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WELCOME
On behalf of the Organising Committee, we would like to welcome you to Glasgow and Microgen’II - the 2nd
International Conference on Microgeneration and Related Technologies.
The conference is jointly organised by the UK SUPERGEN HIDEF Research Consortium and IEA ECBCS Annex 54. More
on the work of these groups can be found at www.supergen-hidef.org and www.iea-annex54.org, respectively.
The conference brings together industry, academics, professionals and end-users from around the world who are
involved in the broad field of microgeneration and is an ideal platform to exchange ideas and experience. The
conference theme is ‘enabling a highly distributed energy future’, focusing on the integration of microgeneration
technologies into society. The balance of conference presentations and ‘industry day’ sessions promises to provide a
varied and stimulating programme. Participation in the conference reflects the interdisciplinary nature of the field,
featuring high quality papers and speakers with expertise ranging from engineering through to political science.
We hope that you will find the assembled conference programme interesting and stimulating and trust that your
participation in the conference will be a rewarding experience.

Dr. Nick Kelly, University of Strathclyde, UK
Conference Chair

Prof. Graeme Burt, University of Strathclyde, UK
Dr. Evgueniy Entchev, Natural Resources Canada
Scientific Executive Committee Joint Chairs
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SPONSORS AND SUPPORTERS

The BRE trust is proud to be the main sponsor of Microgen’II. The Trust is a charitable company whose objectives are through
research and education, to advance knowledge, innovation and communication in all matters concerning the built environment
for public benefit.
BRE, along with BRE Global Ltd and FBE Management Ltd are wholly owned subsidiary companies of the Trust. This ownership
structure enables BRE to be held as a national asset on behalf of the construction industry and its clients, independent of specific
commercial interests and protects BRE's impartiality and objectivity in research and advice.
The Trust is the largest UK charity dedicated specifically to research and education in the built environment. Since 1999 the BRE
Trust has agreed to fund more than 145 research projects and 30 PhD projects, and is providing £800K of research funding this
year.
BRE Trust also provides support for five chairs at the BRE University Centres of Excellence:
•
•
•
•
•

Edinburgh University (Fire Safety Engineering);
Strathclyde University (Energy Utilisation Research);
Bath (Innovatory Construction Materials);
Cardiff University -Welsh School of Architecture (Sustainable Building Design); and
Cardiff University - School of Engineering (Building Systems and Informatics).

The BRE Trust supports the University Chairs with an annual budget of around £175,000 with a further £360,000 to support PhD
students.
More information on the Trust’s activities can be found at http://www.bretrust.org.uk/ .
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The conference organising committee are also grateful for the support received from: Glasgow City Marketing Bureau, SUST, The
Scottish Energy Systems Group and Delta Energy and Environment.
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CAMPUS MAPS
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GENERAL INFORMATION
Location
The conference will be held in the McCance Building, which is located in Strathclyde University’s campus in the centre of
Glasgow. The building location is indicated on the maps provided with this booklet. Plenary sessions will take place in Lecture
Theatre #1. Parallel sessions will take place in Lecture Theatres #1 and #2 on the second floor of the McCance Building.

Registration and Enquiry Desk
The desk will be located in the conservatory area of the McCance Building. It will be open:
•
•
•
•

Sunday 3 April 18:00 – 20:00
Monday 4 April 08:00 – 17:00
Tuesday 5 April 08:00 – 17:00
Wednesday 6 April 09:00 – 13:00

Coffee Breaks and Lunch
Coffee breaks will take place in the McCance conservatory area, adjacent to the conference lecture theatres.
Lunches will also be served in the conservatory area of the McCance Building. There are no lunch tickets but delegates should be
clearly identifiable by their conference badges.

Banking
Currency Exchange can be made in hotels, banks in the City Centre and the main Post Office, located on St. Vincent Street (off
George Square). The nearest ATM to the venue is at the Royal Bank of Scotland on George Street at the edge of campus.

Internet Access
Delegates who have requested usernames and passwords will be supplied with these at registration.

Local Transport
There are two railway stations and one bus station situated in the City Centre: Glasgow Central Station – for trains to the south
and west of Scotland and the wider UK - can be accessed from Union Street, Gordon Street and Hope Street. Queen Street
Station – for trains to the north of Scotland and the east of Scotland and the wider UK - is located on George Square, and can be
accessed from George Square and North Hanover Street. Buchanan Bus Station – is located on Killermont Street, at the lower
end of Sauchiehall Street.
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SOCIAL EVENTS
Sunday April 3rd

18:00-20:00 Welcome Reception and Early Registration
nd

A welcome drinks reception will be held in the conservatory area on the 2 floor of the McCance Building, providing a
networking opportunity and an informal, relaxed evening to begin the Conference Programme. There will also be an opportunity
for early registration.

Monday April 4th

19:00-20:00 Civic Reception at Glasgow City Chambers

Conference delegates are invited to attend a civic reception hosted by the City of Glasgow in the Council’s Headquarters – the
City Chambers (City Hall). The City Chambers is located on George Square – 5 minutes walk from the Conference Venue in the
heart of Glasgow (as indicated on the City Centre Map in this booklet). It is one of the city’s most important and prestigious
buildings, and an impressive symbol of Glasgow’s political strength and historical wealth.
Completed in 1888, the City Chambers has for over a hundred years been the headquarters of successive councils serving the
City of Glasgow. Glasgow City Chambers was built in the 1880s, at a time when at least some of Glasgow's citizens had become
very wealthy through trade and industry. The building was the result of a design competition won by William Young, a Londonbased architect whose grandiose design impressed the city fathers. Young had spent time in Italy and his design incorporated
many classical Italian features. On the 6th October 1883, 600,000 people gathered to watch the laying of the foundation stone.
Five years later, Queen Victoria performed the formal opening. No expense had been spared and the main staircase is solid
Carrara marble for three floors of the building. The wall panels are made of alabaster. The original budget had been £150,000
but that rose to £578,232 (some things never change). The original building provided 5,300 square metres of usable space.
(Since then, extensions running back from the main building have expanded that to 15,000 sq. m). When it opened, it was one of
the first buildings in the country to be lit by electricity.

Tuesday April 6th

18:45-22:00 Conference Dinner and Whisky Tasting

The conference dinner will take place in the University’s impressive Barony Hall, situated at the corner of High Street and
Rottenrow. The hall was originally the Barony Church, which was dedicated in April 1899 and is now used as a function hall by
the University. Dinner will be preceded by a drinks reception at 18:45. During the dinner, there will be an opportunity for
delegates to sample different varieties of Scotland’s national drink through a hosted whisky tasting.
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INFORMATION FOR SPEAKERS
Oral Paper Presentations
Speakers should make themselves known to their session chair at least 20 minutes before the start of their session.
Oral presentations will have a 15-minute timeslot, followed by 15 minutes at the end of the 1-hour session for discussion.
Presentations should be in either MS PowerPoint (.ppt, .pptx) or pdf format.
sabeeta.ghauri@strath.ac.uk by Tuesday 29 March.

Ideally, they should be e-mailed to

Failing this, please submit all presentations to the registration desk by the morning of Monday 4 April, between 08:00 and 09:00.

Industry Day Oral Presentations
Industry day speakers will have a 20-minute speaking timeslot, followed by 15 minutes at the end of the session for a discussion
panel. Again, speakers should make themselves known to their session chair at least 20 minutes before the start of their
session.
Industry day presentations should be e-mailed to sabeeta.ghauri@strath.ac.uk by Tuesday 29 March. Failing this, presentations
should be handed in to the registration desk before 09:00 on Tuesday 5 April.

Proceedings
A DVD of the full Conference Proceedings is included in the conference fee. You will receive this in your delegate bag.

Mobile Phones
Please switch off all mobile phones while attending the conference sessions.
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CONFERENCE TIMETABLE
Monday April 4

Sunday April 3
08:00

08:00

Coffee and Industry Day
Registration

09:00

ID Welcome

09:15

ID Session 1

Coffee and Registration

18:00

Welcome reception and
pre-registration

Tuesday April 5

09:30

Welcome

20:00
09:45

KEYNOTE - Chris Marnay, Lawrence
Berkeley Laboratories: The US
Microgrid R&D Programme
10:15

Session 1
Room 1: Field Trials and Testing 1

Policy, Markets and investment

10:30
10:45

Room 2: Micro-CHP and
Polygeneration1
11:15
11:30

Coffee Break
ID Session 2
Lessons from Technology Deployment

Coffee Break
Session 2
Room 1: Demand and Demand
Management 1
Room 2: Micro-CHP and
Polygeneration2

12:00

Lunch and
Breakout Sessions (12.10-13.00)
13:10

ID Session 3

12:30

Developments in Technology

Lunch
13:40

Session 3

14:25

Room 1: Microgrids, Cells and Local
Energy Networks 1

ID Session 4
Engaging, Business Householders and
Communities

Room 2: Community and End-users
14:40

Session 4
Room 1: Energy and Environmental
Analysis 1

15:40

Coffee Break

15:55

ID Session 5
Network Integration and system
services - in association with EU
DERLab

Room 2: Energy Storage
15:40
15:55

Coffee Break
Session 5
Room 1: Microgrids, Cells and Local
Energy Networks 2

17:10

18:45

Conference Dinner - the Barony Hall

Room 2: Energy and Environmental
Analysis 2
16:55

Session 6

22:30

Room 1: Control of Microgeneration
Room 2: Hybrid Systems
17:55

19:00

20:00

Civic Reception - Glasgow City
Chambers

CONTINUED OVER …
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Wednesday April 6
08:30
09:00

Coffee
Session 7
Room 1: Optimisation 1
Room 2: Fuel Cell CHP

10:00

Session 8
Room 1: Micro-CHP and Polygeneration
3
Room2: Demand and Demand

Management 2
11:00
11:15

Coffee Break
Session 9
Room 1: Demand and Demand
Management 2/Field Trials and
Testing 2
Room 2: (none)

12:15

Closing Session
CLOSING Talk - Prof. Joe Clarke,
University of Strathclyde:
The Challenges Facing
Microgeneration

13:00
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DETAILED PROGRAMME
Monday 4 April
Session 1 (10:15-11:15)

Room 1: Field Trials and Testing 1

Room 2: Micro-CHP and Polygeneration1

105
Field Test With Stirling Engine Micro-Chp-Units In Residential
Buildings
Author(S) Josef Lipp, Johannes Jungwirth

158
Integrating A Stirling Cogeneration Appliance With A Forced Air Furnace
Author(S) Kathleen Lombardi, Mark Douglas

123
Experimental Tests On A Polygeneration System With A DesiccantBased Ahu
Author(S) Giovanni Angrisani, Carlo Roselli, Maurizio Sasso
157
Efficiency Of Micro Chp Systems Under Transient Operation
Author(S) Peter Tzscheutschler, Maurizio Sasso, Carlo Roselli

Session 2 (11:30-12:30)

CHAIR: Prof. Maurizio Sasso, Università degli Studi del Sannio, Italy

Room 1: Demand and Demand Management 1

Room 2: Micro-CHP and Polygeneration2

117
The implementation of building-level Demand Management
algorithms through detailed dynamic simulation
Author(s) Joe Clarke, Jun Hong, Cameron Johnstone, Nick Kelly

