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ABSTRACT

High energy savings can be expected from building energy and climate concepts which combine
the heat pump technology with a low temperature energy distributions such as concrete core
water pipe circuits within building zones. The paper describes two case studies of a heat pump
plant for heating and cooling of nonresidential buildings. For concept comparison purposes a
global objective function will be developed in the frame of IEA-ECBCS Annex 48 and has been
partially tested by using project constrains, thermal comfort expectations and lifecycle costs of the
foccused case studies.
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INTRODUCTION

Heat pumps operate most effectively when the temperature difference between the
heat source and heat sink is small. Therefore, the heat distribution temperature for
space heating heat pumps should be kept as low as possible during the heating
season. Furthermore, the cold distribution temperature for space cooling heat pumps
should be kept as high as possible during the cooling season. Both demands can be
satisfied by concrete core water pipe circuits working as large heat exchange areas
within the occupied building zones. Another advantage of these systems is the direct
radiative deliverance of sensible cooling to the building occupants which allows to
decouple maximum air delivery from the cooling load and which also allows to work
with approx. 1 to 3 K higher setpoint values for the indoor air in comparison to
classical air-conditioning. But previous demonstration and monitoring projects in
Germany show lacks in the optimal operation of heat pump systems associated to
ground heat exchangers. Therefore, in the frame of the new IEA-ECBCS Annex 48
the German contribution will foccus on a design and operation guide for heat pump
systems with ground heat exchangers for heating and cooling of non residential
buildings. Case studies on realized building projects supported with simulation
studies will help to develop a design and operation tool for future energy and indoor
climate concepts based on heat pump technology.

OBJECTIVE FUNCTION

The advantage of a building energy and indoor climate concept can only be proved,



if we nummerically combine a lifecycle cost balance with expected deviations from
thermal comfort. This leads to a mathematical optimization exercise which is the
minimization of a global objective function for design and systems comparison
purposes. Equtions 1 to 9 show a first approach of such an objective function as a
provocational base for further discussions and development in the working phase of
Annex 48 which has just started in July 2006. The basic idea is simply a weighted
addition of total costs (costs) to expected or measured deviations from thermal
comfort (disco: discomfort). The paramteres f (1,..6) are weighting factors and have
not been estimated yet. The indoor thermal comfort variables are temperature,
humidity and air velocity based on dynamic building and system simulations.

CASE STUDIES

Table 1 and Figure 1 to 5 show selected data, pictures and schemes of two case
studies which will be analyzed in more detail within IEA Annex 48. The upper part of
Table 1 summerizes general data of the buildings and the heat pump equipment. The
lower part of Table 1 includes a mixture of measured and calculated values of the
objective function. The building of Case study 2 is now under construction. This gives
the chance of implementing a detailed monitoring programme for both thermal
comfort evaluation and energy system analysis. Case study 1 describes a 3 years old
building located near Karlsruhe. Case study 2 will be located in Munster. Both
buildings belong to the same investor who strongly supports comparisons between
set point values and reached values in order to promote better future building energy
concepts based on a ground heat exchangers, heat pumps and thermal activation of
concrete ceilings.

ANNEX 48 EXPECTATIONS

The following issues will be developed and tested not only by simulations but also by
real implementations followed by a long period monitoring programme:

a global objective function for design and systems comparison purposes.

a design, commissioning and operation manual for reversible heat pumping.
heat pump system design depending on heat source temperature.

potential of optimal 3D temperature field generated by “energy columns”.
potential of discharging of the ground storage during heating operation.
potential of charging during cooling operation (free cooling, or chilling mode).
description of optimied daily and seasonally control strategies.

how to minimize additional cooling and heating equipments.

The work of the German group for Annex 48 will lead to a computer based
engineering guide. This innovative tool should support HVAC designers not only in
design and evaluation of an optimal energy and climate concepts but also during the
followed detailed planning and operation procedures of component sizing, description
of commissioning procedures and control strategis as shown in Figure 6.
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Figure 1:
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Building in
Karlsruhe
(Case Study 1)
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Figure 2: Energy Concept (Case Study 1)

Figure 3: Commercial Building in Minster (Case Study 2)
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Figure 4: Plant Scheme (Case Study 2)



Table 1: Case Studies

pipes, depth 8 m

Case Study 1 Case Study 2
Karlsruhe Manster
Basic Building Project Data
office area [m2] 4000 13500
heating load [kW] 120 500
cooling load [kW] 150 420
building costs [Euro] 12000000 30000000
(construction + plant)
heat pump size [kW] 40 130
(electrical power)
ground heat exchanger 120 concrete pile 76 borehole

pipes, depth 100 m

Objective Function Parts

costs [Euro/ 20 years]

energy electricity
fuel

maintenance

investment  design
space
HVAC plant

control

discomfort [hours / 20 years]

1740000
200100

626400

88200
156000
220000
200000

840

3960000
0
1108800

1045000
390000
5000000
500000

320
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Figure 5: Energy Profile Casestudy 2

iterative procedure

lifecycle evaluation based B
on objective function method |

application of rule sequences

Y

plant scheme design
and component sizing

Figure 6: Practicable Realization of Optimal Design and Operation



