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SUSTAINABLE DEVELOPMENT OF ENERGY, WATER AND ENVIRONMENT SYSTEMS / 2009 / CROATIA

Conference Venue: Dubrovnik

"Those who seek paradise on Earth
should come to Dubrovnik and see Dubrovnik."

(George Bernard Shaw)

Dubrovnik is situated in the southernmost part of the Republic of Croatia. Founded in the
7™ century, Dubrovnik is rich with cultural and historical monuments and is included in
the UNESCO World Heritage list. The city is surrounded with the walls built between the
11™ and 17" century. Its cultural and scientific institutions include Museum at Rector's
Palace, Cathedral Treasury, Pinacotheca, Franciscan monastery and cloister, with one of
three oldest pharmacies in Europe (14" c.), the Cathedral (initial funds given by King
Richard the Lionheart), one of the European oldest Synagogues, Marin Drzic Theatre,
Dubrovnik Symphony Orchestra, Interuniversity Center. Nature lovers can find here true
Mediterranean landscape, and "enjoy the cleanest sea in the Mediterranean" (Jean Jacques
Cousteau). Dubrovnik International Airport is situated 22 km from the city center.




Scope and Objectives

"Sustainable development is development that meets the needs of the present without
compromising the ability of future generations to meet their own needs."

The Report of the U.N. Brundtland Commission, Our Common Future, 1987

The Dubrovnik Conference on Sustainable Development of Energy, Water and
Environment Systems, to be held in 2009 for its 5" consecutive time, is dedicated to the
improvement and dissemination of knowledge on methods, policies and technologies for
increasing the sustainability of development, taking into account its economic,
environmental and social pillars, as well as methods for assessing and measuring
sustainability of development, regarding energy, transport, water and environment
systems and their many combinations. Sustainability being also a perfect field for
interdisciplinary and multi-cultural evaluation of complex system, the Dubrovnik
Conference has during the first decade of the 21* century become a significant venue for
researchers in those areas to meet, and discuss, share, and disseminate new ideas.

"Then | say the earth belongs to each of these generations during it's course, fully,
and in their own right. The 2" generation receives it clear of the debts and
incumbrances of the 1%, the 3". of the 2. and so on. For if the 1%. could charge it
with a debt, then the earth would belong to the dead and not the living generation.
Then no generation can contract debts greater than may be paid during the course of
it's own existence."

Thomas Jefferson, Sept.6, 1789

The scope of the Conference will continue to successfully cover the following areas (with
examples in parentheses, but not confined to these examples only):

e  Sustainability comparisons and measurements methodologies (metrics and
indices, multi-criteria analysis, external costs, exergy analysis, footprint
methods, emergy)

e  Energy policy (security of supply, climate change mitigation, renewable energy
support schemes, energy efficiency, employment generating, agriculture and
forestry, tax, cap and trade, feed-in, green certificates)

e  Transport policy (urban sprawl management, traffic management, road pricing,
modal management, alternative fuels, social aspects, rail vs. air)

e  Water policy (water management, wastewater management, water reuse, water
pricing)

e  Environmental policy (waste management, wastewater management, climate
change, air pollution policy, water pollution policy, land management, biomass
management, social aspects, emission tax, cap and trade)



Energy system analysis (Energy system analysis models, tools and
methodologies, Energy system analysis surveys and results)

Life cycle assessment, Environmental impact assessment, Eco-design and Eco-
labelling

Energy planning (power system planning, smart energy networks, natural gas
system planning, high penetration of renewables, island energy systems,
development of energy planning tools, internalizing environmental externalities)
Transport management (modelling, optimisation, tracking, GPS/mobile
systems)

Renewable energy resources (forest and agricultural biomass, biofuels, biogas,
hydro, wind, solar, geothermal, wave and ocean)

Primary energy resources (oil, gas, coal, uranium, thorium, oil peaking)

Water resources (surface, ground, desalination, etc.)

Food and agriculture

Renewable electricity generation systems (biomass, grid and fluidized bed,
biofuels, biogas, hydro, wind, photovoltaic, concentrated solar thermal power,
geothermal, wave, tide, ocean thermal)

Thermal power plants (clean coal, fluidized bed, combined cycles)

Carbon capture and storage/sequestration (oxy-fuel combustion, pre-combustion
capture, post-combustion capture, CO, transport, enhanced oil/gas recovery,
enhanced coal bed methane recovery, aquifer storage, bedrock storage, ocean
storage, leakage)

Nuclear energy (new power plant designs, waste, proliferation, policies,
acceptance)

Advanced sustainable energy conversion systems (fuel cells, thermoelectric,
thermionic, organic)

Renewable heat systems (biomass, biofuels, biogas, solar, geothermal, heat
pumps)

Biofuels and biorefineries (biodiesel, bioethanol, second generation biofuels,
anaerobic digestion, BTL, biorefineries, vehicles, infrastructure, combustion
modelling, sustainability assessment)

Hydrogen production technologies (stationary, mobile, small applications,
electrolysis, reforming, nuclear hydrogen, infrastructure)

Hybrid and electric vehicles (first generation, plug in, charging, batteries,
infrastructure)

Other alternative fuels (DME, CNG, LPG, resources, production, vehicles,
infrastructure)

Water treatment (methods, health issues, standards, grey water)

Desalination (distillation, reverse osmosis, energy recovery, discharge
management)

Wastewater treatment (municipal, industrial, agricultural)

Waste treatment (composting, incineration, landfill, anaerobic digestion,
gasification, mechanical biological treatment, mechanical heat treatment,
plasma arc waste disposal, pyrolysis, recycling)

Waste to energy (incineration, landfill gas capture, RDF, cement industry, tyres,
combustion modelling)
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Recycling waste (glass, paper, metals, containers, tyres, textiles, batteries,
biodegradable waste, separation, financial schemes)

Pollution modelling (CFD models, air pollution spreading, water pollution
spreading, combustion modelling)

Heat and mass transfer modelling (CFD models, energy efficiency)
Cogeneration (heat and power, water and power, biofuels and power, transport
and energy, food and energy, waste to energy)

Trigeneration, polygeneration

Storage (heat storage, hydrogen storage, hydropower as storage, pump storage,
compressed air storage, batteries, water storage, biofuels storage, storage
optimisation modelling, financial support mechanisms, maximising renewables,
optimising load, power market arbitrage, smart energy networks)

Energy efficiency (industry, agriculture, appliances, smart appliances, load
management, rebound effects and mitigation)

Buildings (passive buildings, smart buildings, green buildings, building
standards, heating, ventilation, air-conditioning, cooling, insulation, renewables,
heat pumps, load management, storage, sustainable architecture)

Energy markets (liberalisation, regulation, spot markets, pools, storage,
renewables, merging and acquisitions, modelling)

Emission markets (ETS, carbon, GHG, SOx)

Employment and energy, transport, water and environment systems (technology
development, equipment production, installation, maintenance)

Technology transfer and development (emerging markets, developing countries,
least developed countries, new opportunities)

Social acceptance (reform, NIMBY, nuclear, wind, hydrogen, hidden and
special interests)

Sustainable tourism (energy systems, transport systems, water systems,
environment systems, green hotels)

Urbanism (urban planning, zoning, transport, modal shift)

Education in Sustainable Development (Governance, Environmental
Awareness, Higher Education in SD, Engineering Education in SD)
Cooperation for Development (International Development Mechanisms, Clean
Development Mechanisms, etc.)
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Preface

The purpose of the 5™ Dubrovnik Conference on Sustainable Development of
Energy, Water and Environment Systems (SDEWES) is to provide a forum for world-
wide specialists in the sustainability of development to present progress of researchers,
and to discuss the state of the art, the future directions and priorities in the various areas of
the sustainability of development: this conference especially in the improvement and
dissemination of knowledge on methods, policies and technologies for increasing the
sustainability of development, taking into account its economic, environmental and social
pillars, as well as methods for assessing and measuring sustainability of development,
regarding energy, transport, water and environment systems and their many combinations.

It would not have been possible to organise the 5™ Dubrovnik SDEWES Conference
if its participants had not sent over 700 abstracts which are peer-reviewed and nearly 400
papers were accepted and are collected in this Proceedings. The organizers wish to
express them their gratitude for having taken interest in the 5" Dubrovnik SDEWES
Conference and for their invaluable written and oral contributions. We sincerely thank the
Members of the International Scientific Committee and the Members of the Scientific
Advisory Board who devoted much time for reviewing the abstracts and papers, who
contributed to the success of this conference and the quality of Proceedings. We also
grateful our Colleagues, the Members of the Organising Committee and to all people who
contributed in many ways, for their endeavours in organization of the 5™ Dubrovnik
SDEWES Conference. Special thanks to the invited lecturers.

We would like to welcome all the participants of the 5" Dubrovnik SDEWES
Conference coming from nearly 60 countries all over the world. We trust that this
conference will reach the goal of bringing together scientists and engineers and inspire
them to gather more knowledge in order to tackle mankind's future problems. Last but not
the least we would be happy if your stay in Dubrovnik would be enjoyable, fruitful,
pleasant, happy and sunny, in town which is included in the UNESCO world Heritage list.

