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ABSTRACT
The objective of this paper is to present long time monitoring and post occupancy evaluation of the
Moravian Metropolitan Library with the ventilated solar façade used for space heating and with mixing
chamber for cooling with the forced ventilation. In consequences of new requirements from the EU
Energy Performance of Building Directives 2002/91/EC and changing Czech building regulations is
necessary support collective research effort on quality assurance and standardization on solar
components and installations in buildings. The EPBD directives focuses its attention on the fact that
the heating and cooling air-condition systems and plants have become, in the last decade, widespread
systems used in the office and public buildings. In the paper are results from the site measurements
and monitoring of the public library to evaluate real behaviour and energy efficiency of solar façade
and cooling effect of mixing chamber used for the central ventilation system.
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INTRODUCTION
Architectural tendency to use glazed facades without energy conscious design
concept for building envelopes very often with the absence of previous experience,
with missing necessary calculations for the prediction of thermal and energy
performance of buildings is in many cases speculative and it means many problems
in new or renovated buildings to provide reasonable indoor climate conditions and to
fulfill energy requirements and to respect the energy performance building directives.
Numerous works have analyzed the thermal behaviour and energy performance of
buildings with double glazed facades in order to reduce the energy consumption for
space heating and cooling by the numerical simulation of the thermal and fluiddynamic behaviour of ventilated facades (Costa et al., 2000a, Ciampi et al., 2003,
2003a,b, 2002a-d, Faggembauu et al., 2003, Soria et al., 1998, Strachan et al.,
2005). For the next progressive development is important to use experience from the
post occupancy evaluation and monitoring of existing buildings using glazed light
weight single or double skinned solar facades especially in the case of integration
into central air heating/cooling or ventilation systems.

ON-SITE MEASUREMENTS AND MONTORING
This paper deals with an experimental investigation of a double skin solar façade with
the forced ventilation and sub-floor mixing chamber on the Moravian Regional Library
building (see Fig. 1). Evaluation of energy gains from the operation of solar double
façade in the central ventilation system for space heating was carried out for the
period 2003 - 2006. Next evaluation deals with the cooling efficiency and energy
savings of the sub-floor mixing chamber in the central ventilation system of the library
in summer 2005. Besides acquisition of data from measurements for the analysis of
energy efficiency of the solar double façade Moravian Metropolitan Library in heating
periods they have been used for validation of simulation models (Sedlak et al., 2005,
2003 Jaros et al., 2004, Charvat et al., 2002).

Figure 1: Exterior and interior of double-skin façade
of the Moravian Metropolitan Library in Brno
For measurements a PC-controlled automation monitoring system, based on ADAM
4000 Series modules was used. The system consists of five 8-channel input modules
ADAM 4018, connected to the PC via RS 485 serial bus and converter ADAM 4520.
IC transducers AD-592 were used for temperature measurements. Global radiation
intensities on the vertical wall (in vertical plane) and on the roof (in horizontal plane)
were measured by two pyranometers. For the evaluation of wind pressure on the
façade air velocities are measured on the roof of library building. The data were
recorded with time step of one minute. For the evaluation and verification of local
climatic conditions, the climatic data from meteorological station located in a building
of VUT Brno about 200 m from the library building were also available.
ENERGY CONSCIOUS DESIGN FOR COOLING AND HEATING
Ventilated double-skin glazed energy façades represent a modern architectural
element, which increases both architectural and utility value of buildings. Besides its
attractive appearance, such façade decreases energy demands both in hot and cold

season. On hot sunny days, the façade is naturally or mechanically ventilated. The
passing air leads in the channel of the façade with sophisticated shading system
leads a considerable amount of solar heat gains out and, so that the facade reduces
the needs of air conditioning and makes the indoor climate more comfortable in the
southern wing of the building. For passive cooling in summer and heating in winter is
used mixing chamber for the central ventilation placed in the sub-floor under the
technical room in the third basement of library (see Fig. 2). In cold seasons the
façade works as a solar air collector. The preheated air in the channel of the solar
façade is used for the central air conditioning and space heating. Moreover, the
façade have other functions to protect the building from the wind, driven rain or noise
and acts as a buffer zone to reduce heat loses in winter heating season.
Temperature conditions in the cavity in late spring, summer or autumn, respectively,
can be partially controlled by opening of adjustable glass lovers in the external
envelope.

