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@ 2050

Flr die nachsten Dekaden wird Vorhersagen zufolge der Klimatisierungsbedarf in
Gebauden sowohl weltweit als auch in Europa stark ansteigen. Es wird von ent-
scheidender Bedeutung sein, effiziente und auf regenerativen Energieformen
basierende Klimatisierungs- und Kiuhlsysteme zu entwickeln, um einer weiteren
drastischen Steigerung des Energieverbrauchs und den dadurch verursachten
Klimawirkungen entgegenzuwirken. Warme aus Sonnenkollektoren aber auch
Waérme aus Biomasse-Nahwarmenetzen lasst sich zum Antrieb von thermisch
arbeitenden Klimatisierungs- und Kélteverfahren einsetzen.

Die Gebaudeklimatisierung mit Solarenergie steht kurz vor lhrer weltweiten
Markteinfihrung. Eine wesentliche Kostenverminderung dieser viel versprechenden
Technologie soll sowohl durch international abgestimmte Forschungs- und
Entwicklungsarbeiten als auch durch die Unterstutzung der Markteinfuhrung erreicht
werden. Am ersten Konferenztag — Solare Kiihlung — referieren internationale
Expertinnen und Marktakteuren Uber die neuesten Forschungs- und Entwicklungs-
arbeiten, marktverfligbare Produkte, die Potenziale zur Kostenreduktion und
Aktionsplane zur verstarkten Implementierung der solaren Klimatisierung und
Kélteerzeugung.

In den letzten Jahren hat sich das Interesse von Fernwarmenetzbetreibern verstarkt,
die im Sommer uberschussige Warme zur Gebaudeklhlung einzusetzen. Am
zweiten Konferenztag — Kiithlen mit Fernwarme — wird Uber Erfahrungen zur
Auslegung und den Betrieb solcher Anlagen sowie das technische Potenzial zur
nachhaltigen thermischen Kuhlung in Fernwarme versorgten Gebieten berichtet.
Weiters werden Losungen zur Uberwindung von technischen und 6konomischen
Barrieren diskutiert.
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The market on air-conditioning and cooling is anticipated to grow exponentially in the
next decades, as the world-wide demand for building air-conditioning will definitely
increase, also in Europe. It will thus be of utmost importance to develop high
performance air conditioning and cooling systems based on renewable energy
sources to counteract the significant rise in the use of fossil fuel and the associated
climate change. Heating energy from thermal solar collectors and biomass-district
heating systems can be used for thermally driven air-conditioning and cooling
systems and have the potential to cover a large share of the growing cooling
demand.

Solar-assisted cooling for buildings is close to a world wide market introduction. In
the next few years a substantial cost reduction of this promising technology can be
achieved by internationally coordinated Research & Development activities as well
as the specific support of a broad market introduction. On the first conference day
— Solar-Assisted Cooling — international experts and relevant market actors will
present ongoing Research & Development activities, products currently available on
the market and the potential of cost reduction and action plans to support a wider
implementation of solar-assisted cooling systems in buildings.

Recently, the interest of district heating companies to use the surplus heating
energy of the district heating grid during the summer for cooling applications in
buildings has increased. On the second conference day — Cooling with District
Heating — practical experience in design, operation and technical potential of such
sustainable thermally driven cooling systems in district heating supplied regions will
be presented. Furthermore solutions to overcome technical and economical barriers
will be discussed.

March 31 2008
TECHbase Vienna
Giefingasse 2, 1210 Vienna orstralBe 1-3, 1020 Vienna
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ESTTP - European Solar Thermal Technology Platform
Strategic Research Agenda focusing Solar Cooling Technology

Werner Weiss
AEE - Institute for Sustainable Technologies
8200 Gleisdorf, Feldgasse 19, Austria
Phone: +43-3112-5886, Fax: +43-3112-5886-18

Key words: 3 - 5 key words
European Solar Thermal Technology Platform, thermally driven cooling, Research and Development

1 Structure and organization of ESTTP

Technology Platforms are seen as a very important instrument to influence the future development of
a technology. In order to strengthen the pan European understanding and development of solar
thermal technology, especially within the EU's 7" Framework Programme for Research and
Technological Development, an Initiator Group has been working towards a European Solar Thermal
Technology Platform (ESTTP) since the beginning of 2005.

Several active members of the European Solar Thermal Industry Association (ESTIF) and the
European Renewable Energy Centres Agency (EUREC Agency) founded the ESTTP Initiator Group.
Both organisations strongly support the platform. Furthermore it involves “neighbouring” industries
(e.g. from the construction sector, heating ventilation and air conditioning, metals) as well as policy
makers.

The diagram below shows the structure of the Technology Platform.

High Level Group

Steering Committee
Chair: Gerhard Stryi-Hipp,

Structure
of the ESTTP

ESTTP Secretariat
ESTIF / EUREC |/ PSE

Today: 17 members
|
| | |
Focus Group 1 Focus Group 2 Focus Group 3
Selar therrmal systems ST systems for ST deployment.
for buildings industrial strategy and scenatios
(heating and coaling) {including refrigeration) (market and policy)
Chair: Velker Witthwer Chair: Wemer Weiss Chair: Teun Bokhoven
+ Working Groups + Working Groups + Working Groups
I I I
ESTTP Support Group
More than 170 members

Fig. 1: Current structure of the European Solar Thermal Technology Platform
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High level Group: Consist of CEOs, representatives of the European Commission and national
ministries. It provides direction and is advising the work of the Technology Platform.

Steering Committee: |s responsible for managing the Technology Platform

Focus Groups: Coordinate the work activities of one field of research; provide information for a wide
number of members interested in a particular field of solar thermal research such as the building
sector, industrial applications or market and policy issues. The Focus Groups are subdivided in 12
working groups.

Working Groups: Work on different issues such as fundamental research, applied research, market
deployment and political instruments etc. These groups take responsibility for progressing the work at
detailed level. All interested European experts can apply for membership.

National Mirror Groups: Work on the national level to provide input for the ESTTP and harmonize
the European and national research agendas. National mirror groups will be initiated by national
experts.

Support Group: More than 180 companies, R&D institutes and associations have become Support
Group member. The Support Group comprises all companies/organisations, which have signed the
letter of support for the ESTTP. They are invited to participate in the working groups of the ESTTP and
to attend General Assemblies.

1.1 The main objectives

The main objective of the ESTTP is to create the conditions for the exploitation of the full Solar
Thermal potential in Europe and worldwide, thereby ensuring a long term technological
leadership of the European industry.

To achieve this overall goal, the ESTTP focuses the attention on a long term technological vision and
an ambitious ESTTP Strategic Research Agenda.

The key elements of this vision are:
« Establish the Active Solar Building as a standard for new buildings by 2030. The Active Solar
building covers 100% of its heat and cooling demand with solar energy.

» Establish the Active Solar Renovation as a standard for the refurbishment of existing buildings
by 2030. Active Solar renovated buildings will be heated and cooled by at least 50% with solar
thermal energy.

« Satisfy a substantial share of the heat demand up to 250 °C with solar thermal energy, notably
for applications like block and district heating, space and process cooling, desalination and
industrial process heat.

In order to achieve the goals shown above the following developments are needed:

+ thermally driven cooling processes with improved COP to be applied in a wide range of
systems, from single family houses to large district cooling applications, allowing a large part of
existing cooling loads to be covered by solar heat ... 100% in new buildings and 50% in existing
buildings ...

« storage technologies with improved storage capacity (up to a factor 8) to be applied in a
wide range of systems, from single family houses to large district heating applications, allowing a
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larger part of existing heat loads to be covered by solar heat ... 100% in new buildings and 50%
in existing buildings ...

« solar collectors with improved output/cost ratios (up to 250 °C) to be applied for industrial
process heat and in thermally driven cooling systems ...

4 Market deployment

Small solar water heaters

Solar water heaters
for multi family houses

District heating

Solar space heating

Facade integration systems
Sea water desalination

Industrial applications

Solar cooli

Development Early market Mass market Timé

Fig. 2: Indication of the current state of deployment of solar thermal applications from
development to application in the mass market

2 Development options and R&D areas

For the upcoming years the following main research topics have been identified by the working groups
of ESTTP:

o Solar thermal collectors
o Low temperature collectors
o Process heat collectors

« Thermal storages

 Thermally driven cooling and refrigeration
e Multi functional components

e Control systems

+ \Water treatment

All research topics mentioned above are described in detail in the “Strategic Research Agenda” of
ESTTP, which will be published in June on the ESTTP web site: www.esttp.org.

In the following the focus is just on R&D needs for solar cooling and refrigeration. It represents the
R&D needs identified by the ESTTP working groups.
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3 Thermally driven cooling and refrigeration

Solar thermal energy can be used to operate thermally driven cooling cycles. This enables solar
thermal energy to be used for summer air-conditioning of buildings as well as for industrial
refrigeration application. Although the basic technologies used can be the same for both applications
there are three major differences.

(1) Comfort air-conditioning of buildings in the summer season includes both cooling, i.e. control of
indoor temperature, and — depending on the climatic situation — dehumidification, i.e., control of indoor
humidity. This causes that not only closed thermodynamic machines can be applied but also so called
open cycles which treat fresh air to control its temperature and humidity in an air handling unit which
uses heat as its main driving energy.

(2) A second major characteristic of systems used for comfort air-conditioning is the required
temperature level on the ‘cold’ side. Depending on the indoor systems the temperature level will be in
the range between approximately 6°C up to 16°C. No temperature level below 6°C is necessary
unless ice storage has to be used as storage on the cold side.

(3) Systems for comfort air-conditioning cover the whole range of capacities starting from small water
chillers with a capacity of few kW for single-family houses up to centralized systems for air-
conditioning of large buildings.

Thermally driven cooling systems applied for industrial refrigeration are always using closed
thermodynamic cycles which produce cold that is transferred by a liquid (or solid/liquid, e.g. ice
slurries) heat transfer medium. The temperature on the cold side in principle covers a broad range
from < -30°C up to 20°C. Typically, required cooling capacities lie in the medium and large capacity
range starting from approximately 100 kW up to MW's.

The following description covers both applications sectors as the main conversion technologies are
similar in both cases. Specific explanations for either application sector are made as appropriate.

3.1 Description of the sector

Summer air-conditioning of buildings deals with cooling technologies driven by heat from solar
collectors for ensuring indoor comfort in buildings during summer conditions. Summer air-conditioning
includes control of indoor air temperature and humidity. Such technologies include at present systems
employing low and medium temperature solar collectors, which are normally roof mounted. In case of
large buildings also ground mounted collector systems are used. Two major types of cooling cycles
are used: (1) The first type of systems are open cooling cycles which are in direct contact with
environmental air. They use a sorptive component which is able to dehumidify air. Thereby the
potential of using evaporative cooling is increased. Heat is required to remove the water vapour bond
in the sorption matrix. (2) The second type of systems are closed machines employing a refrigerant
which undergoes a closed thermodynamic process and thereby is able to take up heat at a low
temperature level (the useful cooling effect) which is released at a medium temperature level (heat
rejection, normally heat is rejected to the environmental air). The driving energy is a heat input to the
system at the highest temperature level (driving heat) which originates from a solar thermal system in
the case of solar cooling. In general the solar collector system is used not only for cooling but also
heating and other heat appliances such as domestic hot water. About 200 installations from small size
for residential single-family houses up to large sizes for air-conditioning of e.g. factory buildings are
installed in Europe (2007).

Refrigeration of industrial processes deals with cooling technologies driven by solar thermal systems
for the refrigeration (low and medium temperature refrigeration) of industrial processes in all the range
of capacities. Such technologies include at present systems employing low and medium temperature
solar collectors, both roof or ground mounted. The systems can be coupled with hot or cold storages
depending on the application. Just a small number of these applications have been studied and few
new systems will be in operation by 2008, mainly in countries south of the Mediterranean Sea. Given
the high investment costs of these alternative systems, it is difficult to compete with established
commercially available electrically driven compression refrigeration equipment. Solar refrigeration is
therefore a big challenge since the cold production for industrial processes directly influences the cost
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of the product. However, one drawback of electrically driven refrigeration in many regions of the world
is the instability of electricity supply.

3.2 Technology status

Comfort air-conditioning of buildings represents a strongly growing market world-wide in both
residential and tertiary sectors. Energy consumption for cooling is significantly increasing in south
European countries where the installation rate of room air conditioners is growing exponentially. In
these areas the related increase of power demand, electrical energy consumption, and the raising
energy costs mandate the use of alternative refrigeration technologies to electrically driven systems.
Conventional air-conditioning is based on vapour compression cycles that consume significant
amounts of electrical energy to drive the compressor. In the building sector small single-split systems
(for a single room) or multi-split systems for a flat or a storey are dominating the market. The
performance of a refrigeration cycle is usually described by the coefficient of performance (COP),
which is defined as the benefit of the cycle (amount of heat removed or cooling capacity) divided by
the required total energy input to operate the cycle. For a mechanical vapour compression system, the
net energy supplied is usually in the form of work, mechanical or electrical, and includes work to the
compressor and fans or pumps. The COP for small split systems is about 2.5 to 3. In larger
commercial buildings (e.g. department store, office building) often cooling networks are installed which
are operated by centralized large water chillers. These systems can achieve much higher COP-values
up to 5-6, in particular when they use a wet cooling tower to reject the medium temperature waste
heat.

Industrial refrigeration is needed in various ways for cooling of processes or process products as well
as conservation of goods such as medicine or food. There is a large and slowly growing market for
this type of applications. Depending on the specific application temperatures can range from down to -
30°C and below up to 20°C. Conventional systems in general are operated by large vapour
compression refrigeration machines which supply cold to a cold network. The COP depends strongly
on the temperature at which cold is produced and ranges from 3 up to 6. Normally large cooling
towers are employed to reject the condenser heat. Already today there are various industrial
installations which use waste heat from heat consuming processes to operate thermally driven cooling
equipment for refrigeration application.

Alternative technologies that can use solar thermal energy

Open cooling cycles which are also referred to as desiccant cooling systems can implement solid or
liquid sorption. The central component of open solar assisted cooling systems is the dehumidification
unit which is available from several suppliers in form of a desiccant wheel for different air volume
flows. Silica gel or lithium chloride is used as sorption material. All the other components of the system
are commonly used in standard air-conditioning applications, where an air handling unit is employed,
e.g., heat recovery units, heat exchangers, humidifiers etc.. The majority of the solar assisted cooling
systems based on thermodynamic open cycles use this type of technology. The heat required for the
regeneration of the sorption wheel can be provided at low temperature level (in the range of 45-90°C);
therefore solar air collectors are in principle also applicable. For what liquid sorption concems first
prototypes have recently been put in operation. The input air is dehumidified by contact with a salt
solution, e.g., water/lithium chloride. The diluted solution is re-concentrated using low temperature
heat e.g., from solar thermal collectors. The advantage of the method is the loss-free storage ability of
the concentrated and diluted salt solution which facilitates energy storage at high energy density. The
required regeneration temperature is similarly low as in the case of the solid sorption. Open cooling
cycles are mainly of interest for building air-conditioning.

Closed heat driven cycles for large capacities (100 kW and above) are available since many years.

The physical principle used in most systems is based on sorption phenomena. There are two markets
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established heat driven technologies which can be employed for low and medium temperature
process refrigeration; adsorption and absorption. Adsorption refrigeration cycles using, for instance,
silica gel and water as the adsorption pair can be driven by low temperature heat sources down to
55°C producing cold on a temperature level down to 5°C. Coefficient of performance (COP) values of
0,6 — 0,7 can be achieved. Moreover the financial viability of systems based on this technology is
limited due to the far higher production costs, in comparison to other sorption technologies (i.e.,
absorption).

Absorption technologies cover the 97% of the world market of thermally driven systems.
Advantageous for the complex absorption cycles is their high COP value which ranges between 0,6 —
0,75 for single stage machines and between 0.9 — 1.3 for double stage technology. Typical heat
supply temperatures are respectively 80 — 95°C and 100 — 130°C. The absorption pair in use is either
lithium bromide — water or ammonia — water. For lithium bromide — water cycles the evaporator
temperature is limited to 4 °C and the condenser temperature to the range below 35°C. The latter is
the reason why a costly and high water consuming (i.e., wet) cooling tower is required. Ammonia —
water cycles allow designs which can instead reach evaporator temperature below 0°C and heat
rejection temperatures of up to 50°C. Therefore they can be used for deep freezing applications as
well and use dry air-cooling for heat rejection.

A number of installations have been built using solar thermal energy as the major part of the driving
heat. In this large capacity range both single-effect cycles which have COP-values in the range of 0.6-
0.8 are available as well as high-efficient double-effect cycles which achieve COP-values of 1-1.3.
While single-effect cycles require driving temperatures in the range of 80°C-100°C double-effect
cycles need driving temperatures of 130°C-160°C. In the last 5-8 years a number of systems has been
developed in the small capacity range below 100 kW and in particular below 20 kW down to 4 kW. All
these systems are single-effect machines which are mainly used for building applications; the small
machines are mainly designed for application in residential buildings. Closed heat driven cooling
cycles can be used for both building air-conditioning and industrial refrigeration.

Beside sorption based cycles also other options for conversion of solar energy in useful cooling are
possible. In an ejector cycle heat is transformed in kinetic energy of a vapour jet which enables
evaporation of the refrigerant. In a solar mechanical refrigeration cycle a conventional vapour
compression system is driven by mechanical power that is produced with a solar-driven heat power
(e.g. Rankine) cycle in which a fluid is vaporized at an elevated pressure by heat exchange with a fluid
heated by solar collectors. Last but not least electricity generated in a photovoltaic array can be used
to operate well-known vapour compression machines,

Thermally driven cooling technologies play a key role for an efficient conversion of energy in the field
of building air-conditioning and refrigeration. Today they are mainly used in combination with waste
heat, district heat or co-generation units. In contrast the market for solar thermally driven cooling has
not yet been developed. Most installations are based on funds in the framework of demonstration
programs. Recently a start of market development can be observed in the residential sector in
Mediterranean countries, in particular in Spain.

3.3 R&D needs

In the following only research activities are described which specifically refer to the topic of thermally
driven cooling. Research activities related to major components of solar thermal systems in general
such as solar collectors and thermal storage are only mentioned here if they need specific attention
under the viewpoint of thermally driven cooling.

3.3.1 Basic research

Basic research is mainly needed with the long term focus of optimized thermally driven cooling cycles,
which achieve higher efficiency values (COP-values), are more compact and can operate at lower
driving temperatures compared to today’s technology. This includes material research on new sorption
materials, new coatings of sorption materials on heat exchanger surfaces, new heat and mass transfer
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concepts and design of new thermodynamic cycles. Other components where basic research is
needed are mainly compact cold storage using phase change materials or thermao-chemical reactions.
Basic research topics include:

Development of new highly porous sorption materials, in particular using adsorption phenomena.
A large family of materials is not yet fully investigated for heat transformation applications. Also
ionic liquids may be candidates for new liquid sorption working pairs.

Sorptive materials coatings on different metal substrates for optimized heat and mass transfer

Micro-fluid systems for compact high efficient heat exchangers in the sorption and desorption
regime

New sorption heat exchanger matrices such as e.g. metal foams
Nano-coated surfaces in heat exchangers for reduced friction losses at fluid flow

Development of new materials for cold storage at different temperature levels for high storage
density

Development of new cycles (high temperature lift, double, triple stage, novel open sorption, etc.)
with optimized internal heat recovery for high COP-values

Development of performance analysis tools, such as e.q., exergy analysis, life cycle analysis and
comparison methodologies to assess new concepts

Development of advanced simulation tools for system modelling at different scales starting from
molecular scale (sorption phenomena) up to the system scale

3.3.2 Applied research

Main focus of applied research is to develop machines or apparatuses based on the fundamental new
approaches. Applied research also includes testing and development of test methods for
standardization of thermally driven cooling cycles. Applied research topics include:

Integration of the new heat exchanger concepts developed in fundamental research into a
machine concept

Development of advanced machines based on the new thermodynamic cycles including hybrid
sorption-compression systems for operation with heat and electricity alternatively

Development of highly compact machines in the small capacity range for decentralized application
in a single room; these machines may be also promising for automotive application

Adjustment of machines for solar operation, i.e., under variable temperature and power conditions
(highly flexible cycles)

Development of advanced ejector cycles using different working pairs adjusted to different
applications

Development of advanced open cycles using liquid sorption materials with high storage density

Development of cooled open solid sorptive cycles with high dehumidification potential for warm
and humid climates

Development of advanced control concepts for components and overall systems including self-
learning control, fuzzy logic, adaptive control etc.

Development of process integration methodologies for the solar driven refrigeration systems with
the considered processes

Development and assessment of new heat rejection options using air or ground as heat sink; heat
rejection devices have to be adjusted to different sizes and temperature levels of thermally driven
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cooling cycles and have to focus on low water consumption, low health risk, low power
consumption, low first cost and low operation and maintenance cost.

- Develop advanced modelling and simulation tools for systems thermodynamic analysis and
support to system planning and design.

- Design and optimisation of large solar refrigeration plants.

- Development of advanced control systems for the solar refrigeration systems (solar collection,
cold production and cold storage charge and discharge according to the load).

3.3.3 Demonstration and technology transfer

Activities in this field are needed in order to guarantee a successful transfer of existing and new
concepts into practical application and to ensure high quality during operation in the real world.

- Development of suitable commissioning procedures and guidelines.

