints 

Yalin Huang, Karin Alvehag, 
Lennart Söder 

12 
Assessing Transmission System Flexibility Associated with 
Wind Power Integration Using Well-Being Analysis 

Wijarn Wangdee, Roy Billinton, 
Wenyuan Li, Thanapong 
Suwanasri 

38 
Availability of Different Wind Power Plant Configurations 
Based on Components Performance Statistics 

Danijel Topic Damir Sljivac, 
Marinko Stojkov 

41 
Synthesis of hourly wind power series using the Moving Block 
Bootstrap method 

Julio Usaola 
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Tuesday 1400–1545 

Session 
Seismic Events, Weather and Other Influences on 
Power System Reliability  

Arnold Wolfendale Lecture Theatre 
 

Paper 
ID 

Title Author(s) 

13 
Security Assessment in Active Distribution Networks with 
Change in Weather Patterns 

Dilan Jayaweera, Syed Islam 

62 
Analysis of Wide-Area Availability of Wind Generators During 
Storm Events 

Hamish Macdonald, Graeme 
Hawker, Keith Bell 

93 Wind Related Faults on the GB Transmission Network Kirsty Murray, Keith Bell 

137 
Outage Predictions of Electric Power Systems under 
Hurricane Winds by Bayesian Networks 

Akwasi Mensah, Leonardo 
Dueñas-Osorio 

 

Session Renewables Integration II 
 

Rosemary Cramp Lecture Theatre 
 

Paper 
ID 

Title Author(s) 

121 
Probabilistic Analysis of Stationary Batteries Performance to 
Deal with Renewable Variability 

Ivo Costa, Mauro Rosa, Leonel 
Carvalho, Filipe Soares, Leonardo 
Bremermann, Vladimiro Miranda 

131 
Evaluation of Wind Capacity Credit Using Discrete 
Convolution Considering the Mechanical Failure of Wind 
Turbines 

Samer Sulaeman, Mohammed 
Benidris, Joydeep Mitra 

132 
Sensitivity Analysis of a Simulation Model for Evaluating 
Renewable Distributed Generation on a Power Network 

Rodrigo Mena, Martin Hennebel, 
Enrico Zio 

139 
PAR/PST location and sizing in power grids with wind power 
uncertainty 

Vladimiro Miranda, Rui Alves 

 

Session Asset Management I 
 

Ken Wade Lecture Theatre 
 

Paper 
ID 

Title Author(s) 

20 
A Practical Application of the Delphi Method in Maintenance-
Targeted Resource Allocation of Distribution Utilities 

Payman Dehghanian, Moein 
Moeini, Mahmoud Fotuhi-
Firuzabad, Roy Billinton 

24 
Cost Efficient Maintenance Strategies for Wind Power 
Systems Using LCC 

Gloria Puglia, Lina Bertling 
Tjernberg,Pramod Bangalore 

43 
Self Evolving Neural Network Based Algorithm for Fault 
Prognosis in Wind Turbines : A Case Study 

Pramod Bangalore, Lina Bertling 
Tjernberg 

46 
Outage cost oriented maintenance of outgoing feeders in 
transmission systems 

Marco Fleckenstein, Gerd Balzer 
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Tuesday 1615-1800 

Session Statistical Modeling 
 

Arnold Wolfendale Lecture Theatre 
 

Paper 
ID 

Title Author(s) 

75 Failure Propagation in Turkish National Power System 
Keysan Saeilailonahar, Aydogan 
Ozdemir, Adnan Kaypmaz 

81 
Categorization and Review of Failure Rate Factors Used in 
Power Systems 

Niklas Ekstedt, Patrik Hilber 

101 Short-term load forecasting:  a power-regression approach 
Emiliano Soda, Giuseppe De 
Nicolao, Simone Matteo Stori, 
Massimo Pozzi 

109 
Statistical consumer modelling based on smart meter 
measurement data 

Martin Uhrig, Thomas Leibfried, 
Robin Mueller 

 

Session 
Probability and Reliability Theory I / Asset 
Management II  

Rosemary Cramp Lecture Theatre 
 

Paper 
ID 

Title Author(s) 

36 
Reliability Evaluation of Electric Power Systems with Solar 
Photovoltaic & Energy Storage 

Leong Hai Koh, Peng Wang, 
Zhiyong Gao 

57 
An optimal group maintenance policy for multi-unit offshore 
wind turbines located in remote areas 

Mahmood Shafiee, Cranfield 
University 

88 Frequency Aspects of Power System Operational Reliability 
Chen Liang, Peng Wang, Xiaoqing 
Han, Wenping Qin, Yanbing Jia 

128 
Modelling Transformer Short-Circuit Reliability using Multi-
Stress Accelerated Test Data 

Bevan Patel, Zhongdong Wang, 
Jovica Milanovic, Paul Jarman 

 

Session System Planning I 
 

Ken Wade Lecture Theatre 
 

Paper 
ID 

Title Author(s) 

22 
Optimal bidding of a profit-maximizing hydropower producer in 
day-ahead and real-time markets 

Yelena Vardanyan, Mohammad 
Hesamzadeh 

47 
Dynamic Thermal State Forecasting of Distribution Network 
Components 

Merkebu Zenebe Degefa, Matti 
Koivisto, John Millar, Matti 
Lehtonen 

71 
A Tabu Search Method for Distribution Network Planning 
Considering Distributed Generation and Uncertainties 

Nikolaos Koutsoukis, Pavlos 
Georgilakis, Nikos Hatziargyriou 

72 
Probabilistic Assessment of Impacts of Real-time Line Ratings 
on Distribution Networks 

Muhammad Buhari, Konstantinos 
Kopsidas 
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Wednesday 0900-1045 

Session Network Reliability III 
 

Arnold Wolfendale Lecture Theatre 
 

Paper 

ID 
Title Author(s) 

16 
Expert Criteria Based Probabilistic Power System Health 
Index Model and Visualization 

Jintaek Lim, Sunghun Lee, 
Yeunchan Lee, Jaeseok Choi, 
Hongseok Choi, Hoseok Choi 

44 
Study on Reliability Improvement Possibilities Assuming 

Probabilistic Wind Generation 
Aleksandrs Lvovs, Ilze Priedite 

49 
Sensitivity Analysis of Offshore Wind Farm Topology based 

on Reliability Calculation 

Issam Athamna, Markus Zdrallek, 

Eduard Wiebe, Friedrich Koch 

55 Organization simulation in probabilistic reliability calculation 
Hans Henning Thies, Markus 

Zdrallek; Andreas Ettinger 

 

Session Time Series and forecasting II 
 

Rosemary Cramp Lecture Theatre 
 

Paper 

ID 
Title Author(s) 

70 
A Non Parametric Stochastic Model for River Inflows based 
on Kernel Density Estimation 

Carmen  Borges, Julio Dias 

85 
Comparison of Machine Learning Methods for Estimating 
Energy Consumption in Buildings 

Elena Mocanu, Phuong Nguyen, 
Madeleine Gibescu, Wil Kling 

51 
Accuracy of ANN based methodology for load composition 
forecasting at bulk supply buses 

Yizheng Xu, Jovica Milanovic 

129 A Statistical Model of Solar Radiation Daily Variability 
Alfredo Testa, Roberto Langella, 
Daniela Proto 

 

Session Generation Adequacy I 
 

Ken Wade Lecture Theatre 
 

Paper 

ID 
Title Author(s) 

8 Reliability Evaluation of Generation Systems with Solar Power Saeed Samadi, Chanan Singh 

37 
Probabilistic Reliability Assessment of North American Electric 

Power Systems 

Bagen Bagen, John Moura, Kevan 

Jefferies 

50 
Comparing Resource Adequacy Metrics and their Influence on 
Capacity Value 

Eduardo Ibanez, Michael Milligan 

115 
Monte Carlo-based method to estimate the capacity value of 

wind power considering operational aspects 
Rodrigo Wetzel, Esteban Gil 
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Wednesday 1115-1300 

Session Network Reliability IV 
 

Arnold Wolfendale Lecture Theatre 
 

Paper 

ID 
Title Author(s) 

113 
Reliability Evaluation of Demand Response to Increase 

Distribution Network Utilisation 

Angeliki Lydia Anton Syrri, Pierluigi 

Mancarella 

119 
Network Planning Evaluation Implementing Time Varying 

Thermal Ratings 

Alexandra Kapetanaki, Konstantinos 

Kopsidas 

126 
Reliability Assessment of Possible AC/DC Distribution System 

Configurations 

Ali Ghadiri, Saeed Mousavizadeh, 

Mahmoor-Reza Haghifam 

135 
Reliability Assessment of Power Networks with Wind Farms, 

Applying Wind-RAS Software 

Sina Soltani, Mahmoor-Reza 

Haghifam, Hossein Damroodi, Nima 

Soltani 

 

Session Renewable Integration III 
 

Rosemary Cramp Lecture Theatre 
 

Paper 

ID 
Title Author(s) 

65 
Operating Reserves Assessment in Isolated Power Systems 

with high Wind Power Penetration 

Humberto Verdejo, Luis Vargas, 

Felipe Larrain 

90 
Short-Run Fluctuation of Residual Load by High Penetration 

Photovoltaic Power Generation System 

Takeyoshi Kato, Shuhei Sugimura, 

Muneaki Kurimoto, Yasuo Suzuoki, 

Yusuke Manabe, Toshihisa 

Funabashi 

117 
Optimizing Wind Farm Locations to reduce variability and 

increase generation 
Colm Lowery, Mark O’Malley 

120 
Probabilistic Available Transfer Capability Evaluation for 

Power Systems with High-Penetration Wind Power 

Xin Fang, Fangxing Li, Ningchao 

Gao 

 

Session Probability and Reliability Theory II 
 

Ken Wade Lecture Theatre 
 

Paper 

ID 
Title Author(s) 

25 
Probabilistic Estimation of Aggregated Power Capacity of EVs 

for Vehicle-to-Grid Application 

Lav Agarwal, Peng Wang, Lalit 

Goel 

67 
Failure Rate Analysis of Circuit Breaker and Its Preventive 

Maintenance Application 

Cattareeya Suwanasri, Thanapong 

Suwanasri, Wijarn Wangdee, 

Sumate Lipirodjanapong 

73 
Cable Tunnel Thermal Rating Prediction using Support Vector 

Regression 

Rui Huang, James Pilgrim, Paul 

Lewin, david Scott, Daniel Morrice 

127 
Combined Modeling  of Supply Interruptions and Voltage Dips 

in a Smart Grid Scenario 

Alfredo Testa, Annalisa Pezone, 

Daniela Proto 
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Wednesday 1400-1545 

Session Smart grids and microgrids 
 

Arnold Wolfendale Lecture Theatre 
 

Paper 

ID 
Title Author(s) 

18 
Reliability Based Strategic Integration of Plug-in Hybrid 

Electric Vehicles in Power Systems 
Dilan Jayaweera, Yu Xiong 

26 
Power management systems for voltage control in 

probabilistic simulations 

Simon Eilenberger, Daniel 

Schöllhorn, Pascal Wiest, Stefan 

Tenbohlen 

33 
Home Energy Management Based on Bayesian Network 

Considering Resident Convenience 

Tomoaki Shoji, Wataru Hirohashi, 

Yu Fujimoto, Yasuhiro Hayashi 

99 

Probabilistic Assessment of the Process-Noise Covariance 

Matrix of Discrete Kalman Filter State Estimation of Active 

Distribution Networks 

Lorenzo Zanni, Styliani Sarri, marco 

Pignati, Rachid Cherkaoui, Mario 

Paolone 

 

Session Asset Management II 
 

Rosemary Cramp Lecture Theatre 
 

Paper 

ID 
Title Author(s) 

64 
A review of methods for condition monitoring, surveys and 
statistical analyses of disconnectors and circuit breakers 

Per Westerlund, Patrik Hilber, 
Tommie Lindquist 

76 
Power system maintenance planning using value function 
approximation 

Saranga Abeygunawardane, Panida 
Jirutitijaroen, Huan Xu 

95 
RCAM Model for Turkish National Power Transmission 
System: SF6 Circuit Breakers, Transmission Lines, 
Transformer Centers and Protection Relays 

Aydogan Ozdemir, H.Aysun Koksal 

96 
Inventory Management of Power Circuit Breaker Using 
Failure Data Analysis 

Cattareeya Suwanasri, Thanapong 
Suwanasri, Warunee Srisongkram 

 

Session System Operation and Control III 
 

Ken Wade Lecture Theatre 
 

Paper 

ID 
Title Author(s) 

56 
Most Relevant Measurements for State Estimation According 

to Information Theoretic Criteria 

Andre Augusto, Jorge Pereira, 

Vladimiro  Miranda, Julio Stacchini 

de Souza, Milton Do Coutto Filho 

110 
Risk-averse medium-term hydro optimization considering 

provision of spinning reserves 

Hubert Abgottspon, Karl Njalsson, 

Matthias Bucher, Göran Andersson, 

118 
Variability Assessment of Solar and Wind resources in Puerto 

Rico 

Armando FIgueroa-Acevedo,  

Irizarry Rivera 

34 
A Method for Modeling Voltage Regulators in Probabilistic 

Load Flow for Radial Systems 

Alexander Melhorn, Aleksandar 

Dimitrovski 
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Wednesday 1600-1800 

Session System Planning II 
 

Arnold Wolfendale Lecture Theatre 
 

Paper 

ID 
Title Author(s) 

79 
Large Power Grid Reinforcement Planning Based on Risk 

Evaluation 
Yi  Gao, Fulong Song, Jun Li 

98 
Impact of Protection System Reliability on Power System 

Reliability: A New Minimal Cutset Approach 
Vijay Venu  Vadlamudi, Gerd Kjolle 

53 
Improving Monte Carlo simulation efficiency of level-I blackout 

probabilistic risk assessment 

Pierre Henneaux, Pierre-Etienne 

Labeau 

59 
Distribution Reliability: Data Calibration Based on Monte Carlo 

Simulation and Evolutionary Optimization 

Armando Leite da Silva, Ana 

Carolina Guimaraes, Luiz 

Nascimento 

 

Session System Operation and Control III 
 

Rosemary Cramp Lecture Theatre 
 

Paper 

ID 
Title Author(s) 

39 
Determining the Reliability Requirements of System Integrity 

Protection Schemes 

Mathaios Panteli, Peter Crossley, 

John Fitch 

45 Potential of dynamic rating in Sweden 

Carl Johan Wallnerström, Patrik 

Hilber, Peter Söderström, Robert 

Saers, Olle Hansson 

48 
Probabilistic Risk Assessment Applied to Maintenance 

Schedule of HVDC 
Tao Wang, Lin Guan 

97 
Feasibility of Linear Decision Rules for Hydropower 

Scheduling 

Ida Grønvik, Ajla Hadziomerovic, 

Nina Ingvoldstad, Rudolf Egging, 

Stein-Erik Fleten 

 

Session Monte Carlo Simulation Methods 
 

Ken Wade Lecture Theatre 
 

Paper 

ID 
Title Author(s) 

92 
The Use of BFA Simulation to Evaluate Reliability of 
Composite System. Case study: Calculation of Muarakarang-
Gandul 1 Composite System 

Herry Nugraha, Ngapuli Sinisuka 

91 
EV stochastic modelling and its impacts on the Dutch 

distribution network 
Rick Scharrenberg, Bram Vonk 

100 
Stochastic Modeling of Electric Vehicle Movable Loads: Nodal 

Impact from Transportation 
Difei Tang, Peng Wang 

102 
Risk-sensitive optimal switching and applications to district 

energy systems 
Jhonny Gonzalez, John Moriarty 
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Thursday 0900-1030 

Session Generation Adequacy II 
 

Arnold Wolfendale Lecture Theatre 
 

Paper 
ID 

Title Author(s) 

69 
Generation Adequacy in Wind Rich Power Systems: 
Comparison of Analytical and Simulation Approaches 

Yutian Zhou, Pierluigi Mancarella, 
Joseph Mutale 

123 
Adequacy of the long-term operational reserve of a system 
with wind power and electric vehicles under severe scenarios 

Leonardo Bremermann, Mauro da 
Rosa, Manuel Matos, João Lopes, 
Leonel Carvalho, Ivo Costa 

125 
Further Results on the Probability Theory of Capacity Value of 
Additional Generation 

Chris Dent, Stan Zachary 

 

Session Network Reliability V 
 

Rosemary Cramp Lecture Theatre 
 

Paper 
ID 

Title Author(s) 

63 
Interruption costs and time dependencies in quality of supply 
regulation 

Gerd Kjolle, Iver Sperstad, Sigurd 
Jakobsen 

78 
Towards Defined Security by Identifying and Quantifying 
Power System Failure Sequences - Case Example with 
Finnish Power System 
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6 
 

Transmission planning and unexpected events: An economic framework 

Simon Todd, Transpower NZ Ltd; Graeme Ancell, Transpower NZ Ltd 

This paper describes a practical technique to quantify transmission asset exposure to 
unexpected events that will assist planning engineers to identify and justify cost-effective 
mitigation measures and value diversity. The analysis framework uses insurance risk 
analysis and highlights the need to understand multiple asset outage consequences. With 
these inputs annualised outage costs can be estimated and mitigation strategies tested for 
cost effectiveness. A number of real investment case studies are presented to illustrate the 
technique. 