Prof. Noam Lior
Chairman of International Scientific Committee

Prof. Ivo Slaus
Chairman of Scientific Advisory Board

Prof. Neven Dui¢
Chairman of Local Organising Committee

Prof. Zvonimir Guzovi¢
Conference Secretary
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Programme

Tuesday, September 29"

9:00 - 10:00 Registration (HALL A)
10:00 - 12:30  Excursion to HPP Dubrovnik
12:00 - 13:00  Registration (HALL A)
13:00 - 15:30  Excursion to HPP Dubrovnik
16:00 - 18:00  Registration (HALL A)
19:30- 20:30  Welcome reception
Wednesday, September 30"
7:30 - 9:30 Registration (HALL A)
9:30 - 10:30 Opening of the conference (Room A)
10:30 - 11:30  Key note lecture
Prof. Noam Lior: Sustainable Energy Development: the Present
(2009) Situation and Possible Paths to the Future (Room A)
11:30 - 12:00  Coffee break (HALL B)
12:00 - 13:30  Parallel sessions
Special Session: Sustainability strategies in building sector: life
cycle approaches, methods and tools (Room A)
Chairman: Dr. Mario Tarantini
Biomass, Biogas and Biofuels: Potentials and limitations I
(Room B)
Advances in Waste Management I (Room C)
Developments in Solar Photovoltaic Energy Conversion (Room D)
Heat and Mass Transfer in Energy and Environment Systems I
(Room E)
Fundamentals of sustainability (Room F)
13:30 - 14:30  Buffet lunch (HALL B + HALL C)
14:30 - 16:00  Parallel sessions

Special Session: Biofuels sustainability (Room A)
Chairman: Prof. Viatcheslav Kafarov

Towards Sustainable Combustion I (Room B)
Advances in Waste Management II (Room C)
Solar Thermal Heat and Power I (Room D)

Heat and Mass Transfer in Energy and Environment Systems II
(Room E)
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Approaches to Sustainable Development: Methodologies I
(Room F)

16:00 - 16:30

Coffee break (HALL B)

16:30 - 18:00

Parallel sessions

Special Session: Biofuels sustainability (Room A)
Chairman: Prof. Viatcheslav Kafarov

Sustainable Manufacturing and Mining I (Room C)
Solar Thermal Heat and Power II (Room D)
Hydro, Wind, Geothermal I (Room E)

Approaches to Sustainable Development: Methodologies II
(Room F)

18:00 - 18:30

Coffee break (HALL B)

18:30 - 20:00

Parallel sessions

Special Session: Biofuels sustainability (Room A)
Chairman. Prof. Viatcheslav Kafarov

Advances in Waste Management III (Room C)

Sustainable Transport I (Room D)

Hydro, Wind, Geothermal II (Room E)

Approaches to Sustainable Development: Case Studies (Room F)

Thursday, October 1%

7:30 - 9:00

Registration (HALL A)

9:00 - 10:00

Key note lecture
Prof. Henrik Lund: How to implement Renewable Energy
Systems? Lessons learned from the Danish case. (Room A)

10:00 - 11:30

Parallel sessions

Special Session: On the way to 100% Renewable Energy Systems
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SDEWES.2009.655

Sustainable Energy Development: The Present
(2009) Situation and Possible Paths to The

Future

N. Lior™
“lior@seas.upenn.edu

! University of Pennsylvania, Mechanical Engineering and Applied
Mechanics, United States

ABSTRACT

Recent estimates and forecasts of the oil, gas, coal resources and their
reserve/production ratio, nuclear and renewable energy potential, and energy uses are
surveyed. A brief discussion of the status, sustainability (economic, environmental and
social impact), and prospects of fossil, nuclear and renewable energy use, and of power
generation (including hydrogen, fuel cells, micro power systems, and the futuristic
concept of generating power in space for terrestrial use), is presented. Comments about
energy use in general, with more detailed focus on insufficiently considered areas of
transportation and buildings are brought up. Ways to resolve the problem of the
availability, cost, and sustainability of energy resources alongside the rapidly rising
demand are discussed. The author's view of the promising energy R&D areas, their
potential, foreseen improvements and their time scale, and last year's trends in
government funding are presented.
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SDEWES.2009.609
How to Implement Renewable Energy
Systems? Lessons Learned from The Danish
Case

H. Lund™
“lund@plan.aau.dk

! palborg University, Department of Development and Planning, Denmark

ABSTRACT

With regard to the implementation of renewable energy systems, Denmark has
become an interesting case. As many other western countries, Denmark was totally
dependent on the import of oil at the time of the first oil crisis in 1973. Almost all
transport and all residential heating were based on oil. And even 85 per cent of the Danish
electricity supply was produced from oil. Altogether, prior to the oil crisis, more than 90
per cent of the primary energy supply was oil. Looking back more than 30 years later,
Danish society has proven able to implement rather remarkable changes. First, half the oil
consumption has been replaced by other fuels, i.e. coal, natural gas and, to some extent,
renewable energy. Secondly, Denmark has managed to stabilise the primary energy
supply at the same level as in 1972. This stabilisation is unique compared to other
countries as it has been achieved simultaneously with a "normal western European"
economic growth.

The primary means have been energy conservation and efficiency improvements in
supply. Buildings have been insulated and CHP (Combined Heat and Power) production
has been expanded. Thus, today, the primary energy supply for heating is reduced to two
thirds of what was used prior to 1973, even though the heated space area has increased by
more than 50 per cent in the same period. The renewable energy share of primary energy
supply has increased from around zero in 1972 to 16 per cent in 2007 and wind power has
become equal to a 20 per cent share of the electricity demand. Moreover, Denmark has
started to produce oil and natural gas from the North Sea and is today more than self-
supplied with energy. However, the Danish oil and gas resources are scarce and are likely
to last for only a few decades. An interesting question is therefore, can Denmark convert
to 100 per cent renewable energy within a matter of decades or will we have to return
once again to former days of dependency on import of fossil fuels? Such question is
indeed relevant not only to Denmark, but to Europe in general as well as the US, China
and many other nations around the world.

The idea of the lecture is to unify and deduce the learning and results of a number of
separate studies and thereby contribute to a coherent understanding of how society can
implement Renewable Energy Systems. The presentation is based on 25 years of
involvement in a number of important and representative political decision-making
processes.
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Building a Low Carbon Society

M. d. G. Carvalho™

.
mariadagraca.carvalho@europarl.europa.eu

L IDMEC - IST, Research Group on Energy and Sustainable Development,
Portugal

ABSTRACT

There is a wide consensus that we are approaching the sunset of the oil era in the first
half of the 21 century. The price of oil on global markets continues to remain high and
peak global oil is within sight in the coming decades. At the same time, the dramatic rise
in carbon dioxide emissions from the burning of fossil fuels is raising the earth's
temperature and threatening an unprecedented change in the chemistry of the planet, with
ominous consequences for the future of human civilization and the ecosystems of the
earth.

The triple threat of the global credit crisis, the global energy crisis, and the global
climate change crisis are interwoven and feed off of each other. Addressing the triple
threat to our way of life will require a new economic story that can remake civilization
along sustainable lines. The European Union needs a powerful new economic narrative
that will push the discussion and the agenda around climate change and peak oil from fear
to hope and from economic constraints to economic possibilities. That narrative is just
now emerging as industries across Europe begin to lay the groundwork for a Low Carbon
Society.

As the European Union prepares for the 15" Climate Change Conference in
Copenhagen, Denmark in 2009, it is critical that we reframe the discussion on climate
change and energy security to the mission of making the transition to a Low Carbon
Society. If we do not succeed in reorienting the climate change and energy agenda from
burden sharing to commercial opportunities, it is likely that the Copenhagen Climate
Conference will not achieve its full potential.

The key is to lay out a compelling 'social vision' to accompany the new economic
vision. The Low Carbon Society provides the framework for the birth of a 'New Social
Europe' in the first half of the 21% Century. Just as the distributed Information Technology
and internet communication revolutions dramatically changed the social context, as well
as the economic parameters of doing business, a distributed renewable energy revolution
will have a similar impact on Europe and the world.
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SDEWES.2009.682

Technologies and Policies for The Transition
to a Sustainable Energy System in China

X. Zhang™!
“zhang_xI@tsinghua.edu.cn

! Tsinghua University, Institute of Energy, Environment, and Economy,
China

ABSTRACT

China's rapid economic growth over the past few decades, and in particular over the
past few years, has resulted in rapid expansion of its energy consumption. Coal currently
accounts for approximately 70% of China's primary supply, and will continue to play a
crucial role in powering China's economic development. The consumption of coal has
been a major threat to China's environmental sustainability. The consumption of fossil
fuels contributed to 87-89% of the total SO, emission in China during the 10" Five-Year-
Plan (2000-2005), now makes China be largest CO, emitter in the world as well. At the
same time, over 50% of China's oil consumption comes from the overseas market, causing
a significant energy supply security concerns. China is facing an energy dilemma in the
process of industrialization, urbanization, and motorization: Based on current scientific
and technology knowledge, it is really hard for China to achieve cost-effective
transformation to a sustainable energy system. This paper explores the current state of
China's energy consumption, and options for the transition to a sustainable energy system.
The paper begins with an overview of the energy supply in China including the current
fuel mix, the structure of the industry, and projected investment and emissions trends.
Section 2 examines, based on modeling analysis, the technological options that China
would need to take for achieving transformation to a sustainable energy system, and
Section 3 reviews the policy measures that have been implemented to promote the
development and deployment of sustainable energy technologies since 2005. In the final
section, further domestic and international cooperation initiatives that could shape the
structure of China's future energy system are discussed.
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Special Session: On the Way to 100%
Renewable Energy Systems

SUMMARY

This session pose the question: How can we convert our energy
supply to 100% Renewable Energy at a national scale? Around the world
e.g. in US, in Europe and China, policies has been formulated with the
objective of decreasing CO, emissions. And in many nations policies to
raise the share of renewable energy are being initiated as part of the
global response to climate change. In some countries NGOs, researcher
and even governments have formulated the goal of converting the entire
energy supply into being based 100% on Renewable Energy. This session
temps to focus on the methodologies and practice in the implementation
of such long-term goals. The session is open for presentation of studies of
coherent 100% Renewable Energy Systems as well as recommendation of
the first steps and studies of the role of single technologies. And the
session welcome technical studies of system designs as well as social
science studies of how to implement such technological systems.