149
Hybrid Electric Vehicles as Mobile CHP-Units
Author(s) Thomas Knapp, Martin Schönfelder, André Lörcher, Andreas Wagner,
Wolf Fichtner

133
Agent-based distributed control framework with application in
demand side management
Author(s) Owain Ainsworth, Mihailo Ristic, Djordje Brujic

108
Micro-cogeneration in zero energy buildings
Author(s) Martin Pöldmäe, Ala Hasan, Kari Alanne
115
The possible relevance of micro-CHP on future energy supply
Author(s) Benedict Wieser

CHAIR: Dr Sarah Darby, University of Oxford, UK

CHAIR: Dr. Evgueniy Entchev, Natural Resources Canada

Room 1: Microgrids, Cells and Local Energy Networks 1

Room 2: Communities and End-users

162
The Potential Role Of Alkaline Electrolysers On The Frequency
Stability Of The Electrical Grid
Author(S) Mahdi Kiaee, Andrew Cruden, David Infield

177
Why is renewable heat underperforming? A socio-technical perspective
Author(s) Noam Bergman

124
Assessment Of The Affect Of Different Energy Mixes On Highly
Distributed Local Energy Networks
Author(S) Mrs Lucy Anderson, Dr Stuart Galloway, Prof Graham Ault
122
Improved Control For Parallel Connected Inverters In Standalone
Microgrid Networks
Author(S) M.A. Roslan, K. H. Ahmed, S. J. Finney, And B. W. Williams

CHAIR: Prof. David Infield, University of Strathclyde, UK

Session 4 (14:40-15:40)

137
The Role Of Absorption Chillers In A Mixed Energy Supply System
Author(S) Ronald Muhumuza, Jun Hong And Paul Strachan

CHAIR: Mark Davis, NIST, US

172
Demand Response in Low-Carbon Power Systems: A Review of
Residential Electrical Demand Response Projects
Author(s) Eoghan McKenna, Kaushik Ghosh, Murray Thomson

Session 3 (13:40-14:40)

178
Micro Scale Combined Heat And Power System For Liquid Fuels
Author(S) Richard Haas-Wittmuess*, Lars Paesler, Joerg Vom Schloss, Klaus
Lucka, F.J. Schulte

176
Load management at home: advantages and drawbacks of some ‘active
demand side' options
Author(s) Sarah J Darby
135
Community Energy Action in Scotland
Author(s) Nicola McEwen Elizabeth Bomberg

CHAIR: Lori McElroy, SUST, UK

Room 1: Energy and Environmental Analysis 1

Room 2: Energy Storage

179
Energy And Carbon Paybacks Associated With Clustered MicroGenerators In The Home
Author(S) Stephen R. Allen, Ben Cohen, And Geoffrey P. Hammond

141
Development of a Tank storage component for ESP-r with embedded
pcm modules
Author(s) Roberta Padovan, Marco Manzan

131
Comparative Exergy And Energy Performance Analysis Of A
Separated And Combined Heat And Power System For A Student Housing
Building
Author(S) Pedro Gonçalves, Adélio Gaspar, Manuel Gameiro Da Silva

102
The influence of thermal storage on microgeneration flexibility
Author(s) Nick Kelly, Jun Hong, Murray Thomson, Ian Richardson

127
Thermodynamic Analysis Of Efficient Domestic Heating Systems
Author(S) Mr Sam Cooper, Prof Geoffery P. Hammond, Dr Marcelle
Mcmanus

CHAIR: Dr Adam Hawkes, AEA Group, UK

169
Enhanced Residential Energy Storage Prospects via Novel Emerging
Lithium Ion Battery Chemistries
Author(s) K. Darcovich

CHAIR: Dr Paul Strachan, University of Strathclyde, UK
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Session 5 (15:55-16:55)

Room 1: Microgrids, Cells and Local Energy Networks 2

Room 2: Energy and Environmental Analysis 2

155
Performance of an Islanded MicroGrid under large frequency
excursions
Author(s) Bieshoy Awad, Janaka Ekanayake, Nick Jenkins

113
Marginal Emissions Rates For Electricity Consumption In The UK
Author(S) Dr A.D. Hawkes

103
Simulation to quantify the revenues of linked CHP-devices
providing reserve control under realistic conditions
Author(s) Michael Steck
180
Finanical Effects of Community Aggregated Microgeneration
Sourced Energy Sales For A Highly Distributed Electrcity System "Cell"
Author(s) Gordon McKinstry, Stuart Galloway, Bruce Stephen

Session 6 (16:55-17:55)

114
Environmental Consequences Of The Use Of Batteries In Sustainable
Systems
Author(S) Marcelle C Mcmanus
118
Exergoenvironmental Analysis Of A Micro-Chp Installation In Buildings
Author(S) Estibaliz Pérez Iribarren, Álvaro Campos Celador, Jose María Sala
Lizarraga, Luis A. Del Portillo Valdés

CHAIR: Dr Stuart Galloway, InstEE, University of Strathclyde, UK

CHAIR: Dr. Ian Beausoleil-Morrison, Carleton University, Canada

Room 1: Control of Microgeneration

Room 2: Hybrid Systems

148
Intelligent control system for CHP-equipment in smart-homes
Author(s) Sebastian Gräßle, Birger Becker, Thomas Knapp, Hartmut
Schmeck, Andreas Wagner

152
Hybrid Renewable – Microgeneration Energy System for Power and
Thermal Generation with Reduced Emissions
Author(s) Hajo Ribberink, Kathleen Lombardi, Libing Yang, Evgueniy Entchev

168
Using Rules in High-level Communication for the Control of
Power Systems
Author(s) Daniel Kullmann, Henrik Bindner

129
Impact of residential energy system sizing and control over heat pump’s
system cost and reliability
Author(s) Lucas Lira

121
A Survey of Control Techniques for Three-Phase Inverter-Based
Distributed Generation
Author(s) K.H.Ahmed, A.M.Massoud, S.J.Finney and B.W.Williams

134
Analysis of the mCCHP- Stirling Engine based on renewable energy
sources
Author(s) Nicolae Badea , Emil Ceangă , Sergiu Caraman , Marian Barbu

CHAIR: Prof. John Counsell, University of Strathclyde, UK

CHAIR: Prof. Sergeo Sibilio, Seconda Università di Napoli
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Tuesday 5 April (Industry Day)
09:00 COFFEE OPENING AND WELCOME

Session1 : Policy, markets and investment
CHAIR: Dr Adam Hawkes, AEA Technologies
09:15 Jeremy Harrison
Technology Consultant, E.ON New Can we deliver long term energy security and
Build & Technology Limited
decarbonisation with microgeneration?
09:35 Nigel Ellis

Technology Development Manager, Investing in microgeneration technologies
SSE

09:55 Jaryn Bradford

Renewables Development
Manager, Energy Saving Trust

Overview of UK technology policy and technology
deployments - what did we learn?

10:15 Q&A panel session
10:30 COFFEE

Session 2: Lessons from Technology Deployments
CHAIR: Dr Evgueniy Entchev, Natural Resources Canada
10:45 Dr Diyar Kadar
Technology Manager , Scottish
Power Energy Networks

Practicalities of high penetrations of PV

11:05 David Matthews

Chief Executive, Ground Source
Heat Pump Association

Heat pumps getting it wrong and getting it right:
skills and training

11:25 Prof. Kazuhiko
Ogimoto

Collaborative Research Centre for
Energy Engineering, University of
Tokyo

Harmonization of centralized and decentralized
energy management for energy system
integration

11:45 Q&A panel session
12:00 LUNCH

Session 3: Developments in Technology
CHAIR: Dr Peter Tzscheutschler, Technical University of Munich
13:10 David Shaw
Business Development Manager,
Senertec/Baxi
13:30 Chris Campbell

Business Development Manager,
A123 Systems Inc.

13:50 Hitoshi Kinoshita

Senior Engineer, Yanmar Energy
Systems

UK deployment of microCHP past, present and
future
A123’s advanced grid storage, extending our
experience to distributed resource applications
and microgrids activities in Japan, Europe and
Microgeneration
North America

14:10 Q&A panel session

Session 4: Engaging Business, Householders and Communities
CHAIR: Dr Lori McElroy, SUST, UK
14:25 Rachel McEwen
Head of Strategy, SSE

Getting serious about demand management

14:45 Mo Cloonan

Technical Development Manager,
Community Energy Scotland

15:05 Dr. Hachidai Ito

Smart Community Business
The evolution from smart grid to smart
Development Toshiba Corporation community - technologies and projects

Microgeneration in communities: power to the
people?

15:25 Q&A panel session
15:40 COFFEE

Session 5: Network Integration and system services in association with EU DERLab
CHAIR: Per Norgard, RISØ, Denmark and Prof. Graeme Burt, University of Strathclyde, UK
15:55 Per Norgard
Senior Engineer, Risø, Technical
Overview of DERLab activities
University of Denmark
16:15 Dave Openshaw
Head of Future Networks, UK
Microgeneration and its role in a changing energy
Energy Networks
network
16:35 Fridrik Rafn

Researcher, Risø, Technical
University of Denmark

Distributed voltage control using inverter
connected DERs

16:55 Q&A panel session
17:10 CLOSE
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Wednesday 6 April
Session 7 (9:00-10:00)

Session 8 (10:00-11:00)

Room 1: Optimisation 1

Room 2: Fuel Cell CHP

142
Applications of Optimal Building Energy System Selection and
Operation
Author(s) Chris Marnay, Michael Stadler, Afzal Siddiqui, Nicholas DeForest,
Jon Donadee, Prajesh Bhattacharya, Judy Lai

139
Solid Oxide Fuel Cell Performance Predictions by Using Adaptive
Neuro-Fuzzy Inference System Techniques and Artificial Neural Networks
Approach
Author(s) E. Entchev, L. Yang

144
Scheduling of Energy and Reserves for Microgeneration using a
Multi State Optimal Power Flow
Author(s) Danny Pudjianto, Goran Strbac

138
Performance Testing of a 1kWe PEM Fuel Cell Cogeneration System
Author(s) Erik Thorsteinson, Gordon MacKenzie, Evgueniy Entchev, Gisele
Amow, Jean_Guy Chouinard

111
Optimization of Multifunctional Heating Systems
Author(s) Urs Wehmhörner, Josef Lipp, Johannes Jungwirth

167
Numerical Evaluation of Residential PV/FC Double Generation
System with Small PV Capacity
Author(s) Takeyoshi Kato, Kei Morita, Yasuo Suzuoki

CHAIR: Jon Slowe, DELTA Energy and Environment, UK

CHAIR: Dr Per Baslev, Dantherm.

