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ABSTRACT: Sustainable architecture has acquired a great importance during last decade due to the
negative impact of various development projects on the environment. The proper measures for
sustainability are efficient design, energy use, waste management, population growth, carrying
capacity and resource efficiency.
This paper presents the work related to a project on the redevelopment and requalification of an old
village. This project of Campione del Garda is located in the northern Italy more precisely on the
shores of lake of Garda. The purpose of the project is to realize a new tourist settlement consist of
hotels, wellness centres, shopping centres and seasonal residences.
The aim of the work presented is to achieve good energy and environmental performance in this new
settlement, paying particularly attention to select the best solution derived from the interaction
between building envelope technologies and high efficiency heating, cooling and ventilation (HVAC)
systems.
In the first phase, an accurate detailed evaluation of environmental factors such as climatic,
geographical and hydro-geological data has been carried out. It is followed by the morphological and
typological analysis of the settlement, taking in consideration the shadow impact of the buildings in
function of their location. This was carried out by the estimation of solar radiation received by the
buildings during different seasons of the year. A good thermal quality of the building envelope is also
considered in the analysis. After the detailed analysis of the building energy loads, the final choice of
HVAC configuration is based on the optimal energy consumption.
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1. INTRODUCTION
In the year 2005, Coop7, one of the largest Italian
cooperative society in the construction field,
contacted Politecnico di Milano to analyse a new
Boris Podrecca’s project. The study of Campione del
Garda project analysed energy reduction, correct
use of energy and a low energy and environmental
impact.

This paper presents the evaluation of feasibility
and the guidelines identified by the research team
and how they contributed to define the project
development.

2. THE PROJECT
In Campione del Garda there was a textile
industry during early 19 century and presently is out
of function. The purpose of the project is to realize a
new tourist village.

Figure 1: View of the Campione del Garda
settlement (latitude 47.37°N; longitude10.58°E;
altitude 67 m).
Figure 2: Plan of Campione del Garda settlement.
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The project is subdivided in three part: in the
north area, delimitated by Tignalga river,
development of the requalification workers houses;
the central area is foreseen for the requalification of
abandoned factory and in the south area new
residential buildings will be realized.
Table 1: Surface and volume of new tourist village.
Destination
Residences
Shopping centers
Hotels
Wellness centres

m2
27300
13000
5500
4100

m3
83000
50000
21500
19000

Table 2: Average months temperatures in 2004 year
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Figure 4: Comparison between average temperature
registered in 2004 and UNI 10349 data of nearby
location.
3.1.2 Relative humidity
Table 3: Relative humidity data (UNI 10349).

Figure 3: Settlement simulation model.
Month

3. DESIGN STRATEGY
The energetic and environmental project
designing aims to optimize the technical solutions for
building envelope and energy systems for better
building energy performance and reduction of the
environmental impact.
This analysis has considered the following
aspects: environmental, typology, technological
solution and HVAC system.
3.1 Environmental factor
The climatic data of the project location were
analyzed in detail for temperature, relative humidity,
winds, solar radiation. Furthermore the orientation,
ground morphology and particularly attention for lake
of Garda data were taken into account.
3.1.1 Air temperature
The temperature data measured during the year
2004 were compared with UNI 10349 [1] data which
is available for a nearby location. It was observed
that in the first case winter average temperature is
about 1°C higher and summer average temperature
is 1°C lower than UNI data. The temperature
difference is justified by the lake presence.
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3.1.3 Local winds
There are two main wind streams in the Garda
lake zone: Pelèr and Ora. Pelèr blows from north to
south during the morning hours; its maximum speed
is 12-15 m/s during summer season. Ora blows from
south to north during the afternoon hours, its
maximum speed is 5-6 m/s.
3.1.4 Solar radiation
The annual solar radiation received by the
horizontal surface in Campione del Garda is equal to
2
1370 kWh/m .
Ecotect v5.20 [2] is used to simulate the solar
radiation and shading effect on the new settlement
during the year.
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Figure 7: Lake temperatures (°C) 0 m deep.
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It has been observed that the promontory,
located on the west side of the village, has an
important role in the shadow effect. In fact the village
is screened from radiation from 2:30 p.m. in winter
period and from 5:30 p.m. in summer period.

