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Towards post-carbon cities

STEFANO PAOLO CORGNATI
Vice-president of REHVA,

TEBE Research Group, DENERG,
Politecnico di Torino, Italy,
stefano.corgnati@polito.it
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North Korea, pollution in Pyonyang, 2005.

China, Shenzhen Building International
Low-Carbon City project.

The challenge set by the European
Commission with regard to nearly Zero-
Energy Buildings should necessarily evoke
a wider scenario, not only in terms of time
but also in terms of scale of the problem.

ndeed, nZEBs will be regulated until 2020,

but the common perspective is already the

creation of a vision towards 2050. Moreover
the Commission is increasingly moving the ques-
tion from the single building level to the building’s
district and to the city. In practice, the direction to
take in order to provide a strong lead in promoting
a reduction of the building environmental impact
is nowadays the post-carbon city one. This future
projection of cities carbon free with respect to the
building stock should have a decisive effect on the
building concept, in terms of building elements,
structures, building systems but also, and above all,
in terms of sociology, with respect to the interaction
modes between end-users and the whole building.
Nowadays this challenge is often analyzed only with
regard to its energetic and economical aspects. A
new kind of analysis, whose drivers become moti-
vational and behavioral, reveals to be necessary in
order to win this global challenge. In this visionary
process of a path towards the post carbon city it
is important to reflect upon the technological and
innovative perspectives related to air conditioning,
with reference to their current and future applica-
tions to buildings.

In this Special Issue our aim is to deal with new
HVAC frontiers, by analyzing what currently is
realized as innovative experience, but also what can
be explored as innovation of the building envelope-
system unit. H
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System for Zero Energy Houses

Designing Zero Energy Buildings implies not
only a good envelope design and passive
strategies, but also the use of highly efficient
systems for heating, cooling and mechanical
ventilation. This paper summarizes the main
features of the systems that can be adopted
into a ZEB.

Keywords: multi-source multi-product
systems, integrated systems.

key role in the design and operation of zero

energy buildings is played by the systems. It is

well known that in the design process, once that
the energy demand of the building has been reduced up
to a limit which is a compromise between energy effi-
ciency and financial feasibility, the systems are designed
to reach the net zero energy target (in what way it may
be seen, e.g. site energy, source energy, emissions, costs,
etc.). Due to this reason, latterly there has been a new
generation of systems especially designed for highly effi-
cient buildings, Passivhaus and ZEBs able to integrate
different energy sources to cover with the maximum

efficiency the building energy demand.

ENRICO FABRIZIO

Assistant professor

DISAFA

University of Torino, Grugliasco (TO), Italy
enrico.fabrizio@unito.it

acl

There are basically three aspects that characterize a
system for a ZEB. The first one is the need of producing
on-site at least some of the energy that is consumed.
A second aspect, which is characteristic of a ZEB in
general, is the production from renewable sources that
must supply a great portion of the energy requirement.
This implies the use of systems that exploit renewable
sources, with thermal or electric storages and able to
cope with the variation of the driving forces. The third
characteristic is the increase in the energy efficiency by
using heat recovery, new technologies and the principle
of hybrid system. It is known in fact, that the combina-
tion of two or more energy conversion devices and/or
two or more energy sources for the same

Plug loads, Space DHW Space Ventilation d . h . d h
Lighting heating cooling evice, whnen lntegrate , overcomes the
. limitations that may be inherent in either
E'?rgf;'c'rtig v Air-to-air heat pump (Compact HVAC for Passivhaus) ) y
o e source or device [1].
Solar
Natural gas ‘
The energy uses of a ZEB can be summa-
Plug loads, Space DHW Space Ventilation . . .
Lighting heating cooling rlZCd Into:
from & to grid e heating energy for high-tempera-
Solar heati
between 55°C and 80°C;
Plug loads, Space DHW Space Ventilation ° heating energy for low—temperature
Lighting heating cooling .
. space heating, at a temperature
from grid - between 35°C and 50°C (radiant
Solar Heat pump-condensig boiler .
heating);
Natural gas K
e heating energy for DHW produc-
Plug loads, Space DHW Space Ventilation tion, at a temperature between 40°C
Lighting heating cooling
and 65°C;
Electricity v . .
from o Reversible heat pump HR e cooling energy for space cooling,
oar at a temperature between 7°C and
Natural gas ‘ o
19°C;
Figure 1. Classification of some systems for ZEBs as a function of energy ¢ cooling energy for air dehumidifica-

uses (columns) and energy sources (rows).

tion, at a temperature below 12°C.
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The aspects that characterize the energy demand of a
(nearly) ZEB are the followings:

e the energy demand for space heating is dramati-
cally reduced (values can be around 15 kWh/m?a)
in comparison with buildings that are in compli-
ance with the legislative requirements; also the
heating load for space heating is low, especially
in zero energy homes (single family houses);

e theheatingload for the DHW production is greater
(double or more) than the space heating load,
concentrated in time but constant throughout
the year;

e there is the necessity of recovering the ventila-
tion heat losses in order to guarantee the high
performances of the whole building design,
which implies the adoption of a mechanical
ventilation system.

A first consequence of these assumptions is that a
system for a (nearly) ZEB should integrate the ventila-
tion and/or the DHW production into the traditional

23
w
[=)
I
o

N

heating systems. In some cases, also the space cooling is

required and provided by a packaged system.

Then, due to the small capacities, maintenance and
operation simplifications, integrated solutions are
preferred.

In the following paragraphs, a classification of some
of the various new types of systems that were recently
developed is presented and some of these systems are
outlined. A detailed review can be found on [2]. Most
of these systems are suitable to single family houses in
north and central Europe climates; on the other hand,
this is quite understandable since the design ZEBs has
started from single family houses.

Integrated systems for mechanical
ventilation

These systems provide the mechanical ventilation
together with space heating, domestic hot water produc-
tion and — in some cases — space cooling. One of the first
example of such system has been the compact packaged

Figure 2. An example of integrated system for ventilation,
DHW production and hydronic space heating.




HVAC system of the Passivhaus design, that is based
on a air-to-air heat pump of small capacity integrated
with the ventilation heat recovery and supply fan, and
the domestic hot water production with a suitable water
storage [3].

This system is typical of the first Passivhaus and has
the characteristic of using the air loop of the ventila-
tion system to cover the remaining heat load of the
spaces, which in some cases may be a limitation. More
recently, in fact, systems that are similar in its general
concept to the first one but that can provide also a
hydronic heating (hot water at moderate temperature
for radiant space heating) were manufactured. The
heating capacity of the air side is around 2 kW while
the heating capacity of the hydronic circuit is around
or below 10 kW.

If not integrated with the DHW and space heating,
centralized mechanical ventilation units must be used.
These can have a supplementary electric heating for
air heating, can be equipped with a static or a rotary
heat exchanger and, for cooling purposes, can have a
water coil installed on the primary air duct. A further
configuration of these centralized units is the one
equipped with reversible heat pumps working between

Fresh
air

the exhaust air and the supply air. Such systems cover
not only the ventilation heating load but also, to a
certain amount, the space heating load. In mid-season
they work in free cooling mode.

Residential CHP

Many new types of small size CHP for residential
applications were recently developed, especially by
manufacturers of boilers, and a valid alternative to
traditional internal combustion engines CHP that are
available on medium sizes, are the external combus-
tion Stirling engines. This is because they have small
capacities (their typical size is 1 kW of electricity
— with an electric efficiency of 15% — 6 kW of heat
— with a thermal efficiency of 80% — and a 6-20 kW
of additional heating capacity of the gas burner),
they run quietly and can be installed close to living
spaces, have less emissions and can possibly make use
of thermal wastes. As can be seen in Figure 4, they
appear as standard households” equipment or boilers.
However the use of a CHP, even though of a small
size, into a ZEB should be always carefully evaluated
because the feasibility of such systems strictly depends
on the running hours, on the feed-in tariff for the
electricity produced and exported outside the ZEB,
and on the sizing.

=

' I! Extract air

I Supply air
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TV
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Exhaust ]
air GNN
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O Compressor b
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@ Circulation pump l
X Valve L_—
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(1) Compact HVAC unit (3) Back-up electrical heater
(2) Heat pump

Sj Air-to-air heat exchanger @ Space heating terminals
(@) Geothermal heat exchanger (6) DHW storage (8 Solar thermal system

Figure 3. Schematic of an integrated system for ventilation, DHW production and hydronic space heating.
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Multi-use multi-source heat storages

Storing energy in the form of sensible heat currently
appears the most viable solution for bridging the gap
between energy consumption and energy generation
from various sources. With a view of optimising the
exploitation of different energy sources (solar, biomass,
etc.) and providing hot water at different thermal levels,
multi-source multi-use water heat storages were designed
and consist of different source side circuits fed by the
energy source, different hydronic use side circuits (high
temperature heating, low temperature heating, DHW
production) and a controller. Lower coils receive heat
from solar thermal, heat pumps or heat recovery from
chillers condensers; intermediate coils receive heat from
biomass boilers; upper coils produce DHW. Depending
on the circuit, source sides and use sides can be connected
hydraulically or by means of a heat exchanger. These
storages rely on the thermal stratification of the water
volume in order to improve the storage efficiency.

Heat pumps and the problem of the
DHW production

In many cases, the heat pump is the preferred choice for
a ZEB. Without entering into the various types of heat
pumps that can be adopted (air-to-air, water-to-water,
ground source, but also condensing boiler-heat pumps,
gas absorption and gas engine), and into the calcula-
tions and feasibility studies necessary for each case, the
main advantages of heat pumps are the possibility to be
used for space heating and cooling, the possibility of
producing DHW from heat recovery, the integration
with solar thermal system and the good performance at
part loads. A monographic number of REHVA Journal
(5/2014) was recently devoted on heat pumps for ZEB.
It is interesting to note here that the main problem to

be faced when installing a heat pump for space heating
into a ZEB is the production of the DHW.

Due to the many peculiarities of the DHW production
within a ZEB context, such as the high thermal levels,
the high design heating load (e.g. 18 kW for 10 I/min
with a delta temperature 15°C - 40°C, the problems
related to the proliferation of legionella and last but not
least the integration with renewable sources, if electric
heat pumps are used, the instantaneous production is
not feasible and a storage volume is necessary to level
the loads. The storage volume also allows adequate
temperatures for both use and source (heat pumps)
sides. Basically, three plant schemes can be designed:

e a2 DWH storage with an internal coil (water
heater): the storage volume is designed on the
DHW requirement, the coil should be appropri-

10 REHVA Journal - November 2014

Figure 4. An example of a Stirling Engine CHP in a
residential building.

ately sized and the problem of legionella should be
addressed;

e a DWH storage with an external heat exchanger:
the storage volume is designed on the DHW
requirement, the external heat exchanger allows
higher efficiency while there are two pumps and
still the problem of legionella;

® awater storage and an instantaneous heat exchanger
for the DHW production: in this case the storage
volume is larger, there are always two pumps, but
no risk of legionella proliferation.

Conclusions

Systems for ZEBs are usually integrated. The optimisa-
tion of their potential benefits requires a whole building
approach, implemented since the design concept stage
until the final design. To do this, appropriate manufac-
turer data should be made available in order to perform
detailed calculations of the energy performance of the
system. Currently, only synthetic data are usually avail-
able from manufacturers (e.g., design efficiencies, mean
seasonal efficiencies calculated at reference conditions,
etc.). This seems the greatest challenge facing up multi-
energy system in the near future. Their spreading on
the market will depend on the capacity to minimise the
mismatch between expected (design) and real (moni-
tored) energy performances. B
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Modular heat pumps:
Energy performance

MICHELE ALBIERI PIO FALDELLI
Rhoss, Irsap Group Rhoss, Irsap Group
- Codroipo (Ud) — Codroipo (Ud)

michele.albieri@rhoss.it pio.faldelli@rhoss.it

Heat pumps are ever more frequently
being used as single generators in heating
systems without being coupled to an
emergency boiler. Reliability becomes a
primary requirement to achieve without
limiting energy efficiency. The best solution
is represented by modular systems that are
able to maximise seasonal energy indices,
both with summer and winter operation, thus
assuring the same reliability of a system with
multiple generators.

Keywords: heat pumps, modular heat
pumps, energy efficiency, renewable
energies.

eat pumps are generators more complex than
boilers or traditional cooling units without
cycle inversion. The complex nature is not to

be considered a defect, if you are able to manage it, nor
is it synonymous with poor reliability.

However, the spread of heat pumps in heating systems is
very low compared to boilers, and the number of techni-
cians able to intervene rapidly on any malfunction, even
the most trivial, is still relatively limited. To assure the
unit operating in any situation many designers choose
double cooling circuit heat pumps, each equipped with
an individual compressor in order to provide sufficient
redundancy. It is unfortunately a poor solution, which

12 REHVA Journal - November 2014
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is explained in more detail in the following paragraphs,
since you can only ensure complete reliability in every
situation by increasing the number of generators.

HP requirements in heating systems

The widespread distribution of heat pumps as single
generators in heating systems has mainly been in new,
rather isolated buildings, thus having limited unit loads.
This has enabled the use of low temperature terminals
such as fan coil units and, especially, radiant systems.
However, in order to extend the use of these types of
generators and benefit from their energy efficiency to
reach the targets of 20-20-20, it is also compulsory to
work with radiators, which were the most commonly
used terminals in heating systems in the past.

New buildings and buildings to restore

There are tens of thousands of buildings to restore
in Europe, the majority of which are residential. The
energy challenge of the future will be in renovating
existing buildings, and the winner will be the one who
proposes system-engineering technologies that can be
installed with minimal interventions. Therefore, if you
really want to promote the technology of heat pumps,
they must be designed to also work with radiators.

Terminal power supply temperature

A floor radiating system requires water input tempera-
tures between 35°C and 40°C, a radiator system built
in the 70s was designed with input temperatures higher



than 70°C. The question is,
how much can the supply
temperature of the radiators
be lowered, whilst keeping
their same size, in order to use
the existing terminals. Acting
both increasing the building
performances and introducing
a VMC system a reduction in
requested power is obtained
and this permits to reduce the
water temperature sent to the
plant. The water input temper-
ature in terminals with both a
floor radiating system and a
radiator system can reduce the
thermal load according to the
change in outdoor air tempera-
ture, as shown in Figure 1.

Performance of heat
pumps in accordance with
the temperature of
thermal sources

Figure 2 shows the winter
performance of a full load
air hydronic heat pump in
accordance with the temper-
ature of thermal sources, or
according to the change in
outdoor air temperature and
the produced water tempera-
ture. The produced water
temperature affects COD,
however, it is practically
insignificant with regard to
the power capacity.

From a viewpoint of machine
size, it is advantageous since
heat pump power is also
essentially guaranteed by the
requested production temper-
ature of DHW, and to the
lowest outdoor air temperature
for radiator systems. On the
other hand, COP deterioration
requires proper management
of the production temperature
in accordance with the load
and outdoor air temperature
so as not to penalise seasonal
efficiency too much.
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Figure 1. Floor radiating system (blue line) and radiator performance (red line)
of water supply production temperature according to outdoor air temperature.
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Figure 2. Full load winter performance of a heat pump with scroll compressors.
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Total performance of COP during winter months

Figure 5 summarises what has been reported up to this
point, since it shows the performance of different types
of heat pumps considering the presence, or otherwise, of
software able to adjust the produced water temperature
required by the terminals, both with regard to the outdoor
air temperature and the defrost cycles (highlighted by the
discontinuity of the curves). The content of water in the
system was considered high and humidity of outdoor air
was always considered equivalent to 80%. In any case,
the best performance is always obtained by modular
systems described in the following paragraph 4.

EER performance during the summer season

Performance of the EER energy efficiency index during
the summer season is very similar to that described
for winter operation (Bacigalupo et al, 2000; Vio,
20006).

Advantage of modular systems

The best solution is represented by modular systems
that are able to maximise seasonal energy indices, both
with summer and winter operation, thus assuring the
same reliability of a system with multiple generators.
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Figure 5. Total winter performance of different types of heat pumps.
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The Poker modular system

Poker is an innovative line of modular heat pumps that
are able to combine main features such as noiselessness,
flexibility, and energy efficiency. Poker consists in inde-
pendent 34 kW thermal modules, which, connected
to, each other, generate an overall power of 137 kW.
Each individual module is an air-water reversible heat
pump equipped with a scroll compressor with tandem
configuration and R410A refrigerant. The units are
easy to install, both from a hydraulic and electrical
viewpoint.

System configuration

The modular system is able to produce hot/cold water
for the system and DHW with different configurations
(3-way diverter valve or heat recovery).

It gives also many advantages:

e Dartialisation energy advantages

o Energy advantages due to the patented adjustment
logic Adaptive Function Plus

e Energy advantages due to the presence of partial
recovery

e Total redundancy of components

e Reduction of the amount of refrigerant per indi-
vidual circuit

Energy and economic analysis: a few
practical cases

Hereunder is a report of data obtained regarding three
similar buildings situated in three different Italian loca-
tions with very different climates: Milan, Rome, and
Catania. The analysis was carried out using Energy Plus
software. Table 1 shows the energy requirements in the
buildings taken as an example.

Table 1. energy requirements in the buildings
taken as an example (kWh).

Milan Rome Catania
Heating Requirements 58,025 46,555 33,998
DHW Requirements 21,827 21,827 21,827
Cooling Requirements 15,062 25,155 25,352

Table 2. Seasonal energy efficiency in the cases taken
into consideration.

HP HP Modular
2 compressors | 2 compressors system
2 circuits 2 circuits 2 modules
without AFP with an 4 compressors
inverter 2 circuits
without AFP with AFP

MILAN

radiators 2.20 2.51 3.4

MILAN

floor 3.71 424 474

RO 23 270 43
Scop ROME

floor 3.93 4.40 5.00

CATANIA

radiators 2.59 2.85 4.69

CATANIA

floor 435 479 5.55

MILAN 332 3.68 417
SEER | ROME 3.17 3.51 3.91

CATANIA 3.30 3.67 414

Five different generators were compared, each one
applied to two types of heating systems (floor radiating
and radiators), while summer cooling was taken into
consideration in all cases with a fan coil system.

Table 2 shows the seasonal efficiency values obtained
from the various types of heat pumps. The observation

—— - ifp—

. g—

il —-

Figure 6. Example of separate production of domestic hot water and hot/cold water for the system.
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Table 3. Work costs (€) in
the considered cases (cost of

methane 0.80 €/m? cost of EE Methane boiler HP HP Poker system Poker system
0.20 €/kWh). 2com 2com 2 modules 2 heat recovery
2 circ 2 circ modules
no AFP inverter
no AFP
Radiator Heating + DHW 6,856 6,941 6,293 5,034 4,932
MILAN Floor Heating + DHW 6,626 4,794 4,403 4,089 3,987
Cooling 907 818 722 722
Radiator Heating + DHW 5,901 5,601 5,056 3,800 3,637
ROME Floor Heating + DHW 5716 3,974 3,720 3,461 3,298
Cooling 1,587 1,431 1,287 1,287
Radiator Heating + DHW 4,854 4,157 3,918 2,966 2,782
CATANIA Floor Heating + DHW 4,719 3,095 2,952 2,741 2,558
Cooling 1,536 1,372 1,225 1,225

of Table 2 helps us to understand the energy advantages
of a modular system compared to the other types of heat
pumps.

