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Location for a Residential Building in the Project
phase Based on Energy Consumption
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Abstract — In this paper we propose to present the analysis of energy
consumption for heating for a building in the design phase depending on the
conditions of location in the field. We analyzed 3 variants of the location of the
building. Establishing the location of the location for a building according to the
estimation of energy consumption in the project phase is in accordance with the
requirements established in Directive 2010/31 / EU. Design decisions can also have an
impact on land use, resource use and the production of waste and emissions
throughout the life cycle of the building.
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1. INTRODUCTION

Directiva 2010/31/UE[1] the energy performance of buildings provided that after
December 31, 2018, new occupied buildings as well as buildings owned by public
authorities are buildings whose energy consumption is almost equal to zero. The Directive
formulates in Art. 9 conditions for the implementation of NZEB type buildings [1]; the
definition of this type of building must also include objective local characteristics.

The building is characterized by very high energy performance and the reference
parameter is the primary energy indicator determined by calculation. According with Law
nr. 372/2005 regarding energy performance of buildings, [2]:

« the new buildings, for which the reception at the end of the construction is carried
out starting with December 31, 2020, will be buildings whose energy consumption from
conventional sources is almost equal to zero;

* new buildings owned/managed by public administration authorities to be received
after December 31, 2018 will be buildings whose energy consumption from primary
sources is almost equal to zero.

Future climate change will lead to a variation in the energy consumption of buildings.
The buildings designed according nZEB criteria today, in the future, will be less interesting.
Looking at future scenarios, the annual energy performance of buildings will be changing,
the energy consumption assessed today will be higher than in 2050 due mainly to the
average temperature increase with 3.4-3.9 °C [3].

The energy consumption for cooling will increase by 47.8% to 50.3%, the energy
consumption for heating will decrease by 129.5% and 185.8% [3], [4]. Among the
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strategies to reduce the impact of climate change is decarbonization electricity, mean
reducing carbon dioxide emissions by using low-carbon energy sources, resulting an lower
greenhouse gas production in the atmosphere. The effect of reducing carbon dioxide
production has an impact on the life cycle of buildings, when they are dependent on
electricity as the main energy source [5].

Life cycle assessment of buildings cannot determine the effect of lowering emission
factors for electricity generation, as only static values are taken into account. In [5], F.
Asdrubali et all proposes a dynamic assessment of the life cycle of a building to assess the
consequences of reducing carbon dioxide emissions on the life cycle of a building "almost
electric" energy almost zero (NZEB). As stated above, Directive 2010/31/EU [1] energy
performance of buildings requires EU states to increase the number of nZEBs and
rehabilitate existing buildings. Cost analyzes have been promoted to assess the economic
effectiveness of building modernization interventions. Thus, the energy and carbon
recovery indicator is proposed [6].

The modernization activity of the buildings involves the variation of the thickness of
the insulation of construction elements, the modernization of the heat generation sources,
the lighting systems, and the shading and control devices. In all cases, the energy
consumption of the building is calculated and compared with the results from actual energy
bills.

The difference between the final energy designed and energy monitored in operation
may be due to different assumptions made during the calculations, for example,
assumptions about external conditions or about the performance of installed systems or the
behavior of people.

The difficulty in predicting the behavior of the residential building is a general
problem. In fact, it is impossible to predict the total energy consumption with an accuracy
better than + 15-20%, if the behavior of the inhabitants of a building is unknown.

The calculation of energy consumption may lead to larger differences compared to the
monitored values, comparative with different calculation and simulation methods. If we
proceed to an analysis of the Life Cycle Analysis (LCA) to determine the carbon recovery
times we would get that the modernization of NZEB produces shorter energy and carbon
recovery times than the life cycle of the building [6], [7], [8], [9], [10].

Below, in this paper we analized the energy consumption for heating for a building in
the design phase depending on the conditions of location in the field. The design activity in
the field of buildings has a major importance in establishing their energy performance.

Decisions made at the design stage regarding the shape of the building, the building
materials used, the interior conformation, the orientation of the building, the size of the
windows and their location will lead to a final energy demand for heating, cooling and low
ventilation. Design decisions can also have an impact on land use, resource use and the
production of waste and emissions throughout the life cycle of the building.

2. EXPERIMENT DESCRIPTION

Construction elements by definition separate the conditioned and unconditioned areas
of a building or otherwise separate the indoor environment from the outdoor environment.