Figure 6: Shadowing distribution (21st December
1:00 p.m.)
3.1.5 Local water regime analysis
The analysis of lake temperature is very
important due to possible use of the lake water as a
thermal resource to produce hot and cold fluid.
The following graphics show the lake
temperatures measured on the surface and at -20 m
depth. The thermal survey has been made for the
coordinates: 45° 44’ 20’’North, 10° 46’ 00’’ East.
The analysis of temperature shows that at 20 m
depth the average values in winter keep 9°C and in
summer keep 15°C.
Deeper to 20 m the temperature maintain
constant values that fluctuate between 8.2°C in
winter and 11°C in summer.
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Figure 5: South-east view of settlement and sun
positions.
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Figure 8: Lake temperatures (°C) -20 m deep.
3.2 Typological factors
The analysis considered the following factors:
Building orientation ;
distribution, orientation and screening
system of transparent surface, and their
relation with opaque surfaces;
main and action winds on the building
envelope and windows construction.
The recovered residential buildings located to the
north of project area are aligned with NorthEast/South-West axis and are favored with a
satisfactory natural ventilation during summer.
The new residential building, aligned with EastWest axis, are detached houses characterized of
three levels, distributed on five blocks; in this case,
as well, the ventilation condition is considered
satisfactory.
Hotel and reception have a maximum height of
four levels and are characterized by two blocks: one
is located at the bottom of the promontory in the
south area; the other one is located in the middle of
the area and is defined by four glass blocks on the
roof aligned with the East-West axis.
3.3 Technical building factors
The analysis considered the following factors:
energy performance of the buildings;
behavior of envelope related with the
surface and interstitial condensation,
thermal bridges and comfort parameters;
characteristic and behavior of materials and
their energy certification;
fast thermal response factor to ensure a
building rapid thermal response.
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The data of the thermal characteristics (U-value)
of the building envelope are as follows: 2.5 W/m2K
2
for windows, double glazed metal frame; 0.46 W/m K
for external wall that now is assumed equal to 0.5
W/m2K to take in account the heat loss due to
thermal bridges.
These values indicate a good compromise
between the existing and new building. Furthermore
these also respect the limitation foreseen by the
Italian law DL192/05 which defines the thermal
envelope characteristics (U-value) as follows: 2.8
W/m2K for windows, double glazed and metal frame;
2
0.46 W/m K for external wall.
For the calculation of the ground losses the
2
following values are used: wet ground 2 W/m K; slab
2
0.6 W/m K.
Most important characteristic of the settlement is
its tourist destination, so that residential building will
be used as second house. In order to obtain a rapid
response of buildings, the solution of envelope is
characterized by a fast thermal response factor.
The analysis for solar gains is based on the
following
factors:
the
relationship
between
transparent and opaque envelope is 20%; use of
double windows; average absorption coefficient
factor α for opaque surface is equal to 0.6.
3.4 HVAC system factor
High efficiency and management of HVAC
systems.
Heat recovery from ventilation.

4. HVAC SYSTEM
4.1 Evaluation of transmission and ventilation losses
In the case study, the energy performance
calculations, necessary to compensate transmission
and ventilation losses, have been carried out
according the Italian regulation described in law UNI
10344 [3].
In this analysis hot water consumption is not
considered because it is in the evaluation phase and
the hypothesis is considered to produce hot water by
solar thermal plants. The calculation results are
summarised below:
Envelope transmission losses, Qd, is equal to
3
2
3’232 MWh (19 kWh/m and 65 kWh/m ).
Ventilation losses, Qv, amount to 3’317 MWh
(18.8 kWh/m3 and 66 kWh/m2).
Total heat losses, calculated during the heating
th
th
period (from 15 October to 15 April), Qp, amount
to 6’549 MWh (37 kWh/m3 and 130 kWh/m2).
4.2 Evaluation of internal and solar gains
The whole energy performance of the building is
defined by the losses and gains balance. The

positive contribution, that is not dependent on HVAC
system, are people, internal and solar gains.
People gains
People heat contribution, measured in MJ, is
calculated by following expression :
Qpeople = 65 Npeople
Light and equipment gains
In relation of project data the total value of light
and equipment gains, Qapp, are estimated as 778
MWh.
Solar gains
Shading effect (among buildings and due to local
orography) is estimated to contribute in the reduction
of 30% of the total incident solar radiation.
The winter solar gains, Qs, are estimated in 1’010
MWh (5 kWh/m3 e 20 kWh/m2).
Energy recovery
The energy recovery gain, Qrec, is estimated as
835 MWh (4.8 kWh/m3 and 17 kWh/m2).
Total gains
Total heat gains, calculated during the heating
th
th
period (from 15 October to 15 April), Qg, amount
3
2
to 2’922 MWh (16.6 kWh/m and 58 kWh/m ).
Table 4: Gains for different type of uses.
Gains:
People
Light and equipment
Solar
Energy recovery
Total