- Development of hydraulic concepts, design guidelines and proven operation and maintenance
concepts for overall systems

- ldentification of the most promising industrial applications for solar refrigeration systems in energy
and financial terms

- Hybrid systems: combining compression technology, with customized solar heat driven machines
and suitable cold (heat) storage

- Installation and long time monitoring of various systems in different configurations, sizes, climates
and operating conditions

- Development of standardized performance criteria for components and overall systems
- Documentation of lessons learned in practical operation of installations to ensure
transfer to professionals

- Development of appropriate training materials including curricula for different levels

of engineering education

Source:

Final draft of the Strategic Research Agenda: Solar Heating and Cooling for Europe's Sustainable
Energy Future., Brussels 2008.
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1. Austrian solar thermal market

Austria has a leading role in the usage of solar thermal technologies in theory and
practice since 1974. The Austrian solar market expands every year for about 20%. A
share of 76 % of the produced solar thermal equipment is exported and the rest of
the solar thermal products are used in Austria. About 6500 people earn their money
in the solar thermal market and the annual turnover lies in the range of 400 Mio.
Euro.

Since Austria has been joining the EU more than 50 large projects could be worked
out and finished together with the international partners. Lots of information could be
gathered and also exchanged.

The aims of the ASSTP are focussed on
o Enlargement of the Austrian R,D&D capacities

o Intensification of networking between
- R&D capacities,
- commercial companies and industries

o Enlargement of the Austrian solar thermal market on the international level.

2. Austrian solar cooling programme in the past

The topic “Solar Cooling” has a special tradition in Austria. between 1976 -
immediately after the first energy price crises — up to 1986. Development work on
small, solar operated absorption refrigeration machines has been executed by
Forschungszentrum Graz, the former Joanneum Research. About 2 Mio € have been
invested in R, D&D in solar cooling. The financing of the projects was done by the
former Austrian Ministry of Science and Research and the local government of Styria.
The necessary solar cooling equipment has been developed and produced at the
Forschungszentrum Graz. Several demonstration plants with different solar cooling
equipment were set up and were operated during some years. Lots of experiences
and data could be gained.

The following demonstration plants were erected:

o 1979: Split, Dalmatinian coast, 12 kW solar driven absorption air-
conditioning plant with open heat rejection

o 1981 — 1986: Austrian Maltese Research Centre at the island Malta in the
Mediterranean Sea. Two 12 kW absorption air-conditioning plants, one 10
kW absorption refrigeration plant for food cooling in a container
(evaporation temperature at — 10°C). Both with open heat rejection.




@ 2050

o 1985: Waste heat driven 60 kW absorption refrigeration plant with
evaporation temperature at — 27 °C for the storage of deep frozen food.

After the year 2000 the Company S.O.L.1.D, Graz, installed relatively large solar
assisted air-conditioning plants in China, USA and at several locations in Europe. In
these plants market available LiBr/fH20 — absorption cooling machines and open
heat rejection systems have been used.

a solar/biomass driven desiccant air-conditioning plant was built in the Styrian town
Hartberg by Joanneum Research and financed by the Styrian government and the
utility Hartberg.

After 2006 the Company Pink, Langenwang, Styria, started with the production of
small NH3/H20 absorption machines, which need generally open heat rejection
systems.

3. Austrian solar cooling programme proposed for the future
Based on these experiences the following actions are proposed:
o Governmental aid based on valuation of CO2 reduction for solar cooling
o Intensify the demonstration of solar assisted cooling in Austria
o Optimization of pre-engeneered small solar assisted packages
o

Optimization of the wet open heat rejection systems (R, D&D: hygienic
problems, water consumption, noise).

o Significant reduction of the electricity demand of solar cooling plants:
- Highly efficient AC-motor pumps
- Highly efficient DC-motor pumps including rectification & PV
- Zero electricity consumption by integrated Kalina-Process (R, D&D)

o Demonstration plants of solar assisted Desiccant Air-conditioning (optimization
of control strategy for year around operation).

Finally it is worth to mention that in most cases the costs of the solar assisted cooling
will be higher than that of conventional vapour compression cooling if the energy
price remains at the present level. But it has to be a public interest that energy
conversion plants with low CO2-emission have to be sufficient supported that
customer can buy they without disadvantages. It is the task of people in research,
development, plant design, production and distribution to make the solar cooling
equipment technical mature and the conveniences of use comparable to the
conventional vapour compression technique.
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1. Abstract

In the presentation an overview will be given about the IEA framework for collaboration in R&D and
the implementing agreement “Solar Heating & Cooling Programme” will be described in more detail. A
brief introduction about the Task 38 “Solar Air-Conditioning and Refrigeration” will be shown. This
includes the structure of the Task 38 work (see figure below) and information about the major
deliverables.

In addition a general overview about the physical ways to transform solar radiation in useful cooling
will be given and the key technologies will be briefly introduced. Major focus will be given on thermally
driven technologies and a brief introduction into the energy balance of these systems will help to

understand the potential for saving of primary energy by application of these technologies.

Basic structure of Task 38 ,Solar Air-Conditioning and Refrigeration” of the IEA Solar Heating &
Cooling Programme
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= The International Energy Agency (IEA) is an
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Main objective & Scope of Task 38

® Implement measures to accelerate the market introduction of Solar Cooling
systems in different sectors (residential, commercial, industrial)

® Technical scope

~ Standardised, pre-engineered systems for applications in the low
capacity range (residential, small commercial)

~ Develop concepts and create tools for a proper implementation in large
scale applications {e.qg., large office and residential buildings, hotels,
industry, etc)

- Contribute to the realisation of new research activities for the
development of advanced systems and concepts
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= small capacity systems
®  advanced operation & control

= transfer to professionals

E Task 34
Solar Alr-Conoition ng
Fraunhustor
i —
" == el Rofrigeration

Task structure

o) Tash 35
omunhoter Sokar Ao biommg
e Tt mea s e and Refrigeration
D e il itk

Technical scope - application

heat chilled
fluid
Refrigeration
E; Tawk 38 o
Fraunhetor o Solar Alr-Contllion g

t ) R
Sevte Lo e e ranies  ond Refrigeraton




Hans-Martin Henning

Technical scope - technologies

|I1aﬂhd;‘ ption, 2-effect absorpti
p— adsorption, ejector cycle

chilled
water

e
ﬁ

" conditioned
air

solid desiccant, liquid desiccant |

ey

Trak 35
Solar Alr-Conditianing
= o Refrigeraton

]
e L germpsbee

Fraunhoto

Technical scope - storage

~ conditioned
air

] Tisk 4%
Frmmbler Salar Air- Condilianing

e s e e
bk g et and Refrigaration

Technical scope - storage

conditioned
air

Task 18
ok Solar Air-Conditianing

" mAm s w—- o] Refrigeration

au s pptene R e

i

51

Technical scope - heat rejection

[ air: wet cooling tower, dry air<ooling
ground: collector, tubes .
others: water pre

| heatin

" conditioned
air

Fraunhutv:

s
B At

Technical scope - storage

chilled
water

| —>
—

* conditioned
air

asre

i [, oo S
oo T, sismimmaom  nd Refrigeration
Technical scope - storage
chilled

water




Participating countries

® Participating

Austria of the Implementing Agreement
- Australia -~ Greece
~ Canada ~ Malta
Denmark = UK
France

Germany

- Italy

Mexico

Portugal

- Spain

~ Switzerland
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Expected results + Information plan

State-of-the-art report describing market lable cooling equipment and
suitable new solar components (A+B),

Technical report on the experimental activities on the systems that have
been developed and monitored during the Task work (4+B),

Soft tool package for the fast pre-design assessment of successful projects
(B),

Report on the review on new Solar Cooling developments suitable for the
application in the air-conditioning and refrigeration sector (C),

Report on the results of the comparative analysis of novel concepts using
exergy analysis and the analysis tools for the theoretical and technical
assessment of the new concepts (C),
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= Countries with interest being no member

Operating Agent and Subtask Leadership

COperating Agent

< Germany. Fraunhofer ISE (Hans-Martin Henning)
Subtask A Pre-engineered systems

= Austria: AEE INTEC, Gleisdorf {Dagmar 1ahnig)
Subtask 8 Custom-made systems

< Italy; EURAC Research, Institute for ble

Sparber)

Subtask C Modeling and fundamental analysis

= France: Institut National d'Fnergie solaire INFS, Chambery (Ftienne Wurtz)
Subtask D Market transfer activities

< Italy: Polytecnic di Milano (Mario Motta)
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Expected results + Information plan (cont'd)

Technical report with developed standardisation schemes (D),

Technical report about the results of the Life Cycle Assessment of Sclar
Cooling systems (D),

Second edition of the Handbook for Planners (A, B, C, D),
Training material for installers and planners (D),
Semi-annual e-newsletter for the industry (D),

Industry workshops in national languages in participating countries
addressing target groups (D),

Market analysis report (D)
=
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Solar cooling
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Abstract

Two types of solar cooling systems are available today: closed cycle (chilled water system) and open
cycle (air system). Within closed cycle systems, both market available and newly developed chilled
water systems are briefly presented. Market available thermally driven chillers include single effect
absorption, double effect absorption and adsorption systems. New developments include prototypes,
pre-commercial and commercial absorption and adsorption systems. The basic working principle of
absorption and adsorption chillers is illustrated: in particular, the functioning of the intermittent
adsorption cycle is explained and its operational data are commented. Within open cycle systems,
market available desiccant wheels are briefly presented. Desiccant wheels are commonly used in
conjunction with indirect and direct evaporative coolers, so to realise a desiccant and evaporative
cooling cycle. An example is presented on the psychrometric chart. New developments of desiccant
systems include liquid sorption systems and highly efficient indirect evaporative solid adsorption heat
exchanger: the working principle of these novel systems is illustrated. Finally, an overview of market
available solar collectors is presented, including new developments in the medium temperature range.
The selection of a suited collector type depending on the thermally driven cooling system is briefly

discussed.
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Open and closed cycles 3

LOONNG OF AES

® open cycles (desicca iccant a EVAPOra
» are employed for direct conditioning of fresh air (or a mixture of fresh
and return air)
» generally consist of a combination of sorptive dehumidification and
evaporative cooling by air humidification
» systems are air handling units (supply/retumn air) with the necessity to
have appropriate air duct systems for air distribution in the building

m closed cycles (thermally driven chillers)
» are used for production of chilled water

» can be combined to any type of air-conditioning equipment such as
centralized air-handling units, fan-coil systems, chilled ceilings etc.

Mario Motta - mario.motta@polimi.it FOLITECNICO DI MILANO

New developments of heat driven water
chillers

B many new activities to develop water chillers suitable
for solar heat have been implemented in the last years

B priority small power range (< 20 kW), since few
commercial products are available:

» Commercial water-LiBr absorption chillers (not
complete): EAW in Germany (15 kW); Rotartica (Spain
4.5 kw) air-cooled rotating system; prototype: Phonix
(10 kw);

= Commercial ammonia water systems {with mechanical
solution pump): Pink/Joanneum Reserach (Austria) (10
KW); Prototypes: AOSOL in Portugal (air cooled,6 kW);
University of Applied Research in Gelsenkirchen
(Germany - 25 kW); Robur, air cooled (Italy - 17.5
kw).

Mario Motta — mario.motta@polimi.it _: POLITECHICO DI MILANO

Contents 2

B Heat driven cooling technologies
(open systems, closed cycles)
» market available components
» new developments

® Solar collectors
» the appropriate collector
» new developments

B Conclusions
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Market available chilled water systems 4

Single effect many products for operation with hot

absorption  water or steam in the capacity range >
100 kw; only few products < 100 kw;
typical operation temperatures 85°C -
110°C

Double effect often directly fired systems; few

absorption products in the capacity range below
100 kW; typical operation temperatures
130°C - 160°C

Adsorption  onjy two commercial products from
Japanese manufacturers; typical
operation temperatures 60°C - 95°C
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New developments of heat driven water 6
chillers

» Prototypes ammonia water systems (without
mechanical solution pump): University of Applied
Research in Stuttgart (Germany) (appr. 3-5 kW);
SolarFrost in (Austria);

#» Commercial: Adsorption chillers two manufacturers
offer machines with capacities starting at 50 kw
(Nishyodo, Mayekawa/Mycom)

» Commercial: adsorption heat pump (water, zeolite):

Sortech in (Germany) (7.5 kW)
» Commercial: salt water system (LiCl-water):
ClimateWell AB in Hagersten/Sweden (10 kw;
includes chemical storage); Prototype: SWEAT b.v. in
the Netherlands (indudes chemical storage) ~a
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Solar cooling applications 7

m Majority of the systems in the small capacity
range

B the dominating system used in the small
capacity range is the WFC 10 from Yazaki
(Japan) with a nominal cooling capadity of
35 kw

® jt worked without mechanical solution pump
using a bubble pump until 2003, new
systems are operated with a mechanical
solution pump
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Working principle of an absorption chiller s
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Scheme of an adsorption chiller
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Basic process - closed cycles 8

pressure, bar

mbar
0.001 useful . . heat —
o cooling 2 £

rejection 50

Mario Motta - mario. motta@polimi.it U5 POLITECNICO DI MILANO

Working principle of an adsorption chiller 1o

m Adsorption is the bonding of gas molecules on the internal surface of highly
porous materials

® This bonding is reversible, i.e., it the working fluid (refrigerant) can be removed
and adsorbed periodically

B The equilibrium vapour pressure of the working fluid (refrigerant) is lowered in
presence of the adsorption material

W This effect can be employed to realise a technical process of subsequent
adsorption and desorption

waler vapour

Heat rejoction
» T

Driving hoat
Mgl .

Adsorption Evaporation

Hoat alsr RpoLE Low tom perature heat

rejection . A % (cold production, T,..)
{ Vi aaana)
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Full cycle of an adsorption system
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New developments of desiccant cooling 17
systems

® Menerga (Germany): new air handling unit using liquid sorption; dehumidifier
in combination with a standard indirect evaporative cooler; prototype tested
in different sites in Germany

B ZAE Bayern (Germany): advanced open cooling system using liquid
sorption; concentrated solution used as high energy density storage;

B Other liquid sorption developments: Technion Haifa (Israel); Queens
Urniiversity (Canada); Kassel University (Germany); University of South
Australia.

wvaporibve cookng wih - 5a soluton
s recsvany cosler, heater  regEneIRics
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|
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Market status of desiccant systems 14

Systems using  desiccant rotors are available in a
solid sorbent: broad
2 range of sizes from several
desiccant rotors
manufacturers; based either on

silica gel or lithium-chloride

Systems using  50me Systems in pilot plant operation
liquid desiccants
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Working principle of the basic cycle 16
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New developments of desiccant cooling 18
systems

® ECOS - indirect Evaporative COoling counter-flow heat exchanger with
Sorption: high efficient indirectly evaporative cocled sorption dehumidifier
using a plate heat exchanger coated with zeclite; FhG-ISE (Germany) and
ENER-POLIMI (Italy)

ambient air is simultanecusly dehumidified and cooled

the released sorption heat is CONTINOUSLY transferred to the return air
regeneration is realized with heated ambient air

periodical process ==> two heat exchangers in order to realize a quasi-
continuous operation air-to-air counter-flow hx with a sorptive coating on the
supply air side

Ambient
air

Exhaust
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ECOS process path 19

T-x-Diagram Ambient 35°C, 20 g/kg - r90 - PH

Temperature ['Q)
3

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
humidity ratio [a/kg]
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New developments of solar collector 21

® For solar cooling and air-conditioning solar collectors
working in the temperature range of 80-150°C are of
particular importance
® Approaches
» Collectors using transparent insulation materials
» Collectors using two covers with anti-reflective
coatings
» Stationary, concentrating collectors (flat construction,
evacuated tubes)
» Tracking CPC-collectors at lower cost
B Extensive review in IEA SHC Task 33 SHIP

Mario Motta — mario.motta@polimi.it

Solar collectors and thermally driven 20
cooling

SAC = solar air coll, 1.0 ; _
CPC = stationary DN o
cPC 08
FPC = selectively oF -7
coated flat plate - 06
]
EHP = evacuated e 08
heat-pipe 04 -
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direct flow 0.2
SYC = stationary o1
concentrated, 0.0
Sydney-type 000 005 040 015 020 025 030 035
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Conclusions 22

B The market of small scale heat driven absorption chillers is growing steadily.
Many are the systems available and under development.

B Adsorption chillers available only in medium-large capacity. Small scale under
development.

B Solid desiccant cooling systems: for solid commercial systems are available
for medium to large capacity systems and small scale are object of R&D
activities; Liquid desiccant cooling systems under development worldwide,
forseen commercial application soon.

B The peculiarities of the systems require a rigorous approach to design (see
Design tools) and the choice of the proper coupling heat driven cocling
technology-+distribution system+solar collector

Thank you for your attention!!

Marlo Motta — mario.motta@polimiit POLITECNICO DI MIL
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Overview of existing large scale solar cooling installations in

Europe.
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1. Introduction

Within the activities of the Task 38 project [1], a list has been draft including known worldwide solar
cooling installations with a cooling capacity over then 20 kW [2]. In order to define the state of the art
of the existing large scale solar cooling systems, relevant data have been collected and statistics have
been elaborated. The present work shows the results derived from statistic elaborations of significant

data concerning European installations and illustrates some applications.

2. Method

For each solar cooling installation, the following data have been collected and elaborated:
- building uses;

- technologies applied;

- cooling capacities and solar collectors surfaces.

Those data have been collected through:

- direct contact to task 38 participants following single systems;

- contact of the institutions who own the systems;

- contact of installation firms;

- international projects like (e.g. IEA-Task 25 [3]).

3. Results

The list counts 76 large scale solar cooling systems installed in Europe, mainly in Spain and in
Germany. 60% of these installations are office blocks, 12% industries, 9% laboratories and education
centres; the left percentage consists in buildings with different uses (hospitals, schools, sport centre,
etc). In 69% of installations absorption chillers are used, in 18% DEC (Desiccant Evaporative Cooling)
systems and in 13% adsorption chillers. Among the DEC installations, only 1 system uses a liquid

absorber (DEC liquid). The overall cooling capacity of the solar thermally driven chillers amounts to

8,6 MW and it is assisted by 21.860 m? solar collectors. 38% of the solar installations for cooling
purposes is made off FPC (Flat Plate Collectors), 36% of ETC (Evacuated Tube Collectors), 10 % of
CPC (Compound Parabolic Collectors) and 11% of AH (Air Heaters). Not all the possible combinations




Conference: Sustainable Cooling Systems
TECHbase Vienna
31° of March 2008
between solar collectors and thermally driven cooling machines have been applied yet: the most

spread one includes absorption chillers and evacuated tube collectors.
Going more in details with some installations, a huge diversification in final uses, in applied
technologies and in design features can be observed.

4. Conclusion

The data collection about solar cooling installations has been useful to define the state of the art of the
technology in Europe. Statistics have revealed that large differences occur among the installations in
final uses, technologies applied and design features. This reveals, on one hand, that solar cooling
technology is suitable for various applications and integration with different conventional heating and
cooling systems, on the other hand, that a very limited standardization has been reached up to now.

5. Sources
[ www.iea-sch.org

2w Sparber, A. Napolitano, P. Melograno, Overview on world wide installed solar cooling
systems. 2nd International Conference Solar Air-Conditioning, Tarragona, October 200

3]  www.iea-she-task25.org
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AGENDA

Introduction

Overview on European solar cooling installations
Statistics

Specific cases

» EURAC, a research centre in Bolzano - Italy

» A multipurpose Building at AUDI logistic center- Ingolstadt,
Germany

An industrial application, the FESTO technology center -
Esslingen, Germany
An offices block for the Renewable Energy House - Brussels,
Belgium

Conclusions

EU

research renewable. energybeurac. edy

Introduction

» Among the activities of Task 38, a list has been draft including known
worldwide solar cooling installations with a cooling capacity over then
20 kW,

» For each installation, data such as geographical distribution, building
uses, cooling and solar thermal technologies applied, components
sizes and plant layouts, have been collected and analyzed.

» The data about existing solar cooling plants have been collected
through:

- direct contact to task 38 participants following single systems;
- contact of the institutions who own the systems;

- contact of installation firms;

- international projects like IEA-Task 25, RoCoCo and SACE.

LRNNN

Extuting solar eooling installations in Europe 31 March 2008 3

EURAC

research renewable. @ . edu

Overview

= 88 worldwide solar cooling plants have been listed, 86% being installed
in Europe.

# The data collected show:
= diversified applications;
= various design solutions and energy strategies;

= large possibility of integration with conventional and/or
preexistent solar and heating facilities.

LRNNN

Edsting solar eocling installations in Europe 31 March 2008

EURAC

research renewable. energyieurac. edu

European solar cooling installations
Statistics

# 76 solar assisted cooling plants
» B.670 kW heat driven cooling power

» 21.860 m? solar thermal collectors

v European installations distribution

g # “Other Countries” Include: Kosove,
T Denmark, Belgium, Austria and
L1 Netherlands.

Mumber of imzaiations

LRNNN

Existing sclar cooling instailathons in Europe 31 March 2008 5

Applications

offices

hospitals  patels schoals %
3% 5% 6%

Final uses of European installations

= Some appllcations included in “Other services™ are: an auditorium, a spart
center, a library and a canteen.

LRNNN

Exdsting selar cocling irstallations In Europe 31 March 2008
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Heat driven cooling power

3000 4
25001
2000 { > “Other
Cooling Countries"
Power 1500 4 include: Kesove,
kW] Denmark,

Belgium, Austria

1000 | and
Netherlands.
" 1 l
Portugal  Greece

Raly France  Germany  Spain Other

countries
Heat driven cooling capacity installed in different European Countries g
2
Exdsting selar cooling installations in Europe 31 Mareh 2008 =
research renewable. ene rac.edu
Solar thermal fields
7000 4
§000 |
0001 »  “Other
Countries™
cﬂ:ﬂal' 40004 include: Kesova,
Surface [m] 3000 | geeﬂlgi":r::bkuma
and
2000 Netherlands.
1000 |

Solar thermal collectors installed for cooling purposes in different g
European Countries e
=

Existing solar cooling installations in Europe 31 March 2008

EURAC

Heat driven machines

Thermal cooling technology

00 I
1| CEQ
=DECs
2000
Adsorpiion
Coaoling gl
Pawr Absorplion
[kw) e
1000
oL E m

Portugal  Gresce Italy France Germany Span Orther
countries.