The energy advantages are also translated into economic
advantages, as shown in Table 3. As we can note,
economic savings are always very high with radiator
systems, especially thanks to the ability of modular
systems to produce water at the precise requested
temperature of the system.

It is interesting to point out how modular systems
in Rome and Catania, which are applied to radiator
systems, obtain better economic results compared to
heat pumps without logic adjustment AFP (also with
inverters) connected to radiant systems.

This shows that it is possible to save energy and money
without substantial initial investments, especially when
considering that the cost of a modular system is in line
with that of a monobloc unit having the same power,
thus leaving the existing system unchanged or, at most,
changing them with new radiators.

Conclusions

The diffusion of heat pumps in heating systems has just
begun and may be successful if the products proposed
by manufacturers can be also fitted onto traditional
radiator systems. Memory has shown how important it

is to work on energy efficiency, especially by optimising
performance of heat pumps in partialisation and using
software that is able to reduce the temperature of water
production according to actual system requirements.
Similarly, if the heat pump is to be the only generator
present, it must be completely reliable under any oper-
ating condition: modular systems are the best solution
to fulfil these requirements.
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This study reports measurement and simulation results for radiators with
parallel and serial connected panels conducted to quantify a possible
energy saving of Serial radiator. The effect of radiant temperature
was possible to see, but in terms of energy savings there was no
considerable difference between studied radiators. The results do not
support previous claims of about 10% energy saving.
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temperature, radiant temperature.

mission losses of heat emitters are
Eimportant topic especially in the case

oflow energy buildings. It is reported
that radiators with serial connected panels
can provide 11% energy saving (Therm
X2 technology) and this has been argued
with up to 100% higher radiation heat
transfer and also shorter heating up time
of radiator. In the case of serial connected
panels, the hot water flows first through
the front (room-side) panel and then to the
back (wall side) panel, Figure 1. The cooled
water then returns to the heating pipework.
The idea of serial connection is to increase
the room side surface temperature of the
radiator which will increase radiation heat
transfer and operative temperature.

The objective of this study was to quantify
the effect of parallel and serial connected
radiator panels on emission losses and
energy use with controlled laboratory
measurements and dynamic simulation.

Wall-side Wall-side
e I 1
Parallel Serial

Figure 1. Studied radiator types with
parallel and serial connected panels.

Journal - November 2014

The motivation was to show which differ-
ences can be measured in the laboratory
and how these can be generalized to annual
energy performance of conventional and
low temperature radiator systems.

The limitation of the heat emission
standard EN15316-2.1: 2007 is that the
calculation procedure is fully based on air
temperature. In reality different radiators
have some effect on radiant temperature
and the operative temperature is the basic
parameter of thermal comfort standard
ISO 7730:2005. The operative tempera-
ture is calculated as an average of air and
means radiant temperature and is the
temperature a human being is sensing. For
exact comparison, the measurements and
simulations are needed to be conducted at
the same operative temperature, which was
taken into account in this study.

Heat output and temperature
measurements

Heat emissions of two radiators were
measured in the test chamber with cooled
surfaces conforming EN 442-2:2003
requirements. The radiators were 2-panel
radiators physically of the same size, 0.6 m
height and 1.4 m length, with parallel and



serial connected panels and two convection fin plates
in between, both types 22-600-1400. The rated heat
output of Parallel was 2 393 W and for Serial 2 332 W
at over-temperature A7 50 K according to EN 442-
2:2003. Figures 2 and 3 illustrate the measurement
arrangement and measurement points of temperatures.

T

Figure 2. Photo of the measurement arrangement.
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Figure 3. Radiator and temperature measurement
points locations. The room floor area is 4.0 by 4.0 m and
the room height 3.0 m.

Two flow temperatures were used, 50°C and 70°C. Both
measurement cycles were repeated (Test 1, Test 2) in
order to control the repeatability. The thermostat with
the set point as close as possible to 20°C in all tests
changed the water flow rate with respective changes in
the return water temperature according to the heating
need. The same thermostat was used in the measure-
ments for both radiators tested. All tests were started
with heating up step change.

The flow temperature of 50°C led after the step change
to stable operation, where heat output from water flow
decreased from about 900 W to 800 W level, corre-
sponding to a situation where internal heat gains are
close to 15% of nominal heat output, Figure 4.

1201 — I T T 4500
i — Parallel, water flow
> Serial, water flow
100 \\, | = Parallel, heat output | 3750
% \ Serial, heat output
=< 80/ 4} \ [ [ 3000
| 2
= -
8 60 250 3
E 5
= \ °
%40 I ~ 1500 &
= “I T
\
N_——
201 ' 750
0 -

0
-10 40 Q0 140 190 240 290 340
Time, minutes

Figure 4. Test 1 with 50°C flow temperature: water
massflows and heat outputs from water side.

An average front and rear panel’s surface temperatures
show higher front panel and lower rear panel temperature
in the case of Serial radiator, Figure 5. Water massflow
stabilized to significantly lower level in parallel radiator
and it was estimated that 3% higher heat output of
Parallel radiator at A7 50 K increased to about 10%
higher heat output at A7°25 K.

50
e
g 45
=
g
£ 40 S S —
3
g 35
i
= . |
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g Serial, front
& % | = Parallel, rear
Serial, rear
20
15F
-10

40 90 1 40 190 240 290 34C
Time, minutes

Figure 5. Front and rear panel surface temperatures in
50°CTest 1.

Heat output results were analysed for stabilized period
of 130 to 320 minutes. Serial radiator used about 3%
less energy in Test 1, but about 3% more energy in Test
2. Because the operative temperatures were not exactly
the same, the cooled room surfaces temperature 7s
was adjusted with analytical room heat transfer model
described in (Maivel et al. 2014). The adjustment
was done in both directions to test the validity of the
model. Results are reported in Table 1, showing that at

REHVA Journal - November2014 19



equal operative temperatures, the heat output of Serial
radiator was by about 2% smaller and 4% higher in Test
1 and 2 respectively (the effect of the adjustment about
1%). Analytically calculated net radiation from the front
panel of radiators was 120 W and 148 W for Parallel
and Serial, corresponding to 15% and 18% radiation
share respectively.

Table 1. Analytically calculated adjusted values of
temperatures and heat outputs of radiators.

Test 1 Test 1 Test 2 Test 2
Top Top Top Top
19.39»19.58 | 19.58»19.39 | 19.33»19.51 | 19.51»19.33

all o 20.16 20.00 20.05 19.90
Ta,adjnsted/ (
Cooled surf, 18.58 18.28 18.58 1829
Ts,adjunedr (:
Parallel 50°C,
heat output, W 815.1 824.9 713.1 7224
Serial 50°C,
heat output, W 798.7 807.3 745.0 752.7
saving ofSeral, | .01 214 448 420

The tests at 70°C flow temperature corresponded to over-
sizing of radiators by about factor 2 (roughly 1 600 W
vs. 800 W). Initial room temperatures were reasonably
close in tests with both radiators which enabled an exact
comparison of dynamic response during the heating up
step change of about 3°C. In the case of Parallel, initial
room air and surface temperatures were about 0.1°C
lower, but Parallel radiator reached to the same tempera-
ture as Serial in 9 minutes. After that the air tempera-
ture curves were almost identical with slightly higher
maximum value for Parallel at 43 minutes, Figure 6.
After the heating up phase the thermostat valve was not
able to keep stable temperature in both cases because of
oversized radiators.

2150 - -
— Parallel, air
210 ,-"'A\ Serial, air .
: = Parallel, surface
/ — Serial surface
© 205 —1 . :
s || f\ /\
2 200 — f
£ NG
o |
§19° V & \ \ |
€ 190 \/
°©
14
185 /
18.022 < —
-10 40 90 140 190 240 290 34C

Time, minutes
Figure 6. Dynamic step response of the room air and
surface temperatures in 70°C Test 1.
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Case study in a dynamic simulation
environment

IDA-ICE simulation software with standard water radi-
ator model was used to model the EN 442-2 test room
and a typical residential room with the same dimensions.
In the case of the test room, the radiator was located on
internal wall and other 3 walls, floor and ceiling were
external ones, Figure 7. In the case of a residential room
the radiator was located on external wall with a window
and there was also another external wall. The residential
room had exhaust ventilation without heat recovery.
The simulation was run at -22°C outdoor temperature
to compare the differences in heat outputs and all year
round with Estonian TRY for annual heating energy.

Figure 7. Simulated EN 442-2 room (upper) and a
residential room (lower) in IDA-ICE model.

In the simulation a PI controller was used which kept
the operative temperature set point of 19.5°C with high
accuracy. In the case of EN 442-2 test room the U-values
were selected so that heat losses were about 800 W at
outdoor temperature of -22 °C. The IDA-ICE radiator
model provided identical front panel surface tempera-
ture for Parallel radiator when return temperature was
about 6°C higher than that in the measurements. To
achieve the measured front panel surface temperature
of Serial radiator the flow temperature was increased
to 57.6°C. With these settings, the front panel surface
temperatures were the same as in the measurements for
both radiators and the simulation resulted in nearly the
same heat emission of radiators, Table 2

In the case of a residential room, heat losses of about
630 W were slightly smaller compared to 800 W in the
laboratory tests and some adjustment in flow tempera-
tures was needed to have identical front panel surfaces
temperatures. Simulated heat outputs show the differ-
ence of 1.9 W corresponding to the saving of 0.3% by
Serial radiator, Table 3. In annual energy simulation



Table 2. Simulation results of EN 442-2 testroom described  Serial radiator provided heating energy saving of 0.7%

in Ch. 2.3. All values at —22°C outdoor temperature. and slightly higher front panel surface temperature as
shown in Figure 8.
Parallel Serial
Flow temperature, °C 50.0 57.6 Conclusions
Return temperature, °C - 398 34 e Laboratory measurements showed in the first test
;ront panTI surffacetemperature,occ ;ZZ i:: 3% lower and in the second test 3% higher heat
A?atr pane stur acsctemperature, 2 '69 2 .58 emission of Serial radiator. The differences between
Ir temperature, . . .
P the tests were higher than the declared accuracy of
Front panel Gy, W 178.7 227.1
, the EN 442-2 test room of £1% and were caused
Convection g, W 624.7 576.2 . . )
. by very small but continues swings in water flow
Back side g, W 0 0 d Th
Total heat output gy, W P~ w033 rates and temperatures. The measurement setup
used did not reached the complete steady state and
was not able to quantify the differences between
Table 3. Simulation results of a residential room tested radiators, however indicating that these
described in Ch. 2.3. All values are at -22°C outdoor differences were very small if they existed at all.
temperature, except the annual energy use. e Simulated results of EN 442-2 test room with
front panel surface temperatures of radiators iden-
Parallel Serial tical to the measured values showed 0.11°C lower
Flow temperature, Co 230 . air temperature in the case of Serial radiator, but
Retur temperature, °C 383 31 exactly the same heat emission of both radiators,
Front panel surface temperature, °C 39.9 441 . . ..
because of more intensive radiation heat exchange
Rear panel surface temperature, °C 39.9 441 . . .
) ) in the case of Serial radiator.
Air temperature, °C 19.61 19.48 o Si lated | £ ical id il
Flow temperature for backwall correction, °C 57.7 53 mulated results of a typical residential room

o . .
Rear panel surfaces temperature at corrected showed by 0.3% smaller heat emission at design

flow temperature, °C h4 384 outdoor temperature and by 0.7% smaller annual

Front panel G, W 179.2 277 heating energy use in the case of Serial radiator.

Convection g, W 446.8 396.8 Therefore the radiator on external wall with higher

Back side g,, W 8.6 9.2 front panel temperature resulted in a quantifi-

Corrected back side g, areces, W 8.8 8.4 able energy saving approving the importance of

Total heat output Gy, W 634.6 6337 radiant temperature as phenomena, but in terms of

Corrected total heat output G, W 634.8 6329 energy savings there was no considerable difference

Annual heating energy use, kKWh/(m’a) 649 64.5 between studied radiators with parallel and serial
connected panels.

10- _ _ _ _ e Serial radiator had 4°C higher temperature of the

[ — Paraliel | front panel that resulted in slightly higher radiation

Serial share, 18% relative to 15% for Parallel radiator in

3 —T—— 50°C test. The rear panel temperature of Serial radi-

ator was by 3°C lower that may have some energy
saving effect in the case of poorly insulated walls.

30 e Parallel radiator showed slightly faster dynamic
response and higher heat output which resulted in
slightly faster heating up time. By 3% higher heat

Front panel surface temparture, °C

% output of Parallel radiator at AT 50 K increased to
about 10% higher heat output at AT 25 K which
2 gives some advantage to Parallel radiator in low
temperature heating systems. B
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he Corbioli House is a single-family house situ-
I ated in Ambérieu-en-Bugey, in the French region
of Rhone-Alpes. It was built in 2011 by the
construction company “Maison and Résidence Corbioli”.
This area is classified by the French thermal regulation
RT2012 [1] as a H1c zone, where the C,,, for residential
buildings is equal to 60 kWh,,/year [2]. Because of its
bioclimatic design and its innovative and efficient HVAC
system, the house represents a good practice for high-
performing single-family houses in that region, which is
a low altitude area with temperate climate.

A bioclimatic design

The Corbioli House is a two-floors residential building
of which the total gross floor area is equal to 155 m?.

e o v 19r 3_‘:_ i

Figure 1. Picture of the Corbioli House, south front (left) and north front (right).
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Coherently with principles of passive houses, in order
to reduce heat loss due to windows and benefit of solar
gains, the maximum of large openings are south-oriented
(49% of total glass surface on the south external wall,
19% on the south roof slope) while the percentage of
openings in east and west orientation is less relevant
(respectively 10% and 15%) and there are only very
small north oriented openings (7%). Window area
is approximately 1/5 of the floor area: the minimum
imposed by the national regulation, which is equal to
1/6 of the floor area, is largely exceeded. A roof over-
hang protects south-oriented windows. The heated
volume (Figure 2) has a compact shape that minimizes
the exchange surface between the outside and inside
(Surface/Volume ratio is equal to 0.68 m™).

The envelope is well insulated (Figure 3): the external
walls are composed by 20 cm of concrete blocks (thermal
resistance R = 1 m?K/W) and 20 cm of internal insulation

Figure 2. Volumetric representation of the Corbioli
House. The heated volume is coloured in orange.

(R = 6.3 m?K/W), the wooden roof includes 40 cm of
insulation (R = 12.5 m?K/W) and the floating slab incor-
porates 30 cm of insulation material (R = 9.3 m?K/W).
The use of thermal bridge breakers limits the thermal
bridge at the intermediate floor. All windows have triple
glazing for a thickness of 44 mm (4/16/4/16/4), the solar
factor is equal to 0.5 and the thermal transmittance U,
of the entire opening (glasses and frame) is equal to
0.7 W/m?K. A blower door test attested the air tightness
of the house equal to 0.6 m*/(h m?).

A compact HVAC system

The house is equipped with the Tzen-3000 system,
provided by Aldes [4], (Figure 4), which is composed
of a mechanical dual flow ventilation system combined
to a cross flow heat exchanger and an air-air reversible
heat pump that are included in the thermodynamic
central C3000 (Figure 5). Before joining the distribu-
tion ducts, after the heat pump, the fresh air passes

.
= :H::_-_._‘_

\

Figure 4. T-zen. (1) Extraction, (2) Blowing, (3) External air, (4) Exaust air, (5) Central, (6) Heating module. (Aldes)

REHVA Journal - November 2014 23



24

through the auxiliary modules (one module per floor)
that allow the temperature regulation room by room,
while providing additional heating sometimes required
in winter. Each duct of the heating module is indeed
equipped with an electric battery that is controlled by a
thermostat disposed in the room to which the same duct
is connected. The entire system can be controlled using
a keyboard located in the kitchen, and thermostats in
other rooms. Once the set point temperature is given,
the system automatically manages the comfort through
the perfect control of flows induced by ventilation while
providing air to guarantee internal comfort regardless of
the season. The technical documentation specifies that
for a 5-room house with two bathrooms, a shower room
and a separate WC the standard airflow rate is equal to
150 m?/h, reaching 240 m3/h in peak flow and dynami-

cally varying according to the operation mode.

The all system in the Corbioli House is controlled
according to the following conditions:

e The winter set point temperature is fixed to 19°C
in all conditioned zones;

o The difference between the ambient temperature
and the inlet air temperature is controlled adjusting
the recycling rate in order to not exceed 20°C;

e In order to avoid the frequent switch between
different operation modes, the limit to differen-
tiate the warm period and the cold period is set to
22°C for indoor temperature with a 3°C dead band
hysteresis cycle;

o The heat exchanger is by-passed in the cold period
and in hot period when the outdoor temperature
exceeds the indoor temperature;

e The building is subjected to hyperventilation in
hot period when the outside temperature is below
24°C and the inner one is higher 24°C.

Given this regulation scheme, a calibrated model of
the whole building was built in order to simulate and
study the HVAC system behaviour in the three different
operation modes.

° © 9 9

]

ol

U
Figure 5. C3000. (1) External air, (2) Extract air, (3) Fresh
air, (4) Exaust air, (5) Additional extract air, (6) Fresh air

filtration, (7) Extract air filtration, (8) Heat exchanger,
(9) Fans, (10) Heat pump, (11) Electronic card. (Aldes)

Heating mode

In winter, the temperature control system is generally
set to the heating mode, and the heat pump is on. The
cross flow heat exchanger included in the thermodynamic
central is able to recover 60% of heat from the extracted
air. The heat pump heating power varies depending on
the outdoor temperature, the desired indoor tempera-
ture and the flow rate. The coefficient of performance
(Table 1) also varies in relation to the combination of all
these parameters, going up to 8 in particular conditions.

Table 1. Heat pump COP in function of indoor and outdoor temperatures, air flow rate and compressor speed.

tez:)t:r:fc)l:re tenLr;)cl?:tru o Fl(::g /rrz:te Cor:pp;reecslsor Recyclage Heating power Global COP
20 Hz No 1663 W 7,6
-7°C 20°C 160 60 Hz Yes 2861 W 4,2
80 Hz Yes 3220W 3,4
20 Hz No 1130W 51
7°C 20°C 160 60 Hz Yes 2881W 34
80 Hz Yes 3468 W 2,8
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In a typical French
winter period, the
outside temperature may

reach —10°C. The higher

Newair VMC
1somth 150 mth

Blowing flow  Rejection Newair VMC Recycling
150 m¥h

1somth 15om¥h 150m¥h 240 mih Blowing flow

|

1]

the heating need, the

higher the heat pump
compressor speed is and
the higher the outlet air
temperature is requested.
In order to maintain
the indoor tempera-

N A

n

ture equal to 19°C, the
outlet air temperature

can go up to 70°C.

However, for comfort

reasons, the difference

| e e — I

between the outlet air
temperature and the air
temperature of the room
cannot exceed 20°C.
That is why a recycling

L/

recycling.