MWh
291.67
777.78
1’010.50
852.78
2’922.23

4.3 Evaluation of winter heat load
Heat load during winter period is calculated by
expression as follows:
Qf = Qp – η Qg
η is utilization factor of gains, a coefficient that
considered the thermal lag effect of building. In this
case the utilization factor is 1, because of the
importance to obtain an immediate response of
envelope buildings [4].
Seasonal heating energy transfer of the building, Qf,
amount to 2’521 MWh.
4.4 Evaluation of primary heat load
Winter heat load, as calculated above, does not
take into consideration the losses in function of the
regulation, distribution and production characteristics
of the HVAC system.
The primary heat load, Qst, is higher than the
heat load, Qf, and it is calculated with system
efficiencies. The value used for this efficiency is
equal to 0.9. Calculated to a primary heat load:
Qst = Qf / ηsystem = 2’800 MWh
The primary energy referred to floor area is 56
kWh, referred to volume is 16 kWh.
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4.5 Evaluation of the maximum power of heating
generation defined by law
The maximum thermal power, Pmax, should be
less than 3’000kW, which is a approximate reference
value for Italian law.
The effective maximum thermal power, Pt,
supplied by the heating system in present study is
2’540 kW and satisfies the condition as imposed by
Italian provision i.e. Pt < Pmax.
LHVdisel
Diesel cost

35652 kJ/l
0.85 €/l

ηCB
Heat consumption

0.9
9080×106 kJ

Specifical seasonal
cost (Csp)
Annual run cost

0.85 €/l / (35652
kJ/l × 0.9) =
2.64×105 €/kJ
-6
26.4 × 10 €/kJ ×
6
9080 × 10 kJ =
240000 €
Table 5: The effective maximum thermal power of
system for different use destination.

5. TECHNICAL AND ECONOMIC ANALYSIS
OF THE ALTERNATIVE HYPOTHESIS OF
SYSTEMS
The energy consumption analysis considers a
continuous use of systems during the whole day.
Since the village is characterized by a seasonal use,
these value can be reduced substantially.
The research team has evaluated different
solutions chosen with the aim to obtain a high energy
performance and a low environmental impact.
The following two hypotheses are assumed for
HVAC plants: heat pump and condensing boiler
using diesel fuel, no natural gas because the project
area isn’t connected to the distribution system.
These typologies of systems are chosen because
these are the optimal solutions respecting energetic,
environmental and economics aspects.
5.1 Economical evaluation
In order to quantify the economical advantages of
the proposed solutions, the running costs have been
calculated for each system configuration and shown
below. This evaluation takes into account only the
heat loads.
5.1.1 Heat pump system
The annual running cost is obtained by
multiplying the heat loads to the seasonal cost of
heat pump. This cost is calculated as the Italian
electrical energy cost divided by the heating pump
efficiencies (COP).
Electric energy cost
COP
Heat load
Specific seasonal cost (Csp)
Annual running cost

0.13 €/kWh
3.8
6
9080 × 10 kJ
9.4 × 10-6 €/kJ
85350€

Here the values of COP is used in absolute
conservative way and is obtained taking into account
the electrical energy required by the water pump
from the well bottom, which in any case, is Garda
lake water.
The cost related to the heat pump system is
about 85’350 €.
5.1.2 Condensing boiler fueled by diesel
Annual running cost is calculated as the
estimated winter thermal energy need multiplied by
the seasonal specific costs. This cost is obtained as
the ratio between Italian average fuel specific cost
and the lower heating value multiplied by the boiler
efficiency (ηCB).
3