 
7 
 

Artificial Neural Network Application to Load Forecasting in a Large Hospital Facility 

Andrea bagnasco, University of Genova; Samuele Grillo, Politecnico di Milano; Matteo 
Saviozzi, University of Genova; Federico Silvestro, University of Genova; Emanuele 
Zennaro, "La Sapienza" University; Andrea Vinci, University of Genova 

The Smart Grid approach to electric distribution system management needs to front 
uncertainties in generation and demand thus making forecasting a major area of research 
in electric energy systems. This works aims to propose a day-ahead load forecasting 
procedure for a medium voltage customer. The load forecasting is performed through the 
implementation of an artificial neural network (ANN). The proposed multi-layer perceptron 
ANN, based on backpropagation training algorithm, is able to take as inputs: loads, data 
concerning the type of day (e.g. weekday/holiday), time of the day and weather data (e.g. 
temperature, humidity). This procedure has been tested to predict the loads of a large 
university hospital facility located in Rome. 

 
8 
 

Reliability Evaluation of Generation Systems with Solar Power 

Saeed Samadi, Texas A&M University; Chanan Singh, Texas A&M University 

Conventional power generators are fueled by natural gas, steam, or water flow. These 
generators can respond to load changes by varying the fuel input by a valve control. 
Renewable power generators such as wind or solar, however, are not controllable since 
their fuel sources are intermittent in nature. This creates difficulties for planning generation 
systems having renewable energy sources. A methodology is needed to evaluate the 
generation system reliability and estimate the extent to which plants with intermittent 
sources can substitute for conventional sources. These calculations are important in 
generation system planning with intermittent sources. 
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Probabilistic Assessment of the Impact of Distributed Generator Unavailability and 
Load Forecasting Errors on the Distribution Network Performance Indices 

Marcos Montelo, UFMA; Anselmo Rodrigues, UFMA; Maria Da Guia, UFMA 

The main aim of this paper is to assess the impact of distributed generation on the losses, 
voltage profile and loading in distribution network. This assessment has been carried out 
considering uncertainties associated with distributed generator unavailability and load 
forecasting errors. These uncertainties were modeled using the state enumeration method. 
Furthermore, probabilistic indices were defined to assess the distribution network 
performance under uncertainty. The results in a test system with 33 buses demonstrate 
that failures in distribution generator have a significant impact on the resistive losses, 
voltage drop and feeder loading. 

 
10 
 

Distribution network expansion planning considering distributed generation using 
probabilistic voltage constraints 

Yalin Huang, School of Electrical Engineeri; Karin Alvehag, KTH; Lennart Söder 

A novel optimization model for network expansion planning, including distributed 
generation is proposed. The model considers the stochastic natures of distributed 
generation and load in the power systems. More importantly, this model addresses the 
probabilistic voltage constraints in the network expansion planning stage. The proposed 
model is employed to obtain the decisions for new wind power plant connections and 
reinforcements in the existing distribution network. 

 
11 
 

Reliability Evaluation of Multiple Substations with Distribution Networks 

Wenyuan Li, Chongqing University; Roy Billinton, University of Saskatchewan 

Traditionally, reliability evaluations for substation configurations and distribution networks 
are performed separately and substation reliability evaluation only focuses on a single 
substation. This paper presents a technique to assess the reliability of multiple substations 
with associated distribution networks. Based on Markov modeling, a clustering approach, a 
linear programming algorithm and the state enumeration method, the proposed technique 
has many attractive features, including the capability to handle both radial and looped 
networks, dependent and cascading failures, different switching actions, various failure 
modes, equipment capacity limits, and avoidance of network connectivity checking for 
outage events. A case study using an actual utility example is used to demonstrate the 
effectiveness of the presented technique. 

 
12 
 

Assessing Transmission System Flexibility Associated with Wind Power Integration 
Using Well-Being Analysis 

Wijarn Wangdee, TGGS, KMUTNB; Roy Billinton, University of Saskatchewan; Wenyuan 
Li, Chongqing University; Thanapong Suwanasri, TGGS, KMUTNB 

This paper utilizes the system well-being analysis concept to examine transmission system 
flexibility to accommodate large-scale wind power integration in a bulk electric system. The 
system flexibility is measured in the form of degrees of system adequacy and security. The 
basic N-1 deterministic security criterion is incorporated in a probabilistic assessment to 
monitor the system well-being associated with wind power integration. Sequential Monte 
Carlo simulation is employed to create system well-being index probability distributions 
together with their mean values. The results are illustrated using the IEEE – Reliability Test 
System (IEEE-RTS). 
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Security Assessment in Active Distribution Networks with Change in Weather 
Patterns 

Dilan Jayaweera, Curtin University; Syed Islam 

Security of supply of an active distribution network is constrained with increased presence 
of intermittent distributed generation, component outages, network constraints, change in 
weather patterns, and resource availability. Long term predictions of weather patterns are 
challenging, however, potential vulnerability of networks into change in weather patterns 
can be modeled with uncertainties distributing along the time frame of study. This paper 
investigates this problem in detail and proposes an improved approach to model the 
change in weather patterns and to assess the security of supply in an active distribution 
network. The approach incorporates Monte Carlo simulation and captures weather patterns 
in three modes dynamically. A case study is performed on a 24 bus active distribution 
network model, and the results suggest that the security of supply can be significantly 
affected with change in weather patterns. Change in weather patterns by 50% of the 
nominal weather can result in impacts on security of supply up to three times the nominal 
impacts. 

 
16 
 

Probabilistic Power System Health Index Model and Visualization 

Jintaek Lim, Gyeongsang National University; Sunghun Lee, Gyeongsang National 
University; Yeunchan Lee, Gyeongsang National University; Jaeseok Choi, Gyeongsang 
National University; Hongseok Choi, Korea Power Exchange; Hoseok Choi, BNF Tech 

This paper proposes probabilistic Power System Health Index (PPSHI) newly. The paper 
describes several kind of power system health indices based on two main categories, 
which are adequacy and security.  

In adequacy, four kinds of health indices of Frequency, Voltage (154kV, 345kV, and 
765kV), Reserve (Operating Reserve Power and Frequency Regulation Reserve Power) 
and Overload of lines and transformers are proposed. In security, four kinds of health 
indices of Voltage (154kV, 345kV, and 765kV), Overload of lines and transformers, Power 
flow constraint among areas and SPS are proposed.  

All indices are mapped with three domains, which are Health, Margin and Risk, defined 
with expert interview. While definition of domain of health, margin and risk is similar with 
the conventional well being analysis of power system, definition of the domain proposed in 
this paper comes from expert system based on expert interview. The several kinds of 
health index functions, which are linear ratio, piecewise linear ratio and reverse ratio 
function etc. are developed in this paper.  

 It will be expected that the developed health indices can yield help operator to control 
power system more successfully and also prevent power system from accident as like as 
black out in future because operator can make a decision immediately based on more 
easily visual information of system condition from too much indices acquisition of complex 
power system. 
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Reliability Based Strategic Integration of Plug-in Hybrid Electric Vehicles in Power 
Systems 

Dilan Jayaweera, Curtin University; Yu Xiong, Curtin University 

Energy security, greenhouse gas emissions, and debate on climate change caused 
increased interest of penetrating of renewable power generation into power systems. 
Among the renewable power generation technologies, wind power generation takes a key 
share of load supply. However, the wind is intermittent and its output needs to rely on 
auxiliary supports to uniformly serve the energy customers. The emerging plug-in hybrid 
electric vehicles (PHEVs) are a potential solution to mitigate intermittent effects of wind 
power outputs. PHEVs can provide a battery based energy storage solution to smooth 
intermittent outputs of wind power and they have the mobility advantage. This paper 
investigates the ability of PHEVs to enhance the reliability of an unbalanced power system 
that is integrated with wind farms. Operational characteristics of PHEVs are modelled by 
incorporating charging and discharging rates, depth of discharge, and their state of charge 
at times of use. Case studies suggest that strategic integration of PHEVs provides a 
considerable opportunity for wind power generation to be present in a power system in 
addition to the enhancing the reliability of power supply. Results argue that the level of 
PHEV supports does not necessarily correlate with the integration capacity of wind. 

 
20 
 

A Practical Application of the Delphi Method in Maintenance-Targeted Resource 
Allocation of Distribution Utilities 

Payman Dehghanian, Sharif University Of Technology; Moein Moeini, Sharif University Of 
Technology; Mahmoud Fotuhi-Firuzabad, Sharif University of Technolog; Roy Billinton, 
University of Saskatchewan 

Trying to find the most efficient and cost-effective decisions on the maintenance of different 
component types in power distribution systems is an increasingly challenging concern 
largely driven by the current financial constraints in distribution utilities worldwide. In regard 
to meeting this challenge, the paper presents a practical application of the Delphi method 
and the Modified Analytical Hierarchical Process (MAHP) that can be used to find the most 
critical component types in the system in order to assist in accordingly allocate the 
available maintenance budget. The proposed approach involves the experience and 
knowledge held by experts and the historical empirical performance data in the utility data 
management systems to create the associated decision making process. The approach 
has been applied in the Alborz Distribution System in Tehran, Iran. The results obtained 
and the lessons learned are reported in detail. 
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Operating risk considerations in wind integrated power systems 

Suman Thapa, University of Saskatchewan; Rajesh Karki, University of Saskatchewan; 
Roy Billinton, University of Saskatchewan 

Wind is perceived to be the most suitable renewable resource for bulk power generation, 
and therefore, installations of wind turbine generators are rapidly growing all over the 
world. The variable nature of wind power generation is however causing increased 
challenges in reliable system operation. System operators face considerable difficulties in 
determining appropriate unit commitment, reserve requirements and in making dispatch 
decisions to meet anticipated load with minimum operating risk and cost when integrating 
wind power. There is a need for suitable techniques that evaluate operating risks 
associated with wind power estimation, and quantify operating reliability associated with 
unit commitment and operating reserves while incorporating the uncertainties of wind 
power variation. This paper presents operating risk considerations from two perspectives: 
the wind power commitment risk from the perspective of the wind farm owner, and the unit 
commitment risk from the perspective of the power system operator. The wind power 
model for a short future time is created using conditional probability approach based upon 
knowledge of the initial condition. The presented methods also incorporate the cross 
correlation of wind speeds between multiple wind farms, and the impacts are illustrated 
with examples using the IEEE Reliability Test System (IEEE-RTS). 

 
22 
 

Optimal bidding of a profit-maximizing hydropower producer in day-ahead and real-
time markets 

Yelena Vardanyan, Royal Institute of Technology; Mohammad Hesamzadeh, Royal 
Institute of Technology 

This paper develops a price-driven optimal bidding strategy to day-ahead and real-time 
markets for a profit-maximizing hydro power producer. The electricity prices in different 
market places are unknown when the bidding takes place. The optimal bidding problem is 
modeled as a multi-stage stochastic programme considering the market prices 
continuously clearing nature. Specifically for that purpose rolling planning is applied, which 
allow re-forecasting and re-dispatching according to the arrival of new information. The 
results have shown that, there is a value for hydropower producer to participate in real-time 
market. 

 
23 
 

Effect of Network Simplification on Reliability of Distribution Systems 

Ying He, Vattenfall R&D; Emil Eriksson, Siemens 

The distribution systems of the future will be built up based on the present network 
infrastructure. The power equipment used today such as power lines, cables and 
transformers will continue to play an important role in the future. The present networks will 
be upgraded and changed to future smart grids. But how to develop a reliable network of 
the future in a cost effective way is an important concern of power utilities. The paper 
presents the results of a project performed at the power company, Vattenfall in Sweden, 
which addresses the important considerations of how to build a reliable distribution network 
in a cost effective way. The project studied how network simplification affects customer 
reliability indices and investigated possibilities to simplify the network structure and reduce 
the number of network components while maintaining the network reliability. The results of 
the project indicate that building complicated network and installing too many network 
components do not necessarily imply increasing power supply reliability. It is feasible to 
build future distribution systems with less components, simple network structure and 
reliable customer power service. 
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Cost Efficient Maintenance Strategies for Wind Power Systems Using LCC 

Gloria Puglia, Chalmers University; Lina Bertling Tjernberg; Pramod Bangalore 

Maintenance costs for wind power plants are a significant part of the total life cycle cost, 
especially for offshore wind power plants, situated at remote sites. In order to decrease the 
cost of maintenance, monitoring systems have been used to estimate the condition of 
critical components in wind turbines. This paper proposes Life Cycle Cost analysis (LCC) 
approach for maintenance management of wind turbines. The LCC approach for 
maintenance management presented in this paper is an extension on previous work by J. 
Nilsson and L. Bertling, where a comparison has been made with this previous work and 
the same is extended with new data and models. Case studies are presented based on 
data from three different wind turbinesrated 3 and 6MW. Three different scenarios have 
been studied and the effect of condition monitoring system (CMS) has been analysed. For 
any chosen value the CMS proves to be a profitable option. 

