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a  b  s  t  r  a  c  t

The  international  community  set clear goals  regarding  the  reduction  of  CO2 emissions  and  energy  demand
in  the  built  environment.  This drives  research  and  building  practice  to  search  for  solutions  and  new
building  concepts  that  contribute  to achieving  these  goals.  The  work  presented  in  this  paper  should  be
seen in that  context.  This  research  focuses  on  a building  concept  that  makes  use of  the  thermal  energy
storage  capacity  of materials  and  buildings.  The  concept  combines  the thermophysical  benefits  of low
and high  thermal  mass  buildings  by adapting  (on  demand)  to the  most  optimal  thermal  capacity.  The
main  objective  of  this  research  is  to identify  if this  so-called  hybrid  adaptable  thermal  energy  storage
(HATS)  approach  shows  potential  to  reduce  the energy  demand  of new  lightweight  residential  buildings
in  the  Netherlands  and  maintain  or improve  thermal  comfort.  This  paper  gives  an overview  of  various
HATS  concepts  and  discusses  the  predicted  performance  of  three  HATS  concepts.  This  research  shows
that  the HATS  approach  is able  to reduce  the  heating  energy  demand  compared  to  a lightweight  and
heavyweight  reference  case.  Furthermore,  it shows  that  the  HATS  approach  is able  to  improving  thermal
comfort  compared  to  the lightweight  reference  case  and maintain  thermal  comfort  compared  to  the
heavyweight  reference  case.

©  2015  Elsevier  B.V.  All  rights  reserved.

1. Introduction

1.1. Reduction of energy use and CO2 emissions

According to the International Energy Agency, the building sec-
tor must reduce its total CO2 emissions by 60% in 2050 in order
to limit global temperature rise to 2 ◦C [1]. Reduction of the use of
fossil fuels in the built environment is an important step to meet
these CO2 emission goals. Therefore, the EU introduced the Energy
Performance of Buildings Directive (EPBD) in 2002 [2]. The EPBD
demands EU countries to reduce the energy use in buildings. This
resulted in strict energy performance regulations. For example, the
Dutch government introduced the EPC (energy performance coef-
ficient) for new (residential) buildings to enforce energy saving
measures; low EPC values correspond to highly energy efficient
buildings. The EPC was  set to 0.6 in 2011 and lowered to 0.4 in
2015, which forces building designers to use high levels of thermal
insulation (Rc values of at least 3.5 m2K/W for floors, 4.5 m2K/W for
walls and 6.0 m2K/W for the roof) and high energy efficient boil-
ers. In addition, detached and semi-detached houses require solar
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collectors to (pre)heat domestic hot water or ground source heat
pumps [3]. The goal of the Dutch government is to reach energy
neutral dwellings in 2020; therefore, the EPC will be set to 0.0 in
2020. This means that these future dwellings need to be very energy
efficient. Moreover, a large portion of the remaining energy demand
should be covered with renewable energy. These stricter energy
requirements are a great challenge for the building industry.

The EPC focuses only on energy use in the operational phase of
buildings, however the construction and demolition phase of build-
ings also contribute to the total energy use and CO2 emission of
buildings. To this purpose green building rating tools (e.g. BREEAM
[4] and LEED [5]) are developed; these tools assess the sustaina-
bility of the whole building lifecycle. For instance, most of these
tools also evaluate the reuse of building materials and management
of waste materials at the construction site [6]. In the Netherlands,
the use of these rating tools is not enforced by the building codes;
nonetheless, their use is increasing among building designers. As
a result, these designers need to reconsider conventional building
concepts, since it might be more sustainable to use an alternative
concept. Therefore, research and building practice are searching for
solutions or new building concepts that contribute to achieving the
mentioned energy and CO2 emission goals.

The work presented in this paper should be seen in the same
context. The work focuses on new building concepts that make use
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of the thermal energy storage capacity of materials and buildings.
The scope of this research is narrowed down to solutions for res-
idential houses in the Netherlands; the new building concept is
discussed next.

1.2. Hybrid adaptable thermal energy storage

The thermal energy storage capacity of a building is closely
related to the chosen material of the structural frame. Various
materials can be used for the structural frame of a building; the
most common materials are steel, wood, brick and concrete. Steel
and wood are generally categorized as lightweight constructions
with a construction weight of around 100 kg/m2 floor surface area,
while brick and concrete are categorized as heavyweight con-
structions with a weight of around 500 kg/m2 floor surface area.
From a thermophysical perspective the main difference between
lightweight and heavyweight constructions is the difference in
effective thermal mass; the effective thermal mass describes the
effective thermal energy storage capacity of the materials used in a
building. In general, buildings with lightweight constructions have
a lower effective thermal mass than buildings with heavyweight
constructions. This difference in effective thermal mass influences
building performance regarding heating energy demand and ther-
mal  comfort:

• Buildings with low effective thermal mass show a fast response to
temperature and heat flux excitations. This fast response short-
ens the pre-heating period of buildings compared to buildings
with higher effective thermal mass. This results in lower heating
energy demands when the building needs to be heated to a higher
temperature. However, due to their fast response, buildings with
low effective thermal mass are also sensitive to overheating.
Though, it is possible to reduce this sensitivity through proper
building design, e.g. blinds, overhangs.

