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Cogeneration or CHP (Combined Heat and Power) is the process where there is
simultaneous production of usable heat and electricity in the same plant. The total energy
efficiency of a cogeneration plant can be more than 80%.

For Sapporo City especially cogeneration represents a dynamic option for the city’s
energy structure. As a cold climate city, Sapporo has high heat demand for a long period
throughout the year. This long heating period will secure extended operating time for the
cogeneration plant and will contribute at the local level to the national challenge imposed from
the Kyoto Protocol for reduction in carbon dioxide emissions.

The majority of works concerning cogeneration district heating networks deal with the
problem of optimizing a system whose energy demand is already determined with a fixed
service area or buildings. This work deals with a problem of non-fixed area. The objective of
this work is to detect the optimum service area of a competitive cogeneration district heating
network. The cogeneration network to be established will be more competitive compared to the
conventional system of individual heating systems and electricity from the power grid.

The present thesis consists of 7 Chapters.

In Chapter 1 after a short briefing in the energy problem and the environment, an
introduction to the concept of Local Energy Planning is presented. In the next sections the basic
characteristics, main applications and the barriers for the wide introduction of cogeneration are
presented, along with an overview of the research on cogeneration till recently. Finally the
questions emerging during cogeneration planning, the objective and the assessment topics of the
present work are presented.

In Chapter 2 there is an explanation of the model developed. In order to detect the
service area and geographical expansion limits of the competitive cogeneration district heating
network a new methodology based on clustering process, in other words combinatorial
optimization, was developed. In the model the area in interest is divided into a number of small
geographical zones. For each zone total floor area for each type of buildings, heat and electric
demand and the zones coordinates are registered in a database. The aim of the model is to
assemble under specific rules these zones in a group, named cluster. The model will connect in -
the cluster only the zones that give the highest potential to improve economic competitiveness
of the system, offering also environmental benefits. The problem is generally complex involving
numerous combinations of zones and pipeline routes as well as system structures. The final
shape of the cluster to be created will represent the service area of the competitive district
heating cogeneration network. The most important parameter in the computational method is the
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Cost Reduction Factor (CRF), which is defined as the cost reduction rate that can be achieved if
the conventional system is replaced by a district heating cogeneration network. During the
clustering process the cogeneration network is optimized under two different objectives:
minimum CO, emissions and maximum economic performance. The model according to the
objective selected from the user will adjust for each hour the operation of the cogeneration
system, either to the heat or to the electric demand for maximum performance. Effects of
cogeneration hardware initial cost, hardware efficiencies, pipeline cost, fuel and electricity costs
and hourly energy demand patterns are all included in the assessment. The model which is
referred as Clustering Process (CP) model in the present work can be used also for the
evaluation of cogeneration systems in individual buildings.

In Chapter 3 the database established in this work is presented. The area of Sapporo
City was divided in 10,000 Zones and for each zone total floor area for each type of building
incorporated in the present work is registered. Hourly demand patterns for three seasons for the
types of buildings, cogeneration hardware initial cost, hardware efficiencies, pipeline cost, fuel
and electricity costs are shown in this chapter.

In Chapter 4 the model was applied for assessments of cogeneration for both cases,
individual buildings and networks. For the cogeneration assessment in a network, a model area
was created based on statistical analysis of Sapporo City data. The results showed significant
reduction in' CO, emissions compared to the conventional system. Concerning economic
competitiveness over the conventional system, there was clear economic benefit only for
hospitals and hotels for the case of cogeneration in individual buildings. The other types of
buildings in the Sapporo study case did not offer any clear economic benefit. However the
results showed that by networking zones, larger economic benefit can be obtained compared not
only to the conventional system but to cogeneration in individual building as well. Building
types which did not offer individually economic benefit with the introduction of a cogeneration
system can be integrated cost effectively in a district heating cogeneration network due to better
matching of electric and heat demand. The results showed for both cases that when minimum
CO, is the objective the cogeneration system mainly adjusts to the heat demand. On the other
hand the system mainly adjusts to the electric demand when maximum economic performance
is the objective.

In Chapter 5 the model was applied in an actual area in the downtown of Sapporo City.
Different scenarios were established representing different electricity price policies from the
utility company, CO, taxation and distribution pipeline network initial cost. The results showed
that a wide cogeneration network can be established, when the excess cogenerated electricity is
remunerated at 75% of the utility price, and will offer 20%cost reduction compared to the
conventional system. If the utility will not buy the excess cogenerated electricity the
performance will slightly deteriorate, as the excess electricity is relatively low. However there is
a significant deterioration if the utility will lower the price of electricity (user standpoint) and it
will result in a shrinking of the cogeneration network. An increase in the cost of the pipeline
network will lower the economic performance and will result in significant reduction of the
network service area. Finally CO, taxation will improve the economic competitiveness of the
cogeneration network. However it will not offer a significant increase in the service area, and
further CQO, reduction could not be achieved in the examined area.

In Chapter 6 using the model the concept of integrating solar photovoltaic energy on a
district heating cogeneration system was examined. The suggested configuration of the hybrid
solar-cogeneration network will have photovoltaic substations (nodes) placed in the wider area
of the cogeneration network. The major objective of the solar network is to supply energy-in a
shelter site (school, large gymnasium centers, etc.) in case of emergency events as earthquakes
or major damage in the central commercial power plants. During normal period is integrated in
the cogeneration network and contributes to the energy savings. The initial cost of the solar
system is generally high so that substantial subsidy is necessary for the system to be
economically available. The critical subsidize rate for the solar photovoitaic system to be
available in the hybrid network and the most cost effective area of the solar cogeneration
network was assessed.

In Chapter 7 the conclusions concerning the present research are presented.
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