Room 1: Micro-CHP and Polygeneration 3

Room 2: Demand and Demand Management 2

107
Micro-Cogeneration And Desalination Using Rotary Steam Engine
(Rse) Technology
Author(S) Kari Alanne, Kari Saari, Maunu Kuosa, Md. Mizanur Rahman,
Andrew Martin, Heikki Pohjola

163
A Novel DSM Philosophy for Building Integrated Renewable Systems
Author(s) John M Counsell, Matt J Stewart

116
Feasibility And Potential Of Micro Combined Heat And Power In
Flanders
Author(S) Johan Van Bael, Daan Six, Johan Desmedt, Dirk Vanhoudt

112
A New Tool For Simulation And Design Of So Small-Scale Internal
Combustion Engine Cogenerator In Energy Efficient Buildings
Author(S) Marco Badami , Ilaria Bertini, Francesco Ceravolo, Biagio Di
Pietra, Armando Portoraro, Giovanni Puglisi,

CHAIR: Dr Peter Tzscheutschler, Technical University of Munich

106
Integrated simulation of photovoltaic micro-generation and
domestic electricity demand: a one-minute resolution open-source model
Author(s) Ian Richardson, Murray Thomson
125
A Methodology for the Optimal Integration of Electric Vehicles as
Microgeneration and Electrical Heat Storage as Responsive Demands
Author(s) Steven Inglis, Rachael Louise Storry, Graham Ault, Stuart
Galloway

CHAIR: Dr Nick Kelly, ESRU, University of Strathclyde, UK

Room 1: Demand & Demand Managment 2/ Field Trials and
Testing 2
Session 9 (11:15-12:15)

182 Communal Residential Laundry Washing And Drying – Can It Provide
Demand-Side Electrical Load Flexibility?
Authors(S) Simon Borg, Nick Kelly, Anastasious Markopoulos, Paul Strachan,
Colin Porteous, Tim Sharpe
119
Trial Results Of Domestic Chp & Solar Cooling Technologies Use In
An Office Application
Author(S) Giovanni Angrisani, Antonio Rosato, Carlo Roselli, Maurizio
Sasso, Sergio Sibilio
110
Investigation Of A Syngas-Fuelled Microturbine
Author(S) Frank Delattin, Giovanni Di Lorenzo, Sergio Rizzo, Svend Bram,
Jacques De Ruyck

CHAIR: Prof. Joe Clarke, ESRU, University of Strathclyde, UK
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KEYNOTE, DINNER AND INDUSTRY DAY SPEAKERS
Opening Keynote
Dr. Chris Marnay, Staff Scientist, Berkeley Laboratories
“Chris Marnay is a Staff Scientist in the Technology Evaluation, Modeling, and Assessment group within the Environmental
Energy Technologies Division of Berkeley Lab. He models problems related to likely future adoption patterns of small-scale
distributed energy resources (DER), especially when clustered with loads in locally controlled microgrids. He was a founding
member of the Consortium for Electric Reliability Solutions (CERTS), which proposed the CERTS Microgrid concept, and his team
has since developed methods for the economic evaluation of microgrids. Work has led to development of the DER Customer
Adoption Model (DER-CAM) that finds optimum technology-neutral combinations of equipment and operating schedules, given
microgrid energy service requirements, prevailing economic circumstances, and available equipment performance
specifications. His other responsibilities include maintaining and enhancing the latest version of the Energy Information
Administration's National Energy Modeling System (NEMS), which is used for most national level energy policy analysis. Other
work in progress includes the development of a national scale uncertainty-based national building energy demand and supply
forecasting module for the Stochastic Energy Deployment System (SEDS). SEDS forecasts stochastic national outcomes given
uncertain energy technology R&D success.
He has an A.B. in Development Studies, an M.S. in Agricultural and Resource Economics, and a Ph.D. in Energy and Resources, all
from the University of California, Berkeley. He has also studied at the London School of Economics and the University of Hawaii,
and was a post-doc at the University of Texas at Austin. In 2006 he was a visiting professor at The University of Kitakyushu under
a grant from the Japan Society for the Promotion of Science, and he serves as an Affiliate Faculty member with the Energy and
Resources Group at U.C. Berkeley.”

Industry Day Speakers
Jeremy Harrison, Technology Consultant, E.ON
“Jeremy Harrison is a Technology Consultant within E.ON New-Build & Technology. He is responsible for evaluation and
development of Demand Side Technologies, such as micro-generation, energy efficiency and related technologies including
micro CHP and heat pumps. He has extensive experience in the design, development and application of domestic energy
systems in Europe, Scandinavia and Japan. He has been involved in the development, test and evaluation of a number of Stirling
engine micro CHP systems since 1990, and has established partnerships with a number of leading micro CHP developers based
on a range of technologies including engine and fuel cell products. His particular interest is in the interaction of domestic energy
systems with the building envelope and the external energy supply system.”

Nigel Ellis, Technology Development Manager, SSE
“Graduate mechanical and electrical engineer with 30 years experience in the energy sector. Following a brief spell in the steel
industry, I have been fortunate to work in an area that I am passionate about which is the sustainable production and use of
energy. My career since 1981 has encompassed periods in both commercial and engineering roles within SSE including power
station and wind farm development, combined heat and power projects, energy efficiency, energy trading and the
establishment of the Energy Services business. More recently have been focussing on the establishment of key strategic
partnerships with new technology companies through investment in, or the formation of alliances to deliver the vision of the
complete energy services provider as the Technology Development Manager of SSE Venture Capital Limited a wholly owned
subsidiary of SSE.”

Jaryn Bradford, Senior Technical Manager, Energy Savings Trust
“Jaryn Bradford joined the Energy Saving Trust in November 2007 as a Development Manager. Jaryn has been responsible for
the development and delivery of a wide range of activities to expand EST’s market presence in microgeneration and low carbon
technology. Jaryn has managed EST’s technology field trials including micro-wind, heat pumps, and solar water heating, and is
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currently leading the development of new field trials and customer assurance programmes for low carbon technology. Jaryn also
actively works with key stakeholders in the UK microgeneration industry, including trade associations, manufacturers, and the
energy suppliers, to improve training, skills, and standards through the supply chain. Jaryn is a qualified media spokesperson and
has represented the Trust on numerous live and recorded television and radio programmes, including on the BBC and ITV. Jaryn
has also authored numerous peer-reviewed publications in journals such as Corporate Social Responsibility & Environmental
Management and Energy Policy, and has contributed to industry publications such as Utility Week, the Ecologist, Green Futures
as well as the Times and Guardian. Jaryn has contributed to Shell’s ‘Energy Rethinking’ programme.
Before joining the Energy Saving Trust Jaryn had several years’ experience working as a project manager to deliver
environmental and renewable energy feasibility studies involving local authorities, planners, and developers. Jaryn has earned a
BSc (hons) in Business Administration, an MA (distinction) in Sustainable Development, and is a member of the Institute of
Environmental Management and Assessment.”

Dr. Diyar Kadar, Technology Manager, Scottish Power
“Diyar has over 20 years experience in the electricity industry and has been with ScottishPower Energy Networks for 15 years.
He led ScottishPower Energy Networks R&D activities for the last two years, in particular in the areas of active network
management and smart grids. Prior to that, he mainly worked in the operational control centre where he led many projects in
automation and control and played a key role in the implementation of the British Electricity Trading and Transmission
Arrangements (BETTA) regulatory reforms. He holds a BSc, MBA and PhD degrees from the University of Strathclyde.”

David Matthews, Chief Executive, Ground Source Heat Pump Association
“David Matthews, Chief Executive of the Ground Source Heat Pump Association is a Renewable Energy Engineer who trained in
Swansea, Warwick and Zimbabwe. Before being appointed to his current position, he worked in the UK, Africa, Germany &
Brussels and ran his own sustainable heating design installation, supply and consultancy business. This foreign work experiences
gives him a wider perspective on the renewable energy industry. His two main areas of interest are the building integration of
low and zero carbon heating systems with the other building elements and also being part of the significant growth in the GSHP
and other renewable heating technologies. He is currently involved in new product development and in new renewable heating
training initiatives. His engineering knowledge is very useful for policy development issues as it provides a practical viewpoint on
how the policy will function in the field.”

Prof. Kazuhiko Ogimoto, University of Tokyo
“From 1979-2007, worked for a Japanese power utility, JPOWER in the fields of transmission system and generation mix analysis
and planning and others. In parallel, he continually participated in government committees of energy technology strategy and
energy planning. From 2008 to present, a professor of the Tokyo University, he researches energy integration including energy
technology strategy, energy system analysis and planning, power system analysis and planning, harmonization of
centralized/decentralized energy management, and asset management.”

David Shaw, Business Manager, Baxi
“David Shaw is Business Manager of Baxi-SenerTec UK which is spearheading the Baxi Group’s penetration of the Combined
Heat & Power market with the highly successful Dachs unit. David’s early career in the building services industry included project
engineering positions with major contractors followed by several years in consulting engineering. After 25 years in the
commercial boiler industry he joined Baxi-SenerTec UK in 2006 to manage the introduction of the Dachs mini-CHP systems into
the UK market.The Dachs is Europe’s biggest selling Combined Heat & Power unit and the intensive drive for low carbon
technologies, together with the requirements of the Building Regulations and the government’s Microgeneration Strategy, have
created a huge demand for these carbon reducing technologies. David believes that Baxi-SenerTec UK is perfectly placed to
maintain its market leading position during this period of rapid growth.”

Chris Campbell, Head of Marketing, A123 Systems
“Mr. Campbell is responsible for A123’s global go-to-market strategy and channel development plan for the Energy Solutions
Group business unit. He is defining and developing the worldwide markets for A123 Systems power grid energy storage
solutions, exploiting a rapidly expanding smartgrid and renewable energy marketplace around the globe. Prior to joining A123,
Mr. Campbell was the Chief Strategy Officer for BPL Global Ltd (BPLG) where he was responsible for developing and
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implementing the corporate strategy for rollout of BPLG’s integrated smart grid platform for distributed energy resources. Prior
to assuming the chief strategy role, Mr. Campbell served as the Company’s VP of Product Marketing and was focused on
defining the product requirements for the smart grid software solutions offered by BPLG. Prior to joining BPLG, he was the
Chairman & CEO of Connected Energy Corp, a company he founded in 1997. Connected Energy developed solutions to network
distributed energy resources to enable real-time Internet based command, control and monitoring. In 2008, Connected Energy
was acquired by BPLG.
Prior to founding Connected Energy, Mr. Campbell had a seventeen year career with Ingersoll-Rand Co., a significant
manufacturer of energy assets such as onsite generators and the world’s largest producer of industrial air compressors, where
he held various leadership roles in product development, operations, design and marketing. He was educated at Rutgers
University, receiving a Bachelor of Science degree in Mechanical Engineering.”

Hitoshi Kinoshita, Senior Engineer, Yanmar Energy Systems
“This year (2011) is my 30th year of working for Yanmar. After joining the company my first area of responsibility was the design
of construction related machinery. After 6 years in that area, I transferred to the energy systems business where I worked as a
designer of Gas Engine Heat-pump (GHP) Systems for 16 years. After that, following a period in the product-planning
department, from last year I started working in the area of Cogeneration Systems with responsibility for the design of Microgeneration Systems. Although I have so far spent more time working on GHP systems design, the fundamental concepts around
of the importance of using energy effectively are very similar. In Japan, Yanmar has received recognition for its work in
developing energy saving technology and I am grateful that I could make a contribution to that work. It gives me great pleasure
to have the opportunity to introduce our activities on the occasion of MICRoGEN'II.”

Rachel McEwen, Head of Strategy, SSE
“Rachel McEwen joined SSE in 2007. She is Head of Strategy with responsibility for National Development having previously
been the head of an internal Futures Team considering the major trends and themes facing the energy industry over the long
term. She graduated in 2009 from St Andrews University with a Master of Literature in International Political Thought, with a
first degree in 1993 in Applied Economics from the University of Abertay, Dundee.
She was formerly a senior special adviser to Scotland's First Minister between 2001 and 2007 where she was speechwriter and
political adviser in the areas of business, energy and the economy, Scotland's international image, demographics and education
policy.”