Session organizer: Prof. Henrik Lund, Aalborg University, Aalborg, Denmark

Henrik Lund is professor in Energy Planning at Aalborg University and Editor-in-
Chief of Elsevier International journal Energy. He was head of department from 1996 to
2002 and holds a PhD in "implementation of sustainable energy systems" (1990). His
area of expertise has for more than 20 years been energy system analysis, energy
planning and energy economics. The International Energy Foundation (IEF) gave him a
gold medal for "Best Research Paper Award" within the area "Energy Policies &
Economics” in 1998. He has been involved in a number of research projects and
committee works in Danish energy planning, and in the implementation of various local
energy projects in Denmark as well as in many other countries. In 2005-2007 he headed
an international research project (www.project-desire.org) on the integration of wind and
CHP and he is now the coordinator a research project on 100% Renewable Energy
Systems involving most Danish universities (www.CEESA.dk). Moreover HL is the
architect behind the energy system analysis model EnergyPLAN (www.EnergyPLAN.eu).
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Ireland's Pathway Towards a 100%
Renewable Energy System: the First Step
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! University of Limerick, Charles Parsons Initiative, Ireland (Republic)
2 Aalborg University, Department of Development and Planning, Denmark

ABSTRACT

Currently 92.6% of the energy used for electricity generation in Ireland is fossil-fuel
based, and 59% of this energy is wasted due to transformation losses. Also, approximately
85% of the fuel consumed in Ireland is imported, which is an extremely volatile situation
in the current economic climate. Considering these, and the fact that Ireland has an
abundant renewable energy resource, as well as an obligation from the European
Commission to supply 16% of the total energy requirement from renewable resources by
2020, it is essential that Ireland identifies the most effective transition from a fossil-fuel to
a renewable energy system. Consequently, this study presents the first step towards
identifying how this transition may be achieved. The energy-systems-analysis model,
EnergyPL AN, was chosen for this investigation, as it accounts for all sectors that need to
be considered for integrating large penetrations of renewable energy: the electricity, heat
and transport sectors. Initially, a reference model of the existing Irish energy-system was
constructed, and subsequently alternatives were compared to identify the most effective
method of increasing renewable energy penetration. The results in this paper illustrate the
first draft of a 100% renewable energy system for Ireland. However, these results have
been completed based on numerous assumptions that will need to be investigated in future
work, before a serious roadmap can be defined for Ireland’s renewable energy transition.
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100% Renewable Energy Systems in Project
Future Climate - the Case of Denmark

B. V. Mathiesen™
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ABSTRACT

Greenhouse gas mitigation strategies are generally considered costly with world
leaders often engaging in debate concerning the costs of mitigation and the distribution of
these costs between different countries. In this paper, the analyses and results of the
design of a 100 per cent renewable energy system by the year 2050 are presented. Two
short term transition target years in the process towards this goal are analysed for 2015
and 2030. The analyses reveal that implementing energy savings, renewable energy and
more efficient conversion technologies can have positive socioeconomic effects, create
employment and potentially lead to large earnings on exports. If externalities such as
health effects etc. are included, even more benefits can be expected. 100 per cent
renewable energy systems will be technically possible in the future, and may even be
economically beneficial compared to the business-as-usual energy system. Hence the
current debate between leaders should reflect a combination of these two main challenges.
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Prospects of Wind Power in a Sustainable
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L ELTE University, Environmental and Landscape Geography, Hungary

ABSTRACT

In this article we examined the possibilities that wind energy offers for Hungary, also
we compared our current situation and possible ways of development to international
trends. We studied how the wind turbines can promote our move to a 100% renewable
energy system in Hungary? At the end of the last year the installed wind turbine capacity
was 126.9 MW, these produced 110 GWh electricity. It was only 0.27% of the total
production and therefore it is strange that the regulation system does not encourage the
investments into this field.

As a matter of fact recent regulations have a rigorous restrictive role with a 330 MW
capacity limit (until 2010) and with a financial penalty for those, who cannot comply with
the reported power forecast.

The goal of this study is to quantify Hungary's different wind power potentials
(technical, socio-economic, program) to reveal our real possibilities. We think that the
special toolkit of geography can open new perspectives for the Hungarian regional
development and energy planning. At the same time our examination covered the effects
of the planning and regulating problems on Hungarian energy sector.
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Using Heat for Cooling in Biomass Based
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on The Customers Needs and Contracting
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ABSTRACT

One aspect of biomass-based combined heat and power plants is to deal with the
issue of the heat-demand during summer. Therefore the implementation of sorption-
cooling has to be thought of. In order to connect combined heat and power plants with
sorption-cooling the notion of the cooling potential (need for cooling) of a region is
paramount to be able to evaluate the economic and technical implications of sorption
cooling implementation. Two tools are introduced, which can be used by investors to
make a quick first estimation of the cooling potential of a building and of a region. Based
on the results of this estimation, further steps with regard to implementation can be taken
by the investors. Concerning the cooling potential of a single building a standardized
questionnaire is presented, which can be used for interviewing potential customers. In
order to make an estimation of the cooling potential of a region benchmarks combined
with statistic data are used. Regional benchmarks resulting from a delivery of the
questionnaire can be directly fed into the tool presented in order to determine the potential
of a region.

Usually the business field contracting (in the meaning of outsourcing financed by a
third party) is used for the delivery of heat or measures of energy reduction. But
contracting comprises also the delivery of cooling, which would be another possibility for
combined heat and power plants to gain a higher efficiency during summer. In the second
part of this paper existing contracting models are examined and discussed. The focus lies
on the adaptation of contracting models concerning the special needs for the delivery of
cooling. Specific criteria are elaborated, which can be used as a guideline by an investor,
who wants to get started in the field of cooling contracting. The elected models are
described meeting the specific requirements for cooling contracting, e.g. the calculation of
investment needs and the knowledge of the technical equipment necessary for the
adaptation of district heating for sorption cooling.

The project was funded by the FFG Osterreichische
Forschungsforderungsgesellschatft.
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ABSTRACT

A big disadvantage of biomass-based combined heat and power plants is the missing
heat demand during summer. This paper discusses a possible solution to that problem.
Since the missing heat demand constitutes an economic drawback for biomass-fired
power plants, the effects of upgrading three biomass-fired combined heat and power
plants to combined heat-power-cooling-plants are being examined.

The main purpose of this paper is showing up the potential of increasing the
efficiency of these energy systems based on renewables by providing the additional
service of cooling in summer time. It is possible to increase heat demand in summer by
applying thermal driven cooling - devices, the so-called sorption-chilling-devices.
Depending on the boundary conditions such an upgrade can also improve the energetic
and economic efficiency of the power plant.

A further advantage of an upgrade is that a given supplier is able to satisfy 100% of
the energy-demand of its customer (power, heat & cooling), which leads in the majority of
cases to decreasing costs.

Upgrading a biomass plant has to be considered carefully, therefore a further focal
point is the availability of a tool that supports plant operators when making decisions.
With that tool plant operators shall be able to estimate the technical feasibility of the
planned upgrade. The aim of the research underlying this paper was the development of
such a tool.

To create a tool like this several prior analyses had to be accomplished. This tool -
briefly presented in this paper - is a technical guide, which shows the possible integration
and implementation of the planned upgrade. Depending on the input-parameters a
selection concerning the hydraulic integration of the thermal driven chilling-devices is
made. Furthermore, the state of the art in biomass-fired combined heat and power plant
technology and in thermal driven cooling-devices is shown.

The extended version of this tool allows the evaluation of the upgraded system and
compares the planned upgrade scenario with the actual situation of the CHP. An
economical, ecological and energy related evaluation of the actual situation and of the
upgraded situation of the power plant is made on the basis of the input - data. Finally an
integrated sensitivity analysis shows the impact of critical parameters on the profitability.

The project was funded by the FFG Osterreichische
Forschungsforderungsgesellschaft.
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Unearthing Waste 's Potential for 100%
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! Fachhochschulstudiengénge Burgenland GmbH, Energy & Environmental
Management, Austria

ABSTRACT

This paper focuses on the elaboration of the potential of the waste sector to contribute
to the provision of 100% renewable energy systems. Waste is an abundant and locally
available resource and in many cases it is (at least partially) of biogenic origin, therefore
pursuing political goals in waste management by energetic utilization of waste contributes
towards achieving political goals in the energy as well as climate policy, too.

However, it is shown based on the example of Austria that looking at energy systems
on a national or international scale the waste sector is only able to contribute very little to
the provision of the overall energy needed. It is different if one looks at specific energy
systems in industrial sectors or on individual industrial sites. Here one must acknowledge
that the energetic utilization of waste can have a high impact towards establishing
renewable energy systems. Exemplarily this is shown by discussing the Austrian pulp &
paper as well as the cement industry sector.
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Potential of Renewable Energy Systems in
China

W. Liu™, H. Lund!, B. V. Mathiesen!
“wen@plan.aau.dk

! palborg University, Department of Development and Planning, Denmark

ABSTRACT

This paper discusses the prospective of renewable energy in the process of
sustainable development in China. Along with the high-speed economic development and
increasing energy consumption, the Chinese Government faces a growing pressure to
maintain the balance between energy supply and demand as well as reduce environmental
pollution. To ensure energy security and mitigate climate changes the inappropriate
energy consumption structure should be changed. As an alternative, a suitable
infrastructure for the implementation of renewable energy may serve as a long-term
sustainable possibility. Such sustainable energy strategy typical involves three
technologies issue: energy conservation, efficiency improvement and renewable energy
development. Denmark is an example of such strategy can be implemented and it shows
the possibility of converting into a 100% renewable energy system. This paper analyses
the current status and programming of renewable energy utilization in China and
compares the potential of renewable energy sources and energy demand between China
and Denmark. It proposes and discusses a forward-looking issue that is the perspective of
a 100% renewable energy system in China. The conclusion is such development is not
impossible in the future in terms of technology and domestic resources. Due to the
uncertainty of estimation and exploitation level of renewable energy sources, energy
conservation and efficiency improvement are essential for China to achieving the
sustainable energy development.
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A Global Renewable Energy System

K. Karlsson™, P. E. Grohnheit?, H. Y. Foeyn?, O. Balyk?, S. Dhar?
“keka@risoe.dtu.dk

! Riso DTU National Laboratory for Sustainable Energy, DTU Climate
Centre, Denmark

2 Riso DTU National Laboratory for Sustainable Energy, System analysis,
Denmark

ABSTRACT

In this paper we will test the ETSAP -TIAM global energy system model and try how
far it can take us towards a global 100% renewable energy system with the existing model
database. This will show where we meet limits in global resources and where we meet
limits in the data collected to the model until now.

Results from the modelling are global gross energy consumption, emission of
greenhouse gasses and thereby potential global increase in mean temperature.
Furthermore, total system costs will be compared to a reference scenario.