 
25 
 

Probabilistic Estimation of Aggregated Power Capacity of EVs for Vehicle-to-Grid 
Application 

Lav Agarwal, Nanyang Technological University; Peng Wang, Nanyang Technological 
University; Lalit Goel, Nanyang Technological University 

Electric Vehicles (EVs) have emerged as a promising solution to reduce oil dependency 
and environmental impacts from the transportation segment. They can also be used as 
distributed energy resources providing ancillary services to the Grid through Vehicle-to-grid 
(V2G). EV availability estimation is the first step in determining the capacity for V2G 
operation. The main challenges in determining the Aggregate Power Capacity (APC) lies in 
the prediction of the vehicle availability and the plug-in probability. While the vehicle 
availability solely depends on the driving pattern of the EV owner, the plug-in probability 
depends on the availability of plugs at car park and plug-in human behavior. This paper 
models the stochastic mobility and plug-in probability of a fleet of EVs. The Aggregator 
model is realized using an infrastructure of contracted car parks at offices, recreational 
places and dispersed EVs at homes. Mobility is modeled using Trip Chaining and EV 
Driving patterns are profiled based on data from survey conducted, employment pattern 
and vehicular statistics. The Availability Probability Table (APT) is plotted to track the 
availability of each EV, considering EV reliability and traffic congestion index. The 
proposed models are tested and analyzed using Singapore data. 
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Power management systems for voltage control in probabilistic simulations 

Simon Eilenberger, Universität Stuttgart; Daniel Schöllhorn, Netze BW; Pascal Wiest, 
Universität Stuttgart; Stefan Tenbohlen, Universität Stuttgart 

Sustained integration of distributed renewable energy sources, especially photovoltaic 
generation in low voltage grids, has driven the need to expand grid capacities in recent 
years. Solutions to find an economic justifiable approach for main operation in an aging 
grid environment have become indispensable. This paper highlights the design of a 
probabilistic simulation environment and two methods of voltage regulation using 
photovoltaic inverters. Furthermore it provides the possibility to rate both methods taking all 
conceivable grid states into account. Thereby the simulation is based on actual, measured 
field data instead of standardised profiles. The aim is to create a simulation environment in 
which different grid situations can be simulated while the voltage levels are affected by 
different voltage regulation methods. This allows distribution system operators optimizing 
their grid planning by adding unconventional methods of influencing the voltage at lowest 
levels. Especially low voltage grid simulations with few grid participants and critical network 
states are lacking accuracy, when modelled by standardized profiles, will benefit from this 
approach 

 
28 
 

Optimal Layout and Reliability Analysis of a Wind Farm Considering Multiple Wind 
Directions 

Kaigui Xie, Chongqing University; Hejun Yang, Chongqing University; Bo Hu, Chongqing 
University; Chunyan Li, Chongqing University 

Energy production of a wind farm is considerably affected by wake-effect. Therefore, in 
wind farm planning, it is essential to optimize the layout of wind turbine generators (WTGs) 
to decrease the effect of wake-effect. This paper presents a model and a particle swarm 
optimization algorithm for optimizing the layout of a wind farm considering multiple wind 
directions in different time periods. A geometric theory is used to determine the upstream 
WTGs and calculate the horizontal and deviating distances between arbitrary two WTGs 
along the wind direction. A wake-effect model considering wind shade, wind shear, and 
wind direction of arbitrary angle is built. Based on the given historical wind speed and wind 
direction data, the optimal wind farm layout can be obtained using the proposed technique. 
A modified Roy Billinton Test System containing a wind farm with the optimal layout is used 
to evaluate the reliability of a generating system containing a wind farm. The results show 
that the proposed technique is effective for optimizing the layout of WTGs in a wind farm. 
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Typical Medium Voltage Distribution System Topologies in China: a Review and a 
Comparison of Reliability 

Lin Cheng, Tsinghua University; Yao Chang, Tsinghua University; Manjun Liu, Tsinghua 
University; Hua Feng, Tsinghua University; Qiang Wu, Jiangsu Electric Power Company 
SGCC 

Medium voltage (MV) distribution system planning is an important duty of modern 
distribution system companies (DisCos) in order to providing reliable and high-quality 
electric supply. One essential procedure of the planning progress is to determining the 
topology of a MV distribution system because the topology has significant impact on 
reliability and cost of distribution systems. Despite many literatures have been published 
aiming at solving the MV distribution system planning problem, their complexity have 
limited their practicing in real world. As a result, DisCos may come across difficulties in 
making an optimal decision. Therefore this paper, from the aspect of the topology 
determination stage during distribution planning, presents a review of typical MV system 
topologies in China, and a comparison of their reliability via case studies based on a real 
urban area. The contribution of this paper is that the characteristics of a series of MV 
system topologies are revealed in a straightforward manner, which can be well-understood 
by industry. 

 
30 
 

Spatio-Temporal Prediction of Wind Speed and Direction by Continuous Directional 
Regime 

Jethro Dowell, University of Strathclyde; Stephan Weiss, University of Strathclyde; David 
Infield, University of Strathclyde 

This paper proposes a statistical method for 1–6 hour-ahead prediction of hourly mean 
wind speed and direction to better forecast the power produced by wind turbines, an 
increasingly important component of power system operation. The wind speed and 
direction are modelled via the magnitude and phase of a complex vector containing 
measurements from multiple geographic locations. The predictor is derived from the spatio-
temporal covariance which is estimated at regular time intervals from a subset of the 
available training data, the wind direction of which lies within a sliding range of angles 
centred on the most recent measurement of wind direction. This is a generalisation of 
regime-switching type approaches which train separate predictors for a few fixed regimes. 
The new predictor is tested on the Hydra dataset of wind across the Netherlands and 
compared to persistence and a cyclo- stationary Wiener filter, a state-of-the-art spatial 
predictor of wind speed and direction. Results show that the proposed technique is able to 
predict the wind vector more accurately than these benchmarks on dataset containing 4 to 
27 sites, with greater accuracy for larger datasets. 

 



35 
 

33 
 

Home Energy Management Based on Bayesian Network Considering Resident 
Convenience 

Tomoaki Shoji, WASEDA University, JST, CREST; Wataru Hirohashi, WASEDA University; 
Yu Fujimoto, WASEDA University, JST, CREST; Yasuhiro Hayashi, WASEDA University, 
JST, CREST 

Total electricity consumption in Japan increased rapidly and the power consumption per 
household is also continuing to increase. The framework of demand response (DR) to 
promote the reduction of electricity consumption in the household sector by regulating the 
price of the electricity will be introduced in the future. In this situation, residents must 
operate their appliances so as not to affect much to their lifestyles while taking into account 
the power cost. A home energy management system (HEMS) will have an essential role to 
control appliances such as air conditioners (ACs), battery energy storage systems 
(BESSs), electric vehicles (EVs), and heat pump water heaters (HPWHs) and automatically 
match their operations to the behavior of a resident when the electricity price changes. In 
this study, a Bayesian network, a fundamental tool of machine learning, is adapted to an 
HEMS to learn the behavior of the resident and appropriate operations of controllable 
appliances. 

 
34 
 

A Method for Modeling Voltage Regulators in Probabilistic Load Flow for Radial 
Systems 

Alexander Melhorn, Electricity Research Centre; Aleksandar Dimitrovski, Oak Ridge 
National Laboratory 

Probabilistic load flow is becoming a more useful and needed power system analysis 
technique with the increase of stochastic generation and demand. This paper improves the 
usefulness of probabilistic load flow by demonstrating an algorithm for modeling voltage 
regulators within the probabilistic load flow solution. Previously, the voltage regulators have 
been removed from the system before analysis. The proposed technique is verified by 
comparing the solutions to those obtained by Monte Carlo simulation. 

 
36 
 

Reliability Evaluation of Electric Power Systems with Solar Photovoltaic & Energy 
Storage 

Leong Hai Koh, Nanyang Technological Universi; Peng Wang; King Jet Tseng, NTU; 
Zhiyong Gao, NTU 

Renewable portfolio standards (RPS) place an obligation on independent service operators 
(ISOs) to have a minimum energy generation mix from an approved renewable energy 
source, e.g. photovoltaic (PV). The variability of PV power output impacts on electric power 
system reliability and energy storage (ES) is one of several options for better grid reliability. 
This paper convolves Roy Billinton Test System (RBTS) generation and load model, 
considering PV and ES to yield system adequacy indices at hierarchical level 1 (HL1) via 
an analytical technique. Uniform Singapore Energy Price (USEP) from the Energy Market 
Company (EMC) Singapore and NTU rooftop PV irradiance data are incorporated as parts 
of annual electricity cost saving research. The analytical technique proposed can help ISOs 
as first cut analysis to evaluate the potential of PV & ES to benefit system reliability and 
ways to improve its potential applications. 
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Probabilistic Reliability Assessment of North American Electric Power Systems 

Bagen Bagen, Manitoba Hydro ; John Moura, NERC; Kevan Jefferies, Ontario Power 
Generation 

This paper summarizes the results of the first mandatory NERC wide probabilistic reliability 
assessment that was completed in 2012. The main purpose of the assessment is to 
complement NERC’s 2012 long-term reliability assessment (LTRA) by providing additional 
probabilistic metrics such as the expected unserved energy (EUE) and the loss of load 
expectation expressed in terms of hours per year (LOLH). The reliability of 26 assessment 
areas was examined in 11 individual evaluations varied in scope from large interconnected 
systems such as the Western Electricity Coordinating Council (WECC) to relatively smaller 
systems for example Manitoba Hydro. These individual assessments were then combined 
into NERC’s 2012 ProbA for the entire NERC footprint. The reliability indices for the third 
(2014) and the fifth (2016) years from the 2012 LTRA were calculated and reported for 
each assessment area. The assumptions, methodologies and models used in the 2012 
ProbA are briefly described. Suggestions are also made for the improvement in the future 
NERC wide probabilistic reliability assessment. 
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Availability of Different Wind Power Plant Configurations Based on Components 
Performance Statistics 

Danijel Topic, Josip Juraj Strossmayer University of Osijek; Damir Sljivac, J.J. Strossmayer 
University of Osijek; Marinko Stojkov, J.J. Strossmayer University of Osijek 

In this paper analysis of availability of different wind power plant configurations based on 
components performance statistics will be performed. Influence of different wind turbine 
components failures using four dominant wind turbine configuration concepts will be 
investigated. Wind turbine availability and expected energy not served will be presented. 
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Determining the Reliability Requirements of System Integrity Protection Schemes 

Mathaios Panteli, The University of Manchester; Peter Crossley, The University of 
Manchester; John Fitch, National Grid, UK 

System Integrity Protection Schemes (SIPS) are one of the most widely used solutions to 
the challenges in operating and protecting large and highly complex power systems. 
Therefore, it must be ensured that their performance meets the reliability requirements of 
electrical utilities. This paper suggests the use of Safety Integrity Level (SIL) for 
determining the range of acceptable SIPS reliability, as expressed using the probability of 
failure on demand (PFD). SIL is a reliability metric widely used in the process control 
industry. A procedure based on SIL and fault tree analysis is proposed for determining the 
minimum reliability required by the SIPS individual components for achieving the 
predetermined desired reliability level of the protection scheme. The theory of minimal cut 
sets is used for this purpose. The proposed methodology is illustrated using the Dinorwig 
intertrip scheme, which is located in North Wales, UK, and operated by National Grid. 
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Synthesis of hourly wind power series using the Moving Block Bootstrap method 

Julio Usaola, Universidad Carlos III 

Reliability studies of power systems will have to include different renewable resources, 
because of their increasing importance in the generation mix. Wind is now the most 
developed intermittent renewable source of energy, and wind power series are needed to 
include it in Monte Carlo based studies. However, to generate correct wind power series for 
a given power system using ARIMA/GARCH methods is complex because of their 
nonlinear character and seasonality. In this paper a simpler approach based on the Moving 
Block Bootstrap method is proposed. This method is easy to implement, and effective if 
there is enough representative data. The paper describes the features of wind power 
production in peninsular Spain, proposes a bootstrap method to generate wind power 
production scenarios and shows the applicability of the method by means of an adequacy 
study of the IEEE-RTS system adding wind and concentrating solar power. 
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Self Evolving Neural Network Based Algorithm for Fault Prognosis in Wind Turbines 
: A Case Study 

Pramod Bangalore (Chalmers University); Lina Bertling Tjernberg (KTH) 

Asset management of wind turbines has gained increased importance in recent years. High 
maintenance cost and longer downtimes of wind turbines have led to research in methods 
to optimize maintenance activities. Condition monitoring systems have proven to be a 
useful tool towards aiding maintenance management of wind turbines. Methods using 
Supervisory Control and Data Acquisition (SCADA) system along with artificial intelligence 
(AI) methods have been developed to monitor the condition of wind turbine components. 
Various researchers have presented different artificial neural network (ANN) based models 
for condition monitoring of components in a wind turbine. This paper presents an 
application of the approach to decide and update the training data set needed to create an 
accurate ANN model. A case study with SCADA data from a real wind turbine has been 
presented. The results show that due to a major maintenance activity, like replacement of 
component, the ANN model has to be re-trained. The results show that application of the 
proposed approach makes it possible to update and re-train the ANN model. 
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Study on Reliability Improvement Possibilities Assuming Probabilistic Wind 
Generation 

Aleksandrs Lvovs, Institute of Physical Energetics; Ilze Priedite, Institute of Physical 
Energetics 

Wind power integration and economics is important topic for stakeholders, end users and 
regulatory institutions. New approaches for estimation customer costs of utility and 
reliability that takes into account time-variable loads and outage costs are proposed and 
illustrated in the paper. The developed approaches were implemented in case studies 
using information about wind resource in Latvia. In the case study there have been 
estimated changes of reliability level for customers due to wind generation installation, and 
due to some other reliability improvement activities related with usage of different types of 
power lines. Changes of reliability level affect customer costs of reliability. Analyzing 
positive effect of wind generators on network reliability and on reduction of customer costs 
of reliability, there has been also taken into account economical benefit that get household 
users by installing wind generators – such users don’t pay for electricity produced by wind 
generator. 
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Potential of dynamic rating in Sweden 

Carl Johan Wallnerström, Royal Institute of Technology; Patrik Hilber; Peter Söderström, 
Vattenfall Distribution AB; Robert Saers, ABB Transformers; Olle Hansson, Fortum 
Distribution AB 

Power system owners are facing major challenges, for example with changed electricity 
consumption and production patterns; more distributed generation and increased demand 
of cost efficiency while maintaining high reliability. The concept of dynamic rating can act 
as a part solution and implies that the capacity of a component is dynamically varying as a 
function of external parameters such as weather and load history. This hence implies that a 
component can be better utilized. This can have both direct economic benefits for the 
utility, but also benefits for the society and the environment by lower tariff levels, faster and 
cheaper connection of local environmentally friendly electricity production and less climate 
impact associated with component production and installation. This paper gives a brief 
introduction to the concept of dynamic rating applied to power systems. Furthermore, 
results and conclusions from two workshops during 2013 are summarized, where 
representatives from Vattenfall and Fortum (distribution system operators), ABB (producer 
and developer that work with dynamic rating solutions), Swedish national grid and several 
persons from the academia contributed. This was complemented by interviews with the 
involved companies. The result is a mapping of knowledge, research, development 
interests, current situation and future visions. All parties show a great interest and see 
potential, but there are also challenges to be solved. 
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Outage cost oriented maintenance of outgoing feeders in transmission systems 