Mo Cloonan, Technical Development Manager, Community Energy Scotland
“Mo has worked with community based renewables since joining Community Energy Scotland in 2006, first as a local
development officer, then as Strategic Development officer and now as Technical Development manager. Mo is involved in
identifying and developing opportunities for CES, engaging on policy and regulation issues including representing community
projects on industry working groups (CUSC) and increasing CES’s technical capabilities, engaging with research institutes and
industry fora, and investigating funding opportunities. Mo has an MSc in Energy Systems and Environment from Strathclyde
where she completed her thesis on a community scale Anaerobic digestion plant, and has worked in consultancy on AD projects
prior to joining CES. Previous to her studies at Strathclyde, Mo worked for GE Wind Energy, a large wind turbine manufacturing
company as their Sales Manager in Ireland, covering sales of turbines and project development.”

Dr. Hichidai Ito, Chief Specialist, Smart Community Business Development, Toshiba Corporation
“Hachidai Ito received his BS and ME degrees in 1979 and 1981 respectively, both in Electrical Engineering from Kyoto
University, Kyoto, Japan, his MS degree in Computer Science from University of Maryland, College Park, Maryland USA in 1987
and his Doctoral degree in Engineering from Ibaraki University, Ibaraki, Japan in 2009. He joined Toshiba in 1981, and his
background is Electric Power System Protection. He is now a Chief Specialist in Smart Community Div. and is principally
responsible for business development and technology of Smart Grid and Smart Community products and solutions in Toshiba
Corporation. He is a Senior Member of IEEE (The Institute of Electrical and Electronics Engineers), and a member of IET (The
Institution of Engineering and Technology), CIGRE (International Council on Large Electric Systems) and IEEJ (The Institute of
Electrical Engineers of Japan).”
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Per Norgard, Senior Engineer, Risø Technical University of Denmark
“Senior engineer at Intelligent Energy Systems, Risø DTU, Technical University of Denmark. Has worked for many years with
wind power and its integration in the power system. Is now part of the newly formed Intelligent Energy Systems, focusing on the
intelligent control of the power system and its components, including the introduction of distributed energy resources and
distributed control.”

Dave Openshaw, UK Power Networks, Head of Future Networks
“Dave is a member of the UK Power Networks senior management team and holds the position of Head of Future Networks. He
is responsible for the development of long-term network development strategies for UK Power Networks’ regulated public
electricity distribution networks business serving the East and South East of England and London. Dave is a Chartered Engineer
and a Fellow of the Institution of Engineering and Technology.”

Fridrik Isleifsson, Researcher, Risø Technical University of Denmark
“Fridrik Rafn Isleifsson received his BSc in electrical engineering in 2004 from Odense University College of Engineering in
Denmark and his MSc in electrical engineering from the Technical University of Denmark in 2006. Since 2006 he has been
employed as a researcher and a Ph.D. student at the Technical University of Denmark.”

Dinner Speaker
Jon Slowe, Delta Energy and Environment
“Jon has twelve years experience in the decentralised energy and low carbon sectors. A founding director of Delta, he leads
Delta’s work with utilities, helping them develop decentralised energy and low carbon strategies and tactics. Jon’s expertise
spans the decentralised energy space, with a particular interest in microgeneration, low carbon strategies and the integration of
decentralised resources into energy systems. Previously Jon worked for Platts, managing E Source’s distributed energy research,
and the UK’s Energy Saving Trust.”

Closing Keynote
Prof. Joe Clarke, University of Strathclyde
“Joe Clarke is Professor of Energy Systems at the University of Strathclyde within the Faculty of Engineering and directs the
Energy Systems Research Unit (www.esru.strath.ac.uk), which is part of the University’s Institute for Energy and Environment.
His research addresses energy systems performance assessment, with the focus on the built environment and the related means
of energy supply, both conventional and renewable. A feature of his research is the development and dissemination of
simulation-based design tools that enable engineers, architects and planners to assess the energy, comfort, health and
environment related impacts of energy systems at all scales – from a single wind turbine to an entire community with
heterogeneous demands and supplies.”
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CONFERENCE ABSTRACTS
Paper

102

Title

THE INFLUENCE OF THERMAL STORAGE ON MICROGENERATION FLEXIBILITY

Authors

J. Hong , N.J.Kelly , I. Richardson , M. Thomson
1
Energy Systems Research Unit, University of Strathclyde, Glasgow, UK
2
Centre for Renewable Energy and Systems Technology, Loughborough University,
Loughborough, UK

Abstract

In a future power system, the ability to manipulate generation and load will be a critical factor in providing a secure and stable supply of
electrical energy to consumers. Using a simulation-based approach, this study assesses the ability of thermal storage to help deliver flexibility
in the operation of domestic micro-generation technologies without sacrificing householder comfort and convenience. A typical UK detached
dwelling is modelled along with its heating system, which features a retro-fitted air source heat pump (ASHP). The model is used to determine
the maximum possible temporal shift for different capacities and configurations of thermal storage, taking into account the influence of
climate, building fabric, control settings and occupancy. The limits of time shifting are dictated by the living space temperature and the hot
water temperature delivered to the occupants. The storage mechanisms examined are: the basic thermal inertia of the building fabric;
increasing the space heating set point temperatures to increase fabric storage and inserting a dedicated thermal buffer between the ASHP
and the heat distribution system. The simulation results indicate that back-shifting of the ASHP start/stop times of between one and two
hours are possible without causing serious discomfort or inconvenience to the occupants.

Paper

103

Title

SIMULATION TO QUANTIFY THE REVENUES OF LINKED CHP-DEVICES PROVIDING BALANCE POWER UNDER REALISTIC CONDITIONS

Authors

M. Steck
Research Center for Energy Economics, Munich, Germany

Abstract

1

1

2

2

Linking distributed energy resources to a virtual power plant (VPP) makes their electricity output more predictable and controllable. VPPs
help integrating and boosting renewables as well as CHP and may reduce grid losses. Further on, they open energy markets that could not be
joined by individual devices.
Linked devices can take part in the wholesale market and provide reserve control.
Estimations of the revenues are usually done by a day ahead forecast, but they do not draw realistic irregularities (deviation of the thermal
load, activation of reserve energy) into account.
Therefore the simulation, developed at the FfE, determines in a first step the revenues, based on a load prediction.
By simulating deviations of the thermal load and activation of reserve energy in a second step, the commitment of boilers and thermal
storages are analyzed.
The short term redispatch and the remaining deviations reduce the revenues of the provided reserve energy. In this close to reality
simulation these ex post revenues can be quantified.

Paper

105

Title

FIELD TEST WITH STIRLING ENGINE MICRO-CHP-UNITS IN RESIDENTIAL BUILDINGS

Authors

J. Lipp and J. Jungwirth
Technische Universität München, Munich, Germany
Lehrstuhl für Energiewirtschaft und Anwendungstechnik
Arcisstraße 21, 80333 München, Germany

Abstract

The Institute for Energy Economy and Application Technology (IfE), together with the Energie Südbayern (ESB), the local gas supplier in
southern Bavaria, are responsible for a field measurement campaign of four gas fired Stirling Engine Micro-CHP units. These units and the
measurement equipment were installed in four different Single Family Houses (SFH) at the end of 2009.
After one-year measurement, it can be said, that the Stirling Engine Micro-CHP units are capable in supplying small residential buildings with
thermal and electric power. The data evaluation shows the Micro-CHP-units work with an overall efficiency slightly above 90%.
The main goals of this field test are, besides the verification of the Stirling Engine’s efficiency, an analysis of the complete system’s overall
energetic performance. Therefore, a detailed examination of the heat consumers, Space Heating and the domestic hot water system, but as
well of the heat generators, the Stirling Engine and the auxiliary burner was made.
The implementation of Sorted Heat Curves helps to assess, not only steady-state, but also yearly performances of the Micro-CHP units.
Last, for the economic evaluation, the Onsite consumption characteristics were considered in depth.
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Paper

106

Title

INTEGRATED SIMULATION OF PHOTOVOLTAIC MICRO-GENERATION AND DOMESTIC ELECTRICITY DEMAND: A ONE-MINUTE RESOLUTION
OPEN-SOURCE MODEL

Authors

Ian Richardson and Murray Thomson,
CREST (Centre for Renewable Energy Systems Technology),
Department of Electronic and Electrical Engineering,
Loughborough University, Leicestershire, LE11 3TU, UK.

Abstract

Domestic photovoltaic (PV) generation can partially offset the electricity demand within an individual dwelling. The net demand may be
readily estimated on an annual basis but modelling its import and export, with respect to time, is more complex. A key issue is that domestic
electricity demand, particularly lighting, is significantly influenced by the outdoor light level, which of course also has a direct effect on PV
generation. Thus, realistic time-step simulation of the net demand requires that the two components are modelled with respect to a common
representation of the solar irradiance. This paper presents the construction of an integrated model that provides data at a one minute time
resolution, built upon a fully validated high-resolution electricity demand model. An open-source software implementation of the integrated
model in VBA within Microsoft Excel is described and is available for free download.

Paper

107

Title

MICRO-COGENERATION AND DESALINATION USING ROTARY STEAM ENGINE (RSE) TECHNOLOGY

Authors

K. Alanne , K. Saari , M. Kuosa , Md. M. Rahman , A. Martin and H. Pohjola
1
Aalto University, Espoo, Finland
2
Kungliga Tekniska Högskolan, Stockholm, Sweden
3
Novoro INC, Espoo, Finland

Abstract

This paper discusses the conditions to develop a micro-cogeneration plant based on biomass fuelled rotary steam engine (RSE). The use of
RSE in micro-cogeneration is justifiable due to relatively high electrical efficiency, capability of applying versatile thermal sources and low
operational temperatures and pressures. At steam temperatures 200…300ºC, the electrical efficiency of 20 % may be obtained with the
electrical power varying between 1…20 kWe. The other advantages of an RSE are that it is lubricant free and the noise level is low. In
residential applications, an RSE may be considered a new and compact alternative for Stirling Engines and internal combustion engines, when
integrated into a hydronic heating system and electrical grid. Another promising adaptation is desalination. A solar-powered RSE microcogeneration system would provide an inexpensive option to supply fresh water and electricity for the rural areas in developing countries
that have access to sea water. A 10 kWe RSE plant combined with a oncethrough multi-stage flash (MSF) distillation plant is estimated to have
potential of producing pure water from 150 to 600 kg/h.