Cooling Machines Type | Absorption | Adsorption | DEC Solid | DEC Liquid
Humber of installations 53 10 13 1

LN

Existing solar cooling iratallatlons In Europe 31 March 2008

EURAC

research renewable. energyeurac.at
Solar collectors for cooling purposes
Solar thermal technology
7000 i
wPTe
8000 ] - A
E cPC
5000 514
Solar = 1 Fist Piste |
collectors %% -
surface |
[m?]
000
1000
J M B g m S B
Potugal  Greece France Germany  Spaln Cther
coantries
Solar Collectors Type FP ETC CPC Air PTC /
Number of installations | 33 P 8 5 0 A
Edsting selar cooling istallations in Burope 31 March 2008 =

10

research renewable, enargyEeurac.adu
Technologies combinations
Adsomptan - m):-“‘-.

Abserption Evaruated Tubes
e 8%

Combination || Absorption]] Adsorption [| DEC solid DEC liquid
5 s o
ET o7

:
Alg [i]

# S hybrid systems are not included in the table

enfl ol ofl &

LRNNN

Exsting sclar cooling Installations in Europe 31 Mareh 2008

1

EURAC, research center
Bolzano-Italy

A Combined Heating, Cooling
and Power system including
absorption chiller and
evacuated tube collectors.

Data provide:

Eurac research
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EURAC

rescarch renewable Ledy

The seat of EURAC Research

The seat EURAC Research

~ 170 collaborators

» Building uses: offices, library,
auditorium, conference hall, 8
seminar rooms, cafe

» Volume to be heated and
cooled: 36.000 m?

+ Built in 1936 and listed since 1987 as example for Italian rationalism
» Founded as private research institute in 1992
» Refurbished to a solar active and passive building in 2002

LRNNN

31 Masch 2008
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Existing sclar cooling installations In Europe

EURAC

research renewable. energybeurac. edy
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Energy concepts - solar Energy concepts - heat driven cooling

300 kW Li-Br absorption machine feeds one 50001 cold water tank,
assisted by two vapour compression chillers.
. = = Solar fraction is assisted by:
+ one gasengine, 330 kW heat
capacity;
«  two condensing boilers, 350 kW
each.

F

= 4 solar thermal collectors fields
# 615 m? vacuum tube collectors for heating and cooling purposes

» 2 solar tanks, 5.000 | each

3 March 2008

31 March 2008 15 Edsting solar eocling installations in Europe

Extuting solar eooling installations in Europe

EURAC

research renssable. energyEeurac. edu

Multipurpose building at AUDI logistic center

Energy and monitoring system
Ingolstadt, Germany

|
ok et
B | TENW

DEC technology and
flat plate collectors

Data provide
Christoph Trinkl - Univ
Applied Sci Ingol

Referent: Assunta Napolitano - EURAC
Existing sclar cooling instailathons in Europe

LRNNN

31 March 2008 17
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Multipurpose building

|

7 In use since 2004

# Building uses: a training centre (ground floor), an office environment, a
film studio (second floor) and a hotel (third floor).

» Volume: 45.000 m? g
Exdsting selar cooling installations in Europe 31 Mareh 2008 = 19
EURAC
research renewabile, ene rac.edu
Energy concepts - solar
» 2 fields of solar thermal flat plate collectors, per 280 m?
total area
» 2 thermal tanks of 3.000 | each and a thermal ground
storage (approx. 15.000 m of piping in the building's
foundation, 72 vertical closed loops of 40 m depth).
7,
Z
Exduting solar conling installations in Europe 31 March 2008 = 2
EURAC

research renewable, energyuEeuras. edu

Multipurpose building, plant scheme

-
]

v Comt /

Existing solar cooling iratallatlons In Europe 31 March 2008 #& 20

EURAC

research Frenewable. energyierac. ety

Energy concepts - heat driven cogling
- - oot
» Base-load cooling is supplied by two = o -
heat pumps (320 kW heating power, [
240 kW cooling power) and effected
through a thermo-active building
structure.

# The peak-load cooling is met by 2
solar-driven DEC units with
approximately 38 kW each.

# Ventilation air flow: 8.000 m3/h
each DEC system

7,
Z
=

Exfsting solar cooling installations in Europe 38 March 2008

2

DEC system

* Heat pump is used as back-up system to cool down the supply air in
the surface radiator in summer, to heat up the supply air in winter.

LRNNN

Exsting sclar cooling Installations in Europe 31 Mareh 2008

Fil

FESTO Technology Center
Esslingen, Germany

Adsorption chillers and CPC
collectors




Wolfram Sparber

EU

rescarch renewable Ledy
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research

FESTO, the building

* Building use: offices
= Conditioned area: 25.000m?

LXK
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Energy concepts - solar energy

» Compound Parabolic Collectors, per 1.218 m? field for heating and
cooling purposes.

» Collectors feed 2 solar tanks, in series connected, 7.000 | each.

LRNNN

Existing sclar cooling installations in Europe 31 March 2008

EURAC

research

Energy concepts - heat driven cooling

» 3 adsorption chillers, 350 kW each

> Solar fraction is assisted
by gas boilers and waste
heat recovery from
compressors involved in
the manufacturing
processes.

LRNNN

Extuting solar eooling installations in Europe 31 March 2008

7

Renewable Energy House
Brussels, Belgium

Flat plate and
evacuated tube
collectors for an

absorption machine

Data provided by courte

ck - 3E Brus

6

renewable. energycheurac. edu

FESTO, plant scheme

Heat orage tanks

(Gas boilers | heat
rfecovery compressars

Edsting solar eocling installations in Europe 31 March 2008

EU
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Renewable Energy House, the building

= Building use: offices
# Volume: 9.900 m*

LRNNN

Exdsting selar cocling irstallations In Europe 31 March 2008
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Energy concepts - solar energy Energy concepts - heat driven cooling

= Two solar thermal fields: the first one is made of 42,8m? evacuated
tube collectors whereas the second one is made of 38,3 m? flat
plate collectors.

» A LiBr absorption chiller with a cooling
capacity of 35 kW is installed.

» The solar fraction is assisted by: one 80
kW pellet boiler and one ground
coupled heat pump. The last one
provides heat during winter while
during summer it is used as heat
rejection system for the absorption
chiller.

# Solar energy is stored in 2 tanks per 2m? each one , in series
connected.

LRNNN
LRNNN

Exsting solar cooling installathons in Europe 31 March 2008 ET Exdsting salar cooling Installathons In Europe 31 March 2008

32

EU

research

renewable, ene hcad) _

Conclusions

REH, plant scheme

Statistics have shown that solar cooling technology fits for
various applications and different building uses.

The installations have highlighted large differences in
design choices and control strategy.

Monitoring and optimisation in the first years of operation
is highly recommended

Establishment of rools of thumb derived from experiences
lead to improvements of the solar cooling installations
and thus to a faster market introduction.

PRNNN

Existing solar cooling Installations in Europe 3 March 2008

33




Tim Selke

e

arsenal research
T Ltrtias o bt i s

Experience in planning,
concepts and operation
Three case studies

Tim Selke

= k thermal Cooling’ - “Solar eooling’
March, 31st 2008 TECHbase Vienna
Giefingasse 2, 1210 Vienna
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Sunny future for Offices
Solar-assisted Air-
Conditioning

Tim Selke

C i thermal Cocling’ - 'Solar cooling”
March, 31st 2008 TECHbase Vienna
Giefingasse 2, 1210 Vienna
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Fact box

- Useful area ca. 7.500 m?

- Office layout — Combi- and Business club

- Solar air-conditioning with desiccant evaporative cooling system
- Photovoltaics 40 000 kWh/a solar electricity

Thermal mass activation for sensible heating & cooling

Green ventilation, e.g. biclogical supply air treatment in wintertime
- Geothermal energy — ground water coupled heat pump

Sustainable Enargy Systems

——

arsenal research
67 L i bt e (e

ENERGYbase
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» 2nd generation

* 2nd generation

CONCEPT FOR Desiccant Cooling System Design

- Is applied for supply air treatment (temperature and humidity)

- Operates in moderate climate (35°C/ 15 g/kg)

- Operates with constant volume flow due to the hygienic requirements
- Operates with moderate set values for supply air (20°C /10 g/kg)
Main task: Control of latent loads of the office building

Standard desiccant cooling system (slightly adapted)

- Two separate air handling units (east and west unit)

- Design volume flow rates : 8 240 m%h (east) and of 8 880 m¥h (west)
- Flat plate collectors : 285 m? (South/ 30%)

- Hotwater storage : 15 m*

- Two regeneration heat exchanger : 80 kW

- Sorption wheel use for dehumidification (summer operation)
Thermal concrete activation as well for humidity recovery (winter operation)
- Covers the sensible cooling load (30W/m?)

- Use of ground water

Sustainable Energy Systoms Sustainable Enorgy Systems
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ENRGYbase - air handling system

w OAE—' s ] o B a;gum ]
—m-+8 :!.E:] ouo—B-o Ho-B—omo-glmBEe o ] One week in July
- g gm L

= L] " . Low solar radiation
Ambient temperature = 30°C

Results
Collector field generates
temperatures up o 70°C
{DEC mode operation)
Weekend 20°C

- Storage temperature >=60°C

- Supply temperature = 22°C

Tewgarats 7]

5 48 88

=

w050
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WEBsite
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SETRSSERS S Mgy

- Concept for solar DEC system for office building

Humidity control by solar DEC system
(dehumidification in summer and humidity recovery in winter)

- Thermal mass activation covers sensible heating & cooling load
Solar thermal heat assists heat pump system in winter operation
- HVAC planning was supported by transient system simulation results
- Some advanced control strategies are developed
- Comprehensive monitoring is foreseen in order to evaluate
the overall HVAC system performance

Sustainable Energy Systems Sustainable Energy Systems
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Solar assisted air-
conditioning at the
University Hospital
in Freiburg/ Germany

Edo Wiemken*, Hans-Martin Henning¥, Kay Teckenburg®
Tim Selke
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March, 31st 2008 TECHbase Vienna
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University Hospital in Freiburg/ Germany =~ ™™ . some Frnbter

Sclars Erargientema

System description
- Solar assisted air-conditioning of a laboratory building
(approx. 360 m? floor area)

- Two central supply air systems, provided with chilled / heated water,
to cool / heat the supply air stream
- Chilled water supply: Adsorption chiller of
70 kW chilling capacity
- Hot water supply for heating and operation of Adsorption chiller:
- steam heat exchanger supplied by local steam network of University Hospital,
= 171 v vacuum tube solar collectors

dary primary
Sustainable Energy Systems Sustainable Enargy Systems

— e

arsenal research arsenal research

Solar assisted air-conditioning at the G Solar assisted air-conditioning at the T
University Hospital in Freiburg/ Germany "™z .. University Hospital in Freiburg/ Germany sy,
System control System control
- Solar circuit: - Chilled water circuit primary and cooling circuit:
pump starts at radiation level 250 Wim?; volume flow controlled to allow constant controlled internal by the adsorption chiller (to avoid freezing of the evaporator).
high collector output temperature (65-70°C) Both pumps are operated simultaneousely
- Heating circuit 1: - Cycle length of chiller
pump is primarily operated according to the position of the A/C supply valve (switching period from adsorption to regeneration):
(thus, according to the cooling demand). Additionally, it is matched to the volume the originally internal control of a fixed period length of 7 minutes was altered to
flow in heating circuit 2 an external control:

- Heating circuit 2:
pump runs in principle parallel with solar circle pump. If temperatures at
secondary stage of solar heat exchanger exceed the temperature levels in solar
circle due to high temperatures from steam backup, this pump is stopped

Sustainable Energy Systems Sustainable Energy Systems
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Adsorption machine temperature levels

Solar assisted air-conditioning at the
University Hospital in Freiburg/ Germany
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oy Monitoring/ Measurement problems
[ 05 September 2004
Definition of terms solar n-ﬂ|
0 1
oot water direuit Q_drive = (Q_collector + Q_steam - Q_heat ) | - E—/ :
T_hot_supply solar heat || steam heat
g losses < — losses
T_hat_return by neglecting distribution losses i | exchanger || exchanger |
% Q_coll ' |\/ Q_steam
g mng water circuit Dolal heat |npu: i
H supply Q_dfive distribution losses
T cold_return
0 | | —cold_|
chilled waler circult, primary: | chlller Q_heat
T_chilled_supply Q_cool l
ol | | 1 l | | ! | | } T_chilled_return
ne R 20 'mman‘ﬁm:: e W Q_chilled chﬂed!heatad area
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Monitored data 2003

Coefficient of Performance COP:

Monitored data 2003

COP, = Q_chilled / (Q_steam + Q_collector - Q_heat) B COR-2 {0 chilled 1@ drive) @ COP-1(Q chilled | (€ collactorl+Q_sfeam-0 heat))

COP, = Q_chilled / Q_drive L
50 4
COP;: too low (higher heat dissipation than expected, P B e W N .
error in Q_coll ) £
COP;: too high (measurement error in Q_drive) o M v -
= COP = (COP, + COP,}/2 S 2]
10 1
Solar Fraction: |
Q_collector / (Q_collector + Q_steam) VR L peRs 8 T -3 v
D' D D (] Ql OI | OI
- Difference between H § E S 5§ & &8 ¢
Net collector efficiency: Q_sclar: radiation energy in EI ] z &

COP, and COP
Q_collector / Q_solar collector plane ¥ 3
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Monitored data 2003

Monitored data 2003
Performance data

Energy data

=—1net collector efficiency mEmCOP —g— Solar Fraction =m0 colloctor 10 sleam mEmQ chillod SN0 hoat —&— O solar

]
70
60
50
Annual values E 0 Annual values
2
COP: 43 % % Q_solar; 199400
net coll. eff.: % . Q_collector: 60200
Solar Fraction: 28 % 10 - Q_steam: 155300°
coll. yield: 385 kWhirm? o & Q_chilled: -62200
Q_heat: -38000

Mar 01
Apr_ 03
May 01
un 03 |
Jul_03
Aug 03
Sep 03
Oct_03
Mow 03 |
Dec 83

error; + 15% relative *error: + 10% relative
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Monitored data 2003

Electricity consumption
(pumps, cooling tower fan)

Not included:

Pump

wintar heating circle;
chilled water, secondary

fotal annual
alactricity consumption:
14800 kWh

Electricity consumption | kwh |
e EEEEEEE
SIRRRRERER
wopm | 5
== IR

Jul 03

Estimation of
primary energy savings 2003

Results of Monitoring
- Reference system without solar system
Adsorption chiller with total heat supply from

Nov 03 |

mnul::—j

sep.oo [TIE.

o3l
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= E_wiar_drcle_pump

m E heating circle? pump
o E_heating_circle?_pump
® E _chilled_primary_pump

B E CoolingTower_pump
11 E_CoslingTower_vent

Doc 03|
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Fraunhoter
Solare brmgienatera

steam heat exchanger; heating with heat from steam heat exchanger

- Savings: 2. COP of reference system = 0.43

- Primary energy savings of solar assisted system: 29 700 k\Wh/a

Avoided CO2 ions of solar

Conversion faclors
electriaty 0.36 kiwh,, k.,
heat 0.85 kW, / kKWW

Emissons.
electricity 0.8 kg / kKWWh,,
heat 0.3 kg / kW,

Monitored data 2004
Day: 18 August

i system: 9.0 t/a
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e e ctn Pt Cat,

Fraunhofer . .
Solre Everpentere

(inet collactor sfficioncy EEEICOP 8- Solar Fracson

oc3BEBEEEBIBRE

g

Performance data

Chilling also during =
night required, but =
with low chilling

power and with low

COP

hour of the day
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Monitored data 2003

Electricity consumption
(pumps, cooling tower fan)

Pump hasting
eiels 2 Pump solar circe
Not included: 1" 4 £ 5%
Pump winter heating circle;
chilled water, secondary Pump heating WVenslater
—cooling tower

total annual electricity consumption: 4 0%
14800 kWh

Pump chilling

cirche, primary —

%

cooling tower
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Monitored data 2004

Fraunhoter .
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Changes

Exch

e of t

ature sensors:

P

finished at 12. August 2004, some more calibration actions
in the subsequent days

- Coefficient of Performance COP:
now calculated from: COP = Q_chilled / Q_drive
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Monitored data 2004
Day: 18 August

Fraunhofer . .
Salare Enargiespitere

Em 0 collector 10 soam mEmO chilled SEEO heat —a— O solar

Energy data

Chilling also during
night required, but
with low chilling
power and with low
COP (high heat input)

Seite 48




—
arsenal research

i et o A e e

Monitored data 2004

Day: 18 August e toarpeyaime
Tkt Rt e T chitr hol b = vabes potien
. Uilising enengy stored in

tutfer storage and
hydraulic circuit. no
additional heal

For a period of approsc. 1
hour, the system is in
partload operaton close
o shut-down (deceasing
driving lemperature,
fising chilled water
temperature). Due to the
therma inertia,
evaporation is sl
effectve and In
combination with the

217 hour

extended cyde length
high COP values are
acheved

AC valve position (%)
indicates reduced
cooling demand

Sustainable Energy Systems

.
arsenal research

S gt e A Pt ey

Monitored data 2004

Energy data of 31 days

Fraunhater

ettt
Sware b -
B0 collector [0 st EESO chiled EENO hest U soiar o
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Fraunholes

- To achieve higher solar fractions in the cooling season,
collector and storage has to be increased, in order o use
solar energy in the evening hours (modification of system
control [ hydraulic system required)

- Complex hydraulic scheme increases heat dissipation in
the network

- Electricity consumption of solar circles are small
compared to consumption of cooling circle
- Optimisation potential for cooling tower operation

- Estimated primary energy savings and CO2 savings in
the range of 12% compared to the system without solar
collector
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Monitored data 2004 W

Performance data of 31 days

Fraunkofer
Selire B gmpierte:

Cnet esllacior fficioney EEEICOP —e—Solar Fracton
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- Reliable system operation
One event has been cccurred:
during a holiday period with non-use of the chiller system and
simultaneous high radiation availability in 2003, the fluid of the
solar circle was in part released to the air due to high system
T Beside this malfunction, no serious system breakdown
has occurred.

During daytime in summer, the chiller runs mainly solar
driven in case of high radiation availability.

- COP values of 0.6 or above may be achieved with
sufficient high driving temperatures.
Average monthly values of COP are in the range
0.35-05

Sustainable Enargy Systems
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Monitoring 2007 -
Solar Cooling in an
Office Building/ Austria

Tim Selke

G k thermal Coaling’ — 'Salar coaling’
March, 31st 2008 TECHbase Vienna

Giefingasse 2, 1210 Vienna
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Fact box

Office room useful area ca. 150 m*
15 kW absorption chiller
= Working pair LiBr/ H20
= Product WEGRACAL SE 15
= Nominal mass flow : 2 000 kgfh hot water
1 900 ka'h chilled water
35 kW cooling tower
= Product AXIMA - open wet cooling tower
= Nominal electrical power : 350 W
= Nominal mass flow : 5 000 ka/h
Hot water storage : 2000 |
Cold water storage : 8001
Solar system
= 40.50 m® gross area flat-plate collector
= Low flow < 20 Ith/m?
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Monitoring data - June 2007

June 2007

‘m

il

mO_het mO_celd m0O_cool $EER
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Monitoring 2007 — Energy balance

Chilled water
Energy Balance: Abserption Chiller;

‘ Sattledt 2007

Cooling water
water

Absorption chiller:
| cooling perfe factor

43.9%
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Monitoring Equipment

=
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Monitoring data
June/ July/ August 2007
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Monitoring 2007 — Energy balance

Chilled water
o e
0 e
=0 tas
=3 L g
o +3.30 AR
’ut ne-m B |

TemoedBesery BICMetedn @380

Remarks:
Electricity consumplion incuding solar driven absomplion
machineg, control devices and monitoring equipment
Selected electricity consumption without standby mode and
only in coaling operation

ainable Energy Systems
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Balance of Absorption machine
06th June 2007

Tom postar ['G} SOP (1995

‘Good Perkemance / High COP

Part lond opaention 5 - 15 KW ol

Chiled water temperstures 88 12°C

High terperaturs dffarences in al hydraubs cicults

L as  Chilled water Codling water
C [y £
: s——
" . . ! €.
——— - 2o " : » »
—a_t . . « !
e — 1% Coong Siker binitntd
- watar

%

o

o ———
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Summary

- Solar autonomous absorption system operated
from June till September 2007
(temperature control by chilled ceiling)
- 2007 office was appropriate cooled (only a coupled of
termperatures higher than Toffice < 26°C)
- Absorption chiller
- Absorption chiller was 100% driven by solar energy
- Mainly operated in part load (0= 5 kWeold)
- Seasonal performance factor of 43.9% (Qcold/Qhot)
- Solar system

- 40.5 m® and 2000 | hot water tank supplied hot water
temperatures in a range of 55°C to 75°C at a typical day

Sustainable Energy Systems
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Experience in planning,
concepts and operation
Three case studies

Tim Selke
thermal Cooling’ - 'Solar cooling’

March, 31st 2008 TECHbase Vienna
Giefingasse 2, 1210 Vienna

Conference *
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Balance of Absorption machine

26th June 2007

- Bad Performance | Low COP
Part load operation kower 5 KWW
Chilad watur tempermtures only 20°C
Coaling tower works efficient

ing soler system

ETETY

8 2
|

‘Solas heated

Temperstur ['C} COP [ioe%]
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Summary

- Absorption chiller
- Mainly operated in part load (0 — 5 kWecold)
- Despite sufficient heating capacity 21 kW the chilled
water temperature did not fall below 15°C
(hot water temperature of 75°C is not sufficient)
- Control improvements

- The chiller should be put into operation when the solar
system supplies driving temperature of around 85°C

- Cooling tower operation mode can be incorperated to
supply cooled water to the chilled ceiling

- Monitoring in 2008 planned

Sustainsble Enargy Systams
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Economic and technical potential across Europe
Laura Sis6 Mir6é, AIGUASOL, Roger de Lltria 29 3r-2a, Spain, laura.siso@aiguasol.coop

Key words: economy, costs, primary energy savings

1. Introduction

One of the ROCOCO project aims was to generate a picture about the present situation of
costs of solar cooling systems. In fact, different factors influence the costs structure in this
kind of technology: climate, type of building, demand profile along day and months, other
thermal uses provided by the system (heating, domestic hot water), type of solar cooling
technology (absorption, adsorption, desiccant).