The ETSAP-TIAM (TIMES Integrated Assessment Model) is a detailed, technology-
rich global TIMES model. The structure and data came from the MARKAL-based SAGE
model that was developed by the US Dept of Energy's Energy Information Administration
(www.eia.doe.gov). The results of ETSAP-TIAM studies have wide diffusion among the
groups that assess climate mitigation policies through EMF and IPCC.

In TIAM the world is divided into 15 regions and the time horizon is 2100, which is
needed for long-term climate mitigation policies. The main structure of the energy system
is similar to the structure of many ETSAP-TIMES models, but with less emphasis on the
technological details in the downstream sectors (transport, industry, residential,
commercial and agriculture) and more focus on the energy resources in the Upstream
sector, in which the global regions are divided into OPEC and non-OPEC countries.

In the analysis with TIAM we will focus on biomass, wind, photovoltaic and new
hydro. This is all resources for which estimated potentials exists for all the regions. After
utilising these resources the analysis will give a picture of the need for including other
renewable energy sources and the need for more efficient energy use at the end-use level.
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The 100% Renewable Energy Town
Frederikshavn

P. A. Ostergaard™
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! palborg University, Department of Development and Planning, Denmark

ABSTRACT

The town of Frederikshavn in Denmark has undertaken the task of becoming a 100%
renewable energy town. The town is well-provided with a number of options including
oft-shore wind power, waste incineration for heat and power production as well as low
temperature geo-thermal energy usable for room heating.

In this article, a technical scenario is developed for the transition of Frederikshavn's
energy supply from being predominantly fossil fuelled to being fuelled by locally
available energy sources. The article focuses on all aspects of energy demand in the town
of Frederikshavn i.e. electricity demand, heat demand, industrial demand as well as
notably the energy demand for transportation.

The locally available energy resources are surveyed and through energy systems
analyses, a system with the proper load following capabilities is developed with particular
attention to the technologies with relocation possibilities needed for the integration of
fluctuating energy sources.
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2 IDMEC - IST, Research Group on Energy and Sustainable Development,
Portugal

ABSTRACT

Portugal is country which energy system highly depends on oil and gas imports 85%
in 2005 and 86% in 2006, which drives to share of RES in total primary energy
consumption of 14% in 2006. Looking only the electricity production situation is little bit
better. The share of RES in the gross electricity production varies between 20-30% and it
is dependent on hydro power production in wet or dry years. This paper presents energy
planning of Portugal's energy system and technical solutions for converting electricity
production to 100% renewable on national scale. Planning has been based on hourly
energy balance by use and adaptation of H,RES computer program. The H,RES model
has ability to integrate different storages into energy system in order to increase the
penetration of intermittent renewable energy sources or to achieve a 100% renewable
island, region or country. Paper also represents stepping stone for studies which will give
wider picture for matching renewable energy sources potential and electricity supply. The
special attention has been given to intermittent sources like wind, solar and waves which
should be coupled by appropriate energy storages filled by excess of produced electricity.
Storage will also decrease requirements for installed power of generating units; it will
help to avoid unnecessary rejection of renewable potential and will represent certain
security of energy supply.
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Special Session: National Strategies for
Sustainable Development

SUMMARY

In the European countries the National Strategies for Sustainable
Development (NSSD) are at different stage of preparation and
implementation, and each has a country-specific scope, content and
strategic direction. The aim of this session is to get an overview of the
state of preparation and implementation, discuss different approaches,
learn from each other and possibly co-ordinate further work aiming at
developing a common approach to NSSD preparation, implementation
and organization.

Session organizer: Dr. Natasa Markovska, Macedonian Academy of Sciences and Arts,
Skopje, Macedonia

Natasa Markovska holds DSc degree from the Faculty of Electrical Engineering,
Skopje, with thesis on solar energy technologies. At present she is an Associate Professor
and a Senior Researcher at the Research Center for Energy, Informatics and Materials of
the Macedonian Academy of Sciences and Arts (ICEIM-MANU). She is
leading/participating in several research projects related to energy strategies, energy
efficiency and renewable energy sources, as well as the environmental impacts of various
energy technologies, including greenhouse gases emissions and climate change mitigation
options. She is the Chair of the National Committee on Climate Change and National
Focal Point of the Intergovernmental Panel on Climate Change. Prof. Markovska
participated in the preparation of the Macedonian National Strategy for Sustainable
Development, leading the working group on Energy.
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ABSTRACT

The Czech Republic Strategy for Sustainable Development (CR SDS, NSDS) was
adopted by the Czech Government Res. no. 1242 of December 8, 2004 as an overarching
conceptual document reflecting the basic political and social consensus about the strategic
goals and principles of the CR development in the future. The Strategy has six parts and
covers all three dimensions of SD complemented by three other areas: research &
development and education; European and international issues and good governance. The
strategic goals (24) were further integrated into sectoral documents and policies. As a
framework document, the Strategy doesnA 't contain any quantitative goals and shows the
general way how to build SD concept in sectoral politics.

The NSDS provides a set of 87 indicators for assessing individual strategic goals.
The progress reports on the NSDS of 2006, 2007 and 2009 are based on a set of 36
aggregated indicators covering the three pillars of SD and three additional areas listed
above. The set of indicators is being developed and modified during the ongoing process
of NSDS revision taking place between 2007-2009, with the stress for the national set of
indicators to be more closely attached to international level and international comparison.

In December 2007, an interim document under the title 'Principles, Instruments and
Proposals of Priorities for Completing the Update of the SDS of the Czech Republic
(2007)' was submitted to the Government. A new date for completion of the Strategy
revision has been set for November 30, 2009 (Govt. Res. No.1434 of 19 December,
2007). In the meantime, the NSDS of 2004 remains valid.

A Steering Committee (SC) of 11 personalities representing key players from
ministries, academia and NGOs in the process of the document update was formed to
discuss also a broader problems of strategic planning, coordination and methodological
compatibility of the NSSD with other national strategies. In December 2008, the SC
approved the proposed structure of the draft document (5 priority axes with with 15
priorities). In January-February 2009, objectives were formulated so that the draft updated
NSDS could enter public discussion (April - May 2009).
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ABSTRACT

There are many proofs confirming the importance of sustainable development (SD)
for Montenegro. First of all, considering the international aspect of SD, the current global
economic crisis, and, particularly, having in mind the features of Montenegro, its
geographical position and natural characteristics additionally emphasize that development
on the principles of sustainability is the only way ahead for Montenegro. In 2002
Montenegro formed the first National Council for Sustainable Development (NCSD) in
the Balkan region; in 2005 the Office for Sustainable Development (OSD) was
established, and the Government adopted National Strategy for Sustainable Development
(NSSD) in 2007.

With these developments, Montenegro created the most advanced institutional basis
for sustainable development in the region. During the past two years, after carefully
observing the functioning of the SD institutions in Montenegro, the OSD embarked upon
the process of reform of the current national SD system. As a result, NCSD was
fundamentally reformed, having its membership downsized and structure of
representation transformed. The First Annual Report on the NSSD Implementation has
been completed and the process of defining SD indicators commenced in cooperation with
the UN Department for Economic and Social Affairs.

In this context, this paper proposes to critically examine the evolution of the set-up of
the Montenegrin SD system, present the advantages and disadvantages of the government-
anchored NCSD, and based on the lessons learnt present recommendations for policy
makers for their endeavors in promoting SD in their own countries. The paper argues that
only by effectively coordinating all sectors in the society and ensuring genuine
participation of the outside-government stakeholders, the countries could ensure that SD
principles are incorporated in the major national and local policies. The independence and
pro-activeness in approach of SD institutions is essential in ensuring the supremacy of SD
practices in decision-making.

Considering the similarities in the historic, economic and social development of the
former socialist countries, the recommendations put forward by this paper and lessons
learnt could be of particularly use for the countries of the Southeast and Central and
Eastern Europe. The findings of this paper could also contribute to the wider professional
and academic debate on proper way of setting the institutional system of SD.
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ABSTRACT

The water as a resource in Macedonia is one of the most valuable national asset that
should be protected and preserved with a view to gain future benefits and in order to
provide condition for sustainable development of the country.

Water is a scarce and fragile resource that is unequally distributed in time and space,
and climate change is expected to lead to more irregular and lower volumes of rainfall.
The shortage of water, due to irregular rainfall and aridity, is a major constraint for
agriculture, as irrigation is the largest consumer of water.

Additionally, the water scarcity is even more pronounced regarding the global water
quality deterioration over the years. Lack of wastewater treatment facilities, remediation
methods and adequate management have resulted in accelerated eutrophication processes
and pollutant accumulation in almost all surface waters in the country. The groundwater
sources are not under regular monitoring protocols, but are also inevitably under high
pressure.

Nevertheless, the past decade is characterized with favorable changes for the
Macedonian water management. In the field of infrastructure for the protection and
rational use of water, the main issues in the country are related with the increase of the
share of the population connected to water supply and sewerage networks and to urban
waste water treatment plants.

This paper evaluates the existing water management in Macedonia to determine
necessary measures to establish sustainable water management and will also review
current major challenges to the evolution of the water supply and sewage systems. It also
presents short term, intermediate and long term objectives, identifies issues related to the
implementation of sustainable water management and presents measurable indicators for
the monitoring of implementation process.
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ABSTRACT

Beginning in the late 1980s, researchers within the Office of Research and
Development at the Environmental Protection Agency conceptualized, designed and
implemented an Environmental Monitoring and Assessment Program (EMAP). The
EMAP was—and still is—designed to be a research-based (that is, having a focus on
investigating in scientifically-defensible ways the bases and components of measuring and
evaluating the condition of ecological resources) undertaking. As designed, its primary
purpose has been to establish the scientific and technical capacity to support the
generation of data and information of known statistical confidence to be used in the
conduct of ecological resource status and trend assessments. An important aspect of the
program is enabling the transfer of its theoretical, scientific and technical foundations to
the monitoring sciences and technology communities domestically—and worldwide.