Paper
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Title

COMPARISON OF NATURAL GAS AND PARTIALLY REFORMED NATURAL GAS COMBUSTION IN A MODIFIED 100 KWE MICROTURBINE

Authors

Frank Delattin Giovanni Di Lorenzo Sergio Rizzo Svend Bram Jacques De Ruyck
1
Vrije Universiteit Brussel, Mechanical Engineering, Pleinln 2, 1050 Bxl, Belgium
2
Consorzio Ricerche Innovative, Via Nuova delle Breccie 260, 80147 Napoli, Italy
3
Ansaldo Ricerche, S.p.A. Corso Perrone 118, 16161 Genova, Italy

Abstract

The different routes for power production from biomass often lead to an intermediary product such as a synthesis gas or syngas, which is
typically rich in hydrogen and carbon monoxide. The simple design, fuel flexibility and size, which often matches the amount of waste energy
available in industrial sites, makes microturbines an attractive solution for on-site, decentralized power generation using a limited range of
alternative fuels such as synthetic gas. The properties of the synthetic fuel differ from properties of natural gas and a detailed experimental
study on a commercially available 100 kWe microturbine was carried out. The present article reviews the experimental results obtained by
gradually switching the fuel feed from natural gas to wet syngas in a microturbine, equipped with a slightly modified combustor able of
handling a large increase in fuel volume flow. Temperature profiles, pressure, emissions and flame imaging were closely monitored to detect
possible problems in operability of the microturbine caused by the strong difference in fuel characteristics.
No problems regarding auto ignition, dynamic or static instability were observed throughout the test run. Temperature profiles stayed well
within allowable limits and did not reveal any significant shift in flame anchoring position. A stable combustion syngas combustion regime at
60kWe load was maintained for half an hour before the test run was ended. The combustion of syngas produced remarkably low NOx and CO
emissions. The switch from NG to syngas and the operation on pure syngas was considered a successful experiment.
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Paper
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Title

OPTIMIZATION OF MULTIFUNCTIONAL HEATING SYSTEMS

Authors

U. Wehmhörner, J. Lipp and J. Jungwirth
Technische Universität München, Munich, Germany
Lehrstuhl für Energiewirtschaft und Anwendungstechnik
Arcisstraße 21, 80333 München, Germany

Abstract

The Institute for Energy Economy and Application Technology (IfE) has analysed the thermal storage operation in Multifunctional Heating
Systems (MHS). Main focus was the optimization potential of thermal storages operation for heating purposes and on-site power generation
by micro combined heat and power (micro-CHP) units in residential buildings. Beginning with theoretically optimized MHS, finally all heating
system combinations were experimentally evaluated within a measurement campaign.
First part of the optimization analysis was the optimal thermal storage capacity, which is an important parameter of residential micro-CHP
usage. The optimization of thermal storage ccapacity determines the optimum of on-site power generation by means of a scenario analysis.
This first step was followed by the second part of the analysis, the best thermal storage design. Technical advanced thermal storages result in
increasing micro-CHP runtime and enhance therewith the operation condition of the developed control strategy. Finally, the best case
operation of MHS was defined by Particle Swarm Optimization. With the resulting operation schedule, a significantly optimized operation of
micro-CHP units related to all types of analysed thermal storage capacities and designs could be achieved. Due to the exact knowledge of
thermal and electrical load, the on-site generation could be maximised.

Paper
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Title

A NEW TOOL FOR SIMULATION AND DESIGN OF A SMALL-SCALE INTERNAL COMBUSTION ENGINE COGENERATOR IN ENERGY EFFICIENT
BUILDINGS

Authors
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2
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2

Badami M. , Bertini I. , Ceravolo F. , Di Pietra B. , Portoraro A. , Puglisi G. ,
DENER – Politecnico di Torino - Corso Duca degli Abruzzi, 24 - 10129 Torino, ITALY
2
ENEA UTEE-GED – Via Anguillarese, 301 - 00123 Roma, ITALY
1

Abstract

This paper describes a mathematical model of a small-scale internal combustion engine cogenerator based on the experimental performance
of the engine, which is able to evaluate the energetic and economic performance of a cogeneration plant: the primary energy savings are
calculated and the economic profitability of the plant operation is assessed with reference to the Italian energy market.
The model was integrated in a novel software platform for dynamic simulation of the whole building-HVAC system called ODESSE (Optimal
DEsign Smart Energy System). ODESSE platform has been developed by the Italian National Agency for New Technologies, Energy and
Sustainable Economic Development (ENEA) using MATLAB/Simulink software and allows to assess the technical-economic feasibility of
interventions aiming to improve the energy efficiency of existing buildings and it is supposed to be an interesting tool in the ecobuilding
design. This research has been carried out by the Politecnico di Torino and ENEA within the framework of “R&D activities of general interest
for the National Electric System” funded by the Italian Ministry of Economic Development (MSE).
The core of the work was to link the new sub-routines developed for the simulation of CHP systems to the others already available in the
ODESSE platform and to develop the user interface. Moreover, a specific user interface was developed into ODESSE platform to simulate
different CHP systems and configuration, only changing the most important parameters and performance characteristics that are usually
given in the datasheets of the manufacturers.

Paper
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Title

MARGINAL EMISSIONS RATES IN ENERGY SYSTEM CHANGE

Authors

A.D. Hawkes
Imperial College London, London, UK

Abstract

When the performance of a new mitigation technology is assessed, the greenhouse gas emissions reduction associated with its use is
calculated. This is usually done via comparison with a particular baseline technology or system. The choice of this baseline and the boundaries
of analysis can have strong bearing on the outcome. This paper discusses the general concept of calculation of the abatement performance
via two contrasting analyses; one that focuses on the short term impact, and one that focuses on the long term. Through these two analyses,
highly contrasting views of the “correct” emissions reduction performance can be argued. Each of these approaches has its merits, and
ultimately it is the viewpoint of the investigator regarding the timing of the intervention, and perhaps more importantly the state of flux of
the broader energy system, that dictates the best approach. The analysis in this paper raises important questions about how performance
assessment should be conducted in order to better inform technology and policy development, and the comparability of existing
performance assessments.
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Title

ENVIRONMENTAL CONSEQUENCES OF THE USE OF BATTERIES IN SUSTAINABLE SYSTEMS

Authors

Marcelle C McManus
Department of Mechanical Engineering
University of Bath, Bath. BA2 7AY
Adoption of small scale micro-generation is sometimes coupled with the use of batteries in order to overcome daily varieties in the supply
and demand of energy. For example, photovoltaic cells and small wind turbines can be coupled with energy storage systems such as
batteries. Used effectively, battery storage can increase the versatility of a micro-generation system by satisfying the highly variable electrical
load of an individual dwelling, therefore changing usage patterns on the national grid [1]. In addition, a significant shift towards electric or
hybrid cars would also increase the number of batteries required. However, batteries can be inefficient and comprise of materials that have
high environmental and energy impacts. In addition, some materials, such as lithium, are scarce natural resources. As a result, the overall
impact of increasing our reliance on such “sustainable” systems may in fact have an additional detrimental impact.

Abstract

Life Cycle Assessment (LCA) is an environmental management tool that determines the environmental impacts of a product or system over its
entire life; from production, through use and to disposal. It can determine impact against a wide range of environmental issues, including
quantifying the global warming gases produced, the embodied energy, and the depletion of raw materials as a result of the product or
system under analysis.
The use of LCA can therefore help to quantify the environmental impact over the production, use and disposal of batteries. This paper
outlines previous work in this area, and reviews the data available about battery production and use in terms of their life cycle environmental
and energy impacts. Problems associated with resource availability are also highlighted. Streamlined life cycle assessment is undertaken on
the types of batteries used within and alongside micro-generators and hybrid vehicles. Areas where potential improvements can be made are
highlighted, as are areas where resource problems may increase if more batteries are required in future.
Paper
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THE POSSIBLE RELEVANCE OF MICRO-CHP ON FUTURE ENERGY SUPPLY

Authors

Benedict Wieser, Josef Lipp
Technische Universität München, Munich, Germany
Lehrstuhl für Energiewirtschaft und Anwendungstechnik
Arcisstraße 21, 80333 München, Germany

Abstract

The combined generation of heat and power (CHP) is an important opportunity to reduce the emission of CO2 by increasing the energy
efficiency. In the following particularly the role of the micro- CHP-units and their application possibilities in
the sector of small-scale industry, trade and services (ssITS) should be examined more carefully. The range of micro-CHP, thereby, includes all
units up to an electrical output of ten kW. Several branches of the sector were analysed regarding to their heat energy consumption. Based
on the findings the micro-CHP-potential of each branch was evaluated. Subsequently, the results of this estimation are presented briefly.
After a general view on the sector, the well suiting branches hotel trade, gyms and butcheries are analysed more precisely. Beside the
absolute heat and power demand especially the breakdown of both is an essential criterion for the economic use of micro- CHP-units. While
the heat baseload is a fundamental requirement for runtime, the behaviour of the power load is decisive for the on-site usage and, thereby,
as well for profitability. By comparison of the three mentioned branches the impact of characteristic differences like space heating
temperature, need of hot water and hours of operation on possible runtimes of micro-CHP-units becomes more obvious.
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FEASIBILITY AND POTENTIAL OF MICRO COMBINED HEAT AND POWER IN FLANDERS

Authors
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Abstract

The application of Combined Heat and Power can help to meet a number of energy and social policy aims such as a reduction of greenhouse
gas emissions from energy supply, improved energy security, possible avoidance in investment in and energy losses from electricity
transmission and distribution networks, improved energy security and potentially reduced energy cost to consumers. μCHP (Micro Combined
Heat and Power) could also play an important role in a broader context of future electricity networks and markets. Given the increasing
number of distributed energy resources that are connected to the network, an appropriate local energy management and demand side
management seem to become relevant aspects. μCHP in combination with thermal storage could some flexibility to support the development
of smart grids in the future. The research institute VITO finished a study on the economic feasibility and the potential of micro-CHP based on
a Stirling engine in Flanders. The study was financially supported by the Flemish Government. Based on the technical characteristics and
figures on the gas consumption of Flemish households, about 10-20 % of the Flemish built asset base could be suitable for μCHP based on a
Stirling engine or 21-42% of existing household connections on the gas distribution network. Unfortunately domestic μCHP based on Stirling
engine is not yet economically feasible.
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THE IMPLEMENTATION OF DISCREET DEMAND MANAGEMENT ALGORITHMS WITHIN ENERGY SYSTEMS MODELLING

Authors
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Energy System Research Unit, University of Strathclyde, Glasgow, UK

Abstract

Traditionally, demand side management (DSM) programs have been driven by utilities. With the prospect of growth in the utilization of
building-integrated micro-generation, DSM offers opportunities for additional energy savings and CO2 emission reductions through better
utilisation of local renewable energy resources. This paper examines the feasibility of using discreet demand management (DDM) to improve
the supply/demand match.
For many combinations of micro-generation and DDM controls, it is necessary to know the environmental conditions (i.e. temperatures and
lighting levels) within the buildings being modelled. One method would be to embed all the renewable energy technologies and DDM
algorithms within a detailed simulation program. An alternative method, investigated in this study, involves coupling two existing tools: a
dynamic building simulation program (ESP-r) and a demand/supply matching program (MERIT) that incorporates DDM algorithms and
renewable energy system technologies. These two programs interact at the time-step level and exchange calculated parameters (relating to
loads, supply potentials and prevailing environmental conditions) to enable an evaluation of DDM techniques in terms of energy saving and
occupant impact. This paper describes the technique and presents simulation results relating to a number of building cases.
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EXERGOENVIRONMENTAL ANALYSIS OF A RESIDENTAIL MICRO-CHP INSTALLATION
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Abstract