At the same time, the costs of solar cooling plant can be divided in investment costs and costs
of operation. The operation costs are related with energy costs to support the auxiliary energy
that can not be provided by solar irradiation, and maintenance costs. The costs of solar
cooling plants means an increase of investment costs and maintenance costs referring to
conventional system', and a reduction of operation costs related to energy savings in
comparison with conventional system.

The results of this work will provide an identification of high-potential building sectors for
the implementation of solar cooling systems, and an economic assessment of the most
promising solar cooling technologies in terms of costs.

2. Method

The activities carried out to reach these results have been the following:

- The preparation of technology and market matrix (T & M) using transient simulations
for obtaining energy demand values for different areas of applications: hospitals,
hotels, office buildings, trade commercial centres and residential buildings.

- Setting up models of solar cooling installations using transient simulations for most
promising applications (absorption, adsorption and desiccant) to analyse the energy
performance.

- Collecting information from the market about costs of equipment, energy prices and
maintenance services costs.

- Assessing the costs for investment (material, installation and planning) and operation
(auxiliary energy, water consumption and maintenance) to analyse cost tendencies, in
comparison with conventional system.

The analyses include hospitals (A%), hotels (B), offices (C), trade centres (D) and residential
(E) buildings. The considered climates represent the regions of South, Central and North
Europe with examples of Spain, France and Austria. Also extreme climates very arid-hot, in
Iran, and humid-hot in Mexico has been assessed.

! Conventional system: plant that provides the same uses that are provided by solar cooling plant based on gas
boiler, electrically driven vapour compression chiller and air-treatment units.
? In parenthesis there is the letter that appears in figures
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3. Results

In a first step, the technologies analysed have been absorption with flat-plate collectors and
desiccant with flat-plate collectors. In a second step other technologies more expensive but
with better energy efficiency have been considered; this means, absorption with evacuated
tube collectors and adsorption with flat-plate collectors. Besides that, also desiccant with air
collectors has been analysed.

The primary energy savings gained by the solar cooling system in comparison to the reference
system and the costs for one primary energy unit saved are taken here as indicators to evaluate
high potential building applications.

The analyses show a different picture between the three chosen countries and the two solar
cooling technologies (absorption and desiccant). The following figures divide the building
applications in four quadrants:

- high PE savings/ low costs of PE savings (1) high promising cases

= high PE savings/ high costs of PE savings (2) =>very low promising cases

- low PE savings/ low costs of PE savings (3) = potential high promising cases
- low PE savings/ high costs of PE savings (4) = low promising cases

The cases in quadrant 1 are the ones high promising for costs reduction. However it must be
taken into account that the cases of quadrant 3 have the potential of cost reduction and PE
savings increasing, if hypothesis on design are changed. It means to increase the system size,
to increase the investment cost but to reduce the operation costs. Some cases could reach the
quadrant 1 with those changes in initial design criteria. Therefore, some cases in quadrant 1
with higher costs of PE savings than other cases in quadrant 3 could be most unfavourable.

The following figures shows the results for absorption and desiccant for the country with the
better opportunities for cost reduction from the different analysed regions.
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4. Conclusion

Considering the relative increase on investment costs and annual costs of the two analysed
solar cooling technologies absorption and desiccant, different characteristics and tendencies
for the chosen building applications offices, hospitals, hotels and commercial can be
identified.
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The initial level of investment costs is much higher for absorption systems in all building
applications in a range of 311% to 745% compared to desiccant systems with 96% to 129%
(without funding) over a reference system with vapour compression chillers and traditional air
handling units. The relative increase in total annual costs for a period of 20 years taking also
the energy and maintenance costs into account shows a different picture: 25% to 210% over
reference system for absorption systems and 5% to 39% over reference system for desiccant
systems. Solar cooling technologies applied in hospitals and hotels achieve the lowest annual
cost values.

The situation of high promising building types for the chosen building applications differs
between the two solar cooling technologies absorption and desiccant and also between the
three countries Austria, Spain and France. High promising cases with absorption technology
can be found in Spain for all applications, in France for hospitals and hotels and in Austria
also for hospitals and hotels, although considering design optimization is needed to increase
the primary energy savings and therefore reduce the operation costs. The cost level is for all
absorption cases much higher than in desiccant systems, which means a higher development
demand for absorption technology itself than for desiccant. High promising cases with
desiccant technology can be found in all of the three countries, which are mainly hospitals and
hotels also for all three countries. But also offices with desiccant technology can achieve high
primary energy savings and the prices are not that far away from competitive systems.

5. Sources

[11  Duffie, Beckman: Solar Engineering of Thermal Processes, 1991, USA.

[21 Henning, H.M. (Ed): Solar-Assisted Air-conditioning in Buildings. A Handbook for
Planners. SpringerWienNewYork. Austria 2003

(3] Henning, H.M.: Decision scheme for the selection of the appropriate technology using
solar thermal air-conditioning. IEA Solar Heating and Cooling Programme. Task 25:
Solar-assisted air-conditioning of buildings.2004

[4] Henning, H-M.; Wiemken, Edo: SACE-Solar Air Conditioning in Europe. Economic
study results report. EU project NNE5/2001/00025. 2003

[51 METEONORM. Global meteorological database for solar energy and applied
climatology. Version 5.1

[6] Mugnier, D; Quinette, J.Y.: Check-list method for the selection and the success in the
integration of a solar cooling system in buildings. 61st ATI National Congress —
International Session “Solar Heating and Cooling. 2007

[71 TRNSYS, Transient System Simulation Program, SEL, Solar Energy Laboratory,
University of Wisconsin, Madison (USA), Version 16.0
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(',, Cost analysis structure (112)
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across EU Commissioning. PLANNING

alguasol '

i i 2 m?
e 00 Specific costs related to unit of equipment capacity (kW, m?, m?)

Seite 57

Solar cooling model - AB/AD (112)
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— Operation temperature of chiller
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« T_genofi_ AB 73°C
« T_genon_AD 73°C

P « T_genoff AD:65°C
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+ Building Type
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— Same results for the other countries
« Climate
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CONDITIONS from the ones studied
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1. Optimization of the circumstances
of solar cooling systems

Target prices for solar
cooling systems

Reinhard Ungerbéck
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2. Expectations of stakeholders,
where prices of components and
market will lead to

parametric optimization parametric optimization

Target: to show the different influence in type Basis: optimized outputs of simulations
and scale of certain changes of the

: : Certain representative cases
circumstances for Solar cooling

absorption chiller:

1.  Increase of electricity and gas prices 1. Madrid, hospital, FPC
2. Increase in performance of SAC 2. Innsbruck, office, ETC
3. Reduction of engineering costs 3. Lyon, office, ETC
4.  Reduction of control and monitoring costs disiceant
5. Reduclion of maintenance costs 1. Malaga, office, FPC
6.  Reduction of solar collector investment cost 2. Perpignan, trade, FPC
7. Reduction of solar cold production chiller 3. Gmaz, hotel, FPC
investment cost i w X
8. Different subsidies :‘ ‘% :' ‘3

CONNESS coMNESS

parametric optimization
absorption chiller

parametric optimization
absorption chiller

Madrid, hospital, very efficient envelope, FPC, low primary energy
savings, low costs of primary energy unit

Madrid, hospital, very efficient envelope, FPC, low primary energy
savings, low costs of primary energy unit

What are the scenarios to reach paybacks of
« 20 years
« 10 years?

CONNESS COMMESS
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Madrid, hospital, very efficient envelope, FPC, low primary energy
savings, low costs of primary energy unit

20 years payback:
Elactricity price: +10%/y
»Gas price: +15%/y
=lIncrease in performance: +10%
»Reduction of engineering costs = 6%
»Reduction of control and monitoring costs = +50% over reference
»Reduction of maintenance cosis > +50% over reference

»Reduction of solar ir = -30%
»Reduction of solar cold production chiller investment — -25%
»Subsidies on overall i 1 costs: 25%
Return on investment: ~3% % ‘%
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parametric optimization
desiccant

» Graz, hotel, FPC, high energy savings, low costs of
primary energy unit
20 years payback:

»Reduction of solar cold production investment — -10%

»Subsidies on solar collactor i lation {Austrian subsidy sy ): 26%

Retumn on investment: ~5%

18107

parametric optimization
absorption chiller

Madrid, hospital, very efficient envelope, FPC, low
primary energy savings, low costs of primary
anargy unit

10 years payback:
#Increasa in performance: +15%
»Reduction of engineering costs = 6%
#Reduction of contrel and monitoring costs = +30% over reference
*Reduction of maintenance costs = +35% over reference
#Reduction of solar collector investment = -50%
#Reduction of solar cold production chiller investment = -40%
»Subsidies on overall i costs: 50%

Retumn on investment: 13% . ‘D
F
.

parametric optimization
desiccant

» Graz, hotel, FPC, high energy savings, low costs of primary
enargy unit

What are the scenarios to reach paybacks of
1. 20 years?
2. 10 years?

CoNNESS

parametric optimization
desiccant

» Graz, hotel, FPC, high energy savings, low costs of
primary energy unit

10 years payback:

#Increase in parformance: +5%

#Reduction of engineering costs =» 8%

#Reduction of control and monitoring costs —» +50% over referance

of solar i = -15%

»Reduction of solar cold production investment =5 -25%

#Subsidies on solar collector installation (Austrian subsidy system): 25%
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Results of interviews with
manufacturers of SAC-components

participation
Over all 19 finished interviews out of 35 tries: flow
back ~55%
1. Solar collectors: 13
2. Absorption: 6
3. Adsorption: 2
4. Cooling tower: 3
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Strategies for market penetration of solar-assisted cooling
systems in buildings
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1. Introduction

In the last two to five years a lot of technology development happened in the field of solar-assisted
cooling technologies and yet several opportunities for solar-assisted cooling in buildings are available,
which are in some cases already cost-competitive to reference system considering lifecycle costs. The
identified primary energy saving potentials by using solar-assisted cooling systems showed that this
technology could cover a high percentage of the rising energy demand caused by air-conditioning in
buildings. The market penetration of solar-assisted cooling systems does not show the same progress
due to the higher costs compared to reference systems in most of the cases and additional market
barriers which comes up when a new technology substitutes another in the building sector. In the
framework of ROCOCO [1] the project team tried to analyse the current market situation of solar-
assisted cooling systems in the three participating countries Austria, France and Spain to get input for

strategies of market penetration.

2. Method

In a first step workshops with stakeholders in different solar-assisted cooling related topics were
organised in each of the three countries to get a picture of the current market situation of solar-
assisted cooling systems by using the procedure shown in Figure 1.

For building stock analyses and the development until 2030 current study results [2] were taken for the
Austrian market. For Spain the data have been assessed for central air-conditioning market in Spain
(capacity =12 kW) in 2000 and 2020. Scenario of 2020 is expected to have absence of large
regulatory actions and of significant changes in consumers’ choice [3]. The analyses for existing solar
cooling installations worldwide were part of the ROCOCO-project [1].

PEST analysis:
PEST stands for political, economic, social and technological instruments or basic conditions which
were analysed on their importance and influence on solar-assisted cooling systems.
Procedure:
- First step: Identification of important basic conditions/ instruments for solar cooling
technology
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- Second step: opportunities and threats of these basic conditions/ instruments regarding

market penetration of solar cooling technologies

Direct influence on the
marketplace

| 6 - forces
The project/business i

Internal analysis
of important issue

Input to

the strategy making

Building Stock
Analyses/ existing Systems

Indirect influence on
the marketplace

Figure 1: Procedure for analyses of current market situation of solar-assisted cooling systems in buildings

Six-forces analysis:

The influence of the market place on each market entity can be divided in six main parts: customer,
supplier, competitor, potential competitor, supplementary industry, replacement; for each of these
parts a SWOT analysis was made. In SWOT analyses the participants try to identify the strengths,

weaknesses, opportunities and threats of each section.

Following forces on the market place of solar-assisted cooling systems were selected:

1. Customers:
- Private house owner
- Investors external renting
- Investor self-occupation (office, trade, hotel)
- Public authority
2. Supplier:
- System supplier
- Executive companies
- Engineering consultants
3. Competitors:
- Compression cooling
- Biomass
- District heating
- Heat pump
4. Potential Competitors
- Photovoltaic

- No cooling demand in buildings (Austria)
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5. Supplementary industry

- Component producer

- Research

- Facility Manager and contracting organisations

6. Replacement = included in competitors and potential competitors
After these analyses, goals were set for market penetration in the three countries with several actions
behind.

3. Results
Overall 25 people participated on the workshops in the three countries and represented component
manufacturers, engineering consultants, contracting organisations, research institutions, public
authorities and energy agencies.
All of the workshop results can be found in the final report of ROCOCOQ project [1], following a
compilation of common customer characteristics for the three countries set up by the workshop
participants is shown.
Private house owner:
- Innovative technologies in the building sector often came from private house owners (solar
thermal heating, “Passivhaus” standard, biomass)
- Simple decision finding process
- Cost relevance is not that important point (emotional decisions), neighbour has - also want to
have
- Operation and maintenance of installation must be assured
- Opportunity of awareness raising
Investors external renting:
- Responsible for big construction volume
- Quite good quality of projects
- Little interest in operation costs, just for large building volume and high occupation the energy
demand may be relevant, otherwise only “marketing interest” in operation costs
- Can be big multiplier
- Wide range of users - flexibility in buildings requested
- Selling of kWh cooling may be interesting in the future
Investors self-occupation:
- Cl-strength, image
- Interest in lifecycle costs, operation costs
- Very good quality of projects, want to invest in quality
- Critical and difficult customer = lot of convincing necessary to change from their used
technology with a lot of experience to a new technology
- Demonstration projects possible
- Request on control, verification if promised goals can be achieved

- Can be multiplier for whole sectors (supermarket, hotels, hospitals)
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- ESCO (Energy service companies) may provide solar cooling
- Lot of competitive technologies by other energy efficient or renewable energy technologies
Public authority:
- Want to be good example
- Political goals for technologies
- Possibility of establishment
- Influence of other lobbies
- Complex way of decision finding
- Can set action for awareness rising
From the previous analyses goals for market penetration were set for each of the three countries and
afterwards merged to common goals.
Common goals: (The number in brackets shows in how many of the three countries that was a goal)
- Demonstration plants (3)
- Dissemination/Network (3)
- Training (3)
- Design Tools (2)
- Legislation for standards (2)
- Public funding (investments/ €/kWh) (2)
- Communication/ Marketing actions (2)
- Study of technology comparison (2)
It has to be mentioned that these results only represent the opinion of the participating people of the
workshops, therefore is has to be taken as a fist step to see the most relevant topics for market
penetration in solar-assisted cooling systems. There couldn't be found any goals which would be
specific only for one of the three countries, therefore common action should be preferred in the
realisation of market penetration strategies.

4. Conclusion

The workshops for market penetration of solar-assisted cooling systems in the three countries Austria,
France and Spain was a first step of discussions to get a picture of the current market situation of
solar-assisted cooling and the potential market related to the customer structure. A great interest on
the technology has been noticed in all of the three workshops, the most interest came from absorption
machine and solar collector manufacturers. The workshops also made clear, that a lot of tasks are
necessary to do, not only on technology development, but also on customer-specific preparation of the
whole topic by setting up information material, realisation of demonstration sites and getting package
solutions. The supplier of the solar-assisted cooling plants which are mainly engineering consultants
and executive companies will also need support by training, pre-selection tools, planning tools, pre-
defined control strategies and monitoring data of running installations. Besides solar-assisted cooling,
there are also some other sustainable cooling technologies in the market as passive cooling,
geothermal usage, biomass and district cooling. It has to be evaluated in a proper way by a
comparison of technologies, which positions solar-assisted cooling could have in the rapid rising
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cooling demand in buildings. A roadmap for solar-assisted cooling systems on national level and on
European level should be one of the next tasks in that field. There couldn’t be found any goals for
market penetration of solar-assisted cooling systems which would be specific only for one country,
therefore common action should be preferred in the realisation of market penetration strategies.

5. Sources

[11 ROCOCO - Reduction of costs of Solar Cooling systems, TREN/O5/FPGEN/S07.54855/020094,
Specific Support Action in 6™ Framework Programme of the European Commission, 2008

[2] R.Haas et al: Warme und Kalte aus Erneuerbaren 2030, Wien, 10/2007

[3] EECCAC, “Energy Efficiency and Certification of Central Air Conditioners”, study for D.G.
Transportation-Energy (DGTREN) of the European Commission, Co-ordinator: J ADNOT,
September 2002
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1. Introduction

In Europe various new sorption chillers with small-scale capacity have been developed during the last
few years. Many of these absorption and adsorption chillers have now passed over from prototype
stadium into field tests and production, so that a rising amount of products is expected within the next
few years. The market potential for solar cooling with small-scale capacity is very large, so that
different companies are developing solar cooling kits for the product business. The sale figures of
conventional electrically driven compressor chillers (split-units) with a cooling capacity range up to 5
kW are rising rapidly. In Europe the number of sold units has risen about 84% from 4.4 million in 2003
to predicted 8.1 million in 2007 [1]. Therefore an all-season use of renewable energy sources for hot
water, space heating and solar cooling is here indispensable. Therefore the latest sorption chiller and

solar cooling kit developments are presented.

2. Small-Scale Cooling Technologies on the Market

The company Yazaki from Japan has been offering water/lithium bromide (LiBr) absorption chillers
with 35, 70 and 105 kW cooling capacity since 1977 [2], whereas the 35 kW machine is the most used
absorption chiller for solar cooling projects worldwide until now. In 2008 a new 17.5 kW LiBr chiller is
going to be offered in Europe, e.g. by SolarNext as chillii® WFC 18. Further water/LiBr absorbers with
15 kW to 200 kW cooling capacity are offered by EAW from Germany, which were developed for solar
cooling and CHP applications, respectively. The company Sonnenklima, Germany carries out field
tests on different European locations with a 10 kW LiBr chiller, the suninverse 10. A further LiBr chiller
with low cooling capacity is being developed and analyzed through field tests by Rotartica, Spain since
a few years. With measured 4.2 to 5.1 kW cooling capacity COPs of approximately 0.42 were
achieved [3], whereas the used rotating absorber enables working with dry re-cooling — an important
advantage at small-scale installations. The table 1 shows the different technical specifications and
performance data of these chillers.

Avoiding crystallization in conventional absorption chillers causes high effort, but the company
Climatewell in Sweden uses exactly this principle of crystallization of high concentrated lithium
chloride solution (LiCl) to arise the internal storage tightness. To expel the refrigerant water out of the
salt solution and to crystallize out two boxes with salt solution, totally 88 kWh thermal heating is
needed. First chillers with a cooling capacity range of 7 to 10 kW have been in the field test in Spain
since 2005 [4].
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Table 1: Comparison of different market available small-scale ab-/adsorption chillers
Company Yazaki EAW Sonnenklima Rotortica
WEFC-SC5, .
Product name chilli® WEC 18 Wegracal SE15 suniverse Solar 045
Technology Absorption Absorption Absorption Absorption

Working pair H,OI/LiBr H,O/LiBr H,O/LiBr H,O/LiBr

I3

(source: Rotartica)

(source: Yazaki) (source: Schico) (source: Kiima)
g:;:;?y dow 176 15 10 45
gﬁgggture rel 88/83 90/80 75165 90/85
Z‘?ﬂfg:;”tﬂre - 31/35 30/35 27135 30/35
ti?;‘:j;gﬁ;e el 125/7 17111 18/15 13710
cop 0.70 0.71 0.77 0.67

Dimensions

060x080x1.94 1.75x076x1.75 1.13x080x1.96 1.09x0.76x1.15
(WxDxH) [m x m x m]

Weight [kg] 420 660 550 290
Power [W] 72 300 120 1,200 (incl. ventilator)
Company Climatewell SolarNext SorTech SJTU

. ® ACS 08
Product name Climatewell 10 chilli PSC10 chilli® STC8 SWAC-10
Technology Absorption Absorption Adsorption Adsorption
Working pair H,O/LICl NHa/H,O0 H,O/Silica gel H,O/Silica gel

(source: SJTU)

(source: SorTech)

(source: Climat 11y (source: Pink/SolarNext)
Cooling
capacity [KW] 10 10 7.5 10
Heating 83 /- 85/78 75167 85/79
temperature [°C]
Recooling 30/ - 2429 27132 30/36
temperature [°C]
Cold water
temperature [°C] -115 1216 18/15 15/10
COP 0.68 0.63 0.53 0.39
Dimensions

(WxDxH) [m x m x m] 1.20x0.80x160 080x060x22 079x1.06x094 180x1.20x1.40

Weight [kg] 875 350 260 1,600
Power [W] 170 300 57 200
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Since the end of the year 2006 the company SolarNext, Germany exclusively distribute a 10 kW
ammonia/water (NH,/H,0O) absorption chiller, the chilli® PSC as shown in Table 1. The chiller is a
product of the company Pink in Austria, which uses a newly developed membrane pump. The driving
temperatures are according to cold water temperature and possibility of re-cooling (wet cooling tower
or dry cooler) in the range of 75 to 85°C.