Marco Fleckenstein, TU Darmstadt; Gerd Balzer, TU Darmstadt 

The near-perfect performance of the 380 kV transmission network is one of the major 
reasons in the highly reliable electrical energy supply in Germany. But due to the sustained 
cost pressures for transmission system operators the operational expenditures must be 
reduced in order remaining competitive. A changeover from a usual time-oriented to a 
riskbased maintenance is more and more often on the agenda. In this paper a method is 
presented which generates riskbased maintenance strategies for overhead lines and their 
connecting outgoing feeder within the substations in a part of the German 380 kV extra 
high voltage transmission system with the target operative risk costs reduction. The origin 
of this strategy is the determination of a priority ranking of the different routes by their 
importance for the unrestricted functionality of the transmission system. This method takes 
into account standard and log-normal distributions of age-dependent reliability behavior of 
the assets, bay configurations and different load conditions of the transmission network in 
the 380 kV level. Furthermore a Monte Carlo simulation is used for creating combinations 
of financial and technical data. Finally, an extreme clipping of extraordinary combinations is 
performed with the value at risk method. 
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Dynamic Thermal State Forecasting of Distribution Network Components 

Merkebu Zenebe Degefa, Aalto University; Matti Koivisto, Aalto University; John Millar, 
Aalto University; Matti Lehtonen, Aalto University 

This paper proposes and investigates a framework for day-ahead hour-by-hour thermal 
state forecasting of distribution network components. The method takes into consideration 
the uncertainty brought about by distributed generation and load demand forecasting. 
Potential risks are evaluated so that contingency measures can be planned with a clear 
knowledge of tolerance to temporary overloading scenarios. 
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Probabilistic Risk Assessment Applied to Maintenance Schedule of HVDC 

Tao Wang, South China University of Tech; Lin Guan, South China University of Tech 

This paper proposes a novel risk evaluation system for HVDC planned maintenance using 
probabilistic method. A quantitative evaluation method is put forward to measure how 
HVDC system maintenance affects power system reliability. Two major indexes, which are 
loss of load probability (LOLP) and Security Index (SI), are chosen to construct the power 
grid operation risk indexes. Based on the calculation of historical operation data and 
advices of dispatching department, the criterion for evaluating the HVDC planned 
maintenance is proposed. The methodology provides an effective analysis tool for 
scheduling department to choose the appropriate time to arrange maintenance. Finally, a 
study of China Southern Power Grid is carried out in order to demonstrate the efficiency of 
the proposed risk evaluation system. 
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Sensitivity Analysis of Offshore Wind Farm Topology based on Reliability 
Calculation 

Issam Athamna, University of Wuppertal; Markus Zdrallek, University of Wuppertal; Eduard 
Wiebe, RWE Innogy GmbH; Friedrich Koch, RWE Innogy GmbH 

In order to reduce the revenue losses for the offshore wind farm (OWF) operators, it is 
necessary to ensure the operational availability of the entire OWF. This requires an 
accurate investigation of the reliability of the individual components of OWF as well as of 
the complete system. For this reason, reliability calculations will play a major role in the 
planning and optimization of the network infrastructure. Due to the OWF specific grid 
construction and the environment-relevant factors such as: long distance to shore, water 
depth and rough environmental conditions for maintenance activities, new offshore 
specifics reliability models were evolved. The newly developed models take into account 
the necessity of the wind’s potential, weather conditions, control of power generation, 
automatic functions in case of failure of the OWF grid and the wind turbine generator 
(WTG) itself. By means of these models, this paper focuses on the availability of various 
OWF design concepts. These variants consider the differences within inter array layouts, 
substation configurations and WTG concepts. Their impacts on the reliability results are 
substantiated by calculations, which make possible to identify the advantages and 
disadvantages of each OWF design concept. 

 
50 
 

Comparing Resource Adequacy Metrics and their Influence on Capacity Value 

Eduardo Ibanez, National Renewable Energy Laboratory; Michael Milligan, National 
Renewable Energy Laboratory 

Traditional probabilistic methods have been used to evaluate resource adequacy. The 
increasing presence of variable renewable generation in power systems presents a 
challenge to these methods because, unlike thermal units, variable renewable generation 
levels change over time because they are driven by meteorological events. Thus, capacity 
value calculations for these resources are often performed to simple rules of thumb. This 
paper follows the recommendations of the North American Electric Reliability Corporation’s 
Integration of Variable Generation Task Force to include variable generation in the 
calculation of resource adequacy and compares different reliability metrics. Examples are 
provided using the Western Interconnection footprint under different variable generation 
penetrations. 
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Accuracy of ANN based methodology for load composition forecasting at bulk 
supply buses 

Yizheng Xu, The University of Manchester; Jovica Milanovic, The University Of Manchester 

Accurate prediction of load composition at bulk supply points can significantly improve 
power system planning, electricity market analysis and demand side management. This 
paper discusses an artificial neural network (ANN) based approach to forecasting load 
composition at the bulk supply bus based on RMS measurement of voltage, real and 
reactive power and local forecasted weather. Probabilistic distributions and confidence 
levels of the prediction under different prediction error intervals have been derived and 
analysed. It is demonstrated that the approach yields prediction of load composition with 
errors typically less than 10%. 
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Improving Monte Carlo simulation efficiency of level-I blackout probabilistic risk 
assessment 

Pierre Henneaux, Université ibre de Bruxelles & University of Washington; Pierre-Etienne 
Labeau, Université libre de Bruxelles 

Blackouts in power systems are due to cascading failures whose typical development can 
be split in two phases: a slow cascade and a fast cascade. Once a blackout occurred, the 
restoration is as an additional (and last) phase. The blackout Probabilistic Risk Assessment 
(PRA) can be decomposed in three levels, according to three phases. An analog Monte 
Carlo simulation has been developed for the level-I, in order to simulate independent and 
thermal failures during the slow cascade. The main limitation of such an analog simulation 
is the small fraction of runs leading to interesting consequences. The aim of this paper is 
then to propose biasing techniques in order to improve the blackout PRA level-I Monte 
Carlo simulation efficiency. Two methods are explored: favoring failures during the cascade 
by forcing them to occur before a time limit and favoring thermal failures by biasing weather 
conditions sampling. Results obtained on a test case show that a significant gain can be 
reached. 
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Organization simulation in probabilistic reliability calculation 

Hans Henning Thies, Bergische Unversität Wuppertal; Markus Zdrallek, University of 
Wuppertal; Michael Schwan, Siemens PTI; Andreas Ettinger, Siemens PTI 

Today‘s regulatory demands are providing strong incentives for cost reduction to network 
operators. If no corrective measures are taken by national regulation authorities (NRA) a 
substantial negative effect can occur: A reduction of costs at the expense of the customers’ 
quality of supply. To prevent this, in 2012 the German NRA has implemented a quality 
regulation scheme, so that network operators are forced to integrate aspects of quality of 
supply in their considerations of cost reductions. This paper presents an approach which 
allows the simultaneous simulation of network asset and operational service staff to 
quantify their impacts on quality of supply. A detailed model of the network structure is 
used to determine failure events and the respective remedial strategy and the impact on 
customers’ demands. A detailed organization model displays the distribution system 
operators’ organizational structure and its employees. Thus, it is possible to discover 
strengths and weaknesses in the network structure and the organization of service staff 
simultaneously in one model. The focus of this paper is to present the additional value the 
reliability calculation gains by the extensive simulation of network operators’ organization 
and the corresponding operational service staff. 
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Most Relevant Measurements for State Estimation According to Information 
Theoretic Criteria 

Andre Augusto, INESC TEC; Jorge Pereira, INESC TEC; Vladimiro Miranda, INESC TEC; 
Julio Stacchini de Souza,  Fluminense Federal University; Milton Do Coutto Filho, 
Fluminense Federal University 

This work presents a methodology for selecting the most relevant measurements for real-
time power system monitoring. A genetic algorithm is employed to find the meter plan, 
composed of relevant, real-time measurements and pseudo-measurements that present 
the best compromise between investment costs and state estimation performance. This is 
achieved by minimizing both the number of real-time measurements in the power network 
and the degradation of the estimated states. Performance measures based on the 
Information Theory are investigated. Simulation results illustrate the performance of the 
proposed method. 
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An optimal group maintenance policy for multi-unit offshore wind turbines located in 
remote areas 

Mahmood Shafiee, Cranfield University 

Many offshore wind farms are planned to be built in remote sea locations due to high wind 
resources. However, the difficulties in accessing and maintaining wind turbines lead to 
increased operation and maintenance (O&M) costs and subsequently, increased cost of 
energy (COE). In order to share the maintenance set-up costs and reduce the power 
production losses, the group maintenance policies are widely used in offshore wind energy 
industry. In this paper, we investigate an optimal group maintenance policy for a multi-unit 
wind turbine system located in cold, icy or remote offshore areas. Each individual unit is 
exposed to a gradual degradation phenomenon that takes place in different forms of wear, 
corrosion, erosion, fatigue and crack generation. The whole system undergoes an 
unplanned maintenance action when the degradation level of one of units reaches its 
critical size; otherwise a planned group maintenance task is conducted at the operational 
age T (>0). We propose an optimization model to determine the optimal time such that the 
average long-run maintenance cost per unit time is minimized. Finally, the proposed model 
is applied to a three-bladed rotor system and the results are compared with the individual 
maintenance of blades. 
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Statistical Analysis of Optimal Energy and Security Controls Under Different 
Sources of Uncertainties 

Omid Alizadeh Mousavi, EPFL; Rachid Cherkaoui, EPFL; Mokhtar Bozorg 

The management of uncertainties is a challenging task for reliable and secure operation of 
power systems. The uncertainties come from multiple sources, including the forecast errors 
of wind power and load and the forced outage of generating units and loss of transmission 
equipments. This paper classifies different uncertainties based on their binary and 
continuous attributes. The main idea is to investigate the effect of each source of 
uncertainties on the cost of energy and security controls. For this purpose, a specific 
optimization method is developed which takes in to account a forecasted scenario and a 
stochastic scenario. This optimization problem is solved for a fixed forecasted scenario and 
a varying stochastic scenario. The stochastic scenarios are constructed using a Monte 
Carlo Simulation that considers various sources of uncertainties. The main advantage of 
the proposed optimization is that the number of incorporated stochastic scenarios does not 
increase the size of the optimization problem. The models of different uncertainties, 
particularly wind power forecast errors, are discussed in depth. This optimization allows 
obtaining the statistical moments and constructs the probability distributions. The proposed 
optimization approach is then applied to the IEEE RTS 24-bus system. The probability 
distributions and statistical moments of objective functions and control variables are 
assessed for three cases namely: (i) with only binary uncertainties, (ii) with only continuous 
uncertainties and (iii) with both of them. 
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Distribution Reliability: Data Calibration Based on Monte Carlo Simulation and 
Evolutionary Optimization 

Armando Leite da Silva, Federal University - UNIFEI; Ana Carolina Guimaraes, Omega 
Energia Renovavel SA; Luiz Nascimento, Universidade Federal - UFSJ 

Power system failures are random events and their prevention can be managed by the 
regulatory agencies through pre-set performance targets. Once an acceptable target is 
established for a reliability index, it is assumed to be the limit value that must not be 
exceeded; otherwise the utility may receive a penalty that creates an extra operational 
cost. To maintain these targets under control, the utilities must regularly evaluate their 
system, and the reliability indices should be predicted using accurate system information. 
Most utilities do not have accurate information about their own system parameters (e.g., 
failure rates, etc.), and may use similar data for assessing reliability performance. 
Consequently, the predicted indices will not reflect the exact status performance of the 
distribution system. The solution can be reached by validating the database. This process 
includes detection, localization of the incorrect data, and, finally, the pa-rameter correction. 
The validation methodology proposed in this paper uses Chronological Monte Carlo-based 
techniques to assess the probability distributions of system reliability indices, statistical 
evaluation of samples, and a metaheuristic-based optimization approach. Case studies on 
a simple distribution network and on a real system are presented and discussed. 
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Composite Reliability Evaluation With Renewable Sources Based on Quasi-
Sequential Monte Carlo and Cross Entropy Methods 

Armando Leite da Silva, Federal University - UNIFEI; Reinaldo Gonzalez-Fernandez, Itaipu 
Binacional; Silvan Flavio, Federal University - UNIFEI; Luiz Antonio da Fonseca Manso, 
Federal University of São João del-Rei 

This paper presents a new approach to assess reliability indices in composite generation 
and transmission systems, considering high penetration of renewable energy. The main 
idea is to combine a Cross-Entropy (CE)-based optimization approach and quasi-
sequential Monte Carlo simulation (MCS) to obtain an auxiliary sampling distribution, which 
can minimize the variance of the reliability index estimators. This auxiliary sampling 
distribution will properly modify the original unavailabilities of both generation and 
transmission equipment, so that important failure events are sampled more often. As a 
result, the MCS algorithm can converge faster and with fewer samples, leading to 
significant speed-ups, especially when dealing with very reliable system network 
configurations. The results obtained for the IEEE Reliability Test System – 1996 will be 
presented and discussed. 
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Analysis of Wide-Area Availability of Wind Generators During Storm Events 

Hamish Macdonald, University of Strathclyde; Graeme Hawker, University of Strathclyde; 
Keith Bell, University of Strathclyde 

During high wind speed shutdown (HWSS) events, the power outputs of wind power plants 
may be subject to high ramp rates, causing issues for the System Operator (SO) in 
predicting total wind output, allocating adequate reserve levels and minimising balancing 
costs. As the timing of these events is difficult to predict, it is proposed that individual 
turbines may be used as probabilistic early warning indicators of HWSS events across 
sites, and by extension to a wide geographical area. The shut-down history of two separate 
wind farms across Scotland is analysed to determine the likelihood and impact of such 
events. It is shown that in most cases, HWSS does not result in the full loss of availability. 
Factors such as turbine elevation and mean wind exposure are key indicators of the order 
of shut-down across a site. The suggestion that sites could be used as early warning 
indicators for the pattern of HWSS across a transmission zone is difficult to characterise 
and for the two wind farms studied, prediction was not consistent. 
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Interruption costs and time dependencies in quality of supply regulation 

Gerd Kjolle, SINTEF Energy Research/NTNU; Iver Sperstad, SINTEF Energy Research; 
Sigurd Jakobsen, SINTEF Energy Research 

Customer interruption costs depend not only on customer characteristics and interruption 
duration, but also on the time of interruption. Time-dependent costs are incorporated in the 
Norwegian quality of supply regulation. New cost data are proposed from 2015. This paper 
demonstrates the importance of taking the time dependencies in the interruption cost and 
the time-dependent correlation with other parameters into account. Ignoring these time 
dependencies may lead to wrong cost signals in the quality of supply regulation. A time-
varying reliability model is used to investigate the influence of time dependencies and the 
impact of changing the cost data for a small example network with different customer 
sectors. It is shown that ignoring the time dependent correlation leads to underestimation of 
the expected annual interruption costs. 
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A review of methods for condition monitoring, surveys and statistical analyses of 
disconnectors and circuit breakers 

Per Westerlund, KTH; Patrik Hilber, Svenska Kraftnät; Tommie Lindquist, Svenska Kraftnät 