During the life cycle of a building, the use phase constitutes the main part of the total energy consumption. According to some authors it is
responsible of the 66-80% of the total environmental impact, depending on the type of building, its location and, above all, the condition and
operation of its installations.
The efficiency of a plant can be defined in energy terms, however it can be better understood taking into account the destruction process,
which permits also to measure the thermodynamic irreversibilities within the process.
In the current work, an exergoenvironmental analysis has been developed and applied to a microcogeneration installation in a building with
the aim of determining the principal source of environmental damage in the entire installation. Exergoenvironmental analysis combines the
exergy analysis with the potential of the Life Cycle Assessment (LCA) tools.
A Senertec Dachs micro CHP unit is integrated in a heating and DHW installation meeting the loads of a reference building. Exergy analysis has
been obtained by means of Trnsys 16 thermal simulation software, whereas the LCA has been developed by the software Simapro 7.2; using
the Ecoinvent 2.1 Database to determine the environmental hazard of each one of the streams and components of the entire system.
The destruction of exergy and the generated environmental impact is counted from generation up to a reference environment, including
distribution, emission in buildings and losses across the enclosure.
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Abstract

Taking into consideration residential and office building application, the cogeneration deployment is economically, energetically and
environmentally affected by the opportunity to recover waste heat energy during summer season with its development into trigeneration.
The availability of small Thermally Driven Cooling (TDC) systems with cooling capacities of 30 kW down to a few kW and the increasing
demand of cooling energy generally satisfied by electrically-driven units (PolySMART The market potential of micro-CHCP - Tecnical report,
2008) have been the driving forces to an increasing interest for microtrigeneration systems fuelled by natural gas, especially in the South of
Europe. In this paper, a promising application of polygeneration referred to a mild climatic conditions, such those existing in South Italy, is
reported. At the Built Environment Control Laboratory of Seconda Università di Napoli, a system based on gas fuelled internal combustion
engine coupled with an Air Cooled Water Chiller, (ACWC) and a Thermochemical absorption system (TCA) has been set-up in order to
investigate the on-site performances of micropolygeneration under real operating conditions in an office; this paper deals with the
description of experimental set-up and the results of first trials. The investigation is performed by the Energetic, Economic and Environmental
approach (3-E analysis), by which the performances of system proposed (i.e. the Alternative System) have been compared to those of
conventional energy system.
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Abstract

This paper presents an overview of the state of the art techniques in inverter-based distribution generation systems. Different control
techniques and classification of inverter modules operated in grid and islanded modes are investigated. The merits and drawbacks of each
technique are presented. The operation of the inverter is classified into, single and parallel operation. Parallel operation is used to increase
the reliability but some techniques require communications links between the inverter modules. The problem of circulation current between
different parallel inverters is investigated.
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Abstract

An improved instantaneous average current sharing control scheme for parallel connected inverters taking into account the effect of line
impedance is presented. The system presented here consists of two single phase inverters connected in parallel. This control technique
requires interconnections among inverters for information sharing. The improvement is based on the adaptive gain scheduling technique that
varies the controller’s parameters. The simulation results show that the adaptive gain scheduling approaches introduced improves the
performance of conventional controller in term of current and power sharing between inverters under difference line impedance condition.

Paper

123

Title
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Authors

G. Angrisani, C. Roselli, and M. Sasso
University of Sannio, Benevento, Italy

Abstract

This paper deals with a polygeneration system with a desiccant-based Air Handling Unit (AHU).
In a test facility, located in Benevento, intense experimental tests have been carried out on this system, consisting of a MCHP (Micro
Combined Heat and Power) that supplies electric energy to a chiller and thermal energy to regenerate a Desiccant Wheel (DW) integrated in
an Air Handling Unit (AHU). The tests allowed to investigate several aspects of the polygeneration system.
First of all, the primary energy consumption of the desiccant-based polygeneration system has been evaluated, and a comparison with a
conventional one has been carried out. This comparison revealed the operating conditions (thermal-hygrometric outdoor conditions,
regeneration temperature and electric grid efficiency) that allow to achieve primary energy and carbon dioxide emissions savings.
Secondly, the effect of operating conditions on the desiccant wheel effectiveness and on ventilation and internal latent loads that it can
handle has been evaluated. Finally, a theoretical model for the operation of the desiccant wheel has been experimentally validated. This
model can be used to evaluate the performance of the component in operating conditions different from those experimentally tested.
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Abstract

With a strong focus on achieving a sustainable and reliable energy network, the future of the UK energy system can perhaps lie with a
flexible, decentralised network. The energy system will be expected to deliver sustainability and security through the widespread use of
distributed energy resources (DERs), thereby contributing to the national and international ambition of a low carbon future.
Existing research in the area of DER integration has developed idea methodology to formally model flows within an energy network - energy
hubs. Energy hubs are able to deal with multiple energy carriers, i.e. electricity, wind and natural gas. The nature of this concept allows a
modular construction of an energy network that facilitates the optimisation of the systems through the placement of DERs within each hub.
This paper will present this method for the modelling of a decentralised energy network. Different scenarios will be presented, with the
expected results demonstrating what the effects are of different energy mixes at the low voltage level. The novel contribution of this work is
the application of the Supergen Highly Distrubted energy Future (HiDEF) “Cell concept” with the energy hub methodology and the application
of this model to represent a decentralised energy network. Such a network will demonstrate higher degrees of control within the system and
investigate the effects of different energy mixes in the future.
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METHODOLOGY FOR OPTIMAL INTEGRATION OF ELECTRIC VEHICLES AS MICROGENERATION AND ELECTRICAL HEAT STORAGE AS RESPONSIVE
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Abstract

In today’s electricity networks there is a need to incorporate more renewable energy which is often intermittent in nature. Rising energy
costs and the move towards a low-carbon economy will act as drivers to develop an effective and innovative means of storing this renewable
energy. To counteract the problem of intermittency of certain types of renewable energy and to fully utilise and store renewable energy in
high penetration scenarios, the storage capacity of Electric Vehicle (EV) batteries and Electrical Thermal Storage (ETS) at residential level can
be harnessed to manage the problems presented.
This paper proposes a methodology for assessing the optimal integration of EVs and electrical heat storage at a distribution level. There are
substantial planning challenges to be faced in the move towards a low-carbon future but the use of scheduled electrical storage from EVs in
tandem with electric heating will help to address these challenges.
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Abstract

Energy and exergy analysis is employed to compare the relative thermodynamic performance of Air Source Heat Pumps (ASHP) with that of
micro Combined Heat and Power (mCHP) units. The effect of varying the heat to power demand ratio is considered in order to provide
insights regarding their relative merits both now and for a 2020 scenario.
Exergy analysis can be considered to give an indication of the level of irreversibility in a system and the theoretical potential for
improvement; continued development of these systems will inevitably reduce the level of irreversibility, improving their exergy efficiency.
It is shown that whilst there is scope for improvements in exergy efficiency for both ASHP and mCHP systems, these improvements will have
different effects on the overall heat to power ratio delivered. For CHP, a higher power to heat ratio would be necessary whereas for ASHP
units improvements are possible across the range of possible heat to power ratios and therefore higher energy efficiency gains may be
achieved for power to heat ratios below 1:1.5.
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Using a simulation-based approach, this work analyses the impact that different energy unit sizes and control methodologies will have over
the capital and running costs of an air source heat pump (ASHP) system to be installed in a refurbished dwelling. A total of 9 different heating
configuration options were investigated and the cumulative cash flow over a period of 10 years (including initial investment) was utilized to
compare the systems from a customer perspective. Additionally, in selected cases, the cycling of the heat pump was calculated in order to
estimate the life-span of the device.
The building and heat pump systems were simulated using TRNSYS energy system models. The results revealed the sensitivity of the system’s
costs and life-span to its operating characteristics. For example, operating the system as a direct gas boiler replacement resulted in capital
costs above £10,000 and the unit's life span reduced by half in comparison to more favourable operational strategies. The results highlight
the fact that the successful technical and financial performance of heat pumps within the UK’s residential market will depend of designers,
installers and end-users’ awareness regarding optimal operational strategies for this technology.
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Abstract

The present study aims to analyse and compare two different energy supply systems for a student housing building located in Coimbra
(Portugal) from energy and exergy point of view. The analysed systems constitute of a conventional system, with separated heat and power
(SHP) generation and a combined heat and power (CHP) 12 kWe system, internal combustion engine (ICE) based. For the latter, the gridconnected and off-grid solutions are considered. A model of the building is implemented in TRNSYS, according to the orientation, materials
and construction solutions. The electrical and domestic hot water (DHW) demand profiles are determined by statistical analysis, based on gas
and electricity utilities bills from year 2009. An exergy analysis is conducted considering all individual components of the systems, from the
building structure to the primary energy transformation, enabling the determination of locations, types and true magnitudes of losses for the
three final required products (heat, DHW and electricity). The patterns of the annual efficiency show the lowest exergy efficiencies during the
winter season, a result that is different from the one achieved from an energy approach. After the implementation of the CHP system an
increase in both energy and exergy performance is verified.
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Abstract

Highly distributed power systems require management of large numbers of intelligent resources, for which scalable, distributed control
algorithms based on negotiation between nodes is a promising approach. In this paper we present the development of a prototype agent
platform intended to support implementation and verification of such methods. It provides a number of standard agents and agent services
needed to implement a working system and these are presented. As an application we have implemented a demand side management
method aimed at reducing demand peaks by rescheduling shiftable household loads. Negotiations based on reward tables are conducted at
different levels involving substation, household and intelligent appliance agents. A detailed household occupancy model was used to
construct a simulation in order to evaluate the method, involving several hundreds of houses. It was shown that the proposed method
achieves a significant peak demand reduction.
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Abstract

The constituent elements of the mCCHP system are mCHP-Stirling Engine as a base unit, auxiliary energy sources, storage units for ensuring
load peaks, the system for cooling and accumulating cold water. For the elaboration of the conceptual device of an m-CCHP system, the
energy demand of the residential consumer has to be determinate. Based on the correlations between the load demand curve and the
production of energy according to the control type and the co-generation parameters conceptual models for micro-CCHP-SE using renewable
sources were determined. The simulating global models and establishing performances for mCCHP-SE systems has focused on the following
objectives: the analysis, through numerical simulation, of mCCHP-Stirling engine conceptual systems based on renewable energy sources for
domestic consumers; establishing the solution adopted for the actual construction of the mCCHP-Stirling engine conceptual system, based on
the comparative determination and
evaluation of conceptual structure performances; establishing the main solutions
for the automatic driving of the mCCHP-Stirling engine system.
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Abstract

This paper provides a preliminary analysis of grassroots engagement with renewable energy in Scotland. It has two main aims. First, it
provides an overview of the characteristics of grassroots groups involved in micro and community-scale renewable energy initiatives. Second,
it examines the internal and external drivers motivating group mobilisation, offering some tentative conclusions on the most powerful
explanatory factors underpinning grassroots energy action.
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Abstract

Absorption chillers can play a significant role in electrical energy conservation since they can be powered on heat energy. They can operate
either by responding to the waste heat available as the source for the generator, or by responding to the available cooling demand. Where
heat input and cooling demand are dynamically varying, as is usually the case, the chiller cannot operate effectively unless it is part of a mixed
energy supply and storage system to help balance the load. This paper attempts to quantify the flexibility in the operation of absorption
chillers and the impact on performance under various external operating conditions using steady state modelling. Suitable simplified models
for an absorption chiller are developed using Engineering Equation Solver (EES) and MATLAB to capture the dynamics in external hot water
supply and cooling demand. It also shows how the developed models are integrated into an energy analysis tool (MERIT) that allows a
number of combined technologies and control scenarios to be studied, and presents some example applications.
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Abstract