U

Figure 6. C3000. (Left) Heating mode without recycling, (Right) Heating mode with

system for indoor air
is set up to maintain the temperature difference to
20°C maximum. The recycled air, mixed to the
fresh air leaving the heat pump, lowers the outlet air
temperatures while increasing the air flow, as shown in
Figure 6. Moreover, as already mentioned, the T-Zen
system is able to adjust outlet temperatures in each
room. If in some rooms the air temperature is lower
than the set-point, the auxiliary heating modules start
working in order to adjust the temperature to the set-

point value. Heating modules should start only when
the heat pump is not enough to maintain the required
temperature. The Figure 7 reports the global operation
of T-zen in January: thanks to the perfect balance of the
volume and the temperature of the blowing air flow,
the indoor temperature is maintained to 19°C and
the blowing air temperature never exceed 38°C, while
the heat pump power varies depending on outdoor
temperature.
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Figure 7. T-zen in January. Outdoor temperature (green), Indoor temperature (red), blowing air temperature in the

living room (pink), heat pump power (black).
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Cooling mode

In summer period, the T-zen works in cooling mode
and the heat pump reverses its cycle and cools the
air entering the house. Its cooling power and COP
also varies depending on the outdoor and indoor
temperature, the flow rate and the compressor speed.
In addition, a system of over-ventilation is imple-
mented when the outside air is cooler than the indoor
air (particularly at night). Finally, the heat exchanger
can also be switched on if the internal temperature is
colder than the outside temperature; in such a way it
helps cooling the fresh air. The over-ventilation rate
corresponds to the maximum speed defined above,
240 m3/h, and the bypass of the heat exchanger is
switched on when the over-ventilation starts. This
is controlled with a hysteresis effect, which prevents
the over-ventilation system from switching on/off
too frequently. The T-zen operation in a typical
summer month (from 8/6 to 7/7 of year 2013) is
shown in Figure 8, where the over-ventilation starts
working at the early night and stops later, in order
to reduce the phenomenon of overheating during
the day while avoiding a too low temperature in the
night. Moreover, when the indoor air is cooler than
the outside air the exchanger cools the inlet fresh air
with the inside outlet air. In Figure 9, the evolution
of the outdoor temperature, the indoor temperature,
and the fresh air temperature at the outlet of the
heat exchanger in the same period are shown. The
heat exchanger is able to cool the fresh air when the
outside temperature is too high, with peaks of 3°C of
temperature decrease.

Ventilation only mode

The ventilation only mode allows mediating between
the heating mode and the cooling mode, when heating
or cooling requirements are very low, typically in spring
and autumn. In this case, the heat pump never turns on
and the air can only pass through the heat exchanger.
When the house requires a small supply of heating energy,
the heat exchanger turns on and allows heat recovery
from exhaust air. However, when the temperature of the
house is too high, the heat exchanger is bypassed and
the temperature of the blowing air is therefore the same
temperature of the outside air. As usual, the control
system allows a hysteresis effect, which prevents the
exchanger from switching on and off too frequently.

The Canadian well

The presented T-zen system is coupled to an under-
ground heat exchanger. It consists in pre-treating the
external fresh air through pipes buried in the ground,
before it enters the HVAC system: the principle is to
make passive use of geothermal energy (Figure 10). In
winter, the deep soil is warmer than the outside tempera-
ture, and therefore the cold air is preheated as it passes
through the pipes. In summer, the soil is colder than the
outside temperature and is able to warm the temperature
of the air input, sometimes allowing cutting down the
air conditioning. The more the pipes are deep and long,
the more efficient is the system. In the case of Corbioli
house, the diameter of pipes is 200 mm and the length
is 30 m. Itis placed in the garden soil at a depth between
1.5 me 2.6 m: the 2% slope is necessary for the conden-
sation water drainage.
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Figure 8. T-zen cooling mode (2013, 8/6-7/7). Outdoor temperature (green), Indoor temperature (red), Over-ventila-

tion on/off (pink).
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Figure 10. Canadian well operation in different seasons.

The total building energy performance

As mentioned, the study of the Corbioli House was
studied through building model and dynamic simulation
has been used to evaluate the energy performance of the
Corbioli house. As the house is currently unoccupied, the
internal loads related to lighting and appliance (8 W/m?
in main rooms) and occupancy (100 W/person) were
modelled using schedules for a standard 5 people family
working life, considering weekends. The sum of infiltra-
tion and ventilation rate is fixed equal to 0.7 ach in all
building. Given these conditions, without considering
the HVAC system, the sensible heating demand of the
Corbioli House is equal to 48 kWh/m?/year, while the
cooling demand was estimated to be 12 kWh/m?/year.
If a traditional French all-electrical system (radiators for
heating, fans for cooling and no mechanical ventila-
tion) would be installed in the house, the total annual
primary energy consumption would be equal to

134 kWh,,/m?/year, considering the French primary
energy conversion factor of 2.58 and the efficiency of
the cooling system equal to 3. However the T-zen HVAC
system allows the estimated annual energy consump-
tion for heating, cooling and ventilation to be equal
to 12.59 W/m?/year, leading to a total primary energy
consumption of 32.5 kWh,,/m?*/year, fully meeting the
current regulatory requirements [1]. This low energy
demand can be covered by an on-site renewable energy
production plant (PV and solar), leading the Corbioli
House to be close to the target Zero Energy.

The financial performance

Several studies have been performed concerning the
financial optimization of the Corbioli House, comparing
many combination of design options related to the enve-
lope and the HVAC system [5-7]. The analysis have been
carried out following the cost optimal methodology,
introduced in [8] and defined in [9]. When compared
with other systems, if combined with the opportune
envelope design, the installation of the T-zen system
resulted a cost-effective energy efficiency measure
leading to the lowest global cost (including investment,
replacement maintenance and operation energy cost)
over a building lifecycle period of 30 years.m
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’ I Yhe construction of buildings and their operation
contribute to a large proportion of total energy
end-use worldwide; indeed, buildings account for

40% of the total energy consumption and for 36% of CO,

emissions in the European Union. The sector is expanding,

which is bound to increase its energy consumption. This
trend raises some environmental issues such as the exhaus-
tion of energy resources, global warming, the depletion of
the ozone layer and climatic changes. The Commission’s

-

Figure 1. The Eco Sil House, south view.
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Roadmap showed that greenhouse gas emissions in this
sector could be reduced by around 90% by 2050 compared
to 1990. The most immediate and cost-effective way of
achieving this target is through a combination of cutting
energy demand in buildings through increased energy effi-
ciency and a wider deployment of renewable technologies.
In order to reduce the growing energy expenditure, the
European Directive imposes the adoption of measures to
improve the energy efficiency in buildings. The recast of
the Directive on the Energy Performance of Buildings
defined all new buildings will be nearly zero-energy build-
ings by the end of 2020.

The case study

The case study hereby analysed, called Eco Sil House,
consists of two similar single family houses realized in
2010, which rise up on an actually expanding flat area
(Figure 1, Figure 2). Located in Trino, in north-west of

Figure 2. Two new buildings located in Trino (VC).
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Italy, in the Vercelli province, they were designed aiming
to a healthy and sustainable environment, achieving the
goals of a ClimateHouse A. The place in which they
are located is characterized by a typical Mediterranean
climate; not so cold winter and hot summer.

Each building, whose conditioned net surface is about
185 m?, is characterized by two floors plus a non-habit-
able attic. The house has a rectangular plan with the
living area and a technical system room on the ground
floor; bedrooms are on the first floor.

The low energy needs and uses of the building are
obtained thanks to the suitable combination of passive
and active design strategies.

Passive design strategies

Passive solar design involves using the surrounding
environment to ensure a comfortable indoor climate
all year round, with minimal external purchased energy.
The aim of exploiting passive solar design is that of
achieving the performance target passively, through the
usual methods of:

e positioning and orientation of the building for
solar access and cooling breezes;

o super-insulation of the ceiling, walls, floor,
windows, the main entrance and exit doors;

e careful placement of shading devices and wide
openings for summertime;

e thermal mass for temperature smoothing.

The two buildings have been design according to the
above principles. Indeed, each building, that has a rectan-
gular plan, has been placed with the longer axis running
east-west, in order to maximize solar heat gain. Living
and sleeping rooms are placed toward the southern frong;
despite of that, on the northern side there are services
and distribution spaces. The openings are present only
in the above-mentioned facades; fronts toward East and
West are fully blind. Rolling shutters have been installed
in order to provide shading in summer periods.

Buildings are characterised by high insulation levels and
compact volumes (Figure 3). An exterior thermal insula-
tion has been adopted. Two different insulating materials
have been used: the former is made of sintered polysty-
rene panels, the latter one of cellulose fibre. There is not
any particular thermal reason to justify this choice, but
it responds to a curiosity of the architect Gianni Carlo
La Loggia of analysing contingent different behaviours
and durability of materials in future. Both choices lead

BRI R
Figure 3. Vertical section of one of the buildings, with
indication of heated volume and insulation layers.

the thermal transmittance to a very low value, ranging

from 0.13 to 0.16 W/m?K.

Also the roof, which consists of a wooden structure, is
characterized by a high insulation level, with wood-fibre
insulation panels applied on the internal side. Thermal
transmittance reaches a value of 0.18 W/m?K. All
these solutions enable to totally eliminate every kind
of thermal bridge; this is fundamental in achieving the
goals of a ClimateHouse A.

A decisive role in achieving the energy performance
goals is played by highly insulated windows. Buildings
are provided with triple glazed windows, made of wood
with aluminium-clad exterior, filled with Argon (U, =
0.7 W/m?K) or Krypton (U, = 0.6 W/m?K). In order to
achieve the best energy performance of the windows, the
openings have been wrapped by an insulating tape; in
this way a low U value of 1.20 W/m?K is guaranteed.

The thermal masses, used for peak temperature
smoothing typically of Mediterranean summer period,
are concentrated in the external walls that consists of
autoclaved aerated concrete blocks.

Another fundamental aspect it’s represented by the air
tightness of the envelope. Once completed the construc-
tion, the Blower Door test (Figure 4) has been performed
in order to measure the air tightness of the buildings, which
have passed the test, resulting within the limits required for
ClimateHouse A classification (nsq, = 1 h').
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Figure 4. Blower Door test.

Thanks to the adopted passive design strategies, it’s been
possible to reduce energy demand; the energy need for
space heating is low and equal to 23 kWh/m?y.

Active design strategies

Concerning active design strategies, the heating system
is composed of a condensing boiler fuelled by natural
gas, characterized by a modulated power of 5 kW up to
25 kW. The boiler provides space heating and domestic
hot water too. The condensing boiler is coupled with
four flat plate solar collectors, which cover a surface of
9.32 m? for each building, and with a hot water stor-
age tank of 500 litres. The production of solar collectors
satisfies about 96% of thermal needs.

The emission system is constituted by wall radiant
panels, installed on the external wall, in Figure 5: this
system guarantees energy savings up to 50% or more on
heating costs in comparison with a traditional one.

It has been installed a 2.94 kWp photovoltaic system,

characterized by monocrystalline silicon panels.

In order to reach a ClimateHouse A certification, the
utilization of a mechanical ventilation system with heat
recovery has been indispensable.
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Figure 5. Installation of wall radiant panels.

Since the buildings are classified as ClimateHouse A,
the savings in terms of energy consumptions for heating
are about 80%, compared to traditional building
consumptions, and CO, emissions are consequently
reduced to 18 kg/m? year.

Monitoring data

The monitoring of the energy performance of the two
buildings has been carried out for the first years through
the evaluation of two data:

e indoor temperature, by means of thermostats,
installed in every room;

e comfort perceived by each member of the families,
in a range of five levels.

After the first year, buildings owners revealed to be really
satisfied of the energy performance of their dwellings;
the quality of living, achieved by a low energy construc-
tion, is part of everyday life and has a crucial effect on
health. In the first year, they pay a bill equal to 480 €
for space heating.

Monitoring data testified that coupling passive design
strategies, characterized by substantial reduction of heat
losses through the envelope and by maximization of solar
gains, with active design strategies, consist of a suitable
exploitation of renewable sources is a successful action. B
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An existing ruin of a vernacular house located
in a rural area of Portugal is being renovated,
aiming for architectural identity preservation
and low environmental impact, to offer suitable
comfort conditions for tourism exploitation.
Calculated global energy consumption reduction
is 94% of the calculated current energy use of
the building
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uch has been done over the last

decades regarding the improve-

ment of energy performance
in buildings and sustainable construction
[1]. Nevertheless, for the case of existing
buildings, the constraints are very relevant
[2], not only for technical reasons, but
also because of the risk of compromising
significantly the identity of the building.
In these cases, the technical and identity
qualities should be carefully weighed with
all the possible measures being evaluated
from both perspectives.

Taking advantage of the recent growth in
tourism activities in rural regions of the

north of Portugal, the renovation potential -

of a traditional abandoned house has been
analyzed to be used for sustainable tourism
activities [3]. It aims at providing accom-
modation with sustainability principles,
which means optimal use of environmental
resources, respect and interaction with the
host communities and viable, long-term
economic operations providing fairly
distributed socio-economic benefits to all

stakeholders.
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Figure 2. Upper (above) and lower (below) architecture plans of
the retrofitted house.

The house was originally built in 1940 with traditional
vernacular principles (Figure 1), presenting uninsu-
lated granite stone walls, wood structure floors and
roof, ground floor in direct contact with soil (animal
shelter) and single glazed windows with wooden
frames. The external walls are massive but they are
loosely arranged in some areas in need of structural
reinforcement.

Itis located in a small rural village in the hills of Peneda,
at an altitude of 726 m above sea level and the local
climate presents 2 770 heating degree days for a refer-
ence temperature of 20°C. The house is not served by
any support system, including lighting, water supply
and sewerage. There is no electricity or phone access and
heating, during the time it was habited, was provided by
a fireplace which was also used for cooking.

Its current state is almost of ruin, severely degraded in
its wooden elements, lacking windows in some places
and affected by rot and moisture. Inside temperatures
closely follow exterior variations and chilled air drafts
are frequent. Moisture deterioration is present in wood
structures, both in floors and roof, and also through
leakage and condensation on walls.

Objective

The building has a strong architectural image, very much
linked with the traditional life style and architecture of
the region, but without suitable comfort conditions it
will not attract visitors.

The global intention of the renovation is therefore to
provide that comfort, at a minimum energy and resource
expenditure, according to construction sustainability
principles, while maintaining the building’s identity and
historical features (Figure 2). Understand the potential of
retrofitting in vernacular construction may be an impor-
tant contribution to promote other eco-tourism projects.

The renovation works are planned to be completed
before the end of 2014.

Methods

In order to reduce the impacts of renovation measures,
sustainable retrofitting actions have been considered.
New construction was avoided to reduce the environ-
mental impact and preserve the vernacular materials and
principles, local based materials and others derived from
wood wastes (MDF and OSB panels) were chosen due to
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its low embodied energy, as well as concrete bricks (which
are less energy intensive than ceramic bricks) and lime
base mortar. In Figure 3 the relevance of materials selec-
tion in reduction of embodied energy and environmental
impacts is shown. To improve the energy performance of
the building envelope, cork insulation boards have been
used. In the building integrated technical systems priority
was given to the use of renewable energy sources.

Energy renovation features

The main principles of the energy saving concept
were limiting the heat losses during winter, use energy
efficient heating equipment and take advantage of the
sunlight to capture the thermal energy.

In order to prevent the energy losses during winter,
different solutions were chosen to upgrade the building
envelope, relevant not only to improve the energy
performance but also to improve the thermal comfort.

The solution chosen for the walls was the creation of
an interior closed air space and the placement of insula-
tion cork boards (ICB) covered by light elements such
as MDF boards over a wooden support. This solution
allows maintaining the existing materials and avoids new
construction while preserving the external architectural

identity of the building.

For the roof, the solution was to create a wooden
false ceiling, with structural oriented strand boards
(OSB), placement of ICB insulation and a water tight
covering.

For the windows, the solution consisted in replacing
the existing ones by new ones with wooden frames and
double glazing (4 + 6 mm) with a 16 mm air cavity
between the glasses.

The building is equipped with mechanical systems for
heating, air extraction in sanitary installations, air insuf-
flation in main areas and centralized DHW generation.
No mechanical system for cooling is provided due to the
small area of glazing, low thermal transmission of exterior
opaque elements (after rehabilitation) and the guarantee of
asignificant indoor thermal inertia. In this case, and given
the mild summer climate of the region, natural ventilation
and rational use of shutters shading are enough to achieve
indoor summer comfort, both day and night.

The system for space heating and DHW is a 16 kW
geothermal heat pump with its main features described
in Table 1. Its primary circuit is placed in contact with
the underground water level in open operating mode.
It includes a weather compensated digital heat pump
control unit RVS 61 with integrated cooling control
function “passive cooling”.

Table 1. Geothermal heat pump main features.

Heating capacity 15.71 kW

Input 3.49 kW

cop 4.5

Flow temperature maximal +55°C

Refrigerant R407c

Compressor (count) Copeland SCROLL (1)
Voltage 3x400V/50Hz

mil
. . Water .
Windows Structure Nonstructur | Paints and Claddin Plaster and roofin Insulation Bricks and
Kg Coz eq. and doors al suports varnishes e mortar P g Blocks
screens
B Current solution 3631 16233 4588 1049 7953 3815 3177 13917 859
B Alternative solution 546 4881 1400 376 6862 1265 2950 1062 586

Figure 3. Embodied CO,eq. amount for current (materials currently used in building renovation in Portugal) and
alternative material selection (materials selected for this renovation project to reduce embodied energy and environ-
mental impacts).
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For heating, the emission is provided by radiators. For
DHW, the main power supply is the thermal solar system
with three solar panels connected in series with a total area
of 6.78 m? and connected to a 300 litre electric storage
tank that also receives the water heated by the geothermal
heat pump. The solar panels are installed with a 35° incli-
nation facing south and the annual expected contribution
of solar thermal energy is 4.2 MWh/y which accounts for
69% of the total energy needs for DHW.

Mechanical ventilation with a heat recover box with
91% efficiency, guarantees fresh air supply and exhaus-
tion to all spaces, with insufflation provided through the
rooms, living room and kitchen and extraction through
bathrooms and entrance. The totality of the extracted air

is guided to the heat recover box, with its main features
described in Table 2.

It is a compact unit, vertical, leaning on the pavement.
Heat exchange is accomplished through a counterflow
plates recuperator, wherein there is no contact with the
insufflated air against extracted air. Given the configura-
tion of the HVAC system design, the equipment will
not be provided with battery for heat or cold transmis-
sion, carrying only ventilation and heat recovery above
described. It will bypass the heat exchange to enable free-
cooling, and will have integrated control and condensate
tray. Ventilation will be performed using filtering with
F5 quality for insufflation and extraction.

Lighting will be assured by fluorescent and LED based
lamps.