One problem of closed adsorption chillers is the poor heat transfer between the solid adsorber like
packages around a heat exchanger and the heat transfer medium. A construction of adsorption
chillers with very short cycle times in the area of minutes is only possible using coated heat
exchangers with adsorption material. The German company SorTech has developed a new
water/silica gel adsorption chiller with 7.5 kW cooling capacity, which is for example being distributed
as chillii® STC8 by SolarNext. A further 10 kW water/silica gel adsorber was developed by the
Shanghai Jiao Tong University, China. The adsorber is produced by the Chinese company Jiangsu

Shuangliang Air Conditioner Equipments [5].

3. Current Prototype Developments

Several prototypes of small-scale absorption chillers are developed in the last few years, especially
air-cooled absorbers. At the University Polytechnic Catalonia, Spain a laboratory prototype of an air-
cooled water/LiBr absorption chiller has been developed. The experimental results showed a
maximum cooling capacity of 3.8 kW and a COP of 0.68 [6]. The company Abakus, Germany has
developed a water/LiBr absorption chiller, which runs without a mechanical solution pump, because of
using a thermo siphon pump [7]. The cooling capacity is 3 to 4.5 kW and the driving temperatures are
in the range of 85 to 100°C.

A directly air-cooled NHs/water absorption chiller of the company Robur in Italy with 17 kW cooling
capacity is driven by pressurized water of a Fresnel collector [8]. The chiller is a modified version of
Robur's standard gas fired product, which requires driving temperature of 180 to 200°C. The institute
INETI of the University Lisbon developed together with company AoSol from Portugal also an air-
cooled ammonia/water absorber prototype with 6 kW cooling capacity for the South-European market
[9]. The Technical University Graz, Austria just developed for the company Heliotherm/Helioplus,
Austria a prototype of an ammonia/water absorption heat pump/chiller with 5 kW cooling capacity [10].
At the ITW Stuttgart in Germany a further NHs/water absorption chiller prototype with 10 kW cooling
capacity is developed [11]. The lifting of the solution to the required high pressure level is achieved by
a membrane pump. At driving temperatures of 90°C and re-cooling temperatures of 27/32°C, cold
water temperatures of 15°C could be achieved with a cooling capacity of 7.2 kW and a COP of 0.66.
Different diffusion absorption chiller prototypes with the working pair ammonia/water and helium as
auxiliary gas are developed at the zafh.net of the Stuttgart University of Applied Sciences, Germany
[12]. The chiller has no mechanical solution pump, but an indirectly driven bubble pump. The latest
reached cooling capacity of the third prototype is 3 kW.
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At present there are some small-scale adsorption chiller prototypes developed in Europe, each of
them with a different working pair. The ECN (Energy Research Centre of the Netherlands) has
developed within the EU research project SoCool a prototype of a water/silica gel adsorber with 5 kW
cooling capacity [9]. The company InvenSor, Germany has also developed a water/silica gel
adsorption chiller; in 2007 a first prototype with a cooling capacity of 10 kW has been finished [11]. A
further water/silica gel adsorber is developed within the Sunsorber project by EEE Gulssing in Austria
[13]. Seme adsorption chiller prototypes all with 5 kW cooling capacity are developed by the RWTH
Aachen, Germany based on water/zeolith [14]. Besides the working pair water/silica gel or
water/zeolith other working pairs like ammonia/ active carbon or methanol active carbon are
investigated. The University of Warwick, UK has developed a prototype of a very compact ammonia-
carbon adsorption chiller with 1.4 kW cooling capacity and a COP of 0.20 [15].

4. Solar Cooling Kits

During the last years a few European solar companies have established themselves on the market as

system providers for solar cooling kits. These are in the small-scale cooling capacity range up to 30

kW the following companies:

e CitrinSolar, Germany with the SorTech adsorber,

¢ Schuco International, Germany with the LB 15 and LB30 (both absorbers of EAW),

» Sol-ution, Austria with the adsorption chiller of SorTech and Alaska-Sets based on the absorption
chiller of EAW

« and SolarNext, Germany with its chilli® Solar Cooling & Heating Kits based on the chillii® PSC10,
chillii® STC8 and chilli® WFC 18. SolarNext also use absorption chillers of EAW and Yazaki for its
chillii® Solar Cooling Systems.

These solar cooling kits basically include solar thermal collectors with attachments, hot water storage,

pump-set, chiller, re-cooler, partly cold water storage and system control. Further European solar

companies are considering to enter the solar cooling market as system providers or just testing solar

cooling systems, e.g. like Paradigma, Saunier Duval (Vaillant), Schott, Solvis.

The specific total costs of installed solar cooling systems in Europe are so far between 5,000 and

8,000 EUR/KW. For 2008 system prices of 4,500 EUR/kW are reached, in the next two years 3,000

EUR/KW are expected for solar cooling kits.

5. Conclusion

Worldwide the energy consumption for cold and air-conditioning is rising rapidly. Thermal cooling by
solar energy or district heating or waste heat from CHP units could be lead to a considerable reduction
of energy consumption and CO, emissions. In the small-scale capacity range up to 30 kW several
water/lithium bromide absorption chillers, one ammonia/water absorber as well as two water/silica gel
adsorption chillers are market-ready available in Europe. Different prototypes are under development,

especially air-cooled chillers.
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Assumptions for single-effect sorption chillers is above all a very high solar fraction (more than 70%)
or, even better a complete solar cooling and heating system, because low COPs lead rapidly to higher
primary energy consumptions, if an additional heating system has to be used. Because of the general
trend in Europe to larger solar thermal plants for the heating support, small-scale sorption chillers offer
good opportunities to use efficiently the summery heat. First system suppliers are acting on the market
with small-scale capacity solar cooling kits and during the next few years more suppliers can be
expected.
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1. Introduction

Technological development in the field absorption refrigeration is discussed for solar cooling
applications.

2. Method
Paper review

3. Results

Technological trends are described in three categories of absorption refrigeration engineering,
namely, cycles, working fluids and heat-mass exchangers.

4. Conclusion

Absorption cycles

- State-of-the-art absorption chillers yields about 50% of Carnot efficiency. Most of new
chiller developents are aimed at extending operating ranges rather than improving
thermodynamic efficiency.

Working fluids
- Most studies are to modify conventional fluids by adding new substances for extending
operating ranges or improving thermophysical properties. lonic fluid is an exception.

Heat and mass exchangers

- Various heat transfer surfaces have been developed to improve heat and mass transfer in
ab(de)sorbing flows. It is probably the easiest way to lower the driving temperature and/or
manufacturing cost of an absorption chiller.
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Solar cooling OVerview - auaissie technoogies

Warious technologies are availabe for transformation of solar energy to cooling effect [1]

roepm—— | I
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Improvement of absorption chillers -oions

High COP andior low Ty,

& T A

Cycles Fluids Heat exchangers
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Solar cooling OVerview - asarpien seing
Efficiencies of solar absorption cooling systems range from 10 to 60

Table | Cverview of solar absorption refiigerntion studics

el Agplcation W] Ade]  no [T
Singhe et Lille water chiiflers
fr=T) e cooling hesiing
i e cooling a »' il
ar s coling L] 1377 011
1 psce codling £ a6 | ae-03s
2 e sooling 3 ey 034
031 peokotypa challer mn 037
) et cisller 16 040
I <hillers
0,1 ]am-:m elar st pe oty e i I [
a4 cling dram 114% Lo a0’ | osos
val chilires
T T p—r— | =) l XD
] et erasion et pussp i
a wine cosling 0 100
a4 s 18 0
1. fat plats callectors

2 evacusted bebe collecton (0. of tibes)
3 irouph collicters {periume ares)
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Absorption cycles -swenien
Most absorption cycles are cascaded andfor overlapped single-effect cycles [2,3] Canwe improve
i ! of an cycle by ar i
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AbSOI’ptIOﬂ CYCIQS — limits af thermodynamic efficency

Maximum efficiency of a heat-driven refrigeration cycle is limited by the product of Carnot
engine and refrigeration cycle efficiencies

’fw ol ’?mr o & q,m— coul

s i[ TH — Tu J

" AT, =1,
8 i Max. COP of a wat saled chiller is

_, ca 50% ...,

S A Max COP of an air-c
oy [T T - i:'.'-:_; - 62 30% Moy
B0 B0 W0 130 140 160 180 200
T(EC)
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AbSO]’ptIOFI CYCIES — practical solution: variable effect cycles

Ever)l absorption chiller hasa = = below which operation is impossible. V.
s-effect chiller may be lntermng far combionation with high-temperature sol:
[4.5]
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AbSOTptIOﬂ CYC|ES - practical solution: use of cold ceiling

E i 5 great on driving {T.). Use of elevated cold
medium temperature (7 ) s’iwld be actively excercised whenever possibie.

AT =+8 AT, =-2=ATL
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Absorption cycles - pacical soluton controlied absarvent composition

A system with active control of absorbent composition may allow effective use of wide operating
temperature ranges [6] Sucha syatgm includes refngerant/solution buffers and control means, The
system can also serve as a PO storage [7] ClimateWell™ [8] is an extreme example

08 4
-
PR S

CcoP

oo d Ll o

o s . :
w0 Intermittent absarption heat pump
cl.ma¢ewe||m 18]
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Working fluids -oeniew

Choice of a working pair is the single most important factor that influences COP [9]
An ideal working pair should befhave;

high katent heat, low pressure (high solubslity), low heat of dilution, low specific heat, low viscosity,
high conductivity, high diffusivity, low freezing point, ...

chemically stable, non-toxic, non-corrosive, non-flammable, ...

Refrigerants Absorbents
water metalic salts
ammania water
alcohols glycols
hydrocarbons amines
fluorecarbons ethers
amines
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WO I'kl ng f|U |d > JE electrolyte solutions

COP of an absorption chiller based on electrolyte solution is mainly a function of the gradient of an
isostere (dT//dT+') and the ratio of specific- and leatent heats (Cpih, ) [10]

CopP =
Ly . W

e a(ur

. 25714:5:,]:!1,](7' Ter.)
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Worki ng fluids -aaueous electolyte soltions

Supenority of LiBr-water originates from its very low Cpih,, [10] To ob‘laln high COP, new absorbent
development should be directed to find or synthesize one with low

Ao +A,,,

COP = Cop™ =

des

COoR,
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Working fluids - adties

Additives
- Operating ranges (cry
salts [14], hydroxide

- Thermalffluid properties: alcohals (surface tension), polymers (viscosity),
nano particles (Cp and..)

ization retardant): ternary- or -quarternary metal

- Chemical properties: molibdates (corrosion inhibition),..

New absorbents

- lonic fluids

inable Energy Systems
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Heat a I"'Id maSS eXCha ngerS - effect on drving temeprature

Enhanced heat and mass lower intemal bringing down
driving temperature. High effect iveness of absorberfgenerator 1s most desiable.

Increase from £ =¢ =030 0.4
decre: T by 10K

ases T,
12
& 04 10K
= 8 e’
4 z

= 03
o L, /

o /

JIEI 50 B0 1|':|C|
1, (°C)
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Wo rking flUidS - drawbacks of electrolyte solutions

Marrow operating range {crystallization, dissociation, J olex!ﬂlnu absorbents has been the biggest
barrier in some Some have wid ranges but high corrosion
potential is a common problem (e.g. NaOH®OH [11], NaOI—UKOHDEOH 112..)

o 02 04 bs as 1

e NH, fraction

Operating ranges of water-LiBr & Cry i i
NaOHMKOH [13]
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Heat and mass exchangers -oeview

Two-phase heat exchanegrs in an absorption chiller may be largely classified into film and bubble
types depending on whether it is flocded or not

Film Bubble

-
BEE -

hor. tube [15] Ver. plale[lﬁ]

ver. mini tube [17]  hor. mini tube [18]
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Heat and mass exchangers - ey

Effectveness of a falling film absorber is a function of NTU (sULTCpland NTU_ (=pBLIT) [19]

F=UL -"{1"'..(_}:, }
F=ppLIT,

U=2 KWIm K, B=6x 10+ mis
©p,=2 kikgK, p=1.600 kg/m’
= {_ffgz:l

For 180kg/h, W=1m, p=4x10-Pas

+ =0.05kgims (Re=50)—
NTU=T — L=1.2m
o< NTU=10.5 — L=1.8m
7 —? 105
1] 4 & -+ 50% increase in L or 100% in U

NTU, (=ppL/T")
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Heat and mass exchangers - sumentes suaces

In the past, various surface g were developed for ab with varying degree of
success [20-26]
B J timred e :;.:_.,.,?v.,..
[ Ty r I 7
[~ T L ~ The
: : - L7 iy §
o s T

L
low-finfeross grooverfute(22]

o

penodic weir [23] wirelgawuze [24] engraved patterns[25] wire [26]
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Heat and mass eXChangerS — R&D at arsenal research

e belng developed for low-cost absorption chillers

fer enhancement

raw img

wet
fraction=?

Flow visualization
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Heat and mass exchangers - eerimens

Coubling heat transfer coefficient is easily achieved by using a micro-fin. Mass transfer can be,
however, decreased by the surface structure [22]

Mu/Pre

Heat transfer in horizontal bare tube
falling film absorbers [various sources]

i
.l

I
Edla
<

i

ait tramee cotfficienl WAL

LA

] !

“wand
aMI.\ Fhow rale par Iall
Teagt o rite b
Heat transfer in horizontal bare &
extended tube falling film absorbers [22]
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Heat and mass exchangers - raoa srsensi researcn

A bubble absorber is being developed for a fuel cell-driven hybrid compression-absarption heat pump.

Focus is given to charge minimization

air-cocled bubble absarber

h'n'n.[i ]
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Conclusions

gy o in the field
ions. Followings are .

igeration was briefly di for solar cooling

Absorption cycles

- &ate—of the-art absorption chillers yields about 50% of Camat efficiency. Most of new chiller
o are aimed at ranges rather than improving thermodynamic

efficiency.

Working fluids

- Most of studies are to modify conventional fluids by adding new substances for extending
Fanges of Improving prop Ienic fluid is an exception.

Heat and mass exchangers

- Various heat transfer surfaces have been developed to improve heat and mass transfer in
an[oe]sommg flews. It is probably the easiest way to lower the driving temperature andfor
cost of an ion chiller.

* Small absorption chillers (Q, <35kW) are

which is. | to the

ty very i
growing solar cooling market R&D should be locused on cutting down the cost.
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Einsatz von thermisch angetriebenen
Kéltemaschinen in Nah- und
Fernwarmenetzen

Auswirkungen auf die Netze am Beispiel Mureck
Olivier Pol, Gernot Haslinger

Nachhaltig Thermisch Kiihlen 2008, Kihlen mit Fernwarme
Wien, 1. April 2008
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KlUhlen mit Nah- und Fernwérme
Einleitung: Hintergriinde

* Vermehrter Einsatz der Kraftwarmekopplung
im Grof- und Kleinleistungsbereich

. N gsméglichkeit der bereitgestell
Warme in thermisch angetriebenen
Kiihlprozessen

*  Nutzung von Strom in Anwendungen, wo es
keine alternative Antriebsmoglichkeit gibt

« Fir die fili h
unterschiedlicher Ansatz als bei der solaren
Kiihlung:
~  Solare Kilhlung:
Die Sy berlicksh alle K der Warme- und

Kiltebereitstellung inkiusiv das Nutzen fiir Heizen und Kilhlen,

- Nah- oder Fernwinme:
Die Systemevaluierung schliefit die Investitionen fiir das BHKW aus und die Wirme hat
einen Preis.
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Kuahlen mit Nah- und Fernwérme
Einleitung: die Kuhltechnologien

« AB: ti Kiilt i (zentral und d )

«  AD i alt, hi und )

~ Integration in Be- und Entliftungsanlagen
issi in ination mit i

il 2 o ¥ ¥ '+
+ Die Studie hat sich auf den Einsatz von ABsorptionskaltemaschinen konzentriert:
~ Grifte Anzahl an marktverfligbaren Produkien
~ Grofite Erfahrung im Bereich der solaren Kilhlung
' e Madall o . " Kliratic L

ge Enargiesystema

—
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Inhaltsverzeichnis

+ Kihlen mit Nah- und Fernwarme: eine Einleitung
+ Einleitung des Fallbeispiels fiir die Analyse
- Murecker Nahwirmenetz: Netzcharakterisierung
— Das Projekt Multi-Mukli: Fragestellungen und Ziele
« T i A gen fiir eine opti Einbi von
inen (AKM) in Nahwa
~ Hihe der Netzvorlauftemperatur: Einfluss auf die Wirlschafilichkeit der Auslegung

Absorptionsklt

- ige Netzrid P : Einfluss auf die Anzahl der einsetzbaren
AKM
- Si i gebni: A i g der AKM auf den Belrieb des Nahwiirmenetzes
~ Technische Lésungen fir die Verb g der Energiebil:
+  Okologische und ok ische Vi 1 fiir eine sinnvolle Einbindung
von Absorptionskalt hi in Nat
- Sissig giep fiir einen wi fllichen Betrieb von AKM
- F fiir einen i Betrieb” von AKM
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Kahlen mit Nah- und Fernwarme
Einleitung: mégliche Konfigurationen

1 a) Nahwarmenetze und t_iez_e_n;r;ie_l-(ﬁr;h-:r_tg

! i .:? - Niedrige Dichte an Kiihlbedarf

1 <10 MW, =1 3= Y b P o e
AKM AKM

5 i "ﬁg“‘::hg Anbind

Einspeisung

- Kihlbedarf in unmittelbarer Nihe des BHKW
- Magliche Einspeisung in ein Fernkiltenetz

Fussach |
|

c) Fernkalte
- Hohe Dichte an Kiihlbedarf

Beispiel:
Wien I

FJENERGIE
e Fakunti
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Fallbeispiel Mureck
Ausgangslage und Eckdaten

Name
Projekt Multi-Mukli, Gemeinde Mureck

Region
ver landl Gebiet, ischte N [ webiet, L i it
kKieine Ind und D { lokale B

bestehendes Nahwirmenetz fir ein schon gebautes Gebiet

Netztyp

kleines auf Bi
+  Netzlinge

ca 12km

Biogas-Blockheizkraftwerk mit 1 MW/ 1.2 MW,

ca 250 kW,
Abnahme
Die wird fast zur War

Nachhaltige Ene:
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Fallbeispiel Mureck
Netzcharakterisierung: Nahwarme

B Andeil an der gesamien Einfamilienhiduser machen 60% aller
-:::u:: R Verbraucher und 20% der gesamten
Verbrauchem angeschlossenen Leistung aus.

Anzahl von
: Bumme = 181

angeschlossen Leistung

34
§ i
H Im Sorpmer: keine Schulen und wenige
!i Betrie
4
d i, 1"°
. sygegRE2ERgRa TS o i
®HST RRZERSRED £ ¢
{ AR EE
| -]
- Mehr als 50% aller Verbraucher: E::
15 kW FWUST, 15% der i i H
£ H
o o]

- 3% aller Verbraucher: > 250 kW
FWUST, 30% der angeschlossen
Leistung

e ———
arsenal research

Das Projekt Multi-Mukli remmmm——
Ziele
+ Die Partner

— arsenal research

= Technisches Blro Ing. Gerhard Repnik, enerep schéner Tag

— Conness Energieberatungs- Pl gs- und Betriebs GmbH

~ Nahwiirme Mureck GmbH, Okostrom Mureck GmbH, Sildsteirische Energie- und

Eiweilerzeugungs regGenmbH

+ Langfristige Ziele

— Optimierung des sommerlichen
a i zur E g

eines miglichst hohen Wirk 1
des Biogas-Blockheizkraftwerkes und
eines wirtschaftiichen Betriebes des
Warmenetzes

- Reduzierung der Stromspitzenlasten
aufgrund des Betriebs von

Raumklimageriten

‘Warmeerz
wmp _ Buchinden

Nachhaltige Ene

———
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Validierung des Netzmodells
Variation der Lastprofile der Kleinabnehmer

Vorlauftemperatur am weitest

liegenden Abnehmer Riicklauftemperatur am BHKW
had 90
254 | - Twi_Simulation mit variablen Lastpeofilen (V1) | — Trl_Simuslation mit variablen Lastprofilen (V1)
| - = | — Tri_Simulathan mit kenstanten Lastprofilen (V2)
T B0 | Tyl Simulation ohne Kleinverbraucher (V3] £ ¥ 1ri_Simulation ohne Kleinverbraucher (v3)
5 rsi * Tol_Messung 751 | —Td_Messung
M i T}
65 | g
g 60 6
55 I ; 55 1
Ba 14l
a5 4 45 4
! 49+
n_num 02072006 02072006 02072006 01.07.200¢ 02072006 OR07.2008 (007.2006 02073006  03.07.2006
06:00 12100 1200 000 00:00 0 12:00 18:00 00:00
Valid g bei 47% der Anschlussl

mit dynamlschen Lastprofilen hinterlegt.

Bei konstanten Lastprofilen wird die

ENERGIE
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Fragestellungen

Im Sommer kann ein Teil der erzeugten Warme dafur genttzt werden,
Absorptionskiltemaschinen zu betreiben, um die Abwirme des
Biogas-Blockheizkraftwerkes besser auszuniitzen:

+ Wo im Nahwarmenetz und mit welcher Leistung kénnen
Absorptionskaltemaschinen eingesetzt werden?

+  Wie wirken sich Absarptionskaltemaschinen auf das Netz?

+ Wann ist die Einbindung von Absorptionskaltemaschinen
wirtschaftlicher und Gkologischer als die Nutzung von
konventionellen Kaltermaschinen und Raumklimageraten?