The bases and components researched by the program include:

e  statistical (that is, probability-based) monitoring designs that can achieve
scientifically defensible measures of changes in ecosystem condition; research
on these designs has shown the workability of developing sampling strategies
that can deliver data and other information along with understanding of the
confidence that accompanies that data and information;

e development and validation of ecological indicators and indices that reliably
describe the condition (referred to often as the 'health') of ecological systems
(and their inherent processes);

e investigations into the scientific and methodological constraints to the
comprehensive recognition and representation of spatial and temporal
differences inherent in data and information collected within and across
ecological systems; and

e studies of information management as a fundamental element in designing and
conducting monitoring studies, and in analyzing, retaining and reporting the
range of data and information associated with stated monitoring needs.
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Having in mind the importance of the environment in Sustainable Development of
the country, a new environmental monitoring system has been developed and accepted in
the SD Strategy of Macedonia, based on EMAP principles and selected indicators. This
paper presents the fundamental features, postulation and cross-cutting issues of the newly
proposed monitoring system as a tool for the Sustainable Development of Macedonia.
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ABSTRACT

This paper addresses the main policy challenges towards building a knowledge
society in Macedonia. Knowledge society encompasses variety of aspects determining the
wealth generation and sustainable development, but it is primarily shaped by three core
policy areas — education and training, research and development and industry. Those three
policies were elaborated from the perspective of their current development in Macedonia,
undertaken reforms, mutual coherence and crucial challenges with respect to the
knowledge society. The paper analyses were largely based on the extensive theoretical
and empirical research related to the subject. The need for developing better key policies
and create a coherent policy framework encompassing all relevant policy aspects is
stressed out as necessary to achieve progress towards knowledge society. In that respect,
proactive policy approach is distinguished as vital to ensure an optimal balance between
the knowledge and utilization of the available resources in a sustainable way.
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ABSTRACT

The main objective of the paper is author’s vision related with the possibilities of
diversification of income in rural regions in the Republic of Macedonia.

The better level of organization and planning of the production in the Macedonian
agriculture sector could bring better environment in overall regions where the
diversification of the income in rural areas is possible. The higher security of the income
could make the farmers more open and dedicated for other type of activities which are not
exactly related “only” with prime-agriculture (to invest in some sort of finalization of
prime-agricultural products from the farm, to combine the resources from the farm with
SD resources in the municipality and in the region - renewable-energy production, to
collect products from the forestry or to develop rural tourism on the farm).

Efficient institutional capacity will facilitate creation of SME’s for off-farm activities
for diversification of income in rural regions. Proper legislation for dual agro and of-farm
business activities within the SME and Industry in the rural regions will contribute to the
SD and rural development. High technology utilization within the off-farm business
activities will contribute to the creation of efficient and environmental friendly SME
sector in diversified rural areas. With a recycling of waste materials from the agricultural
production, environmental friendly off-farm SME’s in the rural areas can significantly
contribute to the proper waste management, production of energy from RES and
utilization of equipment and technologies/processes that will control the pollution of the
environment.

The generated diversification of the income in the rural areas on the principles of SD
will strongly push our economy, social and environmental quality of life for all citizens of
the Republic of Macedonia. The “added values” of our society will come from an
unexpected direction - from the rural development and improved quality of live in all
parts of our country. The lower migration pressure on the overcrowded and stressful urban
zones will create balance in all aspects of modern living. The better quality of life in the
rural regions will bring better conditions for balanced sustainable development of our
society and the country of Macedonia.
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ABSTRACT

The agriculture in Macedonia is using just 4% of the energy and the issue is raised
about the possibilities to decrease the energy consumption and to diversify the energy
sources. Macedonia is considered to be a country with a high potential to use sustainable
energy practices and resources, particularly in the agricultural sector where biomass,
biogas, solar energy, geothermal energy, wind energy and the hydrogen produced from
the renewable energy resources are recognized as the most promising options. Therefore,
our efforts should be focused on promotion and development of the sustainable practices
for rural community in Macedonia, through in-depth analysis, comprehensive training and
dissemination of the positive results.

The main of goal of this paper is to present the plans and on-going activities related
to the idea 'energy from - energy for agriculture'. Specifically, the project Agro-energy run
by CeProSARD (The Center for Promotion of Sustainable Agriculture and Rural
Development) will be elaborated as a practical step toward national sustainable
development of the Republic of Macedonia.
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ABSTRACT

The idea of National sustainable development strategies first evolved during the Rio
Summit. National Strategies of Sustainable Development should be seen as a set of co-
ordinated mechanisms and processes to help societies work towards sustainable
development.

Republic of Serbia recently joined the family of NSDS countries. Government of
Serbia adopted the National Sustainable Development Strategy in May 2008. The starting
point in strategy development was to start from the existing adopted strategic documents
and build upon them a concept of sustainable development which would bring together in
a synergetic manner all three pillars - economic, social and environmental. The project
was closely coordinated with the implementation process of the Poverty Reduction
Strategy (PRS), and it was implemented in cooperation with the academic community and
with the participation of country stakeholders in Serbia. It was build upon the work done
for the PRS and initially focus on adding an environmental dimension that is expected to
use inputs from the still ongoing work on the National Environmental Action Plan. The
European Integration Strategy provided an input into the Sustainable Development
Strategy for Serbia and aligned with the local sustainable development strategy prepared
by the Standing Conference of Towns and Municipalities and a variety of existing sector
strategies.

Moreover, Government of Serbia recently developed the Action plan for NSSD
implementation. It is expected that in 2009 necessary institutional mechanisms for the
implementation will be established (implementation teams within the ministries;
establishment of the 'Friends of sustainable development' as business forum and 'Partners
forum' as a link towards local communities, etc).

This paper aims to present the experience gained through the process of Serbian
NSSD formulation and the main characteristic of final document and strategic formulation
process. It will try to discuss the prospective of further implementation and barriers that
should influence the process as well. At the end of the day, the destiny of NSDSs is
similar like the destiny of all strategic plans: it can be implemented, or forgotten in the
office of government officials. How it will be proceeding, depends of two influential
facts: the political will and public awareness.
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ABSTRACT

Denmark was one of the first countries in the World to nationally recognise the
increasing pollution problems and act decisively in the late 60ties and beginning of the
70ties. Denmark was one of the first countries to make a comprehensive national
assessment of the state of the pollution and to establish the first Ministry of Environment
(originally named Ministry for Abatement of Pollution) with a national Environmental
Protection Agency. Integrated with this Denmark was also one of the first countries in the
world to build up world class environmental research and development and teaching
capacity at universities, research and development institutions and consulting engineering
companies especially in relation to wastewater and solid waste management. In line with
this Denmark has played an active role on all global conferences related to environmental
protection and later sustainable development since the Stockholm Conference in 1972.
The early start and the fact that environmental protection and later sustainable
development has been on the political agenda and permeated the Danish society for over
30 years has created a special situation in relation to ensuring sustainable development.
Most visible in the fact that Denmark only has a framework strategy for sustainable
development and do not have a National Council for Sustainable Development. This
paper will present and discuss the Danish way of ensuring sustainable development,
assess the pros and cons, and identify and asses the special circumstances which has been
the conceptual driver behind this approach. Finally lessons learned in relation to a more
global context will be identified and assessed.
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ABSTRACT

The National Strategy for Sustainable Development (NSSD) of the Republic of
Macedonia is an important element among the priorities contained in the European
Partnership and for the fulfillment of the commitment declared in the "Strategy of RM for
Integration into the EU". The concept of sustainable development is one of the main goals
of European integration and it is the core of the European model society. Therefore the
NSSD for the Republic of Macedonia has an EU integration dimension.

The Government of the Republic of Macedonia has made a lot of preparations
through development of the "Conceptual Approach towards Creation and Implementation
of the National Strategy for Sustainable Development of RM" (2000), preparation of the
"National Assessment Report for Sustainable Development" (2001-2002 for the
participation at the World Summit on Sustainable Development in Johannesburg in 2002)
and finally develop the 'Research Concept supportive to the creation and implementation
of the National Strategy for Sustainable Development of the Republic of Macedonia',
(2003), before started activities on preparation of NSSD in 2006.

The Strategy was completed in February 2009 and this implies that our country will
soon face the challenges of implementing the strategy to create a new and better future
balancing the use of our rich social, cultural and natural heritage.

This paper will present sustainability diagnosis for the RM with a focus to the vision,
mission and objectives for economically, socially and environmentally balanced
development. The NSSD focuses are on the time frame 2009-2030, projecting Sustainable
Development Macedonia by 2030.

In the context of the paper an critically examine and evolution will be presented for
the advantages and disadvantages of the country as Macedonia is with the lowest
developed economy and economical growth in the Europe in relation to the own paths of
SD development. There is no doubts that SD will be a process for Macedonia on a long
run, but the success story will depend on the successful start up in particular to the
institutional and organizational positioning of the implementation for the NSSD.
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ABSTRACT

Sustainable development is based on several principles, including achievement of
sustainable forms of production and consumption. European Sustainable Development
Strategy identifies them as one of the key challenges. One of the instruments to achieve
sustainable patterns of production and consumption is through the implementation of the
integrated product policy. The concept of integrated product policy is an approach which
seeks to reduce the life cycle environmental impacts of products from the mining of raw
materials to production, distribution, use, and waste management. The driving idea is that
integration of environmental impacts at each stage of the life cycle of the product is
essential and should be reflected in decisions of stakeholders.

IPP focuses on those decision points which strongly influence the life cycle
environmental impacts of products and which offer potential for improvement, notably
eco-design of products, informed consumer choice, the polluter pays principle in product
prices. It also promotes instruments and tools which target the whole life cycle of
products. The paper analyses an IPP tools in European Union and in Macedonian
conditions also giving an recommendation for future steps needed in process of EU
accession of the Republic of Macedonia.
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Special Session: Role and Responsibility of
Local Authorities in Assuring Energy Supply
and Energy Security for Industry and
Population

SUMMARY

The efforts that European Commission and governments of the
members of EU are making in implementation of European energy policy
in whole Europe mainly depends on how it will be understood, accepted
and conducted by the local authorities. National legislation often expands
responsibility from government to local community to consider how to
provide energy to industry and population. Constant analysis and
evaluation of examples of good practice is important, hence the pilot
studies could be chosen as the guide for local authorities in Europe. These
examples should be considered as a path to local communities for
successful local and/or regional implementation of energy efficiency
policy and secure energy supply to industry and the population for which
they are responsible. Therefore, it is expected in this session that many of
important segments such as: management, planning, supply,
consumption, energy efficiency, environmental protection and application
of new and renewable energy sources to be scientifically clarified in a
way to create the most eligible conditions for the application of European
energy policy at the local level. Regarding to this the main thematic areas
will enclose:

- making local energy strategy (methodology and data base),

- distributive energy production and suitable technologies,

- use of local fuels (biomass, coal, waste) — case studies, best practice,

- regional use of local energy potentials,

- renewable energy sources,

- energy efficiency issues of municipal systems and industry, and
environmental issues of regional and local communities.