In brief, the adopted energy renovation features are the
following:

Technologies:

Interior insulation cork board

Wooden framed double glass windows
Mechanical ventilation with heat recovery
Geothermal heat pump

Thermal solar panels (for DHW)

Systems:

e Heating and DHW: 16 kW geothermal heat pump

¢ Cooling: Natural ventilation and wooden shutters
on windows

e Ventilation: Heat recovery box with 91% efficiency.
Fresh air supply and exhaustion of all spaces

¢ Lighting: Up to date fluorescent and LED based lighting

Renewable Energy Systems:

e Thermal solar panels for DHW preparation

Table 2. Heat recover box main features.

Model Power Box 95 V700 / France Air
620 m*/h; 180 Pa; 355 W

530 m*/h; 250 Pa; 355 W

Up to 91%

Air insufflation

Air extraction

Efficiency

Table 3. Thermal characterization of the building before
and after the renovation.

Element | Area U-value before U-value after
(m?) renovation renovation
(W/m?2.°C) (W/m?.°C)
Exterior 0.45
Walls 850 182 (average)
Ground Direct contact 0.50
54.0 . R
floor with soil (average)
Roof 80.4 4,55 0.23
Doors 3.0 2.70 0.81
Windows 7.8 4.60 2.05

Regarding the thermal quality of the envelope, comparing
the U-values proposed for the renovation (Table 3)
with the reference values from the recently published
building thermal regulation (D.L. n.* 118/2013 from
20th of August), only for the case of the external walls
the proposed values are above the reference (0.45 for the
case study and 0.35 in regulation for new buildings),
with all the other building elements under the reference
and well under the maximum allowed values.

Impact of the retrofitting

With the chosen renovation solution there are significant
comfort improvements. Regarding the energy perform-
ance of the building, only the calculated values of the
energy needs are possible to present once the original
building didn’t have non-renewable energy consumption
and wasn’t able to provide comparable thermal comfort
conditions. Therefore, the calculated heating needs are
reduced in 74%, the cooling needs in 14% and the DHW
needs in approximately 95%. Table 4 summarizes the
impact of the retrofitting measures on the heating, cooling
and DHW needs including the contribution of the solar
thermal panels. The table also presents the energy label.

In Portugal, the energy certification scheme ranks the
energy performance of buildings from level G to level
A+, where G is the less efficient. The A+ label means that
the calculated primary energy needs are less than 25%
of the maximum allowed value.
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Overall improvements

The renovation intervention will allow providing the
necessary comfort for tourism accommodations in all the
seasons of the year, providing an indoor climate absence
of drafts, condensation phenomena and assuring the
control of the users over the indoor temperatures.

On a broader level, an intervention driven with these
sustainable construction principles is always good for the
local economy. Tourists enjoying nature can be housed
enjoying comfortable conditions with minimum envi-
ronmental impact, leading to further attraction of more
tourists with interest in eco-tourism and as consequence
it helps to develop the local economy. Furthermore, these
broader economic benefits may also result as a trigger for
more retrofitting of local vernacular buildings.

Barriers

The implementation of energy renovation projects in the
building sector is not just a technical matter. It involves
the economical context, lack or misleading information
to the decision maker and sometimes ownership issues
with different persons paying the investment and saving
from the better energy performance (split incentives).

Energy renovation projects often run into barriers that
may hold up the project. It is then necessary that owners,
technical consultants and other entities involved in the
process find solutions to overcome these barriers.

The main barriers in this case were related with the
bureaucracy for obtaining the building permit, finding
funding sources for the renovation works and some miss
information between owners and technical consultants.

The bureaucracy for obtaining the construction permit
from the municipality and national tourism entities is
still a time consuming process that causes delays and
doubts for project planning.

The details of a deep energy retrofit usually carry
extra costs, which are not always well understood by
the owners. Strong commitment between the owners
and technical consultants is crucial for finding the best
possible solution within an affordable budget, consid-
ering not only the investment costs but taking into
account a life cycle costs perspective.

Conclusions

The offer of comfort conditions for tourism exploita-
tion, with architectural preservation and low environ-
mental impact, were the main driving forces for the
development of this project.
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Table 4. Summary of the energy renovation impact.

Before After
renovation | renovation
Heating 477.9 123.8
Energy needs Cooling 12.1 10.4
(kWh/my) | ppw 54.8 30
Reduction - 75%
Energy label F A+
Primary energy use* 543.1 34.35
Primary energy use reduction - 94%

* Calculated primary energy use considering the use of most common elec-
trical building integrated systems, for heating, cooling and DHW, in Portugal.

The global energy consumption reduction reaches 94%
when compared to the hypothetical use of the house,
on its current state. Even for building renovation, the
materials selection might have significant relevance
for reducing embodied energy and environmental
impacts.

Although the definition for nearly zero energy buildings
is not completely established in Portugal, current case
study shows that it is possible, even for existing build-
ings located in the coldest areas of the country, and
taking into account the preservation of architectural
values, to renovate towards very low energy use using
existing technologies, with significant emphasis to the
HVAC system solutions. B
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The challenge of designing
and building nZEBs:
a single-family house in Italy
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CorTau House is a single-family house, realized
by renovating a “curma’, a traditional rural building,
located in Livorno Ferraris, in the Northern Italian region
of Piedmont. The construction of the building, started
in March 2014, is still in progress but this nZEB already
represents a good example for the replicability and
implementation of a high-performing house model at
the regional and national levels. The project and real-
ization of the building are described from the project
owner/building system designer, S.P. Corgnati, and from
the architectural designer, M. Luciano.

CECILIA GUALA

Figure 1. The designed CorTau House, south front.
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In keeping with the European definition of
nZEB [1], the CorTau House represents an
Italian significant design experience in which
the architectural quality in renovating a
traditional rural building is combined with the
use of high-performing energy solutions. The
NnZEB realization challenge is presented
here in the form of interview with the
designers.

Keywords: nZEB, energy efficiency, cost
control, traditional rural building, building
system, architectural quality.

A first question to the project owner: what led you to
realize a nearly Zero-Energy Building?

S.P.C.: Mainly the possibility to ensure the energy inde-
pendence of the building from fossil energy sources: the
CorTau House (Figure 1) is indeed “all electric” and meets
the energy demand through self-generation of electricity
from a solar PV system. Moreover the project pursues
the dual objective of combining the nZEB requirements
[2][3] with architectural quality principles and with the
renovation of a traditional rural building widely diffuse
in Piedmont.



Which are the main benefits
deriving from this kind of
building?

S.P.C.: The main advantages,
in keeping with the nZEB
philosophy, are surely a consid-
erable reduction of the energy
required for conditioning the
house and the meeting of energy
needs through the use of on-site
renewable sources, including
the sun and the heat extracted
from groundwater.

Which elements have played a
decisive role in designing and
realizing the building? How
influential have been the context,
the previous existence of a
traditional building and the
current energy efficiency
legislation?

M.L.: The traditional rural
framework has surely influ-
enced the project, whose aim

Figure 2. Picture of the pre-existing rural building, south-east side.

is to preserve and to enhance
the distinctive features of the
building (Figure 2). The roof covering in tiles and the
wooden roof structures have been maintained, so as
the brick pillars. The design team also had the good
fortune to reinterpret an ancient intuitive know-how in
a scientific way, according to bioclimatic architectural
principles: the existing building indeed, fully opened on
the south side, presented a closed fagade on the north
side (Figure 3): the project has been adapted to this
simple existing structure, optimally suited to achieve
excellent energy performances.

Which architectural, technological and structural
solutions have been adopted?

M.L.: Our architecture study is used to work with rein-
forced concrete septa, which have the dual function of

Figure 3. Volumetric representation of the pre-existing
rural building, south front.

acting as structural elements and including the building
systems. Moreover, massive structures are adopted in
order to get the most out of the thermal inertia of the
building envelope, considering the temperate climate
of the context. The result is a building characterized
by parallel axes that incorporate the building systems
in a north-south direction and by horizontal surfaces
enclosing the living space: there is a symbiosis between
the building structure/envelope and the technological
aspects characterizing the living space. With regard to
the building envelope, there is a clear separation between
the highly insulated opaque components, characterized
by external insulation, and the transparent surfaces, in
order to minimize the creation of thermal bridges.

Apart from building envelope measures, which energy
efficiency strategies have been adopted with regard to the
building system?

S.P.C.: A controlled mechanical ventilation system with
heat recovery and dehumidifier is combined with radiant
floors for heating and cooling: a geothermal heat pump
provides the production of cold and hot water for the
radiant panels and Domestic Hot Water (DHW). All
the electricity needs of the building for lighting, cooling
and interior equipment are covered from a 7 kWp grid-
connected photovoltaic system installed in the roof.
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Acoustic solutions have been
considered too?

S.P.C.: In the Cor7au House the
soundscape design concerns not
only the building itself but also
the garden. The main acoustic
protection of the house is indeed
provided by tree planting and
hedges, which have the addi-
tional functions of solar control
and privacy screening. With
refer to the building, reinforced
concrete septa placed between
living and sleeping areas provide
the acoustic insulation of these
two macro-areas of the house.

Among the adopted design
measures, which ones revealed
to be priority for the nZEB
realization? On the contrary,
which solutions have been ruled
out and why?

S.P.C.: The project experience

has highlighted the importance Figure 4. The first concept of the house, south front.

of individuating the correct
relationship between opaque and transparent surfaces
in relation to different room exposures, in order to
correctly design external sun screens and to control
the solar radiation. The optimization of the building
energy performance is based on passive energy solu-
tions: since the first concept, the architectural design
and the energy-saving project have been complementary
and decisive in the evolution of the project. The project
originally involved an articulated system of reinforced
concrete septa and slabs: this solution has been ruled out
in the final project. The structure has been simplified,
giving way to clearer separation between opaque and
transparent surfaces, in order to avoid thermal bridges
and to control the construction costs due to concrete
paving.

A fundamental strategy towards nZEBs is an integrated
design methodology: how did the architectural project
evolve in order to achieve the goals of energy efficiency
and cost optimality?

M.L.: The architectural design work has been carried
out in parallel with the building system design from the
preliminary phases: the creative role of the architectural
designer has been driven by nZEB energy goals, together
with the property owner’s request of cost control, with
reference both to the investment costs and to the future
running and maintenance costs. As said before, in a
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previous stage of the project (Figure 4), the house was
characterized by an articulated structure with stepped
levels, including a basement used as a garage. In order
to control the costs, the project has been modified,
proposing in the final version a one-storey residential
unit with reduced net floor area and volume (Figure 5
and Figure 6). The interior spaces and structures of
the house have thus been optimized, ensuring reduced
energy losses and, consequently, lower energy needs
for heating and cooling in future. Moreover, costs for
excavations and costs due to the realization of a second
staircase and to the installation of a distribution mani-
fold for the first floor have been avoided.

What about the building estimated energy performance?
How have the consumptions been calculated?

S.P.C.: In keeping with the definition of nZEB [1], the
energy consumption of the house is nearly zero: the
low energy demand is covered through self-generation
of electricity from PV system. The energy performance
of the building has been calculated in the preliminary
phases of the project through calculation software based
on the European standards. At a later stage the energy
consumptions of the building have been calculated
using dynamic energy simulation tools for comparing
the estimated final energy demand profiles and the
energy production ones.



Which difficulties did you encounter during the nZEB
design and construction phases?

M.L.: The building site is a “hostile” place because of
the co-presence of different professional figures. In order
to achieve the nZEB design goals in terms of architec-
tural quality there is a strong need for collaboration and
cooperation between the designers, the director of works
and the construction company: only through an agree-

ment between all the parties interesting results become
possible. I like to think that the project is a thought,
which is made of different nuances. The construction
company provides not only for skilled manpower but
also for ideas and support; the designers have to inte-
grate and implement the project on the basis of these
technical suggestions, though maintaining the basic
features of the architectural design.

B s di Bt e tina T e T

Figure 5. Floor plan of the house.

Figure 6. Transversal section.
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The quality of the final work is surely prime in order to
achieve the prefixed targets; did you encounter any
problem in finding materials and trained manpower?

M.L.: No, I didn’t encounter relevant problems thanks
to a great synergy with a highly qualified construc-
tion company. The manpower and the technicians
on site revealed to be trained in the construction of
high quality buildings: the attention given to building
details is a fundamental aspect for the achievement of
the result.

How much does the realization of a nZEB cost with
respect to a “traditional” building? How long is the
estimated payback period of the investment extra-costs?

S.P.C.: The costs are clearly related to the adopted
solutions: for example in this case the architectural and
structural use of massive concrete structures has affected
the construction costs. The investment extra-costs are
about 30% higher than the costs to be bared for the
realization of traditional buildings, considering standard
finishes. This percentage of extra-costs is however more
elevated than for other nZEBs because of a decisive
boost to experimentation with regard to the building
system, which could be simplified. In relation to the
investment extra-costs, the payback period has been
estimated of less than a decade, a reasonable period
considering that the investment is made in a primary
residential property.

Are tax deductions or other financial subsidies granted for
the realization of a nZEB at the national or regional level?
In your opinion are they suitable?

S.P.C.: In Italy energy retrofits are strongly subsidized
in terms of tax deductions for interventions of building
renovation and energy efficiency. In 2014 and 2015
for refurbishment works on real estate property it is
possible to benefit from a tax deduction of 50%, for
building renovation, and of 65%, for energy retrofit
actions, over ten years, on a maximum spending limit
respectively of 96,000 € and 100,000 € per real estate
unit. Financial subsidies are nowadays fundamental in
order to incentivize energy efficiency actions.

This building can be taken as a model for the future
realization of new nZEBs and for their distribution at the
national and regional levels. Which design and
construction “rules” followed for this case study could be
replicated for other ZEBs?

S.P.C.: The “curma” is a typology of widely diffuse
building in the Northern Italian rural areas: the Cor7au
House shows a new possible way to interpret its renova-
tion and re-functioning. A replicable “rule” is surely the
idea of preserving the existing structure and adding to
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it a new building organism characterized by innovative
energetic and architectural performances.

M.L.: I agree with the above but I would also like to
underline that in my opinion there is not a correct or
wrong model for designing a building: the building
quality is the result of a correct balance between several
elements, different for each project. The CorTau House
is an example of nZEB located in a rural Po plain
scenario; a good model of nZEB surely fits into the
context and is designed on the basis of the specific
needs, climatic conditions and traditions of the place
in which it is realized.

Is there any other theme you would like to highlight?

S.P.C.: In our climatic conditions the nZEB design
challenge can be summarized in two basic concepts:
the careful design of the building considering both the
winter conditions and the summer ones and the control
of humidity — fundamental for a building surrounded
by rice fields. The compensation between the building
behavior during winter and summer seasons represents
the basis of the reasoning intended to emphasize the
passive design.

M.L.: I think that this design experience also highlights
another issue: this house represents a good project in
relation to the urban space, nowadays degraded in Italy.
In this sense the CorZ7au House can be assumed as a
model for sensitive zones, in order to demonstrate that
also controlling costs high results in terms of quality of
life are achievable. B
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Energy efficiency and
HVAC systems in existing
and historical buildings

The topic of refurbishing historical buildings
is one of the energy challenges all over
Europe. In this scenario, AiICARR developed
a proposal for a conscious approach in
energy retrofitting.

Keywords: historical buildings, energy
efficiency, HVAC systems.

The challenge of refurbishing existing
and historical buildings

Refurbishment of existing and historical buildings is a
priority in many European Countries. In 2014 AiCARR
published guidelines intended for both design engineers
and superintendencies. Due to the need of developing
a harmonized approach focusing on historical build-
ings, AiCARR developed a specific guidebook entitled
“Energy efficiency in historic buildings” [1] to support
technicians in carrying out energy retrofit actions in
historical buildings. The guidelines provide the design
engineers with a tool for the energy audit of the historic
building and offer a framework for the design of possible
energy upgrades, which are conceptually similar to those
provided for non-protected buildings, but appropriately
tailored to the needs and peculiarities of the cultural
heritage. On the other hand, the guidelines provide the
institutions responsible for protecting the building, the
possibility to objectively decide on the level of energy
efficiency achieved as a result of the rehabilitation in
accordance with the conservation criteria.

Whenever an intervention is required to a protected
property or nevertheless to a property of cultural value,
it should be considered that the work to be carried out
falls within the scope of restoration and the priority
objectives are fo preserve and bring these assets in line
with the future in the best possible condition [2].
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Even the energy efficiency measures should pursue the
above stated purposes, which means considering energy
efficiency as a tool for protecting - rather than a process
of upgrading that conflicts with the conservation
requirements. It follows that the design choices should
be made by consulting with the conservation experts. In
this regard, the following criteria set out in the Venice
Charter for Conservation and Restoration [3] are of
invaluable help: compatibility, minimum intervention,
reversibility, distinguishability, expressive authenticity,

durability and respect of the original fabric.
R N

) B
Figure 1. Integrating historical buildings with new
innovative solutions (from: 49th AiCARR International
Conference, Historical and existing buildings: designing
the retrofit. An overview from energy performances to
indoor air quality. Rome 2014).




In historical buildings refurbishment is very important
to respect the relationship between restoration and
installations that today is still little explored from a
theoretical point of view, and definitely less, for example,
than the corresponding relationship between restora-
tion and the need for full accessibility - or even between
restoration and structural consolidation works.

Even in this case, as for the structural consolidation,
it is necessary to radically rethink the concept, which
is reflected in a new methodological approach, an
example of which is suggested in these guidelines.

If we start from the same experience that some years ago
brought about a debate on the problems related to the
historical-critical process, and to the scientific-technical
process for consolidation restoration projects, which
recognized the need of a rigorous method of unity, this
same method should be proposed for the energy effi-

ciency of a cultural asset.

In the restoration-systems relation we
still see a gap in the rules and regula-
tions. Notwithstanding this gap, the
need to include systems in the restora-
tion concept and the three-point criteria
(minimum intervention, reversibility
and compatibility) is well established.

To this regard, AiICARR specifically
proposes that the concept of “improve-
ment” replaces the concept of “adap-
tation” in the current standards and
requirements also with regard to safety
and comfort, elaborated along the lines
of “integrated conservation” [4].

Proposals to improve the energy compli-
ance of a historic building (or, even, of
a cultural landscape) can be made by
taking appropriate measures that are
well-balanced for a suitable architec-
tural or landscape integration. This
means that you will often have to settle

The proposed methodology should be based on an
interdisciplinary approach, the main steps of which are
clearly set out in the guidelines. These steps include:
following the general principles and concepts; an
analysis of the plant engineering systems; measuring
the environmental quality and determining the risks
to historical buildings (including identification of the
proposed intervention as it relates to the building and
the system).

AiCARR procedure to improve the
energy efficiency of historic buildings

Figure 2 shows the flow chart of the proposal made by
AiCARR regarding the best improvement procedure on
how to improve energy efficiency.

The procedure involves some preliminary actions aimed
at a correct energy audit, downstream of which the
actual energy performance index must be calculated.

PRELIMINARY ACTIONS:
Energy audit
Envelope analysis
System analysis
Energy modeling

!
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Figure 2. Flow diagram of the energy efficiency improvement procedure.
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The energy audit should also be used to evaluate the
possible improvement actions, which must be calculated
on the basis of the post-construction energy performance
index. Obviously, if the improvement has led to concrete
results it is possible to proceed; otherwise the process
should be repeated by analyzing the audit levels more
thoroughly.