Nachhaltige Energiesystema

ENERGIE

wer ' Zubunit
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Das Projekt Multi-Mukli
Methode

potenzielle Gebaude
12

e e A 0 4 8

Z Berechnung der maximal moglichen
Kilteleistung

e

e R

eugung 3

e ; " s

) rn!t 5 Kaltemaschinen,
| Quantifi g von:

I Massenshomerl‘ﬂhung
| - Riicklauftemperatur-

) ©ThMUNG

Nachhaltige

ENERGIE
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Héhe der Netzvorlauftemperatur
Einfluss auf die Wirtschaftlichkeit der Au'[s!‘egung
Rahmenbedingung:

-02.07.20086
- Ty, am BHKW zw. 89°C und 84°C

N T, > 75°C

Ty <= 75°C

Mit si der Antri t
reduziert sich die Kalteleistung aber verindert sich das COP nicht deutlich:

« 8 W ou
Haimay s serem paates [€]
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Femm—— Temperatur- und Massenstroménderung e
AT-Beschrankung beim Generator
Beschrank inder am BHKW i ' 3- Eins !
ol armLIng. : 1- Einsatz von AKM b 3- Einsatz von allen AKM
Reduzierung von tg, J "T’L-E Blirogebaude | ausgenommen Biirog.
(Heizwassertemperatur am | i -2
;:;npemtu” itt) aufgrund der + ‘{g’.‘ Basismassenstrom: 0 e
1 o . B ki LR ~
{Ki]i'ﬂwassert.::rmeratur am ! \‘3" A gls P! !
Absorbereintritt) PP S Druckverluste: 3.
1" ca. 1bar - 2 eI -
l | = 1 3 = i
hoher Massenstrom notwendig = T v T v ' ° s
B 1
grofte Auswirkung auf die
Netzriicklauftemperatur

1. Kamventionalle 2 Vorlauf | Varlauf

§ TN §
. Ricktaut | Rickaul
ENERClS — ENERClE ——
arsenal research arsenal research
Erhéhung der Vorlauftemperatur T Einbindungsvariante Vorlauf / Vorlauf i e
fur die AKM beim Geb&ude der SEEG | Variante VLRL |

fcesssgsz:
Kaiteleistung (kW]
g8
Hllw

1 s ¥ : iy 8o Vorlauftemperatursenkung nach der AKM I
= b2 (- L - E 76+ beim SEEG Gebaude: ca. 2K i
= { : - Fiel E — Kalteleistung AKM N 70 "
02073006 ORO7.2006 0ZO7.2006  0Z.07.2006 ncunr.m 30 - T g5 E _ | T |
e00 w800 12:00 18:00 D;op  G2OT2008 0072000 02072006 02072008  03.07.2008 g vy | o} i
00:00 0600 1200 1800 0000 £ 60 i -] 1
- Erhéhung der Vorlauf- T = & 55 i e
- w] temperatur um 3K A . ! 50 - AKM_Ein (VURL) — AKM_Aus (VL/RL)
| ol - 5 e a5 | —AKM_Ein (VLVL) —AKM_Aus (VLVL)
} 1 = hicd BHK\N‘ RL (VL/RL, —BHKW RLWLNL
il . __.__-__/"“\.V_F_\t E G '{:::_"": xalwlmwngw KW | s a0 4 $ ‘ } ]
bt 3 e eh r / X 'ni 01.07 01.07 01.07 01.07 01.07 01.07 01.07 0207 0207
Y = A - ~ T_RL ohw AKM L 2 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00 03:00
| ol R e M
7ot . . Halteleistung gesant
CROTI006 02072008 02072000 02072000  03.07.2008 &m P D S nwx:oe Sl S -
' 000 o800 12:00 1800 o008 3 a7 i oy Nachhaltige Energiesysteme
ENERGIE ENERGIE
ﬂi.'r‘x'ui.:fi = ﬂh.’.‘:‘.h:rl AP
arsenal research arsenal research
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Technische Ldsungen fur die Verbesserung

7 der Energiebilanz
B Notzverluste
60 4 mVerbrauch
0 Betrachtungszeitraum 02.07.06 - 09.07.06 *. ‘Solamunterstifzung 2ur Erreichung., *4
- bei Betriebszeit der AKM von 8:00 bis 22:00 einer héheren Antriet peratur : i A ;Q‘m’ e e
40 : o lektorfliche
Die eingespeiste Energie erhoht sich um Anschrus_s von Verbrauchem n'!il g k|
0 20%. einem héheren AT (Wascherei?) © 4 ! ey
20 Der Wi d der ei it + Nutzung von thermischen E] 3:#3"-1
1 Energie erhaht sich von 40% auf 48% (das Kihltechnologien mit niedrigem nerum BT n.w 1500 PR e s
entspricht einer Erhdhung des Verbrauchs Antriebstemperaturniveau (DEC,
’ Enarglebilanz ohne Energiebilanz mit ¥on 4.000 WhWoche), Adsorption) +  Erhdhung der Antri peratur je nach
Ll nz ol VT iz mi s
AKM (stZustand) | font AKM - R - i Solarstrahlung bei A, =15 m? ~ 2K
Einsatz von Speichern * Emohung dar Ak b 1o ngch
Energiebilanz ohne AKM (Ist-  Energiebilanz mit 5 AKM . Einbindung der AKM im Solarstrahlung bei A, =30 m? ~ 4K
Zustand) 9 « Erhshung der Antriebstemperatur je nach
Netzriicklauf riebste
Eingespeiste Energie 49 500 kWh 100 % 60 100 kWh 100 % - Double-lift Schaltungen Solarstrahlung bei A, =50 m® ~ 8K
Verbrauch 19 500 kWh 40 % 28 500 kWh 48 %
‘ Netzverluste 30 000 KWh 60 % 31 600 kWh 52 % I
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ENERGIE ENERGIE
m:.’.'z‘ui.:r: R der Tubuntt ———
arsenal research arsenal research

T Zulassige Energiepreise fur einen e
wirtschaftlichen Betrieb einer AKM

Annahmen AKM (15 kW): Ar Refer i (15 kW):
- Konstanter COP - Splitkli dte mit kor COPvon 3
R - el. Leistung: 0,3 kW,
2 - offener KT: 0.37 kW, 50 I/h

Volllaststunden (Messung): 1160 hiJahr

e ~ LU
H I03m: it ncHallliche 55;

2%

et Tl

COP bei ca. 0.4
Groferes AT
Niedrige Antriebstemperatur

d A 1

1

= - 20 20
1234587 8910112 123 4886789101112
; Strompreis/Warmepreis [-] Strompreis/Warmepreis [-] I
Machhaltige Energiosysteme "
ﬂEN RGIE ENERGIE
BT — dar ‘Zubuntt =
arsenal research arsenal research
R P - P " [—
Zulassige primare Ressourcenfaktoren fur Fazit mmm—
einen ,6kologischen” Betrieb einer AKM
Annahmen AKM (15 kW): Anr Referen i (15 kw): + Es kann meist nicht die gesamte verfiigbare Warmeleistung zum Antrieb von
- Konstanter COP - Splitkli ste mit COP von 3 Absorptionskalt hi ing: t werden. Dafiir wiirde sich die
- el. Leistung: 0,3 kW, Netzricklauftemp zu sehr erhd und weil Kiihler wii bendtigt. In
- offener KT: 0.37 kW, Volllaststunden (Messung): 1160 hidahr Mureck:
— Gesamie angeschlossene Leistung: 250 kW,
30 = = - Magliche Kaltemaschinenleistung: 70 — 80 kW, (Leistungsverhéltnis < 1:2 )
PR-Faktor T2s E8R Ak =81 + Dieb wden Fernwirmedib bestati 1 b auch die imal
(Ressourcenfaktor): B Kiilteleistung der Kaltemaschine, falls ein reiner F ieb g ht ist.
Anteil der nicht g E 2.0 Sk A * In kleinen Netzen soll berlicksichtigt werden, dass in manchen Fallen die
emeufrbaren £ g i arme: 0.5 (Gas BHKW) Vorlauftemperaturen ab einer bestimmten Entfernung von der Warmeeinspeisung nur
Energien in eine 3 ? noch einen Teillastbetrieb der Absorptionskaltemaschinen ermoglichen.
eingesetzte = PR-Faktor Strom: 2.8 : B
Endenergieeinheit aE10 PR-Faktor Warme: 0.1 (Biomasse) In Nahwdrmenetzen sollen andere Kiihitechnolegien (Adsorption, DEC) oder
(unter ] . Einbindungsvarianten (Nutzung der BHKW-fbgase auf hohen Temperatumniveaus
Beriicksichtigung von 2051 (KWKK), Solar g, double-lift Schaltungen...) unt ht werden.
Extraktion, 0.0 - AT es TR ipe el
Umwandiung und 1 2 3 4 5 8 7 8 8 10 1 12
Transport). PR-Fakior Strom/PR-Faktor Warme []
1 Nachhaltige Energlesysteme
QENEIRGIE
FRAF A BH e~
arsenal research
Danke fur Ihre Aufmerksamkeit! Tmm——
Kontakte

* www.arsenal.ac.at
+ olivier.pol@arsenal.ac.at

+ Diese Arbeit wurde im Rahmen des von der Programmlinie
Energiesysteme der Zukunft gefdrderten Projektes Multi-Mukli
durchgefiihrt.
www.energiesystemederzukunft.at

JJENERGIE

der ' Zukunfi
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Reinhard Ungerbock

Multi Mukli

Wirtschaftlichkeit der Einbindung von
Absorptionskaltemaschinen in das
Nahwarmenetz Mureck

Reinhard Ungerbock

CONNESS GMBH

Wirtschaftlichkeit
Eingangsdaten

0.2%

|
0% 3% |

DSanie 524

DFsenistung 1871 €

Bfrriraritge Varrshnang 1 230¢
BAbsorptiorskstemasching 327734
Bl Rk kihbes mit Anbirtung 3,280 €
WPuftersgeichar w2 Pumgs 18724

v
Distributionssystem muss neu errichtet werden, da
keine le Kli lag! rhanden ist.
CONNESS GMBH 3

Wirtschaftlichkeit
Szenarien

1. Szenario: bestehende Split-Klima-Anlage wird ersetzt durch
AKM
Darlehen: 6%, 10 Jahre
Lebenszykius: 20 Jahre
30% Farderung durch KPC fir AKM

kummulierte Zahlungen kummulierte Kosten Ober 20

- A Faranng gl Fiew
e

V- s ame
wmm e e s
pr— ¥ s
camm . = e
cmemm e ;
o -
dee .

iy

03

"

CONNESS
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Wirtschaftlichkeit

Eingangsdaten
AKM (zentrales System) Referenz:
Investitionskosten: Split-Klima
* AKM €22773 (Bestand, dezentrales
*  Rickkiihler €9.290 System)
+  Umluftkiihler €6.681
«  Fernleitung €4.87T1
+  Kiltelibergabe Anbindung €3.672
*  Puffer mit Pumpe €1.872
+ Primérseitige Verrohrung €1.538
«  Allgemein €1.734
* +Planung 10% €5.252
Investitionskosten:
+ Summe €57.776 €16.500
CONNESS GMBH 2
Wirtschaftlichkeit
Eingangsdaten
Laufende Kosten
AKM Split-Klima
. FW: 750 €/a = Strom: 650 €/a
(~0,043 €/kWhys) (~0,037 EKWhy,)
(Tarif: 0,03021 €KkWh) + Wartung: 500 €/a
+ Strom, Wasser: 220 €/a
+  Wartung: 750 €/a

Preissteigerung laufende Kosten (Energie, Wartung): 3%
entspricht ungefahr VP, hat aber keinen grofien Einflulb

CONNESS GMEH 4

Wirtschaftlichkeit
Szenarien

2. Szenario: Vergleich beider Technologien
kummulierte Zahlungen kummulierte Kosten Gber 20 Jahre
= Al it Fiadarurg —_Spt -l B w3 Vertan B e

et |

— e s {
= s 1
wey | — —

mmem |

Prepe——

€ 13000020
190,000 00 ‘
€50 000,00

6000000
440 000 00
42000000 |~
€op e e -
dJaw 2 4 & B m 1’ W e u
Neue Fragestellung:
1. erforderlicher Warmepreis flr gleiche laufende Kosten
2. Erforderliche Investitionskosten far Gleichwertigkeit

CONNESS GMBH 8

CONMNESS




Wirtschaftlichkeit

Szenarien

3. Szenario: Fermnwarme-Preis: 1,7 Cent/kWh
Wartung: 500 €/Jahr
Investitionssumme: €23.500

Wirtschaftlichkeit
Zusammenfassung

Schlussfolgerungen

+ Derzeit hohe Investitionskosten und hohe laufende Kosten
= keine bzw. schlechte Amortisationszeit
+ Doppelte Energiepreissteigerung Elektrizitét (6% statt 3%)
wiirde zu Gleichwerligkeit der Energiekosten filhren
+ Investitionskosten missten halbiert werden fiir
Gleichwertigkeit
~ AKM verantwortlich fur 45% der Investitionskosten
— Einsparpotential It. Herstellern bei AKM am gréten
+ Derzeit ist keine Realisierung aufgrund wirtschaftlicher
Uberlegungen méglich

kummulierte Kosten tiber 20
Jahre

B Earge 0Wiarturg 8 easion

CONNESS GMBH 8
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Richard Zweiler

Arsenal Workshop 1.April 2008
Kondensator
an . = = Abwérme
Kiihlen mit Fernwarme n\
: )’ Austreiber
RASRSRRR sore
DI Dr. Richard Zweiler W/“
™ Austreiber- [
warme X
Lésungs-
' mitelpumpe S@?.;m.
r t ] Verdampfer |
i ] A —
Kalteleistung 1} Jl
GUSSING GMBH \ T —

Auslegungs- bzw. Betriebsdaten: =

Kalteleistung: 210 kW (3 mal 70 kW)

erforderliche Warmeleistung: 234 kW : |_o!- |
BT £ m m
Kaltwasser: 10°C / 14°C = B 29
Fernwarme: 95°C / 85-90°C ! -
Kiihlturm: 35°C / 25°C = (e
e

Pufferspeicher: 3000 Liter i

- B

GlssmGved 3 olssne oves 4

Warmwasserbereitung Kiche 35,0 kW

Anspeisung, Liftung 75,6 kW
H02 92,1 kW
HO3 81,2 kW
HO4 5.8 kW
HOS 7,0 kW
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Offener Kuhlturm:

«Effektive Kiihlung durch Verdunstung Heizwassermenge:
Wasseraufbereitung erforderlich Zu gering Im Absorber- und Austreiberkreis wahrend der
Inbetriebnahme.

Pumpenregelung wurde korrigiert.

Kaltwassermenge:
Luftungsgerate waren nicht korrekt eingeregelt.

In Zeiten geringer und sehr hoher Kaltelast wurden daher
unverhéltnismagig hohe Wassermengen registriert.

N N

cissncome B

Ruickkiihlkreis (Kuhlturm): N I AT S A |
+ Wassermenge um 30% zu gering (Umbau Pumpe) T maAarnanir a1 T 1
+ Ansaugung von Luft  (Analyse Leitungsfihrung) 5. L.ﬂ il Lll..:_l [JI[—L —l_l [ | '_rlj | _J_
+ Ablagerungen (Wasseraufbereitung) EE]__I_ (L L |_|L o [ R | ! | 1
£
Aufgrund dieser zahlreichen hydraulischen L8 m H’ J.\| H H H” m - | ﬂ |
Unzulénglichkeiten wahrend der Inbetriebnahme -0 1 2 I A Ul | i
wurde nur ein sehr geringer COP erzielt. n ﬂ (| |_|I H |_| 1 ||m_|| | ﬂ
Twit [Stunden]

- N

oissno v 10

AustreiberVerdampforbetrieb: 27.06.03

[ —Amowbert  —vedwroerl  —aumebe?  —vVedsreinl  —Aniete?  — Veampterd |

Fpt™

Temperaturniveau:
120°C / 70°C

Abnahmestruktur:

Sehr speziell durch
Industrieabnehmer
(Dampfkammern Parkettwerk)
Konstante Bandlast: 2 MW

™ ] = o ™ ® 0 n
et [Stuncen]

|
|

N

clsanG oM 12
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Richard Zweiler

Anwchbamsisistung Neta (K]

Sommerbetrieb:
120°C / 70°C fur Industrieabnehmer
95°C / 85°C fiir AbsorptionsKalteMaschine

Leistung AKM: ca. 200 kW
Leistung FW-Netz: ca. 2000 kW

Leistungsverhéltnis AKM / Gbrigen Verbraucher ~ 1:10
Verhaltnis Massenstrom AKM / Ubrigen Verbraucher ~ 1:2

N

cussmc v 13

3295 MWh gesamt
2680 MWh Biomasse
615 Mwh Ol

[ —— rornar s

3414 MWh gesamt
2804 MWh Biomasse
610 MWh Ol

L 14 s Pty w32 raAb ke b

t

Glsswc v 15

Basis fur Wirtschaftlichkeitsberechnung:

+ Berechnung fur das Jahr 2003

+ Warmepreis 33,4 € MWh

+ 15-min. max. Spitzenleistung AKM 18 kW
+ Spitzenleistung Kompr.kéaltem. 45 kW

cussw v 17

Seite 90

Aanchbsdeistung lietz W]

Rahmenbedingungen der exemplarischen
Darstellung von Jahreslastkurven

+ Kuhllast in Abhangigkeit der
AuRentemperatur 20°C - 36°C

+ Max. Leistungsaufnahme AKM 250 kW
+ Spitzenlast FW-Netz 1500 kW

+ Nennleistung Biomassekessel 750 kW

+ Minimallast Biomassekessel 30%

N

cssng omen 14

3295 MWh gesamt 3533 MWh gesamt
2680 MWh Biomasse 3191 MWh Biomasse
559 MWh Ol

615 Mwh QI

[y r— pe—— ittt earies P et v Mnirttn wateantes

,: : : : : - : : -‘;- ; — -_:;ﬁlr“t

GlssnG G 16

Bezeichnung Cent/kWh €/kW u. Monat
Business-Energieverbrauch 3,0523 "
Elektrizititsabgabe 1,5 _

Stranded Costs 0,092 =
Okoenergiezuschlag 0,32 .
Netznutzungskosten 4,28 _

Netzverlust 0,17 _
Summe Strompreise 9,41 2
Netznutzung Leistung _ 5,45
Z =

cossnG cmm 18




Kostenaufstellung Kompressionskéltemaschine Kostenaufstellung Absorptionskiltemaschine
(01.04.2003 - 30.09.2003) {0108 2008 « S04, 2002)
Kilteleistung 120 kW Kalteleistung 120 kW
Leistungszahl (COP) 2,76 Anegen- | COb || Lofr | £ob
= = Leistungszahl (COP) cop_ 2003
Kihlenergiebedarf [kWh] 47730 0,36 0,5 0,6 0,7
Netznutzungskosten-leistungsbezogen [€] 2943 Kihlenergiebedarf [kWh] 47730 47730 | 47730 | 47730
Stromkosten [€] 1628 Netznutzungskosten [€] 1149 1149 1149 1149
G o Kal 571 Stromkosten [€] 450 450 450 450
e e Fernwarmekosten [€] 4491 | 3188 | 2657 | 2277
Kélteenergiekosten [€/kWh] 0,095 Gesamtkosten [€] 6090 4787 | 4256 | 3876
Spez. Kosten [€/kWh] 0,127 | 0,100 | 0,089 | 0,081
clssnc oy 19 cUsaNG Guen 20

. 1/ / 4 I / Vielen Dank fur die Aufmerksamkeit!