There is a need for a new survey of condition-monitoring methods for circuit breakers and 
disconnectors, since during the last two decades less than ten surveys have been carried 
out. The paper presents several statistical surveys and analyses. The methods of condition 
monitoring found are reviewed and classified according to the different types of failure 
identified in the surveys. Some research gaps are identified, such as the prediction of the 
degradation of the contacts, the signal processing of coil and motor currents and the 
switching. 
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Operating Reserves Assessment in Isolated Power Systems with High Wind Power 
Penetration 

Humberto Verdejo, Universidad de Santiago de Chile; Luis Vargas, University of Chile; 
Felipe Larrain, University of Chile 

This paper presents a methodology to assess operating reserves in isolated power 
systems under high penetration of wind power. The methodology is based on a convolution 
approach that merges the fluctuations of wind speed with the natural variations of demand, 
and formulates the probability distribution function of variables as a non-Gaussian 
behavior. The estimation produces a histogram with the probability distribution of operating 
reserves required in different time spans. The methodology is applied to the expansion 
plan of a Chilean isolated power system and results indicate that the methodology is able 
to estimate operating reserve needs in a time span ranging from 1 to 30 minutes, which 
adequately satisfy the future needs of this isolated power system. 
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Short-term forecasting of the daily load curve for residential electricity usage in the 
Smart Grid 

Jonathan Hosking, IBM Research; Ramesh Natarajan, IBM Research; Soumyadip Ghosh, 
IBM Research; Shivaram Subramanian; Xiaoxuan Zhang, IBM Research 

We describe a model of the daily load curve for residential electricity usage, including in 
particular the effects of dynamic price incentives on the demand response, a topic of 
considerable interest in the emerging Smart Grid. The observed daily load curve is 
modelled as a weighted sum of periodic spline basis functions, with the basis function 
coefficients evolving according to a linear Gaussian state-space model that incorporates 
level shifts, day-of-week and holiday adjustments, and weather effects, as well as the 
dynamic price-incentive effects. Model parameters are estimated from observational time-
series data by maximum likelihood, with the computations being efficiently carried out using 
Kalman filtering recursions. The resulting fitted model can be used for short-term load 
forecasting by providing a forward sequence of price-incentive signals and weather 
projections over the forecast period. This proposed modeling and forecasting methodology 
have many advantages over competing methods, including the ability to model intraday 
load-substitution effects that are induced by the specified dynamic pricing schedules, the 
ability to use fine-grained (5-15 min interval) observational data without greatly increasing 
the computational cost of the estimation and forecasting procedures, the ability to use 
informative prior distributions for any model parameters that cannot be reliably estimated 
from the available observational data, and the ability to update model forecasts without 
having to store the entire time-series history. 
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Failure Rate Analysis of Circuit Breaker and Its Preventive Maintenance Application 

Cattareeya Suwanasri, KMUTNB; Thanapong Suwanasri, TGGS, KMUTNB; Wijarn 
Wangdee, TGGS, KMUTNB; Sumate Lipirodjanapong, TGGS, KMUTNB 

This paper presents an analysis of failure rates of power circuit breakers at the 230 kV 
voltage class. First of all, the 20-year historically recorded failure data of existing power 
circuit breakers (CB) in high voltage substations in Thailand were retrieved. Subsequently, 
the data were analyzed and classified by causes of failure related to CB sub-component 
types. The failure rates based on individual sub-component types were examined and then 
were categorized into three main CB component categories depending upon their 
functionalities, which are live parts and insulation, operating mechanism, and control. The 
failure rates of individual CB sub-components were calculated and their associated 
probability distributions were estimated using Weibull distribution functions. The resulting 
Weibull distribution parameters were subsequently utilized in CB preventive maintenance 
application to aid a decision making process for setting maintenance schedule of CB 
components. The proposed method can also be applied to other high voltage equipment in 
power systems. 
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Composite System Reliability Analysis using an Accelerated State Evaluation 
Considering Bus Load Correlation 

Zhen Shu, NUS; Panida Jirutitijaroen, National University of Singapore 

This paper presents an accelerated state evaluation (ASE) in sequential simulation for 
composite system reliability analysis, with the consideration of bus load correlation. The 
ASE computes a threshold load level at each sampled component state and uses it to 
identify load-loss states efficiently. As such, the number of load curtailment computations 
involving optimal power flow can be greatly reduced to achieve higher simulation efficiency. 
The ASE is developed for systems with and without correlated bus loads. Case studies are 
performed to demonstrate its performances, where reliability indices – loss of load 
probability, expected unserved energy, loss of load frequency and duration are obtained. 
Results on IEEE Reliability Test System (IEEE RTS) show that compared to conventional 
approach, ASE leads to considerably higher computing efficiency while achieving solutions 
of similar quality. It is also found from an extreme case that if system loads exhibit 
independency, the applicability of ASE might be restricted for some intensively stressed 
systems. 
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Generation Adequacy in Wind Rich Power Systems: Comparison of Analytical and 
Simulation Approaches 

Yutian Zhou, The University of Manchester; Pierluigi Mancarella, The University of 
Manchester; Joseph Mutale, The University of Manchester 

The analytical and simulation approaches used for generation adequacy assessment are 
reviewed in this paper in the context of large-scale wind penetration. The analytical 
approach applied by the UK system regulator and sequential Monte Carlo simulation 
(MCS) are compared based on a realistic model of the UK power system. It is found that 
the analytical approach yields a higher risk of security of supply compared to sequential 
MCS approach. This is due to the fact that the analytical approach fails to take into account 
the inherently chronological nature of wind power. A further contribution of this paper is the 
estimate of the duration and severity of single capacity shortfall provided via sequential 
MCS. This is essential to future networks in which alternative resources (mainly demand 
response and storage) can be deployed as proxies for capacity. Moreover, high impact and 
low probability events are captured properly through sequential MCS. A key conclusion of 
this paper is that sequential MCS should be applied to estimate generation adequacy as it 
provides more realistic results of the various indicators. 

 
70 
 

A Non Parametric Stochastic Model for River Inflows based on Kernel Density 
Estimation 

Carmen Borges, Federal University of Rio de Janeiro; Julio Dias, PSR 

One of the most important random variables to be considered in hydrothermal systems 
operation and planning models is river inflows, especially in countries with a very high 
penetration of hydro power plants. Usually inflows are represented by periodic 
autoregressive parametric models, assuming that they follow a log-normal distribution. This 
paper proposes the application of a non-parametric estimation method, called kernel 
density estimation, for the construction of an autoregressive model for river inflows that 
does not assume any specific distribution. The synthetic series generated by the proposed 
model tend to better reproduce the probability density of the historical time series. The 
model was applied to some hydrolological series of the Brazilian system, and its efficiency 
was demonstrated as well as some advantages over the conventional approach. 
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A Tabu Search Method for Distribution Network Planning Considering Distributed 
Generation and Uncertainties 

Nikolaos Koutsoukis, National Technical University of Athens (NTUA); Pavlos Georgilakis, 
NTUA; Nikos Hatziargyriou, NTUA 

This paper deals with the problem of distribution network planning (DNP) considering 
distributed generation (DG) and uncertainties. The involved uncertainties are the output 
power of wind and PV generation, the future load growth in the planning period and the 
evolution of the electricity prices. A Tabu search (TS) based method with an embedded 
probabilistic power flow analysis is developed in order to solve the DNP optimization 
problem. The probabilistic power flow problem is solved by Monte Carlo Simulation (MCS). 
The proposed method is applied to a benchmark system and to a 30-bus distribution 
network considering several scenarios to demonstrate the method’s performance and 
robustness. Simulation results show how the network planning is affected from the 
considered uncertainties and the optimal network is rather different in comparison to the 
networks designed via a conventional approach without DG integration. 
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Probabilistic Assessment of Impacts of Realtime Line Ratings on Distribution 
Networks 

Muhammad Buhari, The University of Manchester; Konstantinos Kopsidas, The University 
of Manchester 

Underground cabling systems which includes cables and ducts play a vital role in the 
planning and assessment of electro-thermal coordination that will incorporate smart energy 
transmission and utilize the prevailing weather conditions in implementing future smart 
distribution systems. This paper investigates the effects of increased adequacy through 
real-time line thermal ratings on network losses and risk of ageing. The analysis is 
performed on a range of underground cable duct installation methods in a distribution 
network. The paper proposes a new technique of assessing the reliability of distribution 
systems when real-time line rating is implemented on power cables considering the ducting 
methods and accounting for the reliability risks of cable ageing. Probabilistic assessments 
on nine different ducting installations for a buried 22kV XLPE cable showed that an oil 
pressure type cable ducting has the lowest risk of asset ageing when real-time line rating is 
implemented on the network. 
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Cable Tunnel Thermal Rating Prediction using Support Vector Regression 

Rui Huang, University of Southampton; James Pilgrim, University of Southampton; Paul 
Lewin, University of Southampton; D 

avid Scott, National Grid; Daniel Morrice, National Grid 

As transmission grids worldwide adapt to changes in both generation and demand, 
increasing emphasis is being placed on calculating accurate cable current ratings. This 
paper outlines a method for predictive cable ratings based on a Support Vector Regression 
method. The method is applied to the rating of a cable tunnel system, with the results of 
predicted conditions compared against system data. 
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Failure Propagation in Turkish National Power System 

Keysan Saeilailonahar, Istanbul technical University; Aydogan Ozdemir; Adnan Kaypmaz, 
Beykent University 

Cascading failures are one of the most important problems in electric power systems. 
Failure propagation mechanism should be studied to minimize the power loss risk. It is a 
complex problem and acceptable solutions require improved statistical models. Borel-
Tanner distribution is one the recent models used for modeling failure propagation 
phenomena of cascading failures. This study presents Borel-Tanner modelling based 
cascading outage propagation for the Thrace part of Turkish National Power Transmission 
System. 7-year transmission system outage data of the region is used to test the model. 
Average failure propagation rate of cascading phenomena is calculated from the data. The 
distribution of total number of line outages is then estimated using the calculated failure 
propagation rate and initial failure distribution. The same total number of line outages is 
calculated empirically from the network data and the results are compared with of the 
branching process. 
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Power system maintenance planning using value function approximation 

Saranga Abeygunawardane, University of Moratuwa; Panida Jirutitijaroen, National 
University of Singapore; Huan Xu, National University of Singapore 

Power system maintenance planning is vital for conducting maintenance of power system 
equipment in an optimal manner. A maintenance model of a system with number of 
equipment has several states. Solving such a system model would be computationally 
intractable. This paper investigates the possibility of conducting system level maintenance 
planning by using a component specific Markov decision process (MDP) model developed 
for maintenance of equipment. In ordet to find optimal actions for the system, a value 
function is approximated using component specific MDP models. In a case study, the 
optimal actions obtained using the value function approximation (VFA) method are verified 
by comparing them with the optimal actions obtained using an MDP model developed for 
the full system. 
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Towards Defined Security by Identifying and Quantifying Power System Failure 
Sequences - Case Example with Finnish Power System 

Jarno Lamponen, Aalto University; Liisa Haarla Aalto University; Ritva Hirvonen, Aalto 
University 

Defining power system security requires knowledge of the dynamic behavior of the system 
in disturbed conditions. This paper describes the process of identifying vulnerabilities and 
quantifying the security of a power system by presenting a dynamic simulation study of the 
Finnish power system. The results show the change of the security of a power system as 
the amount of power transfer is increased or decreased on the critical corridor. The results 
also show the variation of system security as the fault frequency varies. Equal areas of risk 
when power transfer on critical corridor and fault frequency varies are presented, which 
illustrate that exceeding N - 1 secure transfer limits lead to highly different system collapse 
probabilities depending on the grid fault frequency conditions. 
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Large Power Grid Reinforcement Planning Based on Risk Evaluation 

Yi Gao, State Power Economic Research Institute; Fulong Song, State Power Economic 
Research Institute; Jun Li, State Power Economic Research Institute 

This paper focuses on the application of risk assessment in large power grid planning 
scheme using the state enumerate method. The risk evaluation models and methods for 
large power grid are presented. The contributions of critical component outages to the 
overall system risk are studied and utilized to find the weak area of a large power grid. This 
paper illustrates that the proposed methods and models can be effectively used in actual 
large power grid reinforcement planning and to provide valuable information to improve 
power grid reliability. 
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Categorization and Review of Failure Rate Factors Used in Power Systems 

Niklas Ekstedt, KTH; Patrik Hilber, KTH 

To evaluate the reliability of power systems, good estimates of the failure rates of the 
included components are needed. Better predictions can be performed if relevant factors 
that affect the failure rates are used, and an increasing number of models that include 
different types of factors have been presented recently. This paper proposes a 
categorization of failure rate factors into seven categories, based on the type of information 
for the factors. The categorization can be used to map future studies in the context of 
similar work. Furthermore, the paper presents a review of a number of publications that 
uses different factors to model the failure rate of different power system components. The 
failure rate factors used in the reviewed publications are categorized into the proposed 
seven categories and a comprehensive summary table is included. The used models and 
methods to estimate the failure rate in the reviewed publications are also noted in the 
summary table. 
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Comparison of Machine Learning Methods for Estimating Energy Consumption in 
Buildings 

Elena Mocanu, TU/e; Phuong Nguyen, TU/e; Madeleine Gibescu, TU/e; Wil Kling, TU/e 

The increasing number of decentralized renewable energy sources together with the 
growth in overall electricity consumption introduce many new challenges related to 
dimensioning of grid assets and supply-demand balancing. Approximately 40% of the total 
energy consumption is used to cover the needs of commercial and office buildings. To 
improve the design of the energy infrastructure and the efficient deployment of resources, 
new paradigms have to be thought up. Such new paradigms need automated methods to 
dynamically predict the energy consumption in buildings. At the same time these methods 
should be easily expandable to higher levels of aggregation such as neighbourhoods and 
the power distribution grid. Predicting energy consumption for a building is complex due to 
many influencing factors, such as weather conditions, performance and settings of heating 
and cooling systems, and the number of people present. In this paper, we investigate a 
newly developed stochastic model for time series prediction of energy consumption, 
namely the Conditional Restricted Boltzmann Machine (CRBM), and evaluate its 
performance in the context of building automation systems. The assessment is made on a 
real dataset consisting of 7 weeks of hourly resolution electricity consumption collected 
from a Dutch office building. The results showed that for the energy prediction problem 
solved here, CRBMs outperform Artificial Neural Networks (ANNs), and Hidden Markov 
Models (HMMs). 
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Statistical Forecasting for Offshore Wind Helicopter Operations 

David McMillan, University of Strathclyde; José Antonio Domíngu, University of Zaragoza; 
Iain Dinwoodie, University of Strathclyde 

The influence of the wind and wave climate on offshore wind operations and maintenance 
is well known. These environmental factors dictate to a large extent whether turbine crew 
transfer (carried out by small vessels) or major lifting actions (carried out by large vessels) 
can be executed at sea. However the role of helicopter operations has received much less 
attention. In this paper the authors explore the helicopter access problem via statistical 
forecasting and implement a model innovation, by including cloud base as a key access 
metric. By understanding the practical limits of helicopter operation, offshore wind access 
calculations will be much improved and reflect more closely the reality of operations at sea. 
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Frequency Aspects of Power System Operational Reliability 