HVAC Systems in existing and
historical buildings

From the HVAC systems engineering point of view,
historic buildings that have not been affected by recent
maintenance work, whether ordinary, extraordinary or
preventive, are generally equipped with obsolete equip-
ment. HVAC systems, in principle, could be replaced,
but can actually be evidence of the past and as such
have a historical interest; therefore they should be care-
fully recovered, valued and, if possible, made useable.
Consider the little-known, but extremely interesting
Italian San Leucio monumental complex (Figure 3),
belonging to the World Heritage List, which includes
the so-called “Bathroom of Queen Mary Caroline”,
which can be traced to the ancient Roman baths.

It goes without saying that an assessment to possibly
reutilize HVAC systems that have a historical value
involves problems of protection and often enhance-
ment. It is an interdisciplinary process that the designer
has to manage in terms of thermal engineering and also
requires the typical skills of Cultural Heritage experts.
An analysis of historical works to assess the possibilities

for protection, enhancement and fruition is therefore an
integrated process in which the designer plays a particu-
larly important role.

It is clear that an improvement in the energy perform-
ance of a building as a whole must include work to the
installation, unless particular historic, architectural or
functional restrictions make it inadvisable or impossible
to carry out.

Regarding the performance of a building envelope,
measures are generally taken on the thermal insula-
tion of opaque and transparent, horizontal and vertical
components by applying materials and/or technologies
that increase the thermal resistance and reduce the
internal/external thermal exchange. Thermal insulation
may not always be practicable in a historic building
whose facades and/or interior elements are of a historical
or architectural value, whereas such work can be done
to an existing building, which in itself has no historical
value but holds a cultural heritage; for example, a newly
built museum.

A tool to assess landscape integration

To improve the energy efficiency of historic buildings
can have, more often than not, an impact on the land-
scape due, for example, to interventions which might
interfere with the characters of historicity and antiquity
of the building or to plant engineering installations that
may not be synergistic with the landscape, seen aside
from the building.
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In these cases, special attention has to be paid to land-
scape integration, which must be assessed at different
scales of intervention for each typological element on
the basis of the following criteria:

* Technology, intended as the degree of replacement
of the building and system components;

* Landscape, morphological, form and colour
perception.

As a first assessment of the overall degree of integra-
tion of the project, a sheet such as the one shown in
Table 1 can be used to be filled-in by the designer of the
intervention on the basis of the documents produced, as
illustrated below, and which is assessed by the Cultural
Heritage national Offices. This sheet is a summary that
will then be compared with the results of the energy

assessment and is also useful to for an initial screening
on the acceptability of the project, in the sense that
interventions, which are not characterized by at least a
partial degree of integration, cannot be submitted.

HVAC system maintenance
The new Italian Cultural Heritage Code [5] for the first

time includes the concept of maintenance in the Italian
national legislation on the protection of architectural
and landscape heritage. This topic is crucial for historical
buildings. Maintenance to the installed systems must
therefore be provided during the design phase, included
in the general maintenance plan and must be consistent
with the requirements specified for proper conservation
of the entire building over time. Choosing suitable posi-
tions according to the conservative requirements is not
sufficient: it is also necessary to provide for regular acces-
sibility to the systems without causing any damage to the

Table 1. Preliminary assessment sheet for integration in the landscape.

Scale Typological element Integration level
Technological Scenic
Formal Morphological Chromatic
Opaque surfaces
Cover
Microscale Transparent surfaces
Architecture
Building- Opaque surfaces
p|ace- Fagade
construction Transparent surfaces
HVAC systems
Cover
Mesoscale
Square-block- | Facade
surrounding
Installations
Cover
Macroscale
territory Facade
HVAC systems

Integration level: O = partial, @ = total
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existing building. Furthermore, care must be taken to
control the physical and chemical characteristics as well
as the behaviour of new materials over time to prevent
the occurrence of events that are incompatible with the
proper life of the historic building. The overall energy
efficiency of a building also depends on the level of main-
tenance performed, obviously with special regard to the
management and maintenance of technical installations.

In Italy HVAC systems must be designed, constructed
and installed so that cleaning of all internal surfaces
and components can be performed in accordance with
the provisions of the UNI 12097:2007 standard and
national guidelines. This is a prerequisite to ensure that
these systems can be operated and maintained in such a
way that hygiene requirements are complied with art all
times. Regular technical inspections and maintenance
servicing as well as frequent health checks must be
carried out by specially appointed qualified personnel.
Therefore, a register for the documents related to ordi-
nary and extraordinary maintenance to water systems
and air conditioning systems should be adopted.

Historic buildings and standard
evolution related to energy efficiency:
the AiCARR proposal

In the case of historic buildings, it will be necessary to
interpret the possibility of unifying and simplifying all
the Italian current laws and decrees related to energy
performance of buildings in a more incisive manner.
This topic is currently being discussed by the operators
of the heating sector, who are often in difficulty with
reference to the interpretation of the scope of the legisla-
tive body on energy efficiency in buildings.

AiCARR believes that it is necessary to clarify the subject
of energy saving in the building industry in general, and
with special reference to historic buildings, establishing
a few rules that are clear and that cannot be interpreted
at will. To this end, AiCARR believes that the following

would be essential:

e introducing a performance index that takes into
account only non-renewable primary energy;

o defining the energy performance of a building
only through the primary energy requirements;

e providing a definition of energy from renewable
sources;

e defining the nZEB (nearly Zero Energy Building)
univocally, i.e. a building characterized by a low
demand for non-renewable primary energy;

e defining the assessment method on exported energy,
for example by referring to the territorial context.
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According to AiCARR,

these rules should ENERGY

only relate to matters EFFICIENCY
. IN HISTORIC

regarding the energy

BUILDINGS

performance of the
building, during the
design or upgrading
phase, not to checks and
inspections of use and
maintenance. In partic-
ular, aspects related to
the minimum perform-
ance of the building
as a whole should be
separated from those
related to energy certification, so as to eliminate the
misunderstanding that the design activity is aimed only
at obtaining the energy performance certificate.
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Figure 4. The guidebook
developed by AiCARR.

With regard to the minimum performance, AiCARR
believes that it is necessary to identify the minimum
requirements which can be easily verified by the munici-
pality or concerned institutions, without necessarily
having to perform a complete calculation of the energy
performance. For instance, the following criteria could
be taken into account:

e transmittance: indicate the value of the transmit-
tance of the walls responsible for 60% of the total
dispersion;

® subsystem efficiency: provide a minimum refer-
ence value;

e production efficiency: indicate a minimum value
of the nominal efficiency and think of a way to
limit oversizing.

Evidently, appropriate adjustments for historical build-
ings should be provided and regulated. B
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Comfort cooling and solar power
— a perfect match?
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In buildings where there is a demand for comfort cooling, electricity-driven compression
chillers combined with photovoltaics may be an interesting solution to achieve net zero in
energy use for cooling thanks to the potential simultaneity in demand and generation of
electricity during summer. Using the first passive house-certified retirement home in Sweden
as a case, this paper presents and evaluates how well the load demand and the solar power

generation coincide hour by hour.

Keywords: solar power, photovoltaic, comfort cooling, load matching, passive house, net
zero energy building, low energy building, retirement home.

’ I Yhe EU Directive 2010/31/EU on the energy
performance of buildings implies that in the
next few years all new buildings or existing

buildings that are subject to major renovation have
to be so called net zero energy buildings (December
31 2018 for public buildings and December 31 2020
for other buildings) [1]. Apart from having a very
low energy use, a high share of the energy used in
these buildings should come from renewable energy
sources, including renewable energy sources on site
or nearby.

A lot of effort has been made to reduce the use of
energy in Swedish buildings, especially the energy
used for heating. However, when the heat demand
is lowered due to improved insulation, the need for
cooling increases. Apart from the cooling demand due
to climatic conditions, growing population and higher
living standards, increased numbers of technical appli-

50 rEHVA Journal - November 2014

ances such as lighting, printers and computers also
increase the need for cooling. In warmer countries, the
peeks in the power demand are partly due to the use
of electricity-driven cooling facilities [2]. Within the
European countries, the growing number of cooling
facilities increases the already strong daily variations in
electricity demand and thereby also the need for peak
load power generation [3] which is associated with
high operating costs and CO, emissions.

During summer, power demand for comfort cooling
and solar power generation coincide well since both
are related to the solar radiation. Therefore, electricity-
driven compression chillers coupled with photovoltaics
(PVs) may be an interesting solution to achieve net
zero in energy use for comfort cooling. However, even
if the electricity used for cooling may easily be covered
by solar power from a PV plant on a monthly basis, is
there a perfect match also on an hourly basis?



Objective

This paper presents and evaluates how well the load
demand and the solar power generation coincide hour by
hour and how this affects the annual coverage rate and the
amount of surplus power generated. The study is a case
study of electricity-driven compression chillers and PVs
located at the retirement home in the passive house area

Vallda Heberg, see the upper left corner in Figure 1.

Vallda Heberg passive house residential area

In the residential area Vallda Heberg, in the munici-
pality of Kungsbacka in Sweden, all buildings are
designed, built and certified according to the Swedish
passive house standard Feby [5]. The municipal housing
company, Eksta Bostads AB, and the construction
company, NCC Construction Sweden AB, have built
the passive house area which consists of single family
houses, apartment blocks, terrace houses, a retirement
home and commercial buildings, see Figure 1.

These highly insulated buildings with heat recovery
have a very small energy demand for space heating.
The small amount of energy needed for space heating
and domestic hot water is supplied by 100% renewable
energy generated on site and which is distributed in a
local district-heating network. The goal is that as much
as 40% of the annual energy use for domestic hot water
and for space heating will come from solar thermal
collectors. The rest of the heat needed is supplied by a
local wood pellet boiler.

The first retirement home certified as passive
house in Sweden

The retirement home in Vallda Heberg is the first passive
house certified retirement home in Sweden. It has a net
floor area (Atemp) of 7,280 m? and consists of 64 small
apartments divided into six departments on three floors.
The retirement home also has social areas and activity
rooms for the residents, a kitchen and a restaurant and
office for the employees.

Residents in retirement homes are more sensitive to
higher temperatures during the summer season. In
order to reduce problems with over-temperatures during
summer in the retirement home in Vallda Heberg, solar
shading has been mounted above the windows. Still there
is a small demand for comfort cooling during the summer
and, therefore, a cooling system has been installed.

In order to cover a part of the electricity used in the
retirement home, 545 m? of photovoltaics have been
installed on the roof, see Figure 2. The goal is that at

Figure 1. Passive house residential area Vallda Heberg
during construction [4].

Figure 2. Photovoltaics installed on the roof of the retire-
ment home in the passive house area Vallda Heberg [6].

least 40% of the total building service electricity and
100% of the electricity used for comfort cooling, will
be met by solar power on an annual basis.

Technical description of the heating, cooling
and power system

The calculated annual specific energy use is 50 kWh/
m? Aimp. This includes energy use for space heating
and domestic hot water, electricity use for lighting,
pumps, fans and elevators and solar power generated (as
a negative energy use). In the simulation of the building
energy performance, the temperature is allowed to vary
between 22°C and 25°C.
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The performance of the PVs and the compression
chillers installed are described in Table 1.

Measurements and limitations

The solar power generation has been measured since
August 2013. Measurements of electricity in the retire-
ment home building started in the summer of 2013.
The first tenants moved in October 2013 and the retire-
ment home was not fully occupied before the beginning
of 2014. Therefore, it is problematic to get a full year of
representative data concerning the electricity use in the
building. Detailed hourly measurements [kWh] for the
building are listed below.

o Solar power generation from the PVs.

e Electricity use for comfort cooling.

e Electricity use for buildings services, including
electricity use for comfort cooling and kitchen
cooling and electricity for lighting (of common
spaces), pumps, fans and elevators.

o Otheractivity-related electricity use in the building,
including electricity to the retirement home activi-
ties such as the industrial kitchen, social areas,
office areas.

Monthly surplus electricity delivered to the grid has
been provided by the electricity retailer.

Note that no measured values have been statistically
adjusted due to the outdoor temperature and solar radia-
tion and their duration for a normal year. The summer
of 2014 was warmer than a normal summer in Sweden,
and can, in that sense, not be considered as representa-
tive for a normal year. This means that it is not straight-
forward to compare these values with design values.

Results and analysis
Coverage rates on an annual and monthly basis

The first year of measurements (Sep 2013 to Aug
2014) show that 72.8 MWh (10.0 kWh/m?,year) solar
power was generated in the PV plant, that 5.3 MWh
(0.7 kWh/m?,year) electricity was used for cooling and
that 130.9 MWh (18.0 kWh/m?,year) electricity was
used for all building services (including comfort cooling).
Thus, there is no doubt that the solar power generation at
the retirement home reaches its targets of 100% coverage
rate of the power used for cooling and 40% coverage rate
of the power used for all buildings services on an annual
basis. In fact, as much as 56% of the power used for all
building services was met by solar power using measure-
ments for the first year. The solar power generation from
the PV plant over the year was higher than estimated
(134 instead of 113 kWh/m? PV).
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Table 1. Technical performance of cooling and PV system.

Photovoltaics

Photovoltaics installed

Hanwha SolarOne
HSL 60 Poly

Installed capacity

330 modules,

245 W/module,
total PV area 545 m?
mounted at 6°

Estimated power generation

61 500 kWh, year
112.8 kWh/ m?, year

Compression chillers

Chillers installed

Two Mitsubishi PUHZ-
P200YHAS3 chillers and one
Mitsubishi PUHZ-P250YHA3
chiller

Installed cooling capacity

60 kW
(19x2 kW x 2 and 22 kW)

Energy efficiency
ratio according to the
manufacturer

2.6 for both chiller models

Energy efficiency ratio
according to Eurovent (35°C
outdoor temperature)

3 for both chillers (3.04 for
PUHZ-P200YHA3 and 3.01
for PUHZ-P250YHA3) [7]

Using monthly instead of annual measurements, still as
much as 97% of the solar power generated can be used for
building services. In other words, the remaining power
generated is very small compared to the use of building
service electricity on a monthly basis. Calculated coverage
rates based on total solar power generated and total elec-
tricity use for comfort cooling and building services each
month are presented in Table 2. The coverage rates for
comfort cooling are 100% over the entire year, whereas
the share of solar power used for building services varies
from a few percentages up to a full coverage.

Coverage rates on an hourly basis

According to national energy requirements in Sweden,
only the power generated that can be used within the
building for building services can reduce the specific
energy use of the building [8]. The measurements of the
electricity used for building services and the solar power
generated each month during the first year of operation
are presented in Figure 3. In order to see how much
electricity was used for comfort cooling each month, the
electricity used for building services (the left column in
Figure 3) is split into electricity used for cooling and elec-
tricity used for other building services. The measurement
results show that electricity used for building services
seems to be quite constant during the year, except for the
summer months when the need for cooling increases.



The measurements of the power generated in the PV
plant are presented in the right column in Figure 3. In
order to see how much of this electricity that “instantly”
(on an hourly basis) can be used within the building,
the column is split into electricity delivered to different
appliances and services. They are prioritised as follows:
electricity to the comfort cooling plant, to other building
services as well as to other services and appliances in the
retirement home. The remaining power generated is
delivered to the grid.

The monthly values of surplus electricity delivered to | °¢P~13 R ) i) S
the grid show that only a very small percentage of the | pct-13 100% 28% 51% 23%
electricity generated (6%) cannot be used within the

building on an hourly basis. Evidently, the combina- | NOV13 (it Uik e s
tion of building service electricity — for cooling and | pec-13 100% 3% 31% 3%
other purposes — and activity-related electricity seem to

provide a very good match to the solar power generation 92014 it 5 A 940
in this particular case. However, a substantially smaller | fep-14 100% 16% 34% 14%
percentage of the total solar power generation can be

used when only building services are accounted for | Marl4 et i el i
(63% compared to 94%). Apr-14 100% |  82% 58% 47%
The coverage rate, the share of electricity for building May-14 100% 100% 85% 60%
services that comes from the PV plant, varies between | jyn-74 100% 100% 85% 60%
3% and 60% over the months when considering the

hourly use of electricity, as shown in Table 2. When ~|Jul14 el . el 1)
hourly load match of generation and use is taken into | Aug-14 100% 74% 87% 51%

account, the coverage rate on an annual basis will be
considerably lower than if basing the coverage rate
on annual or monthly measurements. The annual
coverage rate for building services based on hourly
measurements is 35%, which is still close to the 40%
target set on an annual basis.

ECC MEBSexcl.CC PV to CC

PV to BS excl. CC

Table 2. Coverage rates of solar power used for comfort
cooling (CC) and building services (BS incl. CC) based on
monthly and hourly measurements. Note that thereis a lack
of measurements for June 2014, which has been assumed
to have coverage rates equal to the ones found in May.

Using hourly measurements, instead of monthly or
annual measurements, when calculating the annual
coverage rate of the power used for all comfort cooling,

@ PVto others ®PVtogrid

=
w

[
o

w
|

HHTTHT

Electricity (MWh/month)

Sep-13 Oct-13 Nov-13 Dec-13 Jan-14 Feb-14 Mar-14 Apr-14 May—l& Jun-14

Jul-14  Aug-14

Figure 3. Monthly use of electricity (left columns) for comfort cooling (CC) and for other building services (BS excl.
CC) as well as monthly generation of solar power in the PVs (right columns). The power generation is divided into
four different destinations based on the hourly load match and the following prioritisation of usage categories: PV
to comfort cooling (PV to CC), PV to other building services (PV to BS excl. CC), PV to others and PV to grid. Note that
there is a lack of measurements for June 2014, which has been assumed to have PV generation and coverage equal
to the ones found in May.
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results in a coverage rate of 75% instead of 100%.
Nevertheless, due to the intermittent nature of the
solar power generation, it would be practically almost
impossible to supply 100% of any load over a short time
without the possibility of storage. Only a short moment
of mismatch means that the goal cannot be reached.
Solar power coverage rates for the comfort cooling
electricity based on hourly load match are presented
in Table 2. Highest coverage rates during the summer
reach almost 90%, while they are much lower during
the winter months.

It should be noted here that the winter coverage might
not be representative, since the cooling need is so small.
The measurements registered for the comfort cooling
are only in full kWh. During the winter it can take
many hours for the electricity meter to count one full
kWh. If the meter changes to next kWh during the
night when no solar power is generated, the last kWh
will be counted as not covered even though most of it
could actually have been supplied by solar power earlier
in the day. This may lead to a probable underestimation
of the yearly coverage on an hourly basis.

Detailed comparison of power demand and
power generation

Figure 4 presents the measurements of solar power genera-
tion, electricity used for comfort cooling and all building
services for a week in July 2014. Figure 5 presents the
calculated net electricity when comparing solar power
generated and total building service electricity for the
same week. At first glance, it is clear that the maximum
power generated at midday by the solar PV is more than
enough to cover the peak load of the cooling and other
building services for all days of this week. There is also
a correlation between the need for cooling and genera-
tion of solar power. There is a tendency for the comfort
cooling to linger on late in the evenings when the solar
power generation has decreased, which is one important
reason for mismatch in this system.