This paper describes performance testing of a pre-production 1 kWe Proton Exchange Membrane Fuel Cell (PEMFC) microcogeneration
system manufactured by Hyteon Inc. Under contract to Defence Research and Development Canada, the CanmetENERGY eCOGEN Laboratory
in Ottawa is conducting parametric testing in order to determine operating efficiencies at varying electrical power outputs, heat loads, and
coolant flow rates & temperatures. Natural gas flow to the PEMFC, electricity and heat production are instrumented to measure performance
while the exhaust is sampled to measure emissions of NOx, CO, CO2, and O2. This paper reports key performance findings, together with
lessons learned.
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Abstract

Governments around the world are taking measures to minimize the humans’ impact on the climate and environment by reducing emissions
and energy use in all sectors. Novel approaches featuring large introduction of renewables, improved efficiencies, smart grid, etc. will have
potentials for significant impact on the way energy is generated, distributed and utilized. Microgeneration is a suitable approach to reduce
costs and carbon emissions by offering high efficiency performance and offsetting the need for centrally - generated grid electricity and to
avoid transmission and distribution losses associated with it.
Two distinct microgeneration systems have been installed at the Canadian Centre for Housing Technology and were operated under activated
simulated occupancy. The systems featured fuel cell and internal combustion engine and were integrated with existing mechanical systems in
the Research houses and connected in parallel to the grid. During the testing, they generated enough heat and power to meet the base
thermal and electric loads of the houses.
Data were collected extensively during the trials and used in a follow-up systems’ Artificial Intelligence (AI) modelling to predict their
performance under variety of internal and external conditions. The initial data sets then were subjected to detailed sensitivity analysis and
statistically insignificant variables were excluded from the training set. As a result, significant reduction of computational time was achieved
without affecting models’ accuracy.
The study indicated that AI models’ predictions agreed well with variety of experimental data sets representing steady-state, start-up and
shutdown operations. It demonstrated that AI models could predict systems performance under a wide range of conditions with high
accuracy.
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Abstract

Solar domestic hot water systems (SDHW) are very common and are considered an efficient system for exploiting the renewable energy
source of the sun, for instance national Italian regulations require the adoption of SDHW systems in new buildings. Water tanks are typical
components for such systems, but have a serious drawback since they require a great amount of space in the building. In this paper a new
water tank model for the ESP-r code is presented. Two new features have been added to an existent model: multiple coil heaters and the
possibility to include Phase Change Materials (PCM) modules.
The paper describes the numerical model used to deal with phase change phenomena and the incorporation of the method into the ESP-r
source code. The inputs and parameters required to describe the new component are presented as well. To validate the model the results of
a test case have been compared with literature data. A typical SDHW system has been simulated in order to study the impact of the PCM
modules inside a tank on the energy performance of the system.
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Abstract

Berkeley Lab has been developing the Distributed Energy Resources Customer Adoption Model (DER-CAM) for several years. Given load
curves for energy services requirements in a building microgrid, fuel costs and other economic inputs, and a menu of available technologies,
DER-CAM finds the optimum equipment fleet and its optimum operating schedule using a mixed integer linear programming approach. This
capability is being applied using software as a service (SaaS) model. Optimisation problems are set up on a Berkeley Lab server and clients can
execute their jobs as needed, typically daily. The evolution of this approach is demonstrated by description of three ongoing projects. The
first is a public access web site focused on solar photovoltaic generation and battery viability at large commercial and industrial customer
sites. The second is a building CO2 emissions reduction operations problem for a University of California, Davis student dining hall for which
potential investments are also considered. And the third is both a battery selection problem and a rolling operating schedule problem for it at
a large County Jail. Together these examples show that optimization of building microgrid design and operation can be effectively achieved
using SaaS.
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Abstract

This paper investigates the use of a multi-state Optimal Power Flow (OPF) algorithm that simultaneously optimises the utilisation of
microgenerators’s capacity to produce electricity in combination with the provision of spinning/standing reserve. The optimisation will
consider various market data including energy and reserve markets, operating cost and technical characteristics of microgenerators, network
constraints to optimise the dispatch and allocation of reserves. Two operating states are considered: (i) one base case where the scheduled
reserve is not utilised and (ii) one state where all scheduled reserve is utilised. The OPF algorithm will ensure that in both states, the system
can be operated securely and no network operating limits / constraints are violated. We demonstrate the feasibility of the proposed OPF
through a number of case studies on a Low Voltage system. The studies demonstrate that microgenerators are capable to contribute to both
local and system support services particularly in the forms of reserve and voltage control while simultaneously optimising the portfolio of
energy production in order to maximise the benefits for the owners of microgenerators and improve the efficiency of the overall system.
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Abstract

Micro-CHP units can cover the growing demand for flexible power generation to a large extent and increase the efficiency of energy
production [OOR08]. However, most of the current systems are controlled either by the local demand for heat or for electrical power in the
associated building. The combination of these two strategies opens up additional potential for micro- CHPs by integrating electric storages
(e.g. batteries of electric vehicles) and thermal storages.
The paper will discuss the potential of integrating intelligent control systems for micro-CHPs into the energy management system for
smarthomes. The control will be based on information about the local current and predicted energy demand as well as on the demand of the
whole energy grid.
For the development of the control algorithms, a micro-CHP with a thermal storage has been integrated into a simulation environment for
smarthomes. The simulation environment is based on an Observer/Controller-architecture (O/Carchitecture) derived from the field of organic
computing [Sch05].
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Abstract

Distributed combined heat and power units (CHP units) with thermal storages have proven to be an appropriate concept for increasing the
efficiency in primary energy use for power and heat supply of buildings (see e.g. [OOR08], [FVE10]). In parallel great efforts are observed in
transport research to develop concepts for efficient individual mobility. One most recent – but already applied – approach is the concept of
plug-in hybrid electric vehicles (PHEV). These vehicles combine the efficient electric driving with the advantage of internal combustion
engines – the high range. From a technical point of view, a PHEV could be seen as a mobile CHP-unit: The combustion engine produces heat
and the generator electricity. The latter could be fed via the plug into the local electricity grid.
This paper analysis whether a PHEV can in principle replace a conventional micro CHP while still being used for its main purpose of providing
mobility. Therefore, technical issues regarding the integration of the PHEV into the building’s heating system as well as the effects of
secondary use on the engine’s lifetime are addressed. Furthermore, the profitability of the concept in comparison to a reference heating
system is provided. An outlook whether the physical presence of the vehicle meets the heat requirements of the house concludes.
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Abstract

A conceptual study is described into the hybridization of Stirling engine based residential cogeneration systems with solar thermal systems.
Simulation results of 4 hybrid system configurations applied in various locations in Canada are presented and compared to base case systems
without solar input.
Adding solar collectors to a residential cogeneration system has a clear potential to reduce natural gas consumption and GHG emissions. The
simulated cases showed a 10 – 14% decrease in the consumption of natural gas, which corresponds to a GHG emission reduction of
approximately 800 – 1200 kg per house per year (depending on location).
Hybrid systems are complex and highly integrated systems. The paper concludes with recommendations on important parameters that
should be taken into account when optimising this type of systems.
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Abstract

A123 Systems is a manufacturer of advanced NanophosphateTM batteries and battery-based systems for commercial, transportation and grid
applications. Since 2008, over 36 MW of A123 grid battery systems have been deployed worldwide, based on modular 2 MW building blocks.
With support from the U.S. Department of Energy for a Smart Grid Storage Demonstration, A123 will build and deploy smaller 25 kW modular
distributed storage systems at a scale and with functionality relevant for local applications, including microgrids.. Today, the superior
performance A123’s Nanophosphate Advanced Li-ion battery is being used for system level grid-stabilizing functions including frequency
regulation. Extensions to A123’s existing platform and capabilities will support emerging and advanced distributed resource applications,
including microgrids, renewable integration, and active islanding for enhanced customer reliability.
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Abstract

Many of the loads connected to a MicroGrid are resistive loads. Others are connected through power electronic converters. These loads are
able to operate at a wide range of frequencies. The frequency response requirements in an islanded MicroGrid are described. The effects of
relaxing the frequency control limits on the speed by which load shedding should take place is highlighted.
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Abstract

More and more mini and micro cogeneration systems appear on the market of residential heating appliances and home owners have to
decide whether such a system is an option for their building or not.
One of the key questions that has to be answered prior to the decision to invest in a combined heat and power (CHP) system is the economic
situation and connected to this is the performance of the system.
The goal of this contribution is to work out the relation between the heat and electricity output of a micro CHP system and its efficiency. The
approach towards this is to analyse data derived by test bench experiments and a field measuring campaign.
First results show a significant influence of the daily heat demand on the CHP efficiency. For the systems tested on the test rig, a simple linear
approach led to a very good correlation between electrical and thermal efficiency and heat output of the CHP unit.
This approach does not work for the Stirling systems of the field-test because Stirling engine and auxiliary burner are integrated into one
single heating appliance and could not be measured separately.
Next steps will be to improve the regression curves by adding further parameters and analysing measured data with high timely resolution.
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Abstract

This project seeks to integrate a small (1kWe and 7 kWth) Stirling cogeneration appliance with a high-efficiency natural gas forced air furnace
as would commonly be used for space heating in a Canadian residence.. An indirect hot water tank and commercial micro-cogeneration
controller were also included in the study. The Stirling cogeneration appliance operated at fixed output in response to thermal demand. The
electrical output was either consumed by the home or made available to the grid.
This paper outlines the system design and presents thermal and electrical output during seven days of winter operation at the Canadian
Centre for Housing Technology in Ottawa, Canada. The operational cost of the test system is compared to a reference system which uses a
condensing high-efficiency is demonstrated which can operate the Stirling cogeneration appliance and furnace in order to meet the domestic
hot water and space heating loads.
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Abstract

Hydrogen could be the best candidate fuel for our future, especially in transportation sector. It could be generated with electrolysers running
with the power from carbon-free, renewable resources.
In this work, alkaline electrolysers are used as dynamically controlled loads to stabilise the frequency of the grid. A model of steam turbine
generation unit is made in MATLAB SIMULINK environment, and a scenario in which there is a sudden generation loss in the system is
considered. Alkaline electrolysers could save the system from a sudden frequency drop below statutory limit by changing their consumption
power immediately after a sudden loss of generation even in the case that there is no spinning reserve on the system.
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Abstract

This paper presents an overview of a novel concept in IT network design and power control focused on matching building integrated
renewable power generation with local demands. It describes how this is achieved through dynamic utilisation of embedded energy storage
and energy demand reduction in a robust, efficient and cost effective manner. A brief overview of the main features of the design is given in
terms of its intended benefits as an integrated system. The load components and distribution topology are described for this experimental
system within the limits set by the capacity, capabilities and desired function of the network. Power supply to the network is described as
including a back-up source to the photovoltaic (PV) source to add functionality and stability with no requirements for undesirable exporting
of excess PV generation. The necessary configuration of the renewable array integrating with the network is also highlighted with an example
compatible solar module device.
A trial of the technology and demand management control in a high profile office building is described. This trial in a live working
environment is providing invaluable real world data to compare against modelling and network simulation results.
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Abstract