Chen Liang, Taiyuan University of Techonology; Peng Wang Taiyuan University of 
Techonology; Xiaoqing Han, Taiyuan University of Techonology; Wenping Qin, Taiyuan 
University of Technology; Yanbing Jia, Taiyuan University of Techonology 

In an autonomous micro grid or a power system with high renewable power penetration, 
the intermittency of renewable energy resources become major concern of system 
operation. Dynamic process of frequency response and control due to unit failures and 
resource variation may have significant impacts on system operational reliability because 
the output of conventional generators has to be frequently adjusted for frequency recovery. 
In real time operation of a power system with high wind power penetration, spinning 
reserve from conventional generators becomes very important to incorporate wind speed 
and load variation. This paper proposes a technique to investigate system operational 
reliability from the aspect of frequency variation and control. The time durations of primary 
and secondary frequency controls are considered in the proposed technique. Frequency 
related reliability indexes are defined. The IEEE-RTS is used to illustrate the applications of 
the proposed method. 
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Short-Run Fluctuation of Residual Load by High Penetration Photovoltaic Power 
Generation System 

Takeyoshi Kato, Nagoya University; Shuhei Sugimura, Nagoya University; Muneaki 
Kurimoto, Nagoya University; Yasuo Suzuoki, Nagoya University; Yusuke Manabe, Nagoya 
University; Toshihisa Funabashi, Nagoya University 

By using the data of electricity demand and multi-points irradiance simultaneously 
observed in the Chubu region in Japan, this study statistically evaluates the short-run 
fluctuation of residual electricity load including the aggregated PVS power output as a 
negative electricity demand. The hourly maximum fluctuation width (MFW) calculated using 
20 min window is evaluated as a measure of short-run fluctuation. As a result, if the longer 
cycles than a few ten minutes of the aggregated PVS power output are excluded, the MFW 
of residual electricity load is increased by only 25% on average compared with the MFW of 
original electricity demand. However, because of the low predictability of the ramp-up/down 
of aggregated PVS power output, if longer cycles than a few ten minutes are taken into 
account, the capacity for the load-frequency control (LFC) would be increased so much. 
The results suggest that further study regarding the integrated simulation of economic load 
dispatching control (EDC) and LFC is needed for evaluating the required flexibility of 
electric power system with high penetration PVS. 
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EV stochastic modelling and its impacts on the Dutch distribution network 

Rick Scharrenberg, TU Eindhoven; Bram Vonk, TU Eindhoven; Phuong Nguyen, TU 
Eindhoven 

This paper presents the impact of increasing penetration of electric vehicle (EV) on 
distribution networks using a stochastic modelling approach based on Monte Carlo 
simulations. The proposed method aims to derive the stochastic characteristics of EVs with 
detailed transportation data together with geographic information, and vehicle properties, 
thus formulating suitable charging patterns. Output of the model is then coupled with 
different network scenarios of the existing planning tool to evaluate impacts of uncontrolled 
and controlled EV charging by running load flow analyses for hundreds of times. A case 
study for a typical Dutch distribution network is conducted for scenarios of the years 2015, 
2020, 2025 and 2030. Simulation results show that the approach reflects accurately effects 
of controlled/smart charging to reduce the number of overloaded MV/LV transformers as 
well as the average power losses in developed scenarios. 
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The Use of BFA Simulation to Evaluate Reliability of Composite System. Case study: 
Calculation of Muarakarang-Gandul 1 Composite System 

Herry Nugraha, Institut Teknologi Bandung 

Optimization of Bacteria Foraging Algorithm (BFA) has been widely implemented in power 
engineering. This algorithm is emulated from escherichia coli bacteria’s ability in finding 
nutrients in the human body. This research focuses on the implementation of BFA to 
calculate reliability indices of power system such as Loss of Load Probability (LOLP), Loss 
of Load Expectation (LOLE) and Expected Energy Not Supplied (EENS). The positions of 
each bacterium describe the status of the generation system and the resulting fitness value 
is its probability. The generation system states were visited included a failure state (state 
which causes load curtailment or loss of load), furthermore some generation systems are 
configured by block of units which are identically. It is opportunity in this research to 
improve BFA calculation methodology by considering probability of a system state with 
identical combinations. New approach of reliability calculation of composite system will be 
proposed. When the high probability failure states are obtained, the reliability indices can 
be calculated accurately. To simulate the methodology, case study of BFA and Genetic 
Algorithms (GA) calculation of Muarakarang-Gandul 1 Composite System (islanding 
system which part of Jawa-Bali-Madura grid in Indonesia) will be applied. 
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Wind Related Faults on the GB Transmission Network 

Kirsty Murray, University of Strathclyde; Keith Bell, University of Strathclyde 

There are current worries surrounding climate change and with some of the effects already 
being seen, such as a rise in coastal temperatures and more extreme weather, greater 
research into how society will be affected is required. With the possibility of increased 
frequency and intensity of adverse or extreme weather there is a concern that this will 
affect the reliability of the electricity transmission network in GB which currently suffers 
from regular faults with a significant percentage of them caused by adverse or extreme 
weather. The research discussed in this paper focuses on extreme and adverse weather 
and its effects on the GB transmission network using data supplied by the three 
transmission companies that own and operate the GB network: Scottish Power Ltd., 
National Grid plc. and SSE plc. It also presents the beginnings of a relationship between 
weather types, mainly focusing on wind, and weather related faults. 
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RCAM Model for Turkish National Power Transmission System: SF6 Circuit 
Breakers, Transmission Lines, Transformer Centers and Protection Relays 

Aydogan Ozdemir, Istanbul Technical University; H.Aysun Koksal, Istanbul Technical 
University 

The reliability cost-worth conflict brought the necessity of improved management of the 
maintenance. RCM is continually improved together with proper asset management to 
meet this necessity. This study proposes an improved RCAM model to achieve cost-
effective maintenance strategies for SF6 circuit breakers, transmission lines, other 
components of the transformer centers and protection relays in 380 kV Turkish National 
Transmission System. Markov model of the existing maintenance procedure is constructed. 
Past outage data and current maintenance procedure details are used to calculate the 
model parameters. Some appropriate revisions validated by utility staff are made in 
inspection and test rates of the components. Finally, reliability indices and the costs are 
determined both for the existing maintenance procedure and for the improved one. 
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Inventory Management of Power Circuit Breaker Using Failure Data Analysis 

Cattareeya Suwanasri, King Mongkut's University of Technology North Bangkok; 
Thanapong Suwanasri, King Mongkut's University of Technology North Bangkok; Warunee 
Srisongkram, King Mongkut’s University of Technology North Bangkok 

This paper presents an analysis of historical failures of HV circuit breakers in Thailand’s 
transmission network. The historical data of circuit breakers installed since 1989 to 2011 at 
115 kV voltage levels are analyzed. The data has been classified according to different 
types of circuit breakers and sub-components. The main components are classified as live 
parts and insulation, operating mechanism, and control circuit and others. Subsequently 
the main components are deeply differentiated into sub-components. The failure 
frequencies of those sub-components are then assessed in order to observe their failure 
characteristics in form of bath-tub pattern, which is classified into three zones as teething, 
random and ware-out zone. The results show failure patterns of sub-components and 
overall failure pattern of 115 kV circuit breakers. Finally, the spare parts of sub-components 
are calculated using normal distribution technique. Therefore, preventive maintenance for 
the circuit breakers can be effectively managed according to its actual failure behavior. 
Consequently, the failure rate of the equipment can be reduced, which results in the better 
reliability of power system. 
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Feasibility of Linear Decision Rules for Hydropower Scheduling 

Ida Grønvik, NTNU; Ajla Hadziomerovic, NTNU; Nina Ingvoldstad, NTNU; Rudolf Egging, 
NTNU; Stein-Erik Fleten, NTNU  

Linear decision rules is a method for solving multistage stochastic linear programming 
problems. In this article we consider the feasibility of applying it to the hydropower 
scheduling problem. In our case, the price-taking producer determines a long-term 
reservoir management strategy that maximizes the market value of revenues from selling 
the electricity output in a well-functioning market. Uncertainty is present both in market 
prices and in reservoir inflows. Traditional methods for this problem suffer from a 
computing effort that grows exponentially with the number of stages and the number of 
state variables. The Linear Decision Rules (LDR) approximation is effective at reducing 
computational complexity, and is well-suited to multistage problems. By restricting the 
decision variables to be affine functions of the realisations of the uncertain parameters, the 
original intractable problem is transformed into a tractable one with short computational 
time. The approach is demonstrated on four Norwegian hydropower plants. 
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Impact of Protection System Reliability on Power System Reliability: A New Minimal 
Cutset Approach 

Vijay Venu Vadlamudi, NTNU; Oddbjørn Gjerde, SINTEF Energy Research; Gerd Kjolle, 
SINTEF Energy Research/NTNU 

In order to capture the effect of dependent failures that could arise due to the various 
transmission protection system response scenarios on power system reliability, complex 
Markov models or fault trees combined with event trees are typically employed in the 
predictive reliability studies. A unique approach utilizing minimal cutsets and the 
approximate methods of system reliability evaluation, dispensing with the assumption of 
perfect protection and control, was recently postulated to obtain various power system 
reliability indices. The approach was basic in that it was applicable to single circuit meshed 
transmission systems, where only minimal cutsets up to a maximum order of two could be 
handled. However, the parallel structure of transmission lines in multi-circuit meshed 
transmission systems, in addition to resulting in possible higher order critical transmission 
line minimal cutsets, creates unique topological dependencies among the backup 
protection system coordination schemes. In this paper, a comprehensive minimal cutset 
approach to capture the impact of protection system reliability on power system reliability is 
presented, covering all such consequent dependencies. An illustrative sample case study 
is used to explain the salient features of the proposed methodology. 
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Probabilistic Assessment of the Process-Noise Covariance Matrix of Discrete 
Kalman Filter State Estimation of Active Distribution Networks 

Lorenzo Zanni, EPFL; Styliani Sarri, EPFL; marco Pignati, EPFL; Rachid Cherkaoui, EPFL; 
Mario Paolone, EPFL 

The accuracy of state estimators using the Kalman Filter (KF) is largely influenced by the 
measurement and the process noise covariance matrices. The former can be directly 
inferred from the available measurement devices whilst the latter needs to be assessed, as 
a function of the process model, in order to maximize the KF performances. In this paper 
we present different approaches that allow assessing the optimal values of the elements 
composing the process noise covariance matrix within the context of the State Estimation 
(SE) of Active Distribution Networks (ADNs). In particular, the paper considers a linear SE 
process based on the availability of synchrophasors measurements. The assessment of 
the process noise covariance matrix, related to a process model represented by the ARIMA 
[0,1,0] one, is based either on the knowledge of the probabilistic behavior of nodal network 
injections/absorptions or on the a-posteriori knowledge of the estimated states and their 
accuracies. Numerical simulations demonstrating the improvements of the KF-SE accuracy 
achieved by using the calculated matrix Q are included in the paper. A comparison with the 
Weighted Least Squares (WLS) method is also given for validation purposes. 
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Stochastic Modeling of Electric Vehicle Movable Loads: Nodal Impact from 
Transportation 

Difei Tang, NTU; Peng Wang, NTU 

This paper proposes a technique to stochastically model Electric Vehicles (EVs) as 
movable loads connecting among buses in a power system. A transportation network is 
represented by using graph theory. A novel stochastic model is proposed to simulate the 
spatial and temporal random movements of EV charging loads. The expected number of 
parking or charging EVs at each bus can be obtained by using Monte Carlo simulation 
(MCS). The spatial and temporal distribution of expected nodal EV charging loads is 
investigated based on Roy Billinton Test System (RBTS). The simulation results 
demonstrate that the random movements of EV charging loads significantly affect the nodal 
EV charging load demand. 
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Short-term load forecasting: a power-regression approach 

Emiliano Soda, CESI; Giuseppe De Nicolao; Simone Matteo Stori; Massimo Pozzi 

The short-term load forecasting problem is addressed by means of a power regression 
approach. Exploiting the highly correlated nature of the explanatory variables, just two 
loads are deemed sufficiently informative for prediction purposes: one day before and one 
week before. The notion of “similar day” is then used to extract a meaningful training set 
from the historical records. The presence of a significant trend throughout the years 
suggests that invariance should be rather searched across load ratios, an observation that 
motivates the use of logarithmically transformed load data, thus leading to power 
regression model. When tested against the Italian national consumption during 2011 and 
2012, the new LIST-4 predictor performs better than Sibilla, the forecaster currently used 
by the Italian TSO. 
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Risk-sensitive optimal switching and applications to district energy systems 

Jhonny Gonzalez, The University of Manchester; John Moriarty, The University of 
Manchester 

We propose a new practical methodology for risk-sensitive stochastic optimal control, 
showing that material decreases in risk indices are possible with relatively little loss of 
average case performance. Cost optimisation of energy system assets has typically been 
carried out under the assumption of risk-neutrality, minimising average operational costs. 
The risk profile of control strategies is thereby ignored, despite the fact that liberalised 
electricity markets can be highly volatile and financial risk is a material consideration. In a 
flexible energy system with cogeneration and heat storage, however, it is possible to 
exploit variation in wholesale price level or volatility (or both) by shifting heat demand 
through time and varying electricity demand, achieving a balance between low average 
cost and low volatility which takes account of risk preferences. Based on least squares 
Monte Carlo regression, our proposed method optimises an exponential objective function 
containing a risk sensitivity parameter which may then be tuned to achieve the desired 
tradeoff. We provide a realistic case study of a flexible district energy system, where local 
heat and electricity demand must be satisfied at minimum cost subject to stochastic price 
dynamics and the physical constraints of the system. In this example we compare risk-
neutral and risk-sensitive optimal strategies and show consistent changes in economic risk 
under two different risk measures. 
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Sensitivity Analysis of Power System Reliability Indices Under Emission Constraints 

Mohammed Benidris, Michigan State University; Joydeep Mitra, Michigan State University 

This paper utilizes the concept of the shadow prices to perform sensitivity analysis of 
composite system reliability under the constraints of CO2, SOx and NOx emissions. From 
the dual solution of a linear programming problem, shadow prices of the components of a 
system can be calculated. Shadow prices are then used to evaluate the sensitivity of the 
reliability indices and to rank system components from risk prospectives. The emission 
limits are considered as additional constraints to the linear programming optimization 
problem. After performing the sensitivity analyses, the ranking is evaluated again for 
emission limit violation and the components are ranked again in accordance. In this 
analysis, power system networks are modeled by incorporating the DC load flow with the 
linear programming with the objective function of minimizing load curtailment. Generating 
units and transmission lines are considered to have two states, up and down states. 
Generation capacity limits, emission limits and transmission lines power carrying capability 
limits are used as constraints. State enumeration technique was utilized in searching for 
failure states with ignoring events that have low probabilities. This method was applied on 
the 230 kv section of the IEEE RTS-79. 
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Optimal Planning of Slow-Ramping Power Production in Energy Systems with 
Renewables Forecasts and Limited Storage 

Nathaniel Richmond, University of Iowa; Peter Jacko, Lancaster University Management 
School; Armand Makowski, University of Maryland, College Park 