Even though there is a correlation between them, the
solar power generation and the need for cooling are
not always present simultaneously. Different types of
weather are sources of mismatches, e.g. warm, cloudy
summer days when need for cooling might be present
but solar power generation is low.
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Figure 4. Hourly production of solar power and hourly use of electricity for cooling and of total building service
electricity (including power used for cooling) one week in July 2014.

Surplus/deficit, PV generation and BS usage
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Figure 5. Hourly net production of solar power, defined as solar power production minus total building service
electricity (including electricity for cooling) one week in July 2014. A positive result means overproduction and a
negative result means there is need for additional electricity from the grid.
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Conclusions
Solar power and comfort cooling — a perfect
match?

This paper presents and evaluates how well the load
demand and the solar power generation coincide
hour by hour and how this affects the fulfilment of
the coverage rate targets as well as how it affects the
amount of surplus power generated in the PV plant
at the retirement home in the passive house area
Vallda Heberg, in Sweden.

According to the results presented in this paper,
there is no doubt that the solar power generation at
the retirement home reaches its targets the first year
—100% of the power used for cooling and 56% of
the power used for all business services were met by
solar power on an annual basis. If hourly measure-
ments are instead used when calculating the coverage
rates, they are considerably lower but are still as high
as 35% and 75%, respectively. Since a large share of
the rest of the electricity generated each hour can be
used for other appliances and services in the retire-
ment home, only 6% of the solar power generated
was delivered to the grid, according to measurements
for the first year.

In this particular case, the presence of electricity-
driven chillers does not have a large influence on the
share of solar power in electricity used for building
services on an annual basis. This is explained by the
relatively small need for electricity for comfort cooling
compared to the total building service electricity.

Is solar cooling in net zero energy buildings a
good idea?

Of course, measures to reduce the need for comfort
cooling are the first actions to be taken when
designing a building. In cases where there is still a
limited comfort cooling demand, there is a good
potential of meeting this demand by solar power.
Using the first passive house-certified retirement
home in Sweden as a case, this paper illustrates that a
comfort cooling plant combined with photovoltaics
could be an interesting solution to achieve net zero
or near zero in energy use for comfort cooling thanks
to the high correlation in power generation and use
of electricity.

As shown in this study, the answer if solar power
used for comfort cooling could be a good solution
for achieving net zero energy use for cooling depends
on the definition — if it refers to net zero energy use
on an annual basis or an hourly basis. B
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Interview of REHVA Board Members
on nearly Zero Energy Buildings

The following interview with REHVA Board Members was conceived as the follow up of a
previous Board members’ interview about nZEB done in the REHVA Journal issue 3/2011.
It is intended to be an input for critically facing the first deadline imposed by EU recast for

Member States, the definition of intermediate targets toward nZEBs for 2015.

We asked three specific questions to the interviewed Board Members:

What is still the biggest challenge to reach 20-20-20 target in EU?
What is the most important action taken in your country towards nearly Zero Energy Buildings?
Which are the most promising HVAC system technologies to give a boost to buildings energy efficiency?

1)
2)
3)

STEFANO PAOLO
CORGNATI, Italy
REHVA Vice-President until 2017

1) What is still the biggest

challenge to reach

20-20-20 target in EU?
— Dealing with buildings, the
real challenge is the integra-
tion among the three 20-20-20
targets. Currently, actions are
being implemented for each
of these goals: reducing energy
consumption and increasing
energy efficiency, increasing the
share of renewable energies and
reducing CO, emissions. In my
opinion, in next years these strat-
egies, which now are running
in parallel rails, should become
organically integrated. To reach
this goal in new and retrofitted
buildings design, the new chal-

lenge is keeping in mind that the
loop “reducing energy demand-
rising energy efficiency-using
renewable energy- lower CO,
emissions” needs to be faced from
the very beginning of the design
process by all the actors together
at the same decision-making

table.

2) What is the most important
action taken in your country
towards nearly Zero Energy
Buildings?

— In Italy, nowadays the major
theme of nearly Zero Energy
Buildings is coupled with the
energy retrofit of the existing
building stock. At the current
stage, signiﬁcant incentives are
given for buildings’ retrofit, with
two main measures settled at the
legislative level: 1. tax cuts for
buildings’ refurbishments, 2.
tax incentives for implementing
energy efficiency measures,
ranging from thermal insulation
improvement to testing of inno-
vative technologies for energy
production. In my view, to make
nZEBs economically competi-
tive - objects to be sold in today’s
buildings market - there is a need
for government subsidies.

3) Which are the most promising
HVAG system technologies to
give a boost to buildings energy
efficiency?

— Looking at the Mediterranean
countries scenario, the most prom-
ising technologies in the HVAC
market sector are the mechanical
ventilation systems with heat
recovery and dehumidification,
because of their poor implemen-
tation in this area. A significant
increase in these installations can
be foreseen for summer and winter
heat recovery systems and for heat
pumps, as the general trend is now
rapidly moving toward all-electric
buildings, possibly with electricity
produced on site. Of course, this
kind of systems requires a consistent
improvement in heat pumps energy
efficiency and an increasing use
of geothermal and groundwater
heat pumps, when technically and
economically feasible. Dealing
with cooling, another big issue
is finding the tradeoff between
natural and mechanical cooling.
The combined role of thermal mass,
which must be properly designed,
with natural / mechanical ventila-
tion strategies is still a theme to
be investigated and developed in
warm and hot climate.
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1) What is still the biggest
challenge to reach 20-20-20
target in EU?

— Year 2020 is approaching
and with it the question mark
whether the ambitious goals
of the European Community
in the field of energy perform-
ance of buildings and reduction
of external environmental load
are met. Member States already
elaborated steps leading to these
goals, European directives are
implemented in national legis-
lation and in most countries
measures to improve the energy
performance of buildings have
already came into force. However,
an unsolved question is how the
market, investors and users,
who largely affect the actual
energy use by their behaviour,
will respond to this pressure. A
warning signal is that, although
the requirements for buildings
have tightened considerably in
the recent past, the total energy
consumption did not record
significant decrease so far.

With the implementation of
energy efficiency measures in
buildings, new problems are
arising, especially dealing with
indoor environmental quality
and its potentially fatal conse-
quences: for instances, deaths
for CO poisoning in sealed
homes with gas appliances, the
formation of harmful mould,

KAREL KABELE, Czech Republic
REHVA President until 2016

overheating of buildings. These
issues are potential disruption
causes toward the achievement
of the 2020 objectives. However,
one of REHVA’s priorities is to
promote holistic solutions for
energy efficient, healthy and
smart buildings. Therefore I am
confident that these teething
problems of modern buildings
will be soon overcome and that,
thanks to more than 100.000
top European experts in our
member organizations, Europe
will continue to pioneer and be

arole model in the field of build-

ings energy efficiency.

2) What is the most important
action taken in your country
towards nearly Zero Energy
Buildings?

— The definition of nearly zero

energy as it was published in

Directive 31/2010 EC gives great

freedom in the interpretation and

space for precision at the Member

States level. Czech Republic

has its own nearly Zero Energy

Building definition settled in the

Implementing Regulations to the

Act on energy management. This

definition, expressed numerically

by tightening the requirements
for thermal insulation of the
building envelope and for the
share of non-renewable primary
energy, is currently being tested in
order to verify that these disposi-
tions entail an actual reduction in
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energy consumption in buildings.
Czech Republic has a long tradi-
tion in this field: already in the
90s of the last century, during the
development of electric direct-
heating, energy evaluations for
buildings with very low heating
energy consumptions

developed.

were

3) Which are the most promising
HVAC system technologies to
give a boost to buildings
energy efficiency?

— I believe we can expect a
breaking period in view of
HVAC systems used in buildings.
Dramatic changes in the ratio of
energy needs for heating, cooling,
hot water and lighting necessarily
require a new approach to study
and develop the energy systems of
buildings. The days when heating
was a crucial indicator of the
energy performance for Central
Europe are over. Modern heating
and other energy systems ensuring
the quality of indoor environ-
ment must be dynamic, with
minimal or zero power consump-
tion in stand-by condition, which
is due to qualify for the building
envelope for the large majority
of its running time. At the same
time, there is clear pressure on the
exploitation of renewable energy
sources, so we can expect to solve
the problem not only on the
conversion side but also in terms
of energy storage.
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1) What is still the biggest
challenge to reach 20-20-20
target in EU?

— Energy Efficiency is the chal-
lenge. EU simply does not seem
to have enough capacity to reno-
vate as many buildings as needed
to achieve this target. However,
many Member States have imple-
mented regulations boosting
renovation volumes and deep
integrated renovations, which
are the only way to tackle indoor
climate and energy performance
improvements at the same time.

2) What is the most important
action taken in your country
towards nearly Zero Energy
Buildings?

— There are some good national

nZEB applications in Denmark,

in Estonia and in few others, but,
as a whole, national energy calcu-
lation methodologies and regula-
tory frameworks still need major
developments to enable successful
implementation of nZEB targets
European wide. nZEB require-
ments do not necessarily need to be
too sophisticated at the end of the
day they are just primary energy
limit values for major building
categories. However, to set such
kWh/m? values (for building cate-

gories listed in EPBD Annex I),

comprehensive methodology and

input data definition are needed.

Energy calculation methods and

tools are an issue — available

commercial simulations tools
which are easy to use, flexible and

4 JAREK KURNITSKI, Estonia
REHVA Vice-President until 2016

reliable have needed development
efforts measured in tens of man-
years. If authorities do not accept
such tools, many years are needed
to develop national ones. EN
standard package under revision
(2" generation EPBD standards)
will provide good guidance, but
upgrading and development of
national tools takes time.

National nZEB applications
launched so far have shown major
systemic problems that are not
easy to solve in short time perspec-
tive. The primary energy require-
ment has been between 20 and
200 kWh/m?y and in about half
of MS on site renewable energy
production has been not yet imple-
mented in energy calculation meth-
odology. National applications not
consistent at all and with different
level of ambition have made inter-
comparison almost impossible.

One of the most positive devel-
opments in EPBD implementa-
tion has been the cost optimality
approach. Cost optimality of
existing energy performance
minimum requirements has been
tested in MS with net present
value of global cost calculation
method which was launched as
European regulation accompa-
nying the directive. As a result
of this exercise, many MS have
already shifted minimum require-
ments to the cost optimal level.
The problem is that in many MS
it has not been possible to bridge
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the gap between the cost optimal
energy calculation methodology
and national energy calculation
methods used in the compliance
assessment. Implementing the key
elements of the cost optimal meth-
odology — delivered and exported
energy and non-renewable primary
energy indicator — to national
energy frames, and allowing the
same tools that have been used in
cost optimal calculations (simula-
tion tools) could solve the problem
of nZEB national applications.
National authorities should under-
stand that nZEB is not just setting
couple of new numeric require-
ments, but in most cases a major
upgrade of the whole energy calcu-
lation and regulatory system. In
the communication to MS, guid-
ance by European Commission is
taking a crucial role, as REHVA
has already published nZEB guid-
ance and European standards will
soon be available.

3) Which are the most promising
HVAC system technologies to
give a boost to buildings energy
efficiency?

— I do not see any problem with
HVAC or other technologies
needed for nZEB. I have written
one of the most technical books
on cost optimal and nZEB build-
ings. I do believe that all the
technologies we need are already
there, and, if properly applied, for
an affordable price. The latter one
is the issue we should work in the
building sector.



ANITA DERJANECZ, REHVA Policy and Project Officer

New European Commission
— Juncker merges Energy and Climate change portfolios

President-elect Jean-Claude Juncker unveiled the new shape of the next European Commission in September 2014
introducing significant changes in the structure and portfolios of the Commission. The new European Commission
will be streamlined to focus on tackling the big political challenges Europe is facing among them energy security.
A number of portfolios have been reshaped including those related to energy and climate policies.

he new College will have seven Vice-

Presidents, six in addition compared to
the former structure, who will be in charge
of coordinating Project Teams: different
commissioners and directorate generals
related to the main policy challenges. The
new Vice-president for Energy Union
will steer and coordinate the Project Team
called “A Resilient Energy Union with a
Forward-Looking Climate Change Policy’.

The European Parliament overwhelm-
ingly rejected the first candidate of
Juncker, Slovenia’s ex-prime minister,
Alenka Bratusek as Vice-president for
Energy Union, so she withdrew her
candidature. As a second choice, Juncker
confirmed Slovakia's Maro$ Seféovié
who was approved by MEPs without
problems.

The former separate portfolios
Energy and Climate Action have been
merged under Commissioner Miguel
Arias Caiete who was approved by the
MEPs despite many critical voices including
an online petition that attracted nearly
600,000 signatures and a vocal social media
and telephone campaign calling for Cafete
to be rejected.

In his EP hearing Caiiete defended
the merge of the Energy and Climate
portfolios and confirmed his intention to
promote renewable energy and increased
energy efficiency. He stated always having
been supporting the proposals of outgoing
Hedegaard Climate Action
Commissioner. On the questions form the

Connie

ITRE Committee Cafiete listed among his
policy priorities to contribute to the imple-

2030 Climate and Energy Package
— disappointing Council decision on energy efficiency

mentation of the 2030 climate and energy
framework and develop the legislative
framework for energy efficiency, including
energy performance of buildings.
According to the hearings and the
policy briefing prepared for the EP hear-
ings of Canete energy efficiency should
be enhanced beyond the 2020 objective,
particularly in the buildings sector, which
shows that sustainable energy expected
to be high on the political agenda of the
next European Commission. The European
Parliament gave its consent to Junckers
new Commission on 22 October. After
the formal appointment by the European
Council the European Commission will start
its work on 1%t of November 2014.
More information:
http://www.rehva.eu/news/

The European Council adopted an indicative 27% energy efficiency target for Europe falling even behind the
already unambitious 30% goal presented by the European Commission end of July 2014. Binding 40% GHG emis-
sion and 27% RES targets were approved by EU heads of governments.

The heads of European governments
approved the 2030 Climate and Energy
Package of Europe on it's the Euro Summit
on 23-24 October 2014 in Brussels by
adopting as headline targets at least 40%
GHG decrease compared to 1990, at least
27% share of renewable energy within the
EU energy mix and a non-binding, indica-
tive 27% target to improve energy efficiency
to be reviewed in 2020 “having in mind an
EU-level of 30%"

The approved energy efficiency and
renewable energy targets are close

or even below the business as usual
trends. By abandoning binding energy
efficiency target EU leaders sent a weak
message to the low-carbon and energy
efficient industries that repeatedly called
for a binding 40% efficiency target during
the preparation of the EU 2030 package.
The Council conclusions state that the
“Commission will propose priority
sectors in which significant energy-effi-
ciency gains can be reaped, and ways
to address them at EU level” Since the
building sector has the biggest share and
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the highest cost effective saving potential
in the energy end-use of Europe REHVA
called for targeted support policies
that prioritise the building sector and
boost cost-effective, high quality reno-
vations in order to achieve an energy effi-
cient and healthy building stock for Europe
in its policy statement published after the
disappointing Council decision.

More information:
http://www.rehva.eu/news/
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—Energy Director General, Dominique Ristori
confirms housing as a priority sector

Renovate Europe organised the 3 edition of the Renovate Europe Day the 5" of November with the title “Securing
our energy future through ambitious renovation of buildings” in Brussels with high-level EU policy speakers and
presenting local examples of refurbishment programmes.

ominique Ristori confirmed
in his speech about the place
of energy efficiency in the

EU 2030 energy framework that
housing will be a priority sector
within the upcoming EU2030 legis-
lative framework. Ristori was asked
for comments on the disappointing
energy efficiency target approved
by the European Council on 23
October. He pointed out that after
having extremely hard negotiations
with member state governments this
was the only achievable compromise
and confirmed that the Commission
would still keep the 30% target in
mind. The EC will also focus its
work also on regions and cities,

0, o~

which are in many cases much more
ambitious than their national level
governments.

MEP Jan Olbrycht praised the
improved governance structure
of the Juncker’s Commission in
which all the related DGs have to
cooperate and coordinate their
work. Especially important is the
cooperation between DG ENER
and DG REGIO that can influ-
ence that European Structural and
Investment Funds are spent on deep
building renovations.

Oliver Rapf, Executive Director
presented the outcomes of the latest
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Presidency of the Council
of the European Union

from BPIE report on Renovation
strategies of selected EU countries.
The astonishing results show that
none of the analysed Roadmaps
are complying with the Energy
Efficiency Directive and that the
roadmaps submitted by coun-
tries reported to be advanced like
Denmark or Germany got law
scoring, so the study suggests that
the EC shall refuse their strategic
documents. Renovation Roadmaps
are to be reviewed each year by
Member States.

The presentations will be available in
the Renovate Europe website.
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I MOSCOW

3-6 February 2015
www.aquatherm-moscow.ru

aHERM

NOVOSIBIRSK

17-20 February 2015
www.aguatherm-novosibirsk.ru

AQUA-THERM RUSSIA 2015

aI[-lERM

ST. PETERSBURG

18-21 March 2015
www.aguatherm-spb.com

If you want to grow your busi-
ness join over 800 exhibitors
and check out all the opportu-
nities with Aqua-Therm exhi-
bitions in Russia!

qua-Therm exhibitions are the

leading in Eastern Europe B2B events
for domestic and industrial heating, water
supply, sanitary equipment, air-condi-
tioning, ventilation, equipment for pools,
saunas and spa.

The shows provide an opportunity to
explore the whole Russian HVAC market:
Aqua-Therm eventsin Russia are heldin three
the most developed regions of the country:
Central, Siberian and North-West districts.

Why exhibit at Aqua-Therm
exhibitions in Russia?

Exhibiting at the leading shows for the

HVAC industry in Eastern Europe will result

in tremendous export opportunities for your

company.

e FEvery year Aqua-Therm exhibitions
draw thousands of producers, suppliers,
distributors, government and industry
associates from across the country and
all over the world.

e Strong cast of the Russian and inter-
national key market players introduce
the possibility to observe all the crucial
projects and solutions.

e The international brand awareness
provides recognition on the market to
show participants as well as extra oppor-
tunities for promotion and experience
exchange.

e Aqua-Therm Moscow has 18-year experi-
ence, well-established status, successful
history and reputation. Since 1996, it is

one of the most influential professional
events for the HVAC industry in Russia
and CIS countries gathering the whole
industry at one B2B platform.

e Two regional projects in Novosibirsk
and St. Petersburg are developed to
match the demand of the new and
vast regional markets possessing
strong opportunities for growth and
prosperity.

e Exhibiting in the richest Russian
regions with the high industrial
revenue establishes a strong link for
all the country covering network and
business growth.

e FExperience of Aqua-Therm organizers
and shows trustworthy agents guar-
antee the highest quality of services:
delivery, custom and travel support
make exhibiting the most efficient and
comfortable.