Figure 2: Schemes of energy functions used for space heating and central ventilation
of the Moravian Metropolitan Library
EVALUATION OF ENERGY GAINS OF THE DOUBLE FAÇADE
Pre-heated air from the sun radiation in solar façade is mechanically sucked into the
central ventilation system of the building with steady volumetric flow rate 4.53 m3/s
(16,500 m3/h), in average, according to cleanness of filters in the ventilation unit.
Heat gains for the space heating system are evaluated from differences of the inlet
air temperature to the air temperature in the outlet, on the top of the façade channel,
driven into the roof ducts and central heating ventilation system located in the third
basement of the library building. Energy evaluation of the solar façade was carried
out for three heating seasons in the period 2003-2006. For overall energy efficiency
evaluation of the solar façade from the monitoring were calculated hourly and
monthly values of residues of temperatures and sums of global radiation. For
instance, see Table 1 for the season 2003/2004.

TABLE 1
Monthly sums of global solar radiation and values of monthly mean temperatures measured in the
inlets and outlets on the top in the channel of the façade in the period of September 2003 – April 2004.
2003/2004
Month
2

Igh (kW/m h)
2
Igv (kW/m h)
te (°C)
tif (°C)
tof (°C)

IX

X

XI

XII

I

II

III

IV

IX-IV

0,149
0,082
16,520

0,065
0,056
8,730

0,028
0,040
8,000

0,014
0,034
2,220

0,028
0,048
-0,820

0,054
0,059
3,540

0,080
0,051
6,180

0,146
0,061
13,210

0,069
0,054
7,040

18,750 9,200 7,680
21,450 14,000 12,410

1,880
7,580

-1,110
5,680

3,460
8,780

6,460 13,570 7,370
11,320 18,020 12,300

Residues tof - tif 2,700 4,800 4,730 5,700 6,790 5,320 4,860 4,450 4,930
Igh – global solar radiation on the horizontal plane, tif – temperature in the inlets of the façade channel
Igv – global solar radiation on the vertical plane, te – outdoor temperature
tof – temperature in the outlets on the top of the façade channel

Heat gains received from the solar ventilated façade are calculated by equation 1.

QG = m& # c p # (t of $ tif )# ! = V& # " # c p # (t of $ tif )# !

(1)

Where m& ,V& - mass and volumetric flow rate of air, tif, tof - air temperature in inlets and
outlets of the facade channel, cp, - specific heat of air, ! - density of air, τ – operation
time of forced ventilation (in hours).
Energy efficiency of the façade is given by the ration between heat energy gains and
incidence of global solar radiation on the vertical area of the double façade is done in
form Eqn.2.
Q
!= G
(2)
I gvf

TABLE 2
Energy gains and efficiency of the solar double glass façade in September 2003 – April 2004.
Global solar Global solar
Operation time
radiation on radiation on
Month
of forced
the vertical the horizontal
ventilation
plane
plane
! (hours per
IGv
IGh
month)
2
2
[kWh/m ]
[kWh/m ]
September
263
40,39
65,36
October
426
40,91
48,14
November
392
28,87
20,16
December
306
25,16
10,64
January
404
36,01
20,88
February
691
38,49
35,17
March
414
36,96
58,98
April
356
38,75
94,30
Total
3252

Energy
gains

Global solar
radiation on
the area of
vertical facade

QG

Igvf

η

[MWh]
5,06
13,13
11,96
9,92
16,29
22,31
12,63
8,9
100,19

[MWh]
45,84
46,44
32,76
28,56
40,87
43,68
41,95
43,98
324,07

0,11
0,28
0,37
0,35
0,40
0,51
0,30
0,20
0,31

Energy
efficiency of
solar facade

Energy efficiency of the façade with the area 1135 m2 evaluated monthly for the
2003/2004 is variable between individual months in interval η = 0,11-0,40 and in
average is 0,31. Total heat gains received from the solar double facade for space
heating in the period 2003-2006 (Fig. 3) were 342,4 MWh.
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Figure 3: Energy balance of gains from solar façade for winter seasons 2003-2006
MIXING CHAMBRE FOR COOLING AND HEATING
Effect of cooling and energy efficiency of mixing chamber placed in the sub-floor
under technical room for central ventilation (see Fig. 2) was monitored in the period
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Figure 4: Temperature conditions in mixing chamber, residues and amount of air
suply in one week from 20.6. until 27.6.2005.