VA7 A 8 DI Dr. Richard Zweiler
VAVAW/RE e-mail: r.zweiler@renet-info.net
IAAIEEEERZEEER o
1

- N
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Ursula Eicker

ﬁggafh @ et

Thermische Kiihlung in Biomasse
Nahwarmenetzen

Prof. Dr. Ursula Eicker

Forschungszentrum Nachhaltige Energietechnik - zafh.net
Hochschule fiir Technik Stuttgart

Folle 1

ﬁi‘gafh @ et

POLYCITY: Stadtentwicklung mit geringem
Energiebedarf und erneuerbarer Energieversorgung

Konverslonsgebiet Scharnhauser
Park: 10000 Einwohner

80% ermeuerbare Energieversorgung
durch Biomasse BHKW und
Photovoltaik

Gebaude: 30% Verbrauchsreduktion

Folie 2

mfhrec Zentrum fir angewandte Forschung an Fachhochschulen
Prof. Dr. Ursula Eicker Nachhaltige Energietechnik
W Za Mt a

%;_;_zafh @ et

Biomasse Kraftwerk

T g e 2 S ey
ST AT

: A gt =
S R s e =)

; ﬂ %;,_zafh @ et

ol g Zentrum fir angewandte Forschung an Fachhochschulen
Machhaltige Energietachnik

A

ORC Prozess, 1 Mwel, 6 MW thermisch

Falle 3
zalhret Zentrum fir angewandte Forschung an Fachhochschulen Tt Zentrum fiir e an Fachhochschulen
Prof. Or. Ursula Eicker MIINQE itechnil Prof, Or. Ursuta Eicker mdt Fumbge&\ergl ik

‘wearw.zafh et

ﬁégafh @ et

ﬁl’;&;afh @ et

ORC Kraft-Warmekopplung Gesamtwarmeerzeugung
30000
Th. Power Gas = Blomass
(or) Gas Biomass El. Gen. Biomass % 25000 - o
[MWh/year] [MWh/year] [MWhjyear] [MWh/year] — [%] 3 20000 | o ] B KWK
% e o Koeffizient:
"~ 0,1405
2004 19,899 9,097 10,802 1,103 54.3% 15000 - P Jah m
E % wirkungs-
2005 23,306 6,086 17,220 1,212 73.9% E 10000 4 ?‘;:6 2007:
2006 24,255 4,539 19,716 278 81.3% 5000 J
2007 23,544 4,464 19,080 3,308 81.0% 0+ — . — — —
2004 2005 2006 2007
Fole 5 year Folie 6
mfhrer Zentrum fiir angewandte Forsch Fachhochschul o e
:*L“:m m for m.c.h.-gan o a; wmw;:m mmmmmm"::&aarmmm




E;_.___;afh @ et : ﬁ Eﬁ;}afh @ net

Jahres Lastgang im Scharnhauser Park Jahreslastgang Warme
Annual Distribution Annual M@;::Hnn curve

1 2any anti e I8/ 2007) e B £fin i S 1t o) .
it Zentrum fir angewandte Forschung an Fachhochschulen o re Zentrum fir angewandte Forschung an Fachhochschulen
m Or. Urnula Eicker Nachhaltige Energietechnik Prot. Or. u':ad- Machhaltige Energietechnik

E_.;afh @ et i &?{.‘-_._;afh @ et ﬁ

Dezentrale Thermische Kihiung im Kosten und Wirtschaftlichkeit aus Betreibersicht

Bauprojekt Elektror
Kélteerzeugung: 54.000,00 €
Elektrische Kompressionskalteanlage
mit Nasskiihiturm (COP = 4,0) (entfdlit bei Contracting mit SWE)
Warmeiibergabestation: 28.000,00 €
Kélteverteilung: 165.000,00 € (Betonkernaktivierung der
Geschossdecken)
Heizungsverteilung: 110.000,00 € (Unterflurkonvektoren)
Liiftungsanlage: 180.000,00 € (8500 m3/h )
Erdreichwarmetauscher: 12.000,00 € (Sole-Luft-Warmetauscher)
Regelungstechnik (Variante 1):___ 78.000,00 €
Summe: 627.000,00 €
roled Summe bei Contracting SWE: 573.000,00 € rote 10
et Zentrum fiir angewandte Forschung an Fachhochschulen af net Zentrum fiir angewandte Forschu Fachhochschulen
s Nachhaltige Energietechnik P D teode P mu?-aa;m Energietechnik
ﬁ;zafh @ et E’ zafh @ net i
Kéltekosten Planungsphase Kiltegestehungskosten in Euro/kWh
Heizenergiekosten: Lo
- Jahresheizwirmebedarf:  73.000 kWh/a e
- Energiepreis Fernwdrme: 0,055 €/kWh
Kaltekosten: e
- Jahreskaltebedarf 140.000 KWh/a o
- Energiepreis fiir Klte:
var'anta 1= % o @ Fomoressonskdhung
Absorptionskalteaniage v O Thersische Kikarg.
Betreiber: Elektror ca. 0,16 €/kWh
Variante 2: Elektrische o |
Kompressionskilteanlage
Betreiber: Elektror ca. 0,11 €/kWh
Variante 3:
bsorptionskalteaniagy iber Stadtwerke 2. < 0,11 €/kWh
Folie 11 Jahr Folie 12
e Zentrum fr Forsch Fachhochschulen e ot i
e B i B m fr angewandte Nam:lﬂuge Phisteleciresy e Zentrum fiir angewandte Forschung an Fachhnmsd’ulg:

e zafh net www.zafh it




Ursula Eicker

. zafh @ net
Planung und Ausfiihrung

-

erhhte Kihlenergiemengen, hishere Investkosten Kostenkalkulation
Planung: Max. Heizleistung| Max. Kiihlieistung nergieaufwand ;I r [ [ ]
meng menge bei 176.000kWh Kilte aus Warme mit Faktor 16
[kw] [kw] [MWh/a] [MWh/a] 281.600kWh Wirme nétig
Hauptgebiude 72 129
3280 m* 180 (55 W/m?) 90 (28 W/m?) (22 kWh/m2a) (39 kWh/m?a) bei 44,000kWh Kalte aus Strom mit Faktor 0,33
Laborgebiude 1 10 14.520kWh Strom nétig
280 m* 8 (29 W/m2) 15 (53 W/m2) (3,5 kWh/m2a) (36 kWh/m2a)
Strom fiir Pumpen +
lAusgefiihrt: Kiltebedarf | [ [ | | plus kW 2000h/a Riickkilhlwerk
Beton| 100kW 1.200h/a 120.000kWh/a 16.000kWh Strom
EDV Skw B.760h/a 43.800kWh/a
Buros 20kwW 400h/a 8.000kWh/a
; % Kapital- Absorption rm——
Labors o L2 4000 ey il P e I e
Absorption  175.000€ 114.000€ 9,63% 18.000€/a
80%  Uber Absorption (100 kW SC 30) 176.000kWh/a Kom 20000€ 20.000€  10,98% 2.200€/a
20%  (ber Kompressor (60 kW) 44,000kWh/a o
Tmfhrec Zentrum fiir angewandte Forschung an Fachhochschulen T net Zentrum fiir angewandte Forschung an Fachhochschulen
3"";:‘__:"" Nachhaltige Energietechnik Pret D, “‘:‘9"' Machhaltige Energictechnik
zafh @ net ﬂ ;. zafh @) net i
Investkosten Betriebskosten

Betriebskosten |
Wartung /Inst.haltung Absorber 1.000 €fa
Wartung /Inst.haltung Kihiturm 360 €fa
Wartung /Inst.haltung Einbindung 260 €fa
Bedienung 20 h/a x 40€ BOD €fa
Verwaltung/Versicherung (1% der [nvestition) 690 €fa
Summe 3.110 €fa 2200 €/a
2.521€
1%
Faie 15 Fobe 16
et Zentrum fir angewandte Forschung an Fachhochschulen Tt Zentrum fiir angewandte Forschung an Fachhochschulen
1[,;:::‘!,“ hhaltige E ietechnik Prof. Dr. Ursuta Eicker Machhaltige Energietechnik

E&;afh @ et

Kosten inklusive 35% Investforderung

Energiekosten
Absorptionskiltekosten 105 kW
Energiekosten | | | [Absorber| _ [Kompressor  Kapitalk u
Warme 281600kWh/a x 0,02€/kWh 5632€/a
Strom 14520kWhia x 0,12E€/kWh 1742€a
16000kWhia x 0,12€/KWh 1920€/a
Frischwasser 450mfa 1,77€/m? T96€/a
Abwasser 150md/a 1,98€m* 297€/a =
Wasserzshler 37€la Kalhekosten ohne
Summe Energiekosten 8682€/a 1742€/a Forderung:
Gesamisumme Absorption 28089€/a 7912€/a 16 Cents/kwh
Gesamikoslen Absorption .
plus Kompression 36001€/a Mit Férderung:
bel 220.000kWh Kalte 13 Cents/kWh
Preis 0,164€/kWh Kalte
Fobe 17 L J Folie 18
b ren Zentrum filr angewandte Forschung an Fachhochschulen 2 1t Zentrum fir angewandte Forschung an Fachhochschulen
:*D‘r‘ﬂun:m Nach hnlline Eﬂﬂ'ﬂ etachnik Prof. Dr, Ursubs Eicker Mact w En!rg etechnik

www.zafh net
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Gesamterlos inklusive Férderung

Gesamtkosten | _____| 28908 €/

%i‘.}afh @ net

Zusatzerlos Kraftwerksbetreiber

Gesamterldse mit 0,073  €/kWh Kilte
und Grundpreis von 15000 €/a 31060 €fa Stromverkauf: 281600 kWh mehr Warme mit 15% Stromwirkungsgrad 42240 kWh/a
’cﬂua%*““ 2152 €a e el
Summe: 17741 €/a
Foe 19 Folie 10
amm mmmmwmm?mmﬂ ﬁ:‘:” m&mmﬂ&a&m@k

i

At . o

> Fole 21
whret Zentrum fir angewandte Forschung an Fachhochschulen afh st Zentrum fiir angewandte Forschung an Fachhochschulen
Prof, Dr. Lirsuls Eicker " . Prof. Dr. Ursula Eicker
Nachhaltige Energietechnik Nachhaltige Energietechnik

ﬁb zafh @ et

Kélteleistung als Funktion der Generatortemperatur

160
140
120
100
E 80
< 604
20
£
5 o .
65 70 75 80 a5 a0 95
2l Generatoreinbitistemperatur / *C
v ——Simulation; @,in = 27°C ===-Datenblatt; ta,in = 27°C
a4 —Simulstion ta,in = 29°C ~n-Datenblatt; tajin = 29,5°C
- Simulation; tain = 31°C ~Datenblatt; tan = 31°C
il ta,in = 32°C - Datenblatt; tain = 32°C oo 3
m....' rls....' ikl ﬁ' mge &ww::




Ursula Eicker

ﬂ.zafh @ net | ﬂ

COP als Funktion Generatortemperatur

1
09
0,8
0,7
0,6

cor

05
04
0,3
02
01

0

65 70 75 80 a5 90 95
Generatoreintrittstemperatur | *C

——Simulation; ta,in = 27°C - Datenbiatt; ta,in = 27°C
——Simulation ta,in = 29°C - Datenbiatt; ta,in = 29,5°C
= Simulation; ta,in = 31°C -~ Datenblatt; ta,in = 31°C

— Simulation; ta,in = 32'C - Datenblatt; ta,in = 32°C

Folle 25

Eﬁ-ﬁ.}afh @ et | ﬁ

Kalteverteilung durch Bauteilaktivierung

® Reduktion Kélteleistung: ca. 30 - 40 %
(Speicherfahigkeit, langere Laufzeiten)
® Hoher Komfort

— ! " Foleds
ot Zentrum fir angewandte Forschung an Fachhochschulen Ty e Zentrum fir angewandte Forschung an Fachhochschulen
Prof. Or. Ursula Eicker Nack tige E: gietechni Prof, Dr. Ursuls Eicker Mact IEIEHBENU

W 2B et s v zafh net g ik

"'"'l-;-_,_‘_lzafh @ et

Heiz- und Kiihllast

‘Wirme/Kaltebedarf [ kKW

I

. zafh @ net

Massenstrom fiir Heizung und Kalte .
Gebdaude Elektror

35 4
10 “M_Genesator

L)
25

20

|
1
|
|
!
15 4

Massenstrom / m* bt

i A

8000
6000
Stunden Im Jahr
Folle 27 Folie 28
EE“:;M Zentrum fir angewandte Fﬂmals;ﬂd\miﬂi m’n: ke b Zentrum fiir angewandte Fﬂm&;gemﬁ
%@.’zafh @ et ﬁ.}-‘;zafh @net
Netzmassenstrome Massenstromerhohung
Annual msn;m characlerisbic -
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Fole 20 Folie 30
b ren Zentrum filr angewandte Forschung an Fachhochschulen i Zentrum fir angewandte Forschung an Fachhochschulen
Prof. Cr. Ursda Eicker Prof. D, Ursula Eickes

i Nachhaltige Energletechnik rk Nachhaltige Energietechnik
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ORC Wirkungsgrad Teillastverhalten

EL Wirkungs grad | Mittlers FLU skl a0t par snur
[T . Wirkungs gradvaraut
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Fote 31 10 0w E ] = ] [ Mme OTOM  ame Folie 32

* Zentrum fiir angewandte Forschung an Fachhochschulen o re Zentrum fir angewandte Forschung an Fachhochschuben
m"'""""' S Nachhaltige Energietechnik P D “’:“'“”" Nachhaltige Energietechnik

Zusammenfassung

® Thermische Kiihlung mit kostengiinstiger Abwérme
nahe der Wirtschaftlichkeit

B CO2 neutral bei Biomasse Kraft-Warme-Kopplung

m Erhdhung der Last im Netz verbessert Wirkungsgrad
und kompensiert teilweise Verluste durch héhere
Netztemperaturen

® Einbindung in Warmenetze erfordert hohe
Massenstréme — Hydraulik beachten

Fole33
Zentrum fir angewandte Forschung an Fachhochschulen
Nachhaltige Energietechnik

Fred, O Uiraude Excher
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Josef Fiireder

Nahwirmenetze in Osterreich

Potenziale, Chance und Risiken
: us Sicht der Fernwarmebetreiber

ENERGIEAG
—777T)

nwé—irmeprojekte_,

» 230 Anlagen
» 200 MW Leistung
» 360 km Leitungslange

Stand Ende 2007

ENERGIEAG
L Wime]

» Finanzierung:
Eigenmittel 256.000,-- (10,0%)

705.305,-- (27,5%)

756.540,-- (29,6%)

841.655,-- (32,9%)

Anschlusskosten
Forderung
Fremdmittelt

ENERGIEAG
——7T

Seite 98

' nwérmeprojektem

» ca. 1100 Anlagen

» ca. 1150 MW Leistung
Stand Ende 2006

ENERGIEAG
e

ﬁmter“ -_—

# Investitionskosten:

Baugrund und AufschlieBung 194,845, --

Baulichkeiten 460.000,--

Kessel und Heiztechnik 506.700,--

FW-Netz 954.885,--

Ubergabestationen und Zahler 232.810,--

Planung/Beratung 136.256,--

sonstige Kosten 74.001,--

Gesamtinvestition (netto) 2.559.500,--
ENERGIEAG
_______________ warmo]

’ ""QZMM,U-ste P -

» Betriebskosten [ Jahr:
Srm Mwh  €/Srm | Kosten/a

Waldhackgut 41% 2.197 1.791 | 19,90 | 43.724,-
Sagenebenprodukte 19% | 1.383 830 | 14,00 | 19.363,-
Biogaseinspeisung 40% 1.747 41.928, -
Brennstoffkosten gesamt | [ [ 1 105.015,-
Personalkosten 10.988,-
Instandhaltung, Service, Versicherung 14.147 -
Stromkosten (1,8 €/MWh BWL) 7.862,-

ENERGIEAG

T




e, Muster®

» Technische Daten:
Kessel 1 1.100 kW
Kessel 2 550 kw
Bicgaseinspaisung 250 kW
Anschlussleistung 2.561 kw
Abnehmeranzahl 110
Verkaufte Energie 2.797 MWh/a
Netzverluste 1.056 MWh/a
Erforderliche Brennstoffwarme 4.368 MWh/a
Netzlange 4.975m
ENERGIEAG ENERGIEAG

e nw&tha P N
lenschema mit Biogaseinspeisung
. c:: B Be wm
! =
B— b § e

T o
ic-‘r.r.% =

Fumgan Bal b slderg Bin \gein
Ehirmek ot

el I ==

sl lli—e
<l iti=e [ 1L < 1=
[ T
ENERGIEAG ENERGIEAG
L Wirmo]

EN_ERGIEAG ENERGIEAG
——T
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Josef Fiireder

‘Fernwarme Gutau Fernwarme Gutau

ENERGIEAG
e

Fernwarme Gutau - Fernwarme Gutau
|

!!I_"!J!illl |

-

ENERGIEAG

Wirme

. Wime]
%rnwérme Cutau g‘é’trlebswelse‘ﬁzmwarmenetz

~Muster"

Tabrweine “neu®

ENERGIEAG ENERGIEAG
7T 7T
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» Brennstoff
60 % Sagenebenprodukte: 14,00 €/Srm

40 % Waldhackgut: 19,90 €/Srm
» Heizwert: 0,65 MWh/Srm
= Wirkungsgrad: 1 =80%

U

Erzeugungskosten Normalbetrieb 31,46 €/MWh

-~ Absorptionskalte Erzeugungskosten 31,46 €/MWh
1 F ; - /MW
gesamt -=-- €/MWh
ENERGIEAG
Wi

e e en Sie uns:

Energie AG Oberosterreich
Wadrme GmbH
Béhmerwaldstralte 3

A-4020 Linz

Tel.: +43 (0)732/90510-0
Fax: +43 (0)732/90510-3463
www.energieagwaerme.at

ENERGIEAG
T

ri,e-ernwérmenetz _
e . -‘

onskalte < Absorptionskalte

» Kompressionskalte

Stromkosten: 120,00 €/MWh
E=3
> Kalte: 40,00 €/MWh
5 Wiarme: 40,90 €/MWh

+» Investitionskosten: Faktor 2 -3 héher
» Vorteil: CO;-Reduktion

ENERGIEAG
E——TT

ENERGIEAG
L Wwarmo]




Werner Pink

Problemfeld Kiihlung

— =
==

Hoher Stromverbrauch

Fiir Erdklima
problematische
Kaltemittel

Konventionelle /
elektrisch betriebene /
Kaltemaschine

Thermisch angetriebene Kiltemaschinen im kleinen
Leistungsbereich - aktuelle Entwicklungen,

Forschungsschwerpunkte und Einbindung in Fernwarmenetze
Netziiberlastung

Black Out

Wermner Pink, Pink GmbH, SclarNext Team Austria

Martin Stocker, Danfoss-Nopro GmbH
: I
PANK) =
SOLARNEXT

@Ng‘ SOLARME x.?‘:;:_

hnik als eine Al Magliche Warmequellen fiir thermisch angetriebene Kaltemaschinen

Fernwiirme

Umweltfreundliche
Kéltemittel

Antrieb durch Warme

* Absorptions- s
. kéltemasching”

Geringer Strombedarf =
Geringe CO5-
Geringe Netzbelastung Emissionen aus
Kraftwerksprozessen

CINK counmnier= R EINKY sooppe?

ARMEXT

o o et W Pk - 01 [ 2008

kalt hi ittl und groBer Lei

Thermisches Kihlen - Pri

Riickkithlwerk
{z.B. Nasskithiturm}

Kilteabgabe durch

Thermisch angetriebene Kiihldecke oder FanCoils
Kiltemaschine
PANKY =
=
k‘_ H 4 SOLARMEXT
! iy et vou L T —————r AR

8 Ps Grert | Thamemmcinabeo Kuvien o F s | Wissmar Pk . 01 04 2008




Adsorpti il hi mittlerer und grofer Leistungen Aktuelle Entwickl von Absorptionskal hi kleiner Lei (L]

Wassaer/ Lithiumbromid (H,0/ LiBr)

i (17.5 - 105 K

Mayekawa | M W) Nashiyado (70 - 525 kW)

=
K -
SOLARMEXT

Aktuelle Entwicklungen von Absorptionskil hi kleinar Loistungen (2) Aktuelle Entwi von Absorptionskal i kleiner Lei: gen (3)
Wasser | Lithiumclorid (H,0/ LiCl) Ammoniak | Wasser (NH, /| H,0)
Climatawall {10 KW}
Ammoniak [ Wasser (NH, [ H,0)
ABB (15 kW) s 5 KW, R AoSol (B kW, air-cooled)

Gewinner
Energy Globe Styria Award

/ chillii* PSC 10 KW

Eigenantwickiung

BN ouppueT™ A @INKY

Aktuelle i von Ad ionskalt, hi kleiner Lei Prifstand fir thermische Kal hil kleiner Lei bei Pink

Wassar | Silica Gal (H,0/8i0)

Shanghs

|

Wasser [ Zoolith (H,0/ Zealith)

SorTach (7.5 KW)

} chillii* STC 8

s { Wonrmar Pk 11 04 7008 - oy e b s

" p—
EINRY commert CINKY cornmmert=




Werner Pink

Lei Beispiel Nominalbedi chillii PSC10) Ki ispi i i chillii PSC10, Kaltwasser 12/6°C)
chillll PSC10 - AbsorplionskGhlung ]
[ty — 1t WHMe RLKte Vit — R Wity —Fivasts —COP (0] | : 3 ey
%0 e i - A =
ETER T 54 | 78
® I
e 30 410 ~ %
n — A Fa An w3 450 -
'l( — =) Ve
AN ARV .
“ v v Killtslaiatung - chilll PSC 10 COP - chilli PSC 10
g, o o - e —.
20 ——E 800 =i
PP, A n AN = =l [ T N
i WA I\ & £ e i
. 0 Eato
4 &2 A —= £ ; =
0 i / 00 i /
2 0 ~ o ST
.. [/
——————r——= 1 - o .
3 o ™a O Mo e wWe B0 10 W T om0 mo  wWe s 100
S ot S P Tt T Py [ e w— ] Elmrimssmparatur s bwasear ['C]
™
@Nb SOLARMNEXT @Nb SOLARNMEXT
v Gortrd | Thamensoratop Hutven mil Famedeme | Wase Pk - 08 08 2008 Roonts ntwengy Aor weld © P Goers | Thememart anag Kuvien mil F e | Weres Fre - 08 04 2008 chiy ey b vns
Druckverl el (Beispiel Nominalbedingungen chillii PSC10) Abschi dar Vor- und Nachteile durch N imulati
——
T 1 Tt e g S oot i o
heating circuit %] WEHGL PEE PARES  mF—
n
900 £
800 L -
700 // ot
o =t
500 L | ™" t0-cooling circast —
400 | ~ — :
300 P | e
100 — 1
ap o | ]
fmbarl 6 o5 1 185 2 25 3 35 4 45 5 55
volume flow [m*h]
sl Sokarlen i
é & e
@NE\ SOLARMEXT @Nb SOLARMEXT
6 i G Trwmemearkancs il o e | Voemer P <1 4 2008 e o o P G it i s B e PN .04 2000 by i o
Netzsimulation Sommerbetrieb (ohne und mit AKM) Zusammenfassung
Viel versprechende aktuelle Entwicklungen im kleinen Leistungsberaich

Ersta Maschinen beraits varfugbar
Osterreichische Kompetenzen in der Maschinen- und Systementwicklung
Analyse der verfiigbaren Technologien am eigenen Priifstand méglich

Weiterfiihrende Maschinenentwicklungen erforderlich, um den speziellen
Anforderungen der Netzeinbindung gerecht zu werden

Umf; Je Analyse jeder gepl Netzeinbindung unbedingt erforderich
- Probleme im laufenden Netzbatrieb (Bypass)?
Aftrakiivitat des Sommerbetriebes
Positionierung der AKM
- Méglichkeit der Abwarmanutzung?