• Buildings with high effective thermal mass show a slow response
to temperature and heat flux excitations. This slow response
delays and reduces peak temperatures, which reduces the risk
of overheating. However, this also means that it requires more
time to heat the building to a higher temperature, which results
in higher heating energy demands when the building cools down
due to intermittent building use.

A solution to reduce the risk of overheating in lightweight low
thermal mass buildings is to increase the building’s thermal energy
storage capacity (from here on effective thermal mass is referred to
as thermal mass). This can be done by adding thermal energy storage
systems or materials to the building. This changes the thermophysi-
cal behavior of the building to that of a high thermal mass building,
which also means that the benefit of a short pre-heating period is
lost. Thus, to make use of the thermophysical benefits of low and
high thermal mass buildings, buildings should be able to adapt (on
demand) to the most optimal thermal mass. In the past, various
studies investigated how to design and use thermal mass for ther-
mal  energy storage in buildings, e.g. [7,8]. However, in these studies
the thermal mass is not made (fully) adaptable as meant above. This
novel adaptable approach is the main topic of this research. Build-
ing concepts that use this approach are referred to as adaptable
thermal energy storage concepts. The term hybrid is added to indi-
cate the possibility of combining two or more of these concepts in
one (hybrid) building concept. Therefore, the term hybrid adaptable
thermal storage (HATS) concept is used in this work.

1.3. Lightweight building constructions

This research focuses on HATS concepts that can be used in com-
bination with lightweight constructions. Lightweight constructions

are not commonly used for residential buildings in the Netherlands;
heavyweight concrete and brick building constructions are tradi-
tionally the dominant construction method. However, according
to various recent studies, lightweight constructions are an inter-
esting alternative. In these studies, the environmental impact of
lightweight and heavyweight structural materials for the whole
building lifecycle is investigated using life cycle analysis (LCA). Cole
[9] finds that wood and steel frame buildings use less energy and
produce less CO2 emissions during construction compared to con-
crete buildings. Xing et al. [10] compare steel frame buildings to
concrete buildings and confirm Cole’s findings for steel frame build-
ings. Other researchers suggest that the use of wood as construction
material has the potential to reduce global CO2 emissions [11,12].
Goverse et al. [13] argue that using wood as construction mate-
rial for Dutch houses could reduce CO2 emissions by almost 50%
compared to traditional constructions. Vefago and Avellaneda [14]
argue that the recyclability of wood and steel frame buildings is
higher than concrete structures, which increases the sustainability
of these building designs. In general, the findings of these LCA stud-
ies should be handled with care, since the results may be influenced
by the building location and available resources. However, these
studies clearly indicate that lightweight constructions should not
be overlooked in the design process (certainly with the CO2 emis-
sion goals in mind). This is also true for specific retrofitting cases,
e.g. top-up extensions. Lightweight constructions can be used for
these extensions without the need to change the building’s foun-
dations. In the Netherlands these sort of retrofitting methods are
interesting due to high prices for building estates. Other specific
buildings cases that are well suited for lightweight constructions
are for example temporary and floating buildings.

1.4. Objectives and paper structure

The main objective of the work presented in this paper is
to identify if the HATS approach shows potential to reduce the
energy demand of new lightweight residential buildings in the
Netherlands (with the 2020-goal in mind) and maintain or improve
thermal comfort. The latter is important, since it is assumed that
building occupants will not accept solutions that compromise ther-
mal  comfort. It is hypothesized that the HATS approach is able
to reduce the energy demand and increase thermal comfort in
lightweight Dutch residential buildings. The performance of the
HATS approach is investigated using computational building per-
formance simulation,  i.e. using ‘virtual buildings’, and it should
determine if the HATS approach shows enough potential to justify
further study, e.g. by measurements in a mock-up.

This paper is structured as follows. Section 2 briefly introduces
the results of a preliminary potential study of the HATS approach.
Section 3 describes several HATS concepts and identifies which
concepts are promising for Dutch residential buildings. Section 4
introduces a performance assessment methodology and the case
studies used in this paper. Section 5 discusses the predicted perfor-
mance of the three promising concepts compared to conventional
lightweight and heavyweight buildings. Section 6 concludes this
paper with a discussion of the results.

2. Preliminary potential study

A preliminary indication of the potential of the HATS approach
is presented in two  papers [15,16]. In the first paper a simpli-
fied adaptable thermal energy storage model is used. The model
represents a fictitious, idealized adaptable thermal energy stor-
age concept. The model switches between two  extreme building
cases (lightweight and heavyweight) and chooses the building vari-
ant with the lowest discomfort (primary criterium) and lowest



Download English Version:

https://daneshyari.com/en/article/262261

Download Persian Version:

https://daneshyari.com/article/262261

Daneshyari.com

https://daneshyari.com/en/article/262261
https://daneshyari.com/article/262261
https://daneshyari.com