May – September 2005. In the library building is mechanical cooling and energy
savings from the passive cooling of the chamber 70,8 MWh in the central air
condition system. For the evaluation of passive cooling effect of the chamber, by
using Eqn. 1, were used differences of measured temperatures (see residues of
temperatures in Fig.4), volumetric flow rate of air in the central ventilation and
operation time of forced ventilation.
CONCLUSIONS
Monitoring and evaluation of the Moravian Metropolitan Library illustrated the
possibilities of exploitation of solar energy functions of the double glazed facades
integrated into space heating and central ventilation. The paper shows energy
efficiency of the solar façade η = 0,30-0,35 in average in the period of three heating
seasons 2003 - 2006. Energy savings in the southern wing of the library represents
about 30% for the space heating annually and 7-8 % for the whole building. Moreover
the mixing chamber has positive function in both the summer season for cooling and
in winter for heating. In summer period contribution in energy savings for cooling are
in average 71 – 80 MWh annually. Energy savings and their contribution for space
heating and cooling are in good qualitative agreement with the supposed outcomes
and numerical modelling.
ACKNOWLEDGEMENTS
This paper and presented
national research project
technologies into building
101/05/H018 “Research of
quality”.

research work was carried out under the support of
VaV-SN-3-173-05 “Integration of renewable energy
structures” and doctoral research project GACR
effective systems for improvements of indoor climate

References
Ciampi, M., Leccese, F., Tuoni, G., 2002a. On the thermal behaviour of ventilated facades and roofs. LaTermotecnica 1, 87-97.
Ciampi, M., Leccese, F., Tuoni, G., 2002b. Some thermal parameters influence on the energy
th
performance of the ventilated walls. Proceedings of 20 UIT National Heat Transfer Conference, Maratea, Italy pp. 357-362.
Ciampi, M., Leccese, F., Tuoni, G., 2003. Ventilated facades energy performance in summer cooling of
Buildings. Solar Energy 75 (2003), 491-502.
Costa, M., Aceves, O., Sen, F., Platzer, W., Haller, A., Indetzki, M., Ojanen, T.,2000a. Analysis of multifunctional ventilated
facades . An European Joule Project. Proceedings of Eurosun 2000 Conference, Copenhagen, Denmark.
Faggembauu, D., Cocsta, M., Soria, M., Oliva, A., 2003. Numerical analysisi of the thermal behaviour of
ventilated facades in Mediterranean climates. Part I: development and validation of numerical
model, Part II: applications and analysis of results. Solar Energy 75 (2003), 217-239.
Charvat P. and Jaros M., 2002. he exploitation of solar energy for energy-saving in ventilation Proceedings of the
th
9 International Conference on Indoor Air Quality and Climate – Indoor Air 2002. Santa Cruz: Indoor Air 2002.
Sedlak, J. and Mracek, P. (2005). Simulation of double facade in Brno Metropolitan Library. Proceedings from the conference
DYNASTEE 2005 in Ahens, Session 2, pp 1-14.
Sedlak J. and Jaros M., 2003. Calibration of simulation models of integrated passive solar wall components in buildings.
Proceedimgs of the Internatinal conference DAME-BC, 2003, JRC Ispra, Italy.
Soria, M., Costa, M., Schweiger, H., Oliva, A., 1998. Design of multifunctional ventilated facades for mediterranean climates
using a specific numerical simulation code. Proceedings of Eurosun 1998 Conference, Slovenia, vol. 1 of 2.25.
Strachan P., Dickson A.., and Samuel A., 2005. ESP-r Modelling of Ventilated Double Facades, Annex 5. Report Prepared for
the Belgian Building Research Institute by the Energy Systems Research Unit, University of Strathclyde, Glasgow.