Session organizer: Prof. Milun Babic, Faculty of Mechanical Engineering Kragujevac,
Kragujevac, Serbia
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Milun Babic is corresponding member of Serbian Academy of Engineering Science.
Since 1990 he is employed as a full professor at Faculty of Mechanical Engineering,
University of Kragujevac, Serbia. During academic career he worked as a lecturer at
several Universities and Faculties in the country and abroad. On the Faculty of
Mechanical Engineering in Kragujevac, Belgrade, Nis, Pristina and at Faculty od Science
in Bor he held undergraduate and postgraduate courses: "Energy and Environment",
"Energy and Environmental Project Management”, "Process Machinery and Plants",
"Turbomachinery", "Hydraulic Power Transmissions", "Computer Application”, "Special
Pumps", "Fluid Mechanics and Fluid Transport"”, "Equipment in Hydraulic Facilities",
etc. At Faculty of Mechanical Engineering in Kragujevac, besides teaching, he also
performed duties of Vice Dean and Dean of the Faculty. He is now Chief of Department
of Energy and Process Engineering and director of Regional Energy Efficiency Centre
Kargujevac.

Milun Babic is also author/co-author of 265 science, research and scholar papers
that are published in national and international scientific journals and conferences, 8
patents, 67 technical solutions-new industrial products and plants (which have patent
character and now are integral part of national companies' production). He managed 87
science and R&D projects of regional, national and international importance. He
published 8 monographies, 3 university textbooks and mentored 7 PhD theses, 11 master
theses, 3 specialists and large number of graduate exams. He was the member of large
number of comities for PhD and master thesis at Faculties of Mechanical Engineering in
Kragujevac, Pristina, Nis, Belgrade and Novi Sad.

During his carreer Milun Babic also preformed, beside others, several nationality
important duties such as: Minister in Government of Republic of Serbia for Coordination
of Industry Development, head of Republic Council for Energy Efficiency, member of
Scientific Board for Energy Efficiency of Ministry of Science, coordinator and manager of
Program of Development Strategy for Implementation of New and Renewable Energy
Resources in Republic Serbia - Subprogram MoME for Development Serbian's RES's
Strategy for the period 2006-2010., director of National Energy Efficience Subprogram in
Municipal Systems of Ministry of Science, local expert in international team for
establishing of Energy Efficiency Agency of the Republic of Serbia and for preparing
Energy Development Strategy of Republic of Serbia.
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ABSTRACT

The Regional Euro Energy Efficiency Center Kragujevac (REECKGQG) is established
in 2004 at the Faculty of Mechanical Engineering Kragujevac by assistance Serbian
Energy Efficiency Agency (SEEA) and Norwegian Energy Efficiency Group. The basic
tasks of Center are: creation of strategies, plans and studies of energetic development of
local communities and companies, balancing of energy production and consumption, and
establishing of energy efficiency of facilities and technical processes, financial energy
engineering, energy and ecological monitoring and management, as well as transfer of
knowledge and innovations to employees in these fields, substitution of conventional with
renewable energy sources, creation of databases concerning energy resources in
production and consumption of all energy types in the area where the Center is
authorized.

Energy experts of Faculty of Mechanical Engineering together with energy team of
the bread factory "Pobeda", Arandjelovac, conducted the energy audit during the
winter/spring period of 2004. The team from the Faculty several times visited the
company for assessment of plants, procedures and relevant documentation that describe
the technology and energy system in order to propose energy saving measures. Internal
expert team was formed and relevant employees were interviewed concerning the energy
consumption. Beside, some measurements were made using portable measuring
equipment owned by the faculty.

This paper summarizes the outcome of the performed energy auditing and proposes
potential areas for energy savings. Generally, energy saving measures can vary between
simple low-cost measures (basic operation precautions and good housekeeping) and
capital investments. Interesting energy saving measures and projects that were determined
during the energy audit were the subjects of feasibility studies in order to analyse each
technical alternative or verify conclusions which have been reached.
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ABSTRACT

This paper presents a review of the methodology development and a part of the
results achieved in the process of establishing an energy management system of the City
of Kragujevac (Serbia) and its communal services. The paper is an overview of influential
factors in the field of energy management, analyzes their impact on raising the energy
efficiency of individual municipal services and the city of Kragujevac, as a whole. The
research team of Department of Energy and Process Engineering at Faculty of Mechanical
Engineering in Kragujevac operates for some time through Regional Euro Energy
Efficiency Center (REEECKG). Department, according to its development strategy is
dealing with issues of energy efficiency for years, and with establishment of REEECKG
has became a part of the wider network of regional energy efficiency centers, which in
many segments act as important factors in the creation and implementation of national
energy strategy and policy and as a supporter of development in Kragujevac. Ministry of
Energy and Mining (MoME) and Serbian Energy Efficiency Agency (SEEA) directly
coordinate the work of REEECKG and other regional centers. The REEECKG gained
experience through the implementation of R&D and commercial projects in the field of
energy management, environmental protection and sustainable development. Because of
this experience REEECKG was able to help the city administration to properly direct its
energy and environmental development strategy and to create a benchmarking
methodology for spreading best practice examples in the region. The paper also presents
the most interesting scientific and research results achieved, in which participated
RECEEKg, MoME and SEEA, and the experts from the government of the City of
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Kragujevac and municipal companies that were the direct beneficiaries of realized results
of scientific research in the following areas:

- development of energy management in municipalities and the establishment of
energy planning at the local level;

- improvement of municipal services by applying energy efficiency measures in
public enterprises (Energetika d.o.o. (district heating company), J.P. Cistoéa (communal
waste management), J.P. Vodovod i kanalizacija (water and waste water management));

- Promoting the idea and realized projects in the field of energy management,
environmental protection and sustainable development at the Festival of energy efficiency
(starting from this year, during whole April).
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ABSTRACT

Over the past decade or so, the concept of sustainable development has become a
shibboleth, widely accepted as the way to live in harmony with the environment.
Achieving the sustainability of national development requires a strategic long term
approach that either integrates or encompasses different development processes in such a
way that they can be as sophisticated as the development challenges are complex. In
accordance with the conclusions of the Johannesburg Conference, local governments
implementing the sustainable development are bound to enter a decade of accelerated
action towards the creation of sustainable communities and protection of common world
goods. Apparently with SD efforts on national levels, local governments also show
significant achievements in SD planning.

The process of preparation and implementation of Local Agenda 21 may bring
numerous benefits to a well-organized local government. The benefits include more
efficient acceptance and management of change by local community, more efficient
political development, enabling the local governments to recognize the needs of the
community, higher cohesion of the community, stronger regional networking, reduction
of costs, and healthier community.

This paper will discuss the case study of Serbia as an example how countries in
transition should implement local policies of sustainable development and what obstacles
such countries can face on the road toward the sustainability. Serbian towns and
municipalities adopted Local Sustainable Development Strategy Paper (LSDS) in May
2005 as a strategic framework for local authorities to establish local SD processes. The
Strategy was developed under the Program for Environmental Protection and Sustainable
Development in Serbian Towns and Municipalities 2004 - 2006, administrated by Serbian
Association of Towns and Municipalities (Standing Conference of Towns and
Municipalities - SKGO) and supported by Norwegian Association of Local and Regional
Authorities (KS). Up to now more than 30 (from 167) municipalities in Serbia adopted
Local SD strategies and initiated the implementation of LA21. Simmilar programs have
been established in countries in the region (Croatia, Romania, Bulgaria and others). The
experience from Serbian two years pilot program on drafting local SD strategies in
municipalities and obstacles observed during the process will be discussed.
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ABSTRACT

In the PRACTISE project, local communities of four countries of the enlarged
Europe (Italy, France, Spain and Romania) are undertaking a number of actions for
empowering local authorities in their energy management: assessment of the whole
community energy consumption and renewables potential, diagnosis of public buildings
consumption, questionnaires to the population (...), a comprehensive and consistent set of
evaluation and awareness measures to settle a real energy citizenship. Having the
politicians in is a key point and PRACTISE is based on Local Sustainable Energy
Community Boards. At the project level, all benefit from working with communities from
various contexts and size through technical exchanges and site visits; training the
practitioners will be a key output of the project and it is very likely that concrete
investments will be accelerated more than hoped at the end of it. PRACTISE is funded by
the Energy Intelligent Europe Programme.
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Special Session: Integrating Waste and
Renewable Energy to reduce the Carbon
Footprint of Locally Integrated Energy Sectors

SUMMARY

Energy use continues to rise and with it the emissions of CO,. Energy
efficiency methods have been applied across sectors. Efficiency gains and
energy use per manufactured unit have fallen, particularly in relation to
the processing industry. Residential, work place, leisure, and service
sectors still use large amounts of energy and produce large emissions of
CO, despite efficiency gains. Successful strategies used in the processing
industry for integrating energy systems such as Total Site targeting
implementing advanced pinch methodology and heat integration, have
been applied to locally integrated energy sectors. The recent results show
that it can be successfully applied to integrate renewables into the energy
source mix and consequently reduce the carbon footprint of these locally
integrated energy sectors.

This session focuses on the schemes, research and tools for: (i)
Maximum consumption of local energy sources, including the renewables
and waste to energy; (ii) The development of solutions for regional
energy supply chain taking into account the available energy resources,
technical, economic, environmental and administrative constraints; (iii)
Integrating waste and renewable energy to reduce the environmental
impact of locally integrated energy sector; (iv) Application of multi-
criteria decision making to sustainable energy planning.