We address the cost-efficient operation of an energy production system under renewables 
uncertainty. We develop an MDP model for an idealized system with the following features: 
(1) perfectly predictable power demand, (2) a renewable power source subject to uncertain 
forecast, (3) limited energy storage, (4) an unlimited fast-ramping power source, and (5) a 
slow-ramping power source which requires (optimal) planning. A finite-horizon stochastic 
optimization problem is introduced to minimize the overall cost of operating the system, 
and then solved numerically using standard approaches (based on backward induction) 
and available data. In contrast with the unit commitment problem which is traditionally 
optimized for a single planning frame, we show in simple scenarios that it may be beneficial 
to optimize over a few planning frames, and that there is no benefit to considering longer 
(e.g., infinite) horizons. We discretize the state space in an attempt to mitigate the curse of 
dimensionality usually associated with numerically solving MDPs. We note that few 
discretization states already yield a significant decrease in the total cost. 
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Decentralized Control of Power System Zones based on Probabilistic Constrained 
Load Flow 

Dimitris Trakas, NTUA; Emmanouil Voumvoulakis, NTUA; Nikos Hatziargyriou 

Modern power systems are characterized by high uncertainty. The paper presents a 
method for a network constrained setting of control variables in independent or weakly 
coupled power zones based on probabilistic load flow (plf) analysis. Plf is applied in order 
to provide the complete spectrum of all probable values of the state and output variables, 
such as bus voltages. The network is divided into clusters in order to create zones with the 
minimum power exchange and interaction with their neighboring zones. The zone 
controllers are adjusted in order to act independently from other zone controllers in order to 
eliminate the limit violations of the constrained variables. The method is applied to the 
IEEE 118-bus system. The results show the performance of graph partitioning and the 
ability of the method to provide the appropriate control actions in order to satisfy all 
physical and operating constraints of the power system. 
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On the Status of Reliability Studies Involving Primary and Secondary Equipment 
Applied to Power System 

Sajeesh Babu, KTH Stockholm; Patrik Hilber; Jan Jürgensen, KTH Stockholm, Sweden 

Growth in infrastructure and energy utilization consistently put forward the demand for 
added quality and quantity of electric power. Reliability concerns over power systems are 
widespread within its different associated divisions like ‘primary’ power system structure, 
protection system, control equipment, ICT (Information and Communication Technologies) 
etc. This paper is a review of the present status of practices regarding reliability analysis in 
these divisions and works towards collectively assessing some of the studies in the 
respective areas. The idea of integrating reliability analysis from the above areas is 
introduced along with pointing out the major challenges associated. A set of tools for 
operators to make use in these reliability evaluations and modelling are mentioned. The 
earlier attempts towards combined overall system reliability analysis are discussed and the 
approach in this regard with the help of ‘control functions’ is emphasised. The paper 
includes works dealing with theory, different methodologies and data associated with 
power system reliability. 
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A Novel Method for Feasibility Study of Wind Farm Installation Based on Reliability 
Indices 

Sina Soltani, Islamic Azad University, South; Mahmoor-Reza Haghifam, Tarbiat Modares 
University; Nima Soltani, Islamic Azad University, South Tehran Branch; Mehdi Zareian 
Jahrom, Amirkabir University of technology 

In this paper a novel method of feasibility studies for wind farm installation in a region 
based on reliability indices is presented. For a case study, the actual wind speed data of an 
Iranian Northern-eastern city, Ardebil, is employed in the modeling. At first, the impact of 
wind generation in power system reliability is evaluated, and then, in order to improve the 
calculation accuracy, diurnal pattern is used. LOLE (Loss of Load Expectation) and LOEE 
(Loss of Energy Expectation) as two important generation reliability indices are computed 
in this study. In the second stage, the study uses ECGC (Equivalent Conventional 
Generator Capacity) as a reliability index, for the purpose of feasibility studies. Then, this 
index will be calculated based on mentioned reliability indices, obtained from both Annual 
and Hourly patterns and finally, comparison will be performed. The results clarify the 
importance of reliability assessment considering diurnal pattern. Also, for the case study, 
these results confirm Ardebil is a suitable region for the wind farm installation from a 
reliability point of view. It is not only because of a good condition of wind speed, but also for 
the coincidence of daily load profile of network and daily wind regime in the site. 
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Investigation of Maximum Likelihood Percentile Estimates for Transformer Asset 
Management 

Bevan Patel, The University of Manchester; Zhongdong Wang, The University of 
Manchester; Jovica Milanovic, The University of Manchester; Paul Jarman, National Grid 

To achieve a suitable balance between investment and reliability, it is necessary for utilities 
to be able to understand the long-term behaviour of asset populations in association with 
the ‘wear-out’ stage of the so called ‘bathtub curve’. For the case of power transformers 
this is made difficult due to the presence of excessive amounts of censored data. Censored 
data presents partial information only, e.g. transformer survival times, inhibiting the ability 
of asset managers to correctly identify the long-term behaviour of the population through 
the use of traditionally statistical methods such as the Maximum Likelihood Estimation 
(MLE) procedure. This paper investigates the ability of the MLE to estimate strategic 
percentiles of asset populations that are used to assist asset management decisions. The 
analytical study is performed through a series of Monte Carlo simulations and statistical 
measures to determine the ‘quality’ of estimates of the 2.5 and 97.5 percentiles of the 
Normal and Weibull distributions, under scenarios with different sample size and 
percentages of censored data. The results demonstrate the ability of the MLE procedure to 
identify percentiles in the near tail of the distribution with reasonable accuracy, and the 
pessimistic nature of percentiles in the far tail when the dataset contains levels of 
censoring normally found in transformer populations. The results are further verified 
through the calculation of approximate 95% confidence intervals. 
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Statistical consumer modelling based on smart meter measurement data 

Martin Uhrig, KIT; Thomas Leibfried, KIT; Robin Mueller, KIT 

This paper presents an approach for modelling residential load profiles based on 
measurement data of 291 smart meters over the period of one year. It is shown that the 
generalised extreme value distribution describes the distribution of the occurring loads for 
every point in time very well. The parameters of the distribution function depend on the 
mean power value of all smart meters in each point in time. For modelling realistic load 
profiles the consumers are assigned to different states, which describe the load within one 
point in time in relation to the others. By introducing transition matrices for the individual 
consumers with subdivided time ranges, temporal state changes can be simulated. Finally 
the synthetic load profiles are generated using Markov chains, based on the transition 
matrices and the distribution functions. 
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Risk-averse medium-term hydro optimization considering provision of spinning 
reserves 

Hubert Abgottspon, ETH Zurich; Karl Njalsson, ETH Zurich; Matthias Bucher, ETH Zurich; 
Göran Andersson, ETH Zurich 

This paper presents two algorithms for solving a medium-term hydro optimization. 
Considered are risk-averse operation, provision of spinning reserves as well as short-term 
production flexibility. Proposed is a variant of stochastic dual dynamic programming 
(SDDP) and stochastic dynamic programming as a benchmark. A risk measure is 
introduced in both methods. To deal with short-term production flexibility a decomposition 
of the problem into inter- and intrastage subproblems is performed. The provision of 
spinning reserves leads to non-convex value functions. To deal with it in SDDP a method 
based on Lagrangian relaxation was used which was further enhanced by locally valid cuts 
in order to find realistic water values. 
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Reliability Evaluation of Demand Response to Increase Distribution Network 
Utilisation 

Angeliki Lydia Anton Syrri, The University of Manchester; Pierluigi Mancarella, The 
University of Manchester 

In response to distribution network challenges such as increasing demand, infrastructure 
ageing and integration of distributed generation, alternative approaches are being sought 
to release existing network capacity, before proceeding to new investments. Considering 
that most distribution networks in the UK are typically designed as a ring but operated 
radially, this paper discusses the effect of a loop operation aimed at maximizing the 
capacity utilisation of the existing asset. In this context, demand response schemes are 
implemented as a corrective action following a contingency with the aim of maintaining the 
system within its limits. Sequential Monte Carlo Simulations (SMCS) are used to quantify 
the reliability performance under different scenarios, also considering the influence of 
Information and Communications Technology (ICT) and automatic control schemes. 
Simulation studies have been performed on real UK distribution networks, showing the 
impact of different types of operation. The results indicate that a radial operation with 
automated interconnection with other circuits could result in comparable performance 
indicators and capacity increase as a ring operation. 
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Effect of renewable and load uncertainties on the assessment of power system 
operational risk 

Emanuele Ciapessoni, RSE; Diego Cirio, RSE; Andrea Pitto, RSE 

Probabilistic techniques can provide a deeper insight into security analysis within 
operational planning and operation contexts, by quantitatively considering power system 
uncertainties and contingency impact. This paper proposes a methodology aimed to 
evaluate how uncertainties on a future power system operating condition affect operational 
risk indices. Major uncertainties in operational planning are due to errors in the forecasts of 
renewable generation and load demand, performed some hours ahead of actual PS 
operation. A probabilistic power flow technique based on Point Estimate Method is used to 
account for the uncertainties in the initial power system conditions, moreover a third-order 
polynomial normal transformation is used to account for dependence among random 
inputs. This technique is integrated inside a risk assessment method and tool to quantify 
the effect of uncertainties on the operational risk. An application example on the Sicilian 
power system is described and discussed. 
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Monte Carlo-based method to estimate the capacity value of wind power considering 
operational aspects 

Rodrigo Wetzel, Universidad Técnica Federico Santa María; Esteban Gil, Universidad 
Técnica Federico Santa María 

This paper proposes a method to estimate the contribution of wind farms to power system 
adequacy (their capacity value) based on Monte Carlo simulation in a unit-commitment 
model. The proposed method considers stochastic variables such as wind power 
generation and the forced outage of generating units, and is capable of evaluating the 
impact of operational constraints (such as transmission congestion, time-coupling 
constraints of thermal generating units, and unit commitment criteria) in the capacity value 
of wind. The proposed method is applied to a couple of future wind farms in the Chilean 
Central Interconnected System and the capacity value results are compared with those 
obtained by the method suggested by the IEEE-PES Task Force on the Capacity Value of 
Wind Power. Although both methods showed capable of properly capturing the influence of 
the correlation between load and wind generation, the proposed method could also capture 
the impact that transmission congestion and other operational aspects have on the 
capacity value of wind farms. 
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Optimizing Wind Farm Locations to reduce variability and increase generation 

Colm Lowery, ERC University College Dublin; Mark O’Malley, University College Dublin 

With the drive towards increased wind penetration, the nature of power system operation is 
changing. In particular, the uncertainty of wind generation becomes exacerbated by the 
nature of the deregulated market. Rather than wind farm location being selected to 
compliment existing wind generation, the planning process for wind farms reward 
maximizing the generation of each wind farm. This paper presents and demonstrates a 
methodology for estimating and comparing wind generation portfolios whose wind farm 
locations are determined according to different system rules. Specifically this methodology 
optimizes the geographic distribution of wind farms within a portfolio according to criteria 
such as minimizing variability while maximizing wind generation. To achieve this, the 
methodology uses the MERRA dataset to provide estimates of wind power at any location. 
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Variability Assessment of Solar and Wind resources in Puerto Rico 

Armando FIgueroa-Acevedo, Iowa State University; Agust n Irizarry Rivera, Universidad de 
Puerto Rico 

The integration of bulk solar and wind generation into the electric power network of Puerto 
Rico introduces new operational and economic challenges. When local atmospheric 
conditions deteriorates and causes unexpected mismatches in short-term forecasts, the 
electric network will be subjected to strong active power ramp events that online generation 
units may not be able to support and manage. Uncertainties in the variability of the net-load 
prediction may result in over-commitment of rapid-response resources. Additionally, from 
the perspective of a variable generation developer, these events may increase the chances 
of curtailment. Thus, quantifying the intensity and frequency of these events in a spatial-
temporal framework, and evaluating its interaction with electricity demand, should provide a 
better understanding of the impact that bulk intermittent generation will have on the rest of 
the existing generation portfolio of the island. Characterizing the variability of solar and 
wind ramp events in Puerto Rico, and its effect on the power system capability to adapt, is 
the main scope of this investigation. By synthesizing solar radiation and wind speed data 
sets, a one year renewable energy time series was re-created by means of Markov Chain 
Processes. The spatial-temporal characteristics of solar and wind energy ramp events in 
the island were evaluated and the impact of these events on the existing inter-hour 
requirements was quantified for the 12%, 15% and 20% yearly renewable generation 
targets. Results have shown that predictable ramp events will create most of the 
challenges during the sunset, mostly due to the fact that intermittent generation will ramp 
down continuously as electricity demand increases. Meanwhile, for the 15% and 20% 
targets, VG will be detrimental during off-peak hours, when base-load units are expected to 
be committed to their minimum operational limits. 
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Network Planning Evaluation Implementing Time Varying Thermal Ratings 

Alexandra Kapetanaki, The University of Manchester; Konstantinos Kopsidas, The 
University of Manchester 

Contemporary transmission networks are not fully utilized due to increased uncertainty and 
security buffers resulting mainly from the inefficient operation and planning, currently based 
on conservative predetermined thermal ratings. However, in a smart operation scheme, 
which considers time varying thermal ratings of transmission assets, operation and 
planning could be optimized to facilitate the proliferation of generation expansion projects 
while maintaining required levels of reliability. This paper presents a methodology which 
enhances the current methods of network element ratings by incorporating a more detailed 
modelling of the overhead line (OHL) properties. Three thermal rating models, static (STR), 
seasonal (SeTR) and time varying (TVTR), are implemented for comparative studies, 
under both deterministic and probabilistic frameworks with an aim to identify the most cost-
effective and optimal flexible network operation plan in today’s congestion-driven and 
competitive power markets. In addition, the effects of line outages on transmission losses 
in the electric power networks are presented, quantifying the transmission losses in a 
realistic manner due to the incorporation of real thermal ratings. The IEEE 24-bus RTS is 
used under sequential modeling to validate the methodological enhancements and to 
evaluate network performance. The system annual operating costs are reduced when 
using the proposed TVTR model. Keywords— adequacy; thermal rating; transmission 
losses; deterministic and probabilistic frameworks; network security; sequential modeling 
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Probabilistic Available Transfer Capability Evaluation for Power Systems with High-
Penetration Wind Power 

Xin Fang, University of Tennessee; Fangxing Li, University of Tennessee; Ningchao Gao, 
SMEPC -Qingpu Power Sypply Co. 