This study focuses on a double generation system consisting of a photovoltaic power generation system and a fuel cell co-generation system
(PV/FC-DGS) as one of the solutions to avoid the negative impacts of high-penetration PV. In the proposed PV/FC-DGS, the capacity of PV
module is small considering available rooftop area, and FC can be controlled not to operate during a few hours around noon so that the
negative impact due to the reverse power to electric power utility grid is reduced. On the other hand, because the operation time of FC
utilized for heat supply would be longer than PV, FC would contribute to compensate for the economic benefit of avoided PV capacity,
making PV/FC-DGS economically acceptable. By using a numerical simulation model, this study evaluates PV/FC-DGS in terms of the reduction
in the reverse power from PV/FC-DGS as a measure of negative impact and the operating cost as a measure of economic feasibility.
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Abstract

The need to use high-level communication in power systems has been recognised some time ago, as can be seen by the emergence of
communication standards such as the IEC-61970 and IEC- 61850 families of standards. This is especially important when integrating large
numbers of semiautonomous components, such as households, into the power system. However, to reach the goal of having a Smart Grid the
communication system must support intelligent, distributed decision making and control. For this the flexibility with which communication
happens must still be increased, by making communication more expressive and more adaptable.
This paper proposes behaviour descriptions as a good way to offer this kind of high-level communication. A promising approach to implement
behaviour descriptions is investigated, using rules to describe the behaviour of components.
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Abstract

Converging factors have led to the use of large-scale lithium ion batteries in residential energy systems. As micro-cogeneration systems gain
acceptance, the benefits of electrical storage encompass cost savings, operational flexibility, and reduced stress on the distribution grid as
well as a degree of contingency for installations relying upon unsteady renewables.
Concurrently, significant advances in component materials used to make lithium ion cells offer performance improvements in terms of power
output, energy capacity, robustness and longevity, thereby enhancing the value of electrical storage in residential cogeneration installations.
The present study will examine a residential cogeneration scenario consisting of a Stirling engine and a nominal 2 kW/6 kWh lithium ion
battery in a Canadian context. The benefits of a new Li-NCA battery chemistry, as well as a conceptual state-of-the-art battery with an ultrahigh voltage Ni/Ti-doped lithium manganate cathode will be demonstrated by simulation, through comparison to a conventional LiMn2O4
spinel-type battery.
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Abstract

With nearly 100 years of experience in developing combustion engines the Yanmar group has been involved in the development of innovative
products in the area of cogeneration for around 35 years. More recent developments have seen the move to bio-gas, and combined systems
to provide a flexible decentralized power system. Yanmar gas-engine micro-cogeneration products (5kWe to 25kWe) were launched onto the
European market in 2009. With ambitious targets set for carbon dioxide emission reduction in Europe, these products offer a technologically
proven solution to providing reliable sources of decentralized power. With many years of experience in this field we would like to compare
activities in Japan, Europe and North America in the context of the overall environment that exists for the uptake of this kind of cogeneration
technology.
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Abstract

The transition to a future low-carbon power system will increase the need for and value of demand response – where demand can be
curtailed or shifted in time according to the network’s requirements. The electricity supply industry is investing heavily in ‘smart’
technologies, partly based on the assumption that demand response will be available when it is needed, yet this is an unfamiliar concept to
most consumers, who still view electricity as a resource that can be consumed as and when they want it. That such a gap exists between the
reality on the ground and the requirements of the future is a cause for concern, yet the methods proposed today to achieve demand
response are based predominantly on assumptions that people will accept and respond to variations in the price of electricity. There is
however growing evidence that the ‘people are economic actors’ approach is inadequate when dealing with the complexities of energy-use
within the home. This paper reviews existing residential demand response projects, and supports the growing realisation that the principal
challenge in demand response is no longer the technology itself but rather its acceptance and use by the consumer. In order to deal with this
challenge, a more holistic approach to demand response is needed, one that can better deal with both the ‘hard’ and ‘soft’ sides of the
system.
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The SUPERGEN HiDEF (Highly Distributed Energy Future) project focuses on possibilities for decentralising five features of electricity systems:
resources, control, network infrastructure, participation (markets and commercial arrangements) and policy. This paper concentrates on
participation, and the practicalities of an ‘active demand side’. It examines four potential means of altering network and retail arrangements,
with reference to technologies and customer roles in each. These are: supplier obligation to reduce demand; static tariffs for peak reduction;
dynamic tariffs for load management with variable supply; and continuous load-balancing through dynamic demand. Each of these offers
something to the utility; what might it offer the customer, and what customer issues might it raise? The paper suggests a framework for
evaluating ‘active demand’ options in terms of what they offer to small-scale end-users. Examples are derived from international residential
load management programmes, and from the demand response literature. They are discussed mostly in terms of application to the situation
in the UK.
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Abstract

The potential role of microgeneration in energy supply, carbon emission reduction, energy security and even fuel poverty has been a topic of
much interest in the past few years. Industry and government focus has been on financial tools and other policies aimed at maximising
uptake. However, some recent studies on solar hot water (SHW) and heat pumps suggest that not all microgeneration installations are
delivering the expected energy or emissions savings, and consumers are in turn not reaping the expected financial benefits: a large field trial
of heat pumps found 87% failed to achieve a ‘well-performing’ system efficiency of 3; and a field study on SHW found that the majority (at
least 60%) of the systems surveyed were achieving no more than 6% of their potential savings. The reasons are a mixture of technical
problems and poor installations, institutional issues, poor information supply to users, and improper use. Such issues could delay or
jeopardise plans for rolling out microgenerators such as heat pumps. As FITs come in and uptake is expected to increase, we consider what
policies would help maximise the abovelisted benefits of microgeneration. Specifically, we consider the implications for the Renewable Heat
Incentive expected to start in 2011, which could be based on predicted heat production or energy savings from installations rather than
actual energy savings measured in homes. Given the mixed nature of the issues, we use a broader systemic view, with concepts from
strategic niche management and transition theory to analyse the institutional, cultural and behavioural reasons for the discrepancies in
energy savings.
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Abstract

Micro-CHP units are setting a trend towards power generation at a domestic level. These systems require a high power modulation range and
high efficiency to compete against standard boiler units.
OTAG, based in Olsberg, Germany, has developed the Micro-CHP system “lion”, which is available as a natural gas system. OTAG initiated a
project to adapt the natural gas system to combust liquid fuels. Considered liquid fuels are domestic heating oil, fatty acid methyl ester
(FAME), straight vegetable oil and blends of FAME and domestic heating oil. In order to combust liquid fuels, a phase change to gaseous is
inevitable. Deposit forming and preignition often accompany vaporisation of liquid fuels. Using an innovative vaporisation technique, the Cool
Flame vaporisation, allows avoiding these phenomena.
Primary task is the development of the liquid fuel processing system for an operational range of 3 kWfuel – 19 kWfuel. The utilisation of a
loop-type Cool Flame evaporator allows autothermic operation of the lion, when air staged vaporisation and heat recovery from the exhaust
gas is utilised. The research on the fuel processing and combustion allowed operating the liquid fuel burner inside the lion combustion
chamber generating steam for electricity and heat production.
The paper summarises the evolutionary steps in the project focussing on necessary air temperature for deposit free operation, possible fuel
variety and optimisation of start-up characteristics.
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Much research has recently been undertaken on the performance of various types of individual domestic micro-generators. This study
examines the feasibility of clustering (say) two or more of these devices together in the home in order to better match the demand for both
heat and power with these distributed energy resources has been examined. A typical combination might be an air source heat pump to
provide heating with a solar PV panel to deliver electricity. Energy analysis and environmental life-cycle assessment are applied here on a
whole systems basis. Energy and carbon payback periods were determined for eight clusters of micro-generators and five dwelling types that
might satisfy the United Kingdom (UK) 2016 ‘Zero Carbon Home’ specification. The building heat and power demands were modelled using
the UK Standard Assessment Procedure. Various combinations of heat pumps with solar thermal and/or photovoltaic systems yield the most
attractive performance metrics. Clustering gas-fired boilers or micro-CHP with other micro-generators is generally not desirable on energy
and carbon saving grounds.
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Abstract

This paper considers the financial effects of introducing sizeable amounts of microgeneration sourced energy into the cell market through
community aggregation. Two different methodologies are considered, one where aggregation acts to reduce the net import of energy and
one where the aggregator and retailer are considered to act separately, although the rewards are still passed on to the retailer and ultimately
the consumer. Static analysis is undertaken where each generator submits a true and accurate representation of its costs along with a 50 day
dynamic study where generators “learn” to maximise their potential.
It has been shown that under the correct circumstances, it may be beneficial for the aggregators to sell all to the market place and reduce the
market clearing price within the cell, however, under general circumstances it is better to use the energy locally and reduce the import levels.
Additionally, the need for regulation within a cell is shown as without it, the price paid for energy may be considerably higher than cost,
approximately 50% for this study. A number of factors that must be taken into consideration when reconfiguring a countrywide electrical
power network into regional cells are considered within this paper also.
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Abstract

Generally speaking, net zero energy buildings (NZEB) produce as much energy as they consume. Micro-cogeneration is one way to produce
energy for buildings and thus has potential also in NZEBs. This paper discusses the definitions of net zero energy buildings and their
applicability in terms of micro-cogeneration.
Current NZEB definitions are suitable for cases which utilize wind and solar power, while troubles emerge when fuels and different types of
energy are introduced from off-site to the balance. Through whole-building simulation and the application of simulation results, we assess
the implications of different definitions on the overall performance of the building. Selecting the boundary for energy balance plays an
important role. The analysis revealed some weaknesses in current common definitions, wherefore slightly modified definitions were
proposed, which focus on the balance of exported and imported electricity. Following these definitions, the net zero energy balance was
obtained, but new problems, such as large thermal dump and excessive fuel consumption, appeared. Provided that the cogeneration unit can
be controlled fulfilling the thermal demand, better match between annual energy consumption and production is achieved, however
achieving the goal of NZEB is not guaranteed.
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Abstract

Changes in lifestyle have led to increased use and ownership rates of domestic appliances resulting in increasing electrical consumption in the
residential sector. An important element of this consumption is due to domestic washing and drying of laundry. Given current and predicted
ownership rates, the market for drying facilities is still not fully saturated and electrical demand for these functions will therefore increase.
This paper looks at energy loads for laundering in high density housing such as blocks of flats and explores the benefits of communal facilities.
Benefits of such facilities include reduced high humidity levels and the mitigation of decreased indoor air quality associated with indoor
drying of laundry in individual dwellings. However from the perspective of integrating microgeneration into buildings, communal facilities
may facilitate increased flexibility in the electrical demand profile, hence better complementing low carbon and localised energy supplies.
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In order to investigate the possible effects on the electric demand load profile, this paper presents the scenario of a hypothetical housing
block and analyses the effect of moving from washing and drying in individual households to communal facilities. The study includes the
effects of appliance energy-efficiency improvements and increased ownership rates. Results obtained show that communal laundering is
successful in terms of time-shifting and hence lowering of peak electrical demand but are ineffective in reducing consumption.
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