Heat losses through building elements can be reduced by designing buildings with a
smaller thermal surface. The ratio between the surface area of the building elements and the
volume of a building is called the form factor of the building.
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Buildings with larger form factors are less compact and therefore have larger areas in
relation to their volume.

Different building shapes in the design stage result in different shape factors for a
given volume. The smallest form factor can be obtained by a sphere, but this is not an
ordinary form of building.

The relationship between the form factor and the specific final energy demand of the
building is explained by the example illustrated in Figure 1.

Apartment buildings type "E" and "F" are assumed to have similar thermal
characteristics, equal usable areas on each floor, heights on equal floor, number of equal
levels and equal volumes.

Due to the equal volumes of the buildings, we can have equal heat losses through
ventilation. Due to the equal surfaces, we can assume that for an equal number of
apartments, for the same number of occupants we have an equal consumption of energy for
hot water preparation and electricity.

Analyzing the building "F" we have a higher value of the thermal surface for the same
volume, respectively a higher form factor.

The thermal surface being higher, the heat losses in the cold period are higher.
Therefore, the "F" building will have a higher specific energy requirement.
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Fig.1. Form factor concept

Next we want to present the result of the studies performed: the variation of the heat
demand for heating considering three variants of positioning on the site of a given building
compared to a set of buildings, namely:

a) the first variant in which the given building is considered to be constituted as a
building that is not part of a group of buildings, respectively it is an independent building,
with four external walls;

b) the second variant in which the given building is considered as part of a set of
buildings, being located at the end of this set, respectively is a building / living space with
three exterior walls;

c) the third variant in which the given building is considered as part of an ensemble of
buildings, being located in the middle of this ensemble, respectively it is a building / living
space with two exterior walls.

The calculus was made using Methodology MC 001-1,2,3 -2009 and regulation
C107/1-5/2005.The analized building is a residential building P + E and according with
regulation C 107/3-2005 ANEXA D is located in climate zone IV. The building is P +E
with identic 7 apartments on the floor.
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3. RESULTS AND SIGNIFICANCES

a) The calculus of necessary heat load for heating to analized building with 4 external
walls [11]:

Qn = Qo — 1@y, [KWh/an] @)

Q= Necessary heat load, [kWh/an], 13.977,74 [kWh/an];

Q. = Heat losses of building( transmission and ventilation ), [kKWh/an];
Q;, =19.952,14 [kWh/an];

Q4 = Heat load from inputs, [kWh/an], 5.974,40 [KWh/an];

n = 1, using factor ( heating system operate continuu).

b) The calculus of necessary heat load for heating to analized building with 3external
walls [11]:

According with equation (1) we obtain:

Qn=Necessary heat load, [kWh/an], 12.117,57 [kWh/an];

Q. = Heat losses of building (transmission and ventilation), [kWh/an];

Q. =17.916,25 [kWh/an];

Q4 = Heat load from inputs, [kWh/an], 5.798,68 [kWh/an];

n = 1, using factor ( heating system operate continuu).

¢) The calculus of necessary heat load for heating to analized building with 2 external
walls [11]:
According with equation (1) we obtain:
Q5= Necessary heat load, [kWh/an], 10.343,18 [kWh/an];
Q. = Heat losses of building( transmission and ventilation ), [kKWh/an];
., =15.900,25 [kWh/an];
Qg = Heat load from inputs, [kWh/an], 5.557,07 [KWh/an].
n = 1, using factor ( heating system operate continuu).

4. CONCLUSION

1. The specific annual consumption for space heating is directly influenced by the
heat demand obtained from the calculations for each variant analyzed.
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Fig 2. Variation of annual specific consumption for heating qinc
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The specific annual consumption for space heating is directly influenced by the heat
demand obtained from the calculations for each variant analyzed. It can be seen that, with
the change of the areas of the elements of the building elements, from a building with 4
externals walls up to 3 and finally 2 external walls, change significant specific annual
consumption for space heating. So, as much as the area of the external walls is smaller due
to the attachment of the building with other existing buildings the specific annual
consumption for heating will decrease.

2. The heat loss coefficient has the lowest value in the version with 2 exterior walls
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Fig 3. The variation of Coefficient H of heat losses in our three variants

3. The total energy consumption of a residential building depends on its location in
relation to other buildings as presented above but also on the behavior of those who live in
it. Performing such a calculation can lead to larger differences compared to the values
monitored in operation.

4. For a low energy consumption, the design of apartments in groups of buildings
with two external walls is an economical solution.
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