W/m

3

Destination

MW

kW

m

%

Residences

1.24

1237.9

83841

14.76

49%

Shopping
centers

0.78

777

50931

15.26

31%

Hotels

0.28

283

21553

13.13

11%

Total

2.54

2537.8

175280

14.48

100%

The efficiency of the boiler is assumed as 0.9,
conservative average value of a traditional boiler
maintained in a good conditions.
The cost related to the condensing boiler
alimented by diesel is about 180’000 €.
The results of analysis shows that use of heat
pump permit an annual savings of more than 150000
€.
The annual running cost of a heat pump system
solution is about 30% higher compared to
condensing boiler, only for winter heat demand.
5.2 Environmental impacts measure in kg CO2
In order to reduce the NOx and CO2 emission, an
analysis has been done on the amount of exhaust
gas produced by the oil condensing boiler and the
heat pump using the hydro electrical energy
produced by the local power station.
5.2.1 Condensing boiler
Every unit of thermal energy contributes 76.7
kg/GJ of CO2 in the environment. With the primary
heat load value, it is possible to calculate the
quantity of CO2 emission as follows:
10.045 GJ × 76.7 kg CO2/GJ = 770’000 kg CO2
5.2.2 Heat pump system
An hydroelectric generating station emits 0.002
kgCO2/kWhel :
6

9’080 × 10 kJ / (3.8 × 3.6) = 663’742 kWhel
so:
663’742 kWh × 0.002 kgCO2/kWhel=1’327 kg CO2
year.
It can be seen that using heat pump instead of a
conditioned boiler will results in the reduction of
768’000 kgCO2.
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5.3 Choice of heat pump solution
Heat pump is a better solution than condensing
boiler for energy, environmental and economic
factors. Moreover, the heat pump system can also
be used in the summer period for cooling.

6. PROPOSED SYSTEM SOLUTION: HEAT
PUMP
6.1 System description
The heating and cooling requirements are fulfilled
by a reverse cooling cycle/heat pump that uses
Garda lake water as a thermal source.
The heat pump will be installed below ground
level, to reduce the energy needs for pumping the
lake water and guarantee a good acoustic insulation.
During winter time, these systems are used to
provide the hot water required by HVAC systems,
radiant devices; and also a small part, for sanitary
hot water using a storage tank and a water-water
heat-exchanger.
During the summer time heat pump, operating
with a lower efficiency, fulfills the cooling requirement
of the building. The produced cold water is used in
the HVAC systems to cool the interior of the building
through the appropriate devices.
6.2 Environmental impact on the lake: evaluation of
water flow
The water amount of lake of Garda is about 50
3
km and its water change every 27 years.
The water temperature, at the depth of 20 m, is
between 10 and 12°C in winter and 10 and 16°C in
the summer.
Surface temperature, influenced by the ambient
temperature and climatic variation, reaches minimum
values during the period from December to February
(about 7°C) and maximum values during the period
from July to August (about 23°C).
The lake temperature analysis is very important
because the lake serves as the thermal source for
heat pump system. The water temperature used in
the pump has a strong influence on the system
performance, on the other hand, the Italian law
number 152 of 1999 states that the temperature of
returning water to a hydrological basin can not
exceed 30°C, and also can not exceed 3°C with
respect to the temperature of receiver basin at 50 m
from the point of introduction. In this respect, a
number of studies have been carried out to find out
the best solution to draw/replace water from/ to the
take.
Water is drawn from the lake at the depth of 20 m
with the temperature between 10 and 12°C in winter
time and 10 and 16°C during summer time. The
water is replaced to the lake on the surface in three
points alongside village.
During winter time, the lake water is used as the
hot source, is taken at a depth of 20 m and a
temperature of 12°C, the heat absorbed by heat
pump reduce the water temperature of about 6°C.
Than it is taken to the surface of the lake at the
temperature of 6°C, which is close to the surface

temperature and therefore not modifying the lake
itself.
Maximum water consumption to provide domestic
hot water is about 120 l/s. During summer time, lake
water is used like as a cool source and directly used
in the cooling devices. Water is then send back to
the lake at a maximum temperature of about 22°C
very close to the lake surface temperature not
modifying the lake environment. In summer,
maximum water consumption is 128 l/s.

7. CONCLUSIONS
The analysis presented in this study
demonstrates an energetic and environmental
approach to the project designing. It is important that
one of the biggest Italian cooperative society like
Coop7 has shown interests on these important
considerations.
These analyses illustrate a methodology for a
preliminary evaluation of the environmental energy
performances in combination with the economic
evaluation.
The heat pump solution demonstrates a convenient
choice in terms of environmental protection and
economic aspects. The adopted solution has an
additional value that can be derived from the use of
heat pump for cooling to satisfy the summer needs.
Future studies are planned to focus on this aspect.
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