Why Russian market is worth entering?

e Russia is the largest country in the
world with growing economy. Its
advantageous geographical location
opens European brands an access to
its capacious market characterized
by constantly increasing consuming
volume and GPD per person

e FExpected decrease in entry barriers and
creation of new opportunities for foreign
countries due to WTO accession.

e Fasy accessibility to Kazakhstan and
Belarus markets due to membership in
the Custom Union.

e Strong consuming growth caused by
huge population and economic devel-
opment (15 cities with a million-plus
population, 145 million people in total,
over 5 million companies).

e Boosting volume of construction works
supported both by commercial sector
and government.

e Significant growth in retail industry
(approx. 20% in 2013).

e High demand for the modern technolo-
gies on the market, especially dedicated
to the new levels of energy efficiency.

e Broad opportunities and well enough
space for the new brands on the
market.

Who Attends?

Over 41 000 professional visitors from all
over the country and nearby states (Joint
results for the 3 shows in 2014):

e Managers and specialists in architec-
ture and building design, construction
industry, testing and measuring instru-
ments and systems;

e Oil and gas production and processing
companies;

e FEnergy providers, sanitary and heating
appliances facility managers;

e Technicians in cooling, heating, air-condi-
tioning, ventilation, plumbing, bathrooms,
pools, saunas and refrigeration equip-
ment;

e Manufacturers, safety technicians,
specialists in assessment and certifica-
tion, logisticians;

e Traders, retailers and wholesalers in the
mentioned spheres;

e Government authorities and industry
associations.

With their wide range of the HVAC and pool products,
professional cast of visitors, actual business program,
variety of promotional resources for business and
organizers' experience, Aqua-Therm Moscow, Aqua-Therm
Novosibirsk and Aqua-Therm St. Petershurg are the only
trade fairs in Russia and CIS countries that can claim to offer
such high standards.

Participate in Aqua-Therm 2015 in Russia - GROW YOUR BUSINESS!
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10 to 14 March 2015
Frankfurt am Main, Germany,
www.ish.messefrankfurt.com

ISH 2015 - Comfort meets Technology

The World’s Leading Trade Fair for The Bathroom Experience, Building, Energy, Air-conditioning
Technology and Renewable Energies

omfort meets Technology'is the motto
Cof the next ISH — The World’s Leading
Trade Fair for The Bathroom Experience,
Building Services, Energy, Air Conditioning
Technology and Renewable Energies.

“ISH stands for future-oriented subjects,
such as resource conservation and the use of
renewable energies, as well as demographic
change and the associated changing condi-
tions in the fields of water and energy’,
says Wolfgang Marzin, President and Chief
Executive Officer of Messe Frankfurt. At the
same time, ISH is the leading trade fair for
sustainable sanitation solutions, innovative
bathroom design, energy-efficient heating
technologies combined with renewable
energies and environmentally-friendly
air-conditioning, cooling and ventilation
technology.

ISH presents technologies and ways in
which Europe can decrease its dependence
on external energy supplies through the

use of energy-efficient products and renew-
able energies. Thus, the great horizontal
and vertical range of products on show at
ISH covers all aspects of future-oriented
building solutions. The exhibitors present
a complete range of market-ready prod-
ucts and technology, which is unrivalled in
terms of variety.

ISH 2015 will be held in Frankfurt am
Main from 10 to 14 March. The market and
technology leaders have already registered.
Messe Frankfurt expects around 2,400
exhibitors from all around the world who
will present their latest products and inno-
vations on some 260,000 square metres of
exhibition space.

The ISH Energy section with building-
services and energy technology, renewable
energies and cooling, air-conditioning and
ventilation technology is located in the
western part of the Exhibition Centre, in
Halls 8, 9, 10, 11 and the Galleria. There,

visitors will find the entire range of innova-
tive building-system technology revolving
around the top motto, ‘Energy-efficiency
plus, in other words, subjects such as
the new energy paradigm in the heating
market, the building of the future, holistic
sustainability and different technological
trends.

Air conditioning, cooling and ventilation
technology is shown at ISH under the name
Aircontec. There, the industry presents
innovative components and systems that,
in addition to great energy efficiency,
ensure thermal comfort and good interior-
air quality. Also to be seen are concepts
and solutions for modernisation and new
construction work, as well as for dwellings
and commercial premises.

Further information about ISH fairs can be
found on the internet at
www.ish.messefrankfurt.com.
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REHVA Annual Conference on
- “Advanced HVAC & Natural Gas Technology”

May 8-9, 2015, Radisson BLU Hotel Latvija Conference Centre, Riga, Latvia

 Energy efficient Cooling systems

» Advanced Heating and Ventilation systems

« Sustainable buildings

REHVA

« Efficient and clean Natural Gas technologies

Contact E-mail: elina.purviske@btgroup.lv

More information: www.hvacriga2015.eu
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Halton Foundation grants promote better indoor
ENVIRONMENT around the world

Halton Foundation’s grant application period has started

Halton Foundation supports non-profit organisations and initiatives that promote wellbeing of people suffering
from poor indoor environmental quality for environmental or economic conditions. Halton Foundation welcomes
now new applications. Decision on grants will be made in November 2014.

|_| alton Foundation is a charity organisa-
tion that promotes wellbeing of people
suffering from poor indoor environmental
quality due to environmental or economic
conditions. Annual grants are awarded to
non-profit organisations, research programs
or initiatives promoting the wellbeing of
people in indoor environments.

In 2010, Halton Foundation donated its
first grant to the Center for Courageous Kids
which is a medical camping facility located
in Scottsville, Kentucky USA. The Center
provides cost-free summer and weekend
camps for seriously ill and disabled children
and their families. The Halton Foundation
grant enabled the Center for Courageous
Kids to organise one week summer camp
for children with asthma.

The second grant was given in 2012 to
the Paul Basch Memorial Foundation to
help in its Himalayan Stove project. The
Stove Project is dedicated to improving the
health of the people in the trans-Himalayan
region. The organisation provides free,
clean-burning, highly fuel-efficient cook
stoves to families living in the Himalayas
who now cook with traditional, rudimen-
tary stoves over open fire pits inside their
homes, consuming excessive amounts of
precious fuel and polluting the indoor air
to dangerously unhealthy levels.

The third grant was given in 2013 to
the University of Reading for a 2-year joint
research project between the University of
Reading and Chongging University in China.
The project s on School Indoor Environment
&Ventilation Control Strategies for Children’s
Health & Wellbeing and will involve investi-
gating indoor environmental conditions and
developing control strategies to mitigate the
level of contaminations for the classrooms
located in urban areas in order to improve
health and wellbeing for school children.

The scope of Halton
Foundation

Halton Foundation's scope covers
initiatives related to indoor air
quality, thermal conditions, breath-
able particulates and illnesses,
conditions or diseases that may
result from sub-standard indoor
environmental quality.

As a special area of interest, Halton
Foundation has identified two global indoor
air quality problems:indoor air pollution from
the cooking process in developing countries
and high levels of outdoor contaminants in
indoor air in developed countries:

Developing countries: Developing countries:
indoor air pollution born by cooking process

More than half of the world's population,
mostly in developing countries, rely on
polluting biomass fuels to meet their basic
energy needs. Cooking and heating with
these fuels on open fires or stoves without
chimneys mean the hazardous pollutants
and dust particles remain in the indoor air. In
such conditions indoor smoke can exceed
acceptable particle levels for small particles
in outdoor air even 100-fold. The health
impacts are significant and disproportionate
on women and children as they are the
most engaged with the cooking process.
Consequently, 56% of all indoor air pollu-
tion-attributable deaths occur in children
under five years old. (WHO Fact sheet N°292:
Indoor Air Pollution and Health, 2005)

Health problems caused by indoor air
pollution will also hold back economic
development, thus creating a vicious cycle
of poverty. It is the objective of the Halton
Foundation to positively affect this devel-
opment and support initiatives aiming at
reducing the health problems and deaths
caused by the cooking process.

Developed countries: indoor air pollution
caused by contaminants from outside air

Studies indicate that the most significant
cause of indoor air quality related health
problems in developed countries is the
contaminants from the outside air. Ambient
air quality is three times more significant
source of indoor air pollution than dampness,
mould and water systems. Therefore, Halton
Foundation aims to promote initiatives that
are protecting people’s health by providing
them cleaner air to breathe in indoor spaces
for example by developing better ways of
purifying the air coming from outside.

How to apply for Halton Foundation
grants?

Halton Foundation is looking for new and
innovative ways of solving indoor envi-
ronmental problems. Therefore Halton
Foundation welcomes grant applications for
different kinds of undertakings supporting
the Foundation’s mission.

The Foundation grants are either one-
time grants for a specific purpose or multi-
yeargrantsfornolongerthanthreeyears. The
application period for the Halton Foundation
grants is now open. A grant application can
be filled out at Halton Group website* and
applications must be submitted by latest on
October 15, 2014. The selection process of
the winning application will be completed
by November 15" 2014.

* http://www.halton.com/en_US/about/halton-foundation/applying-for-a-grant
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Our full product range, focusing on limiting the fire and
FIRE SAFE I ' evacuating the smoke, make us an ideal partner!
In the event of a building fire it is critical for people to
SDLUTIDNS F O R evacuate safely, to minimize property damage and to
give the rescue team better working conditions.
P E O P LE A N D Flakt Woods has well documented Fire Safety solutions
and vast application knowledge to share.
P R O P E RTY @ G ENVIRONMENT
ECONOMICAL
EXPERTISE

>» Learn more at www.flaktwoods.com

JM Aerofoil® ESAR ESAD FIco® KSOF
High Temperature Fans Smoke Damper Fire Resistant Ducts Control System Fire Valves

PRODUCT RANGE SNAPSHOT




66

Over 600 exhibitors at FinnBuild exhibition in Finland

The successful FinnBuild exhibition took place in October 1+ -3 in Helsinki. FinnBuild presented
the best expertise, products, services and solutions for construction in its 21+ fair. The fair
attracted 600 exhibitors that presented their products and services on an over 16 000 m? of

floor area.

n extensive technical program was
Aorganized within the exhibition.
Various professional and trade organiza-
tions presented attractive seminars and
workshops- One of the most successful
technical seminars was the one organized
by FINVAC and REHVA titled "HVAC equip-
ment and systems in nearly zero energy
buildings!

This seminar described how the energy
use of buildings can be saved and made
more effective. Implementation of the
energy policy and objective in Finland were
compared to the objectives and policy set
by the European Union. The seminar also
described the current use of energy in build-
ings and illustrated opportunities to improve
the energy efficiency of building further. An
important topic of the seminar was also how
to reach in Finland the objectives for zero
energy buildings. The main speakers and
their topics were:

e Mr Ismo Grénroos-Saikkala from The
European Commission (Energy effi-
ciency in the EU employment and
climate policy)

~- The 2013 best HVAC trainer Mr Lauri Penttinen

] ifrom Central Finland Energy Agency, Benet Oy was
congratulated by Mr Jorma Sateri and Secretary General
of Finnish Associat‘ion of HVAC societies Ms Tiina Strand.

Professor Jarek Kurnitski, REHVA board e Mr Jorma Railio, Chair of REHVA Tech-
member (Development of nearly zero nical Committee (CE-mark and energy
energy buildings in Europe and related labeling of products in Europe)
European standards)

All presentations are available at http://www.finvac.org/finnbuild-seminaari.

During REHVA — FINVAC seminar an award for the most successful trainer of HVAC in continuing education in 2013 was presented.

Next FinnBuild exhibition will take place on Oct 12"-14t%, 2016.

FINVAC

FINVAC is the Finnish member of REHVA representing over
5 000 HVAC professionals in Finland. Its president is Professor
Olli Seppanen and secretary general Ms Siru Lonnqvist.
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REHVA world

REHVA Annual Meeting and Conference 2015

AHGWTEL, the Association
of Heat, Gas and Water
Technology Engineers of Latvia
is proud to host the REHVA
Annual Meeting 2015 which
will be held in Riga, Latvia
from 6th to 9th May 2015.

his event will bring together leading

experts from the international heating,
ventilation and air condition commu-
nity. More than 150 visitors are expected,
when AHGWTEL welcomes the members,
supporters and guests of REHVA, the
Federation of European Heating, Ventilation
and Air Conditioning Associations.

REHVA Standings Committee Meetings
and the REHVA General Assembly will
be held in close connection to the REHVA
conference the “Advanced HVAC and
Natural Gas Technologies”

This conference will serve as start base
for practical implementation of innovative
ideas and future practical application of
modern technologies. The REHVA Annual
Conference will be held on the May 8th
and 9th 2014 at the Radisson BLU Latvia
Conference Centre. The conference
language is English.

The Conference “Advanced HVAC and
Natural Gas Technologies” will provide
an excellent opportunity for industry,
students and academia to meet each other

This REHVA Task Force, in cooperation with CEN, prepared technical defini-
tions and energy calculation principles for nearly zero energy buildings
requi-red in the implementation of the Energy performance of buildings
directive recast. This 2013 revision replaces 2011 version. These technical
definitions and specifications were prepared in the level of detail to be
suitable for the implementation in national building codes. The intention
of the Task Force is to help the experts in the Member States to define the
nearly zero energy buildings in a uniform way in national regulation.

and create mutually

REHVA

i€

beneficial contacts.
In order to highline
future trends in
buildings’ energy
efficiency and safe
energy  supply,
special working plat-
forms for the repre-
sentatives of industry
and decision makers
will be organized in
scope of workshops
and meeting.

The conference
program
of technical tours,

consists

learning courses,
by

keynote speakersand

presentations

thematic workshops
targeted at develop-
ments in advanced
HVAC and natural gas
technologies.

This time apart from traditional
emphasis on developments in the field of
building engineering there will be a special
focus on promotion of student engage-
ment and better awareness of international
research cooperation and professional
networking. The special student sessions
"REHVA conference special students

REHVA Guidebook on GEQOTABS

6 to 9 May 2015
Riga, Latvia,
www.hvacriga2015.eu
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Federation of
European Heating,
Ventilation and
Air Conditioning
Associations

sessions” will be organized in scope of

conference “Advanced HVAC and Natural
Gas Technologies”.

For more detailed information on confer-
ence topics, registration, application dead-
lines and travel information, please see
www.hvacriga2015.eu.

Advanced
system des_‘g“
and operation
of GEOTABS
Laildings

Franzieaa Dochsise
tan

2
13

RADISSON BLU LATVIA CONFERENCE CENTRE.

REHVA - Federation of European Heating, Ventilation and Air Conditioning Associations

www.rehva.eu e info@rehva.eu ¢ REHVA Office: 40 rue Washington, 1050 Brussels—Belgium e Tel + 322 514 11 71 o Fax +32 2 512 9062
REHVA Guidebooks are available at www.rehva.eu
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Integrated Design:
Lessons learned from good practice examples

™
| s

Integrated design is a proven
method of achieving high-perform-
ance buildings that meet the set
goals without sacrificing architec-
tural quality or causing excessive
costs. Stakeholders start to collabo-
rate within the very early phases of
the project.

Good practice example Smart
Campus, Vienna, Austria

Before initiating the design phase, a“mood-

board”was developed together M.0.0.CON

by capturing the corporate identity in
images which serve as a significant source of
inspiration for architects. The Wiener Netze
was perceived as: trust worthy, reliable,
honest, assertive, practical, tolerant, coop-
erative. The new building should represent
these characteristics in front of clients and
the surroundings. To comply with these
requirements an anonymous, two-stage
competition for general planners was
organized in Europe. Since the company’s
core business is energy supply, the project
shall be exemplary without the employees
losing their comfort. The target was to build
an energy efficient building and to apply
renewable energies wisely as well as to
make users aware of their usage patterns.

Some more details on the project and
on the ID process.

e Type of the building: service building

e Gross floor space: 93,000 m?

o Staff: 1,400

e To be completed: 2016

e Theadministrative building is the biggest
building with passive house quality in
Europe.

e 50-60% of the energy used comes from
renewable energy sources.

e Special emphasize was given to life
cycle costs. The method www.|zk-tool.at
revealed a high degree of accuracy since
the investment costs for the winning
project calculated before the competi-
tion still remained the same during
the final design phase. The LCA helped
choosing the right building materials.

e The design team was not composed
by the same people during the whole
process but the core team accompanied
the project through the entire process.

e The multidisciplinary team increased
the effectiveness of the design phase.
Thanks to their expertise they were able
to make decisions very quickly.

e The team created interfaces between
individuals and activities in order to
avoid problems during the process.
Experts, decision makers, responsible
for user matters as well as appraisers
and civil engineers supported the core
team in every phase of the project. The
design of the detailed engineering serves
as a good example. First a pool of user
representatives and appraisers was estab-
lished. Then regular weekly meetings
were held and suitable people from the
pool were chosen to share their user or
expert perspective and to help with the
detailed engineering. This way high user
satisfaction could be ensured.

General lessons learned and
suggestions from European pilot
projects

Every partner has evaluated each pilot
project and gathered information about
lessons learned. In almost all pilot projects
good communication has been mentioned
as one of the key activities to achieve a
great project result. Good communica-
tion between the project team members
in the initial interaction phases dramati-

cally reduces system interaction problems
during subsequent phases, as well as
improves a team's common understanding
of the potential future building develop-
ment and operation problems and possible
related solutions.

Itisimportantthat the clientunderstands
the advantages and benefits of applying
an ID process. In Figure 1, tasks and related
costs can be found. Furthermore the role
of an ID facilitator is crucial. If a facilitator
becomes involved — as early as possible
— various elements can still be influenced
and directed.

All design team members must under-
stand how they are expected to contribute
in the various planning phases to the whole
team. There is a huge need of clarity about
what the design team has to do and how
the ID process works. A major challenge is
to keep the iterative solution methodology
ongoing and not falling back into the tradi-
tional way of working.

The result of several projects was that
there is a need of a better file sharing
system, where project team members can
work in parallel in the same documents at
the same time. Various programs linked to
BIM-system have been used.

STEFAN AMANN, e7 Energie Markt Analyse
GmbH, stefan.amann@e-sieben.at

Good practice examples and a
comprehensive report on lessons learned
can be found at www.integrateddesign.eu.

Concept and
Pre-design

5-10 % more

Based on experience

Detailed engineering
projects

projects

< 5 % more the first

5-10% less in the next

Based on experience

— smoother process
caused by more detailed
concept design

Building costs

5—-10 % more

3-6 % for Passive houses

Operational costs

40 — 90 % less

Based on experience

Building faults

10 — 30 % less

Because of better plan-
ning and better follow up
during construction

Figure 1. Estimations of reduced/increased costs connected to ID
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Integrated Design:

MaTriD

MARKT
ANALYSE

National activities towards widespread use of NZEB

The IEE-project MaTrID project
aims to support the implementa-
tion of the Directive on the Energy
Performance of Buildings. Therefore,
an ID Process Guide has been devel-
oped and pilot projects have been
accompanied.