@N?\ SOLARMEXT — @Nb SOLARMEXT

8 Fiem Gomrt | Thamenmcnuhap Kufen ol F e | Wessmar Pk - (11 04 2008 [ -

10/ G | Tismassasricahiog KM 1 Farmvserss W armae Pink . 04 04 2008 ey mrngy low yous
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Visualisi .
Fuhrend im Fernwirmebereich 1iNARIOy

Deafil

wamMmaesystame ‘ aesmbh

B—B—G—h—

Heizwerk Netzumterstation Bro- und Wohnhiuser
Wohngebaude . Wehnungen

Einfamilenhiuser

q —_—
N =
4 soLamnExT
ehe i

6 Pem Gort ) Thamancribea: Hibden ot semsriers | Woarmad Pk . 11 04 30008 « ks 1 Pk Gt ) Tt KLt 1 Farmaere { Wmmes Pk % 04 3008

Cockpit Betriehsfihrungssystem

X
Lo
+

|

i

- - il
PINID =
¥ SOLARNEXT
&PV Gt ) Thammmwonat Kupen vl F e | foesmer Pk - 01 08 008 s wrwngy © Pk Gamid | Thamansericifip Kiittan md e ( Wemar Pk - (1 04 2008

Automatische Abrechnung

M Kontakt

- MiBEE bW e DR LR 8 OD00 € 0

— J

prmra——"

= EGNI

Dipl.-Ing. (FH) Werner Pink
= Dipl.-Ing. Christian Halmdienst
e ol
e e
e -—u Pink GmbH
—— - — Energie- und Speichartechnik
E‘i—‘:fu':;:::::- E = Bahnhofstrasse 22
Sl ie o BBES Langenwang
e S = B2 AUSTRIA
—_—

Tel.: +43 (D) 3854 - 3666
Fax: +43 (0) 3854 - 3666 - 4
w.pinkE@pink.co a1
g.halmdienst@pink co al

www.pink.co at

=
—
@Nb SOLARMEXT —

B L T —— T TV oy e b yens LT ——

o104 2008

EINKY onmn

Dasfell

Mag. Ing. Martin Stocker

Canfoss Mopro GmbH
8842 Katsch/Mur 203
AUSTRIA

Tel.: +#43 (0) 3588 - 8810
Fax: +43 (0) 3588 — 47 945
martin stocker@danfoss. com

www nopro danfoss com
www at danfoss com
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Alfred Hammerschmid

Kraft-Warme-Kélte-Kopplung in Fussach
Biomasse-Heizkraftwerk Fussach - ,,Projekt Biostrom*

Dipl.-Ing. Alfred Hammerschmid

g iy,
)

<

% \° r-
“argawt

BIOS BIOENERGIESYSTEME GmbH
Inffeldgasse 21b, A-8010 Graz, Austria
TEL.: +43 (316) 481300; FAX: +43 (316) 4313004
E-MAIL: schmid@bios: gy.at
HOMEPAGE: http:/iwww.bios-biosnergy.at

Biomasse-Kraft-Wirme-Kélte-Kopplung
BIOSTROM, Fussach

o BIOENERGIESYSTEME OmbH
%r‘;;‘nr“ Infeldgasse 21b, A-8010 Graz

FANY

ey,
S

“"rﬁ'i‘-l" Inffeldgosse 21b, A-8010 Graz Gllodcrung

» Uberblick Gesamtkonzeption
» Technische Daten

~ Betriebsdaten

» Erfahrungen

# Zukiinftige Entwicklungen

# Fallbeispiel

» Zusammenfassung und Empfehlungen

i+~ . BIOENERGIESYSTEME GmbH
"‘r?-“i‘»“ Infleldgasse 21b, A-8010 Graz

- BIOEN GmbH
“eriir’ iidgssse 21, 49010 Grax Technische Daten Gesamtanlage
e T—
Fausnng it 20r% L 750 W
) Feusnng 7.600 W
Hennisistung Thesmodiassal und Thamod-ECO 6.200 WW
Mennleistung Wamraasser Economiser 1.000 WW
tharmische Nutzisstng 5800 ¥
[Fem- und Prozesswinme)
Elekirische Nellisistng ORC 1.100 W
Th 3200 W
Kateiaalang ALsoeponsrblierashine 2400 KW
“arm- und F 2600 WW
Erzougte Whme aus Biomasss 41500 MWhia
Erzougher Strom sus Biomusse 5250 MWh's
Erzeughe Kilte aus Biomasse 18,000 MWh'a
SMLGM 2400 MWh'n
Primirenergie
Attholz (O1 b O4) TBO000 Smia
Ervrsatate BrennstcSonesga 58500 MWhn
Gesamlinvestitionen
Houbafweh 6,14 Mio €
Faarentrale Alpla 1,35 Mio €
Fermwhrmetrasse zur Kilerentrale 0,50 Mio €

Innovationen

Technologieinnovationen

Erste Biomasse-Kraft-Wisme-Kalte-Kopplung auf ORC-Basis in Ostereich

i i Eison- und Nicht-Elen-Meta

* Low-NO,: it okal 2 Fischan
und CFD-oplimienter Geometrie

. it und
und geireg: it

. mit

= Verstromung des Altholzes mittels ORC-Prozess

. 9 ORC-Prozess
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Absorptionskéltemaschine . i
Funktionsweise gt Inffeldgasse 21b, A-B010 Graz An"wm Kéltezentrale
Heifwasser Vorlauf 82°C . -
201 m*/h Wasserdampi
50 mbar abs, Kithhwasser 30°C
Heifiwasser Riicklauf b?a(é 2200 kW Q= 2780 K
Losugspumpe
kone. Losung 6096 Lilie Was
W 5°C & mbar abs,
£ 8°C = ; it Kk ‘Zg
iy Q=2400 KW Q=2820 KW preegen)
Kal Ipumy Lissungspumy I
desullieries Wasser werd. Losung 54% LiBy
*
N _’: RN Y TEME B Absorptionskéltemaschine oy | Absorptionskéltemaschine
SR Inflekigases 215, A1 Grex Technische Daten (1) *a7iin™  Inffeldgasse 21b, A-8010 Graz Technische Daten (ll)
Kilhlwasser:
Eintrittstemperatur: 3°C
Austrittstemperatur: wc Abmessungen der Maschine;
Abzufihrende Wirme (Ausiegung): 5600k Liinge (iiber Rohrplatten | Flansche ): 9.000/9.600 mm
Kaltwasser: Breite: 3.300 mm
Eintrittstemparatur: B°C Hohe: 4.000 mm
Austrittstemperatur: 5°C
Kilteleistung: 2,400 KW Gewichte:
Leistungsbersich (Kilte): von 500 bis 2400 kW Leergewicht: 45.000 kg
Min. Jahresvollaststunden: 7.500 hia Betriebsgewicht: 55,000 kg
HelBwassar: Stértaligewicht: 50.000 kg
Eintrittstamparatur: 8z*c
Austrittstemporatur: 7°C
Max. Wirmeverbrauch (Auslegung): 3.200 kW
Elektrotachnische Einrichtungen:
Elektrischer Leistungsverbrauch: 18 kW
WML, ray,
Ly ey L
Y A ¥ L
P/ g IRCHEMIEIS LIS Y NN Y] d BIOENERGIES YSTEME GmbH
Poriies” inftdpse 210, 510 Grax Energieflultbild it miiomen t Aot b ORC-Anlage
Heizkraftwerk Kiiltezentrale

1 Regenerator 5 Umwaélzpumpe 9 Fernwarme-Ricklauf
2 Kondensator 6 Vorwarmer 10 Thermodl-Vorlauf
3 Turbine 7 Verdampfer 11 Thermodl-Ricklauf

4 Elektrischer Generator 8 Fernwarme-Vorlauf
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Alfred Hammerschmid

®uiiies”  Inffoldgasse 21b, A-8010 Graz Teillastverhalten ORc-Aﬂhgi
20,0%
_180% W
£ 160%
g ‘m Olmmm B3¥'C
2
g 12,0%
§ 10.0%
B.0%
é oo%
4.0%
]
© 2%
0,0%
0,0% 20,0% 40,0% 60,0% £0,0% 100,0% 120,0%
aloktrische Nottoloistung [%]
i,
LWy _
A | BIOENERGIESYSTEME GmbH Absorptionskiltemaschine
“argia’  Infieldgasse 21b, A-8010 Graz Ferﬂgung_

Absorptionskiltemaschine

Aufstellung

ORC-Prozess —
Einsatzbereich und Anwendungen

.." & IOENERGIESYSTEME GmibH
. Inffeldgasse 21b, A-8010 Graz

Taew®

Einsatzbereich:
» Dezentrale KWK im Leistungsbereich zwischen 200 und 2.000 kW,

Vorteile:

» Ausgezeichnete Teillastfahigkeit und Lastwechselfihigkeit
(sehr wichtig fiir wirmegefiihrten Betrieb)

» Guter elektrischer Wirkungsgrad fiir Kleinanlagen
# Hohe Automatisierbarkeit (sehr niedriger Personalaufwand)

» Geschlossene Kreisldufe (niedrige Betriebskosten)

Anwendungen:

» Rund 70 Anlagen in 0,1, D, CH, CZ, PL und NL
bereits in Betrieb bzw. gerade in Errichtung

Absorptionskéltemaschine
Transport

BIOENERGIESYSTEME GmbH
Inffeldgasse 21b, A-8010 Graz

z .,. BIOENERGIESYSTEME GmbH
“ricw Inftldgasss 21b, A-5010 Graz Klimadaten Sommertag
= Tamperatu ['C]
»- Lufthouchin [%]
Feuchtugetempentur ['C]

100

oa A a A
Y TAYTAR

0 L - T
21Jun05  22-Jun05 23-JundS 24-Jun05 25-Jun05 26-Jun-05
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ghmiLy,
FLer
o BORERGESYSTENE Gl Betriebsdaten "' ol e Kilteleistung versus
PRI Mgl STl AW Oria Absorptionskiltemaschine wign  inmeagass 216, #2006z Kilhlwasser- und HeiRwassertemperatur
.:n Betrisbsdaten Absorber i &
— | Mégliche Kilteleistungen Absorber
P — — 4.000 -
. - e T_HW-=85"C
300 _ 500 | T_HW-ameTOC
] § <o | .-‘-.'“‘-t :+{:mm |
w0 i' _— \ |
o % L g 2000
4 2 s |
....... - St 3 i |
W T L Kansleistang RW] rromet e . 2 il
Kk amssarenintt —EM 1 Betriel -
——HXM2 Detrieb "0
— = ————— — 20 n ) Fx} M 25 26 xn 28 =] 30
= ——— e = =1} b 760 ')
DasemUhrait
P '--:“;’0
- .‘\'"".' -
v A A =
%-_b-". BIOENERGIESYSTEME GmbH ".'s’kuhlmm ':ﬂ;' BIOENERGIESYSTEME GmbH
viaws’  Infieidgasse 210, A-9010 Graz Kennfeld i’ ntildgasse 216, A5010 Graz Betriebserfahrungen (1)

Kihlwassertemperaturen bei 700 m'fh
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# Sehr hohe Verfiigbarkeit der Absorptionskéltemaschine und der
Biomasse-KWK-Anlage

» Wartung & Instandhaltung
Absorber:
etwa 5 h / Woche fiir Kontrolititigkeiten; 1 x /[Jahr Analyse Arbeitsmittel
Offener Kiihlkreislauf:
téglich etwa 1 h fiir Kontrollen und Wasseranalysen; ca. alle 2-3 Jahre
Reinigung des gesamten Kiihlkreislaufes

#» Regelung der Gesamtanlage nach wirtschaftlichem
Optimierungskriterium als grofe Herausforderung (bei
unterschiedlichem Aufienklima, Optimierung von —
Kiihlwassertemperatur, HeiBwassertemperatur,
Eigenstrombedarf, Okostromerzeugung, Brennstoffbedarf)

» GleichméaRige Heilwasser-Vorlauftemperatur der Biomasse-KWK
ist wichtig fiir genaue Regelung der Kalteerzeugung

# Absorptionskaltemaschine hat eine Tréagheit von ca. 15 min (d.h.
Verdnderung der Kilteleistung nach Betdtigung des
HeiBwasserventils)

# 1°C hohere | niedrigere Warmwasser-Vorlauftemperatur bei der
ORC-Anlage = 0,5% niedrigere / hhere elektrische Leistung

» Regelung der Kaltwassertemperatur auf +/- 0,5°C maglich

» Sehr rasche Lastschwankungen sind durch Kaltwasser-
zwischenbecken auszugleichen

| e & BIOENERGIESYSTEME GmbH
"‘%‘i‘» Inffaldgassa 21b, A-B010 Graz

Zukiinftige Entwicklungen (1)
» Anwendungsgebiete
Fernwarmenetze:
a) Kalteproduktion d tral bei gewihlten Fernwirme/kiltekunden

b) Kilteproduktion zentral im Heizkraftwerk und Verteilung iiber eigenes
Kiltenetz

Gewerbe/Industriebetriebe:

a) Prozesskilteproduktion

b) Verbrennungsluftkiihlung fiir Gasturbinenanlagen

c) Warmeriickg wng aus Abgask | tionsanlagen

(Absorptionswidrmepumpen)
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BIOENERGIESYSTEME GmbH
\l‘all’ Infleldgasse Z1b, A-8010 Graz

Zukiinftige Entwicklungen (Il)

BIOENERGIESYSTEME GmbH
-" Inffeldgasse 216, A-8010 Graz

Zukiinftige Entwicklungen (Il

» Auslegungskriterien

Kaltwasser:

- Genaue Analyse der Ganglinien und Temperaturanforderungen

- Moglichkeit von Speichersystemen priifen

- Mengenkonstante oder mengenvariable Regelung priifen

- Pumpstrombedarf beachten

HeiBwasser:

- Festlegung der max. Vorlauftemperatur (> 110°C = iiberwachungs-

pflichtige Druckgeréte)

- Mengenvariable Regelung versus hohes COP bei Teillast

sioenerciesvsTENe amnyy J2NFESdaverlinie Fernwérmeversorgung -
%.ﬂ‘.p“ Inffeldgasse 21b, A-B010 Graz

Potential Kélteerzeugung
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Kiihlwasser:

- Lokale Klimadaten und Entwicklungen beriicksichtigen

- Genaue Priifung des am besten geeigneten Kihlverfahren

- Evaluierung offenes / geschlossenes System und hydraulische Weichen
- Exakte Voranalysen des Kiihlwassers und Mengenverfiigbarkeit

- Geeignete Wasseraufbereitung vorsehen

- Ausreichende Berii gung der Foulingfaktoren fiir die
Flichenreserven der Wirmetauscher (Absorber und Kondensator)

- Werkstoffwahl aller Kiihlwasserberiihrten Teile von grofier Bedeutung

- Evtl. automatische Wéarmetauscherreinigung im Betrieb vorsehen

- Mengenkonstante oder mengenvariable Regelung priifen

ORC-Prozess — Lastwechselverhalten
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» Grundlast-Kilteversorgung fiir Motorenwerk eines Automobilherstellers:

~ Kilteleistung 4.000 kW
Erzeugte Kilteenergie 32.000 MWhia
Kiihlwassertemperatur 3anTec
Kaltwasser 6/12°C
Heiflwasser 85/70°C
Wirmepreis 25,- EMWh
Kilteprais 65,- €/MWh
Strompreis 100,- €/MWh
Nasskihlturm unter Ver g von Fri als Zu
Verzinsung 7% p.a.
Investition Kalt gung (ohne Wi lage} 1,6 Mio €

# - Amortisationszeit ca. 6 Jahre

#» Absorptionskaltemaschinen fiir Niedertemperaturanwendungen
sind gut entwickelt

» ORC-Anlagen lassen sich mit Absorptionskéltemaschinen
aufgrund der HeiBwassertemperaturen sehr giinstig kombinieren

» Investitions- und Betriebskosten (insbesondere Pumpstrom) fiir
die hydraulische Anlage sind ganz wesentlich von den gewihiten
Spreizungen auf Kaltwasser- und Kiihlwasserseite abhingig

» Betrichtliche Stromeinsparungen und CO, -Reduktionen durch
Biomasse-Kraft-Warme-Kilte-Kopplung mdglich

~ Die Kélteerzeugung bendtigt relativ hohe Vollaststunden
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Y ‘—L '_I_i“ TS Zusammenfassung und
""r‘&é’»“ Infeldgasss 21k, A-8010 Graz. Empfohlungen ““

» Die Hauptkriterien fiir die Wirtschaftlichkeit von
Niedertemperatur-Absorptionskiltemaschinen sind der erzielbare
Warmepreis der Biomasse-KWK-Anlage, die verfiigbare
Kiihlwasserbereitung und der Strompreis fiir eine vergleichbare
Kilteerzeugung mit Kompressionskaltemaschine

# Bei in Zukunft zu erwartenden steigenden Strompreisen werden
Absorptionskéltemaschinen in Biomasse-KWK-Anlagen verstarkt
Anwendung finden kénnen.

Danke fiir
lhre Aufmerksamkeit

BIOS BIOENERGIESYSTEME GmbH
Inffeldgasse 21b, A-8010 Graz, Austria
TEL.: +43 (316) 481300; FAX: +43 (316) 4813004
E-MAIL: h hmid@bios-bioenergy.at

HOMEPAGE: http:/iwww.blos-bloenergy.at
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Treiber & Herausforderungen

—FERNWARME WIEN—
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« Kédltemarkt und Kunden
* Preise und Kosten
 Energieversorgung

* Umweltrelevanz

* Rahmenbedingungen
» Komfort
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Kaltemarkt und Kunden

8 KALTEZENTRA
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In Summe
. >200 MW Kalteleistung
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Investkosten
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Ausbau District Cooling in Schweden
EU-Projekt Summerheat: Technology-Report
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Energieversorgung ”?E.:W‘ Energieversorgung E i

Studie EcoHeatCool: Niedriger Primarenergieverbrauch durch Nutzung von o s ) gt

Abwirme aus Abfallverbrennung und Free-Cooling e rm————
000 Gesamte Engpassleistung 2.800 MW
iy Hochstlast am 24.01.06 2.308 MW
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Rabhmenbedingungen

~FERNWARME WIEN—

+ Klimaschutzprogramm der Stadt Wien:
Ausbau Femwarme auf 50% Markianted
Einsatz Femkalte, FreeCooling, Sclare Kihiung 200MW

+ EU-Richtlinien
Gebauderichlinia: Artkel 5
Alternativenprifung 1 neve Geblude >1000 m? in Bezug aul
Anschluss Fernwirme bew. Fernking

+ Forderprogramme (Umwelt, Energieeffizienz, Kyoto)

Netional
EU

e ENERGIE

3 SUMMERHEAT Nochhaltig thermisch Khlen 1. April 2008 RN

konkrete Projekte

21 Objekte

Nach Encausbau:
Spitzenlast 10 MW

AKM 6,5 MW

KKM 3,5 MW

e @ENERGlE
)SIJMMERHE_AT Machhaltig thermisch Kiihlen 1. April 2008 LY BT ™o
konkrete Projekte = L mm“ wfﬁ

Von November bis April steht mit dem Donaukanal
eine Free-Cooling Quelle zur Verfiigung

LGl
3 SUMMERHEAT

Machhaltig tharmisch Kithlen 1. April 2008

=i= WIAEN ENENGIE
Komfort ~ FERNWARME WIEN =
KALTEZENTRALE KALTEHAUSSTATION
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) SUMMERHEAT Nachhaltig thermisch Kiihlen 1. April 2008 'ﬁ'l VAT R Mo

WIEN ENERGIE

~FERNWARME WIEH -

krete Projekte ar

Kaltezentrale Spittelau
am Geléinde der MVA
geplante Spitzenlast 50 MW Kalte

Kaltekunden in geringer Entfernung: AKH, Skyline-
Borokomplex, Technologiezentrum der Univ. fir
Bodenkultur, Birogebaude Muthgasse,...........

Jazz

Kiihlen 1. April 2008

konkrete Projekte

~FERNWARME WIEN

mmm‘

Idealisierte optimale Einsatzstrategie der unterschiedlichen
Technologien in der Kéltezentrale Spittelau bei Vollausbau

Jan Feb Mar Apr Mai Jun Jul Aug Sep Okt Nov Dez

)
5st AT

LJENERGIE

Kiihlan 1. April 2008
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Vorteile fiir Kaltekunden
wirtschaftlich giinstige Kalteversorgung
geringer Platzbedarf, Komfortgewinn
keine Kihltdrme (Schall, Legionellen)
kein Kaltemittelrisiko

Erhéhung der Vi gungssich

umweltrelevante Aspekte:

Reduktion des Pri gieeinsatzes durch Nutzung
von Abwarme anstatt Strom
Reduktion der Treibhausgasemissionen

Geringere Leckrate bzw. unbedenkliche Kaltemittel

volkswirtschaftliche — energiepolitische Aspekte:
Reduktion der rlichen Strom-Lei t
Reduktion der Primérenergieimporte

e
) SUMMERHEAT MNachhaltig thermisch Kahlen 1. April 2008

Danke fiir lhre Aufmerksamkeit

DI Adolf Penthor
Leiter Engineering
Fernwarme Wien

WIEN ENERGIE

—FERNWARME WIEN -

et
} SUMMERHEAT

Nachhaltig thermisch Kihlen 1. April 2008

Cunaasacs —FERNWARME WIEN—

em of Sp: nd no
city for new chiller

Caisse des Dépots : 66 000m2 = Reduce operation cost

MK2 (Cinem 37 000m2 = Space saving; 300 seats more
AXA 37 000m2 sfe .
. p—
32 000m2 - Space saving on the top and
underground lo put cellar for wing'
15.000m2 = Cooling secw Lglectrical
power failun

36.000m2 SkTLT .

Regs
} SUMMERHEAT

Intelligent Energy I
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weitere Informationen / further information: www.e2050.at
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e > 4
arsenal research FORSCHUNGS ( , sERGIE

Ein Untemehmen der Austrian Ressarch Canters DEA KOOPERATION  sixtH rrAMEWORK Eamw r Zukunft

PROGRAMME

ENERGIE 2050 - Eine Initiative des BMVIT - An Initiative by the BMVIT

Bundesministerium fiir Verkehr, Austrian Ministry for Transport,
Innovation und Technologie Innovation and Tech j
Abteilung fiir Energie- und Division of Energy- an
Umwelttechnologien Environmental Technolo
Leitung: DI Michael Paula Head of Division: DI

1010 Wien, Renngasse 5 1010 Vienna, Austria,

bom@di