Session organizers: Prof. Jiri Klemes, University of Pannonia, Veszprem, Hungary
Prof. Ferenc Friedler, University of Pannonia, Veszprém, Hungary

Jiri Kleme$ - Pdlya Professor and EC Marie Curie Chair Holder (EXC) at University
of Pannonia, Veszprém, Hungary. Previously the Dpt of Process Integration and at
UMIST and The University of Manchester, UK. Research in neural network applications
at University of Edinburgh, Scotland. Comprehensive industrial experience, process
integration, sustainable technologies and renewable energy. Successful applications.
Managing 66 major European and UK Know-How projects and consulted on energy
saving and pollution reduction. Editor-in-Chief of Chemical Engineering Transactions,
Subject Editor of Journal of Cleaner Production, Dpt Regional Editor of Applied Thermal
Engineering, Associate Editor for Heat Transfer Engineering and ENERGY; Cleaner
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Technologies and Environmental Policies; Resources, Conservation and Recycling. In
1998 founded and is the President of International Conference Process Integration,
Mathematical Modelling and Optimisation for Energy Saving and Pollution reduction —
PRES

Ferenc Friedler is a leading research figure recognised throughout Europe and
overseas. He is an invited presenter of plenary and key-note lectures of international
conferences. He is a Professor of Computer Science, and in 2003 he has been elected a
Dean of Faculty of Information Technology. He is the Chairman of the Informational
Technology PhD program and the Vice-President of the Regional Centre of the
Hungarian Academy of Sciences. He was given recently the Knight's Cross Order of Merit
of the Republic of Hungary by the President of Hungary, 2003, Vaaler Awards for the
industrial implementation of the research results, New York, U.S.A., 1997, Laszl6 Kalmér
Prize (John von Neumann Computer Science Society), 2003. He is author of over two-
hundred papers, and co-founder of the P-graph and S-graph optimisation framework that
has recently become part of Chemical Engineering curriculum. He is a member of
International Scientific Committees of many conferences (VOCAL, PRES, ESCAPE,
ICheaP)
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ABSTRACT

The beginning of the 21* century has been marked by the collective awareness of
global warming and finite state of fossil resources. These pressing issues and especially
climate change, led governments and local authorities to adopt ambitious energy-climate
policies, aimed at decreasing greenhouse gas emissions and primary energy consumption.

Considering that about 70% of the world primary energy consumption arises from
towns, more specifically from the transportation and buildings sectors, the latter will play
a central role in reduction of primary energy consumption and in possible climate change
mitigation actions. Technically, performances of urban energy system, are mainly
influenced by demand-side dynamics (buildings characteristics, heating systems, electrical
equipment, behaviour of final users, aso.), supply-side availability (waste energy
resources, decentralized energy conversion systems, energy networks, aso.), as well as by
the management of the whole system.

Simulation and optimization computing tools have been developed, notably at EPFL,
and have allowed significant gains in understanding both demand - and supply side
dynamics in urban areas. The project "Innovative tools for the planning and the
management of energy systems in urban area", based on a strong partnership with four
Swiss cities, aims at federating these existing models and methods, in order to developing
and validate an integrated approach for the planning and management of energy systems
in urban areas.

The first part of the project presented in this paper concentrates on determining how
to implement the legal framework at different institutional levels in our integrated
approach. There are five levels of decision able to influence the performances of urban
zone in a Swiss city, namely the international, national, cantonal, municipal and
individual levels.

The objective of this study is to develop an evaluation grid, which will be used to
identify the influence of each decision level over the different energy chain levels
(primary, intermediate, final, useful energy and energy services).
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The results showed that beyond the constraints imposed by national and cantonal
laws, ambitious energy-climate policies adopted by each level of governance certainly
offer a lot of opportunities for the sustainable and energy-efficient development of urban
areas. New regulations and associated instruments give to local decision-makers a set of
arguments that can be used in a complementary way.
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ABSTRACT

A novel approach to regional resource management has been developed tackling
simultaneously important issues of biomass supply chain - transportation and land use.
The biomass supply chain problem is complex due to the distributed nature of biomass
resources and their low energy density requires large transportation capacity. The biomass
growing requires considerable land areas often in competition with food production. The
present approach is based on the Regional Energy Clustering (REC) algorithm (Lam et
al., 2009). REC generates a biomass transfer network between the various zones in a
given region. This is followed by grouping the zones into clusters using the combination
of links and the overall energy imbalance as an objective function to be minimised. The
information about the clusters is further analysed by Regional Energy Cascade. It
estimates the energy target within regional supply chains and provides the result for
energy flow evaluation in between the zones, the quantity of energy needs to be
imported/exported and the locations of the demands. The cascade result is then further
illustrated by using the Regional Resources Management Composite Curve (RRMCC). It
graphically represents the relationship between the land use and the generation and
consumption of energy. RRMCC is an energy planning and management tool that extends
the evaluation of the trade-off between biomass generation and land use. The quantity of
the energy and the area of land needed are shown on the x-axis and y-axis. The slope of
RRMCC represents the land area (km?) required per unit energy (PJ/y). This relationship
gives the option to the planner to assess the priorities: either to sell the surplus energy on
the fuel market or use the land for other purposes such as food production. A case study
demonstrates the application of the RRMCC to maximise release of the land and to
maximise the biofuel production at the same time to secure the needed energy supply.

73



SDEWES.2009.613

Integrating Renewable Energy Sources into
Extended Total Sites

P. Varbanov™, J. Klemes?, Z. Fodor!
*varbanov@cpi.uni-pannon.hu

! University of Pannonia, Centre for Process Integration and Intensification
CPI2, Research Institute of Chemical and Process Engineering, FIT,
Hungary

ABSTRACT

The paper demonstrates an extension of the Total Sites methodology covering the
industrial, residential, service, business and agricultural customers taking into account the
variability on both the supply and the demand sides. The renewable energy availability,
the energy demands (heating, cooling and power) of the considered sites all vary
significantly with time of the day, period of the year and location. Some of them are not
predictable and changing in various time intervals. The challenge to increase the share of
renewables in the energy mix could be met by integrating solar, wind, biomass,
geothermal energy as well as some types of waste with the fossil fuels. Total Site CHP
energy systems are optimised minimising heat waste and carbon footprint, and
maximising economic viability.

The maximum availability of renewables is mostly limited. There are different heat
sources and heat demands during specific time periods. A heat transfer strategy exploiting
a short term heat storage could save energy when in one time period there is a surplus and
in a later there is a deficit. This can be used to synchronise the heat sinks and sources over
the site and the considered time horizon and if necessary a heat storage optimal design
and capacity can be suggested. When they are available at right time and required
capacity at feasible cost it could considerably increase the system efficiency. This
methodology could contribute to the problem solution in terms of sizing and scheduling
by providing targets to be achieved.

This approach has been demonstrated on an extended Total Site including two
industrial plants, a residential area and an agriculture farm.
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ABSTRACT

Afghanistan has the role of a 'buffer state' again. It was originally established as a
buffer state between the British and the Russian Empires. Its current role as a buffer state
comes from the need to control China's access to the Iranian and Central Asian primary
energy resources. As for executing this control, geographically Afghanistan is in a
strategic position, due to which it has again become a buffer state between the USA and
China, although it borders only China, and the common border is short.

Afghanistan's becoming a buffer state is a typical phenomenon of globalisation. The
main point is that under the circumstances of globalisation there is no need for contact on
land as defined by territorial borders.

The presentation will provide an evaluation of the importance, from the point of view
of China, of the oil and gas pipelines already built as well as those under construction,
with this evaluation itself being based on the results of comparing the capacities of oil and
gas fields in Iran and Central Asia to China's energy needs as expected in the long run.

As a consequence, it can be declared that the buffer state status of Afghanistan is not
likely to alter until 2020, and the changes that are capable of resulting in the cessation of
this enforced role may occur between 2020 and 2050. One of the prerequisites of these
changes is that there must occur a fundamental structural transformation in the energy
demands of the Chinese national economy.

Involving extraterrestrial primary energy resources opens new dimensions of energy
security; furthermore, it puts the problem of global security into new perspective as well.
The degree of the complexity of the problems arising thereupon is so high that it cannot
be calculated. This all raises the necessity of placing the problem solving capabilities of
mankind on qualitatively novel grounds. The solution may lie in the development of a
global network of problem solving in the sense that was foreshadowed by Leibniz long
ago. The breakthrough will come in the field of energy security: within the confines of a
concrete project, the development of the global network of energy security centres as
virtual energy security centres has already started. Virtual knowledge centres of different
types will also come into being, which in turn will lead to a fundamental rearrangement of
societal relations in every country: the infinitely complex process of the evolution of a
global information society will be revitalised.
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ABSTRACT

The scope of this work is to investigate alternative distillation schemes for the
separation of a four component mixture (quaternary mixture) into pure components by
means of continuous distillation. Design and rigorous simulation of different distillation
arrangements for the separation of quaternary mixture are studied for energy minimization
and economic evaluations of the distillation schemes are also made.

The study is performed for the quaternary system of (Propane, i-Butane, n-Butane, i-
Pentane) with high product purities of (95%, 90%, 90%, 95%) respectively, for the feed
composition of (0.2753 , 0.2034 , 0.2146 , 0.3067 ). Eight distillation schemes are
investigated: conventional direct distillation sequence without feed preheater,
conventional direct distillation sequence with feed preheater, conventional direct
distillation sequence with forward heat integration, conventional direct distillation
sequence with backward heat integration, complex distillation sequence without feed
preheater and using total condensers, complex distillation sequence with feed preheater
and using total condensers, complex distillation sequence without feed preheater and
using partial condensers, complex distillation sequence with feed preheater and using
partial condensers. All of the above schemes are designed, simulated and economically
evaluated based on the simple direct distillation sequence without feed preheater.