Major Outputs

The major outputs and results are the

following:

e FEstablishing a global understanding
among building developers and
designers with respect to the advan-
tages and requirements of IED;

e Strengthening the know-how in applying
IED by improving availability of IED proce-
dures, guidelines and contractual stipula-
tions;

e large scale test for integrating IED in
design processesin 10 partner countries:
Austria, Greece, Italy, Norway, Sweden,
Slovenia, Slovakia, Poland, Latvia, UK.

e Broad dissemination and promotion of
IED on the national level as well as on
the EU level

The IED Tool-Kit

In the frame of the project a practical and
user friendly tool-kit on integrated energy
design has been elaborated in order to
be directly used by the design teams
(property developers, architects, engineers
etc). The core document of the tool-kit
is the Integrated Design Process Guide
(Figure 1).

Accompanying documentsare the Client
Brief, the Tenant Brief, Scope of Services and
Case Studies referring to ID as a means of
achieving NZEB.

The ID Tool-kit has been translated and
adapted to national regulations and circum-
stances. In each participating country the set
of documents in national language has been
developed including general standards for
ID, templates for architecture briefings and
planning contracts, and national standards
for architecture competitions for NZEB.

The European
Tool-Kit
national adaptations
can be found at

and its

www.integrateddesign.eu.
To achieve
buildings with high
energy performance
itisimportant that 1D
is being used from
the very beginning
of the project to

ID TOOL KIT

=

Figure 1. The Integrated Design Process Guide.

make sure all energy
related questions are
discussed as early
as possible in the
planning process.
A well prepared
kick-off workshop is

Project
developmenl™™ basis

Design

Iterative
problem
solving

%Dalimw iy Inuse

On track
monitoring

mentioned asimpor-
tant for a good ID
process from several
projects. Figure 2
provides an overview of the ID process over
the time.

Integrated Design in building projects

The core of the project is the application of

ID process in the building design phase of

pilot projects. About 20 pilot projects have

been accompanied from the first idea of the

project until the detailed planning phase.

The following issues have been taken into

account:

o Suitability for ID

e Aim of the project to achieve an energy
performance close to NZEB

e Possibility toinfluence the design process
from the beginning

e Replication potential

e Size:large project with a complex design
process rather than small projects with
simple design processes

All pilot projects can be found here:
http://www.integrateddesign.eu/pilot-projects/index.php
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Figure 2. Overview of the ID process.
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Training sessions with experts

Already 3 training sessions have been
carried out among Europe. The fourth
and last training session will be held on 26
November 2014 in Vienna, Austria. Lessons
learned from ID projects and policy recom-
mendations will presented. This will be a
common event between both IEE projects
MaTrlD and the AIDA.

STEFAN AMANN, e7 Energie Markt Analyse
GmbH, stefan.amann@e-sieben.at

For more information and downloads
about the project please visit:
http://www.integrateddesign.eu

About MaTrID: MaTrID (Market
Transformation Towards Nearly Zero
Energy Buildings Through Widespread Use
of Integrated Energy Design) is a research
project in the framework of the European
“Intelligent Energy Europe” program
and aims to contribute to a wide spread
market adoption of Integrated Energy
Design as a major prerequisite for cost-
efficient nearly zero energy buildings.
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VDI Guidelines are available at www.beuth.de

VDI-Guidelines published October-November 2014

VDI 2083/8.1 “Cleanroom technology; Air
cleanliness by chemical concentration (ACC)”

his standard deals with the chemical contami-

nation of clean environments. It describes the
phenomenon as such, metrology and control of air
contamination by gaseous chemicals. This standard
has been harmonised with the standard DIN EN ISO
14644-8; the latter, however does not address the
subjects of metrology or control of airborne chemical
contamination (formerly termed AMC).

i VDI 2083/9.2 “Cleanroom technology;
Consumables in the cleanroom”

his standard applies to all consumables used in

contamination-controlled areas; examples are
gloves, garments, shoes/over-shoes, packaging mate-
rials, wipers, masks, paper. The standard describes the
generic characteristics of these types of products as
well as cleanliness-related properties and testing. The
focus is on particulate and airborne chemical contami-
nation. In addition this standard contains guidance on
the selection of products with branch- and process-
specific requirements and logistics in mind.

i VDI 3805/2 “Product data exchange in the
Building Services; Heating value assemblies”

Based on VDI 3805 Part 1, the standard describes
a manufacturer and IT system independent and
unified data format for the exchange of product
data for heating value assemblies used in building
services.

VDI 3809/2 “Testing of building installations;
Firefighters lifts”

Firefighters lifts are subject to special requirements,
providing means of access and escape route for the
fire service in case of fire. Life and physical safety of the
firefighters in action depend on the safe and reliable
functioning of such lifts. Requirements are specified,
among others, in DIN EN 81-72. In addition, there are
existing lifts in accordance with TRA 200 and several
regional fire services maintain lists of requirements.
This standard offers a unique harmonised checklist
allowing operators and testing institutions to carry
out recurrent tests of such lifts.
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VDI 3807/2 “Characteristic consumption
values for buildings; Characteristic heating-
energy, electrical-energy and  water
consumption values”

his standard applies to the use of characteristic

energy and water consumption values for build-
ings supplied with heating energy, electrical energy
and water, especially where values for individual build-
ings are compared to the averages and standard values
given in this standard.The values given in this standard
are based on measurements of consumption during
the years 2004 and 2005 in Germany. Where charac-
teristic energy and water consumptions of buildings in
other countries are compared to the standard values
given in this standard, the boundary conditions to
be applied in those countries (standards for thermal
insulation, climate and typical use) must be taken into
consideration.

k& VDI 3807/3 “Characteristic consumption
values for buildings; Characteristic water
consumption values”

his standard applies, in addition to VDI 3807 Part

2, to the use of characteristic water consumption
values for buildings, especially where values for indi-
vidual buildings and individual periods of consump-
tion are required. The standard also helps property
owners to identify the sources of irregularities and
disturbances in water consumption

VDI 3807/5 “Characteristic consumption
values for buildings; Partial characteristics for
thermal energy”

his standard specifies the determination and use of

partial characteristics for thermal-energy consump-
tion, either calculated or derived from measured values.
The standard helps to determine partial characteristics
using measured final thermal energy consumptions
of a building, to assess and evaluate these character-
istics. Typical and atypical uses are taken into account.
The described methods help, in particular, to identify
potential for saving by comparing values to reference
values for similar buildings or premises.

&) = Draft Guideline
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Events in 2014 - 2016

Conferences and seminars 2014

November 26
December 3-5

December 10-12

Workshop on Integrated Design
45 HVAC&R International Congress

9th International Conference on System Simulation in
Buildings - SSB2014

Conferences and seminars 2015

January 24-28

February 25-27

April 16-18

April 27-28
May 6-7

May 8-9

May 18-20
June 14-17

June 27-29

August 16-22

September 10-11

October 20-23
October 26-28
Exhibitions 2015
January 26-28
February 3-6
February 17-19
February 26-28
March 10-14
March 18-21

May 13-15
September 23-25

November 2-6

2015 ASHRAE Winter Conference

World Sustainable Energy Days 2015

International Conference Ammonia and (02
Refrigeration Technologies

37th Euroheat & Power Congress
REHVA Annual Meeting

REHVA Annual Conference “Advanced HVAC and Natural
Gas Technologies”

Healthy Building 2015 Europe
International Building Physics Conference

SuDBE 2015 - International Conference on Sustainable
Development in Building and Environment

IIR International Congress of Refrigeration

CLIMAMED

Cold Climate HVAC

11th International Conference on Industrial Ventilation

2015 AHR Expo
AQUATHERM Moscow
AQUATHERM Novosibirsk
ACREX India

ISH

AQUATHERM St.Petersburg
ISH China & CIHE

ISH Shanghai & CIHE

Interclima+Elec

Conferences and seminars 2016

Exhibitions 2016
January 25-27

March 1-4

March 13-18

March 15-18

October 12-14

12th REHVA World Conference - CLIMA 2016

Indoor Air 2016

2016 AHR Expo

AQUATHERM Prague

Light and Building

Mostra Convegno Expocomfort

FinnBuild

Vienna, Austria
Belgrade, Serbia

Liege, Belgium

Chicago, Illinois, USA

Wels, Austria

Ohrid, Republic of Macedonia

Tallinn, Estonia
Riga, Latvia

Riga, Latvia

Eidhoven, The Netherlands

Torino, Italy

Reading, United Kingdom

Yokohama, Japan

Juan Les Pins, France

Dalian, China

Shanghai, China

Chicago, Illinois, USA
Moscow, Russia
Novosibirsk, Russia
Biec, Bangalore, India
Frankfurt, Germany
St. Petersburg, Russia
Beijing, China
Shanghai, China

Paris, France

Aalborg, Denmark

Ghent, Belgium

Orlando, Florida, USA
Prague, Czech Republic
Frankfurt, Germany
Milan, Italy

Helsinki, Finland

www.integrateddesign.eu
www.kgh-kongres.org

www.ssb2014.ulg.ac.be

www.ashrae.org/membership--conferences/conferences/2015-
ashrae-winter-conference

www.wsed.at

www.mf.edu.mk/web_ohrid2015/ohrid-2015.html

www.ehpcongress.org/registration/
www.hvacriga2015.eu

www.hvacriga2015.eu

www.hb2015-europe.org
http://ibpc2015.0rg/

www.sudbe.com

www.icr2015.0rg

http://aicvf.org/blog/actualites/climamed-congress-juan-les-pins-10-
et-11-septembre-2015/

www.coldclimate2015.0rg

www.ventilation2015.0rg

www.ahrexpo.com
www.aquatherm-moscow.ru/en/
www.aquatherm-novosibirsk.ru/en/
www.acrex.in
http://ish.messefrankfurt.com
www.aquatherm-spb.com/en/
www.ishc-cihe.com
www.ishs-cihe.hk.messefrankfurt.com

www.interclimaelec.com

www.clima2016.org

twitter @1A2016

www.ahrexpo.com
www.aquatherm-praha.com/en/
http://ish.messefrankfurt.com
www.meexpocomfort.it/

www.messukeskus.com/Sites1/FinnBuild/




International Conference

World Sustainable
Energy Days 2015

25 - 27 February 2015
WELS, AUSTRIA

CONFERENCES:

£ European Nearly Zero Energy Buildings Conference
¢ European Energy Efficiency Watch Conference

f~» Energy-Efficient Commercial Buildings Conference
& European Pellet Conference \ 7 _
® Young Researchers' Conference: Energy Efficiency & Biomass

i Trade Show "Energiesparmesse”

¢ B2B-Meetings

= Technical site-visits

Ll Poster Presentations

The World Sustainable Energy Days are one of the largest annual conferences in this field in
Europe, offering a unique combination of events on sustainable energy.

For more than 20 years, experts from all over the world have gathered in Upper Austria to attend
the conference - in 2014, the event attracted over 750 participants from 59 countries.

The conference is held in parallel to the Energiesparmesse, a major trade show on energy efficiency
and renewable energy, with more than 1,600 exhibitors and 100,000 visitors annually.

Wnrlcll N \\\I//,
il L) Sustainable | = OOENERGIESPARVERBAND
OBEROSTERREICH Enerey Dave ] o //} I \\\

00 Energiesparverband, Linz/Austria, Tel. +43-7720-14386, office@esv.or.at, www.wsed.at



% REHVA SUPPORT

-

A REHVA supporter is a company or an organization that shares the same objectives as REHVA. Our REHVA
supporters use the latest European technologies to make their products. The REHVA Supporters are also

members of reHVAClub. For more information about REHVA supporters’ program, please contact
info@rehva.eu or call +32 2 5141171.
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The REHVA
HVAC ——"
Journal e

Register now for 2015!

To maintain the quality of the technical content of the REHVA European HVAC Journal, as of January 2015,
REHVA will review its income structure and has decided to charge for a subscription to the REHVA journal. This
will allow us to keep original format without including too many advertisements.

This is the result of the increasing cost of shipping and printing due to the high success of the journal. Further-
more, as of 2015, the REHVA Journal issues will be available in a restricted section of the website which in-
curred development costs. The current subscribers are offered two options:

1. Continue to receive the paper copy for the cost of 60€ per year for REHVA Members or 70€ per year for
others and read the eJournal online in the restricted area .

2. Read the eJournal online in the restricted area for 30 € for REHVA Members or 40€ per year for others.
PLEASE SIGN ME UP FOR:

I:I 1 YEAR SUBSCRIPTION PAPER COPY AND ACCESS TO RESTRICTED AREA ON REHVA WEBSITE
|:| 1 YEAR SUBSCRIPTION PDF FORMAT (ACCESS TO RESTRICTED AREA ON REHVA WEBSITE ONLY)

Company: Department:

Last name: First name:
Address:

Postal Code: City:

Country:

E-mail:

REHVA-Member/National HVAC association name: :

Signature: Date:

Please, return the subscription form to REHVA office by mail, fax or email.

REHVA — Rue Washington, 40 - 1050 Brussels - Belgium
Telephone: +32 2 514 11 71 - Telefax: +32 2 512 90 62
e-mail: info@rehva.eu - website: www.rehva.eu

Payment
Via online secure credit card payment area (http://www.rehva.eu/publications-and-resources/guidebooks-shop/).

Via bank transfer: ABN AMRO Bank — Account number: 41.68.61.814 - IBAN: NLO7TABNA0416861814 - BIC: AB-
NANL2A
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REHVA GUIDEBOOKS

REHVA Guidebooks are written by teams of European experts
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Ventilation Effectiveness. mproving the ventilation effectiveness
allows the indoor air quality to be significantly enhanced without
the need for higher air changes in the building, thereby avoiding the
higher costs and energy consumption associated with increasing
the ventilation rates. This Guidebook provides easy-to-understand
descriptions of the indices used to measure the performance of a
ventilation system and which indices to use in different cases.

Chilled Beam Cooling. Chilled beam systems are primarily used
for cooling and ventilation in spaces, which appreciate good indoor
environmental quality and individual space control. Active chilled
beams are connected to the ventilation ductwork, high temperature
cold water, and when desired, low temperature hot water system.
Primary air supply induces room air to be recirculated through the
heat exchanger of the chilled beam. In order to cool or heat the room
either cold or warm water is cycled through the heat exchanger.

Indoor Climate and Productivity in Offices. This Guidebook
shows how to quantify the effects of indoor environment on office
work and also how to include these effects in the calculation of
building costs. Such calculations have not been performed previ-
ously, because very little data has been available. The quantitative
relationships presented in this Guidebook can be used to calculate
the costs and benefits of running and operating the building.

Low Temperature Heating And High Temperature Cooling.
This Guidebook describes the systems that use water as heat-carrier
and when the heat exchange within the conditioned space is more
than 50% radiant. Embedded systems insulated from the main
building structure (floor, wall and ceiling) are used in all types of
buildings and work with heat carriers at low temperatures for heating
and relatively high temperature for cooling.

Computational Fluid Dynamics in Ventilation Design.
CFD-calculations have been rapidly developed to a powerful
tool for the analysis of air pollution distribution in various spaces.
However, the user of CFD-calculation should be aware of the basic
principles of calculations and specifically the boundary conditions.
Computational Fluid Dynamics (CFD) - in Ventilation Design
models is written by a working group of highly qualified interna-
tional experts representing research, consulting and design.

Air Filtration in HVAC Systems. This Guidebook will help the
designer and user to understand the background and criteria for
air filtration, how to select air filters and avoid problems associated
with hygienic and other conditions at operation of air filters. The
selection of air filters is based on external conditions such as levels
of existing pollutants, indoor air quality and energy efficiency
requirements.

Solar Shading - How to integrate solar shading in sustainable
buildings. Solar Shading Guidebook gives a solid background on
the physics of solar radiation and its behaviour in window with
solar shading systems. Major focus of the Guidebook is on the
effect of solar shading in the use of energy for cooling, heating
and lighting. The book gives also practical guidance for selection,
installation and operation of solar shading as well as future trends
in integration of HVAG-systems with solar control.

Indoor Environment and Energy Efficiency in Schools -
Part 1 Principles. School buildings represent a significant part of
the building stock and also a noteworthy part of the total energy
use. Indoor and Energy Efficiency in Schools Guidebook describes
the optimal design and operation of schools with respect to low
energy cost and performance of the students. It focuses particularly
on energy efficient systems for a healthy indoor environment.

No.14

Indoor
Climate Quality
Assessment

Energy Efficient
Heating and
Ventilation of
Large Halls

HVAC
in Sustainable
. £

of GEOTABS
buildings.

Indoor Climate Quality Assessment. This Guidebook gives
building professionals a useful support in the practical measure-
ments and monitoring of the indoor climate in buildings. Wireless
technologies for measurement and monitoring have allowed
enlarging significantly number of possible applications, especially
in existing buildings. The Guidebook illustrates with several cases
the instrumentation.

Energy Efficient Heating and Ventilation of Large Halls.
This Guidebook is focused on modern methods for design, control
and operation of energy efficient heating systems in large spaces
and industrial halls. The book deals with thermal comfort, light
and dark gas radiant heaters, panel radiant heating, floor heating
and industrial air heating systems. Various heating systems are
illustrated with case studies. Design principles, methods and
modelling tools are presented for various systems.

HVAC in Sustainable Office Buildings - A bridge between
owners and engineers. This Guidebook discusses the interaction
of sustainability and heating, ventilation and air-conditioning.
HVAC technologies used in sustainable buildings are described.
This book also provides a list of questions to be asked in various
phrases of building’s life time. Different case studies of sustainable
office buildings are presented.

Design of energy efficient ventilation and air-conditioning
systems. This Guidebook covers numerous system components
of ventilation and air-conditioning systems and shows how they
can be improved by applying the latest technology products.
Special attention is paid to details, which are often overlooked in
the daily design practice, resulting in poor performance of high
quality products once they are installed in the building system.

Legionellosis Prevention in Building Water and HVAC
Systems. This Guidebook s a practical guide for design, operation
and maintenance to minimize the risk of legionellosis in building
water and HVAC systems. It is divided into several themes such as:
Air conditioning of the air (by water — humidification), Production
of hot water for washing (fundamentally but not only hot water
for washing) and Evaporative cooling tower.

Mixing Ventilation. In this Guidebook most of the known and
used in practice methods for achieving mixing air distribution are
discussed. Mixing ventilation has been applied to many different
spaces providing fresh air and thermal comfort to the occupants.
Today, a design engineer can choose from large selection of air
diffusers and exhaust openings.

Advanced system design and operation of GEOTABS build-
ings. This Guidebook provides comprehensive information on
GEQOTABS systems. It is intended to support building owners,
architects and engineers in an early design stage showing how
GEQTABS can be integrated into their building concepts. It also
gives many helpful advices from experienced engineers that have
designed, built and run GEOTABS systems.

REHVA nZEB Report. In this REHVA Report in cooperation with
CEN, technical definitions and energy calculation principles for
nearly zero energy buildings required in the implementation of the
Energy performance of buildings directive recast are presented.
This 2013 revision replaces 2011 version. These technical defini-
tions and specifications were prepared in the level of detail to be
suitable for the implementation in national building codes.

REHVA — Rue Washington, 40 — 1050 Brussels — Belgium

Telephone: +322 514 11 71 + Fax + 322 5129062  E-mail: info@rehva.eu * website: www.rehva.eu
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