Available transfer capability (ATC) is the measure of transfer capacity remaining in the 
physical transmission network for further reliable power transfer between two areas in 
power system. With high penetrations of wind power integrated into the power system, the 
research concerning impacts of wind power’s uncertainty and intermittence on ATC has 
become increasingly urgent. This paper proposes a probabilistic power flow method with a 
correlated wind power model to evaluate the impact of high penetrations of wind power on 
power system ATC. The proposed probabilistic power flow model nullifies the power 
imbalance using a set of conventional generation through specified sharing factors. 
Furthermore, a multi-objective optimal power flow (MOPF) model is proposed to consider 
the ATC requirement in the traditional generation cost minimization optimal power flow 
(OPF). Finally, the proposed model and algorithm are validated by an analysis of the IEEE 
39-bus system. 
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Probabilistic Analysis of Stationary Batteries Performance to Deal with Renewable 
Variability 

Ivo Costa, UFSC; Mauro Rosa, UFSC; Leonel Carvalho, INESC TEC; Filipe Soares, 
INESC TEC; Leonardo Bremermann, INESC TEC; Vladimiro Miranda, INESC TEC 

Stationary batteries are currently seen as an interesting solution to deal with the variability 
of the renewable energy sources. In the same way as other types of storage, e.g. pumped-
hydro units, this new type of storage equipment can improve the use of Renewable Energy 
Sources (RES). Additionally, the stationary batteries location in the grid is not as physically 
constrained as other storage systems and can be optimally selected to maximize its overall 
benefits. This paper proposes a new methodology to represent the unique stochastic 
behavior of stationary batteries while integrated into an electrical power system. This 
methodology includes not only the technical restrictions of this type of storage system but 
also how its operation strategy affects its lifetime. The methodology was tested on a small 
test system, which is based on the IEEE-RTS 79, using sequential Monte Carlo simulation 
as its core to accurately reproduce the chronology of events of stationary batteries. The 
results of the simulation are focused on the potential impacts of these storage devices not 
only in terms of renewable energy used but also in the adequacy of supply. 
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Adequacy of the long-term operational reserve of a system with wind power and 
electric vehicles under severe scenarios 

Leonardo Bremermann, INESC TEC; Mauro da Rosa, UFSC; Manuel Matos, INESC TEC; 
João Lopes, INESC TEC; Leonel Carvalho, INESC TEC; Ivo Costa, INESC TEC 

Combining conventional and unconventional generations with hard forecasting properties 
and consumption variability has made the task of fitting large amounts of wind generation 
into unit commitment procedures very challenging. In this context, massive integration of 
electric vehicles in the electric systems, is expected. This paper aims at evaluating the 
adequacy of a generating system taking into account the electric vehicles and high wind 
power integration level in its energy mix. This study was conducted on the European 
project MERGE framework, and the results have shown that the generating system 
evaluated is reliable. Nevertheless, the simulations carried out for scenarios with adverse 
weather conditions (dry years) have revealed specific circumstances that might jeopardize 
the system adequacy. 
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Further Results on the Probability Theory of Capacity Value of Additional Generation 

Chris Dent, Durham University; Stan Zachary, Heriot-Watt University 

New theoretical results regarding the capacity value of additional generation are presented, 
the motivation being explanation of results from applied renewables integration studies. Of 
particular note are the dependence of calculated values on underlying risk level for any 
capacity of additional generation, the upper limit on capacity value where there is a given 
probability of near-zero available capacity, and a closed form result for the case where the 
distribution of available existing capacity may be approximated as an exponential function. 
Examples of how these main results may be applied are presented. 
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Reliability Assessment of Possible AC/DC Distribution System Configurations 

Ali Ghadiri, Tarbiat Modares University; Saeed Mousavizadeh, Tarbiat Modares University; 
Mahmoor-Reza Haghifam, Tarbiat Modares University 

In this paper several configurations are proposed for AC/DC distribution systems. Each 
configuration is based on one of the two conventional AC systems, European or North 
American, on one hand and on the other hand use of AC or DC system in the primary or 
secondary side of the distribution system. Furthermore the DC system can be unipolar or 
bipolar structure which lead to various AC/DC distribution system configurations. After 
proposing configurations, In the next step, these configurations have been applied to 
supply a specified area and have been assessed from a reliability point of view and then 
reliability indices such as SAIFI and SAIDI have been calculated. Finally the effect of some 
factors such as extent of under study area and failure rate of power electronic devices on 
the reliability of proposed configuration have been investigated. The results show that the 
use of bipolar DC distribution system in primary side can lead to significant improvement in 
distribution system reliability. 
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Combined Modeling of Supply Interruptions and Voltage Dips in a Smart Grid 
Scenario 

Alfredo Testa, Seconda Università di Napoli; Annalisa Pezone Seconda Università di 
Napoli; Daniela Proto, Seconda Università di Napoli 

Modeling of supply interruptions and voltage dips caused by component failures and 
scheme reconfigurations in an electrical distribution scheme is considered in a Smart Grid 
scenario. Explicit reference is made to a MV/LV transformer substation supplying an 
industrial load. The modeling difficulties due to the contemporaneous presence of fast 
switching actions together with slow repair procedures are discussed. A simple technique 
based on the decomposition of a complete Markov model, fully describing the system is 
presented. The different simplified models resulting from the decomposition are solved 
sequentially. The application to the MV/LV substation shows the technique suitability. The 
importance of accounting for voltage dips and short interruptions further than for long 
interruptions is also evidenced. This is a consequence of the ability of such brief duration 
disturbances to cause damages of longer duration such as industrial process shut-down. 
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Modelling Transformer Short-Circuit Reliability using Multi-Stress Accelerated Test 
Data 

Bevan Patel, The University of Manchester; Zhongdong Wang, The University of 
Manchester; Jovica Milanovic, The University Of Manchester; Paul Jarman, National Grid 

The high level of reliability experienced by power transformers has led to the situation that 
a large number of aged units are still operating in the power systems. However, uncertainty 
on how transformers behave when aged causes concerns over the existence of possible 
hidden failure modes, which have yet to be revealed by failure data. In order to establish 
whether aged transformers are able to maintain their operational capability when exposed 
to system events, such as short-circuits, multi-stress parameter analysis is required. In this 
paper the procedure of modelling multi-stress accelerated test data is demonstrated by 
using the results of a previously published paper concerning the combined effect of ageing 
and short-circuit forces. The results are subsequently used to determine the short-circuit 
reliability of transformers, through the use of a cumulative damage model. It is shown that 
reliability models can be constructed and justified based on an understanding of the failure 
mode. However, application of the results remains tentative due to the recognised 
shortcomings of the modelling procedure. 
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A Statistical Model of Solar Radiation Daily Variability 

Alfredo Testa, Seconda Università di Napoli; Roberto Langella, Seconda Università di 
Napoli; Daniela Proto, Seconda Università di Napoli 

A statistical model to characterize solar radiation taking into account the daily variability is 
proposed. The model, starting from measured data of solar radiation and historical data 
referring to its monthly average values, is able to generate synthetic time series. To obtain 
such scope, it combines information taken from the ‘clear sky’ theoretical model with the 
random extraction of the determinations of two random variables suitably defined. The 
results of numerical applications demonstrate the effectiveness of the proposed model. 
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Evaluation of Wind Capacity Credit Using Discrete Convolution Considering the 
Mechanical Failure of Wind Turbines 

Samer Sulaeman, Michigan State University; Mohammed Benidris, Michigan State 
University; Joydeep Mitra, Michigan State University 

In view of the increasing role of wind power generation, there is an evolving body of 
reliability methods that are concerned with improved modeling of wind generation and 
related phenomena. An important consideration in the planning of wind generation projects 
is the capacity value of the farm at the proposed location. The modeling considerations in 
this process should take into account not only the variable nature of wind and the 
mechanical failure of turbines, but also the correlation between the individual turbines on 
the farm. This paper introduces an analytical method to calculate the capacity credit of 
wind farms including the mechanical failure of wind turbines. The proposed method is 
based on the discrete convolution technique and takes into account the stochastic nature 
of wind power as well as the forced outage rates (FOR) of wind turbines. The discrete 
convolution method has been used in this work to build a generation model in the form of a 
capacity outage probability table (COPT). A comparison of wind power capacity credit with 
and without considering the mechanical failures of wind turbines is shown to demonstrate 
the impact of turbine failure. Also, the capacity credit is calculated based on two reliability 
indices which are Loss of Load Expectation, LOLE, and Loss of Energy Expectation, 
LOEE. The proposed method is applied on the IEEE RTS–79 and the hourly wind speed 
data were taken from Abee Agdm Alberta, Canada. The results show the importance of 
inclusion of FOR of wind turbines on estimating wind power capacity credit. The results are 
validated using Monte Carlo simulation. 
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Sensitivity Analysis of a Simulation Model for Evaluating Renewable Distributed 
Generation on a Power Network 

Rodrigo Mena, École Centrale Paris; Martin Hennebel, SUPELEC; Enrico Zio, École 
Centrale Paris – SUPELEC 

We present a sensitivity analysis of a simulation model for the evaluation of the 
performance of a renewable distributed generation (DG) network. Uncertainties in 
renewable energy sources, components failure and repair events, loads and grid power 
supply are taken into account. The sensitivity analysis is performed with respect to the 
characteristic uncertain variables associated to each type of DG technology available. The 
impact of these uncertain variables is evaluated in terms of two performance functions, 
global cost (Cg) and energy not supplied (ENS). The results show the trends of 
performance of the DG-integrated network under different conditions. This allows 
evaluating the impact of the different technologies. 
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Economic System Operation Considering the Cost of Wear of Transformers 

Panagis Vovos, Dept. Of Electrical and Computer Engineering, University of Patras, 
Greece; Janusz Bialek, Durham University 

This paper presents the methodology for economic system operation considering the cost 
of wear of transformers. It is another application of the economic use of equipment, a 
theory in power systems already published by one of the authors, though, using the wear of 
cables as an example. According to this theory, economic use guides system operation, so 
that the cost of equipment wear is considered during minimization along the usual 
operating costs. In order for this purpose to be achieved a mathematical description of the 
connection between wear and use is needed. Power transformers are another costly part 
of equipment that wear can be expressed as a function of its operation. Similarly to our 
previous work concerning wear cost of cables, transformer wear is a process triggered by 
the supply of heat. The widely used reaction rate equation of Arrhenius is adopted for the 
calculation of insulation degradation rate due to transformer loading. In essence, it is based 
on the calculation of the probability that a collision of molecules participating in the 
degradation chemical reaction will actually result to a reaction with respect to temperature. 
If a cost due to wear is attached to the loading of transformers; the utilization of 
transformers can become a part of economic system operation control. A simplistic 
example demonstrates how the proposed theory can be used for the minimization of the 
overall cost of wear of transformers and generation. 
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Reliability Assessment of Power Networks with Wind Farms, Applying Wind-RAS 
Software 

Sina Soltani, Islamic Azad University, South Tehran Branch; Mahmoor-Reza Haghifam, 
Tarbiat Modares University; Hossein Damroodi, Sahand University of Technology; Nima 
Soltani, Islamic Azad University, South Tehran Branch 

In this study, a new software is applied for optimal reliability assessment and figure plotting 
regarding a wind site in Iran. The actual wind speed data of an Iranian Southern Island, 
Kish, is employed in the modeling. Also, the paper investigates the different suggested 
methods in the field of reliability evaluations of power networks which contain wind farms. 
The used software is a numerical computing environment, named Wind-RAS, and includes 
some innovative calculation methods. At first, the paper explains the problem and different 
methods of reliability assessment. Then the required data for calculations and plotting in 
the software is defined. Later, a case study in order to assess the reliability indices is 
presented. And finally, the valuable results and capabilities of software are declared which 
lead to a significant accuracy improvement of calculations and the efficient power networks 
planning in the presence of wind generation. Also, the results will show the wind farm 
project in Kish site is highly attractive from a reliability point of view. 
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Reliability Improvement of Power Distribution System Through Feeder 
Reconfiguration 

Salem Elsaiah, Michigan State University; Mohammed Benidris, Michigan State University; 
Joydeep Mitra, Michigan State University 

This paper describes a method for reliability improvement of power distribution system via 
feeder reconfiguration. The work presented here is developed based on a linearized 
network model in the form of DC power flow and linear programming model in which 
current carrying capacities of distribution feeders and real power constraints have been 
considered. The optimal open/close status of the sectionalizing and tie-switches are 
identified using an intelligent binary particle swarm optimization based search method. The 
probabilistic reliability assessment is conducted using a method based on high probability 
order approximation. Several case studies are carried out on a small 33 bus radial 
distribution system extensively used as an example in solving the distribution system 
reconfiguration problem. The effect of embedded generation has also been considered in 
one case scenario. The obtained results are reported, discussed, andthoroughly analyzed. 
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Outage Predictions of Electric Power Systems under Hurricane Winds by Bayesian 
Networks 

Akwasi Mensah, Rice University; Leonardo Dueñas-Osorio, Rice University 

The stability and reliability of electric power grids are essential to the continuous operation 
of modern cities as well as for the mitigation, preparedness, response and recovery in 
disaster management. Power systems must be assessed in order to identify and address 
component and system-level weaknesses while supporting their rapid restoration. This 
paper proposes a Bayesian Network (BN)-based framework to predict outages in an 
electric power grid that is exposed to a hurricane event. The inherent capabilities of BNs, 
including its intuitive and graphical representation of probabilistic information, and its ability 
to allow information updating with ease, make it an effective tool for this application. The 
framework is coupled with a DC-flow model that captures the physics of the electrical 
system and also reduces the computational complexity of building conditional probability 
tables needed in the BN model. The framework relies on component fragilities and 
topology of the grid, and predicts outages at substations and distribution points within the 
electric power system. Its application is demonstrated using Harris County’s electric power 
system under the 2008 Hurricane Ike winds that battered the Gulf Coast of the United 
States. The model captured well the field system response, where low outage probabilities 
are observed in the transmission system while the outage risks at distribution load points 
are significantly higher. The developed BN framework can seamlessly integrate 
transmission and distribution systems, inform disaster management, and suggest 
restoration strategies, while supporting decision-making for pre- or post-event intervention 
actions. 
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Assessment of Effective Dependable Capacity for Renewable Power Plants in 
Thailand’s Power System 

Titiporn Sangpetch, EGAT 

This paper presents a study of the dependable capacity of renewable generation, 
undertaken within System Planning Division, Electricity Generating Authority of Thailand 
(EGAT), in 2011. In the study, reliability evaluation methods are chosen for an assessment 
of dependable capacities associated with system reliability indices to determine specific 
information for the long-term planning purposes. A review of generation profiles of 
renewable power plants is undertaken with specific targets of six sources, i.e. solar, wind, 
biomass, biogas, municipal solid waste, and mini-hydro. Obtained data of generation 
profiles are used to develop the probabilistic criteria for generation adequacy assessment, 
representing the nonlinear relationship of conventional and renewable power plants as a 
function of availability for system capacity planning. Later, the paper offers a mathematical 
model for dependable capacity assessment. The Probability Density Function (PDF) is 
adopted for different reliability indices to evaluate the dependable capacity on the basis of 
probabilistic actual generation profiles from the obtained data of power plants. Reliability 
evaluation methods—chronological and probabilistic—are deployed throughout analytical 
process. Lastly, the paper provides results from the analyses of the country’s survey data, 
along with a description of the dependable capacities onto six different renewable 
generating resources and variety of studied periods. 
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PAR/PST location and sizing in power grids with wind power uncertainty 

Vladimiro Miranda, INESC Technology and Science; Rui Alves, INESC TEC 

This paper presents a new stochastic programming model for PAR/PST definition and 
location in a network with a high penetration of wind power, with probabilistic 
representation, to maximize wind power penetration. It also presents a new optimization 
meta-heuristic, denoted DEEPSO, which is a variant of EPSO, the Evolutionary Particle 
Swarm Optimization method, borrowing the concept of rough gradient from Differential 
Evolution algorithms. A test case is solved in an IEEE test system. The performance of 
DEEPSO is shown to be superior to EPSO in this complex problem. 
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