Simulation results indicate that the selection of proper integration method for each
distillation scheme will reduce the energy consumption and TAC. For example, the
application of forward heat integration to the base case is not efficient due to the wide gap
in boiling points between the hot and cold streams. While in the backward heat-
integration scheme, the boiling point gap was very small; the backward heat-integrated
scheme is the winner scheme with energy saving of 22.06% and TAC saving of 14.14%.
In our study the use of feed preheaters had saved 13.38% of energy and 12.36% of TAC
in the complex schemes with total condensers. In case of partial condensers we have
achieved 7.71% of energy and 6.11% of TAC savings in complex schemes.
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ABSTRACT

Also well advanced areas like the Metropolitan Regions of Central Europe will be
affected by the climate change. Especially the densely populated and economically very
active agglomerations have to face serious damages and large-scale economic losses in
the case of extreme weather events. Consequently these regions have to improve their
preparedness, they have to develop early warning systems and an effective emergency
management and, finally, they have to reduce the damage potential by appropriate
building precaution measures. In order to cope with the negative implications of the
climate change as well as to make use of chances lying with these changes the probable
impacts have to be assessed and strategies have to be developed for the individual sectors.

The research project to be presented 'Network for Climate Change Adaptation in the
Region Starkenburg (South of Hesse, Germany) - KLARA-Net - is part of the funding
priority of the German Federal Ministry for Education and Research (BMBF) 'Research
for Climate Protection and Protection from Climate Impacts'.

In the first phase (2006-07) a regional network of stakeholders from the Region of
Starkenburg was established which actively deals with the adaptation to climate change.
The goal was to develop future-oriented and effective strategies for different stakeholders
within the network, such as the building industry, agriculture and forestry, tourism and the
health sector. The initiatives launched by the project not only illustrate measures to cope
with and reduce climate-related damage, but also point out the potential for new products,
public services, and business processes.

In the second phase (2008-2011), strategies are being mapped out to pass on the
findings of the thematic groups on regional adaptation requirements to the regulatory and
legislative level. In addition, the network is developing appropriate methods in order to
accelerate the process of adaptation.

Phase II is implemented in close cooperation of the Technische Universitit
Darmstadt and INFRASTRUKTUR & UMWELT, Darmstadt (SME).
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ABSTRACT

Sustainable development requires radical change of approach to processing in food
industry where currently up to 60% of product is being wasted. Too often, effluents and
by-products are being treated as waste and discharged in landfills. This creates
unsustainable consequences to the environment. Along with huge losses of raw materials,
the waste of water and energy are also very considerable.

There have been significant technological and methodological developments which
enabled to considerably reduce losses of either energy, or water, or materials. Significant
methodological development on pinch analysis for water and energy saving have been
made and its successful industrial applications have been observed. Since the 90's the
Process Integrated Environmental Protection (PIEP) has had much use in the chemical
industries to minimize the continual creation of substances harmful to the environment.
Technologies emerge that enable byproduct collection at the respective places where they
come into the waste streams.

However if we want leap forward in sustainability of food processing industry, a
holistic approach is required to identify most appropriate actions for improving system
performance and efficiency, and to provide cost-effective upgrading strategies and
practical engineering solutions. This holistic approach is a paradigm to systemize the
energy and water process integration, chemical and byproduct pinch, total impact
including the CO, profile and carbon trading considerations in the food and beverage
sector. The holistic approach is implemented by examining integrated features with (i)
Mathematical programming with application of optimization techniques, and (ii) Graphic-
based process design methods, which is essential to ensure high sustainability and
economics of the process, as well as to enhance current engineering, operation and design
practices.

78



SDEWES.2009.014

Environmental Engineering Through
Combined Emergy-water Pinch Analysis

T. Zhelev™?, T. Majozi®
“toshko.zhelev@ul.ie

! University of Limerick, Chem & Enviro Sci, Ireland
2 University of Pretoria, Chemical Engineering, South Africa

ABSTRACT

Emergy analysis and emergy synthesis are well-known methods but still trying to
penetrate the environmental life-cycle analysis domain justifying their power in tackling
complex relationships between natural resources, industrial activities, services and the
economy. Created and predominantly used by environmentalists eMergy analysis makes
courteous steps in the engineering circles. The Pinch analysis, established itself as a
classical tool for analysis and management of resources through integration of processes
towards better industrial efficiency. Both concepts are built on thermodynamic principles.
Both are using attractive graphical representations plotting intensive over extensive
parameters. The strength of Emergy analysis comes from the universality and
comprehensiveness of considerations and from the life-cycle wide view on resources and
services management with characteristic “memory” of effort invested into making that
resources or services available for use. The strength and uniqueness of Pinch analysis is in
the ability to set targets, assess the idealistic minimum resources required for a process
prior to any design step. This means it gives in the hands of entrepreneurs a tool to judge
the viability of production ideas and quick discrimination of options. Pinch analysis offers
another unique feature and this is design or re-design guidelines. Here the environmental
engineers have the chance to take the environmental analysis one step forward, not only
using indices to compare options, but to be proactive and identify bottlenecks and follow
the way to improve sustainability, decrease environmental impact without compromising
the efficiency of industrial activities. This paper reports results of an ongoing project
attempting to agglomerate eMergy analysis with Pinch analysis, focusing on the benefits
from both concepts, but restricting the considerations to water management (fresh water
minimization, water sources selection and wastewater treatment).
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ABSTRACT

The energy services delivered to urban areas in Switzerland make up more than 45%
of the national energy consumption. Thus, in the framework of the Tetraener European
projectl, a methodology has been developed to design low temperature thermal networks
based on process integration techniques and GIS (geographical information system)
database. Water is the renewable energy vector which brings the resource from a lake or
river to the end-users. Connecting buildings to the network reduces the external energetic
dependency of a given urban area as well as it contributes to reduce the CO, and other
pollutant emissions in a densely populated place. Heat pumps located in the buildings
ensure the heat transfer from the district network to the domestic loops. The grid use is
versatile since it can either act as a heat source or sink depending on the need
(heating/cooling). This work aims for an optimal integration of heating/cooling using
pinch analysis for the design and/or retrofit of the network and building temperature
control strategy.

The combined use of process integration techniques and GIS energy platform is
illustrated with the GLN (Geneva Lake Nation) case study. This network located down-
town Geneva uses water from the nearby Lake Geneva as an energy source for the
surrounding buildings to take advantage of this local resource. Connected buildings to
benefit from this sustainable system include those from international organizations. The
latter clients have important needs especially in terms of cooling for their large-size
conference rooms. The GLN network also acts as a source of non-drinkable water for
fountains and irrigation purpose in the surrounding parks.
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ABSTRACT

Uncertainty appears across a wide range of fields from physics to statistics,
economics, psychology, and engineering, among others. What concerns engineering,
uncertainty maybe defined as 'the lack of certainty, a state of having limited knowledge
about a system or process thereby unable to exactly define the future outcome as more
than one outcome is possible'. Some possible outcomes of uncertainty may have undesired
effects, e.g. significant loss or poor process performance due to suboptimal engineering
decisions (oversized reactor design, inappropriate choice of controllers, etc).

Wastewater engineering is concerned with designing systems for removing pollutants
from process or municipal wastewater thereby ensuring good effluent quality prior to
discharge into receiving bodies (rivers, lakes, etc). Designing a wastewater treatment
system is a multi-criteria decision problem as one needs to satisfy a number of criteria,
namely environmental, economic, technical and legal criteria. Mathematical models are
often used to quantify the multi criteria in question, e.g. energy demand, effluent quality,
CO, production, operational cost index, etc. Next the design problem of wastewater
treatment is further challenged by a number of uncertainties, which may be categorized
as:

(a) External uncertainty: this has to do with uncertainty in quantity and composition
(characteristics) of wastewater received by the system (it is imposed by the outside
environment) and,

(b) Internal uncertainty: this has to do with uncertainty inherent to the system itself
and its mathematical description. For example, the performance of biological reaction
units in wastewater treatment systems is not fully known due to hard-to-predict
underlying biological activity. Likewise, the mixing and hydrodynamics in the reaction
units are not completely known. These uncertainties are typically reflected in the
parameters and structure of the underlying mathematical description of the physical
system.

Summarizing the problem of designing a wastewater treatment system has two
dimensions: (i) complexity due to multi-criteria nature and (ii) uncertainty. The state-of-
the-art (SOA) to dealing with this problem has been (and is currently) to use engineering
standards (protocols based on previous industry experiences and knowledge)
incorporating large safety factors. This approach usually ensures to satisfy legal and
effluent quality requirements, however doesn't address the remaining criteria such as
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economics (some safety factors result in over-dimensioning of reactor units) energy and
CO, footprint.

To move beyond this SOA and thus enable making sound and optimal engineering
decisions with respect to water and energy require a systematic framework for dealing
with uncertainties. This contribution highlights the use of such a systematic framework in
wastewater treatment design. In general, uncertainty analysis is concerned with
propagation of the various sources of uncertainty to the model output. The uncertainty
analysis leads to probability distributions of model outputs, which are then used to infer
the mean, variance and quantiles of model predictions. The framework for uncertainty
analysis relies on Monte-Carlo procedure as well as process models, which features the
following steps: (1) identification of sources of uncertainty, (2) Monte Carlo simulations
using process models and (3) quantification and interpretation of output uncertainty.

Aside to allowing engineers to systematically solve a multi-criteria decision problem
under uncertainty, the framework help making engineering solutions that respects water
quality but also generate energy efficient and low-CO, wastewater treatment systems. In
this regards, the framework enables a new paradigm for design and operation of
engineering systems.
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ABSTRACT

Sequestration of CO, from industrial gases is an important and viable strategy for
worldwide effort to reduce the human contribution to climate change. Stationary sources
of CO, as power plants, oil refineries, gas processing plants, cement plants, iron and steel
plants basically use fossil fuels as feedstock. The aim of this work was to propose and
validate a mathematical model for the first step (absorption) of flue gas CO, sequestration
with  blue-green algaec (species Spirulina) in fotobioreactors. A  simple
physical/mathematical model was considered for a double vessel bubbling reactor. Gas-
liquid mass transfer with chemical reaction, specific to CO, — buffer solution
Na,CO3/NaHCO; system was taken into account. Model parameters (k| -a,,k,,kg) were
determined using least square fitting method from experimental data. Mathematical model
predictions were compared with experimental results obtaining reasonable agreement into

dimensionless coordinates. This model can be used for further process modelling in algae
culture broth.

The authors gratefully acknowledge the financial support provided by Romanian National
Programme PNII grants no. 1542/IDEI and no. 22085/PARTNERIATE.
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